Environmental Biology of Fishegs: 215-225, 1999.
© 1999Kluwer Academic Publishers. Printed in the Netherlands

On the life history of a cyprinid fish, Labeo cylindricus

Olaf L.F. Weyl & Anthony J. Booth

Department of Ichthyology and Fisheries Science, Rhodes University, P.O. Box 94, Grahamstown 6140,
South Africa

2 To whom correspondence should be addressed (e-mail: t.booth@ru.ac.za)

Received 10 October 1997 Accepted 7 September 1998

Key words:gonadosomatic index, growth, maturity, migration, mortality, sex ratio, spawning, von Bertalanffy
growth model

Synopsis

Aspects of the life history of.abeo cylindricusin Lake Chicamba, a man made hydroelectric dam in central
Mozambique were investigateld. cylindricuswas found to be a potadrometic, synchronous spawner concentrating

in river mouths prior to migrating up flowing rivers in January to spawn. Length-at-(50%)-maturity was attained

at a fork length (FL) of 96 mm for males and 98 mm for females, both within their first year of life. The adult sex
ratio was found to be female dominated at 1 male: 1.63 females. Scales were used to age the species, with two
growth checks deposited annually. Growth was rapid and was best described by the von Bertalanffy growth model
as L, = 224.2(1 — e %88+0039)y mm FL. A maximum age of 4 years was observedLfocylindricuswith the largest

male and female measuring 210 mm FL and 235 mm FL, respectively. The rate of natural mortality was estimated
to be extremely high at 1.93 yeawusing length-converted catch curve analysis and is possibly a response to heavy
predation by the introduced piscivaxéicropterus salmoides

Introduction on rainfall and other proximate environmental condi-
tions (Bowmaker 1973, BayléyJackson & Coetzee
Fishes of the genusabeo are widely distributed 1982). In addition, their eggs, embryos and larvae are
throughout Africa and consist of at least 80 species particularly vulnerable to flash floods and associated
which comprise 16.4% of the African cyprinid ichthy-  siltation which can significantly reduce survival and
ofauna (Reid 1985). Most labeo species are also com-fishery recruitment (Skelton et al. 1991). As a result
mercially important throughout the African continent, they exhibit fluctuating inter-annual recruitment pat-
having contributed significantly to various fisheries. terns (Tomasson et al. 1984).
Their roe (sensu caviar) is often harvested as an addi- The redeye labed,abeo cylindricusPeters, 1852
tional bycatch (Skelton et al. 1991). Despite their obvi- is a common, widely distributed species inhabiting
ous importance, the few studies that have investigated East African rivers in the south through the Zambezian
aspects of their life history have been conducted on system and east coastal drainages to the Phongolo sys-
the larger commercial species (Lowe 1952, Mulder tem in Northern Natal, South Africa. It has also been
1973, Balon et al. 1974, Potgieter 1974, Baird 1976, reported from the Zambian Zaire and the Lulalaba sys-
Tomasson et al. 1984, van Zyl et al. 1995). tem in the Zaire basin. It is a relatively small species
Data that are available on labeo life histories suggest
that they could b(_a v_uln_erable to oyerfishing. These life *Bayley, P.B. 1982. The biology dfabeo horieHeckel in Lake
history characteristics include their annual mass aggre- tyrkana. pp. 803-827n: A.J. Hopson (ed.) Lake Turkana,
gations at river mouths and the subsequent migrations A Report on the Findings of the Lake Turkana Project 1972~
up these rivers to spawn, which tends to be dependent1975, Institute of Aquaculture, University of Stirling, Stirling.
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attaining a maximum length and mass of 25 cm stan- to March and a dry winter season from May to August
dard length and 0.9kg, respectively (Skelton 1993). (Figure 2). The lake therefore undergoes a flooding in
There is limited quantitative information available on summer commencing in late December through April
the life history of this species. What is known, is that and a gradual drawdown from May to December as
it is a shoaling species, inhabiting rocky habitats of water is released from the dam for the generation
small and large rivers and in lakes and dams. It feeds of electricity (Figure 2). The substratum is typically
by grazing algae and ‘aufwuchs’ from the surface of silty with stands of drowned trees extending down to
rocks, tree trunks and other firm surfaces (Gaigher the former river channels. The drawdown phase of
1973). To contribute to the knowledge on the life his- the lake exposes large areas of silty soils, which are
tory of this species, this communication investigates rapidly covered by dense grassland vegetation during
various biological aspects including reproductive sea- the beginning of the rainy season or are used for sub-
sonality, length- and age-at-(50%)-maturity, age and sistence agriculture by the rural community living on
growth using scales, estimation of mortality rates and the lakeshore. Subsequently, during flooding a large
a description of potadromesis associated with spawn- biomass of terrestrial vegetation is inundated. Mean
ing within Lake Chicamba, a man-made impoundment secchi depths were 150 cm, with a range from 10cm
situated in central Mozambique. in river inlets at the height of river discharge to 400 cm
in the main lake during winter. In summer, the mean
water temperature was &7C (25.2-327°C) while in
Materials and methods winter its mean was 2Z (18.5-25°C). The mean
annual water temperature was.2% (Figure 3).
Study area
Reproductive biology
Lake Chicamba&l908S, 3308E), is situated in cen-
tral Mozambique at an altitude of 625 m above mean Samples of. cylindricuswere collected monthly from
sea level (Figure 1). Rainfall in the region follows 5 riverine and 4 lacusterine sites between December
two distinct seasons, a rainy season from November 1995 and December 1996 (Figure 1). The riverine sites
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Figure 1 Map of Lake Chicamba, Mozambique, showing the gill and seine net sampling sites.
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Table 1 Macroscopical criteria used to stage gonadal

