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The biology of Tilapia rendalli and Oreochromis mossambicus (Pisces: Cichlidae) 
in a subtropical lake in Mozambique 
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This study of age and growth, reproduction and juvenile recruitment of Tilapia (endalli and Oreochromis mos­
sambicus was undertaken in Lake Chicamba, a large, clear subtropical lake in central Mozambique. Sectioned 
otoliths were used to estimate age. Marginal zone analysis showed that annulus formation occurred during win­
ter, in July and August. Maximum age estimates for T. rendal/i and O. mossambicus were 16 and 10 years, 
respectively. Growth was described by the 3 parameter von Bertalanffy model as L\ :;: 238.74 (1_e'()(,'r,(,< 090~J) 
mm TL for T. rendalli and L( = 266.06 (1-e'O 7')f)'1(1 + I) 20'))) mm TL for O. mossambicus, The length-at-50% maturity 
(Lm5o) of male T rendalliwas 218 mm total length (TL) and 205 mm TL in females. In O. mossambicus the Lm50 
for males was 251 mm TL and for females 223 mm TL. Both species spawned throughout summer. Lake level 
was found to have no effect on spawning periodicity although recruitment was flood dependent 

* To whum l:Orrespondencc should be addressed 

I.ake Chicamba is a man-made hydroelectric dam situated in 
the subtropical region of Manica Province in Mozambique 
(Figure 1). Large-scale migrations by the rural population 
into 'safe areas' during Mozambique's civil war in the 1980s 
and early 19905 (Streck 1994) caused a large increase in par­
ticipation in the llshery from 67 fishers in 1980 (Robelus & 
Vissers 1984) to over 550 in 1996 (Weyl, unpublished data). 
Undoubtedly the lake has played a major role in food security 
during the war years and continues to do so today for the rural 
popUlation in the area. However, the need for effective fisher­
ies management is critical to ensure the sustainability of the 
stocks and the livelihood of the fishers. The red breast tilapia, 
Tilapiv rendalli. and the Mozambique tilapia, Oreochromis 
mossambicus, make up over 53% of the total subsistence 
catch in Ihe Lake Chicamba llshery (Weyl, unpublished data). 

Thc life history of tlshes in different water bodies is highly 
variable with respect to growth rate, size at st:xual maturity 
and reproductive periodicity (Lowe-McConnell 1958; Garrod 
1959; Le Roux. 196 L Ilecht 1980a). It has been proposed 
that fishes tend towards either an altricial or precociallife his­
tory style, depending upon environmental conditions (Balon 
1979& 1981; Noakes & Balon 1982). The prccoeialli!" his­
tory style that includes traits such as delayed maturity and a 
large size is more prevalent in large, deep, stable habitats 
such as reservoirs and lakes. On the other hand, fish in unsta­
ble or harsh environments, which undergo unpredictable and 
near cataclysmic physio-chemical changes, tend towards the 
altricial life history style of early maturation at a small body 
size (Noakes & Balon 1982). Therefore, the proper assess· 
ment and management of a fishery requires an understanding 
of locality-specific growth and reproductive life history 
parameters of the species, 

The accurate determination of age in fishes is a fundamen­
tal requirement for calculating the population age structure 
and population growth rate (Beamish & Mcf-arlane 1987), 
upon which reliable stock assessments can be based, Both 
otoliths and scales have been used with varying degrees of 
success in ageing studies (Summerfelt & Hall 1987; Weath­
erly & Gill 1987). but scales have been found to underesti­
mate longevity and thus overestimate growth rate (Hecht 

1980a,b; Boxrucker 1986; Hammers & Miranda 1991; Booth, 
Merron & Buxton 1995). Sectioned otoliths are currently con­
sidered the most suitable hard tissue for age and growth deter­
mination in tropical and subtropical areas (Hecht J980a,b; 
Beamish & McFarlane 1987; Hammers & Miranda 1991; 
Booth e/ al. 1995). 

The determination of the age and growth and reproductive 
biology' of these two cichlids in Lake Chicamba is a vital first 
step towards the development of a sustainable participatory 
management strategy for the Lake Chicamba fishery, 

Materials and methods 

Study area 

Lake Chicamba (19°0S'S. 33°08'E), is situated in Mozam­
bique at an altitude of625 III above mean sea level (Figure I). 
At maximum capacity the lake covers a surface area of 
116 km 2 and has a maximum and mean depth of 61 m and 16 
m respectively. The lake experiences large seasonal fluctua­
tions in water levels (f-igure 2). Rainfall in the region follows 
two distinct seasons, a rainy season from November to March 
and a dry ","'inter season from May to August (Figure 2). In 
summer, from late December to April. the lake undergoes a 
flooding stage, which is followed by a gradual drawdown 
phase from May to December as water is released from the 
dam for the generation of electricity (Figure 2). The substra­
tum is typically silty with stands of drowned trees extending 
down to the former river channels. No aquatic macrophytes 
exist in the lake, which may be a consequence of tluctuations 
in lake level. The drawdown phase of the lake expose~ large 
areas of silty soils, which are rapidly covered by dense grass­
land vegetation during the beginning of the rainy season or 
are used for subsistence agriculture by the rural community 
living on the lakeshore. Subsequently, during flooding a large 
biomass of vegetation is inundated. Mean Secchi depth was 
150 em, with a range from 10 em in river inlets at the height 
of river discharge to 400 em in the main lake during winter. In 
summer, the mean water temperature at 0.3 m depth \-vas 27.6 
cC with a range frolll 25.YC to 32.rC (rigure J). In winter, 
mean water temperature was 22°C with a range from 18,5"C 
to 25.5 c C (Figure 3), The annual average water temperature 
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Figure 1 Map of Lake Chicamba, Mozambique. showlng gill net and seine net sampling sites. 
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Figure 2 Monthly rainfall (mOl) and lake level in melres above mean sea level (m amsl) for tbe period .1an\!l1r~ 199210 December Il)Y6 in 

Lake Chicamba. Mozambique. 

was 25.8°(. 

Samples of 1'. rendalli and 0. mossumbicus were collected 
monthly from selected sampling sites in the lake between 
October 1995 and September 1996 (Figure 1 l. Fish were col­
lected from the dam using 30 m seine nets with mesh sizes of 
W mm and 25 mm and gill net fleets consisting of six lOx 
3 m (30 m') panels with stretched mesh sizes of 25 mm, 50 
mm, 70 mm, 90 mm, 110 mm and 130 mm. Gill nets were set 
in 3 m depth to touch the substratum between 16hOO and 
17hOO and collected no later than 08hOO the next morning. 

