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at the time of preparation. They may be modified in the light of
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The designations employed and the presentation of material in
this publication do not imply the expression of any opinion on
the part of FAO or FINNIDA concerning the legal status of any
country, territory, city or area, or concerning the
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PREFACE

The Research for the Management of the Fisheries on Lake
Tanganyika Project (Lake Tanganyika Research) became fully
operational iIn January 1992. It 1is executed by the Food and
Agriculture organization of the United Nations (FAO) and funded
by the Finnish International Developmental Agency (FINNIDA) and
the Arab Gulf Programme for United Nations Development
Organizations (AGFUND).

This project aims at the determination of the biological
basis for fish production on Lake Tanganyika, in order to permit
the Fformulation of a coherent lake—wide fisheries management
policy for the four riparian States (Burundi, Tanzania, ZaTre
and Zambia).

Particular attention will be also given to the reinforcement
of the skills and physical facilities of the fisheries research
units in all four beneficiary countries as well as to the build-
up of effective coordination mechanisms to ensure full
collaboration between the Governments concerned.

Prof. O.V. Lindgvist Dr. George Hanek
LTR Scientific Coordinator LTR Coordinator
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B.P. 1250
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Fax.: (257) 22 9761
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1. INTRODUCTION

This report is based on the compilation and processing of
commercial fish catch data collected from July 1993 to December
1995 at various localities around Lake Tanganyika.

In the past, research work on the main commercial pelagic fish
was carried out for different time periods and with varied
sampling strategies. The results are difficult to compare and
there is a lack of data about the biology and exploitation of
the major stocks in different areas of the lake. A comprehensive
review of the available knowledge of Lake Tanganyika’s ecosystem
is given by Coulter (1991)

The aim of the present work is to estimate some of the vital
statistics of the most important pelagic commercial species, the
clupeids, Stolothrissa tanganicae and Limnothrissa miodon, and
the centropomid, Lates stappersii. Differences between lake
areas in biology and exploitation rates of the three species
were also evaluated.

The results given here need to be compared and combined with
further lakewide data (i.e. from lakewide scientific cruises) in
order to establish a valid picture of the behaviour of the
stocks of these species.

GCP/RAF/271/FIN-TD/53 (En) 1



2. MATERIAL AND METHODS
2.1 Data collection

The collection of fish data from various areas around the lake
(Fig. 1) has been carried out following standardized procedures
(Aro, 1993; Mannini, 1993). Fish were sampled from commercial
fish catches. The gears used target the pelagic fish stocks.
Thus 1In the northern sector of the lake (Bujumbura, Uvira and
Karonda) samples came from the artisanal liftnet fishery, and in
the Kigoma area from both the 1industrial (purse seine) and
artisanal Tfishery. In the western sector (Kalemie and Moba),
catches from the liftnet fishery were sampled. In the south
(Kipili and Mpulungu) the beach seine fishery was included for
fish collection as this gear efficiently catches small pelagics
during some phases of their life cycle. Fish were also sampled
from the industrial purse seine Ffishery and from the minor
liftnet and chiromilla fisheries.

Weekly sampling was carried out during each Jlunar Ffishing
season. Monthly samples were taken onboard purse seilners 1in
Tanzania and Zambia during the whole of the period of study.

Total length (TL, mm) and stage of sexual maturity (Aro, 1993)
were recorded from length stratified subsamples throughout the
study. From March 1994 individual body weight (W, g), gonadal
weight (g) and, in case of L. stappersii, stomach contents were
collected. The stomachs were preserved in 10% formalin and later
prey were identified as precisely as possible (Mannini, 1994).
In addition some stomachs were collected during scientific
cruises.

2.2 Data analysis

Von Bertalanffy Growth Function (VBGF) coefficients (von
Bertalanffy, 1938) have been estimated for all three species
from the main study areas. The ELEFAN 1 method (Pauly and David,
1981; Pauly, 1987) and Shepherd Length Composition Analysis,
SLCA, (Shepherd, 1987) were used in coefficient estimator. To
facilitate the comparison of growth, phi prime values, Phi”,
(Pauly and Munro, 1984) were calculated. Not all data sets were
used. Some were discarded because they were unsuitable for
length-based analysis (i.e. lack of evidence of modal class
progression). When necessary length was converted to relative
age using the inverse von Bertalanffy growth equation (Sparre
and Venema, 1992)

Annual total mortality rates (Z yr™) and natural mortality (M
yr) rates were estimated by using different methods. The value
of M obtained from Pauly’s equation (Pauly, 1980) was reduced by
20% for both clupeid species following the suggestion of Pauly
in the case of small schooling pelagics (Pauly, 1983a) . |In
addition to the estimation of a constant natural mortality, M
values for different life stages were calculated using the size-
dependent equation for M developed by Peterson and Wroblewski
(1984) . The model is based on the information from size spectra
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of suspended particles in the sea where M for a given size is
predicted to be a power Ffunction of the mean wet weight.

One of the most important assumptions of the length converted
catch curve (LCCC) analysis (Pauly, 1983b, 1984a and 1984b) to
estimate Z is that the sample should, as far as possible, be
representative of the stock. Therefore, for each species LCCC
was carried out from fish collected during the lakewide combined
hydroacoustic and mid-water trawling surveys of June and
November 1995 (Aro et al., 1995; Aro, 1996; Mannini and Aro,
1995).

The gonado-somatic index (GSI = gonadal weight/total body weigh
X 100) was calculated to determine the seasonal pattern of
gonadal development. Mean Ilength at sexual maturity was
estimated by fitting a logistic curve to the adjusted proportion
(P) of sexually mature individuals by linear regression (King,
1995).

The logistic curve took the form:

P = 1I/(1+exp[b(TL-L)D)

where L, (Lm = a/-b) is the mean length at sexual maturity (the
length at which 50% of fish are mature) and a and b are
constants.

Independent estimates of L, were also obtained by the optimal L,
model proposed by Roff (1986, 1992) which is based on the von
Bertalanffy coefficient, K, and M. For this model, M derived
from the Pauly equation (1980, 1983a) was used.

A seasonal recruitment pattern was obtained, assuming the
proportion of recruits in monthly samples to be representative
of recruitment to the Ffishing grounds. Further, approximations
of recruitment periods were made by backward projection, as
defined by the VBGF, onto the relative time axis of L/F samples
(Pauly, 1983a, 1987)

Stomach contents, preserved in 10% formalin, were analyzed, for
each prey category, by percentage, by weight and number and by
frequency of occurrence (Hylsop, 1980)

Liftnet selectivity was estimated by performing covered codend
experiments during November 1994 in the Kigoma area. The codend
of the Iliftnet was covered with mosquito netting. Assuming
selection was similar to a trawl net, the gear selection ogive
and the length at first capture (the length at which a fish has
50% probability of being retained in the net, L., for S.
tanganicae were obtained using the method given in Sparre and

Venema (1992) . Further, L. was also estimated from each
available L/F distribution by backward extrapolation of the
lengthconverted catch curve (Pauly, 1984a, 1987) . It was not

possible to obtain gear selection ogives by selectivity
experiments for L. miodon and L. stappersii due to the low
occurrence of small individuals in the Kigoma liftnet fishing
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area. The body shapes of L. miodon and L. stappersii are very
similar to that of S. tanganicae and it may be assumed that
liftnet selectivity for all three species is the same. However,
catch curve analysis was used to estimate L.values for L. miodon
and L. stappersii.

The following geomorphological terminology, after Tiercelin and
Mondeguer (1991), has been used, unless otherwise indicated,
throughout this study. Seven sub-basins have been identified by
these authors:

1) Bujumbura sub-basin (70km long, 25km wide, 350m max.
depth). In the text also referred to as the northern end
or north of the lake.

2) Rumonge sub-basin (80km long, 35km wide, 1150m max.
depth). In the text also referred to as the Karonda area.

3) Kigoma sub-basin (170km long, 80km wide, 1310m max.
depth).

4) Kalemie sub-basin (130km long, 40km wide, 800m max.
depth).

5) Moba sub-basin (70km long, 50km wide, 600m max. depth).

6) East-Marungu sub-basin (120km long, 30km wide, 1470m max.
depth) . In the text also referred to as the Kipili area.

D) Mpulungu sub-basin (100km long, 25km wide, 800m max
depth). In the text also referred to as the southern end
or south.