D rainfall . . .
recrudescence ihabeo cylindricus

— lake level
400 - 620

450 [ 625

Stage Macroscopic appearance

350 + - 615

Juvenile Not possible to visibly distinguish sex.
Gonad as appears a translucent gelatinous
strip.

Resting Sex distinguishable. Ovary small band of
orange-red tissue. Testis discernible as a
thin white band.

Developing  Ovary increases in size, is flattened dorso-

_’U]n HH HH I, nHN ”ﬂn HHH HHHH dl Hn”nn ::: ventrally and is orange-red in colour.

TOTTI T T A TP T T T rTT RERREaRE

JFMAMJ JASOND.J FMAMJ JASOND J FMAMJ JASONDJ FMAMJ JASOND.J FMAMJ JASOND Oocytes visible. Testis increases in size
1992 1998 1994 1995 19% and is white in colour. Sperm is not
Month/Year extrudable from the testis.

Figure 2 Monthly rainfall (mm) and lake level in metres above Ripe Ovary turgid with oocytes and fills the
mean sea level (m amsl) for Lake Chicamba, Mozambique from entire abdominal cavity. Oocytes are olive-

the period January 1992 to December 1996. green to brown in colour and loosely
attached to ovigerous lamellae. Testis

35 creamy white, showing constrictions.
Sperm can be extruded from the testis.

Spent Ovary flaccid and sac like with few

30 vitellogenic oocytes visible. Testis

reduced in size and dirty grey in colour.
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logistic ogive is described by the equation
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Figure 3 Mean monthly water temperatureC) + standard . ]
deviation for Lake Chicamba, Mozambique from the period wherep (L) is the percentage of mature fish at length

