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General introduction

Lake Malawi/Niassa/Nyasa is the southern most of the East African Rift Lakes, lying
from 9°30'S to 14°30'S between three riparian countries. Malawi, Tanzania and Mozambique
(Figurel). It is one of the oldest (many million years, Lowe-McConnell et a. 1994, Konings
1995, Stiassny & Meyer 1999) and largest lakes of the world. Its mean area (29 000 km?,
Bootsma & Hecky 1993) makes it the 9" largest lake in the world and 3¢ largest lake of
Africa after the lakes Victoria and Tanganyika (Lowe-McConnell 1993, Ribbink 1994,
Konings 1995). Lake Maawi is located 472 m above the sea level, its maximum depth is 785
m and averaged about 292 m Bootsma & Hecky 1993). An important characteristic is that
more than 80% of the lake is deeper than 200m (Thompson et a. 1996), depth under which it
is permanently stratified and anoxic (Eccles 1974, Lowe-McConnell 1993). This basically
means that the living space available for the fish and the other components of the food chains
is only about 20% of the lake volume. About one third of Lake Malawi's shoreline is steep
and rocky whereas two thirds are gently sloping sandy beaches or swampy river estuaries
(Lowe-McConnell 1994, Lowe-McConnell et al. 1994). One of the main distinctive features
of the lake is its exceptional water clarity, upon which the entire ecosystem is highly
dependent (Bootsma & Hecky 1993, Hecky & Bootsma 1999).

However, the most well known characteristic of the lake is its exceptiona fish
richness. It harbours greatest fish species richness than any other lake in the world (Fryer &
Iles 1972, Ribbink 1988, Turner 1996). It is currently estimated that between 500 and 1000
different fish species are present in the lake (Konings 1995, van Oppen et al. 1998), although
only about athird are presently described or merely catalogued by a cheironym (Ribbink et al.
1983). All these fishes, apart from 44 species belonging to nine other families (Ribbink et al.
1983, Ribbink 1988), belong to a single family, the Cichlidae. With the exception of chambo
(Oreochromis spp.), al cichlids are closely related species, possibly descended from a single
common ancestor (Meyer 1993, Meyer et a. 1990, Moran et a. 1994, Stiassny & Meyer
1999). This tremendous cichlid fish diversity, known as a "species flock" (or a complex of
species flocks, Greenwood 1984), has evolved in a very short evolutionary time period, some
of which may have beenwithin the last 200 to 300 years for some species (Owen et al. 1990).
More than 99% of these cichlid fish species are endemic of Lake Malawi (Ribbink 1991,
Turner 1996), which means that they can't be found anywhere else in the world. Moreover,
there is aso a high degree of intra-lacustrine endemicity, many species belonging only to
particular islands or stretches of shore within the lake Ribbink & Eccles 1988, Eccles &
Trewavas 1989, Ribbink 1991). These peculiarities of the lake fishes have led to develop a
great interest from the scientific community, challenged by the understanding of what
constitutes the most striking example of rapid vertebrate radiation known at this day (Turner
1998).

Importance of the lake and its fragility

Lake Malawi/Niassa/Nyasa is the fourth largest freshwater body in the world and
congtitutes an inestimable resource in this semi-arid region Hecky & Bootsma 1999). It
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Figure 1. Lake Malawi, its catchment and the Rift valleys.




provides water for drinking, irrigation and domestic uses for people living on the lakeshores,
but also fish. The value of the lake fishes does not lie only in their scientific interest, but also
in their primordia nutritional status. In the Malawian part at least, they sustain vitally
important fisheries that provide 75% of the animal protein consumed by people and work for
an estimated 35,000 fishermen and presumably as many as 2,000,000 people through
associated activities (Mkoko 1992, cited by Ribbink 1994 and Turner 1994b). Although the
fish constitute, with the water itself, the most important resource of the lake and the main
concern at this day, they are part of a complex ecosystem which needs to be preserved as a
whole if it is to be used in a sustainable way. As mentioned previously, the fish and the other
components of the food chains rely heavily on the water quality of the lake. The physical
characteristics (depth, small outflow, long flushing time) of Lake Malawi/Niassa/Nyasa and
their implications for pollution retention and ecosystem fragility have been discussed in detail
by Bootsma & Hecky (1993). While its great depth allows the various pollutants to go
undetected for many years, its low flushing rate makes the elimination process very long
(severa centuries) once thresholds are reached. The water quality has been a major issue of
the SADC/GEF Project, which has provided a sound scientific knowledge about the lake
limnology (see Bootsma & Hecky 1999 for review). Though the lake is still in rather pristine
condition, the first signs of changes have already been observed, for the phytoplankton
species characteristic of eutrophic systems, which were formerly rare are now becoming
progressively dominant (Hecky et a. 1999).

Main threats to the fish diversity

Malawi is a weakly industrialised country in which most of the people live directly
upon natural resources through agriculture, fisheries and associated activities. The
demographic context, with one of the highest population density of Africa and an annual
increase well over 3% (Ferguson et al. 1993, Kalipeni 1996), leads to a steadily increasing
human pressure on the limited natural resources of the country. Two mains threats to the fish
communities can be distinguished and both are related to changes in the use of naturd
resources.

1) - Fishing activities are the more direct human influences on fish communities. In
absence of dternative employment, the rapidly growing human population exerts an
increasing fish demand, which entails an increased pressure on the aready overexploited
stocks (Turner 1995). Despite their huge economical and scientific interests, very little is
known about Lake Malawi cichlid fishes. As emphasised previoudy, about only one third of
the fish are described or catalogued, and new species are discovered regularly. Paradoxically,
the most studied fish are the colourful rock-dwelling haplochromines, which are amost not
exploited, except for the ornamental trade (Turner 1994b, 1995). The fish exploited for food
purposes are those that inhabit the shallow and deep sandy shores. They sustain a highly
diversified traditiona fishery and a localised commercia mechanised fishery that have greatly
expended over the past 20 years (Tweddle & Magasa 1989) and, which are according to the
most resent assessments, already fully or over-exploited (Turner et a. 1995, Turner 1995). It
has been stressed that mechanised fisheries might be incompatible with the continued
existence of the highly diverse cichlid communities and that maximising the fish yield would
lead to a decline in the number of endemic species in the exploited area (Turner 1977b,
Turner 1995). Fisheries scientists have already shown the critical effects of over exploitation,
such as the reduction in population size, the modification of size structure and some local
extinction of the larger cichlid species (Turner 1977a, 1977b, Turner 1995, Turner et al.
1995). However, while it is believed that cichlid populations are likely to slowly recover from
overexploitation given their life-history characteristics (Ribbink 1987), it has also been




suggested that cichlid fisheries were more resilient than previously thought (Tweddle &
Magasa 1989). As pointed out by Turner (1994b), "it is essential to distinguish between the
resilience of a multi-species fish stock and the vulnerability of individual species'. The
fishery's resilience might be achieved through the unnoticed disappearance of several species.
Given the importance of fish for people nutrition, there is an urgent need for an appropriate
fisheries management regulations. However, beside the huge number of species exploited, the
extent of the shore line, the great variety of fishing techniques in use and their poorly known
selectivity, effective fisheries management is currently hampered by the lack of knowledge
about the fish taxonomy and life-histories. Taxonomy and systematic, which deal with species
determination and description, provide species inventories and geographical distribution of
ichthyofauna that are basic information for any management and conservation purposes. On
the other hand, fisheries management relies on mathematics models to predict the evolution of
stocks. These models are heavily dependent upon population parameters, such as breeding
season, age and size at maturity, fecundity, growth and mortality rates, which are currently
missing (Lowe-McConnell et a. 1994, Worthington & Lowe-McConnell 1994, Turner 1995).
If exploited stocks are to be managed properly, the gaps in understanding have to be filled so
that outstanding information is gathered.

An other interesting question is. are the species which decline or disappear from trawl catches
actually endangered? Most target fish of trawl fisheries are sandy bottom species for which
belonging to specific areas of the lake and degree of stenotopy are poorly known. They aso
occur in other areas and/or depth of the lake where the localised mechanised fisheries do no
longer occur (Banda & Toémasson 1996, Tomasson & Banda 1996). Their relative
disappearance from fisheries catches in a particular area might then not be a real threat to
Biodiversity. However, our present state of knowledge miss some very important information
concerning the notion of “population” for the exploited species. For example, the same
species in two distant parts of the lake could belong to different populations, presenting life
history and/or genetic variations. They might also present morphological differences. In such
a case the disappearance of one of these populations would be much more critical as it would
lead to a lost of diversity. As most of the mechanised fisheries occurs in the southern part of
the lake, studies aiming to determine the population status of the exploited species should be
carried out in order to assess the potentiality of re-colonisation from less exploited parts of the
lake.

2) — Together with fishing, agriculture is the most important human activity in Maawi. The
steadily increasing human populations and the degradation of lands in the river catchments,
such as deforestation, burning of vegetation, destruction of wet lands on the river banks for
agricultural purposes and the cultivation of marginal areas, are cause of major concern. All
these activities, by removing the vegetation cover, weaken the soil, which is carried away
with its nutrients directly in the rivers by the rains and ultimately arrive in the lake. Another
source of nutrients and pollution are the industrial sewage. The land clearance burning is also
suspected to strongly participate to the atmospheric phosphorus deposition in the lake. The
limnology team of the SADC/GEF Project have identified the increasing load of sediments
and nutrients received by the lake from rivers and atmosphere as the main threat to the water
quality (Bootsma & Hecky 1999). The consequences of a sediment/nutrient enrichment of the
lake on the water quality have been experienced in the Laurentian Great Lakes or Lake
Victoria and reviewed in Bootsma & Hecky (1993). Among the main effects of increased
sediment and nutrient loads on aquatic communities (see Patterson & Makin 1998 for review),
the reduction of available living space as the oxic/anoxic boundary moves up (Bootsma &
Hecky 1993), the reduction of light penetration affecting photosynthetic rates or sexual mate
choice Geehausen et al. 1997), the reduction of habitat complexity and destruction of




spawning grounds are of direct importance for fish (Waters 1995, Evans et al. 1996, Lévéque
1997). For instance, over-fishing and siltation resulting from deforestation have strongly
diminished the abundance of potadromous fish species in Lake Malawi/Niassa/Nyasa
(Tweddle 1992). In Lake Tanganyika, species richness of fish was found much lower at sites
with high sedimentation than at less disturbed sites (Cohen et a. 1993a). Similar observation
were reported for Lake Victoria, where increased turbidity was recognised partly responsible
for the declinein cichlid diversity (Seehausen et al. 1997).

Research program undertaken

In June 1998, a new "senior Ecologist was appointed, in replacement of the former
one, by the SADC/GEF Lake Maawi Biodiversity Conservation Project, which closing date
was the 31/07/1999. Taking into account the main threats to the fish communities and the fact
that a single annual cycle was left before the end of the project, we decided to focus our
researches on the following particular aspects:

- Provide the fisheries managers with the maximum information about the life histories
(breeding season, age and size at maturity, fecundity, growth and mortality rates, diet) of
the main demersal cichlid species, and the tempora patterns of their distribution,
abundance and diversity. These research actions are detailed in Chapters 1 to 4.

- Asemphasised previoudly, for the conservation of biodiversity as well as for the fisheries
management, it is crucial to known whether a species is represented by a single
population widespread all over the lake, or by different populations (or stocks) with
distinctive morphometric, genetic and life history characteristics. A complementary study
has then been undertaken in collaboration with the taxonomists of the project, to compare
the morphometrics, the genetics (microsatellites) and the life history traits of two species
in four different locations between the SWA and Nkhata Bay. This part is detailed in
Chapter 5.

- Assess the potential influence of suspended sediments on the distribution, abundance,
diversity and some life-history characteristics of the rocky shore cichlid fishes (Chapter
6).
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Chapter 1. Temporal trends of trawl catchesin the North of the
South West Arm, Lake Malawi

F. Duponchelle, A.J. Ribbink, A. Msukwa, J. Mafuka & D. Mandere

I ntroduction

Since the closing of trawling activities between Domira Bay and Nkhotakota in 1993,
the trawl fisheries occur only in the SE and SW Arms of the lake (Tweddle & Magasa 1989,
Banda et a. 1996, Banda & Tomasson 1996). During the last two decades, a number of
reports and observations have pointed out the dangers of the current overexploitation of fish
communities by trawling that has already led to drastic changes in size structures of the
exploited stocks and to decreasing catches in the southern part of the lake (Turner 1977a,
1977b, Turner 1995, Turner et a. 1995, Banda et al. 1996). However, the SEA, which hold most
of the commercia trawling, has received much more attention than the SWA, where only one
pair-trawler operates in the shallower zone Témasson & Banda 1996, A. Bulirani, pers.
com.). While numerous studies have been carried out to improve knowledge of species
distribution and abundance for a better management of mechanised fisheries (review by
Tweddle 1991), none had focused on the seasonal or temporal trends of catches in the SWA
until the recent two year survey with three months sampling intervals carried out by
Tomasson & Banda (1996). As the trawler operating in the SWA fish only in the shallow
waters of the southern part of the arm and given that traditional fisheries are mostly confined
to shalow and inshore areas (Banda & Tdmasson 1996, Tdmasson & Banda 1996), the
offshore part of the northern SWA can therefore be considered as ailmost unexploited, except
for occasional surveys by the Ndunduma (A. Bulirani, pers. com.). Therefore, the north of the
SWA appeared to be the ideal area to conduct a program designed to assess the temporal
trends of the distribution, diversity, abundance and the life histories of the most important fish
species caught by trawling. The unexploited aspect of the fish stocks was particularly
favourable for the estimation of growth and natural mortality of the mgjor species needed for
fisheries management (Turner 1995). The following chapter deals with the temporal patterns
of monthly trawl catches at exactly the same sites and depths in the north of the SWA over a
complete annual cycle.

Material and methods
Trawl surveys

The project's research vessel, R/V USIPA, was used for the surveys except for the
months of July and August 1998, when the R’V NDUNDUMA was used. The NDUNDUMA,
which belongs to the Fisheries Department, is a 17.5 m long trawler propelled by a 380 HP
engine. R/V USIPA is a 15 m steel catamaran powered by twin 135 HP engines. The bottom
trawl was approximately 40 m foot rope and 35 mm stretched cod end mesh. Morgére semi
oval doors of 135kg each spread the trawl. Actual opening of the trawl was observed using



Figure C1. The southern part of the Lake Maawi/Nyasa showing the South West Arm (SWA)
and the South East Arm (SEA). The bars represent the monthly sample sites at 10, 30, 50,
75, 100 and 125m depths.



the Scanmar height sensor, CT 150, and displayed on Scanmar’s color graphic monitor. The
trawl opening varied between 4.1 and 4.3 m.

Each tow was for a duration of 20 minutes at a speed of + 4630m/h (2.5 knots, range 2.3-2.7).
On average the distance covered by each tow was 1543m. Swept area varied between
175,279.49 m3 at 10m depth to 277,868.04 m? at 125m depth (Capt. M. Day 1999).

Each month from June 1998 to May 1999, one tow was done at 10, 30, 50, 75, 100
and 125 m depth on approximately always the same sites along a line between Chipoka and
Lukoloma (Figure C1). The exact positions of every tow are given in Appendix 1. Owing to
ship availability, no sample was collected in September 1998.

Soecies identification

Thisis of common knowledge, species identification in Lake Malawi is areal problem
(Lewis 1982, TOdmasson and Banda 1996, Turner 1995, 1996). Despite the very useful book of
Turner (1996), fish identification remains extremely difficult on the field for many taxa
Moreover, as the identification problems are size-related, the small species (Aulonocara spp.,
Nyassachromis spp., and some Placidochromis spp. for examples) are more likely to lead to
inconsistencies.

However, we had to work along with these problems and, as this program was aimed
to provide the fisheries department with the basic life histories of the most commonly trawled
species, it was decided that if mistakes were to occur, they had to be consistent with the
Fisheries Department's mistakes. For this reason, Davis Mandere, Research Assistant and
"field identifier" at the Malawi Fisheries Department, did all the fish identifications on board.
During the first two cruises (June and July 1998), Mark Hanssens, support taxonomist on the
SADC/GEF Project assisted him in species identification in order to ensure the consistency of
names used by the Fisheries Department and the SADC/GEF Project. George Turner was
present for the August 1998 cruise and reported some inaccuracies concerning
Rhamphochromis spp. Diplotaxodon spp. and small species groups such Aulonocara spp. It is
believed that inaccuracies concerning the Diplotaxodon spp. encountered in the fished area
(limnothrissa, macrops, apogon, argenteus, greenwoodii and brevimaxillaris) were solved
during that cruise, a least for the common species (limnothrissa, macrops, apogon,
argenteus).

As our study mainly focused on cichlids, the catfishes were separated into three
groups, Bathyclarias spp., Bagrus meridionalis and Synodontis njassae. No attempt was made
to identify the species constituting the Bathyclarias spp. flock, which were lumped together
into one group. Clarias gariepinus, rarely caught, was grouped within the Bathyclarias spp.
complex. Despite the growing assumption that Synodontis njassae would be constituted by
more than one species, no forma evidence has yet been provided and Synodontis were
considered as a single species over their full depth range.

Owing to the difficulty of identifying them accurately, Oreochromis spp. were lumped
into one group, as were the Rhamphochromis spp.

For the groups of small species such as Aulonocara spp., Nyassachromis spp., which
species were not accurately identified, only the following species were recorded individualy:
Aulonocara 'blue orange’, A. 'minutus, A. 'cf. macrochir', A. 'rostratum deep’, Nyassachromis
argyrosoma.

It was suggested (J. Snoeks, pers. com.) that what we caled Nyassachromis
argyrosoma was probably a complex of different Nyassachromis spp., as these species are
very difficult to identify and poorly known. However, for no particular anomaly appeared
from data analysis, we kept considering it as a single species.

Otopharynx argyrosma was also recorded as a single species, but it became evident while
analysing the data (length-weight or fecundity-weight relationships) that more than one
species were included under this name.



As arule, to avoid confusion given the rhythm imposed by sorting fish on board and
to ensure the consistency of the name attributed to a given species, Davis Mandere was asked
to consistently allocate a particular species the name he was used to, even when we knew the
name had changed (or was wrong). The proper name was subsequently entered in the
database. This was the case for the following species for instance:

- Sigmatochromis guttatus was identified as 'woodi deep' on board.
- Sciaenochromis benthicola was recorded as 'spilostichus' on board

What we thought was Lethrinops ‘longipinnis orange head turned out to be
Lethrinops argenteus (Snoeks, pers. com.). Actually, the characteristic L. longipinnis whose
breeding male has a blue head and a dark striped body (see illustration p. 58 in Turner 1996)
was never found in our fishing area in the SWA. Some males were found sometimes with a
darker dress, but never with a blue head. The species we identified as L. 'longipinnis orange
head' is illustrated p. 57 (top right picture) in Turner's book (1996) as L. longipinnis Domira
Bay. The taxonomy team of the project has found that L. longipinnis was a complex of
different species Gnoeks, pers. com.), and that Lethrinops 'longipinnis orange head' was
definitely Lethrinops argenteus (Ahl 1927). In our case 99% of the specimen were found at
depth between 10 and 50m, and seldom below. This tends to confirm that 'orange head'
differs from longipinnis, which is supposed to frequently occur at greater depths (Turner
1996).

The spelling of species names used was that given in Turner (1996).

Catch analysis

For each tow, the catfishes Bathyclarias spp. and Bagrus meridionalis were separated
from the main catch, counted and weighed. The rest of the catch was then randomly
distributed in 50 kg boxes and the weight recorded. The total catch weight (kg) was recorded
asthe sum of Bathyclarias spp., Bagrus meridionalis and the remaining catch.