The terms inshore and offshore or pelagic can cause some
ambiguity. The continental shelf is very limited in the lake due
to the very steep shoreline. Throughout the text coastal areas
with <200m bottom depth are referred to as inshore areas, while
areas 200m are considered to be offshore, pelagic and open water
irrespective of their distance from the coast.

3. RESULTS

Results are given by species and by sampled areas. Functional
relationships between total length (TL), standard length (SL),
fork length (FL) and weight (W) are given in Table 1.

3.1 Stolothrissa tanganicae

3.1.1 Distribution and exploitation

Only the liftnet fishery exploited the S. tanganicae stock 1in
northern areas of the lake, but the catch composition differed
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between the northern end (Bujumbura and Uvira) and Karonda. In
the former area immature Ffish made a greater contribution to the
catch. In the Kigoma sub-basin S. tanganicae was the main target
of liftnets, yet the juveniles were better represented in the
purse seine catches (Fig. 2). As the mesh size of liftnets and
purse seines were similar (stretched mesh of 8-10mm and 10mm
respectively), the appearance of jJuveniles in the purse seine
fishery was probably due to operation of the seine in offshore
nursery areas, outside the usual range of the liftnet Tfishery
(5km radius) . These nursery areas were identified during
lakewide mid-water trawling surveys with R/V Tanganyika Explorer
(Aro et al., in preparation).

In the south of the lake juveniles of S. tanganicae were caught
by beach seines but not by purse seines (Fig. 2). Comparison
with the catch composition of others areas is difficult because
of the use of unselective beach seine nets (mosquito netting is
used to cover the codend) in the Mpulungu area. Currently S.
tanganicae is not the main exploited species in the south but a
supplementary species whose catches are not constant (Pearce,
1995; Plisnier, 1995)

In Kipili waters the numeric abundance of S. tanganicae in the
liftnet sampled catch was lower (22% of the total for both
species) than that of L. miodon and it was negligible (0.9%) in
the Mpulungu liftnet catch. In the beach seine catch the numeric
abundance of S. tanganicae was 28% of the total for both clupeid
species at Kipili and only 11% at Mpulungu.

Figure 3 shows the size distribution of the entire (lakewide) S.
tanganicae population as observed from two surveys. In June 1995
the juveniles, mainly found in offshore water, made up the bulk
of the population. By November they had been recruited to the
adult stock.

3.1.2 Gear selectivity

From covered codend experiments in Kigoma waters, L, = 56mm was
estimated (Fig. 4). The liftnet gear used on Lake Tanganyika 1is
similar throughout and therefore the liftnet selection ogive
(Fig. 4) can reasonably be regarded as typical for S. tanganicae
(excluding the northern end where L~ should be smaller, see
Bujumbura and Uvira L/F distribution in Fig. 2) . L~ estimates
made from the catch curve of the various L/F distributions are
given in Table 2. The mean length at first capture for all areas
was the same as that obtained through the selectivity
experiments.

3.1.3 Growth and mortality

Growth coefficients of S. tanganicae estimated from data sets
were similar (coefficient of variation, CV, of mean phi® was
0.97) with the exception of those from Mpulungu data (Table 2).
Overall, the growth of S. tanganicae, during the study period,
was the same throughout the lake. Longevity was estimated at 1.5
yr. Total and natural mortality rates derived by different
methods are given in Table 2. Mean estimates of Z ranged from
5.0 to 5.8 yr. Total mortality was also estimated from cruise
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survey data and a Z value of 4.12 yr* was obtained (r = 0.98;
95% Cl = 3.68-4.56; first length included in the regression, L7,
i.e. size at which TFfish are fully vulnerable to the Tfishing
gear, L = 70mm). The values derived give a broad range for the
estimate of Z (Table 2) . However, a Z value for S. tanganicae
between 4 to 5 yr' is probably appropriate. Thus 99% of a cohort
will die within one year.

As with Z rates, M rates were estimated by different methods
(Table 2). Mean values for the whole lake ranged from 1.8 to 2.9
yr*. A overall value of 2.3 yr™* was probably representative of
natural mortality for S. tanganicae throughout the lake.

Size dependent natural mortality rate estimates (Peterson and
Wroblewski, 1984) are given in Figure 5a. The overall M value
was 3.7 yr* and that of adults was 1.9 yr™.

3.1.4 Reproduction

During the year, the gonado-somatic index, GSI, of S. tanganicae
increased at intervals of 3-4 months (Figs. 6, 7 and 8) for
females from Bujumbura and Kigoma and males from Kigoma. There
were insufficient numbers of males from Bujumbura and of either
sex from Mpulungu for analysis.

During the 21 month period covered (March 1994 - December 1995)
S. tanganicae GSI increased at about March-April, June-July and
November-December. No remarkable difference resulted between the
northern and Kigoma areas.

The percentage frequency of maturity stages (Fig. 9) showed that
at Kigoma the catch consisted mainly of fish at the early stage
of sexual maturity. The sexual maturity pattern was unclear. It
seemed that the frequency of mature individuals increased every
4 months following a temporal pattern similar to that of the
GS1. Data from the north of the lake are not included as they
were biased by overestimation of maturity stage 11.

No reproductive pattern was apparent at the southern end of the
lake (Figure 10). When caught S. tanganicae individuals were
either entirely juveniles or sexually mature adults and the
simultaneous occurrence of both was rare.

Estimates of mean L, for S. tanganicae from the different areas
(Table 3, Figs. 11, 12, 13 and 14) were 1in close agreement
(overall mean L, = 78mm TL, CV = 6.57, for females and mean L,=
77mm TL, CV = 3.59, Tfor males), indicating that, around the
lake, S. tanganicae all reached sexual maturity at the same
length which corresponds to an age of 8.5 months. This same
length was predicted by the optimal L, theory (Roff, 1986,
1992). Stolothrissa tanganicae enters into the reproductive
phase when the most of the somatic growth has been achieved, the
overall ratio L, /Ly, is 0.73.
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3.1.5 Recruitment

Recruitment of juveniles < L. (66mm TL) to the liftnet Ffishery
in the Bujumbura area appeared to be continuous throughout the
year. The proportion, for the most of the year, was > 50% (Fig.
15).

The recruitment pattern to the Uvira liftnet fishery was more
seasonal (Fig. 15). In a twelve month cycle there are two
recruitment periods. Early in the year a first, minor, pulse
extended over three months (from February to April) and the main
recruitment period lasted from June/July to October/November.

The recruitment of S. tanganicae to the Kigoma Ffishing grounds
(Fig. 15) was similar to that of Uvira with respect to the major
recruitment period from June to November 1994, but in 1995 it
ended in August.

Overall, the principal recruitment season of S. tanganicae 1iIn
the Kigoma area and in the north of the lake took place from
June to November i.e. during the dry season.

3.2 Limnothrissa miodon
3.2.1 Distribution and exploitation

Liftnets and beach seines exploited different parts of the L.
miodon population in the north. The liftnet catch consisted
mainly of immature fish whereas mostly adults were caught by the
modest beach seine operation (Fig. 16) because of the highly
selective 20mm mesh.

Only the adult L. miodon population was exploited in Kigoma
waters and the largest individuals were caught only in the purse
seine fishery operating in more open water. The L. miodon size
distribution at Kigoma and at the southern end of the lake was
different (Fig. 16). At Mpulungu beach seines and liftnets used
mosquito netting as codend covers and these gears harvested the
inshore stock of young L. miodon. As in Kigoma waters, the very
large fish occurred almost exclusively offshore and were caught
by the purse seines.

The length distribution of liftnets and beach seine catches in
the Kipili area was similar because both these gears, when
targeting clupeids, operated along the coastal zone (Kihakwi and
Challe, 1995; personal observation) . They were often equipped
with small mesh codend covers. Length composition from both
gears was characterized by a sharp decline to the right. This
was not due to mortality but to emigration of large L. miodon
from the fishing grounds to more open waters.

Limnothrissa miodon juveniles were absent in both the June and
November cruises catches (Fig. 17) . As there was no trawling in
inshore, shallow waters the juveniles may have been missed.
Length distributions from survey data were biased towards larger
fish which were missing or underrepresented from commercial
catches.
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3.2.2 Growth and mortality

Only the L/F distributions from Bujumbura, Kipili and Mpulungu
were suitable for VBGF coefficient estimation (Table 4) . The
resulting growth patterns were the same for the three areas (CV
of mean phi” was 0.13). Longevity of L. miodon was estimated at
2.5 yr.