September 1995 to October 1996. L, Lms, the length-at-(50%)-maturity artdthe width
of the ogive. A gonadosomatic index was calculated by

were selected on the criteria that the rivers were peren- expressing gonad mass as a percentage of eviscerated
nial and accessible, whereas the lacusterine sites werébody mass. Sex ratio was determined from fish larger
selected randomly. Gill net fleets comprising of six than the size-at-(50%)-maturity collected during the
30 n? panels with stretched mesh sizes of 25, 50, 70, spawning season. Sex ratio was tested for unity using
90, 110 and 130 mm, were set monthly at these sam- a chi-square test.
pling sites. Further samples were obtained using 30 m
seine nets mesh sizes of 10mm and 25mm at two
lacusterine sites (Figure 1). All fish were measured to Spawning migration
the nearest millimeter fork length (FL) and standard
length (SL) and weighed whole. The fish were then dis- To facilitate an understanding on the possibility of a
sected and sexed. The gonads were removed, weighedspawning migration in this species, the monthly abun-
and categorized according to the developmental stagesdance ofL. cylindricuswas determined from gill net
described in Table 1. The eviscerated mass of the fish catch-per-unit-effort (CPUE). CPUE was standardised
was then recorded. at number of fish fleet net night*. To determine when

Length-at-(50%)-sexual maturity was calculated by juvenile fish recruit into the lake and to determine the
fitting a logistic ogive to the proportion of reproduc- modal progression of length over time, cylindricus
tively active fish (ripe or spent) during the spawning were sampled using seine nets.
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Age and growth the fish. The valuer is the time taken for the fish to
grow through a particular length class and allows for
Scales from fish samples were removed from the region decreased growth with increased age. The negative of
between the lateral line and just behind the pectoral the slope of the resultant linear regression line through
fin and stored dry in manilla envelopes. Later, the the descending data points gives a first approximation
scales from fish ranging in length from 38—-235mm FL of Z.
were soaked in water containing domestic dishwash- Due to the inherent difficulty in the accurate cal-
ing detergent for at least an hour, before rubbing gently culation of natural mortality#) the meanM from
between the fingers to remove any dried mucous and four estimates was accepted for the cylindricus
skin. Scale samples were read with transmitted light stock. Estimates fo/ were derived from the four
using a microfiche reader. Both authors read each scaleempirical models described by Pauly (1980), Rihkter
on two occasions. If the two age estimates did not agree & Efanov (1977), Gunderson & Dygert (1988) and
a third was taken. An age estimate was accepted if two Hoenig (1983). Although the Hoenig (1983) equa-
estimates were the same, however, if the three age estition was developed to estimate total mortalig), the
mates differed the scale was rejected as unreadable. model was derived from empirical data obtained from
The periodicity of growth check formation on the unexploited or lightly fished stocks. In addition, the
scales was investigated using marginal increment anal-widest possible range f cylindricusage classes were
ysis. The distance from the anterior scale margin to the sampled and little fishing pressure exists onlthbeo
last growth check was measured in a sample of scalesstock in the lake. Therefore, the derived value would
collected monthly and plotted as a function of time. more closely approximat® thanZ. Having obtained
Length-at-age was described by the 3 parameter, spe-Z and M, fishing mortality was derived by subtraction
cialised von Bertalanffy growth model of the form (F=Z-M).

L =L, (1—eX0), (2)

wheret, the age-at-‘zero’-lengthl, is the length at
ager; L, is the predicted asymptotic length aikd

is the Brody growth co-efficient (Ricker 1975). The
models were fitted using a non-linear minimisation
routine to obtain parameter estimates. The model was o )
fitted by minimising the sum of the squared abso- Of 176 maturelL. cylindricus sampled in December
lute differences between the observed and predicted@nd January, 38% were male and 62% female. The sex
lengths-at-age. Variance estimates were calculated by'atio was female dominated at 1 male: 1.63 females,
using (conditioned) parametric bootstrap resampling differing significantly from unity(x* = 12.18, df =

with 1000 bootstrap iterations (Efron 1982). Standard 12 » = 0.08). The largest male and female sampled
errors and 95% confidence intervals were constructed Measured 210mm FL and 235mm FL respectively.
from the sorted bootstrap parameter estimates using the-€ngth-at-(50%) maturity was estimated at 96 mm FL

percentile method described by Buckland (1984). for males and 98 mm FL for females (Figure 4).
Gonadal recrudescence followed a distinct seasonal

pattern. Over 85% of the ovaries were in a ‘resting’ con-
Mortality dition during the winter months from June to August.