A 50 kg filled box was taken as a representative sample of the whole catch and
analysed. Large and medium sized fish were sorted out of this sample with rare species and
classified according to their taxonomic status. The weight of the remaining "small fish" (< 5-8
cm TL) from the catch was weighed and a random sub-sample of about 3 kg was removed
from the sample and placed in the deep freeze for later examination. When the large, medium
and rare species were processed, the sub-sample of small fishes was processed following the
same protocol.

For each species, the number of specimens and their total weight was recorded to the
nearest g. The standard length (SL) of each specimen was recorded to the nearest mm for
analysis of length frequencies. When the number of specimens for a given species was too
large, a sub-sample (which proportion in weight of the main sample was recorded) comprising
at least 100 specimens was taken. This procedure was mainly used for the large males schools
of identical size.

Nine target species were selected according to their relative abundance, depth
distribution and basic ecological characteristics (benthic or pelagic habits, broad trophic
category) (Témasson & Banda 1996, Turner 1996). These were Lethrinops gossel Burgess &
Axdrod, Lethrinops argenteus Ahl (= L. 'longipinnis orange head’), Diplotaxodon
limnothrissa Turner, Diplotaxodon macrops Turner & Stauffer, Copadichromis virginalis
Iles, Mylochromis anaphyrmus Burgess & Axelrod, Alticorpus mentale Stauffer & McKaye,
Alticorpus macrocleithrum Stauffer & McKaye and Taeniol ethrinops praeorbitalis Regan.

For these species, al the females from each haul were preserved in formalin for later
examination.



Environmental data

After each tow, a CTD cast and a grab sample were taken in the middle of the transect.
Both CTD and the benthic grab were lowered using the hydrographic winch of the R/V
USIPA. The CTD casts recorded, every 2 seconds during the way down and the way up,
measures of the following parameters. depth (m), temperature (°C), oxygen concentration
(mg.I'), conductivity (mS.cmit), water clarity (% transmission), fluorescence (arbitrary unit).

Grab samples

After each trawl a sample of bottom sediments was taken in the middle of the trawl
transect by using a 24 cm benthic grab sampler lowered on the hydrographic winch. The grab
digs about 10 cm into the sediment in such a way that the upper layers form more of the
sample than the lower layers. It therefore gives qualitative rather than quantitative
information. Each sediment sample was placed in a bucket. A sub-sample was taken, placed
in 250 ml plastic bottle and deep frozen for later determination of sediment particle size. In
March, April and May 1999, after the sub-sample was removed, the remaining part of the
sediment sample was fixed in formalin (10%) for later extraction of benthic organisms for
stable isotope studies.

Determination of sediment particle size:

The deep frozen sub-sample was mixed by hand after de-freezing and a sub-sample of 200 cc
was placed in a 1 liter measuring cylinder toped up to 1000 cc with water. The cylinder was
then inverted and shaken several times to suspend the sediment in the water. The sediment
was then passed through a series of sieves (2 mm, 1mm, 500 nmm, 250 nm, 125 nm, 63 nm)
starting at the largest aperture. The volume of sediment retained in each sieve was determined
using a measuring cylinder filed with water. Size class boundaries were as follows: > 256 mm
= boulders, 64-256 mm = caobbles, 4-64 mm = pebbles, 2-4 mm granules, 1-2 mm = very
coarse sand, 500 mm-1 mm = coarse sand, 63 "m-500 mm = fine sand, < 63 mm = silt and clay
(mud). According to the proportions of the different components, the sample was then
roughly categorized as "very coarse sand” (> 1 mm), "medium sand" (250 pm-1 mm), "very
fine sand" (63 um-250 um) and "mud" (<63um).
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Results
Catches per month

Owing to non uniformity between the record sheets of June and the other months, the
data for June 98 were not included in the analyses. The results presented below concern the
period from July 1998 to May 1999.

The total catches per months all depths pooled fluctuated from about 600 kg for six 20
min pulls, to about 1000 kg (Figure C2). The high value recorded in August 1998 was due to
an exceptional catch of Bathyclarias spp. at 50 m: 42 specimens giving atotal of 400 kg, with
atotal catch of 626 kg (Figure C3). Individual catches fluctuated between 30.5 kg at 100 min
October and 283 kg a 75 m in July, excluding the 626 kg recorded in August (Figure C3).
Temporal fluctuation was observed in the catches, the lowest were recorded in October 1998
and March 1999 and the highest in July-August 1998 and January 1999 (Figure C2). This
tempora fluctuation was also observed for each depth (Figure C3) and when depths were
pooled per category (Figure C4). With the exceptions of July-August 1998 and May 1999, the
catches in the shallows and the in the deep waters were very similar (Figure C4).

Catches per depth

The mean CPUE per depth, all months pooled (Figure C5a) showed that the highest
catches were recorded at 50 m and the lowest at 30 m. Catches were generaly higher in the
deep zone (50 to 125m) than in the shalows (10 to 30m). Almost the same results were
obtained when the exceptional catch of Bathyclarias gp. in August 1998 was removed,
except that the highest catches were recorded at 75m (Figure C5b). However, no significant
difference of catch among depths was found in either cases, respectively with (Kruskal-Wallis
one-way ANOVA on ranks H=8.33, 5 df, p=0.139) or without the August Bathyclarias spp.
catch (one-way ANOVA F=1.845, 5 df, p=0.118).
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Figure C5. Mean CPUE (kg / 20 min pull) per depth (+ standard deviation) over the full sampling
period in the SWA (July-98 to May 99) (a) and with the exceptional Bathyclarias spp. catch
removed (b), see text.



Table C1. Proportion in weight of the main demersal species trawled at 10m depth in the SWA (catfishes speciesin italic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Aulonocara blue orange - 0,8 24 0,4 11,7 9,3 31 0,7 0,1 - 2,8
Bagrus meridionalis 7,5 - 12,9 4,0 51 6,5 14,2 9,1 3,6 2,4 6,5
Bathyclarias spp. 0,6 - 5,0 5,8 10,1 10,3 17,6 8,6 4,2 6,1 6,8
Buccochromis lepturus 8,7 3,0 7,2 1,1 0,1 - 0,0 3,0 10,0 11,4 4,4
Buccochromis nototaenia 21 0,4 1,0 0,1 0,5 0,6 0,0 0,6 1,6 - 0,7
Chilotilapia rhoadesi 4,2 2,4 1,1 2,0 0,6 0,3 0,2 2,0 0,2 0,8 1,4
Copadichromis quadrimacul atus 0,2 - 6,5 0,1 0,0 0,1 0,4 1,6 0,3 1,0
Copadichromis virginalis - 12 - - 0,2 0,2 2,3 - - - 0,4
Ctenopharynx nitidus - - 0,8 0,1 0,3 0,0 0,1 0,1 0,2 0,4 0,2
L ethrinops altus - - - 0,4 0,4 0,0 0,1 - - - 0,1
Lethrinops furcifer - - 59 0,2 0,1 0,5 0,1 - - - 0,7
Lethrinops argenteus 16,2 3,5 3,5 24,3 32,5 21,3 10,5 7,5 7,0 5,8 13,2
L ethrinops macrochir - 0,2 - 0,1 0,4 1,3 10,3 - 0,0 - 12
Mylochromis anaphyrmus 34 1,3 59 6,8 0,5 2,3 24 51 3,7 7.4 3.9
Mylochromis melanonotus - 0,6 0,5 - 0,5 - - - - 0,3 0,2
Mylochromis spilostichus 24 0,1 - 0,1 - - 0,2 0,6 0,2 0,8 0,4
Nyassachromis argyrosoma - - 38,4 32,5 20,2 57 11,9 53,6 38,5 30,5 23,1
Oreochromis spp. 17,7 56,6 0,3 - 12,3 31,9 16,9 - 54 6,3 14,7
Otopharynx cf productus 0,4 0,2 1,7 0,1 - 01 1,0 1,2 01 1,8 0,7
Otopharynx decorus - 1,8 0,4 0,2 0,2 - 01 - 01 - 0,3
Placidochromis suboccularis - - - 0,1 0,0 - 0,0 0,1 - 0,1 0,0
Pseudotropheus livingstoni - - 24 0,6 0,0 - 0,0 2,7 2,0 59 14
Synodontis njassae 0,9 1,0 - 15,8 0,7 0,6 0,1 0,5 0,2 0,3 2,0
Taeniolethrinops furcicauda 0,6 0,2 2,0 0,2 0,1 - 0,9 1,3 3,2 7,5 1,6
Taeniolethrinops praeorbitalis - 2,6 0,2 - - 15 14 - - - 0,6
Trematocranus placodon 24 2,1 - 0,1 0,5 0,3 14 - - - 0,7
Total 67,5 77,9 98,1 95,1 96,9 92,7 94,8 97,2 82,0 88,0 89,1

Table C2. Proportion in weight of the main demersal species trawled at 30m depth in the SWA (catfishes speciesin italic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Aulonocara blue orange - 19,0 - 34 0,2 4.4 31 - 0,1 10,0 4,0
Aulonocara macrochir - - 0,1 0,1 0,3 0,2 - 0,1 - 0,0 0,1
Bagrus meridionalis 53 55 58 8,1 4,2 22,6 14,2 6,1 7,1 14 8,0
Bathyclarias spp. 12,4 55 58 4,3 8,3 7,7 17,6 - 4,0 2,6 6,8
Buccochromis lepturus 2,0 1,0 - - - - 0,0 1,0 - 14 0,5
Buccochromis nototaenia 3,3 2,6 1,8 1,7 0,8 24 0,0 1,7 1,3 1,6 1,7
Chilotilapia rhoadesi 10,7 0,4 1,0 0,4 - 0,3 0,2 0,2 0,1 0,7 14
Copadichromis quadrimacul atus 3,7 11,8 0,5 0,8 - 2,6 0,1 0,1 0,3 - 2,0
Copadichromis virginalis 1,2 21,2 0,4 19 67,7 1,6 2,3 - - 0,0 9,6
Lethrinops altus - - 0,2 2,7 0,5 1,9 0,1 17,7 1,7 0,3 2,5
L ethrinops longimanus 0,4 - - 1,2 - 0,2 - 0,2 - - 0,2
L ethrinops argenteus 28,5 15,8 13,3 21,7 6,5 17,0 10,5 17,6 26,8 27,2 18,5
L ethrinops matumba - - 0,4 1,0 0,2 1,6 - 29 0,1 0,5 0,7
Mylochromis anaphyrmus 20,6 3,0 51 11,2 19 6,7 24 4,5 6,3 4,2 6,6
Mylochromis spilostichus - 0,8 - 0,5 - - 0,2 0,5 0,5 1,2 0,4
Nyassachromis argyrosoma - - 37,9 15,2 31 23,2 11,9 34,3 44,1 34,8 20,5
Oreochromis spp. - 7,2 - - - 0,3 16,9 - - 0,7 25
Otopharynx argyrosoma 1,6 1,3 - 0,2 3,6 4,4 - 18 - - 1,3
Otopharynx speciosus 0,2 - - 0,0 0,2 0,3 - 0,2 14 1,2 0,3
Placidochromis long - - - 15 - 0,1 - 0,6 - 0,7 0,3
Rhamphochromis spp. 2,5 1,3 0,5 11,8 0,7 0,1 0,2 2,8 2,5 1,7 2,4
Synodontis njassae 0,5 0,3 23,3 94 14 0,7 01 31 34 31 4,5
Taeniolethrinops laticeps 0,1 0,2 - - 0,2 0,3 - - - 0,5 0,1
Taeniolethrinops praeorbitalis 0,8 0,4 0,2 0,1 - 0,5 14 - 0,1 0,1 0,4
Total 93,7 97,3 96,4 97,2 99,7 99,0 81,1 95,3 99,5 94,0 95,3




% of catchesin number

Proportions of cichlids and catfishes

The proportion of cichlids and catfishes (Bagrus meridionalis, Bathyclarias spp. and

Synodontis njassae) in the catches at each month are presented in the Figures C6a and C6b, in
number and weight respectively. The catfishes constituted regularly between 2 and 9% of the
catches in number from July to December 1998 and less than 0.5% between January and May
1999 (Figure C6a). On the other hand, catfishes represented consistently 8 to 25% of the

catches in weight during the whole sampling period (Figure C6b).
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Figure C6. Proportions of cichlids and catfishes in the catches over the sampling period (July-98 to
May-99), in number (@) and weight (b).

The proportion of catfishes per depth varied from 2% at 75 and 100 m to 5% at 125 m,
in number (Figure C7a) and from 15.3% at 10 m to 22% at 100 m, in weight (Figure C7b).
The proportion in weight of catfishes was not significantly different among depth (F=0.445,

p=0.815).
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Table C3. Proportion in weight of the main demersal species trawled at 50m depth in the SWA (catfishes speciesin italic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Alticorpus mentale 0,3 - - - 0,8 0,9 0,5 0,7 0,7 0,1 0,4
Aulonocara blue orange - 0,2 - - - 0,5 0,6 - - 0,0 0,1
Aulonocara macrochir 0,1 0,4 11 1,0 1,7 13 0,1 1,2 2,6 0,2 1,0
Bagrus meridionalis 6,7 1,3 3,7 11,5 7,0 13,8 19,2 14,6 55 4,9 8,8
Bathyclarias spp. 11,9 414 4.4 8,5 - 31 10,9 19 0,0 4,2 8,6
Copadichromis quadrimacul atus - 0,8 14 0,4 - 0,2 0,2 0,3 0,1 - 0,3
Copadichromis virginalis 50,4 1,0 1,8 47,7 53,8 27,9 331 10,5 22,2 44,2 29,2
Diplotaxodon argenteus 0,2 - 0,9 - - 0,5 - 1,8 0,5 1,7 0,6
Diplotaxodon limnothrissa 1,3 0,1 0,5 - 0,3 51 0,1 28,1 2,1 0,9 3.8
Docimodus johnstoni 0,1 0,2 - - - 0,1 - - - 0,3 0,1
Hemitaeniochromis insignis - - 0,1 - - - - 0,1 0,0 0,0 0,0
Lethrinops atus 0,3 0,8 0,7 0,5 0,5 1,9 0,6 0,6 2,3 - 0,8
L ethrinops longimanus 11 4,5 0,0 3,0 0,4 0,4 6,7 0,4 0,4 0,1 1,7
L ethrinops argenteus 13,7 17,5 32,0 15,7 23,0 10,2 9,7 19,9 38,4 94 18,9
L ethrinops minutus - 11 6,3 - - 4,3 0,9 11 0,5 4,3 18
L ethrinops parvidens - - - - 0,0 - 0,1 0,1 0,2 - 0,0
Mylochromis anaphyrmus 0,8 14 1,7 0,3 0,7 0,5 0,6 0,5 0,8 0,4 0,8
Mylochromis spilostichus - 7,3 - - - - 0,6 0,1 0,4 0,9 0,9
Otopharynx speciosus 0,3 1,3 0,2 0,2 0,5 0,6 1,1 0,7 01 0,5 0,5
Placidochromis long - - 2,6 15 39 13 0,6 0,2 0,1 53 1,6
Rhamphochromis spp. 2,9 2,8 20,0 0,8 3,7 2,5 2,1 1,8 0,9 15,0 53
Sciaenochromis benthicola 0,7 0,5 0,8 0,3 0,0 34 51 0,6 0,9 0,6 1,3
Synodontis njassae 6,7 35 1,3 32 3,6 4,3 25 37 35 3,6 3,6
Trematocranus brevirostris - - 16,7 1,6 0,0 2,3 3,5 10,1 14,5 14 5,0
Total 97,5 86,1 96,3 95,9 99,9 85,2 98,8 99,0 96,7 98,1 95,4

Table C4. Proportion in weight of the main demersal species trawled at 75m depth in the SWA (catfishes speciesin italic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Alticorpus spp. 0,6 - - - 2,2 21 0,3 - - - 0,5
Alticorpus geoffreyi 20,1 20,4 9,0 4,7 8,0 1,1 2,2 4,2 6,3 12,2 8,8
Alticorpus macrocleithrum 11 1,3 0,1 - - - - - - 0,1 0,3
Alticorpus mentale 35 4.4 4,8 11,6 18,7 2,0 16,1 45 35 4,2 7,3
Alticorpus pectinatum 0,8 0,3 0,6 0,1 15 1,2 5,0 3.8 1,8 2,2 1,7
Aulonocara minutus 0,7 0,9 0,5 - 0,9 0,2 0,3 14 0,3 1,8 0,7
Aulonocara rostratum - - 2,0 - - 0,1 0,2 19 0,8 0,9 0,6
Bagrus meridionalis 9,3 8,8 8,6 31 33 6,5 11,0 2,4 53 1,6 6,0
Bathyclarias spp. 17,6 8,8 24,9 6,1 0,7 15,0 11,7 4,0 2,1 9,7 10,1
Diplotaxodon apogon - 19 0,3 - 8,4 9,2 5,6 2,2 19 0,5 3,0
Diplotaxodon argenteus 1,0 0,8 19 1,8 3,0 5,6 3,6 3,7 35 1,7 2,6
Diplotaxodon macrops 2,3 3,6 - - 0,5 13,6 4,7 91 3,9 2,3 4,0
Diplotaxodon limnothrissa 3,7 29 12,9 2,0 0,7 15 8,4 4,1 19,4 21,3 1,7
L ethrinops deep water albus 0,2 1,2 01 31,3 01 - - - - - 3,3
L ethrinops gossei 16,2 14,4 9,2 1,9 16,1 17,1 17,3 29,5 41,4 17,3 18,0
Lethrinops oliveri 2,7 194 7,2 9,8 12,9 13,5 53 13,7 3.2 8,9 9,7
Lethrinops polli 54 58 2,3 0,5 14 1,2 2,1 4,2 0,5 6,8 3,0
Pallidochromis tokolosh 1,3 1,3 0,4 - 1,3 1,7 1,0 0,2 01 0,7 0,8
Rhamphochromis spp. 0,7 0,9 8,6 7,6 2,2 14 0,0 0,9 0,2 0,8 2,3
Sciaenochromis ahi - - 0,2 0,0 0,2 0,1 0,2 - - 0,9 0,2
Sciaenochromis benthicola 0,1 0,1 - 2,0 7,1 0,3 - 0,3 0,0 0,2 1,0
Synodontis njassae 8,9 0,3 0,6 0,8 1,7 2,0 2,3 6,3 3,7 1,8 2,8
Total 96,0 97,5 94,2 83,4 91,0 95,4 97,4 96,4 98,0 95,9 94,5




Catch composition

Fishes representing the major part of the catches at each month are presented in Tables
C1 to C6 for the depths of 10m, 30m, 50m, 75m, 100m and 125m respectively. Although
cyprinids and mormyrids were sometimes caught, their occurrence was so rare and their
contribution to the catches so weak that they were negligible. Therefore, catches were
assumed to be constituted only of cichlids and catfishes.
The catfish species (Bathyclarias spp., Bagrus meridionalis and Synodontis njassae) were
consistently amongst the most important species (in weight) at each depth, averaging 15.3%
at 10m, 19.3% at 30m, 21% at 50m, 18.9% at 75m, 21.6% at 100m and 17.6% at 125m.
Owing to their large sizes, the Bathyclarias spp. and the Bagrus meridionalis were much less
important in number as illustrated in Figures C8a and C8b respectively.
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Figure C8. Overall mean catches (in proportion of weight and number) per depth
for Bathyclarias spp. (&) and Bagrus meridionalis (b) from July 98 to May 99.