All fish were measured to the nearest millimetre total 
length (TLl and weighed whole. The fIsh were then dissected 
and sexed. The gonads were removed, weighed and catego­
rised according to the developmental stages described in 

Table I. The eviscerated mass of the fish was then recorded. 

Otolith examination 

Samples of T rendalli and 0. mossombicus samples for age 
and growth detennination were selected according to the 
length freyuency of each size class in the experimental catch. 
Sagittal otoliths were removed from J 99 0. rnossambicus 
(83-36'; mm TL) and 300 T renda/Ii (70-310 mm Tl.), sam­
pled between October 1995 and September 1996. Otoliths 
were cleaned and stored dry in cross-referenced manilla enve­
lopes. Otolith length (along the longitudinal axis) and width 
(along the transverse axis) were recorded to the nearest 0.05 
mm using vernier callipers. Fish TL and standard lengths 
(SI..) were recorded to the nearest millimetre. To enhance the 
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Figure 3 Mean monthly water temperature (Oe) ± standard deviation 

at OJ m depth in Lake Chicamba, Mozambique. 

Table 1 The descriptive criteria used to stage male and 
female Tilapia rendalli and Oreochromis mossambicus 
gonad development (adapted from Arthington & Milton 
1986) 

Stage of gonad dcvelopmenl Description 

Juvenile 

Resting 

Developing 

Ripe 

Spent 

Gonads not fully formed but present as two 
transparent threads of ti ssue . Sex not distinguish­

able macroscopically. 

Ovary white or slightly yellowish . Oocytes mac­

roscopically distinguishable. Testis disti nguish­
able as small white bands. 

Ovary enlarged, oocytes readily visible and 

ye llow. Testis broadened, distended and cream in 

colour. 

Oocytes of maximum size (2.5-3.4 mm along the 

long axis), readily eXlruded from female under 
abdominal pressure. Testis swollen to maximum 

size. 

Ovary partly empty and flaccid wilh irregular 
oocyte size . Testis flaccid . 

visibility of the otolith rings, the otoliths were burnt over a 
low inten sity ethanol flam e until they turned pale brown. Care 
was taken not to char the otoliths, as this tends to obscure the 
internal structure and margin of the otolith (Booth & MelTOn 
1996). The otoliths were mounted medial side down in clear 
polyester casting resin and sectioned transversely through the 
nucleus using a double-bladed diamond-edged saw and 
mounted on slides with DPX mountant. 

The number of opaque zones was read on two 'Occasions 
with a dissecting microscope under transmitted light. If the 
two readings were the same then the age estimate was 
accepted. If the two readings did not agree a third reading was 
taken and the age estimate was accepted if two of the three 
readings were the same , If three readings differed by two 
years -then the mean of the three estimates was taken. If the 
readings differed by more than two years, the otolith was 
rejected. 

The outer margin of 141 T. rendalli and 185 0. mossambi­
cus otoliths sampled at monthly intervals was examined. In 
otoliths, growth is reflected as alternating opaque and translu-

S. Mc. J . Zoo!. 1998,33(3) 

a 

b 

Figure 4 Photomicrographs of sagi ttal otoliths from a 231 mm total 

length, 14-year-old Tilapia rendalli (a) and 320 mm total length, 10-

year-old Oreochromis mossambicl1s (b) from Lake Chicamba, 

Mozambique. Dots indicate opaque zones. Note the opaque margin 

(am) on the T rel1dalfi otolith. 

cent zones (Figure 4 A & B). The composition of the outer 

margin was noted and expressed as a percentage of the 
monthly sample (Figure 5 A & B). 

Growth parameter calculation 

Recommendations by Punt & Hughes (1992) for determining 

and fitting appropriate growth models were followed. The 
non-parametric one-sample runs test for randomness and the 
Bartlett'S test for homoscedascity (Hughes 1986) were 

applied, Variance estimates were calculated using the (condi­
tioned) parametric bootso·ap resampling method (Efron 1982) 
with 500 bootstrap iterations. Standard errors and 95% confi­

dence intervals were constructed from the bootstrap data 

using the percentile method described by Buckland (1984). 
PC-YIELD 2.2 (Punt & Hughes 1992) was used to execute the 

above procedure . This software uses a non-linear minimisa­
tion routine (simplex method) to obtain parameter estimates 
for the selected growth mode!. The selected model was the 3 

parameter specialised von Bertaliinffy growth model of the 

fonn 

where", is the age at 'zero' length ; L~ is the predicted asymp­
totic length and K is the Brody growth co-efficient (Ricker 

1975; Punt & Hughes 1992). 
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Figure 5 The monthly percentage of Tilapia renda/It (A) and OI'(!O­
chrolllis mnssombic1{s (B) utolith samples with nn opaque margin. 
Samples \vere obtained monthly from Lake Chicamb<l, Mozam­

bique. 

Matunty and spawning periodicity 

Mean length at sexual maturity was determined from 328 
male and 40 I female T rendalli and 125 male and 442 female 
0. mossQmbicus collected during the peak reproductive sea­
son between October and December. The proportion (P) of 
sexually mature individuals by length (L) was fitted to the 
logistic curve: 

/' ~ 1/(1 +exp[-r(L-LII1 50 )]) 

where r is the slope of the curve and Lm<,o is the mean length 
at sexual maturity. Since the highest proportion of mature 0 
mossalllbicus females was 76.9% the logistic curve for this 
plot (Figure 4D) was fitted to data which were multiplied by a 
correction factor of 1.3. This correction factor was applied 
since fitting the logistic curve directly to data from popula­
tions where not all mature individuals are in reproductive 
condition at the same time leads to an overestimation of Lm,o 
(King 1995). 

Temporal patterns in reproductive activity were assessed 
on the basis of gonadosomatic index and development stages 
of the gonads of 201 female T rendalli and 228 female 0 
mossambiclls sampled at monthly intervals. All fish in the 
sample were above the mean size at sexual maturity. Gonado­
somatic index (GSI) was expressed as: 

GS! = [ . Gonad mass (g) ] x 100 
f..vlScerated mass (g) 
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Eviscerated mass was used to minimise bias from variable gut 
fullness. 

Juvenile cichlid abundance 

Juvenile cichlid abundance in the shallow linoral (depth < 0.5 
m) was determined using a I m x 2 m seine net with a mesh 
size of I mm. Monthly samples were taken from five sites on 
the lake (Figure I) with five hauls being performed at each 
site. Each haul covered an area of 10 m2 and in sites with 
drowned forests hauls were performed between the trees. To 
validate the estimates of cichlid abundance in the shallow lit­
toral, a 30 m long x 3 In deep seine net with a mesh size of 
10 mm was used to determine juvenile cichlid abundance in 
lake areas less than 2 m deep. Ten seine net hauls were con­
ducted in three sampling areas (Figure I) per month. Each 
haul covered an area of approximately 140 m'. In both cases 
only cichlids of less than 50 mm TL were used for subsequent 
analysis. 