In October over 92% of the samples had ‘developing’
To obtain estimates for the instantaneous rate of total ovaries. By November, over 57% of the female fish
annual mortality(Z), length frequency data collected were inripe condition and in December and January all
from experimental 30 m seine nets with mesh sizes of mature female fish were ‘ripe’. By February, spawning
10 mm and 25 mm from December 1995 to February activity had ceased with 88% &f cylindricusovaries
1996 were analysed by means of a linearised length- sampled in a ‘spent’ condition (Figure 5). This trend
converted catch curve (Pauly 1983, 1984a,b). This was mirrored by the rapid rise in the gonadosomatic
method uses the von Bertalanffy growth parameters to index from a winter low of 0.6% in June and July, a
plot of In(F/dr) against, whereF is the frequency of ~ steady rise from October and peaking in December and
individuals in each length classis the relative age of ~ January at 27.1% and 35.2% respectively.

Results

Reproductive biology
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CPUE in the in-flowing rivers peaked in January with a—

34.6 fishfleet* night* (Figure 6). CPUE in other =

months ranged from 0 to 8.0 fish flekhightt. The g 407

CPUE from main lake sites ranged from O to 6 30 4
fishfleet* nightt. The length frequency df. cylin-
dricusin seine net catches is illustrated in Figure 7.

Age and growth < R i

0 T T T 1 T T
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

The marginal increment analysis, presented in
Figure 8, illustrates that two growth checks are formed
on the scales annually, one in April and one in Figure 6 Monthly mean catch per unit effort (CPUE)standard
October (Figure 7). Despite the absence of scale sam-deviation ofLabeo cylindricusn gill net fleets set in river inflow
ples collected during March, these growth checks and main lake sampling sites on Lake Chicamba, Mozambique.
were further validated by the use of modal progres-

sion analysis. When seine net catches of fish were clearly showed two checks on the scales. Of the 236
graphed monthly, it was noted that fish averaged scales analysed, 60 (25.4%) were rejected as unread-
100mm at the end of the first year of life. This able with the remainder of the age estimates used for
cohort, by April, averaged 120mm in length and the estimation of growth parameters. Length-at-age

Month
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S 0 M Figure 8 Temporal changes in the scale marginal increment,
O 50 4 Mar I n =64 measured from the last visible growth check to the anterior scale
é‘_’ 25 — margin, forLabeo cylindricussampled from Lake Chicamba,
0 - Mozambique between December 1995 and December 1996.
50 - Apr n=>55
25 -
0 - Table 2 Observed and predicted mean lengths-at-age
50 4 May n=16 (£ standard deviation) for combined skabeo cylin-
25 m dricus determined using scales. Samples were collected
58 - from Lake Chicamba, Mozambique during the period
o Jun December 1995 to December 1996.
0 Age Observed n Length Predicted
50 4 Jul n=78 (years) mear:sd range mean
25
0 | — Il - — | 0.5 590 + 19.0 3 38-75 66.5
1.0 986+ 7.3 14 90-120 1111
0 2 4 6 8 10 12 14 16 18 20 15 13634292 81  90-200 143.1
2.0 1776 £137 28 152-214 166.1
Fork length (cm) 2.5 1766+149 41 192-193 1825
Figure 7. Monthly length frequency ot.abeo cylindricusin gg ;gggig; g iggjgé ;ggg
seine net samples collected from Lake Chicamba, Mozambique 4:0 235 0 ’ 1 - 208:9

between December 1995 and December 1996.