B. meridionalis was proportionally more abundant in the shallow waters (10 to 50m) while
Bathyclarias spp. was better represented in the deep waters (75 to 125m).
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Figure C9. Overal mean catches (in proportion of weight and number) per depth for
Synodontis njassae from July 98 to May 99.
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Table C5. Proportion in weight of the main demersal species trawled at 100m depth in the SWA (catfishes speciesin itdic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Alticorpus geoffreyi 2,6 2,4 21 34 18 14 34 0,9 21 1,0 21
Alticorpus macrocleithrum 3,9 2,8 - 1,2 1,6 1,0 0,9 0,5 0,1 0,2 1,2
Alticorpus mentale 21,7 15,0 1,9 9,6 4,1 8,4 21,1 6,7 251 6,9 12,1
Alticorpus pectinatum 2,6 0,2 0,4 57 1,2 0,6 2,6 0,6 1,1 1,1 1,6
Aulonocaralong - 0,1 - - 0,1 - 0,0 0,0 0,0 0,1 0,0
Aulonocara minutus 0,8 1,0 0,2 0,8 0,2 0,0 0,8 0,1 04 0,2 0,5
Aulonocara rostratum - - - - - - 0,4 0,2 0,0 0,0 0,1
Bagrus meridionalis 2,8 6,6 0,1 2,4 0,5 0,6 0,6 10,3 0,7 0,3 2,5
Bathyclarias spp. 6,9 94 - 15,0 10,1 55 25,6 20,0 10,1 10,0 11,3
Diplotaxodon apogon - 2,2 31 17,7 4,3 1,8 0,1 0,7 0,3 0,9 31
Diplotaxodon argenteus 0,7 - 14,9 5,0 3,7 0,7 0,0 0,9 1,0 1,2 2,8
Diplotaxodon macrops 0,3 6,9 24 25 25,0 21,5 1,2 18,3 58 20,2 10,4
Diplotaxodon limnothrissa 0,1 - 52,8 3,6 5,9 2,6 15 11 0,8 28,5 9,7
L ethrinops deep water altus 59 58 14 6,1 - 1,2 0,3 0,1 6,2 2,9 3,0
L ethrinops gossei 34,4 21,7 2,4 9,6 21,5 28,2 234 20,1 35,2 20,6 21,7
L ethrinops oliveri 49 17,4 2,8 4,4 4,6 35 0,3 0,4 - 18 4,0
L ethrinops polli 0,1 0,9 0,2 3,2 - 12 0,2 0,2 0,5 0,1 0,7
Pallidochromis tokolosh 01 - 01 0,6 01 0,0 - 0,0 14 0,4 0,3
Placidochromis "flatjaws" 0,4 - - - 57 01 01 0,0 0,5 - 0,7
Placidochromis platyrhynchos 18 1,2 0,1 - 1,3 0,3 0,2 0,0 0,3 0,1 0,5
Synodontis njassae 54 0,5 1,9 3,2 1,7 20,9 13,0 18,3 7,2 3,3 7,6
Total 95,4 94,3 86,7 94,0 93,6 99,5 95,8 99,5 99,0 99,8 95,8

Table C6. Proportion in weight of the main demersal species trawled at 125m depth in the SWA (catfishes speciesin itdic).

Species name Jul-98 Aug-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Mean

Alticorpus spp. 0,1 - - - 0,9 1,9 1,8 2,5 0,5 1,6 0,9
Alticorpus geoffreyi 1,6 1,0 2,2 3,8 18,7 31 50 3,8 2,9 2,0 4.4
Alticorpus macrocleithrum - 0,1 - 0,2 21 0,2 0,1 - - - 0,3
Alticorpus mentale 19,6 15,8 15,8 2,1 15,1 3,7 54 9,3 5,0 7,1 9,9
Alticorpus pectinatum 0,1 - 0,3 45 4,7 - 0,2 0,9 1,8 - 1,3
Aulonocaralong - - 0,6 - - 0,0 0,1 0,3 01 0,3 0,1
Aulonocara minutus - 0,2 14 14 19 1,1 0,6 8,2 1,0 0,7 1,7
Aulonocara rostratum - - 0,5 - - 0,1 0,5 0,4 - 0,7 0,2
Bagrus meridionalis 24 6,3 24 1,1 0,3 7,0 2,0 1,0 0,2 2,6 25
Bathyclarias spp. 15,1 6,3 2,4 2,7 13,5 7,3 8,5 3,6 2,7 4,0 6,6
Diplotaxodon apogon - 12,5 31 4,0 1,8 1,7 1,2 1,6 54 19 3,3
Diplotaxodon argenteus 0,2 0,2 3,8 1,0 1,2 15 1,8 0,2 31 2,6 1,6
Diplotaxodon macrops 0,7 7,5 7,8 10,9 - 15,2 17,2 6,2 24,3 27,6 11,8
Diplotaxodon brevimaxillaris - - 0,5 0,5 0,3 0,5 0,3 - - 14 0,3
Diplotaxodon limnothrissa 0,1 0,2 0,7 1,0 0,1 0,9 0,6 0,8 3,3 9,4 17
Hemitaeniochromis insignis - - 0,2 - - 0,3 - 0,1 0,1 0,1 0,1
L ethrinops deep water albus 51 0,3 4,1 0,2 0,1 0,8 - - - 0,1 1,1
L ethrinops deep water altus 91 6,6 6,5 4.4 21 2,6 6,0 4,2 6,0 54 53
L ethrinops gossei 15,4 21,4 10,5 334 12,0 37,2 31,2 31,4 33,8 20,1 24,6
Lethrinops oliveri 3,5 3,6 2,7 2,8 51 1,7 0,8 8,6 - 0,7 3,0
L ethrinops polli 0,2 - 0,1 0,7 0,2 - 0,2 - - - 0,1
Pallidochromis tokolosh 1,0 3,0 35 0,3 1,3 2,9 2,8 0,4 14 2,6 1,9
Placidochromis "flatjaws" - - - - 0,3 0,0 0,5 3,3 0,3 - 0,4
Placidochromis platyrhynchos 1,9 10,6 4,9 0,6 14 2,0 3,3 6,5 1,8 2,1 3,5
Synodontis njassae 12,8 1,0 16,4 20,2 3,1 6,0 8,5 6,0 5,9 5,1 8,5
Total 88,9 96,7 90,5 95,8 85,9 97,8 98,5 99,2 99,5 98,0 95,1




The smaller S njassae was more evenly represented in number and weight and appeared more
abundant in the very deep zone (100-125m, Figure C9).

A minimum of 145 (see Appendix 2) to at least 170 different species were caught
during the sampling year from June 1998 to May 1999 (taking into account the several
species lumped together under their generic names, such as the Aulonocara spp., the
Bathyclarias spp., the Copadichromis spp., the Lethrinops spp., the Mylochromis spp., the
Nyassachromis spp., the Oreochromis spp., the Otopharynx spp., the Placidochromis spp., the
Rhamphochromis spp., the Sciaenochromis spp.). However, despite this high number of
sampled species, relatively few cichlid species accounted for more than 50% of the catches in
weight at all depths, respectively 51% at 10m (Lethrinops argenteus, Nyassachromis
argyrosoma and Oreochromis spp. Table C1), 55.2% at 30m (Copadichromis virginalis, L.
argenteus Mylochromis anaphyrmus and N. argyrosoma Table C2), 56.9% at 50m (C.
virginalis, Diplotaxodon limnothrissa, L. argenteus, and Trematocranus brevirostris Table
C3), 55.5% at 75m (Alticorpus geoffreyi, Alticorpus mentale, Diplotaxodon macrops, D.
limnothrissa, Lethrinops gossel and Lethrinops oliveri Table C4), 53.9% at 100m (A. mentale,
D. macrops, D. limnothrissa, L. gossei Table C5) and 51.6% at 125m (A. mentale, D.
macrops, Lethrinops "deep water altus’ and L. gossel Table C6). Some of these species were
dominant over two to three depths, such as L. argenteus, C. virginalis and N. argyrosoma in
the shallows (10 to 50m), A. mentale, D. macrops, D. limnothrissa and L. gossel in the deeper
waters (75 to 125m).

Added to the proportion of catfishes at each depths, about 10 fish species only accounted for
70 to 80% of the catches in weight over the sampling period.

A clear change in species composition appeared after 50 m, the "shallow" water species being
encountered down to 50m whereas the characteristic "deep" water species appeared from 75
m downwards (Tables C1 to C6).

The results of catch per unit effort (kg / 20 min pull) for each species according to
depth are summarised in Appendix 3. The total number of species caught over the sampling
period decreased with increasing depth from 80 species at 10 m to 48 at 125 m (Appendix 3).
Again, these values are underestimated owing to the severa species lumped together under
their generic names. Unlike the three catfish species, which were consistently caught at any
depth, very few cichlid species had depth distribution covering al the sampled depths
(Appendix 3). Only 12 out of the 133 cichlid species or species groups listed in Appendix 3
covered all (or at least 5 of) the sampled depths. Most of the others were restricted to three or
four depths and some species were confined to one or two depths only.

Discussion

During the whole sampling period (June 1998 to May 1999), no other trawlers were
encountered in the sampled area, roughly from Chipoka to Lukoloma (Figure C1). The
trawlers in activity in the SWA occur in the southern part of the arm and only the Ndunduma
can occasionaly trawl in the north of the SWA (A. Bulirani, pers. com.). Therefore, it can be
considered that our sampled area is amost not commercially exploited by trawlers. We
recorded the highest catches at 75 and 100 m, and the catches were higher at 125 m than at 10
and 30 m, whereas the CPUE is supposed to be higher in the shallow zone (Turner 1977a,
Tdmasson & Banda 1996). This is likely to be a consequence of the light exploitation of the
deep zone by commercia fisheries whereas the shallow zone is heavily exploited by artisanal
fishermen in the studied area.

Tempora fluctuations of the total catches per month (al depths pooled) were
observed. But the same temporal patterns were also observed at each depth and when depths
were pooled per category, suggesting that the representativeness of our sampling was good,
despite a potentia inter-haul variability. Tweddle & Magasa (1989) also reported seasonal
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Figure C10. Seasonal progression of temperature profile according to depth off Cap Maclear,
SWA.
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Figure C11. Modification of bottom type with depth in the SWA. Each bottom type category
was given an arbitrary value for graphic representation: 15 for "very coarse sand”, 10 for
"medium sand”, 5 for "very fine sand" and O for "mud". The values are the means over five
months (June to December 1998).



trends in the catch rates in the SEA with usually a peak in August and September, which is
supported by our results.

The catches were dominated by cichlids both in number and weight. However, the
catfishes, represented by only 3 genera (Bathyclarias, Bagrus and Synodontis) of which two
have a single species (Bagrus meridionalis and Synodontis njassae), consistently constituted a
significant part of the catches. Owing to their large size (for Bathyclarias spp. and Bagrus
meridionalis at least), their contribution to the catches was much more important when
referred to their biomass than to their number. They consistently represented between 10 and
25% of the catches. Tdmasson & Banda (1996) found that in the SWA B. meridionalis was
more abundant in the deep waters (50 to 100 m) but bigger in the shallows (0 to 50 m).
During our sampling period and in the sampled area, which was restricted to the north of the
SWA, B. meridionalis was more abundant between 10 and 50 m, as observed by Turner
(1977), and large specimens were evenly distributed according to depth. Bathyclarias spp.
tended to be better represented in the deep waters from 50 m downwards whereas their
maximum catch was observed at 40-60 m by Turner (1977). As pointed out by Tomasson &
Banda (1996), Synodontis njassae was common at all depths and displayed an increasing
occurrence and abundance with depth, becoming much more abundant in the very deep zone
(100 and 125 m). Although specimens from 50 to 200 mm (standard length) were recorded,
most individuals caught were of uniform size, between 90 and 110 mm SL, which
corresponded to previous observations of 12 to 14 cm TL (Témasson & Banda 1996).

When adjusted to a 30 min pull and per depth category, the CPUE per species
(Appendix 3) were not always consistent with those reported by Témasson & Banda (1996).
Details will be given in Chapter 2.

A marked change in species composition was reported to occur around 50 m in the
SWA (Témasson & Banda 1996). It was hypothesised to be related to the position of the
thermocline or the substrate type. This spectacular shift in species composition between 50
and 75 m was aso observed in our study. However, the position of the thermocline does not
seem to be the best explanation to that pattern for it fluctuates significantly with season
(Figure C10), whereas the species distribution pattern is stable (Tables C1 to C6). As most of
the exploited species are demersa fish and therefore closely related to the bottom, the
sediment quality might constitute a better explanation. The grab sample analyses revealed a
gradient in bottom type composition from the shallows to the deep waters. The bottom types
can roughly be categorised as "very coarse sand', "medium sand", "very fine sand" and
"mud". Each of these categories were attributed arbitrary values, respectively 15, 10, 5and 0
for the sake of graphic representation. The results of grab sample analyses over several
months are summarised in Figure C11. A clear change in bottom composition from coarse
and medium sand to very fine sand and mud appears after 50m and is likely to influence the
species composition pattern according to depth.

A notable observation was that throughout the year, the bulk of the catches was
constituted by a few common cichlid and catfish species. At any given depth, despite the large
number of species regularly recorded, 60 to 80% of the catches was made of no more than ten
species including the three catfishes. And about twenty species only accounted for 90 to 95%
of the catches at each depth, with some species being dominant in two or three of the sasmpled
depths. This indicates that the largest part of the species caught is relatively rare or at least
infrequent. For the rarer ones, the occurrence in the catches might be incidental to unusual
movements out of their habitat, which would expose them to the trawl. Another potential
explanation might be that we did sample only a restricted amount of different habitats, though
this hypothesis is very unlikely given the surface covered by a 20 min pull. Hence, for the
majority of the infrequent species it probably means that they do exist in small population
number and/or have patchy distributions either because of their high specialisation to specific
type of habitats or because of the narrowness of their trophic niche. In any case, these species
are likely to be the first endangered by intensive exploitation.
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The decreasing number of species caught with increasing depth reported by previous
authors (Turner 1977a, Témasson & Banda 1996) was also observed in our study (Appendix
3). The generally accepted statement that demersal cichlids usually have restricted depth
distributions (Eccles & Trewavas 1989, Banda & Tdmasson 1996, Tdmasson & Banda 1996,
Turner 1996) was also supported by our results. Another well-known trend is the decreasing
occurrence of large cichlid species with depth (Turner 1977a). We observed that even though
there was a higher number of large species in the shallows (Buccochromis spp.,
Taeniolethrinops spp., Serranochromis robustus...), their occurrence was weak, except for
the Oreochromis spp., and catches were dominated by small species such as Aulonocara spp.,
Nyassachromis spp. or Copadichromis virginalis and a few larger species such as Lethrinops
argenteus and Mylochromis anaphyrmus (Tables C1 and C2). On the other hand, the
dominant species of the deep zone were rather large fish such as Lethrinops gossei, the
Alticorpus spp. and mentale particularly, the Diplotaxodon spp. (Tables C4 to C6). The
decreased occurrence of large and medium species in the catches reported by Turner (1977b)
and Turner et a. (1995) probably also affected the shallow waters of the SWA. However, an
interesting proportion of large species remains in the almost unexploited deep zone. Given
that over the year the highest catches were recorded from 50 m downwards, where the
dominant species are relatively large, any expansion of trawl fisheries in the southern part of
the Lake should take place in the deep zone shared by the SE and SW arms. This supports the
position of Banda et a. (1996) against FAQO's (1993) recommendation that no expansion of
the trawl fishery should take place in the deeper zone of the SEA.
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Chapter 2: Depth distribution and breeding patter ns of the
demer sal species most commonly caught by trawling in the South
West Arm of Lake Malawi

F. Duponchelle, A.J. Ribbink, A. Msukwa, J. Mafuka & D. Mandere

I ntroduction

Given the tremendous diversity of Malawi cichlids, very few studies have been carried
out on their breeding biology so far. Earlier studies focused on some species in the north
(Jackson et al. 1963) and central part of the lake (zooplanctivorous Utaka: Iles 1960, 1971). A
comprehensive work highlighted the reproductive seasonality of ten rock frequenting species
(Marsh et al. 1986). A recent survey of the pelagic zone provided information about the
breeding of Copadichromis quadrimaculatus, Diplotaxodon limnothrissa and 'big eye' and
Rhamphochromis longiceps (Thompson et a. 1996). Despite the fact they hold an
economically important commercial fishery, very few species apart from chambo (Lowe
1953, McKaye & Stauffer 1988, Turner et a. 1991) have been studied in the south of the lake,
where the commercial fisheries take place. Maturity and fecundity were estimated for
Copadichromis ("Haplochromis") mloto, Lethrinops parvidens, L. longipinnis, Mylochromis
("Haplochromis™) anaphyrmus and Otopharynx ("Haplochromis®) intermedius (Tweddle &
Turner 1977), while breeding season and maturity were detailed for three Lethrinops species,
microdon, 'species A" and gossei by Lewis & Tweddle (1990). McKaye (1983) reported
marked seasonal variations in nest numbers for Cyrtocara eucinostomus.

Although the information is incomplete for some species, our study describes the breeding
biology of about 40 of the most important trawled species in the SWA.

It is important to remember that the sampling period was June 1998 to May 1999.
However, all the information related to catches are based on the period from July 1998 to May
1999 for the reasons explained in the previous chapter. Owing to inter species variability of
occurrence in the catches and therefore to sample size, the results presented in this chapter
will be of irregular quality, the information being complete and reliable for some species and
more indicative for the rarer ones. For the reader's convenience, information about the species
is delivered per genera, which are ordered alphabetically. For each species, whenever
possible, the following information is displayed: size range (SL), depth distribution,
occurrence and abundance over the full sampling period, breeding season, age and size at
maturity, fecundity and egg size.

For the breeding season, priority will always be given to the females pattern. Most of the time
in cichlids, males are sexually active for longer periods than females;, a way to aways be
'ready’ probably. As a consequence, determination of the breeding season is more accurate
when based upon female data. However, when the sample sizes are not optimum for females,
information about males may be useful. On the other hand, as most Maawi cichlids form
breeding leks to attract females (Konings 1995, Turner 1996), priority will be given to ripe
males distribution for estimation of spawning depth. The weight of individuals was not taken
on board, but only in the lab on ripe females, except for the nine target species (Alticorpus
macrocleithrum, Alticorpus mentale, Copadichromis virginalis Diplotaxodon limnothrissa,
Diplotaxodon macrops, Lethrinops argenteus, Lethrinops gossei, Mylochromis anaphyrmus
and Taeniolethrinops praeorbitalis), for which all the femaes were weighed. Most of the
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length-weight relationships are then based on data for ripe females, which explain their low
sample size sometimes.

Material and methods

All the fish analysed were collected during the monthly trawl catches in the north of
the South West Arm (see Chapter 1 for details).

The comparisons of CPUE per depth for each species with those reported in Tomasson
& Banda (1996) are based on the values given in Appendix 3, but pooled per depth category
(shallow zone = 0-50 m, deep zone = 51-100 m, very deep zone = >100 m) and reported to 30
min pulls (instead of 20 min in our case) to be comparable with Témasson & Banda (1996)
values.

The maturity stage of female gonads was macroscopically determined using the
dlightly modified scale of Legendre & Ecoutin (1989) (Duponchelle 1997).
Stage 1: immature. The gonad looks like two short transparent cylinders. No oocytes are
visible to the naked eyes. As a comparison, immature testicle is much longer and thinner, like
two long tinny silver filaments.
Stage 2: beginning maturation. The ovaries are dightly larger and little whitish oocytes and
apparent.
Stage 3. maturing. The ovaries continue to grow in length and thickness and are full of
yellowish oocytesin early vitellogenesis.
Stage 4: final maturation. The ovaries occupy a large part of the abdominal cavity and are full
of large uniform sized oocytes in late vitellogenesis.
Stage 5: ripe. Ovulation occurred, oocytes can be expelled by a gentle pressure on the
abdomen. This stage is ephemera.
Stage 6: spent. The ovaries look like large bloody empty bags with remaining large sized
atretic follicles. Small whitish oocytes are visible.
Stage 6-2: resting. The general aspect of the gonad recall a stage 2, but the ovarian wall is
thicker, the gonad is larger, often reddish with an aspect of empty bag. This stage is
distinctive of resting females, which have spawned during the past breeding season.
Stage 6-3: recovering post-spawning females. The general aspect of the gonad is like a stage 3
but with empty rooms, remaining large-sized atretic follicles and the blood vessels are till
well apparent. This stage is characteristic of post-spawning females initiating another cycle of
vitellogenesis.
Males were only recorded as being either in "breeding colour" or not.