All Z estimates of L. miodon are high considering the longevity
of the species (Table 4). Total mortality rates obtained from
catch curve analysis range from 5.4 to 6.6 yr* (mean values from
various methods). Total mortality of L. miodon should not be
expected to be higher than S. tanganicae mortality rates
(compare longevity) . This probable overestimation, mainly
evident from Kipili and Bujumbura, could have been due to
emigration from the Ffishing grounds of fully grown individuals.
Where fishing gears were not operated offshore, the right side
of the L. miodon catch curve shows a sharp decline. This would
lead to higher values of the regression slope and thus of Z.
Truncated distributions were not encountered from samples
collected by offshore nets such as purse seines (see Fig. 16)

Survey data appeared to be more representative of the L. miodon
adult population. From catch curve analysis, applied to the
pooled L/F from both surveys, Z = 3.12 yr* (r = 0.97; 95% Cl =
2.92-3.32; L = 94mm) which appears more realistic than the Z
estimates obtained from the fishery data.

Natural mortality rates calculated as constant values throughout
the life (means from each method) ranged from 1.2 to 1.8 yr™.
From the Peterson and Wroblewski model (1984) a population mean
M = 2.8 yr' and adult mean = 1.4yr* were calculated (Fig. 5b).

As Z is certainly overestimated it is not realistic to calculate
fishery mortality (F = Z - M)

3 .2 .3 Reproduction

From all the study areas the reproductive pattern, as indicated
by GSI, of L. miodon showed less marked periodicity than did S.
tanganicae. The reproductive effort of L. miodon reflected 1in
gonadal development appeared to be almost constant in the north
of the lake while monthly variations were noted in the Kigoma
and Mpulungu data (Figs. 18, 19, 20, 21, 22, 23) . As there was
high variability and lack of data for some months no pattern
could be 1identified. As stated above, data on L. miodon from
commercial catches were thought to be poorly representative of
the population.

The percentage distribution of maturity stages from the Kigoma
samples (Fig. 24) indicate that the maximum number of mature
fish were found twice a year (May-July and September-November) .
In the south only the period July 1993 to July 1994 could be
considered due to the scarcity of adult fish during the rest of
the sampling programme (Fig. 25). During this period ripe L.
miodon occurred Tfor the most of the year with the highest
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frequency in May and June. Data from Bujumbura and Uvira are not
given as maturity stage 1l was overestimated.

The mean value of L, for L. miodon was 101mm (CV 13.8) for
females and 95mm (CV 7.6) for males (Figs. 26, 27, 28 and 29;
Table 5) . The optimal L, theory (Roff, 1986, 1992) would
predict = 130mm which is much higher than the lengths obtained
from the logistic model. This predicted value is probably not
realistic as only a very small fraction of the population would
attain it.

On lakewide basis L. miodon achieves sexual maturity at 8.6
months and the resulting overall L,/Ly ratio is 0.54.

3.2.4 Recruitment

In the north L. miodon had a main recruitment period during the
1994 dry season which was not repeated in 1995 (Fig. 30)

Recruitment to the beach seine fishery at the southern end of
the lake (at L. = 15mm corresponding to a relative age of one
month) was sustained throughout the year with increased
intensity at the onset of the dry season (April/June) and in
November/December (Fig. 30).

3.3 Lates stappersili
3.3.1 Distribution and exploitation

Only open water gears exploited L. stappersii and virtually no
adult fish occurred in catches north of the Rumonge sub-basin.
Young individuals were caught in the northern area until they
reached a length = 100mm (at c. 6 months of age) . Kigoma catch
data showed a classic bimodal length frequency distribution
composed of juveniles and adults while the Mpulungu catch
consisted mainly of adult Tfish (Fig. 31). The Mpulungu
industrial fishery is now entirely based on this adult Ffish
concentration in the south. As this abundant adult stock exists
in the south of the lake for the most of the year, one or
several important nursery areas probably occur outside the
fishing grounds of the purse seine Ffishery.

The L. stappersii population which was sampled during the two
lake wide surveys consisted of at least three identifiable
cohorts (Fig. 32). In both months, June and November, length
groups which were poorly represented 1iIn catches of some
fisheries (e.g. Karonda, Kigoma and Kipili) were well
represented suggesting a possible size related distribution.
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3.3.2 Growth and mortality

Growth model coefficients of L. stappersii estimated by ELEFAN 1|
and SLCA methods (Table 6) were similar (CV of mean Phi” was
0.50). The major differences were from the Kipili data and this
was probably due to the small number of available L/F
distributions. The maximum lifespan of L. stappersii is about 7
yr but very few specimens live more than 5 yr.

Mean values of mortality rates derived from the different
methods ranged from 1.66 to 1.89 yr™* and 0.6 to 0.9 yr™* for Z
and M respectively (Table 6). Total mortality was significantly
higher in the south of the lake than in the Kigoma area. From
survey data Z = 1.79 yr* (r = 0.97; 9S% ClI = 1.60-1.98; L*> =
140mm) which lies between the Kigoma and Mpulungu estimates. The
estimates of M from the Peterson and Wroblewski model (1984)
gave mean M = 1.4 yr* and an adult mean M = 0.7 yr* (Fig. 5¢)

Despite the inaccuracy in extrapolating F from Z-M and thus the
exploitation rate (E = F/Z) it seems evident that the heaviest
exploitation is experienced by L. stappersii in the south area.
Fishing effort, and thus fishing mortality, for this species is
the highest in this area of the lake.

3.3.3 Reproduction

The changes in the monthly mean values of the GSI of L.
stappersii differ between Kigoma and Mpulungu (Figs. 33, 34, 35,
36). At Mpulungu the reproductive effort, as shown by the GSI,
clearly increased from October to March.

This seasonal pattern was much less evident from the Kigoma
data. Common to both the Kigoma and Mpulungu data was the
apparent decrease 1In reproductive output during the second
sampling year (March 1995 - March 1996)

The proportion (%) of each sexual maturity stage (Figs. 37 and
38) followed the same the reproductive cycle as indicated by the
GS1 pattern and showed that while in the Kigoma area both
immature and adult L. stappersii were equally exploited, in the
south the catch consisted entirely of mature fish.

Mean length at maturity (L,) could be estimated only from the
Kigoma and Mpulungu samples due to the absence of adult fish in
the north of the lake (Figs. 39 and 40). L, = 278mm for both
sexes at Kigoma and L, = 237mm and L, = 255mm for females and
males respectively at Mpulungu (Table 7). At Mpulungu the L,
estimate for females was affected by the occurrence of large
sized individuals which were not fully mature. The mean L, for
both sexes was 16% smaller than L, = 311mm predicted by the
optimal L, theory (Roff, 1986, 1992)

Lates stappersii becomes sexually mature during the second year

of life at the age of about 1.7 yr. The overall 1,/1, ratio is
0.51.
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3.3.4 Recruitment

No adult L. stappersii were caught by liftnets in the north of
the lake. Within a yearly cycle only one major recruitment pulse
took place lasting Five months from April to August (Fig. 41).

The recruitment to the Kigoma fishing grounds was similar to
that of the north but, unlike it, the single annual recruitment
period was later, from July to November (Fig. 41)

As stated earlier, iIn the south of the lake L. stappersii
juveniles are never recruited to the purse seine fishery and
only the adult stock is exploited (Fig. 41).

Only in Kigoma were juveniles and adults found together in both
liftnet and purse seine catches. The highest occurrence of
sexually mature individuals (fish of TL L, from February to
April was Tfollowed 5-6 months later (August-October) by the
appearance of juveniles (recruits) in the catch (Figs. 41C and
41D) . The time 1lag between the occurrence of adults and
juveniles was in agreement with the estimated age of the latter
which at a L. of 90mm was 5.5 months.

3.3.5 Feeding ecology

A total of 4195 stomachs (1596 from Mpulungu and 2599 from
Kigoma) were examined. No significant difference (X?= 14.42, df
= 8, p < 0.05) was found between the diet of Kigoma male and
female L. stappersii, so the data were pooled for sex within
each area. In each month of the study empty stomachs were never
> 11% of the total. Stomach fullness was mainly “nearly empty”
or “half full” (45% and 25% at Mpulungu and 41% and 32% at
Kigoma respectively) . Hauling operations started normally at
about midnight and continued during darkness. Feeding activity
probably takes place at dusk and is possibly resumed at dawn.