Statistical analysis 

The proportions of ripe females, GSI values and juvenile 
cichlid densities were grouped into three categories according 
to season. These were flooding summer (January-April), 
winter (May-September) and drawdown summer (October­
December). The seasonal distribution of ripe females was 
analysed using a 2 x 3 contingency table. Seasonal variations 
in GSJ values and cichlid densities were compared using the 
non-parametric Kruskal-Wallis One Way Analysis of Vari­
ance (ANOVA) on ranks. To isolate the group or groups that 
differed from the others an All Pairwise Multiple Comparison 
Procedure (Dunn's Method) was performed. A significance 
level of p < 0.05 was used in all tests. 

Results 

Age and growth 

Morphometric relationships between total length and weight, 
otolith length along the longitudinal axis, otolith diameter 
along the transverse axis and standard length are summarised 
in Table 2. The results presented in Figure 5 show that one 

Table 2 Morphometric relationships of Tilapia rendal/i 
and Oreochromis mossambicus sampled in Lake Chi­
camba, Mozambique. Wt = weight, TL = total length, 
SL = standard length, OL = otolith length along the 
longitudinal axis, 00 = otolith diameter along the 
transverse axis 

Relationship ,- p n 

T. ref/dllm 

\Vt (g) = 0.000012 TL (mill)] 136 (J9 I <'0,001 821 

TL(mm) =23280L(mm)1.I8-1 l)g (I <.0 OO! 100 

rL (111111) '- 36.57 OD (1\\1\\) 1 .217 %.0 < 0.001 1(10 

SL (mm) = -2290 + 0.797 TL (111m) 9:'.:; < 0,00\ 366 

0. moss(1mbiclls 

\\/t (g) = 0,000021 TL (111111)2.98.1 99 I < 0001 602 

TL(mm) = [8.8401. (111111)1 ~2.j. %.6 <: 0.001 61 

rL (111m) = 31.41 OD (1lIIn) 1.270 l)5 U < 0001 61 

SL (mm) "" -1.722 + 0.802 TL (111111) 982 < 0 001 250 
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Table 3 Age-length key for Tilapia rendalli collected 
from Lake Chicamba, Mozambique. Age was estimated 
by reading sectioned saggital otoliths 

Age 

Length o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

1-70 

71-80 

81-90 

91-100 

14 

14 

21 

101-110 29 

111-120 22 2 

121-130 

131-140 

141-150 

151-160 

161-170 

171-180 

181-190 

191-200 

201-210 

211-220 

221-230 

231-240 

241-250 

251-260 

261-270 

271-280 

281-290 

291-300 

301-3 rn 

II 

4 

2 

5 R 

4 2 

2 

3 1 

2 5 4 

4 4 3 I 

55251112 

12426512 

3 4 2 5 

I 3 

I I I 2 

6 

3 I 

3 

2 2 2 

I 2 

4 2 

I I 

n 130 25 16 28 18 27 17 12 5 5 4 5 5 I I I I 

hyaline and opaque zone are deposited in the otoliths of both 
species each year. These were considered as annuli and could 
be used to estimate the age of the two species. 

Of the 300 T rendalli and 199 0. mossambicus otoliths 
examined, 9 (3%) and 14 (7%), respectively, were rejected as 
unreadable. T. rendalli otoliths were assigned a maximum 
age of 16 years (Table 3) and 0. mossambicus otoliths were 
assigned a maximum age of 10 years (Table 4). The observed 
length-age keys for T. rendalli and 0. mossambicus are pre­
sented in Tables 3 and 4 respectively. The von Bertalanffy 
growth parameters for T. rendalli and 0. mossambicus in 
Lake Chicamba are summarised in Table 5 and the growth 
rates and fitted von Bertalanffy growth models for the two 
species are illustrated in Figure 6. 

Reproductive biology 

Male T. rendalli attained Lm" at 218 mm TL and females at 
205 mm TL (figure 7 A & B). 0. mossambicus males and 
females attained Lm" at 251 mm and 223 mm TL, respec­
tively (Figure 4C & D). 

The monthly proportion of female T rendalli and 0. mos­
sambiells in each maturity stage is illustrated in Figure 8. 

S. Afr. J. Zool. 1998,33(3) 

Table 4 Age-length key for Oreochromis mossambi­
cus collected from Lake Chicamba. Age was esti­
mated by reading sectioned saggital otoliths 

Age 

Length o 2 3 4 5 6 7 8 9 10 

1-70 

71-80 

81-90 

91-100 

2 

18 

21 

17 

101-110 19 3 

111-120 23 

121-130 20 2 

8 8 2 

2 

2 

2 

3 

3 2 

2 

2 

2 

5 

2 

4 

2 

131-140 

141-150 

151-160 

161-170 

171-180 

181-190 

191-200 

201-210 

211-220 

221-230 

231-240 

241-250 

251-260 

261-270 

271-280 

281-290 

291-300 

301-310 

311-320 

321-330 

331-340 

341-350 

351-360 

361-370 

2 4 9 5 2 

3 7 3 3 2 

6 8 3 3 

3 4 6 

2 3 

2 2 

4 3 

2 3 

n 138 28 22 47 37 25 10 4 

Table 5 Von Bertalanffy growth parameters, 
standard error (STE) and 95% confidence inter­
vals for Tilapia rendafli and Oreochromis mossam­
bicus sampled from Lake Chicamba, Mozambique 

Parameter Estimate STE 

T. rendalli 

K 0.636 year- J 0.06 

L1 238.74mmTL 3.16 

10 -0905 0.079 

0. mnssambicus 

K O.790yca(i 0.23 

L. 26606 mm TL 8.01 

to -0.269 0.340 

95% confidence 

[0.539.0.76] 

[232.21,245.181 

[-1.059. -Q. 762] 

[253.67, 285.1l] 

[0.470,1.361] 

[-1.04R,0.2451 
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Figure 6 Observed mean lengths-at-age ± standard deviation of 
Tilapia rendaili (A) and Oreochromis mossambicus (8) sampled 
from Lake Chicamba, Mozambique. The curve was fitted using the 
specialised von Bertalanffy growth model. 
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Figure 7 Logistic ogives fitted to the percentage of sexually mature 
Tilapia rendalli males (A), T. rendalli females (8), Oreochromis 
mossambicus males (C) and females (D) from Lake Chicamba, 
Mozambique. Lmso = total length at 50% maturity. 