For each species, al the stage 4 and 5 females were preserved in 10 % formalin for
later examination.

Nine target species were selected according to their relative abundance, depth
distribution and basic ecological characteristics (benthic or pellagic habits, broad trophic
category) (Tomasson and Banda 1996, Turner 1996). These were Lethrinops gossei Burgess
& Axerod, Lethrinops argenteus Ahl (= L. longipinnis ‘orange head'), Diplotaxodon
limnothrissa Turner, Diplotaxodon macrops Turner & Stauffer, Copadichromis virginalis
Iles, Mylochromis anaphyrmus Burgess & Axelrod, Alticorpus mentale Stauffer & McKaye,
Alticorpus macrocleithrum Stauffer & McKaye and Taeniol ethrinops praeorbitalis Regan.

For these species, al the femaes from each haul were preserved in formalin for later
examination.
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All fish preserved in formalin were measured (SL) to the nearest mm and weighed to
the nearest 0.1 g. Their maturity stage was determined and the gonads in stage 4 were
weighed for Gonado-Somatic Index (GSI) calculation (gonad weight/total body weight x 100)
then preserved in 5% formalin for fecundity and mean oocyte weight calculation.

The breeding season was determined from the monthly proportions (in %) of the
different stages of sexual maturation (Legendre & Ecoutin 1989, Duponchelle et al. 1999). In
order to eliminate the small immature females, which would give a biased weight to the
immature stages (1 and 2), and to define more precisely the spawning season, only females
which size was greater than or equal to the size at first sexual maturity were considered in
analysis.

The average size at first maturation (Lsp) is defined as the standard length at which
50% of the females are at an advanced stage of the first sexual cycle during the breeding
season. In practice, thisis the size at which 50% of the females have reached the stage 3 of the
maturity scale (Legendre & Ecoutin 1996, Duponchelle & Panfili 1998). For the estimation of
Lso, only the fish sampled during the height of the breeding season were considered.

Age at maturity was calculated from the Von Bertalanffy Growth Curve (VBGC) equation:

Lt = Lo (1-exp (-K (t-1o)) )

Where L; is the mean length at aget, Lo is the asymptotic length K the growth coefficient and
to the size at age 0. This equation can be written:

t=(-In(1- (Lt / Leo)) / K) + 1o
Replacing L; by the mean size at maturity (Lso), age at maturity (Aso) is then:
Asg = (-In (l— (L50 / LOO)) / K) + 1o

Loo and K were obtained from length frequency distribution analysis and are provided in the
Chapter "Growth" for twenty three of the species. The size at age 0 was considered null.

Fecundity is defined here as the number of oocytes to be released at the next spawn,
and correspond to the absolute fecundity. It is estimated, from gonads in the fina maturation
stage (stage 4), by the number of oocytes belonging to the largest diameter modal group. This
oocyte group is clearly separated from the rest of the oocytes to the naked eye and
corresponds approximately to oocytes that are going to be released (Duponchelle 1997,
Duponchelle et al. 2000).

Oocyte weight measurements were all carried out on samples preserved in 5%
formalin. The average oocyte weight per female, was determined by weighing 50 oocytes
(Peters 1963) belonging to those considered for fecundity estimates.

In order to compare mean oocyte weight and diameter among the different species, the
measurements need to be made on oocytes in a similar vitellogenic stage, then on oocytes
whose growth is completed. A simplified version of the method applied by Duponchelle
(1997) was used to determine the GSI threshold above which the oocyte weight do no longer
increase significantly. For each species, the individual oocyte weights were plotted against the
GSl. The GSI corresponded to the beginning of the asymptotic part of the curve was visually
determined and the fish whose GSI was inferior to the defined GSI were removed. The final
GSl threshold was reached when no correlation subsisted between the mean oocyte weight
and the GSl.

17



. OWeight

0 2 4 6 8 10

Overall mean catches (%)

Figure 2-1. Mean occurrence and abundance in the catches per depth of Alticorpus 'geoffreyi’
in the SWA between July 1998 and May 1999.
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Figure 2-2. Size range and frequencies of Alticorpus 'geoffreyi' caught in the SWA between
July 1998 and May 1999.
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Results

Alticorpus spp.

Alticorpus'geoffreyi’ (Plate 1)

721 females and 845 males were analysed. A. 'geoffreyi’ is a deep water species rarely
encountered at 50m. In our sampling it was most abundant at 75m and still well represented at
125m. (Figure 2-1). It constituted in average between 2 and 9% of the catches in weight and
between 1 and 5% in number, depending upon depth, but was more abundant at 75 m. The
mean CPUE per depth category was 0.3 kg for the shallow zone, 37.4 in the deep zone, and
9.1 in the very deep zone, which differed markedly with the values reported by Témasson &
Banda (1996) for the shallow (9.3 kg) and deep (11.4 kg) zones, but matched in the very deep
zone (9.0 kg). They aso observed A. 'geoffreyi’ from 20 m depth downwards in the SWA,
whereas we never encountered it before 50 m. This might explain the difference in CPUE in
the shallow zone. Specimens caught ranged between 55 and 165 mm with a mode from 110 to
150 mm (Figure 2-2). The sex ratio observed over the full sampling period was F/M 0.5/0.5.

The breeding season for females occurred from March to October with a maximum
activity between May and August (Figure 2-3a). The proportion of males in breeding colour
was much higher than the proportion of ripe females, but basically confirmed the position of
the breeding season (Figure 2-3b). Ripe females were mostly found at 75 and 100 m whereas
males in breeding colour were much more abundant at 75m, suggesting that breeding could
occur around 75 m depth (Table 2-1). The size at maturity of female was about 90mm (Figure
2-4) and was reached at 14 months old.

Table 2-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Alticorpus geoffreyi in

the SWA.
Depth Non ripe Ripe females Males not in Malesin breeding Immature
females breeding colour colour specimens
50m 0.5 0 0 05
75m 54.1 38.7 40.2 84.4 78.8
100 m 135 42.7 16.7 3.9 15.2
125m 31.9 18.6 43.1 11.2 6

The length-weight and fecundity-weight relationships are given in Figure 2-5 and 2-6,
respectively. Fecundity ranged from 86 to 231 for females weighing between 33 and 94 g. No
relation was found between oocyte weight and body weight. The GSI threshold above which
the oocyte weight did no longer increase significantly was 3.7% (Figure 2-7) and the mean
oocyte weight was 17.70 mg (x 2.48 SD, N= 26).
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Figure 2-3. Seasona progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Alticorpus 'geoffreyi’ in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 2-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Alticorpus 'geoffreyi’ in the SWA.
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Figure 2-5. Length-weight relationship for Alticorpus geoffreyi femalesin the SWA. (R? =
determination coefficient).

250 1
200 1
>
'-6150'
c
=}
@éloo—
y =1,7836x + 28,037
m_
R? =0,5783
0 T T T T T T T 1
20 30 40 50 60 70 80 9 100

Weight (g)

Figure 2-6. Fecundity-weight relationship for Alticorpus geoffreyi femalesin the SWA. (R? =
determination coefficient).
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Figure 2-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Alticorpus geoffreyi. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 3.7 %. (R? = determination coefficient)
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Plate 2. Alticorpus macrocleithrum (by Dave Voorvelt).
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Figure 3-1. Mean occurrence and abundance in the catches per depth of Alticorpus
macrocleithrumin the SWA between July 1998 and May 1999.
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Figure 3-2. Size range and frequencies of Alticorpus macrocleithrum caught in the SWA
between July 1998 and May 1999.



Alticorpus macrocleithrum (Stauffer & McKaye) (Plate 2)

317 females and 153 males were analysed. A. macrocleithrum is a deep water species
encountered between 75 m and 125 m, but more abundant at 100 m (Figure 3-1). It is not an
abundant species, always congtituting less than 1.5% of the catches both in weight and
number. The mean CPUE per depth category was 5.1 kg in the deep zone and 0.6 kg in the
very deep zone, which is about twice the values reported in TOmasson & Banda (1996) for the
deep zone (2.7 kg), but 8 times less in the very deep zone (5 kg). As for A. 'geoffreyi’, the
depth distribution we found was more restricted than that observed by Tdémasson & Banda
(1996), who found A. macrocleithrum from 40 m downwards. Specimens caught ranged
between 60 and 148 mm with a mode from 105 to 130 mm (Figure 3-2). The sex ratio
observed over the full sampling period was F/M 0.7/0.3.

Owing to weak sample number at some months both for females and males, the
breeding season is difficult to determine with certainty (Figure 3-3a and b). It seemed from
female data (Figure 3-3a) that breeding season occurred between April and August. Despite
high fluctuations from 0 to 100% due to very low sample size at some months (June, October,
April and May), the data for males supported by correct sample size tended to confirm that
breeding season. However, the low sample size for females in September—October and in
March do not allow us to exclude the possibility that breeding season might be a bit
protracted, beginning a bit earlier and finishing a bit later than observed on those graphs
(March to September ?). All the breeding females, nearly al (97%) the males in breeding
colour (Table 3-1) were found are 100 m, suggesting that spawning might occur at that depth.
Maturity was reached early in their second year at 18 months old at a mean size of 100 mm
for females (Figure 3-4). However, size at maturity has to be determined at the height of the
breeding season to be accurate but owing to the low sample size we had to consider every data
available. As a consequence, it is likely that Lso was overestimated.

Table 3-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Alticorpus
macrocleithrum in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens

75m 29.7

100 m 64.4 100 83.3 96.6 88

125m 59 16.7 34 12

The length-weight and fecundity-weight relationships are given in Figure 3-5 and 3-6,
respectively. Fecundity ranged from 96 to 304 for females weighing between 26 and 76 g. No
relation was found between oocyte weight and body weight. The GSI threshold above which
the oocyte weight did no longer increase significantly was 4.5% (Figure 3-7) and the mean
oocyte weight was 12.73 mg (= 2.6 SD, N= 24).
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Figure 3-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
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Figure 3-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Alticorpus macrocleithrum in the SWA.
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Figure 3-5. Length-weight relationship for Alticorpus macrocleithrum females in the SWA.
(R2 = determination coefficient).
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Figure 3-6. Fecundity-weight relationship for Alticorpus macrocleithrum femalesin the SWA.
(R? = determination coefficient).
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Figure 3-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Alticorpus macrocleithrum. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 4.5%. (R2 = determination coefficient)
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Figure 4-1. Mean occurrence and abundance in the catches per depth of Alticorpus mentale in

the SWA between July 1998 and May 1999.
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Figure 4-2. Size range and frequencies of Alticorpus mentale caught in the SWA between July

1998 and May 1999.
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Alticorpus mentale (Stauffer & McKaye) (Plate 3)

1011 females and 959 males were analysed. A. mentale is a deep water species that can
be encountered from 30 m but becomes abundant from 75 m downwards (Figure 4-1). It isan
abundant fish always constituting between 7 and 13% of the catches in weight and a bit lessin
number (about 3%) due to its large size. The mean CPUE per depth category was 1.1 kg in the
shallow zone, 51.1 kg in the deep zone and 20.1 kg in the very deep zone, which is about
twice as much as reported in Témasson & Banda (1996) for the deep and very deep zones
(11.4 and 12.7 kg, respectively), but 2 times less in the shalow zone (2.3 kg). The depth
distribution we found corresponded with that observed by Tomasson & Banda (1996).
Specimens caught ranged between 53 and 245 mm (Figure 4-2). The sex ratio observed over
the full sampling period was F/M 0.5/0.5.

Unlike A. 'geoffreyi' and A. macrocleithrum, A. mentale breeds throughout the year
with a peak in November and another one in January-February and a marked decrease of
activity in December and May (Figure 4-3a). Males in breeding colour were aso found at
each month even thought peaks of activity did not necessarily match those of females (Figure
4-3b). It is interesting to note that the period from November to March is the period when
Aulonocara 'minutus, frequently found as the dominant prey items in A. mentale stomach
contents (see Chapter "Diet"), was most abundant in the catches. Ripe females were more
abundant at 75 and 100 m whereas males in breeding colour were preferentially found at 100
m and 125 m in a lesser extent (Table 4-1). Immature individuals were mostly found at 75 m
but were reasonably abundant at 100 and 125 m. A. mentale seems able to spawn at any depth
between 75 and 125 m. Maturity was reached early in their second year at 16 months old at a
mean size of 160 mm for females (Figure 4-4).

Table 4-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Alticorpus mentale in
the SWA.

Depth Non ripe Ripe females Maesnotin  Maesinbreeding Immature
females breeding colour colour specimens
30m 0.2 0 0 0 0
50m 1 0 2.6 05 4.7
75m 39 41.8 4.3 94 54.3
100 m 26.9 44.5 25 68.5 19.6
125m 32.8 13.6 29.1 21.6 21.5

The length-weight and fecundity-weight relationships are given in Figure 4-5 and 4-6,
respectively. Fecundity ranged from 92 to 356 for females weighing between 49 and 307 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 4-7) and the
mean oocyte weight was 24.36 mg (+ 4.18 SD, N= 31).
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Figure 4-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Alticorpus mentale in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 4-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Alticorpus mentale in the SWA.
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Figure 4-5. Length-weight relationship for Alticorpus mentale females in the SWA. (R2 =
determination coefficient).
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Figure 4-6. Fecundity-weight relationship for Alticorpus mentale females in the SWA. (R2 =
determination coefficient).
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Figure 4-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Alticorpus mentale. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 3%. (R? = determination coefficient)
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Figure 5-1. Mean occurrence and abundance in the catches per depth of Alticorpus pectinatum
in the SWA between July 1998 and May 1999.
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Figure 5-2. Size range and frequencies of Alticorpus pectinatum caught in the SWA between
July 1998 and May 1999.



Alticorpus pectinatum (Stauffer & McK aye)

259 females and 375 males were analysed. A. pectinatum is a deep water fish evenly
distributed between 75 m and 125 m (Figure 5-1). It is not an abundant species, always
constituting between 1 and 2% of the catches both in weight and number. The mean CPUE
per depth category was 8.4 kg in the deep zone and 2.6 kg in the very deep zone, which is
about twice as much as the values reported in Témasson & Banda (1996) for the deep zone
(3.8 kg), but about 4 times less in the very deep zone (8.9 kg). As for A. 'geoffreyi’ and A.
macrocleithrum, the depth distribution we found was more restricted than that observed by
Tomasson & Banda (1996), who found A. pectinatum from 45 m downwards. Specimens
caught ranged between 55 and 140 mm with a mode from 100 to 125 mm (Figure 5-2). The
sex ratio observed over the full sampling period was F/M 0.4/0.6.

The breeding season occurred from November to May with an increased activity in
January-February (Figure 5-3a). The monthly progression of males in breeding colour
indicated the same pattern and suggested that breeding season could be protracted, occurring
aso in June, when all the males (43) were in breeding colour (Figure 5-3b). About three
quarter of the breeding females were found at 100 m and the other quarter at 75 m, whereas
males in breeding colour and immature individuals were more evenly distributed at 75 and
100 m (Table 5-1). Spawning might occur mostly at 100 m although males and immature
distribution does not confirm it firmly. Maturity was reached early in their second year at 12
months old at a mean size of 70 mm for females (Figure 5-4).

Table 5-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Alticorpus pectinatum
in the SWA.

Depth Non ripe Ripe females Maesnotin  Malesin breeding Immature
females breeding colour colour specimens
75m 37.6 24.1 53.3 47 42.3
100 m 40.2 72.4 19.2 30.5 50
125 m 22.3 3.4 275 22.5 7.7

The length-weight and fecundity-weight relationships are given in Figure 5-5 and 5-6,
respectively. Fecundity ranged from 38 to 181 for females weighing between 7 and 44 g. No
relation was found between oocyte weight and body weight. The GSI threshold above which
the oocyte weight did no longer increase significantly was 4% (Figure 5-7) and the mean
oocyte weight was 15.29 mg (+ 2.8 SD, N=3).
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Figure 5-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Alticorpus pectinatum in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 5-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Alticorpus pectinatum in the SWA.
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Figure 5-5. Length-weight relationship for Alticorpus pectinatum females in the SWA. (R? =
determination coefficient).
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Figure 5-6. Fecundity-weight relationship for Alticorpus pectinatum females in the SWA. (R?
= determination coefficient).
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Figure 5-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Alticorpus pectinatum. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 4%. (R? = determination coefficient)



Plate 4. Aulonocara 'blue orange' (by Dave Voorvelt).
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Figure 6-1. Mean occurrence and abundance in the catches per depth of Aulonocara 'blue
orange' in the SWA between July 1998 and May 1999.
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Figure 6-2. Size range and frequencies of Aulonocara 'blue orange' caught in the SWA
between July 1998 and May 1999.



Aulonocara spp.

Aulonocara 'blue orange' (Plate 4)

244 females and 485 males were analysed. A. 'blue orange' is a small fish encountered
in shallow water between 10 and 50 m but only abundant at 10 and 30 m, where it constituted
9.5 and 12.6% of the catches in number, respectively and 3.2 and 4.5% in weight (Figure 6-1).
It was found only once a 75 m in November 98. The mean CPUE per depth category was
higher (17.6 kg in the shallow zone) than that reported in TOmasson & Banda (1996). The
depth distribution was much more restricted in our case than the 10 to 130 m depth range they
reported. Specimens caught ranged between 40 and 80 mm with a mode from 50 to 65 mm
(Figure 6-2). The sex ratio observed over the full sampling period was F/M 0.3/0.7.

Owing to identification uncertainty, data from June and July 1998 were not included in
the analyses. The breeding season seemed to occur between July-August and February (Figure
6-3a and b). However, due to the very low sample size in March and April and the high
percentage of males in breeding colour in April and May, it can't be excluded that A. 'blue
orange’ might breed throughout the year. More than three quarter of the ripe females were
sampled at 10 m and the other quarter at 30 m (Table 6-1). Males in breeding colour were
evenly distributed between 10 and 30 m and most of the immature individuals were found at
30 m. If A. 'blue orange' does spawn at a precise depth, it does not reflect clearly in breeding
males and immature distribution. However, the results suggest that spawning would occur
around 10 m. Maturity was reached in their first year at 9 months old at a mean size of 48 mm
for females (Figure 6-4).

Table 6-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Aulonocara 'blue
orange' in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
10m 47.3 76 60.9 45.5 34.2
30m 47.9 24 36.6 48.5 61.8
50m 4.8 0 2.6 6.1 39

The length-weight and fecundity-weight relationships are given in Figure 6-5 and 6-6,
respectively. Fecundity ranged from 9 to 41 for females weighing between 2 and 7g. No
relation was found between oocyte weight and body weight. The GSI threshold above which
the oocyte weight did no longer increase significantly was 2.5% (Figure 6-7) and the mean
oocyte weight was 4.46 mg (+ 0.89 SD, N= 16).
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Figure 6-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Aulonocara 'blue orange’ in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 6-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Aulonocara 'blue orange' in the SWA.



Weight (g)
N

Length (mm)

Figure 6-5. Length-weight relationship for Aulonocara 'blue orange’ females in the SWA. (R?
= determination coefficient).
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Figure 6-6. Fecundity-weight relationship for Aulonocara 'blue orange' females in the SWA.
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Figure 6-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Aulonocara 'blue orange’. Oocytes from femaes whose GSI was below (in grey) and
above (in black with regression) 2.5%. (R? = determination coefficient).
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Figure 7-1. Mean occurrence and abundance in the catches per depth of Aulonocara 'cf.
macrochir' in the SWA between July 1998 and May 1999.
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Figure 7-2. Size range and frequencies of Aulonocara 'cf. macrochir' caught in the SWA
between July 1998 and May 1999.