The diet of L. stappersii in the south was almost entirely based
upon clupeids and shrimps (Fig. 42). The palaemonid shrimps,
Palaemon moorei, and the atyid Limnocaridina parvula were the
commonest prey TFfor the most of the year. Around Kigoma L.
stappersii displayed a more heterogeneous food spectrum
including mesozooplankton (copepods) and S. tanganicae larvae
(Fig. 43)

Stolothrissa tanganicae was the commonest fish prey at Kigoma,
its frequency in the stomachs was the highest from July up to
January when the catch of this species in the fisheries was also
highest. S. tanganicae larvae were 1iImportant in the diet
especially from May to July. From July Jlarvae abundance
decreased and L. stappersii fed on juveniles and adults. The
timing of maximum occurrence of S. tanganicae larvae and adults
in the predator stomachs reflected the reproductive phase of the
prey. It took place in May and was followed by a recruitment
period. The appearance of copepods in the diet of L. stappersii
from September to January was due to large number of young L.
stappersii in the sample. These fish are planktivorous feeders.
Shrimps were common prey throughout the year.
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As far as identification of gut contents would allow, L. miodon
was the commonest fish prey at Mpulungu. No significant quantity
of clupeid larvae was found in the stomach contents of fish from
this part of the lake. Limnothrissa miodon probably spends its
early life in inshore waters which are not feeding grounds for
L. stappersii and may be S. tanganicae abundance is too low to
make It an iImportant prey item, either as larvae or adults.
Therefore shrimps are likely to be the most important prey of L.
stappersii in the south of the lake.

Ontogenetic changes in feeding are illustrated in Figures 44 and
45 by frequency of prey occurrence. The data from Kigoma
indicated that juveniles fed on copepods, then at c. 100mm on
shrimps and S. tanganicae. Only Jlarge fish were entirely
piscivorous. Cannibalism was noted in some months, mainly by
adult fish.

Lates stappersii from the south of the lake maintained a simple,
two prey item diet throughout their life. The zooplanktivorous
phase was not found at Mpulungu as young L. stappersii (TL <
100mm) were not caught. Initially they preyed on shrimps and
then gradually the proportion of clupeids increased. Only very
large individuals were mainly piscivorous. Thus L. stappersii is
not entirely a piscivorous predator throughout its life. Fish
prey become important in the diet of this predator well over the
size of 100mm which was observed earlier (Ellis, 1978; FAO,
1978; Roest, 1992)

It could be argued that commercial catch samples, taken by light
attraction methods, are of dubious value, owing to the
simultaneous concentration of both predators and prey. Pearce
(1991) stated, on the basis of some experimental fishing, that
it is unlikely that the occurrence of shrimps in the stomach of
L. stappersii is an artifact due to light attraction. Stomach
samples collected during experimental mid-water trawling 1in
Kigoma and Mpulungu areas in June 1995 were compared with those
obtained during the same month from commercial catch samples
(Fig. 46) . The diet composition from the commercial and survey
samples of the same area were quite similar. Due to better
preservation of the stomachs collected during the survey, prey
items which are digested quickly such as copepods and shrimps
are represented more in survey samples than in commercial catch
samples.

4. DISCUSSION
4.1 Distribution

Stolothrissa tanganicae and L. miodon have adopted different
life strategies. Stolothrissa tanganicae spends the larval and
juvenile phase in offshore open water where nursery areas are
located (Aro et al., in preparation). As the fish grow they move
towards the coast and enter into the liftnet fishery area to
which they are fully recruited when they reach a length of 56mm,
at about 5 months of age.
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Limnothrissa miodon during the first year of life occurs in
inshore, shallow water and moves offshore during 1its second
year. Very large fish are found only in open water where they
have a similar feeding behaviour to L. stappersii, preying on
shrimps and juveniles of S. tanganicae (Ndugumbi et al. 1976;
Poll, 1953; personal observation)

Stolothrissa tanganicae is probably a more specialized
planktivorous feeder than Limnothrissa miodon (Matthes, 1965-
66), preying on the offshore zooplankton community. The Ilatter
can feed on a wider Tfood spectrum and it preys on the
diversified inshore plankton community. When energetic
requirements iIncrease, probably related to gonadal development,
the Ffish migrate to offshore waters where they eat fish and
shrimps. It still has to be determined whether spawning of L.
miodon takes place close to the shore or in open water. The high
inshore larval abundance reported by Tshibangu and Kinoshita
(1995) would 1indicate that coastal areas are the Tfavourite
places for nurseries and perhaps spawning.

Lates stappersii < 1 yr are caught with S. tanganicae. Probably
the juveniles of the two species aggregate together and share
the same trophic niche. The occurrence of only the 0+ age class
in the northern end of the lake does not mean this is a primary
nursery area for L. stappersii. The young fish can be spawned by
adults further south where the lake deepens and expands into the
Kigoma sub-basin. Some of the young then spread northwards. A
southerly movement occurs from an age of c. 6 months.

Preliminary evidence from pelagic trawl surveys would indicate
the existence of nursery areas 1in the Kigoma basin. The
juveniles of the June cohort shown in Figure 32 (in which all
samples were pooled) were found entirely in the Kigoma and
Rumonge sub-basins. Previously, a nursery area was found by
Chapman and van Well (1978b) in the offshore, central part of
the lake.

In some areas the catch composition of L. stappersii showed
clear bimodality (Fig. 31) . It has been proposed, although no
evidence has been produced, that the missing length groups
(within 130-250mm length range) are not represented in the catch
because the fish move inshore out of the usual fishing grounds
to prey upon juvenile S. tanganicae (Roest, 1988). However both
S. tanganicae and L. stappersii do not spend time inshore 1in
their life cycle. Fishery-independent information (survey data
not affected by commercial catch bias) would indicate that S.
tanganicae juveniles occur mainly in offshore, open water (Aro
et al., in preparation) as do the “missing length group” of L.
stappersii. During the June and November 1995 cruise surveys,
length classes within the 130-250mm size interval were well
represented and almost all of these were caught in offshore deep
water hauls (Fig. 32). In June 1995 the 110-160mm cohort was
caught in the East Marungu sub-basin, and in November the 150-
200mm cohort was found in pelagic waters in the Rumonge, Kalemie
and Moba sub-basins.

Lates stappersii, like S. tanganicae, spends all its life cycle
in the pelagic deep water, and thus preys on this clupeid almost
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exclusively. The life history of L. miodon with the jJuvenile
inshore phase enables the fish to avoid L. stappersii and reduce
predation pressure on it. Adult L. miodon offshore are too large
for capture by L. stappersii.

4.2 Life histories

Growth coefficients of the three species, as estimated from the
July 1993-June 1995 data are similar to the most of the
previously published estimates (Table 8). As far as the accuracy
of length-based methods allow, there is no evidence of different
growth pattern within species between parts of the lake.

A more accurate assessment of growth may be achieved from
studying otolith daily growth rings. Fish aging by such methods
has been unsuccessful for L. stappersii (Kimura, 1991a), but may
be feasible for the short lived clupeids. Preliminary results of
age obtained by Pakkasmaa and Sarvala (1995), for S. tanganicae
and L. miodon otoliths, sampled from the same populations from
which length data were obtained, were quite consistent with
growth estimates obtained by length based analyses. Stolothrissa
tanganicae of c. 60mm were aged from otoliths as 150-160 days
old and L. miodon of 60 and 100mm as 120-160 and 250-350 days
old respectively. Converting lengths from the average VBGF,
estimated by length frequency distributions to relative age, the
above lengths corresponded to 153 days for S. tanganicae and 138
and 279 days for L. miodon.

The large number of fish, sampled on a regular weekly basis at
various sites around the lake, analyzed for the present study to
estimate the growth of S. tanganicae, L. miodon and L.
stappersii, and the similarity of the results with earlier
studies (Table 8 and Fig. 47) indicate that estimates for each
species are reliable. 1t can be observed (Fig. 47) that the
growth of L. miodon lies between that of S. tanganicae and L.
stappersii.

The timing of clupeid reproduction as indicated by changes in
the monthly GSI does not show any evident seasonality but a
highly variable pattern with four apparent peaks during the year
in the case of S. tanganicae but not clear peaks in the case of
L. miodon. To evaluate the seasonal allocation of reproductive
output of the clupeids, a fecundity index correlated with an
index of the spawning population abundance should be used (Craig
and Mannini, in preparation) However, seasonal variation of GSI,
which shows similar variability throughout the areas studied,
would indicate that the reproductive process is continued,
although with varying intensity, throughout the year.