Mortality
was adequately described by the von Bertalanffy
growth model with its parameters being chosen as Estimates of the instantaneous rate of total mortality
they are commonly used in empirical estimates of fromlength converted catch curves (Figure 10) and nat-
natural mortality (Pauly 1980), per-recruit modelling ural mortality using empirical models are summarised
(Ricker 1975) and ease of comparison between growth in Table 4. From the length-converted catch curve, total
studies conducted on other species. The observedmortality (Z) was estimated at 1.93 yearand from
and predicted lengths-at-age, von Bertalanffy growth a mean of the empirical models of natural mortality,
parameters, their associated estimates of variation andnatural mortality(M) was estimated at 0.91 year
confidence intervals are summarised in Tables 2, 3 and Fishing mortality(F) was calculated by subtraction at
Figure 9. 1.02 year™.
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Table 3 Point estimates, associated standard errors and 50 10 mm seine net s
95% confidence intervals for combined sex daia= 0 4 n =283 8
175) fitted using the specialised three parameter von 7
Bertalanffy growth model folLabeo cylindricus Sam- 30 - o re
ples were collected from Lake Chicamba, Mozambique OO o . :j
between December 1995 and December 1996. 20 ° y§593-172x(F=0.71)| 4
Point estimate SE 95% ClI 10 H ® m2
Lo 224.2mm FL 11.37 [208.09, 251.91] £ o Ll nH Mnon.o.ll g . : , ; g
K 0.66 year* 0.09 [0.47,0.83] S 50 ; =
fo -0.03 010  [0.28,0.11] * ° 25 mm seine net -
s © % e
-5
30 o - 4
o
. 20 4 L] y=6.6-2.13x(?=0.84) [ 3
° -2
200 10 - H [ ] Ly
0 ol il_l nﬂ nl . > 0
0 1 2 3 4
E 150 —+ Relative age
g Figure 1Q Linearised-length-converted-catch curves applied to
S age-frequency data collected frobabeo cylindricussampled
* 100 - in 10mm and 25 mm mesh size seine net in Lake Chicamba,
2 Mozambique.
[ ]
L]
50 | Lt=224.2(1- e'0'66(t+0'03)) Table 4 Instantaneous totalZ) and natural(M) mortali-
n=175 ties rates estimated féiabeo cylindricusampled from Lake
Chicamba, Mozambique between December 1995 and
December 1996. Instantaneous total mortality was estimated
Y T T T T from linearised catch curves using age frequencies from var-
0 1 2 3 4 ious mesh seine net catches while the natural mortality esti-
Age (Years) mates were derived from various empirical models.
Figure 9 Observed individual mean lengths-at-age Labeo z M Method
cylindricus using scales sampled from Lake Chicamba, 0.52 Pauly(1980).
Mozambique between December 1995 and December 1996. The 1.37 Rihkter & Evanov (1977).
growth curve was fitted to combined sex data using the von 0.62 Gunderson & Dygert (1988).
Bertalanffy growth model with an absolute error structure. 1.15 Hoenig (1983).
1.72 Catch curve (10 mm)
231 Catch curve (25 mm)

Discussion

A single short annual spawning season preceded by

an upstream migration out of the main lake or river to three other species dfabeoincluding L. cylindricus
spawn appears to be the norm rather than the exceptionwere found to be potamodromous, migrating upstream
in fishes inhabiting latitudes with marked seasonal rain- to spawn (Bowmaker 1973).

fall patterns (Lowe-McConnell 1979, Jackson 1989). In Lake Chicamba, gonadal recrudescence first
Amongst the labeines, mass upstream migrations arebecame evident in October with the increasing water
well documented (Bowmaker 1973, Tomasson et al. temperatures after the winter months probably being
1984, Skelton 1993). The congregation at river mouths the primary stimulant. The gonads matured rapidly and
6 weeks before flooding and the subsequent upstreamby January all female fish were ripe with a high gona-
migration for spawning by.. altivelishas been docu-  dosomatic index. Although ripe fish were recorded in
mented in Lake Kariba (Bowmaker 1973). In addition, November, marking the initiation of the rainy season