Aulonocara 'cf. macrochir'

74 femaes and 90 males were analysed. A. 'cf. macrochir’ was a relatively rare fish
encountered from 10 m to 50 m but more abundant at 50 m where it constituted 1% and 0.8%
of the catches in weight and number, respectively (Figure 7-1). The mean CPUE per depth
category (2.7 kg in the shallow zone) matched that reported in Témasson & Banda (1996).
The depth distribution was much more restricted in our case than the 8 to 150 m depth range
that they reported. Specimens caught ranged between 50 and 135 mm with a mode from 95 to
110 mm (Figure 7-2). The sex ratio observed over the full sampling period was F/M 0.5/0.5.

As A. 'cf. macrochir' is a relatively rare species, the following information about life
history traits is based on low sample size and can not be considered as very reliable but rather
as indicative. A breeding activity was observed from August to October and from December
to March (Figure 7-3a and b). Taking into account the sparse information available about both
females and males, it can be hypothesised that this species might breed most of the year, with
reduced activity in June and July. As most specimens were caught at 50 m the percentages of
ripe females (62.5%), males in breeding colour (100%) and immature individuals (87%) at
this depth suggested that spawning probably occurs at 50 m. Maturity was reached at about
100 mm for females (Figure 7-4). Again, owing to low sample size, Lsp was probably
overestimated and is likely to be closer to 90 mm.

The length-weight and fecundity-weight relationships are given in Figure 7-5 and 7-6,
respectively. Fecundity ranged from 50 to 134 for females weighing between 16 and 60 g. No
relationship was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was impossible to assess due to
the low sample size. However, as no relationship was found between oocyte weight and GS
from the data available (Figure 7-7), the mean oocyte weight was estimated from al the
available data and was 4.82 mg (+ 1.13 SD, N= 8).
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Figure 7-3. Seasona progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Aulonocara 'cf. macrochir' in the SWA The vaues below the x-axis are the
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Figure 7-4. Percentage of mature females (stage 3 and above) per size class (standard Iength)
for Aulonocara 'cf. macrochir' in the SWA.
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Figure 7-5. Length-weight relationship for Aulonocara 'cf. macrochir’ females in the SWA.
(R2 = determination coefficient).
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Figure 7-6. Fecundity-weight relationship for Aulonocara 'cf. macrochir' females in the SWA.
(R2 = determination coefficient).
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Figure 7-7. Relationship between oocyte weight and gonado-somatic index (GSl) for
Aulonocara 'cf. macrochir'. (R? = determination coefficient).

41



Plate 5. Aulonocara 'minutus’ (by Dave Voorvelt).
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Figure 8-1. Mean occurrence and abundance in the catches per depth of Aulonocara 'minutus
in the SWA between July 1998 and May 1999.
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Figure 8-2. Size range and frequencies of Aulonocara 'minutus caught in the SWA between
July 1998 and May 1999.
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Aulonocara 'minutus’ (Plate5)

573 females and 781 males were analysed. A. 'minutus is a deep water fish caught
from 75 to 125 m depth (Figure 8-1). It was much more abundant at 125 m, where it
constituted up to 14% of the catches in number and only 1.7% in weight owing to its very
small size. A. 'minutus’ is one of the smallest demersal species of Lake Malawi. Specimens
collected ranged between 25 and 75 mm with a mode from 40 to 60 mm (Figure 8-2). The sex
ratio observed over the full sampling period was F/M 0.4/0.6. The mean CPUE per depth
category was 3.5 kg in the deep zone and 2.6 kg in the very deep zone, which is about two
times less than the values reported in Témasson & Banda (1996) for the deep zone (7.3 kg),
and about 4 times less in the very deep zone (11.3 kg). As for A. 'cf. macrochir' and A. 'blue
orange, the depth distribution we found was much more restricted than that observed by
Tomasson & Banda (1996), who found A. 'minutus from 10 to 130 m.

Unlike A. 'cf. macrochir' and A. 'blue orange, A. 'minutus was found to breed
throughout the year with an increased activity in June and February (Figure 8-3a and b).
About 50% of non breeding females and males as well as immature individuas were found at
125 m, the other half being evenly distributed between 75 and 100m (Table 8-1). On the other
hand, about 50% of the ripe females and males in breeding colour were caught at 100 m,
wheresas the other half were evenly distributed at 75 and 125. This suggested that spawning
might occur at 100 m. Maturity was reached in their first year at 7 months at a mean size of 42
mm for females (Figure 8-4).

Table 8-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and immature
individuals (whose size is below the size at maturity) per depth for Aulonocara 'minutus’ in
the SWA.

Depth Non ripe Ripe females Maesnotin  Malesin breeding Immature
females breeding colour colour specimens
75 m 24.2 18.7 15.7 20.9 18.1
100 m 27.7 53.8 28.6 48.1 322
125 m 48.1 27.5 55.7 31 49.7

The length-weight and fecundity-weight relationships are given in Figure 8-5 and 8-6,
respectively. Fecundity ranged from 50 to 134 for females weighing between 16 and 60 g and
was not significantly correlated to female body weight (r = 0.26). No relation was found
between oocyte weight and body weight. The GSI threshold above which the oocyte weight
did no longer increase significantly was 2% (Figure 8-7) and the mean oocyte weight was
3.82mg (+ 1.13 SD, N= 29).
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Figure 8-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Aulonocara 'minutus’ in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 8-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Aulonocara 'minutus’ in the SWA.
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Figure 8-5. Length-weight relationship for Aulonocara 'minutus females in the SWA. (R2 =
determination coefficient).
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Figure 8-6. Fecundity-weight relationship for Aulonocara 'minutus females in the SWA. (R?
= determination coefficient).
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Figure 8-7. Relationship between oocyte weight and gonado-somatic index (GSl) for
Aulonocara 'minutus. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 2%. (R2 = determination coefficient).
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Figure 9-1. Mean occurrence and abundance in the catches per depth of Aulonocara
'rostratum deep' in the SWA between July 1998 and May 1999.
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Figure 9-2. Size range and frequencies of Aulonocara 'rostratum deep' caught in the SWA
between July 1998 and May 1999.



Aulonocara 'rostratum deep'

56 females and 57 males were analysed. A. 'rostratum deep' is a relatively rare fish
found from 75 to 125 m depth but more frequent at 125 m (Figure 9-1). The mean CPUE per
depth category was 1.7 kg in the deep zone and 0.5 kg in the very deep zone, which is about
ten times less than the values reported in Témasson & Banda (1996) for the deep zone (5.1
kg), and more than twenty times less in the very deep zone (13.2 kg). Asfor A. 'cf. macrochir’
and A. 'blue orange’ and A. 'minutus, the depth distribution we found was much more
restricted than that observed by Tdmasson & Banda (1996), who found A. ‘rostratum deep'
from 30 to 130 m. Specimens caught ranged between 60 and 140 mm with a mode from 80 to
105 mm (Figure 9-2). The sex ratio observed over the full sampling period was F/M 0.5/0.5.

As A. 'rostratum deep' is a rare species, the following information about life history
traits is based on low sample size and can not be considered as very reliable but rather as
indicative. A breeding activity was observed in October, March and May (Figure 9-3a and b).
From the few data available, ripe females and males in breeding colour were evenly
distributed among depths. Maturity was reached at about 75 mm (Figure 9-4).

The length-weight and fecundity-weight relationships are given in Figure 9-5 and 9-6,
respectively. Fecundity ranged from 41 to 167 for females weighing between 14 and 69 g.
The mean oocyte weight was impossible to assess from the few data available on this species.
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Figure 9-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Aulonocara 'rostratum deep' in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 9-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Aulonocara 'rostratum deep' in the SWA.
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Figure 9-5. Length-weight relationship for Aulonocara 'rostratum deep' females in the SWA.
(R? = determination coefficient).
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Figure 9-6. Fecundity-weight relationship for Aulonocara 'rostratum deep' femalesin the
SWA. (R? = determination coefficient).
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Plate 6. Buccochromis lepturus (by Dave Voorvelt).
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Figure 10-1. Mean occurrence and abundance in the catches per depth of Buccochromis
lepturus in the SWA between July 1998 and May 1999.
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Figure 10-2. Size range and frequencies of Buccochromis lepturus caught in the SWA
between July 1998 and May 1999.



Buccochromis spp.

Buccochromis lepturus (Regan) (Plate 6)

74 females and 58 males were anaysed. B. lepturus is a large shalow water fish
essentially encountered at 10 m, where it constituted 4.5% of the catches in weight but only
0.5% in number owing to its large size (Figure 10-1). It was aso found sometimes at 30 m.
The mean CPUE per depth category was 6.5 kg in the shallow zone, which approximately
matched the values reported in Tomasson & Banda (1996) (7.4 kg). The depth distribution
observed in our study was more restricted than that of TOmasson & Banda (1996), who found
B. lepturus down to 50m. Specimens caught ranged between 60 and 330 mm (Figure 10-2).
The sex ratio observed over the full sampling period was F/M 0.6/0.4.

B. lepturus being an abundant species, the number of specimen caught at each
sampling session was very low, which severely hampered the precise determination of
breeding season and other life history traits. From the few data available, it seems that
breeding season might occur between March-April and August (Figure 10-3a and b). The few
ripe females or males in breeding colour were mostly found at 10 m, suggesting a rather
shallow spawning. Maturity was reached at about 160 mm for females (Figure 10-4).

The length-weight and fecundity-weight relationships are given in Figure 10-5 and 10-
6, respectively. Fecundity ranged from 267 to 627 for females weighing between 294 and 588
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was difficult to assess due to low
sample size but was tentatively fixed at about 2% (Figure 10-7). The mean oocyte weight was
19.99 mg (+ 1.88 SD, N=4).
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Figure 10-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Buccochromis lepturus in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 10-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Buccochromis lepturus in the SWA.
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Figure 10-5. Length-weight relationship for Buccochromis lepturus females in the SWA. (R?
= determination coefficient).
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Figure 10-6. Fecundity-weight relationship for Buccochromis lepturus females in the SWA.
(R2 = determination coefficient).
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Figure 10-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Buccochromis lepturus. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 2%. (R? = determination coefficient).
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Figure 11-1. Mean occurrence and abundance in the catches per depth of Buccochromis
nototaenia in the SWA between July 1998 and May 1999.
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Figure 11-2. Size range and frequencies of Buccochromis nototaenia caught in the SWA
between July 1998 and May 1999.



Buccochromis nototaenia (Boulenger)

122 females and 182 males were analysed. B. nototaenia is a large shalow water fish
found between 10 and 50 m (Figure 11-1). It was more frequently encountered at 30 m, where
it constituted about 2% of the catches in weight and 0.5% in number. The mean CPUE per
depth category was 5.1 kg in the shallow zone, which was a bit more than the value reported
in TGmasson & Banda (1996) (3.9 kg). The depth distribution observed in our study matched
that of Tomasson & Banda (1996). Specimens caught ranged between 50 and 300 mm (Figure
11-2). The sex ratio observed over the full sampling period was F/M 0.4/0.6.

As for B. lepturus, the low sample size hampered the precise determination of
breeding season and other life history traits. All that can be said from females (Figure 11-3a)
and males (Figure 11-3b) data is that we observed a breeding activity in April, July and
August. However, it seems a weird behaviour for a Malawi cichlid to start breeding for one
month then stop for two months and beginning again for two others months. Although there
was no data to support it, it can be hypothesised that breeding season might occur between
April and August as for B. lepturus. About 70% of the ripe females and males in breeding
colour and 84% of the immature individuals were sampled at 30 m, suggesting that spawning
could occur at this depth (Table 11-1). The plot of the percentage of ripe females against
standard length did not give a proper sigmoid curve (Figure 11-4). Size at maturity has to be
determined at the height of the breeding season to be accurate but owing to the low sample
size we had to consider all data available. As a consequence, females caught outside the
breeding season were included in the analyses, even large resting females, which may explain
the shape of the upper part of the curve. Nevertheless, small sized females are more
informative than large ones and the size range between 100 mm and 130 mm was supported
by the higher sample size (55 females), giving a relative "power” to this part of the curve.
From the data available it can be estimated that maturity was reached around 115 mm for
femaes. Maturity appears a a smaler size than anticipated given the large maximum
observed length for this species and compared to B. lepturus.

Table 11-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for
Buccochromis nototaenia in the SWA.

Depth Non ripe Ripe femaes Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
10m 20.9 28.6 17.6 16.7 14.6
30m 79.1 714 80 66.7 84.4
50m 2.4 16.7 1

The length-weight and fecundity-weight relationships are given in Figure 11-5 and 11-
6, respectively. Fecundity ranged from 100 to 315 for females weighing between 40 and 250
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was difficult to assess due to low
sample size but was tentatively fixed at about 2% (Figure 11-7). The mean oocyte weight was
11.70 mg (+ 3.63 SD, N=3).
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Figure 11-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Buccochromis nototaenia in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 11-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Buccochromis nototaenia in the SWA.
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Figure 11-5. Length-weight relationship for Buccochromis nototaenia females in the SWA.
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Figure 11-6. Fecundity-weight relationship for Buccochromis nototaenia females in the SWA.

(R? = determination coefficient).
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Figure 11-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Buccochromis nototaenia. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 2%. (R? = determination coefficient).
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Figure 12-1. Mean occurrence and abundance in the catches per depth of Copadichromis
guadrimaculatus in the SWA between July 1998 and May 1999.
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Figure 12-2. Size range and frequencies of Copadichromis quadrimaculatus caught in the
SWA between July 1998 and May 1999.



Copadichromis spp.

Copadichromis quadrimaculatus (Regan)

132 females and 214 males were analysed. C. quadrimaculatus was caught from 10 to
75 m but occurred more frequently at 30 m, where it constituted 2% and 1.5% of the catches,
in weight and number, respectively (Figure 12-1). The mean CPUE per depth category was
6.9 kg in the shallow zone and 0.15 kg in the deep zone, which was about three times less
than the value reported in Témasson & Banda (1996) for the shallow zone (3.9 kg). The depth
distribution observed in our study was much more restricted than that of Tomasson & Banda
(1996), who reported C. quadrimaculatus from 8 to 135 m. Specimens caught ranged between
50 and 150 mm (Figure 12-2). The sex ratio observed over the full sampling period was F/M
0.4/0.6.

The low sample size hampered the precise determination of breeding season and other
life history traits. From data available about females (Figure 13-3a) and males (Figure 12-3b),
it can be estimated that breeding season occurs from April to October. Taking into account the
very low sample size of females in February-March and data from males, breeding season
might actually start in February-March. This corresponds quite well with the % of active
females observed in open waters during the SADC/ODA Project (Thompson et al. 1995,
1996). Most ripe females, males in breeding colour and immature individuals were found at
30 m, suggesting that spawning could occur at this depth (Table 12-1). The percentage of
mature females (stage 3 and above) per size class is presented in Figure 12-4. No female was
caught in the size range where maturity occurred. The 50% of mature females observed in the
size range 80-90 mm was based on 2 females only and is probably overestimated. However,
the second part of the curve from 120 mm upwards was based on consistent sample size and it
can be reasonably estimated that maturity was reached around 100 mm, which was much less
than the 15 cm TL (about 120 mm SL) reported for the same species in the open waters
(Thompson et a. 1995, 1996). This corresponded to a mean age at maturity of 20 months.

Table 12-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for
Buccochromis nototaenia in the SWA.

Depth Non ripe Ripe femaes Malesnotin  Malesin breeding Immature
females breeding colour colour specimens

10m 29.3 20 2 37.6 14

30 524 50 75.5 57 76.8

50m 14.6 25 224 55 21.7

75m 3.7 5

The length-weight and fecundity-weight relationships are given in Figure 12-5 and 12-
6, respectively. Fecundity ranged from 15 to 62 for females weighing between 53 and 75 g.
Using the length-weight and fecundity weight relationships, and assuming a 2 to 3 cm
difference between standard and total length for a size range of 17 to 20 cm TL, the mean
fecundity (50 eggs for females between 17 and 20cm TL) found by Thompson et a. (1996)
corresponded with the fecundity we got for females of similar size. No relation was found
between oocyte weight and body weight. The GSI threshold above which the oocyte weight
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Figure 12-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Copadichromis quadrimaculatus in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
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Figure 12-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Copadichromis quadrimaculatus in the SWA.
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Figure 12-5. Length-weight relationship for Copadichromis quadrimaculatus females in the
SWA.. (R2 = determination coefficient).
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Figure 12-6. Fecundity-weight relationship for Copadichromis quadrimaculatus females in
the SWA. (R? = determination coefficient).
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Figure 12-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Copadichromis quadrimaculatus. Oocytes from females whose GSI was below (in grey)
and above (in black with regression) 3%. (R? = determination coefficient).
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Plate 7. Copadichromisvirginalis (by Dave Voorvelt).
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Figure 13-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Copadichromis virginalis in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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did no longer increase significantly was 3% (Figure 12-7). The mean oocyte weight was 42.05
mg (£ 6.96 SD, N= 8).
Copadichromisvirginalis(lles) (Plate 7)

2886 females and 3052 males were analysed. C. virginalis was encountered from 10 m
to 50 m and rarely at 100 m (Figure 13-1).
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Figure 13-1. Mean occurrence and abundance in the catches per depth of Copadichromis
virginalisin the SWA between July 1998 and May 1999.

It was one of the most abundant species in shallow water, where it constituted about 10% and
30% (both in weight and number) of the catches a 30 and 50 m, respectively. The mean
CPUE per depth category was 97.7 kg in the shallow zone and 0.15 kg in the deep zone,
which matched the value reported in Tomasson & Banda (1996) for the shallow zone (108.8
kg). As for C. quadrimaculatus the depth distribution observed in our study was a bit more
restricted than that of Tomasson & Banda (1996), who reported C. virginalis from 8 to 120 m.
Specimens caught ranged between 45 and 125 mm (Figure 13-2).
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Figure 13-2. Size range and frequencies of Copadichromis virginalis caught in the SWA
between July 1998 and May 1999.
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Figure 13-5. Percentage of mature females (stage 3 and above) per size class (standard length)
for Copadichromisvirginalis in the SWA.
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Figure 13-6. Length-weight relationship for Copadichromis virginalis females in the SWA.
(R2 = determination coefficient).
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Figure 13-7. Fecundity-weight relationship for Copadichromis virginalis females in the SWA.
(R? = determination coefficient).
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Figure 13-8. Relationship between oocyte weight and gonado-somatic index (GSI) for
Copadichromis virginalis. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).



The sex ratio observed over the full sampling period was F/M 0.5/0.5.

C. virginalis was found to breed throughout the year (Figure 13-3a and b) with two
peaks of activity, a punctual one in December and another one from May to July (Figure 13-
3a). This figure markedly differed from Iless (1971) observations who reported a very
restricted breeding season (March to May) in the region of Nkata Bay. The percentage of ripe
females seemed inversely related to water temperature (Figure 13-4), being higher during the
cold water season (windy season) from April-May to August, and directly related to the
chlorophyll a concentration. As C. virginalis is a zooplankton feeder (Iles 1960, 1971, Turner
1996, present study see chapter "Diet"), most of the sexual activity occurred during windy
season when the water column was mixed up and the rich cold upwelling increased the
phytoplankton production and consequently the zooplankton abundance. The punctual peak of
sexual activity observed in December 1998 corresponded with a drop of temperature of about
3°C, an associated increased concentration in chlorophyll a and then an increased zooplankton
availability. More than 70% of the ripe females and males in breeding colour were found at 50
m (Table 13-1) and the rest at 30 m, suggesting that spawning could occur mostly at 50 m and
in alesser extent at 30 m. Maturity was reached in their first year at 12 months old at a mean
size of 75 mm for females (Figure 13-5).