As a result of such dynamic reproductive strategies, knowledge
on the timing of reproduction of the clupeids is not well
defined within and between years (see Coulter, 1991, for a
review of results from previous authors). Probably, this is
because unlike most temperate clupeids, which have a distinct
spawning season and generally live for more than 2 years
(Blaxter and Hunter, 1982) , S. tanganicae and L. miodon spawn
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almost continuously after becoming sexually mature and are
short-lived (longevity of 1.5 and 2.5 yr respectively)

When L, 1is reached serial spawning takes place 1in several
clupeid species (Blaxter and Hunter, 1982) and probably Lake
Tanganyika clupeids have this reproductive behaviour. Multiple
spawning over the whole year could be regarded as an adaptive
strategy to 1increase offspring survival and recruitment in a
relatively unstable pelagic environment (Alheit, 1989; Amstrong
and Shelton, 1990) . Environmental factors are thought to play a
critical role in pelagic environments causing Jlong term
fluctuations (LluchBelda, et al., 1989; Shannon et al., 1988).
Further, i1n upwelling systems characterized by pulsed primary
production such as Lake Tanganyika (Plisnier et al,. 1996) the
planktonic larval phase of fish can suffer a high and variable
mortality.

At Kigoma although S. tanganicae reproduction is continued
throughout the year, the reproductive period in May-June gives
rise to a cohort which 1is very successful, having a high
survival rate. The abundance of S. tanganicae larvae, which is
at its highest between May and July, in the stomachs of L.
stappersii indicates the prey abundance in the environment. The
main recruitment pulse to liftnet fishery which takes place from
June to October depends on the May-June cohort strength.

It seems that, at least at Kigoma, S. tanganicae 1is very
efficient in exploiting a survival window, i.e. a period of high
survival hypothesized by Alheit (1989) for small pelagics, which
is open during the dry season (from June to September) . This
four month 1long survival window 1is due to the 1low Ilocal
abundance of adult L. stappersii (Coenen, 1995; FAO, 1978) and
to increased primary and secondary production which In turn is a
consequence of the deepening thermocline and the vertical mixing
of the water (Plisnier et al., 1996). Production reaches a
maximum around November (Hecky, 1991; Kurki, 1996)

Lates stappersii reproduction follows a more regular pattern
especially in the area of Mpulungu (Fig. 36) which takes place
during the wet season. As can be expected by a relatively long-
lived species the seasonal reproductive period 1is Tairly
constant between years (Chapman and van Well, 1978b; EIllis,
1978)

The size at which 50% of the fish reach sexual maturity and the
L./Ly ratio provide an important insight on the life history of a
species. Life history strategies may be linked to the terms of
resources allocation to reproduction. Lake Tanganyika clupeids
appear to have different strategies. Both S. tanganicae and L.
miodon reach L, at the same age (8-9 months) but S. tanganicae
at this age has already completed about 2/3 of its somatic
growth while L. miodon only half.

The difference can be explained by the life histories of the two
species. Stolothrissa tanganicae is pelagic throughout its life
and is continuously preyed upon mainly by L. stappersii, the
most important pelagic predator species, and secondarily by L.
miodon. All available resources are allocated to complete
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somatic growth so that a body size can be reached which will
reduce the risk of predation. The population of L. stappersii
consists mainly of fish in the length range 200-300mm. Assuming
that prey are taken up to 30% of the size of the predator size
(Treasurer et al., 1992), L. stappersii would capture S.
tanganicae up to c. 75mm which is very close to the species L,.

Unlike S. tanganicae, L. miodon is not a truly pelagic species
and most of its Ffirst year of life takes place in shallow
inshore water to avoid L. stappersii predation. Although it can
be suggested that this species iIs exposed to more diversified
predation from others Lates species and piscivorous cichlids,
the inshore environment has a richer source of potential prey
than the pelagic. When L. miodon migrate offshore as adults they
are too large for predation by L. stappersii.

Diet composition of L. stappersii has not previously been
investigated comparatively in different areas. The remarkable
differences In the diet composition between the two study areas
indicates L. stappersii feeding ecology, like that of many Ffish
species, depends on food availability rather than the age of the
fish. The southern end of the lake probably has a large shrimp
population which may attract and sustain a resident,
commercially important, adult stock of L. stappersii.
Differences in meso and macrozooplankton composition have been
reported by Kurki and Vuorinen (1995) and Kurki (1996). How much
this explains the present low abundance of S. tanganicae iIn this
area iIs difficult to assess. Certainly a concentration of L.
stappersii may have a substantial effect on the abundance of the
latter. Therefore, the predator-prey relationship between S.
tanganicae and L. stappersii as investigated in the past (Roest,
1988) is now Ffurther complicated by the relevance of the shrimp

prey.

Large sized L. miodon feed on both shrimps and S. tanganicae and
thus are likely to share the same trophic niche as L.
stappersii.

It is then likely that the presence of both L. stappersii and
large L. miodon exerts a top-down control, through predation
mortality, on S. tanganicae effective enough to keep its
abundance low at the southern end of the lake. In Kigoma waters
shrimp density appears to be lower than in the south (Kurki,
1996) so L. stappersii turns to other available prey.

A review of changes which took place from 1960°s within the
pelagic fish community in the Mpulungu sub-basin is given by
Pearce (1995) . In 1989 a study was carried out by Pearce author
on the diet composition of L. stappersii in Mpulungu area. At
that time S. tanganicae was still an important component of the
diet comprising, on a monthly basis, from 20% to 70% of the
total diet weight (both Hlarvae and adults). The remaining
dietary component was mostly shrimp (Pearce, 1995)

It appears that while S. tanganicae abundance in the Mpulungu

sub-basins has been drastically reduced over the last ten years
this has not affected L. stappersii.
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4.3 Fishery exploitation

Lake Tanganyika clupeids are short-lived species with high M and
therefore characterized by a quick turn-over. The
production/biomass ratio (P/B) 1i1s assumed to be equivalent to
total mortality (Z2) when the growth follows the von Bertalanffy
model and mortality is exponential (Allen, 1971). Among L.
stappersii, L. miodon and S. tanganicae, the last, as it can be
inferred by its life parameters, has the highest P/B which 1is
expected to be in the order of 4-5.

More uncertain is the P/B estimate for L. miodon because of
biased Z estimates. The range of Z values available from the
present study as well as from previous research (Table 8) would
indicate overestimated rates which do not match the expected
longevity of 2.5 yr (Lévéque et al., 1977). Mannini (1991)
applied length cohort analysis to the L. miodon stock of Lake
Kivu and obtained Z values not higher than 2 yr™, much lower the
value he obtained of 9 yr* from catch curve analysis applied to
the same data (Mannini, 1990). Preliminary Z figure from catch
curve analysis applied to June and November 1995 survey data for
the whole Lake Tanganyika is of 3 yr™. This estimate is more
realistic and less biased than those from commercial catch data.
Therefore, P/B of L. miodon can be reasonably expected to lie
between 2 and 3 yr.

Lates stappersii is the most long lived of the three species and
has the lowest natural mortality resulting in the slowest turn-
over. A P/B of 1.5 can be regarded as representative for this
species.

The population dynamic characteristics such as those of clupeid
species of Lake Tanganyika, are thought to make the species
quite resilient to fishery exploitation, although many important
clupeid fisheries have declined or collapsed (Beverton, 1990).
Also, the same biological traits, quick growth and high natural
mortality, make them vulnerable to recruitment failure due to
environmental changes (Csirke, 1988) which are poorly
understood. Sudden and unexpected increase in juvenile mortality
can severely reduce recruitment into the adult stock. A
relatively longer-lived species such as L. stappersii whose
(exploited) population is made of several yearly cohorts can
withstand these perturbations better.

Simple biomass models illustrated in Figures 48 to 50 outline
the dynamics of a typical S. tanganicae cohort for the whole
lake and of L. stappersii cohorts in the Kigoma and Mpulungu
areas. The S. tanganicae cohort reaches maximum biomass at 5
months when the fish begin to be fully recruited to the fishery.
The L. stappersii cohort at Kigoma is exploited from 6 months
(100mm TL) but fishing mortality is low. The L. stappersii stock
at Mpulungu enters the exploited phase later at c. 18 months
(230mm TL) but fishing effort there is very intense resulting in
a sharp biomass decline.