222

(cf. Figures 2, 5), the high river discharge rates and
concomitant flooding of the lakes shoreline occurred
in January, by which time all thk. cylindricussam-
pled were in a ‘ripe’ condition. Peaks in gill net CPUE
in the river inlets indicated that like. altivelisin Lake
Kariba (Bowmaker 1973), Lake Chicamba’s stock of
L. cylindricusaggregated at the river mouths prior to
spawning. By February, the majority of femélecylin-
dricus had spawned and were in a ‘spent’ condition
with no ‘ripe’ fish being recorded in the samples after
March. Both the macroscopic and histological exami-
nation of the ovaries revealed that all oocytes (exclud-
ing the perinuclear oocytes) in the ovary were of a
similar size and were in the final stages of vitellogene-
sis. During the winter period there was only evidence of
atresiain vitellogenic oocytes, commonin synchronous
iteroparous spawning fish (Wallace & Selman 1981,
Booth & Weyl 1999). These data together with a short
spawning period and the relatively large size of the
ovaries provided further evidence of a synchronous
spawning pattern with all oocytes being ovulated and
deposited during the annual migration up the rivers.
The remaining perinuclear oocytes would develop and
mature during the following summer providing another
batch of vitellogenic oocytes. These would then in
turn be replaced by mitotic division of the oogonia
embedded in the ovigerous lamellae.

The occurrence of juvenile cylindricusin seine net

samples collected in January was indicative of spawn-

ing activity prior to the mass aggregation of mature
fish recorded over this time period. Bowmaker (1973)

Weatherly & Gill 1987, Gauldie & Nelson 1990). In
tropical and subtropical areas check formation has
often been linked to a physiological ‘winter’, such
as temporal variation in feeding (Bruton & Allanson
1974) or reproductive periodicity (Garrod 1959, Bruton
& Allanson 1974, Pannella 1974, Hecht 1980, Booth
et al. 1995, Booth & Merron 1996) rather than to a
climatic winter. In contrast, Hecht (1980) in a study
of the growth ofOreochromis mossambicusing sec-
tioned sagittae, recorded the deposition of two checks
per year, one during February/March coinciding with
the end of peak reproductive activity and the other
during July/August, over the winter period. Le Roux
(1961) also found that ring formation @. mossam-
bicusscales in a number of Transvaal impoundments
occurs in August marking the end of winter. Similarly,
Weyl & Hecht (1998) reported that in the otoliths of
both Tilapia rendalliandO. mossambicusom Lake
Chicamba, growth checks were deposited in winter.

In L. cylindricusthere is a high investment in repro-
duction. In addition, all ripe fish dissected between
December and January were observed to have empty
digestive tracts, which indicated a cessation in feed-
ing prior to and during the spawning period. These
two factors could be responsible for sufficient physi-
ological stress that may account for the growth check
observed subsequent to spawning. A second growth
check occurred during the winter, in response to the
low water temperatures. The presence of two growth
checks in the scales af cylindricuswas further vali-
dated directly by the presence of two checks in known

suggests that the triggering mechanism for upstream age-1 fish.

migration results from the combination of many phys-
ical and chemical factors associated with flooding. It is
therefore plausible that individuals inhabiting the river-
ine environment may be subject to these stimuli ear-
lier in the rainy season than individuals inhabiting the

lacustrine environment. Therefore, small-scale spawn-

ing migrations of riverine individuals early in the rainy

Growth check validation and the discrete spawning
period ofL. cylindricusallowed for the accurate estima-
tion of lengths-at-age and in the modelling of growth
in this species. From the modelled lengths-at-age, is
appears thdt. cylindricusis a fast growing short-lived
species, with a maximum age of 4 years having been
recorded. Both male and female fish matured within

season and concomitant recruitment of early spawnedtheir first year of life having similar lengths- and ages-

juveniles into the lake may in part explain the occur-
rence of juveniles in mid-January when the main lake