Table 13-1. Percentage of ripe femaes (stages 4 and 5), maes in breeding colour and
immature individuals (whose size is below the size a maturity) per depth for
Copadichromisvirginalis in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens

10m 0.3 0.5 17 0.3 4.8

30 17.8 26.2 24.8 7.7 25.2

50m 81.9 73.1 73.3 92 69.4

100 m 0 0.2 0.1 0 0.6

The length-weight and fecundity-weight relationships are given in Figure 13-6 and 13-
7, respectively. Fecundity ranged from 9 to 59 for females weighing between 10 and 36 g and
was not correlated to body weight. No relation was found between oocyte weight and body
weight. The GSl threshold above which the oocyte weight did no longer increase significantly
was 3% (Figure 13-8). The mean oocyte weight was 18.93 mg (+ 5.90 SD, N= 76).
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Figure 14-1. Mean occurrence and abundance in the catches per depth of Diplotaxodon
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Figure 14-2. Size range and frequencies of Diplotaxodon apogon caught in the SWA between
July 1998 and May 1999.
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Diplotaxodon and Pallidochromis spp.

Pallidochromis tokolosh (Turner) is the only species of this genus. Despite its
anatomical distinctness that separates it from Diplotaxodon, recent molecular evidence
suggested that this species is a member of the Diplotaxodon clade (Turner et a. 1999). It will
then be presented together with the Diplotaxodon spp..

Diplotaxodon apogon (Turner & Stauffer)

616 females and 729 males were analysed. D. apogon was found from 75 to 125 m,
where it constituted between 3 and 4% of the catches in weight and 4 to 6% in number
(Figure 14-1). The mean CPUE per depth category was 15.6 kg in the deep zone and 6 kg in
the very deep zone. There was no record for this species in Témasson & Banda (1996).
Specimens caught ranged between 33 and 130 mm with a mode from 75 to 105 mm (Figure
14-2). The sex ratio observed over the full sampling period was F/M 0.5/0.5.

Breeding activity was detected in August 98 and from November 98 to April 99 for
females (Figure 14-3a) whereas more than 60% of males in breeding colour were found at
every sampled month (Figure 14-3b). Despite the very high percentage of males in breeding
colour throughout the year, female data suggested a bimodal breeding season with a major
peak from November to March and a smaller one around August. More than 60% of the ripe
females were found at 100m (Table 14-1). More than 80 % of the males in breeding colour
were evenly distributed at 75 and 125 m, but aggregations of such breeding males (50 to 90
individuals) were found at all three depths. No particular indication about spawning depth was
drawn from these results. Maturity was reached in their second year at 21 months old at a
mean size of 88 mm for females (Figure 14-4).

Table 14-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Diplotaxodon
apogon in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
75m 274 14.1 5.8 40.3 13.3
100 m 43.3 62.5 79.5 16.1 534
125m 29.3 23.4 14.7 43.6 33.3

The length-weight and fecundity-weight relationships are given in Figure 14-5 and 14-
6, respectively. Fecundity ranged from 9 to 34 for females weighing between 16 and 39 g. No
relation was found between oocyte weight and body weight. The GSI threshold above which
the oocyte weight did no longer increase significantly was 2.7% (Figure 14-7). The mean
oocyte weight was 46.04 mg (£ 5.99 SD, N= 22).
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Figure 14-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (@) and
males (b) Diplotaxodon apogon in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 14-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Diplotaxodon apogon in the SWA.
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Figure 14-5. Length-weight relationship for Diplotaxodon apogon femalesin the SWA. (R2 =
determination coefficient).

35 { ¥=06738x- 1,0371
30 R? =0,2297 .

Fecundity
8

Weight (g)

Figure 14-6. Fecundity-weight relationship for Diplotaxodon apogon females in the SWA. (R2
= determination coefficient).
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Figure 14-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Diplotaxodon apogon. Oocytes from females whose GS| was below (in grey) and above
(in black with regression) 2.7%. (R? = determination coefficient).
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Figure 15-1. Mean occurrence and abundance in the catches per depth of Diplotaxodon
argenteus in the SWA between July 1998 and May 1999.
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Figure 15-2. Size range and frequencies of Diplotaxodon argenteus caught in the SWA
between July 1998 and May 1999.
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Diplotaxodon argenteus (Trewavas)

278 females and 343 males were analysed. D. argenteus was found between 50 and
125 m but became more frequent from 75 m downwards, where it constituted between about 1
and 2% of the catches in number and 1.5 and 3% in weight (Figure 15-1). The mean CPUE
per depth category was 1.5 kg in the shalow zone, 11 kg in the deep zone and 3.3 kg in the
very deep zone, which matched the values reported in Témasson & Banda (1996) for the
shallows (1.2 kg) but was about three times more for the deep (3 kg) and very deep zones (1.3
kg). Specimens caught ranged between 48 and 206 mm (Figure 15-2). The sex ratio observed
over the full sampling period was F/M 0.4/0.6.

Owing to irregularity in the catches of this species and low sample size of individuals
above the size a maturity, precise determination of breeding season was not possible.
Breeding females were found in October-November 98 and from February to May 99 (Figure
15-3a). More than 30% of males in breeding colour were found all year long excluding June
98 were only one individual was caught (Figure 15-3b). Considering the high percentages of
breeding males and the extremely low sample size for femaes from June to September, it is
likely that D. argenteus breed most of the year with a possible cessation in December-
January. Ripe females were relatively evenly distributed between 75 and 125 m, whereas
more than 60% of males in breeding colour were caught at 75 m, suggesting that spawning
could mainly occur a 75 m (Table 15-1). Maturity was reached in their second year at 20
months old at a mean size of 140 mm for females (Figure 15-4).

Table 15-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Diplotaxodon
argenteus in the SWA.

Depth Non ripe Ripe females Maesnotin  Maesinbreeding Immature
females breeding colour colour specimens
50m 35.3 111 2.1 0.6 1
75m 11.2 22.2 354 61.7 29.5
100 m 38.8 333 29.6 16.2 334
125m 14.7 333 32.8 214 36

The length-weight and fecundity-weight relationships are given in Figure 15-5 and 15-
6, respectively. Fecundity ranged from 25 to 53 for females weighing between 55 and 139 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 15-7). The mean
oocyte weight was 73.03 mg (x 7.98 SD, N= 3).

Diplotaxodon limnothrissa (Turner) (Plate 8)

1462 females and 2723 males were analysed. D. limnothrissa was common from 50 to
125 m and was occasionally encountered at 10 m depth (Figure 16-1), which corresponds to
the depth distribution reported by Thompson et al. (1996) and Témasson & Banda (1996). It
was a dominant species in the catches at 50, 75 and 100 m, where it constituted (in number
and weight, respectively) 6.2 and 3.8%, 8.3 and 7.7% and 11.7 and 9.7% of the catches,
respectively. The mean CPUE per depth category was 14.7 kg in the shallow zone, 34.1 kg in

72



% ripefemales
cn5HBR

Q o0} [ee] [e'e] (o0} [ee] (o2} (o2} [e} (o2} (o2}

8 88 8 8 83 8 8 8 8

= (@] B = o] 5

3 28832888 L8 c¢8
a 1 3 7 6 8 4 19 18 19

% malesin breeding colour
885883

20_
10 -
O-IIIIIIIIIIII
8 3 8 888 8 88 8 8 8 & 8
535583888z ¢
b 1 11 9 60 45 41 39 42 3B R 27

Figure 15-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Diplotaxodon argenteus in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 15-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Diplotaxodon argenteus in the SWA.

73



Weight (g)
3

y = 0,0015¢1%%
R?=0,925

0 T T T
140 160

Length (mm)

180

Figure 15-5. Length-weight relationship for Diplotaxodon argenteus females in the SWA. (R?

= determination coefficient).

Fecundity
8

y = 0,3006x + 6,1836

R? =0,6176

0 T T T
50 70 0 110

Weight (g)

130 150

Figure 15-6. Fecundity-weight relationship for Diplotaxodon argenteus females in the SWA.
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Figure 15-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Diplotaxodon argenteus. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 2.7%. (R? = determination coefficient).
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Plate 8. Diplotaxodon limnothrissa (by Dave Voorvelt).
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Figure 16-1. Mean occurrence and abundance in the catches per depth of Diplotaxodon
l[imnothrissa in the SWA between July 1998 and May 1999.
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Figure 16-2. Size range and frequencies of Diplotaxodon limnothrissa caught in the SWA

between July 1998 and May 1999.
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the deep zone and 4.1 kg in the very deep zone, which approximately matched the values
reported in TOmasson & Banda (1996) for the deep (36 kg) and very deep zones (7.1 kg) but
was about twice as much for the shallows (6.7 kg). Specimen caught ranged between 40 and
175 mm (Figure 16-2). The sex ratio that was observed over the full sampling period was F/M
0.3/0.7.

Breeding season for females in the SWA occurred from March to August with a peak
between April and June (Figure 16-3a) whereas males in breeding colour were caught
throughout the year except in June (Figure 16-3b). These results being based upon pretty
consistent sample size, the reason for the lack of fitting between females and males results is
too be found elsewhere. Ripe females of the same species were found almost al year with a
peak in March-April from offshore fishing locations and with a peak in May-June from
inshore fishing location in the SEA (Thompson et a. 1996). Ripe females and males were also
recorded from all over the Lake at any time of the year (Turner 1994a, Robinson R. L. pers.
com.). Recent molecular analyses have shown that D. limnothrissa was constituted of a single
wide spread population all over the Lake (Turner et al. 1999). This implies no breeding
isolation from any part of the Lake and then large scale migrations of individuals. It is
therefore likely that the breeding season we observed in the SWA between June 98 and May
99 was only a fixed and reductive picture of what happens at the Lake scale. Taking into
account all the available information, it is probable that D. limnothrissa breeds all year long,
but with seasonal geographical peak of activity, which would explain our observed pattern.
Ripe females and males in breeding colour were found from 50 to 125 m with a higher
frequency at 125 m for females and at 75 m for males (Table 16-1). It was previously thought
that D. limnothrissa was not forming demersal spawning arenas because aggregation of
breeding males had never been observed (Turner 1994a, Thompson et al. 1996). This was
used to emphasised that some of the pelagic cichlid species might be able to spawn
independently of the bottom of the lake (Thompson et a. 1996), as already observed for
Copadichromis ("Haplochromis”) chrysonotus (Eccles & Lewis 1981). However, large
aggregations of males in breeding colours (more than 300 specimens) were found at 75 and
100 m in the SWA in April and May 99, suggesting that spawning probably occur close to the
bottom at these depths. As already reported by Turner (1994a, 1996), D. limnothrissa females
were observed to moothbrood young to large sizes, up to 23 mm SL. Maturity was reached
early in thelr second year at 16 months old at a mean size of 105 mm for females (Figure 16-
4), a size a bit smaller than the 14 cm TL (about 113 mm SL) reported by Thompson et al.
(1996).

Table 16-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Diplotaxodon
limnothrissa in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
10m 0.2 0 04 0 0.7
50m 144 25.7 185 4.1 34.7
75m 39.6 11 315 534 34.4
100 m 354 17.8 41 31.2 27
125m 104 45.5 8.5 11.3 3.3
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Figure 16-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Diplotaxodon limnothrissa in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 16-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Diplotaxodon limnothrissa in the SWA.
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Figure 16-5. Length-weight relationship for Diplotaxodon limnothrissa females in the SWA.

(R2 = determination coefficient).
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Figure 16-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Diplotaxodon limnothrissa. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).
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Plate 9. Diplotaxodon macrops (by Dave Voorvelt).
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Figure 17-1. Mean occurrence and abundance in the catches per depth of Diplotaxodon
macrops in the SWA between July 1998 and May 1999.
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Figure 17-2. Size range and frequencies of Diplotaxodon macrops caught in the SWA
between July 1998 and May 1999.
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The length-weight and fecundity-weight relationships are given in Figure 16-5 and 16-
6, respectively. Fecundity ranged from 10 to 30 for females weighing between 22 and 55 g
and was not correlated to body weight. The fecundity range we found corresponded with the
average fecundity of 15 eggs observed by Thompson et a. (1996) for females of 14-18 cm
TL. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 16-7). The mean
oocyte weight was 62.30 mg (x 7.93 SD, N= 21).

Diplotaxodon macrops (Turner & Stauffer) (Plate 9)

1664 females and 2919 males were analysed. D. macrops was caught from 75 to 125
m (Figure 17-1). It was a dominant species in the catches a 75 100 and 125 m, where it
congtituted (in number and weight, respectively) 5.3 and 4%, 11.6 and 10.4% and 10 and
11.8% of the catches, respectively. The mean CPUE per depth category was 39.3 kg in the
deep zone and 24 kg in the very deep zone. There was no record for this speciesin TOmasson
& Banda (1996). Specimens caught ranged between 40 and 135 mm (Figure 17-2). A single
individual measuring 150 mm was caught, which was probably a specimen of the resembling
D. 'offshore' that grows larger (Robinson R. L., pers. com.). The sex ratio observed over the
full sampling period was F/M 0.4/0.6.

Ripe females (Figure 17-3a) and males (Figure 17-3b) were found throughout the year
with a decline between October and December and a peak of activity from February to April.
Most ripe females and males in breeding colour were found at 100 and 125 m (Table 17-1).
All the large aggregations of breeding males (between 100 and 400 specimens) observed in
August 98, January, February, March , April and May 99, were caught at 100 and 125 m,
suggesting that spawning probably occurs at these depths. The mean size at maturity for
females was about 98 mm (Figure 17-4), which corresponded to a mean age at maturity of 20
months,

Table 17-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Diplotaxodon
macrops in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
75 m 11.9 5.1 24.9 115 33.2
100 m 52.1 49.1 47.8 30.4 46.5
125m 36.1 45.8 27.3 58 20.3

The length-weight and fecundity-weight relationships are given in Figure 17-5 and 17-
6, respectively. Fecundity ranged from 10 to 37 for females weighing between 20.6 and 51 g
and was not correlated to body weight. No relation was found between oocyte weight and
body weight. The GSl threshold above which the oocyte weight did no longer increase
significantly was 3% (Figure 17-7). The mean oocyte weight was 56.04 mg ¢ 9.4 SD, N=
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Figure 17-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Diplotaxodon macrops in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 17-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Diplotaxodon macrops in the SWA.
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Figure 17-5. Length-weight relationship for Diplotaxodon macrops femaes in the SWA. (R?
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Figure 17-6. Fecundity-weight relationship for Diplotaxodon macrops femaesin the SWA.
(R2 = determination coefficient).
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Figure 17-7. Relationship between oocyte weight and gonado-somatic index (GSI) for

Diplotaxodon macrops. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 3%. (R? = determination coefficient).
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Figure 18-1. Mean occurrence and abundance in the catches per depth of Pallidochromis
tokolosh in the SWA between July 1998 and May 1999.
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Figure 18-2. Size range and frequencies of Pallidochromis tokolosh caught in the SWA
between July 1998 and May 1999.



Pallidochromis tokolosh (Turner)

210 females and 134 males were analysed. P. tokolosh was common from 75 to 125 m
and was occasionaly caught at 50 m (Figure 18-1). It was more frequent at 125 m, where it
congtituted 1.1 and 1.9% of the catches in number and weight, respectively. The mean CPUE
per depth category was 0.15 kg in the shallows, 3.6 kg in the deep zone and 4.4 kg in the very
deep zone, which matched the values reported by Témasson & Banda (1996) for the shallow
and deep zone but was more than twice as much for the very deep zone (1.8 kg). Specimens
caught ranged between 62 and 213 mm with a mode from 100 to 160 mm (Figure 18-2). The
sex ratio observed over the full sampling period was F/M 0.6/0.4.

P. tokolosh is not an abundant fish and low sample size at some months hampered the
correct determination of breeding season. Next, we never observed any particular breeding
dress for males and therefore the percentage of males in breeding colour was impossible to
assess. From the data available, it seemed that the breeding season would occur between
October and February (Figure 18-3). The depth distribution of ripe females (Table 18-1)
reflected the relative abundance per depth with 67% at 125 m and 30% at 75 m. No particular
indication about spawning depth was drawn from these results. Maturity was reached early in
their second year at 16 months old at a mean size of 135 mm for females (Figure 18-4).

Table 18-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for
Pallidochromis tokolosh in the SWA. Sample size between bracket.

Depth Non ripe femaes Ripe femaes Immature
(70) 27) Specimens
(185)
50m 0 3.7 0
75 m 22.9 29.6 44.3
100 m 10 0 184
125m 67.1 66.7 37.3

The length-weight and fecundity-weight relationships are presented in Figure 18-5 and
18-6, respectively. Fecundity ranged from 13 to 87 for females weighing between 36 and 143
g. No relation was found between oocyte weight and body weight. The largest and heaviest
oocytes of all cichlid species studied were produced by P. tokolosh, the record being 85 mg.
The GSI threshold above which the oocyte weight did no longer increase significantly was not
determined owing to low sample size of high GSI (Figure 18-7). Nevertheless, assuming a 3%
threshold as for the other species of the Diplotaxodon clade, the mean oocyte weight was
70.49 mg (£ 12.53 SD, N= 3).
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Figure 18-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females
Pallidochromis tokolosh in the SWA The values below the x-axis are the effective (number
of females which size was above the size at maturity) for each month.
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Figure 18-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Pallidochromis tokolosh in the SWA.
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Figure 18-5. Length-weight relationship for Pallidochromis tokolosh females in the SWA. (R?
= determination coefficient).
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Figure 18-6. Fecundity-weight relationship for Pallidochromis tokolosh females in the SWA.
(R? = determination coefficient).
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Figure 18-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Pallidochromis tokolosh. Oocytes from females whose GS| was below (in grey) and above

(in black) 3%.



Plate 10. Lethrinops argenteus (by Dave Voorvelt).
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Figure 19-1. Mean occurrence and abundance in the catches per depth of Lethrinops
argenteus in the SWA between July 1998 and May 1999.
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Figure 19-2. Size range and frequencies of Lethrinops argenteus caught in the SWA between
July 1998 and May 1999.



Lethrinops spp.

Lethrinops argenteus (Ahl) (Plate 10)

3176 females and 2424 males were analysed. L. argenteus was caught from 10 to 125
m (Figure 19-1). It was abundant only between 10 and 50 m where it was a dominant species
in the catches, congtituting between 9 and 11% of the catches in number and between 13 and
19% in weight. The mean CPUE per depth category was 127.4 kg in the shalows, 0.15 and
0.3 kg in the deep and very deep zones, respectively. No reference was made to this speciesin
Tomasson & Banda (1996), who probably included this species in the L. longipinnis group.
Specimens caught ranged between 50 and 165 mm (Figure 19-2). The sex ratio observed over
the full sampling period was F/M 0.6/0.4.

Ripe femaes (Figure 19-3a) and males (Figure 19-3b) of L. argenteus were found
throughout the year with steady decline from March to June and in October and peaks of
activity in August 98 and between December and February 99. 70% of males in breeding
colour and 43% of ripe females were caught at 30 m (Table 19-1). Aggregations of breeding
males, although small (between 30 and 80 individuals) compared to those observed for
Diplotaxodon spp., were always found at 30 m suggesting that spawning could occur at this
depth. The mean size a maturity for femaes was about 108 mm (Figure 19-4), which
corresponded to a mean age at maturity of 12 months.

Table 19-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Lethrinops
argenteus in the SWA.

Depth Non ripe Ripe females Maesnotin  Maesinbreeding Immature
females breeding colour colour specimens
10m 174 26.2 31.2 22.6 23.1
30m 35.8 41.1 43.1 70.2 27.3
50m 46.5 32.3 25.5 6.7 49.5
75m 0.1 0 0.2 0.2 0.2
100 m 0 0.4 0 0 0
125m 0.2 0 0.1 0.3 0

The length-weight and fecundity-weight relationships are presented in Figure 19-5 and
19-6, respectively. Fecundity ranged from 43 to 218 for females weighing between 12.5 and
103 g. No relation was found between oocyte weight and body weight. The GSI threshold
above which the oocyte weight did no longer increase significantly was 4% (Figure 19-7).
The mean oocyte weight was 20.09 mg (x 4.17 SD, N= 28).
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(number of male or females which size was above the size at maturity) for each month.
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Figure 19-4. Percentage of mature females (stage 3 and above) per size class (standard length)

for Lethrinops argenteus in the SWA.
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Figure 19-5. Length-weight relationship for Lethrinops argenteus females in the SWA. (R? =
determination coefficient).
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Figure 19-6. Fecundity-weight relationship for Lethrinops argenteus females in the SWA. (R?
= determination coefficient).
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Figure 19-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops argenteus Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 4%. (R? = determination coefficient).