The constants iIn relative vyield per recruit (Y/R)“ analysis

(Beverton and Holt, 1966; Pauly and Soriano, 1986; Sparre and
Venema, 1992) are Ly, K, M and L.. Normally, when assuming knife-
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edge recruitment, tropical fish species with high M produce Y’/R
curves with a misleading plateau unless, according to Pauly
(1994), L/F data are corrected for probability of capture using
a selection ogive (i.e. from catch curve analysis)

The aim of (Y/R)™ analysis in the present work was to outline
the current status of Fishery exploitation of the three species
based on knowledge of their dynamics and especially on the
selectivity of fishing gears in use and of the consequent L..
Also, a comparison between areas where the same species has
different length at entry into the fishery provides information
on the appropriateness of current Fishing strategies.

Despite L. <L, S. tanganicae does not appear to be overexploited
in the lake (Fig. 51). No assessment can be made for L. miodon.
The overestimation of Z determines unrealistically high F and,
consequently, E rates. Relative (Y/R)“ curves in Figure 52 are
given only for the sake of comparison between the exploitation
patterns in Bujumbura and Mpulungu which are characterized by
different length at entry into the respective fisheries. As it
can be expected, the very small length at entry into the beach
seine fishery iIn the south has a marked negative impact on both
(B/R)” and (Y/R)’.

The shape of the (Y/R)™* curve of L. stappersii at Kigoma and
Mpulungu (Fig. 53) highlights the effect of the different length
at entry of the two Tfisheries. Currently, L. stappersii Iis
lightly exploited in the Kigoma area, although the small L,
would make it easily vulnerable in case of increased Ffishing
mortality. The concentration of 1industrial Tfishing effort on
adult L. stappersili in the south results in iIntensive
exploitation and further increase of Ffishing effort in the local
Ffishing grounds can lead to critical effects.

5. CONCLUSIONS

Life histories of S. tanganicae, L. miodon and L. stappersii are
similar throughout the lake and no substantial evidence has been
gathered on ©possible sub-populations with different life
strategies.

The major commercial fish stocks of the lake are those of S.
tanganicae and L. stappersii. The population dynamics of the
former makes it a highly productive species which can be quite
resilient to exploitation. However it is vulnerable to
environmentally induced recruitment Tfailure which can quickly
affect the size of the fishable stock. Effective assessment of
S. tanganicae is therefore difficult. Lates stappersii 1is a
relatively long lived, opportunistic predator whose population
is made up of several cohorts which makes it less exposed to
recruitment failure. The assessment and management of the L.
stappersii is easier than that for S. tanganicae.

The Lake Tanganyika ecosystem 1is very varied and quite
remarkable spatial differences occur. There are for example
significant differences between northern and southern areas 1in
fish distribution and feeding ecology. The fishery concentrates
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on clupeids in the north, on L. stappersii in the south and on
both clupeids and the centropomid in the Kigoma area. Copepods
are the main food of clupeids while shrimps, particularly in the
south, are an important food of L. stappersii.

Historical ecological changes in the ecosystem have taken place.
The disappearance of adult L. stappersii from the Bujumbura sub-
basin (although the fishery was always small) and the increasing
scarcity during the last decade of S. tanganicae in the Mpulungu
sub-basin cannot be attributed solely to exploitation.

The presence of a “biological gradient” in the pelagic along the
longitudinal axis of the lake can only be verified by lakewide
surveys. The iImportance of pelagic shrimps has been highlighted
in the present study. The magnitude and dynamics of the shrimp
population needs to be assessed by appropriate investigations.
In the past, considerable attention has been paid to the S.
tanganicae and L. stappersii predator-prey relationship. Such
relationships appear to be more complicated than suggested
because of the “shrimp component™.
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Figure 1. The map shows the sampling sites. Sub-basins are also indicated (for more details see text and
Tiercelin and Mondeguer in Coulter, 1991).
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S. tanganicae

Conversion a b r n
W=a*TL" 4.0485*10°° 311 0.97 824
TL=a+ (b*SL) 0.8729 1.1562 0.99 211
TL=a+(b*FL) -1.2572  1.0915 0.99 211

L. miodon

Conversion a b r n
W=a*TL" 3.9793*10° 313  0.99 1755
TL=a+ (b*SL) 16658 11873  0.99 93
TL=a+ (b*FL) -0.6520 11179 0.99 93

L. stappersii

Conversion a b r n
W=a*TL® 6.7978*10° 299 0.99 452
TL=a+ (b*SL) -0.0087 1.2048 0.99 198
TL=a+ (b*FL) 25117  1.0845 0.99 198

Table 1. Coefficient values for the interconversion of length
and weight statistics for S. tanganicae, L. miodon and L
stappersii. The correlation coefficient (r) and the number of fish
(n) from which the coefficients were derived are also given.
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Figure 2. Length composition of the commercial catch of S. tanganicae by areas and fishing gears.
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Figure 3. Size distribution of S. tanganicae for the whole lake from mid-water trawl surveys.
A: 16 - 29 June 1995 survey; B: 16 November - 4 December 1995 survey.
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Area Loo Kyr! Phi' Z yr' Zy' Zy' Myr' Myr'  Myr' Myr' Exploitatonrate L,
TL (mm) ] il in v v vi vil (E=FZ) __Tumm

Uvira 104 1.85 4301 4.39(3.54-5.23;55mm) 4.50 4.49 27 15 20 28 037 50
Bujumbura 105 1.89 4319 6.10(5.29-691;60mm) 693 6.92 28 1.6 21 20 054 57
Karonda 112 1.77 4339 479 (2.46-7.12;72mm) B8.68 8.67 26 1.9 1.9 29 0.45 46
Kigoma 105 1.84 4306 5.16(3.32-7.00,70mm) 5.25 5.24 27 1.7 2.0 27 0.47 56
Kalemie 108 1.80 4322 5.05(457552,68mm) 5.60 5.59 27 20 20 28 0.47 64
Mpulungu 114 2.00 4415 4.33 (3.94-4.71;98mm) 4.00 3.70 28 22 2.0 3.1 0.35 63
Mezan 108 1.86 4334 4.97 5.83 577 27 1.8 20 27 0.44 56

Table 2. Von Bertalanffy growth model coefficients (Loo and K from the Elefan | method), total (Z) and natural (M)
mortality estimates for S. fanganicae from various areas. Roman numerals indicate the methods used. I: lenght-converted
catch curve (95% CI and cutoff length, L', in brackets) ; ll: Beverton and Holt, 1956; lll:Ault and Ehrhardt, 1991; IV: Pauly,
1980; V: Rikhter and Efanov, 1976; VI: Gunderson and Dygert, 1988; VII: Alagaraya, 1984. Exploitation rates are
estimated from catch curve's Z and Pauly's M. Mean length at first capture, L., based on the method of Pauly (1987),
except the Kigoma estimate which was obtained from gear selectivity experiments (see text and Figure 4) .

Sex and areas a b r Lw (mm)  95% C| forLm n
Females

Bujumbura & Uvira 12.291 -0.144 0.997 85 83-88 5524
Kigoma 18.157 0225 0.987 81 76-86 5218
Kalemie 12.267 0159  0.995 77 74-81 4971
Mpulungu 13.408 0177  0.982 76 69-82 559
Males

Bujumbura & Uvira 28.221 -0.350 0.996 81 78-84 2942
Kigoma 19.580 -0.249 0.985 79 73-85 3036
Kalemie 12.978 -0.174  0.993 74 70-79 4536
Mpulungu 10.930 -0.145 0.903 76 55-94 354

Table 3. Linear regression estimates for the parameters of the logistic equation
relating proportion mature to length for S. tanganicae (see also text and Figs. 11 to
14). The correlation coefficient (r), predicted length at 50% maturity (L), 95%

confidence interval and sample size (n) are also given.
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Figure 16. Length composition of the commercial catch of L
miodon by areas and fishing gears.
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Figure 17. Size distribution of L. miodon for the whole lake from mid-water trawl surveys.
A: 16 - 29 June 1995 survey; B: 16 November - 4 December 1995 survey.
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Area Loo Kyr? Phi* Zyr! Zy' zZy' Myr' My Myr' My Explotationrate L,
TL (mm) I 1 [T v v vi Vil E=FZ) _ (TLmm
Bujumbura 180 1.04 4528 5.08 (4.44-572;58mm) 5.49 5.48 1.6 17 12 1.6 0.68 55
Kipili 180 1.06 4536 6.91(6.26.757;91mm) 7.98 16 1.7 12 1.6 0.76 76
Mpulungu 182 1.01 4524 421 (392-451;126mm) 6.35 6.34 1.6 2.0 1.1 1.6 0.63 15
Mean 181 1.04 4.529 5.40 6.61 5.91 1.6 1.8 1.2 1.6 0.69

Table 4. Von Bertalanffy growth model coefficients (Loo and K from the Elefan | method), total (Z) and natural (M)
mortality estimates for L. miodon from various areas. Roman numerals indicate the methods used. I: length-
converted catch curve (95% Cl and cutoff, L, in brackets); Il: Beverton and Holt, 1956; lil:Ault and Ehrhardt, 1991; IV
Pauly, 1980; V: Rikhter and Efanov, 1976; VI: Gunderson and Dygert, 1988; VII: Alagaraya, 1984. Exploitation rates
are estimated from catch curve's Z and Pauly's M (see text). Mean length at first capture, Lc, based on the method of
Pauly (1987).