at-maturity.
Fish species that spawn in temporary environments

stock migrated.. cylindricustherefore has an extended such as floodplains are typically subject to high juve-
spawning season which may commence as early asnile mortalities as a consequence of habitat desiccation
November and runs through to the end of January. and predation when the juveniles migrate off the flood-
Growth check formation in hard tissues such as plain. Natural mortality estimates based on empirical
scales, otoliths, vertebrae and operculae has been docmodels were considerably lower than the total mortal-
umented as a response to one or more environmen-ity in Lake Chicamba. Since no directed fishery exists
tal variables that reduce metabolic rate and result in a at present, the high mortality rates can therefore not be
slowing of the growth rate (Summerfelt & Hall 1987, attributed to high fishing mortality. It was for thisreason
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that the empirical estimates of natural mortality were Furthermore, Roff (1984) noted that there was a sta-
rejected and the length-converted catch curve estimatetistically significant correlation between several life-
of total mortality accepted as the first approximation of history characteristics such as reproductive output,
natural mortality for the species. In Lake Chicamba the growth and survival. He hypothesised that there would
main food source ‘aufwuchs’ grows on inundated tim- be a trade-off between these life-history characteris-
ber and rocky outcrops, which have been shown to be tics, for example, if reproductive costs were high, then
the preferred habitats for the introduced piscivore, the there would be a resultant decrease in age-at-maturity

largemouth bas$Jlicropterus salmoide@\Veyl unpub-
lished data). High rates of predation may therefore in
part explain the high adult mortality rate in the lake.
However, data on other populations lof cylindricus
are unavailable for comparison.

Growth in theL. cylindricuswas rapid with 43% of

and an increase in growth rate.

When the ratios of size- and age-at-maturity rela-
tive to maximum size and age are compared to other
Labeospecies in the sub-region (Table 5) it becomes
evident that a similar trend exists in species from the
Incomati/Limpopo system (Potgieter 1974) and Lake

the maximum theoretical size attained before sexual Kariba (Balon et al. 1974). In these systemslthbeo

maturity within the first year of life. In contrast sexual
maturation occurred at 25% of the maximum observed
age. This fast growth in the Lake Chicamba popula-
tion of L. cylindricuscould allow for the attainment of
fish large enough to migrate up the rivers during the
annual spawning migration, as well as to maximise
individual reproductive capacity. In addition, highly

species typically exhibited a relatively small size and
age-at-maturity relative to maximum size and age. The
opposite trend is exhibited in the largabeospecies
L. umbratusand L. capensisfrom the Orange-Vaal
River system and.. mesopsrom Lake Malawi, all
of which display a delayed maturity and a high size-
and age-at-maturity relative to maximum size. Further-

seasonal growth due to the cessation of feeding andmore, the length and age-at-maturitylofcylindricus
high energetic requirements for gonadal recrudescencein the Incomati/Limpopo system was similar to that
during the summer period and the decreased metabolicfound in Lake Chicamba.

rate over the winter period could ensure high fecundity
without much additional somatic growth. The high nat-
ural mortality in this species, with the population being

L. cylindricusclearly exhibits the altricial (general-
ist/r-selected) life history characteristics associated
with environmental instability despite the relatively sta-

reduced at least half in size annually, could also provide ble environment provided by the lake for adult fish.

a selective pressure for this growth pattern. In this sce-

nario, if fish reproduced at a relatively large size (large
enough to provide a reasonably high fecundity) and
early in life, it would enable fish to reproduce at least
once during their lifetime. In contrast, in large migra-
tory species with a low adult mortality rate, maturity is
often attained relatively late in life yet at a size large

The altricial life history characteristics &f cylindri-
cusprobably evolved in the relatively unstable riverine
environment prior to the lakes construction and appear
to have been retained by the species. This suggests
thatL. cylindricusin Lake Chicamba have retained the
inherent reproductive characteristics of a riverine pop-
ulation. Periodic flooding of the inflowing rivers during

enough to enable successful migration and to maximise the warmer summer period, therefore, appears to be one

fecundity (Griffiths & Hecht 1995).