Plate 11. Lethrinops 'deep water albus' (by Dave Voorvelt).
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Figure 20-1. Mean occurrence and abundance in the catches per depth of Lethrinops 'deep
water albus' in the SWA between July 1998 and May 1999.
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Figure 20-2. Size range and frequencies of Lethrinops 'deep water albus caught in the SWA
between July 1998 and May 1999.
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Lethrinops 'deep water albus (Plate 11)

303 females and 171 males were analysed. L. 'deep water albus was caught from 75 to
125 m, though rarely at 100 m (Figure 20-1). It was not an abundant fish, always constituting
less than 1% of the catches and often completely absent from the sampled part of the SWA.
The 3.3 and 3.7% of the catches respectively in weight and number, observed at 75 m were
due to an exceptional catch in November 98, during which L. 'deep water albus made up to
31 and 33% of the catch in weight and number. However, L. 'deep water albus was very
abundant off Domira Bay and off Leopard Bay, being the dominant species in catches of 400
to 600 kg between 75 and 125 m. This species seemed to be dominant in the deep water
catches when Lethrinops gossel was absent or rare. L. 'deep water albus was often very
abundant in the catches in these areas when we were targeting for L. gossel, and one or the
other was dominant but never both of them at the same time. As a matter of fact, during the
exceptional catch of L. 'deep water albus a 75 m in the SWA in November 98, only 38
specimens of L. gossei were caught. As L. gossel was a consistently dominant species in the
deep zone of the SWA (see further), it might explain why L. 'deep water albus was rare.
Specimens caught ranged between 40 and 160 mm (Figure 20-2). The sex ratio observed over
the full sampling period was F/M 0.6/0.4.

Owing to irregularity in the catches of this species and low sample size for most of the
months, precise determination of breeding season was not possible and. Ripe females were
found from June to August 98 and in November and January 98 (Figure 20-3a) whereas males
in breeding colour were found at each sampling date, including in May (Figure 20-3b). Size at
maturity was estimated at about 82 mm for females and was probably dightly overestimated
as this estimation was not done during the height of the breeding season but with all the data
available for females (Figure 20-4).

The length-weight and fecundity-weight relationships are presented in Figure 20-5 and
20-6, respectively. Fecundity ranged from 65 to 151 for females weighing between 19 and 42
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was not determine precisely
owing to low sample size, but was estimated at 4% (Figure 20-7). The mean oocyte weight
was 10.27 mg (+ 0.89 SD, N= 3).
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Figure 20-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops 'deep water albus' in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 20-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops 'deep water albus' in the SWA.
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Figure 20-5. Length-weight relationship for Lethrinops 'deep water albus females in the
SWA. (R2 = determination coefficient).
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Figure 20-6. Fecundity-weight relationship for Lethrinops 'deep water albus females in the
SWA.. (R2 = determination coefficient).
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Figure 20-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops 'deep water albus Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 4%. (R? = determination coefficient).



Plate 12. Lethrinops 'deep water altus (by Dave Voorvelt).
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Figure 21-1. Mean occurrence and abundance in the catches per depth of Lethrinops 'deep
water altus in the SWA between July 1998 and May 1999.
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Figure 21-2. Size range and frequencies of Lethrinops 'deep water altus caught in the SWA
between July 1998 and May 1999.



Lethrinops 'deep water altus (Plate 12)

625 females and 885 males were analysed. L. 'deep water altus was an abundant
species of the deep and very deep zones, increasing in occurrence and biomass with depth
from 75 to 125 m to reach 5.3 and 11.5% of the catches in weight and number, respectively
(Figure 21-1). The mean CPUE per depth category was 8.6 and 3.3 kg in the deep and very
deep zones, respectively. No reference was made to this species in TOmasson & Banda
(1996). Specimens caught ranged between 35 and 130 mm with a mode from 60 to 100 mm
(Figure 21-2). The sex ratio observed over the full sampling period was F/M 0.4/0.6.

Breeding season occurred between December and August-September with a peak of
activity from February to June and a cessation in October-November confirmed by the lower
percentage of active males during this period (Figure 21-3a and b). Ripe females and
immature individuals were evenly distributed between 75 and 125 m, whereas about 60% of
the males in breeding colour were caught at 125 m, suggesting that spawning could occur
mostly at this depth (Table 21-1). The mean size at maturity for females was about 60 mm
(Figure 21-4), which corresponded to a mean age at maturity of 11 months.

Table 21-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Lethrinops
'deep water altus in the SWA.

Depth Non ripe Ripe femaes Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
75m 14.2 29.5 12.6 115 23.5
100 m 46.2 34.7 37.1 31.3 37.3
125m 39.7 35.8 50.3 57.2 39.2

The length-weight and fecundity-weight relationships are presented in Figure 21-5 and
21-6, respectively. Fecundity ranged from 10 to 84 for females weighing between 5 and 19 g
and was not correlated with body weight. No relation was found between oocyte weight and
body weight. The GSI threshold above which the oocyte weight did no longer increase
significantly was 3% (Figure 21-7). The mean oocyte weight was 8.08 mg & 2.32 SD, N=

34).
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Figure 21-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops 'deep water altus in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 21-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops 'deep water altus' in the SWA.
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Figure 21-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops 'deep water altus Oocytes from femaes whose GSI was below (in grey) and
above (in black with regression) 4%. (R? = determination coefficient).



Plate 13. Lethrinops gossei (by Dave Voorvelt).

Overall mean catches (%)
0 10 20 30

50 OWeight
i B Number

™ —
10—

125f

Figure 22-1. Mean occurrence and abundance in the catches per depth of Lethrinops gossel in
the SWA between July 1998 and May 1999.
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Figure 22-2. Size range and frequencies of Lethrinops gossel caught in the SWA between July
1998 and May 1999.



Lethrinops gossel (Burgess & Axelrod) (Plate 13)

3513 females and 3425 males were analysed. L. gossei was caught from 50 to 125 m,
becoming very abundant form 75 m downwards (Figure 22-1). It was a dominant species of
the deep and very deep zones, where it constituted between 13 and 16% of the catches in
number and between 18 and 25% in weight. The mean CPUE per depth category was 0.3, 108
and 51.6 kg for the shallow, deep and very deep zones, respectively. Except for the very deep
zone, this was very different from the values reported in Témasson & Banda (1996), who
caught much more L. gossei per time unit in the shallows (21.6 kg) and about two times less
in the deep zone (61.9 kg). Specimens caught ranged between 35 and 170 mm with a mode
from 95 to 135 mm (Figure 22-2). The sex ratio observed over the full sampling period was
F/M 0.5/0.5.

Breeding season occurred between November and August with a peak of activity from
January to March-April and a stop in September-October (Figure 22-3a). It was one of the
rare species for which the profile of the percentage of ripe males followed exactly the female's
one (Figure 22-3b). The breeding season we observed corresponded relatively well to that
found by Lewis & Tweddle (1990), who reported a decline in October-November and a peak
in March for the period 1983-85. Ripe females and males were evenly distributed between 75
and 125 m (Table 22-1), as were the aggregations of males in breeding colour (between 100
and 200 specimens), suggesting that spawning probably takes place at all three depths. The
mean size at maturity for females was about 92 mm (Figure 22-4), which is much less than
the 147 mm TL estimated by Lewis & Tweddle (1990). This corresponded to a mean age at
maturity of 11 months,

Table 22-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Lethrinops
gossel in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
50m 0 0 0.1 0.1 0.2
75m 335 42.1 28 27.8 44
100 m 26.9 36.8 39.3 37.8 36.4
125m 39.6 21.1 32.6 34.3 194

The length-weight and fecundity-weight relationships are presented in Figure 22-5 and
22-6, respectively. Fecundity ranged from 23 to 234 for females weighing between 10 and
109 g. No relation was found between oocyte weight and body weight. The GSI threshold
above which the oocyte weight did no longer increase significantly was 4% (Figure 22-7).
The mean oocyte weight was 21.34 mg (* 4.34 SD, N= 190). A GSl of 12.4% was recorded
for a L. gossei female (Figure 22-7), which was the highest GSI calculated on any cichlid
species during the course of this study.
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Figure 22-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops gossei in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 22-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops gossei in the SWA.
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Figure 22-5. Length-weight relationship for Lethrinops gossel females in the SWA. (R? =
determination coefficient).
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Figure 22-6. Fecundity-weight relationship for Lethrinops gossei females in the SWA. (R2 =
determination coefficient).
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Figure 22-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops gossai. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 4%. (R? = determination coefficient).
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Figure 23-1. Mean occurrence and abundance in the catches per depth of Lethrinops
longimanus in the SWA between July 1998 and May 1999.
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Figure 23-2. Size range and frequencies of Lethrinops longimanus caught in the SWA
between July 1998 and May 1999.
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Lethrinops longimanus (Trewavas)

210 females and 154 males were analysed. L. longimanus was caught from 30 to 125
m (Figure 23-1). It was a relatively rare fish averaging less than 1% of the catches at all
depths except at 50 m where it made up to 1.6 and 1.7% in number and weight, respectively.
The mean CPUE per depth category 11.7, 2 and 0.15 kg for the shallow, deep and very deep
zones, respectively, were much lower than those reported by Témasson & Banda (1996)
(18.9, 23.1 and 3.7 kg, respectively). Specimens caught ranged between 56 and 147 mm with
a mode from 100 to 120 mm (Figure 23-2). The sex ratio observed over the full sampling
period was F/M 0.6/0.4.

Owing to low sample size at some months and bw number of ripe females caught,
determination of precise breeding season was impossible. What can be said from the few data
available is that breeding probably did not take place during the period from November to
February when sample size were correct (Figure 23-3a). The only significant proportion of
ripe females was found in August 98, and taking into account the data for males (Figure 23-
3b), it might be hypothesised that breeding season occur from May-June to August-
September. All the ripe females and 70% of the ripe males were found at 50m, suggesting that
spawning might occur at this depth. However, most specimens of L. longimanus were caught
at 50 m and this trend might reflect nothing more than the depth of occurrence. The mean size
at maturity for females was about 107 mm, which was probably overestimated given that this
estimation was done with all the data available for females, including females caught outside
the breeding season (Figure 23-4). This corresponded to a mean age at maturity of 18 months,
hence also probably overestimated.

Owing to the very narrow size range of females measured, it was impossible to assess
the length-weight relationship. The fecundity-weight relationship is presented in Figure 23-5.
Fecundity ranged from 57 to 99 for females weighing between 35 and 47 g. No relation was
found between oocyte weight and body weight. The GSI threshold above which the oocyte
weight did no longer increase significantly was estimated at about 4% (Figure 23-6). The
mean oocyte weight was 14.88 mg (x 1.97 SD, N=4).
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Figure 23-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops longimanus in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 23-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops longimanus in the SWA.
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Figure 23-5. Fecundity-weight relationship for Lethrinops longimanus females in the SWA.
(R? = determination coefficient).
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Figure 23-6. Relationship between oocyte weight and gonado-somatic index (GSl) for
Lethrinops longimanus. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 4%. (R2 = determination coefficient).
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L ethrinops macrochir (Regan)

L. macrochir is a rare species caught only at 10 m. It was usually absent from the
catches, except for November to February and once in August. 42 females and 89 males were
analysed, giving a sex ratio of F/M 0.3/0.7. Specimens caught ranged from 59 to 150 mm
(Figure 24-1).
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Figure 24-1. Size range and frequencies of Lethrinops macrochir caught in the SWA between
July 1998 and May 1999.

Among the rare species, L. macrochir was one for which we caught some ripe females,
allowing an estimation of the fecundity-weight relationship (Figure 24-2) and oocyte weight
(for females whose GSI was above 4%, which is the maximum encountered for the genus):
11.87 mg (+ 0.97 SD, N=2).
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Figure 24-2. Fecundity-weight relationship for Lethrinops macrochir femalesin the SWA. (R2
= determination coefficient).
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Plate 14. Lethrinops 'oliveri' (by Dave Voorvelt).
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Figure 25-1. Mean occurrence and abundance in the catches per depth of Lethrinops 'oliveri’
in the SWA between July 1998 and May 1999.
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Figure 25-2. Size range and frequencies of Lethrinops 'oliveri' caught in the SWA between
July 1998 and May 1999.
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Lethrinops'oliveri' (Plate 14)

875 females and 1017 males were analysed. L. 'oliveri’ was caught between 75 and
125 m, with a decreasing occurrence and biomass with depth (Figure 25-1). It was a dominant
species of the deep and very deep zones, constituting between 3 and 10% of the catches in
number and between 8 and 22% in weight. The mean CPUE per depth category, 39.8 and 5.4
kg for the deep and very deep zones, respectively, matched the value reported by Tomasson &
Banda (1996) for the deep zone (36.7 kg), but was about three times less for the very deep
zone (16.7 kg). The depth distribution observed in our study was more restricted than that of
Tomasson & Banda (1996), who reported L. 'oliveri' from 20 to 150 m. Specimens caught
ranged between 33 and 98 mm (Figure 25-2). The sex ratio observed over the full sampling
period was F/M 0.5/0.5.

Breeding occurred throughout the year with a trough from October to December and a
peak of activity from February to April (Figure 25-3a). As for L. gossei, the profile of the
percentage of ripe males followed exactly the female's one (Figure 25-3b). Ripe females and
males were most abundant at 75 m, suggesting that spawning could occur mainly at this depth
(Table 25-1). The mean size at maturity for females was about 60 mm (Figure 25-4), which
corresponded to a mean age at maturity of 11 months.

Table 25-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Lethrinops
‘oliveri' in the SWA.

Depth Non ripe Ripe femaes Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
75m 45.3 46.5 37.2 67.7 43.5
100 m 38.3 31.6 38.1 27.3 36.6
125m 16.3 21.9 24.7 51 199

The length-weight and fecundity-weight relationships are presented in Figure 25-5 and
25-6, respectively. Fecundity ranged from 19 to 81 for females weighing between 4 and 16 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 25-7). The mean
oocyte weight was 7.21 mg (£ 1.61 SD, N= 45).
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Figure 25-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops 'oliveri' in the SWA The vaues below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 25-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops 'oliveri' in the SWA.
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Figure 25-5. Length-weight relationship for Lethrinops 'oliveri’ females in the SWA. (R? =
determination coefficient).
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Figure 25-6. Fecundity-weight relationship for Lethrinops 'oliveri' femalesin the SWA. (R2 =
determination coefficient).
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Figure 25-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops 'oliveri'. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 3%. (R? = determination coefficient).
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Figure 26-1. Mean occurrence and abundance in the catches per depth of Lethrinops polli in
the SWA between July 1998 and May 1999.
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Figure 26-2. Size range and frequencies of Lethrinops polli caught in the SWA between July
1998 and May 1999.
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Lethrinops polli (Burgess & Axerod)

229 females and 198 males were analysed. L. polli was caught between 75 and 125 m,
with a decreasing occurrence and biomass with depth (Figure 26-1). It was caught regularly in
the deep and very deep zones, constituting between 0.1 and 3% of the catches in weight and
between 0.3 and 5.6% in number. The mean CPUE per depth category, 12.3 and 0.3 kg for the
deep and very deep zones, respectively, was about four times as much as the value reported
by Témasson & Banda (1996) for the deep zone (3 kg), and about seven times less for the
very deep zone (2.2 kg). As for L. 'oliveri’, the depth distribution observed in our study was
more restricted than that of Témasson & Banda (1996), who reported L. polli from 10 to 140
m. Specimens caught ranged between 30 and 120 mm (Figure 26-2). The sex ratio observed
over the full sampling period was F/M 0.5/0.5.

Breeding season occurred from May to August-September, with an isolated activity in
December, in the middle of the resting period (Figure 26-3a). Asfor L. gossei and L. 'oliveri’,
the profile of the percentage of ripe males followed exactly the female's one (Figure 26-3Db).
Ripe females and males were clearly most abundant at 75 m, suggesting that spawning could
occur mainly at this depth (Table 26-1). The mean size at maturity for females was about 65
mm (Figure 26-4), which corresponded to a mean age at maturity of 10 months.

Table 26-1. Percentage of ripe females (stages 4 and 5), maes in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Lethrinops
polli in the SWA.

Depth Non ripe Ripe femaes Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
75m 68.9 76.3 50.4 85.5 83.3
100 m 28.9 21.1 41.1 10.1 5.6
125m 2.1 2.6 8.5 4.3 11.1

The length-weight and fecundity-weight relationships are presented in Figure 26-5 and
26-6, respectively. Fecundity ranged from 11 to 89 for females weighing between 9 and 35 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 26-7). The mean
oocyte weight was 12.26 mg (+ 2.16 SD, N= 18).
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Figure 26-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Lethrinops polli in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 26-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Lethrinops polli in the SWA.
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Figure 26-5. Length-weight relationship for Lethrinops polli femalesin the SWA. (R? =
determination coefficient).
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Figure 26-6. Fecundity-weight relationship for Lethrinops polli femalesin the SWA. (R2 =
determination coefficient).
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Figure 26-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Lethrinops polli. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 3%. (R? = determination coefficient).
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Plate 15. Mylochromis anaphyrmus (by Dave Voorvelt).
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Figure 27-1. Mean occurrence and abundance in the catches per depth of Mylochromis
anaphyrmusin the SWA between July 1998 and May 1999.
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Figure 27-2. Size range and frequencies of Mylochromis anaphyrmus caught in the SWA
between July 1998 and May 1999.
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Mylochromis spp.

Mylochromis anaphyrmus (Burgess & Axelrod) (Plate 15)

1375 females and 1058 males were analysed. M. anaphyrmus was caught from 10 to
75 m, but mostly abundant at 10 and 30 m (Figure 27-1). Actually, a single specimen was
caught at 75 m. It was a very common species in the shallow zone, constituting between 4 and
7% of the catches in weight and between 2 and 6% in number. The mean CPUE per depth
category, 23.3 kg for the shalows, was more than twice as much as the value found by
Tomasson & Banda (1996) (9.8 kg). The depth distribution they reported was very similar to
the one we observed. Specimens caught ranged between 40 and 164 mm (Figure 27-2). The
sex ratio observed over the full sampling period was F/M 0.6/0.4.

The breeding season was from January to October, with a peak between March and
June, a steady decline in November, and ceasing in December (Figure 27-3a), even though
occurrence of males in breeding colour was more eratic (Figure 27-3b). Ripe males and
immature individuals were evenly distributed between 10 and 30 m (Table 27-1). However, as
more than three quarters of the ripe females were found at 30 m, spawning probably occurs at
30 m. Maturity was reached early in their second year at 17 months old, at a mean size of 105
mm for females (Figure 27-4), which was less than the 160 mm TL (about 130 mm SL) and 3
years old reported by Tweddle & Turner (1977).

Table 27-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size at maturity) per depth for Mylochromis
anaphyrmus in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature

females breeding colour colour specimens
10m 25.8 11.4 35.6 48.9 394
30m 64.2 76.2 60.9 46.7 56.6
50 m 10 12.4 35 44 4.1

The length-weight and fecundity-weight relationships are presented in Figure 27-5 and
27-6, respectively. Fecundity ranged from 58 to 236 for females weighing between 21 and 98
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 27-7). The mean
oocyte weight was 11.13 mg (+ 1.93 SD, N= 21).
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Figure 27-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Mylochromis anaphyrmus in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 27-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Mylochromis anaphyrmus in the SWA.
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Figure 27-5. Length-weight relationship for Mylochromis anaphyrmus females in the SWA.
(R2 = determination coefficient).
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Figure 27-6. Fecundity-weight relationship for Mylochromis anaphyrmus females in the
SWA. (R2 = determination coefficient).
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Figure 27-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Mylochromis anaphyrmus. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).
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Plate 16. Nyassachromis 'argyrosoma’ (by Dave Voorvelt).
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Figure 28-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Nyassachromis 'argyrosoma’ in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Nyassachromis spp.