Sex and areas a b r L. (mm) 95% CI for Lm n
Females

Bujumbura & Uvira 7.852 -0.076  0.941 104 88-121 5116
Kigoma 6.903 -0.058 0.908 119 96-142 1024
Kalemie 11.492 -0.115  0.990 100 94-107 2303
Mpulungu 6.774 -0.085 0.962 80 68-92 1360
Males

Bujumbura & Uvira 11.565 -0.119  0.973 97 87-108 2452
Kigoma 10.776 -0.124 0915 87 65-101 563
Kalemie 12.976 -0.133 0.992 97 92-103 2531
Mpulungu 4.304 -0.048  0.968 89 78-103 950

Table 5. Linear regression estimates for parameters of the logistic equation
relating proportion mature to length for L. miodon (see also text and Figs 27 to
30). The correlation coefficient (r), predicted length at 50% maturity (L), 95%
confidence interval and sample size (n) are also given.
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Figure 20. Limnothrissa miodon, females (Kigoma samples, n = 864). Monthly mean GSI,
error bars indicate 95% confidence interval. Dotted line indicates no data. Figure 21. L. miodon, males (Kigoma samgles, n = B0S). Morthly mean GSi, eror bars
indicate 95% confidence interval. Dotted line indicates no data.

. 4
5 3
/|
- /
- ’
/r T
@ 2 / ST & 2
A1 L
s %"
2 ; .
’ < s
/ P
~

1 1 ~ -

0 T ) -
2 E £ 2 & 5 z g £ ¥ TP E L E w0 ZOog DT 2 EE fel
§f F g g s FoEOEY ErESEIEREEEREIEL R LR
£ ® g B -3 & 8 & g RekR LRRREREBREREET g g &
Figure 22. Limnotrissa miodon. females (Mpukungu samples, n = 1204). Monthly mean Figure 23. L. miodon, males (Mpulungu samples, n = 304). Morthly mean GSI, error

GSI, error bars indicate 85% confidence interval. Dotted line indicates no data. bars indicate $5% confidence interval. Dotted line indicates no data.

GCP/RAF/271/FIN-TD/53 (En) 40



100
80 1
c 60
Q
@ 40
20 Females
n = 1360
0 L_L L1 Prom—p ¥ T Lam—
L S [ o C. [
E ¥ 8 8 § 5§ £ & 8 8 § 5§ £ §& 8§
e 7 < 2 & ¥ © 9 % 2 & = & T <
© [¢s] [(o] [¢e]
© g8 8 F 2 g * 2 & a & & o 8 8

‘B Stage 5
.Ml Stage 4

L.
c 0w z < o oz < . o =z
S ) ] E F £ § =) ] §F 5 £ & )
o 7 = 5 o I b ¥ 3 5 o I o ¥ b
¢« 8 8 £ B £ » 2 R & & & @9 8 A

o] B &
Figure 24. Monthly proportions (percentage) of maturity stages for L. miodon in Kigoma area, n =
sample size. Na fish or only immature fish were caught in the months which are shown blank.

E Stage 5
Il Stage 4

b Stage 3

O stage 2

Bl Stage 3
O Stage 2

B Stage 5
I Stage 4
0 Stage 3
O Stage 2

100
80
k<
s 60
5
g 40
20 Females
n = 2096
o+ ' h $
[ wn [ [ [ [
e § ¥ 8§ § § e & & s §F § € & 3§
@ B 5 & & 3 e % T L &% oe T ok
[(e] (o3
“ 8 8 K ® ¢ & ® R & & § 9 & &
h=
3
[al
4
[
[

B Stage 5
l Stage 4
[ Stage 3
O Stage 2

6-Ae
p6-Inr
6-das
6- 0N
g6-uer
G6-1e
ge-kew
ge-ine
ge-dag
S6-NON

O
w
Figure 25. Monthly proportions (percentage) of maturity stages for L. miodon in Mpulungu area, n =
sample size. No fish or only immature fish were caught in the months which are shown blank

& S &~

GCP/RAF/271/FIN-TD/53 (En)

41



1.00
Females
o 0.75
E
R
Eé .
.
ae. 0.25
e
_/
0.00 ¢7%--0-0— T - veme
53 6 713 8 93 103 113 123 133 143
Tatal langth (mm)
1.00
® Males
§ 0.75 4
s _
&
£ 0.25 4 /.o
o
0.00 e~e=e=%"_ 9 —r . . 5
53 63 73 8 93 103 113 123 133 143

Tatal lengths (mm)

Figure 26. Proportion of mature individuals of L. miodon from
Bujurmbura and Uvira poofed samples. Data were fitted to the logistic
equation (see Table 5). Open circles have not been included. Dotted

line indicates L,.
1.00 -
[}
0.75 /
% Females
£ 4 4
€ o
2. LY
[
& 025 -
0.00 =" — N
53 83 73 83 83 103 113 123 133 143 153
Total length (mmj
) ° —
26 e
v o
[] (o]

Propertion mature

ey T e v
103 113 123 133 143

Tatat length (mm)
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Figure 32. Size distribution of L. stappersii for the whole lake from mid-water trawl
surveys. A: 16 - 29 June 1995 survey; B: 16 November - 4 December 1995 survey.
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Area Loo Kyr' Phi' Zyr! Zy'  Zy' Myt Myr' Myr' Myr' Explotetionrate L,
TL (mm) | 1 1 v v Vi Vi (E=F/Z) (TL) mm
Kigoma 519 0.44 5070 1.35(1.25-1.46;300mm) 1.16 1.15 09 0.9 05 07 037 103
506 0.43 5.038 1.18 (1.08-1.28;300mm)  1.08 1.07 0.8 0.8 0.5 07 0.28 97
Kipili 551 0.4 5.096 2.33 (2.07-2.59; 260mm)  1.82 1.80 0.8 09 0.5 0.6 0.65 250
550 0.36 5.031 2.00 (1.78-2.23; 260mm)  1.56 1.46 0.7 0.8 0.4 05 0.63 250
Mpulungu 510 0.42 5.036 211 (1.99-2.22; 250mm)  2.20 218 0.8 09 0.5 06 0.61 234
530 0.40 5.0561 2.35(2.20-2.50;250mm) 2.30 2.29 08 09 0.5 06 0.66 239
Mean 528 0.41 5.054 1.89 1.69 1.66 0.8 09 05 06 0.53

Table 6. VVon Bertalanffy growth model coefficients (Loo and K from the Elefan | method), total (Z) and natural (M) mortality
estimates for L. stappersii from various areas. The second set of growth parameters is from the SLCA method. Roman
numerals indicate the methods used. . length-converted catch curve (95% Cl and cutoff, L', in brackets); Il. Beverton and
Holt, 1956; lll:Ault and Ehrhardt, 1991; IV: Pauly, 1980; V. Rikhter and Efanov, 1976; VI. Gunderson and Dygert, 1988; VII:
Alagaraya, 1984. Exploitation rates are estimated from catch curve's Z and Pauly's M. Mean length at first capture, Lc,
based on the method of Pauly (1987).

Sex and areas a b r Lm (mm) 95% CI for Lm n
Females

Kigoma 7.189 -0.026 0.812 278 217-338 1687
Mpulungu 8.130 -0.034 0.96773 237 214-260 4217
Males

Kigoma 8.090 -0.029 0.974 278 253-303 1186
Mpulungu 3.976 -0.016  0.956 255 213-298 5702

Table 7. Linear regression estimates for the parameters of the logistic equation
relating proportion mature to length for L. stappersii (see also text and Figs 39 and
40). The correlation coefficient (r), predicetd length at 50% maturity (L), 95%
confidence intervals and sample size (n) are also given.
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Figure 33. Lates stappersii, females (Kigoma samples, n = 2249).

bars indicate 95% confidence interval.
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Figure 35. Lates stappersii, females (Mpulungu samples, n = 4296). Monthly mean GSl, error

bars indicate 95% confidence interval.