During April 1996 less than 20 mature female T rendalli and 

during June 1996 less than 20 mature female T rendalli and 

0. mossambicus were sampled. Therefore, these data have 
been excluded from Figure 8. From October to January, over 

60% of female T rendalli were in the 'ripe' condition (Figure 

8). The proportion of ripe female redbreast tilapia decreased 

sharply in February to IS%, with the majority of females 

(69%) being in the 'spent' condition (Figure 8). During July 

1996 and August 1996 no 'ripe' females were recorded 
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Figure 8 Monthly maturity stages of temale Tilapia renda/{i (n =: 

20 I) and Oreochromis mossumbicus (n = 228) sampled from Lake 
Chicamba. Mozambique. 

(Figure 8). By September 1996, the proportion of ripe 
females increased to 38% (Figure 8). The proportion of ripe 
females was significantly dependent on season (X' ~ 62.08, df 
~ 2), however there was no difference in the proportion of 
ripe females between drawdown summer and flooding sum~ 
mer (X' ~ 0.267, df ~ I). 

Over 50% of 0. 1110ssambicus were in the ripe condition 
between October and March (Figure 8). By April 1996 this 
proportion had dropped to 4S% and in May, July and August 
no ripe female a. mossambicus were sampled (Figure 8). The 
proportion of ripe females was significantly dependent on 
season (X' ~ 49.63, df~ 2). However, there was no significant 
difference between drawdown and flooding summer (X2 = 
0.200, df~ I) . 

In both species the mean GSI values in summer (October to 
March) were significantly higher than in winter (May to 
August) GSI (p < O.OS; Figure 9). GSI values during the 
drawdown and flooding summer did not differ significantly 
from each other. 

Juvenile cichlid densities 

In the shallow littoral « O.S m) juvenile cichlid densities 
were highest in January (8A fish/m') and April (8.9 fish/m') 
and lowest in September (0.1 flsh/m') and October (0.3 fishl 
m'; Figure 10). During the other months juvenile cichlid den­
sities ranged from 2.2 fish/m' to S.8 fish/m' (Figure 10). Juve­
nile cichlid densities in the lake margins were significantly 
higher during the summer flooding phase of the dam than 
during the winter and summer drawdown phases (p < 0.05; 
Figure 7). At depths of up to 2 m sim i lar results were 
obtained. Cichlid densities during the flooding summer (2.4 ± 
2.) fish/m 2) were significantly higher than during the SU1nmer 

drawdown phase (0.9 ± 1.3 fish/m'; p < O.OS). In addition, 
drawdown summer cichlid density did not differ significantly 
from winter cichlid density (O.S ± OA fish/( 2

). 

Discussion 

Growth rings on hard structures such as scales, otoliths and 
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Figure 9 Monthly gonadosomatic indices ± standard deviation for 
female Tilapia rendalli (n = 201) and Oreochromls mossambicus (n 

= 208) sampled from Lake Chicarnba, Mozambique. 
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Figure 10 Monthly juvenile cichlid densities expressed as fish per 
m2 in the shallow littoral areas of Lake Chicamba, Mozambique. 

spines, are formed as a response to one or more environmen­
tal variables that reduce metabolic rate and result in a slowing 
of the growth rate (Gauldie & Nelson 1990). In tropical and 
subtropical waters, the period during which rings are formed 
in the hard parts of cichlids varies considerably. Annulus for­
mation in cichlids !Tom the Kafue floodplain (Oreochromis 
anderson;; and Tilapia rendalli) and the Okavango delta (0. 
anderson;; and 0. macrochir) occurred during summer (Dud­
ley 1974; Kapetsky 1974; Booth el al. 1995; Booth & Merron 
1996). In these and other tropical and subtropical areas ring 
formation has been attributed to a decrease in somatic meta­
bolic rate resulting from reproductive activities such as court­
ship, nesting behaviour, movement to and from nesting areas 
and temporal variation in feeding (Garrod 1959; Bruton & 
Allanson 1974; Pannella 1974; Hecht 1980a) rather than to a 
climatic winter. However, ring fonnation in hard tissues dur-
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ing winter has been recorded in several localities. Ring for­
mation in 0. mossamhicus scales in a number of Transvaal 
impoundments occurred in August marking the end of winter 
(Le Roux 1961). This winter 'check' was confirmed in oto­
liths of 0. mossamhicus sampled from the Luphephe/ 
Nwanedzi impoundment in South Africa (Hecht 1980a). 
However, the deposition of a second opaque band coinCiding 
with peak reproductive activity was also noted in this popula­
tion (Hecht 1980a). 

The formation of a single opaque band (transmitted light) 
in the otoliths of 1'. rendalli and 0. mossambicus in Lake Chi­
camba during July and August (Figure 4A & B) corresponds 
with the end of winter, when water temperatures are at their 
lowest and the lake is in its drawdown phase (Figure 2 & 3). 
Since reproductive activity of these two species in Lake Chi­
camba is confined to the summer period from October to 
April, the formation of otolith rings is not a consequence of 
reproductive activity in this locality. Although it was not pos­
sible to determine accurately what factors were responsible 
for ring formation in the otoliths of the two cichlids in Lake 
Chicamba, it is likely that low winter temperatures and 
decreased food availability during the drawdown phase con­
tribute to the formation of the rings. 

The initial growth rate of both species was rapid, with 
asymptotic length being reached within three years (Figure 
6). Since both species mature at lengths corresponding to ages 
of 2+ years (Table 6), the attainment of asymptotic length 
occurs soon after sexual maturation and reflects a shift from 
somatic growth to reproductive energy requirements. This 
growth pattern is typical of many cichlid populations (Bruton 
& Allanson 1974; Hecht 1980a; van der Waal 1985) and 
allows the juvenile fishes to attain quickly a size large enough 
to avoid predation and simultaneously to reach sexual matu­
rity to enable reproduction in unstable environments. 

The high variability in growth rate and the length-at-50% 
maturity in cichlids are evident when the data from this study 
are compared to those from other populations (Table 6) . 
These variations have been linked to reservoir size (De Silva 
1986), habitat stability (Noakes & Balon 1982) and food 
availability (Balon & Coche 1974). James & Bruton (1992) 
recorded lengths at maturity ranging from 110 mm SL to 265 
mm SL for male 0. mossamhicu" in water bodies in the East­
ern Cape. The large variation in the length at maturity has 
been attributed to the response of the fish to environmental 
variability (James & Bruton 1992). Greater lengths at matu­
rity have been recorded in stable environments (De Silva 
1986; James & Bruton 1992) and smaller lengths at maturity 
have been found in harsher habitats, such as smaller dams in 
which food is limiting and high temperature fluctuations are 
common (James & Bruton 1992). 