of the most important variables in determining spawn-

It has been proposed that fishes may tend towardsing success of. cylindricusin Lake Chicamba. This

an altricial or precocial life history style, depending
upon abiotic and biotic conditions (Balon 1979, Adams
1980, Balon 1981, Noakes & Balon 1982, Bruton
1989). A precocial life history style, including traits

is of concern as it has been documented that potamod-
romous cyprinids have failed to colonise the lacustrine
environment provided by the large African lakes with
Labeospecies often declining to insignificant levels in

such as delayed maturity, small annual reproductive the main lake basins (Begg 1974, Jackson & Rogers

output, slow growth and high longevity, is favoured

1976).

in large, deep, stable habitats such as reservoirs and The combination of a high instantaneous rate of
lakes. Fish from unstable or harsh environments, which total mortality, obligatory potamodromy, synchronous

undergo unpredictable and near cataclysmic physio-

chemical changes, tend towards an altricial life history
style which is characterised by early maturation, large
reproductive output, fast growth and a short lifespan.

spawning and short life-span make this fish highly
susceptible to the failure of the annual hydrological
cycle. These life history characteristics would also
make this fish particularly vulnerable to any increase in
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Table 5 Size-at maturity(L.) and age-at-maturity7,,,) relative to maximum siz€L.,,) and maximum age
(Tmav) for sevenLabeospecies from Lake Chicambgpresent study), the Incomati/Limpopsystem (Potgieter
1974), Lake Kariba (Balon et al. 1974), Vaal Rivér(Mulder 1973), Caledon River(Baird 1976) and Lake
Malawi® (Lowe 1952). M= male, F= female, FL= fork length, SL= standard length, Tl= total length.

Species Sex Locality Length Lya  Lmax  Lmat/Lmax  Tmat Tmax  Tmat/ Tiax
L. cylindricus M Lake Chicamba FL 96 210 0.46 1 4 0.25
F Lake Chicamba FL 98 235 0.42 1 4 0.25
M Incomati/Limpopd  FL 100 211 047 122 4 0.31
F Incomati/Limpopé  FL 100 248 0.40 122 5 0.24
L. ruddi M Incomati/Limpopd  FL 150 254 0.59 142 5 0.28
F Incomati/Limpopéd FL 150 272 0.55 129 5 0.26
L. rosae M Incomati/Limpopd  FL 180 335 0.54 188 6 0.31
F Incomati/Limpopé FL 280 353 0.79 458 7 0.65
L. altivelis M Lake Karib& SL 129 400 0.32 2 9 0.22
F Lake Karibd SL 192 400 0.48 3 9 0.33
L.umbratus M Vaal river* FL 220 455 0.48 203 6 0.34
F Vaal rivef FL 300 473 0.63 291 6 0.48
L. capensis M Vaal river* FL 260 407 0.64 415 8 0.52
F Vaal rivef FL 310 416 0.75 548 9 0.61
M Caledon rivet FL 200 369 0.54 329 8 0.41
F Caledon river FL 230 381 0.60 406 8 0.51
L. mesops M Lake Malawf TL 250 340 0.74 250 4 062
F Lake Malawf TL 300 340 0.88 328 4 0.82

exploitation levels. Any increase in the mortality rate, Balon, E.K. 1979. The juvelinisation process in phylogeny and
such as through the development of a directed fishery, the altricial precocial forms in the ontogeny of fishes. Env. Biol.
would seriously compromise the survival of the species  Fish. 4: 97-101.

and would need to be incorporated into the develop- Balon, E.K. 1981. Saltatory process and altricial to precocial

ment of a rational sustainable management plan of this B;g;”SE'EthJe Eg?sesny;;:ihf; ag?eé‘ézecr’:" il:cﬁt?;\?:;
species in the future. T = . ' y, B

velu, A. Kirka, L. Krupka, E.D. Muyanga & K. Pividka. 1974.
Age and growth studies. pp. 280-427- E.K. Balon & A.G.
Coche (ed.) Lake Kariba: A Man-Made Tropical Ecosystem in
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