4 -
34
0 o4
2 2
1
o +r—r—T"—rr—r—rr—Trrr——rr—rrrrrrrrrr—
[ T e 0w 9z <
§F 5 £ £ &8 § § ¥ € & % 8§ ¥
6 & £ % & & & & & % & & ¢
[(s]
g ¢ = ¢ & & & g oo g & & 8

Figure 36. Lates stappersii, males (Mpuiungu samples, n = 1858). Monthly mean GSI, error

bars indicate 95% confidence interval.
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Figure 37. Monthly proportions (percentage) of maturity stages for L. stappersii in Kigoma area, n =
sample size. No fish or only immature fish were caught in the months which are shown blank.
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Figure 38. Monthly proportions (percentage) of maturity stages for L. stappersii in Mpulungu area, n =
sample size.
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Figure 39. Proportion of mature individuals of L. stappersii from Kigoma samples.
Data were fitted to the logistic equation (see Table 7). Open circles have not been

included.
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Figure 40. Proportion of mature individuals of L. stappersii from Mpulungu samples.
Data were fitted to the logistic equation (see Table 7). Open circles have not been
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Figure 41. A, moving average aver three months of L. stappersii total number in samples and number of
recruits (TL < 90mm) and, B, the proportion of recruits in the samples. 1) Bujumbura and Uvira. 2) Mpulungu. 3)
Kigoma. G, moving average over three months of L. stappersii mature individuals (TL > 275mm) and recruits, D
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Figure 42. Monthly composition (%) of the diet of L. stappersii in the
Mpulungu area expressed by 1) prey occurrence, 2) prey number and 3) prey
weight. Note time axes are different.
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Figure 44. Variation in the diet of L. stappersii with size (total length) in the Kigoma

area.
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Figure 45. Variation in the diet of L. stappersii with size (total length) in the

Mpulungu area.
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1hb)
. Kigoma survey
Kigoma commercial
n=101 n=72
Copepoda
Copepoda
L. stappersii S. tanganicae
arvae & adults) .
b. tanganicae
larvae & adults)
Shrimps
Shrimps
Weight% Weight %
S. tanganicae 80.5 S. tanganicae 98.8
L. stappersii 18.5 Shrimps 0.1
Copepod 0.1
2 a) 2bh)
Mpulungu commercial Mpulungu survey
n=69 n =60
Shrimps
Shrimps 8. tanganicae

(larvae & adults)

S. tanganicae
(lavae & adulis)

Copepoda

Weight % Weight %
Clupeids 9.1 8. tanganicae 41.5
S. tanganicae 50.3 Shrimps 58.5
L. miodon 146
Shrimps. 260

Figure 46. Occurrence (percent frequency) of prey items in L. stappersii stomachs in Kigoma (1) and Mpulungu (2) area from June 1995

commercial catch samples (a) and survey samples (b), n is the number of non empty stomachs analysed . Weight composition (when available) is
shown in text boxes.
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Stolothrissa tanganicae

Area Data Loo Length K Phi* z Source
coll. (mm) meas. annual annual
Bujumbura  1872-76 938 FL 252 435 5.52 Roest, 1878
" 1972 92 TL 3.46 447 5.99 Moreau et al., 1991
" 1974 100 TL 4.00 460 11.43 "
" 1974 20 TL 2.00 421 "
" 1980 107 TL 230 4.42 17.21 "
N 1981 100 TL 272 443 8.561 b
" 1982 101 TL 2.00 4.31 7.54 b
Uvira 1988 108 SL 1.90 435 9.23 Mulimbwa & Mannini, 1993
! 1988 109 SL 229 4.43 "
" 1987-89 106 SL 213 4.38 Mulimbwa & Shirakara, 1994
" 1993-95 104 TL 1.85 430 4.39 This study
Bujumbura " 105 TL 1.89 432 610 "
Karonda " 112 TL 1.77 435 4.79 "
Kigoma 20 FL 252 4.3 5.16 Chapman & van Well, 1978a
" 1993-95 105 TL 1.84 431 5.16 This study
Kalemie 1994-95 108 TL 1.80 432 5.05 "
Mpulungu 1962 N TL 1.62 413 4.62 Moreau et al., 1991
! 110 1.56 4.28 Pearce, 1985
! 112 1.56 429 "
! 116 FL 1.72 436 Kimura, 1991b*
" 1990 104 SL 1.87 43 Kimura, 1995*
! 1993-95 114 TL 2.00 441 433 This study

Limnothrissa miodon

Area Data Loo Length K Phi’ z Source
coll. (mm) meas. annual annual

Bujumbura 1974 165 TL 115 450 576 Moreau et al., 1991

" 1980 161 TL 1.12 4.46 4.44 "

" 1981 172 TL 1.31 4.59 9.76 "

" 1982 172 TL 1.14 453 6.66 "
Uvira 1988 140 SL 1.18 437 467 Mulimbwa & Mannini, 1993

" 1987-1989 135 SL 1.15 432 Mulimbwa & Shirakara, 1994
Bujumbura  1993-95 180 TL 1.04 453 5.08 This study
Kigoma 175 TL 0.92 445 Ndugumbi et al., 1976
Kipili 1993-85 180 TL 1.06 454 6.91 This study
Mpulungu 164 095 44 5.80 Pearce, 1985

" 1781 FL,F 0.80 44 Kimura, 1991¢*

" 155.6 FLLM 0.99 4.38 b

" 1980 155.4 SL 0.86 432 Kimura, 1995*

" 1993-95 182 TL 1.01 4.52 4.21 This study

Lates stappersii

Area Data Loo Length K Phi’ z Source
coll. {mm) meas. annual annual
Bujumbura  1973-80 470 0.40 495 1.78 Roest, 1988
N 1682 540 TL 0.42 5.08 1.985 Moreau & Nyakageni, 1992
" ! 535 TL,s 0.36 5.0t "
" 1983 580 TL 0.56 528 1.60 "
" ! 510 TL, s 0.35 496 "
Uvira 1988 4562 SL(EL) 0.46 499 216 Mulimbwa & Mannini, 1993
" ! 480 SL (SLCA) 0.38 494 2.02 "
" " 456 SL (Proj.) 0.45 497 2186 "
Kigoma 1971.72 455 FL 0.25 4.71 Chapman & van Well, 1978b
" 1974-76 450 FL 0.40 491 "
" 1993-85 519 TL (EL) 0.44 507 1.35 This study
“ " 506 TL(SLCA} 0.43 5.04 1.18 "
Kipili " 550 TL (E) 0.4 5.09 233 "
- ! 550 TL (SLCA) 0.36 5.04 2.00 "
Mpulungu 1963-83 480 0.39 495 2.02 Pearce, 1985
" 1993-85 510 TL(El) 0.42 5.04 211 This study
" ! 530 TL (SLCA) 0.40 5.05 2.35 "

Table 8. Estimates of growth coefficients (Loo, K) and total mortality rates (Z) from different L/F data sets and authors. El refers to
Elefan 1 method , SLCA to Shepherd length composition analysis. Sources marked with asterisk means growth coefficients were
obtained by otolith reading.
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Figure 47. Plots of K against Log (Loo) for S. tanganicae, L. miodon, L. stappersii
estimated by various authors. Data are from Table 9, Loo values originally given as
standard length or fork length have been converted to total length using conversion
parameters from Table 1. Open circles indicate probable overestimates.
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Figure 48. Relative numbers surviving (---—--- ) and individual growth in weight (——), and

cohort biomass (——), expressed as percentages of the maximum values against age for
S. tanganicae {whole lake).
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Figure 49. Relative numbers surviving {(------ ) and individual growth in weight (—-—), and

cohort biomass (—), expressed as percentages of the maximum values against age for
L. stappersii (Kigoma).
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Figure 50. Relative numbers surviving (—-—) and individual growth in weight (— —), and

cohort biomass (—), expressed as percentages of the maximum values against age for L.

stappersii (Mpulungu).
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Figure 51. Relative yield per recruit (Y/R)' and biomass per recruit (B/R)', expressed as a function of exploitation rate (E), for
S. tanganicae for different areas. Arrow indicates estimated current E.
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Figure 52. Relative yield per recruit (Y/R)' and biomass per recruit
(B/R)', expressed as a function of exploitation rate (E), for L. miodon

for different areas.
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(B/R)'", expressed as a function of exploitation rate (E), for L
stappersii for different areas. Arrow indicates estimated current E.
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