The growth rate of 0. mossamhicus and T rendalli in Lake 
Chicam ba is relatively fast when compared to other popu la­
tions in the southern African region (Table 6). The growth 
rate of 0. mossambicus in Lake Chicamba was faster than in 
Lake Sibaya (Bruton & Allanson 1974) but was similar to the 
population from the LuphepheiNwanedzi impoundment 
described by Hecht (1980a) for the first three years. However, 
slower growth and smaller maximum size of 0. rnossarnhicus 
in Lake Sibaya can be attributed to early maturity and preco­
cious breeding in this abiotically harsh environment (Bruton 
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Table 6 Length-at-50% maturity (Lmso), calculated 
length-at-age and the von Bertalanffy growth parame­
ters for Oreochromis mossambicus and Tilapia rendal/i 
in southern African water bodies based on published 
data. All data have been standardised to standard length 
(SL). (m = male, f = female, t = both sexes) 

Length (mm SL)·at-agc (years) Growth parameters 

Locality Sex Lmso 0 2 3 4 5 '" L. K 

O. mossambicus 

Chkamba l 
111 171 

r 161 

134 176 198 207 198 -0.269 2120.790 

LupIJephe2 nd 110 168 206 225 234 -0.299 273 OA25 

SibayaJ 
111 120 85 124 148 177 187 -0.360 217 0.358 

r 100 83 113 134 147 166 -1.054 2170.240 

Mill farm dam4 
III 265 185 224 256 282 304 322 -3.154 4060.193 

f 263 132 200 246 278 300 315 -1.272 348 0.376 

Bradslmw's 
Mill dal114 

111 168 51 122 173 211 239 260 -0.578 3170.306 

f 186 50 ]66 212 230 238 240 -0.248 242 0.924 

T. rem/1l11i 

Chkamba J 
111 171 

r 161 

82 132 158 172 180 184 -0905 188 0.636 

Liambezi 5 111 109 108 119 129 181 203 216 -\.953 2400.479 

109 117 173 190 198 207 -0935 366 0.128 

'" 184 

f 168 

72 115 151 183211 -OAI93870.145 

I Present study - Lake Chicamba, Mozambique; ~Hccht 1980" - Luphephel 
Nwanedzi impoundl11ent. South Africa; JOru1on & Allanson (1974) - Lake 

Sibaya. South Africa; 4James (1989) - Eastern Cape. South Africa; ~van der 
Waal (1985) - Lake Liambezi, Botswana: 6Kolding ef al. (1992) - Lake 
Karib::!. Zimbabwe. 

1979). When the Lake Chicamba population was compared to 
temperate populations in the Eastern Cape of South Africa 
(James 1989), it was slower growing than the Mill fann dam 
population where feeding conditions were highly favourable, 
but grew faster than the Bradshaw's mill dam population 
where feeding conditions were less favourable (James 1989). 

The growth rate of T. rendalli in Lake Chicamba was simi­
lar to that in Lake Liambezi (van der Waal 1985) and Lake 
Kariba (Kolding, Tirasin & Karenge 1992) for the first three 
years, whereafter the growth in Lake Chicamba was slower 
(Table 6). However, the Lake Liambezi T. rendalli population 
was aged using scales which have been shown to be poor 
indicators of age after asymptotic length has been attained 
(Hecht 1980a; Booth ef al. 1995). Since the oldest T. rendalli 
sampled in Lake Chicamba was 16 years and the oldest fish in 
Lake Liambezi was 7 years old, it is possible that the larger 
lengths-at-age in this locality are an effect of age underesti­
mation. 

T. rendalli and 0. mossambicus from Lake Chicamba are 
relatively large when they reach Lm50 (Table 6). The large 
size at maturity is similar to the lengths at maturity recorded 
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for T. rendalli in Lake Kariba (Kolding ef al. 1992) and 0. 
mossambicus in Sri Lankan reservoirs (De Silva 1986). Lake 
Kariba and the Sri Lankan reservoirs tend towards environ­
mental stability. In contrast, the abiotically harsh environ­
ment of Lake Sibaya has led to early maturation and 
precocious breeding in a. mossambicus, despite the large 
area of the lake (Bruton 1979). Similarly, T. rendalli in the 
shallow Lake Liambezi also mature at a relatively smaller 
size although the temperature regime and surface area (Sea­
man, Scott, Walmsley. van der Waal & Toerien 1978) are 
similar to Lake Chicamba. The relatively large length-at-50% 
maturity of T. rendalli and 0. mossambicus in Lake Chi­
camba is indicative of a precociallife history style associated 
with environmental favourability (Noakes & Balon 1982: 
James & Bruton 1992). 

Spawning periodicity in cichlids is often independent of 
flooding but has been linked to other factors such as water 
temperature and day length (Fryer & lies 1972; Bruton & 
Allanson 1974; van der Waal 1985; James & Bruton 1992; 
Lowe-McConnell 1991: Merron & Bruton 1993). This is 
illustrated in the Phongoio floodplain where 0. mossombicus 
dominates after a period of flood failure (Merron & Bruton 
1993). Similarly, in Lake Liambezi the spawning of T. ren­
dall; was not dependent on flooding (van der Waal 1985). In 
Lake Chicamba, the reproductive activity of both cichlids was 
confined to the summer period from September to May (Fig­
ure 8 & 9), when mean water temperatures were in excess of 
24°C (Figure 3). Since the gonadosomatic indices and the 
proportion of ripe individuals in both species did not differ 
significantly throughout summer, it was concluded that gonad 
development and spawning were independent of flooding in 
this locality. 

Since tilapias have evolved under riverine conditions 
(Fryer & lies 1972; Greenwood 1974), where fluctuating 
water levels and flooding are common, the tilapias may retain 
the ability to successfully utilise flooded habitats in lacustrine 
conditions. The higher density of juvenile cichlids, both in the 
shallow littoral zone and up to a depth of 2 m, during the 
flooding phase of the lake from January to April, than during 
the drawdown phase from September to December (Figure 
10), suggests that the recruitment of juvenile cichlids into the 
lakes' littoral area was dependent on flooding. 

Welcomme (1979) showed that the higher the magnitude 
of the flood and the longer its duration on the floodplain. the 
greater the overall production of fish. In non-cichlid species 
such as Percajlavescens, Morone chrysops and centrarchids, 
reproductive success was found to be enhanced when flooded 
vegetation was available during the spawning and nursery 
period (Martin, Mengel, Novotny & Walburg 1981). In addi­
tion, the breeding success and recruitment of Oreochromis 
andersonii and 0. mQcrochir in the Kafue floodplain was 
much better during years with high flood levels (Dudley 
1972). De Silva (1985) suggested that fluctuations in lake 
level could influence reproductive output of O. l1Iossambicus 
in Sri Lankan lakes to such an extent that the commercial 
catches were affected three years later. 

T. rendalli falls within the reproductive guild of guarders 
whilst 0. mossambicus is a mouth brooder (Balon 1975). 
Since both species build nests in shallow water (Bruton & 
Boltt 1975; Bruton & Kok 1980) the large drawdowns in 
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Lake Chicamba may impede nest building and guarding 
activity in these two cichlids. However, other factors such as 
increased food availability and cover associated with flooding 
may also contribute to increased recruitment of cichlids dur­
ing this time. 

T. rendalli is generally regarded as a macrophytic browser 
but, like many other cichlids, it feeds opportunistically on a 
variety of food sources including aquatic insect larvae and 
zooplankton (Munro 1967; Wagner & Rowe-Rowe 1972; 
Caulton 1976). Young 0. mossambicus have been reported to 
feed mainly on diatoms in the detrital floc, periphyton and 
zooplankton (Le Roux 1956; Bruton & Boltt 1975; Whitfield 
& Blaber 1978; De Moor, Wilkinson & Herbst 1986). During 
the flooding phase on Lake Chicamba, vegetation with a 
mean dry biomass of 820 g/m' is submerged (Weyl, unpub­
lished data). During the flooding phase from January 1996 to 
April 1996 the lake level rose by 7.92 m (Figure 2), inundat­
ing an area of 17.2 km' and a total dry plant biomass of 
approximately 14100 tons. Thus, flooding provides an imme­
diate though temporary food supply of submerged vegetation 
for T. rendalli, and the decaying vegetation provides a nutri­
ent source for increased primary productivity that leads to an 
increase in the availability of planktonic diatoms and periphy­
ton for 0. mossambicus. This increase in the availability and 
quality of food leads to improved growth, which may ulti­
mately enhance survival through avoidance of predation and 
increased competitiveness. In the Kafue floodplain up to 75% 
of the expected first year growth in Oreochromis andersonii 
and Oreochromis macrochir took place within six weeks of 
the peak flood (Dudley 1974, 1979). 

The effect of submerged vegetation on prey evasion has 
been widely documented (Strange, Berry & Schreck 1975; 
Gotceitas & Colgan 1989; Savino & Stein 1982; Godinho & 
Ferreira 1994; Werner, Gilliam, Hall & Mittelbach 1983). In 
Lake Kariba, juvenile T. rendaW inhabit densely vegetated 
nursery areas in the littoral zone to avoid intense predation by 
Hydrocynus vitlatus (Donnelly 1969). In largemouth bass 
Microplerus sa/moides piscivory is mediated by the abun­
dance of aquatic vegetation (Bettoli, Maceina & Betsill 
1992). Heman, Campbell & Redmond (1969) showed that the 
density of Lepomis macrochirus fry was reduced after a reser­
voir drawdown. This reduction was attributed to increased 
predation by bass as vegetation cover was eliminated by fall­
ing lake levels. In Lake Chicamba predation on juvenile cich­
lids by the alien Micrapterus sa/maides (Weyl & Hecht in 
press) during periods of reduced vegetation cover may partly 
explain the reduced recruitment of juvenile cichlids during 
the drawdown phase. 

Although it was not possible to attribute the reduction of 
recruitment in juvenile cichlids during periods of drawdown 
to anyone factor, the increase in food availability and cover 
during flooding, coupled with the possibility of increased 
spawning success, are likely to contribute towards the 
increase of recruitment during this period. 

This study has shown that 0. mossambicus and T. rendalli 
in Lake Chicamba display precocial life history traits such as 
a long lifespan and a large size at maturity. In addition, 
spawning in T. rendalli and 0. mossambicus was independent 
of flooding, but recruitment of juveniles of both species was 
highly dependent on the flooding of the vegetated lake 
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margins. The failure of an annual drawdown phase, during 
which the depleted vegetation can recover, followed by a 
flooding phase may therefore lead to recruitment reduction in 
Lake Chicamba. Future management of the T. rendalli and 0. 
mossambicus stocks in Lake Chicamba must take into 
account not only the rapid growth rate of these cichlids but 
also the relatively large size-at-50~Vo maturity and the depend­
ence of recruitment on flooding and drawdown events. 

Acknowledgements 

We are grateful to the Mozambique government and the 
Department of Agriculture and Fisheries of Manica Province 
for permission to perform research at Lake Ch icamba. The 
project was funded by the Gesellschaft fiJr Technische 
Zusammenarbeit (GTZ GmbH), Eschborn. 

References 

ARTHINGTON. AH. & MILTON. DA 1986. Reproductive 
biology, growth and age composition ortbe introduced 
Oreochromis mossamhiclis (Cichlidae) in two reservoirs, 
Brisbane, Australia. Env. BioI. Fish. 16: 257-266. 

BALON, EX. 1975. Reproductive guilds offishes: a proposal and 
definition. J Fish. Res. Bd Can. 32. 821-864. 

BALON, EX. 1979. Thejuvenilisatioll process in phylogeny and 
the altricial precocial forms in the ontogeny of fishes. F:nv_ BioI. 
Fish. 4: 97-101. 

BALON, E.K. 1981. Saltatory process ilnd altricial to precocial 
forms in the ontogeny of lishes. Amer. /.00. 21: 583 -596. 

BALON, E.K & COCHE. AG. 1974. Lake Kariba: a man made 
tropical ecosystem in Central Africa. Alonographiae tJioiogicae, 
24. Dr W .Iunk Publisher. The Ilaguo. 767 pp. 

BEAMISH, R . .I. & MCFARLANE. GA 1987. Currentlrends in 
age determination methodology. In: Age and Growth of Fish. 
(cds.) R.C. Summer!clt & G.E. Hall. pp. 15-42. Iowa State 
University Press, J\me~. 

BETTOLI, P.W., MACEINA. M . .I. & BETSILL. R.K. 1992. 
Piscivory in largemouth bass as a fUllction of aquatic vegetation 
abundance. ,""'. Am. J Fish. Alan. 12: 509-516. 

BOOTH, A..I. & MERRON. (;.S. 1996. The age and growth ufthe 
greenhead tilapia Oreochromis macrochir (Pisces: Cichlidac) 
from the Okavango Delta, Botswana. lIydrohioiogia 32 I: 29- 34. 

BOOTH, A..I., MERRON. G.S. & BeXTON, C.D. 1995. The 
growth of Oreochromis andersonii (Pisces: Cichlidae) from the 
Okavango Delta. Botswana, and il comparison of scale and otolith 
methods of ageing. Env. Bioi. Fish. 43: 171-178. 

BOXRUCKER, J. 1986. A comparison of the otolith and scale 
methods for ageing white crappies ill Oklahoma. tv'. Am. J. Fish 
Man. 6: 122-125. 

BReTON, M.N. 1979. rhe !ishes of Lake Sibaya. In: Lake Sibaya. 
(ed.) B.R Allanson. Monographiae Bioiogiacae 30. pp. 102-245. 
Dr W Junk Publishers, The Hague. 

BReTON, M.N. & ALLANSON, B.R. 1974. The gruwth of Tilapia 
mossambica Peters (Pisces: Cichlidae) in Lake Sibaya, South 
Africa. J. Fish BinI. 6: 701-715. 

BReTON, M.N. & BOUT, R.E. 1975. Aspects of the biology of 
Tilapia mossamhica Pt::tt::rs (Pisces: Cichlidae) in a natural 
freshwater lake (Lake Sibaya. South Africa). J. Fish Bio!. 7: 
423-445. 

BRUTON, M.N. & KOK. H.M. 19S0. The heshwater fishes of 
Maputaland.ln: Studies on the ecology of Maputaland. (£ds.) 
M.N. Bruton & Cooper. K.H. pp. 210-244. Rhodes University. 
Grahamstown. und the Natal Branch orthe Wildlife Society of 
Southern Africa, Durban. 

BL'CKLAND. ST. 1984. Monte Carlo contidence intervals. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

09
).



S. Afr. J. Zoo!. 1998,33(3) 

Biometrics 40: 811-817. 
CAULTON. M.S. 1976. The energetics of metabolism, feeding and 

growth of sub-adult Tilapia rendaili Boulenger. Ph.D. Thesis. 
University of Rhodesia, Salisbury. Rhodesia. 142 pp. 

DE MOOR, F.e.. WILKINSON. R.C. & HERBST, H.M. 1986. 
Food and feeding habits or Oreochromis mossambicus (Peters) in 
hypertrophic Hartebeespoort Dam. South Africa. S. Afr. J Zool. 

21: 17<1--176. 
DE SIL VA. S.S. 1985. Observations on the abundance orlhe exotic 

cichlid Sarotherodon mossambicus (Peters) in relation to 
fluctuations in the water levels in a man-made lake in Sri Lanka. 
Aquacllit. Fish. Man. 16: 265-272. 

DE SI LV A. S.S. 1986. Reproductive biology of Oreochromis 
mossambicus populations of man made lakes in Sri Lanka: a 
comparative study. Aquacult. Fish Afan. 17: 31-47. 

DONNELLY. B.G. 1969. A preliminary survey ofTilapia nurseries 
on Lake Kariba during 1967/68.lfydrobiologia 34: 195-206. 

DUDLEY. R.G. 1972. Biology of Tilapia of the Kafue floodplain, 
Zambia: Predicted effects of the Kafue Gorge Dam. Ph.D. 
Dissertation. University of Idaho, Moscow. USA. 50 pp. 

DUDLEY, R.G. 1974. Growth of Tilapia of the Kafue floodplain 
Zambia: Predicted effects of the Kafue Gorge Darn. Trans. Am. 

Fish. Soc. 103: 281-291. 
DUDLEY, R.G. 1979. Changes in the growth and size distribution 

of Sa rothe rod on macrochir and Sarotherodon andersonii from the 
Kafue floodplain, Zambia, since construction of the Kafue Gorge 
Dam. 1. Fish Bioi. 14: 205-223. 

EFRON, B. 1982. The jackknife. the bootstrap and other resampling 
plans. Society for Industrial and Applied Mathematics, 
Philadelphia. 92pp. 

FRYER, G. & ILES. T.D. 1972. The cichhd fi,hes of the Great 
Lakes of Africa. Oliver & Boyd, Edinburgh. 641 pp. 

GARROD. DJ. 1959. The growth of Tilapia escillenta Graham in 
Lake Victoria. flydrobiologia 12: 26&-298. 

GAULDIE. R.W. & NELSON, D.G.A .. 1990. Otolith growth in 
tishes. Comp. Biochem. Physiol. 97A: 119-135. 

GODIN I 10. r.N. & FERREIRA, M.T. 1994. Diet composition of 
largemoulh black bass. Micropterus salmoides (Lacepede). in 
southern Portuguese reservoirs: its relation to habitat 
characteristics. Fish. Man. Ecol. I: 129-137. 

GOTCEITAS, V. & COLGAN, P. 1989. Predator foraging success 
and habitat complexity: quantitative test orthe threshold 
hypothesis. Decologia 80: 158-166. 

GREENWOOD. P.II. 1974. The cichlid fishes of Lake Victoria. East 
Africa: the biology and evolution of a species tlock. Bull. Brit. 
Mus. (Natflist) Zool. S"ppl. 6: 1-134. 

IIAMMERS. B.E. & MIRANDA, L E. 1991. Comparison of 
methods for estimating age. growth and related populalion 
characteristics for white crappies. lli. Am. J. Fish. Man. II: 
492-498. 

HECIIT, T. 1980a. A comparison between otolith and scale methods 
of ageing, and the growth of Sarotherodon mossambicus (Pisces: 

Cichlidae) in a Venda impoundment (Southern Africa). S. Air. J. 
Zool. 15: 222-228. 

HECHT, T. 1980b. Age, growth, reproduction and mortality of the 
butter catfish Eutropius depressirostris (Schilbeidae: Pisces) in a 
Venda impoundment (South Africa). 1. Limnol. Soc. sthn. Afr. 6: 
39-45. 

HEMAN. ML, CAMPBELL, R.S. & REDMOND. LC. 1969. 
Manipulation offish populations through reservoir drawdown. 
Trans. Am. Fish. Soc. 98: 293-304. 

HUGHES. G.S. 1986. Examining methods of fitting age/length data 
to the von Berlalanffy growth curve with a view to applying a 
simplified version of the Beverton and Holt Yield per Recruit 
model. Unpublished internal Report, University of Cape Town. 
70pp. 

JAMES, N.P.E. 1989. A life-history approach to the biology of 
Oreochromis mossamblCl/S (Pisces: Cichlidae) in the Eastern 
Cape. South Africa. M.Sc. Thesis. Rhodes University. 
Grahamstown. South Africa. 206 pp. 

187 

JAMES. N.P.E. & BRUTON, M.N. 1992. Alternative life history 
traits associated with the reproduction of Oreocitromis 

mossambicus (Pisces: Cichlidae) in small water bodies of the 
eastern Cape, South Africa. Env. BIOI. Fish 34: 379-392. 

KAPETSKY . .I.M. 1974. The Kafue River floodplain: an example of 
pre-impoundment potential fish production. In: Lake Kariba: a 
man-made tropical ecosystem in Central Africa. (eds.) E.K. Balon 
& A.G. Coche. pp. 497-523. Dr W. Junk Publishers, The Hague. 

KING. M. 1995. fisheries biology. assessment and management. 
Fishing News Books, Blackwell Science Ltd. London. 341 pp. 

KOLDING. J.. T1RASIN. E.M. & KARENGE. L 1992. Growth. 
mortality. maturity and length weight parameters of fishes in Lake 
Kariba. Africa. ICLARMQ. 15(4): 39-41. 

LE ROUX, P.l. 1956. Feeding habits oCthe young orrour ~pecies of 
tilapia. S. Afr.1. SCI. 53: 33-37. 

LE RaUx, PJ. 1961. Growth of Tilapia mossambicus Peters in 
some Transvaal impoundments. flydrobiologia 18: 165-175. 

LOWE-MCCONNELL. R.H. 1958. Observations on the biology of 
Tilapia nilotica Linne in East African waters. Revue Zoo/. Bot. 
Air 57: 13<1--170. 

LOWE-MCCONNELL. R.H. 1991. Ecology of eichlids in South 
American and African waters. excluding the African Great Lakes. 
In: Cichlid fishes: behaviour. ecology and evolution. (ed.) M.H.A. 
Keenleyside. eh.3. Chapman and Hall. London. 

MARTIN, DB .. MENGEL, L..I .. NOVOTNY. J.F & WALBURG. 
C.H. 1981 Spring and summer water levels in a Missouri river 
reservoir: effects on age-O fish and zooplankton. Trans. Am. Fish. 
Soc. 110: 37<1--381. 

MERRON. G.S. & BRUTON. M.N. 1993. Implications of water 
relea~e from the Phongoiapoort dam for the fish and fishery of the 
Phongolo floodplain. Zulliland. 5.:. Afr J Aquat. Sci. 19: 34-49. 

MUNRO.lL. 1967. The tood ofa community of east African 
freshwaterfish. J. Zool.. Lond. 131: 389-415. 

NOAKES. D.L.G. & BALON, E.K. 1982. Lile histories oftilapias: 
an evolutionary perspective. In: The biology and culture of 
tilapias, (ed.) R.S.V. Pullin and RH. Lowe-McConnelL 
pp. 61-82. ICLARM Conference Proceedings 7. Manila. 
Philippines. 

PANNELLA, G. 1974. Otolilh growth patterns: an aid to age 
determination in temperate and tropical fishes. In: Ageing of 
Fishes. (ed.) T.E. Bagenal. pp. 28-39. Unwin Brothers. London. 

PUNT. A.E. & HUGHES. G.S. 1992. PC-YIELD II U,er's Guide. 
Benguela Ecology Programme Reporl No. 26. Foundation tor 
Research Development. South Africa. 36pp. 

RICKER. W.E. 1975. Computation and interpretation of biological 
statistics offish populations. Fish. Res. HdCan. Bull. 191: 1-382. 

ROBEL US, R. & VISSERS, c. 1984. Impacto ambicntal do 
Projecto 1l0restal em Manica: A Pesca do Lago Chicamba. Grupo 

Estudos Ecologicos, Instituto National de Saude. Ministerio da 
Saude, Maputo, Mozambique (Bulletin 12). 43pp. 

SAVINO, J.F. & STEIN, R.A. 1982. Predator-prey interaction 
between largemouth bass and bluegills as influenced by simulated. 
submerged vegetation. Trans. Am. Fish. Soc. IlL 255-266. 

SEAMAN, M.T., SCOTT. W.E .. WALMSLEY. R.D .. VAN IlER 
WAAL. B.C.W & TOERIEN. D.F. 1978. A limllologieal 
investigation of Lake Liambezi, Caprivi. J. Limnol. ,')'0<.:. sthn Aji". 
4(2): 129-144. 

STRANGE, R., BERRY. C & SCHRECK. C. 1975. Aquatic plant 
control and reservoir fisheries. In: Black bass biology and 
management, (ed.) H. Clepper. pp. 513-523. Sport Fishing 
Institute. Washington DC, USA. 

STRECK, C. 1994. Erfassung von Landnutzungsveranderungen 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

09
).



188 

anhand multiemporaler Satclittcnbilddaten durchgcfi..lrt im 
Rahmen cines GTZ-Projektes in def Provinz, Manica, Mozambik. 
M.Sc. Thesis. Institut fUr Physische Geographie. Ludwigs­
Maximilians Univ. Mtinchen. 99 pp. 

SUMMERFEL T, R.C. & HALL, G.E. 1987. The age and growth of 
fishes. Iowa State University Press, Ames. 443 pp. 

VAN DER W AAL, B.c. W. 1985. Aspects of the biology of larger 
fish species of lake Liambezi, Capri vi, South West Africa. 
Madoqua 14: 101-144. 

WAGNER, VA & ROWE-ROWE, DT 1972. Thc effects of 
Tiiapia renda/li and T mossambica on aquatic macrophytes and 
fauna in nvc ponds. S Afr. J. Sci. 68: 257~260. 

WEATHERLY, AH. & GILL. H.S. 1987. The biology of fish 

S. Afr. J. Zoo I. 1998,33(3) 

growth. Academic press, New York. 443 PI" 

WELCOMME, R.L. 1979. Fisheries ecology of floodplain rivers. 
Longman, London. Great Britain. 317pp 

WERNER, EE., GILLIAM, J.F., HALL, 0 . .1. & MITTELBACI1. 
G.G. 1983. An experimental test of the effects of predation risk Oil 

habitat use in fish. Ecology 64: 154()-1548 

WEYL, O.L.F & HECHT, T. 1998. A successful population of 

largemouth bass., Micropterus salmoides, in a subtropical lake in 
Mozambique. Env. BioI. Fish. (in press), 

WHITFIELD, A.K. & BLABER, S . .I.M. 1978. Resource segregation 
among liliphagous fish in Lake St Lucia. Zululand. Env. BioI. 
Fish. 3: 293-296. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

09
).