Nyassachromis'argyrosoma’ (Plate 16)

1440 females and 1563 males were analysed. N. 'argyrosoma’ is a small species caught
from 10 to 50 m, but was most abundant at 10 and 30 m (Figure 28-1).

Overall mean catches (%)
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Figure 28-1. Mean occurrence and abundance in the catches per depth of Nyassachromis
‘argyrosoma’ in the SWA between July 1998 and May 1999.
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With Aulonocara 'blue orange and Copadichromis virginalis N. ‘argyrosoma’ was a
numerically dominant species in the shallow zone, constituting about 23% of the catches in
weight, and 41 and 43% in number at 10 and 30 m, respectively. The mean CPUE per depth
category was 91.8 kg for the shallows. No reference to this species (under this name at least)
was made in Témasson & Banda (1996). Specimens caught ranged between 38 and 97 mm
(Figure 28-2).
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Figure 28-2. Size range and frequencies of Nyassachromis 'argyrosoma’ caught in the SWA
between July 1998 and May 1999.

The sex ratio observed over the full sampling period was F/M 0.5/0.5.
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Figure 28-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Nyassachromis 'argyrosoma’ in the SWA.
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Figure 28-5. Length-weight relationship for Nyassachromis "argyrosoma’ females in the
SWA.. (R? = determination coefficient).
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Figure 28-6. Fecundity-weight relationship for Nyassachromis 'argyrosoma’ femaesin the
SWA.. (R2 = determination coefficient).
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Figure 28-7. Relationship between oocyte weight and body weight for Nyassachromis
‘argyrosoma’ females in the SWA. (R? = determination coefficient).
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Figure 28-8. Relationship between oocyte weight and gonado-somatic index (GSI) for
Nyassachromis 'argyrosoma’. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3.2%. (R? = determination coefficient).
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Ripe females (Figure 28-33a) and males (Figure 28-3b) were found at all the sampled
months, with peaks in December and March and decreased activity in November and
February. Owing to inconsistencies in species identification during the first three months of
sampling, data were removed from analyses. However, it is likely that breading occurred all
year long. Three quarters of the ripe females and more than haf the ripe males were found at
10 m, the rest were at 30 m (Table 28-1), suggesting that spawning probably occurs between
10 and 30 m and mostly at 10 m. As most immature individuals were caught at 30 and 50 m,
it appears that after being released, juveniles migrate into deeper waters. The mean size at
maturity was about 57 mm for females (Figure 28-4), which corresponded to a mean age at
maturity of 10 months. The upper part of the sgmoid curve does reach 100% after various
steps, which is unexpected for an abundant species. Even though we had to take into account
data from months outside the peaks of breeding activity to increase the sample size in each
Size class, an alternative explanation can not be excluded for this species. The taxonomy of
the Nyassachromis spp. complex is one of the most difficult and despite the particular
attention given to this species on board, specimen of an other larger species might have been
included, which would explain the significant occurrence of immature specimens above the
mean Size at maturity.

Table 28-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size a maturity) per depth for
Nyassachromis ‘argyrosoma’ in the SWA.

Depth Non ripe Ripe females Malesnotin  Malesin breeding Immature
females breeding colour colour specimens
10m 48.9 74.1 47.3 57.6 16.5
30m 51.1 25.9 45.8 30 31.7
50m 0 0 6.9 124 51.8

The length-weight and fecundity-weight relationships are presented in Figure 28-5 and
28-6, respectively. Fecundity ranged from 16 to 56 for females weighing between 3 and 13 g.
A positive correlation was found between oocyte weight and body weight (Figure 28-7). This
is the only species for which a relationship between oocyte weight and body weight was
found and it might be due to identification inaccuracies. The GSl threshold above which the
oocyte weight did no longer increase significantly was 3.2% (Figure 28-8). The mean oocyte
weight was 7.66 mg (+ 2.36 SD, N= 16). The standard deviation was very high for such alow
mean oocyte weight, which was probably due to the fact that oocyte weight was correlated
with body weight.
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Figure 29-1. Size range and frequencies of Otopharynx 'productus caught in the SWA
between July 1998 and May 1999.
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Figure 29-2. Length-weight relationship for Otopharynx 'productus females in the SWA. (R?
= determination coefficient).
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Figure 29-3. Fecundity-weight relationship for Otopharynx 'productus females in the SWA.
(R? = determination coefficient).
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Figure 30-1. Size range and frequencies of Otopharynx speciosus caught in the SWA between
July 1998 and May 1999.
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Figure 30-2. Length-weight relationship for Otopharynx speciosus females in the SWA. (R? =
determination coefficient).
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Figure 30-3. Fecundity-weight relationship for Otopharynx speciosus females in the SWA.
(R2 = determination coefficient).
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Otopharynx spp.

Otopharynx 'productus

O. 'productus is a rare species encountered at 10 and 30 m. 27 females and 20 males
were analysed, giving a sex ratio of F/M 0.6/0.4. Specimens caught ranged between 75 and
134 mm (Figure 29-1). Among the rare species, O. 'productus was one for which we caught
some ripe females, allowing an estimation of the length-weight (Figure 29-2) and fecundity-
weight relationships (Figure 29-3). Fecundity ranged between 22 and 61 for females weighing
between 9 and 22 g. The mean oocyte weight was impossible to assess from the few data
available, but the largest oocytes weighed averaged 14.2 mg for a GS| of 2.8%.

Otopharynx speciosus (Trewavas)

Like O. 'productus, O. speciosus is not an abundant species and was essentially caught
between 30 and 75 m. 61 females and 38 males were analysed, giving a sex ratio of F/M
0.6/0.4. Specimens caught ranged between 55 and 260 mm (Figure 30-1). Among the rare
species, O. 'productus was also one for which we caught some ripe females, allowing an
estimation of the length-weight (Figure 30-2) and fecundity-weight relationships (Figure 30-
3). Fecundity ranged between 51 and 322 for females weighing between 85 and 337 g. The
mean oocyte weight was impossible to assess from the few data available, but the largest
oocytes weighed averaged 25 mg for a GSI of 2.9%.
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Placidochromis spp.

Placidochromis'long'

111 females and 180 males were analysed. P. 'long' is a small species caught from 10
to 50 m, with an increasing occurrence and biomass with depth (Figure 31-1).

Overall mean catches (%)
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Figure 31-1. Mean occurrence and abundance in the catches per depth of Placidochromis
'long' in the SWA between July 1998 and May 1999.

It was most common at 50 m, where it constituted 1.6 and 4.3% of the catches in weight and
number, respectively. The mean CPUE per depth category was 3.2 kg for the shallows. No
reference to this species (under this name at least) was made in TOmasson & Banda (1996).
Specimens caught ranged between 47 and 77 mm (Figure 31-2). The sex ratio observed over
the full sampling period was F/M 0.4/0.6.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season and size at maturity was not possible. Ripe females (Figure
31-3a) and males (Figure 31-3b) were found only in October and in April-May and breeding
season might occur from April-May to October.

The length-weight and fecundity-weight relationships are presented in Figure 31-4 and
31-5, respectively. Fecundity ranged from 17 to 38 for females weighing between 4.7 and 6.7
g. No relationship was found between oocyte weight and body weight. The GSI threshold
above which the oocyte weight no longer increased significantly was estimated at 2% (Figure
31-6). The mean oocyte weight was 4.36 mg (x 1.30 SD, N= 10).
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Figure 31-2. Size range and frequencies of Placidochromis'long' caught in the SWA between
July 1998 and May 1999.
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Figure 31-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Placidochromis 'long' in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 31-4. Length-weight relationship for Placidochromis'long' femaesin the SWA. (R? =

determination coefficient).
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Figure 31-5. Fecundity-weight relationship for Placidochromis‘long’ females in the SWA.
(R2 = determination coefficient).
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Figure 31-6. Relationship between oocyte weight and gonado-somatic index (GSI) for
Placidochromis 'long'. Oocytes from females whose GSI was below (in grey) and above
(in black with regression) 3.2%. (R? = determination coefficient).
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Figure 32-1. Mean occurrence and abundance in the catches per depth of Placidochromis
‘platyrhynchos’ in the SWA between July 1998 and May 1999.
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Figure 32-2. Size range and frequencies of Placidochromis 'platyrhynchos caught in the
SWA between July 1998 and May 1999.
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Placidochromis'platyrhynchos

263 femaes and 225 males were anaysed. P. 'platyrhynchos is a relatively small
species caught from 75 to 125 m, with an increasing occurrence and biomass with depth
(Figure 32-1). It was a very common species at 125 m, where it constituted 3.5 and 4.7% of
the catches in weight and number, respectively. The mean CPUE per depth category was 1.7
kg for the deep zone and 6.2 kg for the very deep zone, which matched with the value
reported by Témasson & Banda (1996) for the deep zone (1.4 kg) and was more than twice as
much for the very deep zone (2.8 kg). Specimens caught ranged between 46 and 115 mm
(Figure 32-2). The sex ratio observed over the full sampling period was F/M 0.5/0.5.

Ripe females were found from July to August and from December to May (Figure 32-
3a). Considering the very low sample size for June, it can be estimated than breeding season
occurred from December to October, with a peak from January to May and a cessation in
November. This pattern was confirmed by males data, excluding the months with very low
sample size such as August and November (Figure 32-3b). Nearly all the ripe females and
males and the immature individuals were caught at 125 m, suggesting that spawning could
take place at this depth (Table 32-1). The mean size at maturity was about 80 mm (Figure 32-
4), which was probably overestimated given that this estimation was with all the data
available to increase the sample size, including data outside the breeding season. This
corresponded to a mean age at maturity of 12 months.

Table 32-1. Percentage of ripe females (stages 4 and 5), males in breeding colour and
immature individuals (whose size is below the size a maturity) per depth for
Placidochromis "platyrhynchos' in the SWA.

Depth Non ripe Ripe females Maesnotin  Malesin breeding Immature
females breeding colour colour specimens

75m 0 0 12 0 0

100 m 234 75 28.2 14 16.7

125 m 76.6 925 70.6 98.6 83.3

The length-weight and fecundity-weight relationships are presented in Figure 32-5 and
32-6, respectively. Fecundity ranged from 23 to 93 for females weighing between 9 and 31 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3.5% (Figure 32-7). The
mean oocyte weight was 13.83 mg (= 1.88 SD, N= 24).
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Figure 32-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (@) and
males (b) Placidochromis 'platyrhynchos in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 32-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Placidochromis 'platyrhynchos' in the SWA.
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Figure 32-5. Length-weight relationship for Placidochromis 'platyrhynchos femaesin the
SWA. (R2 = determination coefficient).
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Figure 32-6. Fecundity-weight relationship for Placidochromis 'platyrhynchos females in the
SWA. (R? = determination coefficient).
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Figure 32-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Placidochromis 'platyrhynchos. Oocytes from females whose GS| was below (in grey) and
above (in black with regression) 3.5%. (R? = determination coefficient).
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Figure 33-1. Mean occurrence and abundance in the catches per depth of Pseudotropheus
livingstonii in the SWA between July 1998 and May 1999.
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Figure 33-2. Size range and frequencies of Pseudotropheus livingstonii caught in the SWA
between July 1998 and May 1999.
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Pseudotr opheus spp.

Pseudotropheus livingstonii (Boulenger)

68 females and 124 males were analysed. Ps. livingstonii is a small species principally
caught at 10 and sometimes at 30 m (Figure 33-1). It constituted 1.4 and 4% of the catchesin
weight and number, respectively. The mean CPUE per depth category was 1.8 kg for the
shallow zone, which was about five times less than the value reported by Tomasson & Banda
(1996) (9.8 kg). Specimens caught ranged between 37 and 63 mm (Figure 33-2). The sex ratio
observed over the full sampling period was F/M 0.4/0.6.

AsPs. Livingstonii was sometimes relatively abundant and sometimes absent from the
catches for a few months, precise determination of the breeding season was impossible. Each
time it was present in the catches (October, November, March, April, May), ripe females were
found (Figure 33-3a), which was not always the case for males in breeding colour (Figure 33-
3b). Maturity was reached at about 37 mm for females (Figure 33-4).

The length-weight and fecundity-weight relationships are presented in Figure 33-5 and
33-6, respectively. Fecundity ranged from 15 to 33 for females weighing between 3 and 5 g.
No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was estimated at about 2%
(Figure 33-7). The mean oocyte weight was 5.45 mg (£ 0.59 SD, N=7).

136



% maturefemales
)

& 8
1 1

0 T T T T T T T 1
0] [e6] [o6] (o)) D [e)] D (o))
B > 5
§ 2 & &% & & & &
a 11 4 20 9 24
5 o
g 2]
S 70
S 60
8 s0-
S 40
% 20 4
o< 20'
€ 10
o\o 0 & T & T & T T - T T T - 1
2 8 % 8 8 8 8 8
8 > % 5
O 2 g 5 i s < §
b 2 7 1 1 2 17 54

Figure 33-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Pseudotropheus livingstonii in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 33-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Pseudotropheus livingstonii in the SWA.

137



5 T °
3 —
& 39 ' :
()
= 5,
1 y = 7TE-05¢%07
R® = 04355
O T T T T T T T 1
45 46 47 M8 49 5 51 52 53

Length (mm)

Figure 33-5. Length-weight relationship for Pseudotropheus livingstonii females in the SWA.
(R2 = determination coefficient).
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Figure 33-6. Fecundity-weight relationship for Pseudotropheus livingstonii femalesin the
SWA. (R2 = determination coefficient).
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Figure 33-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Pseudotropheus livingstonii. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 2%. (R? = determination coefficient).
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Figure 34-3. Length-weight relationship for Sciaenochromis ahli females in the SWA. (R? =
determination coefficient).
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Figure 34-4. Fecundity-weight relationship for Sciaenochromis ahli femalesin the SWA. (R?
= determination coefficient).
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Figure 34-5. Relationship between oocyte weight and gonado-somatic index (GSI) for
Sciaenochromis ahli. Oocytes from females whose GSI was below (in grey) and above (in
black with regression) 3.5%. (R? = determination coefficient).
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Sciaenochromis spp.

Sciaenochromis ahli (Trewavas)

38 females and 37 males were anadlysed. S ahli is a relatively small species
encountered at every depth from 10 to 125 m but never numerous in any of them. The mean
CPUE per depth category was 0.9, 0.8 and 0.3 kg for the shallow, deep and very deep zones,
respectively. No reference to this species (under this name at least) was made in Témasson &
Banda (1996). Specimens caught ranged between 62 and 124 mm (Figure 34-1).

30 -
25 1
20 -
15
10 ~
5
0

Frequency %

62 67 72 77 8 8 92 97 102 107 112 117 12
Standard length (mm)

Figure 34-1. Size range and frequencies of Sciaenochromis ahli caught in the SWA between
July 1998 and May 1999.

The sex ratio observed over the full sampling period was F/M 0.5/0.5.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season and size at maturity was not possible. Ripe females were
found at each sampling date except when sample size were amost null (March and April)
(Figure 34-2). Only three males in breeding colour were found, in November and May, all at
75 m. Breeding season could then occur at least from October to May.
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Figure 34-2. Seasona progression of the percentage of ripe (stages 4 and 5) females
Sciaenochromis ahli in the SWA The values below the x-axis are the sample size for each
month.
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Figure 35-1. Mean occurrence and abundance in the catches per depth of Sciaenochromis
benthicola in the SWA between July 1998 and May 1999.
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Figure 35-2. Size range and frequencies of Sciaenochromis benthicola caught in the SWA
between July 1998 and May 1999.
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The length-weight and fecundity-weight relationships are presented in Figure 34-3 and
34-4, respectively. Fecundity ranged from 35 to 90 for females weighing between 19 and 31
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was impossible to assess because
of low sample size. However, despite the fact that oocyte weight apparently still increased
with GSI above 3.5% (Figure 34-5), the mean oocyte weight was estimated from the three
females whose GSI was above 3.5%, and was 19.11 mg (+ 1.25 SD, N= 3).

Sciaenochromis benthicola (K onings)

188 females and 182 males were analysed. S. benthicola was encountered at every
depth from 10 to 125 m but was more frequent at 50 and 75 m, where it congtituted 1 to 1.3%
of the catches in weight and 0.4 to 1.4% in number, respectively (Figure 35-1). The mean
CPUE per depth category was 5.6, 2.4 kg and almost nothing for the shallow, deep and very
deep zones, respectively. No reference to this species (under this name at least) was made in
Tdmasson & Banda (1996). Specimens caught ranged between 48 and 168 mm (Figure 35-2).
The sex ratio observed over the full sampling period was F/M 0.5/0.5.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. Ripe females were found in June, August
and from November to February, with peaks in August and December (Figure 35-3a). Data
for males gave approximately the same pattern except for the period from June to August,
when no ripe maes were found (Figure 35-3b). 100% of the ripe females and 91% of the
males in breeding colour were found at 50 and 75 m, suggesting that spawning could occur at
these depths. The mean size at maturity was about 100 mm for females (Figure 35-4). Size at
maturity has to be determined at the height of the breeding season to be accurate, but owing to
the low sample size we had to consider every data available. As a consequence, females
caught outside the peak of breeding season were included in the analyses, even large resting
females, which explains the shape of the upper part of the curve.

The length-weight and fecundity-weight relationships are presented in Figure 35-5 and
35-6, respectively. Fecundity ranged from 32 to 99 for females weighing between 26 and 69
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight no longer increased significantly was 3% (Figure 35-7). The mean
oocyte weight was 27.31 mg (x 4.12 SD, N= 13).
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Figure 35-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Sciaenochromis benthicola in the SWA The vaues below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 35-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Sciaenochromis benthicola in the SWA.
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Figure 35-5. Length-weight relationship for Sciaenochromis benthicola females in the SWA.
(R2 = determination coefficient).
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Figure 35-6. Fecundity-weight relationship for Sciaenochromis benthicola females in the
SWA. (R? = determination coefficient).
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Figure 35-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Sciaenochromis benthicola. Oocytes from femaes whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).
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Sigmatochromis spp.

Stigmatochromis 'guttatus

62 females and 22 males were analysed. S 'guttatus was encountered at every depth
from 10 to 125 m but was never abundant in any of them although it occurred more frequently
at 50 and 75 m. Specimens caught ranged between 64 and 147 mm (Figure 36-1). The sex
ratio observed over the full sampling period was F/M 0.7/0.3.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. Ripe females were found from October to
December, in February and in April-May (Figure 36-2). The six males in breeding colour we
found were caught at 50 m in March. The mean size at maturity was about 100 mm for
females (Figure 36-3), which was probably overestimated as this estimation was not done
during the height of the breeding season but with al the data available for females, to increase
the sample size.

The length-weight and fecundity-weight relationships are presented in Figure 36-4 and
36-5, respectively. Fecundity ranged from 21 to 64 for females weighing between 20 and 46
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was 3% (Figure 36-6). The mean
oocyte weight was 29.09 mg (£ 2.97 SD, N= 4).
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Figure 36-1. Size range and frequencies of Stigmatochromis 'guttatus caught in the SWA
between July 1998 and May 1999.
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Figure 36-2. Seasonal progression of the percentage of ripe (stages 4 and 5) females
Sigmatochromis 'guttatus in the SWA The values below the x-axis are the effective
(number of male or females which size was above the size at maturity) for each month.
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Figure 36-3. Percentage of mature females (stage 3 and above) per size class (standard length)
for Stigmatochromis 'guttatus’ in the SWA.
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Figure 36-4. Length-weight relationship for Stigmatochromis 'guttatus females in the SWA.
(R2 = determination coefficient).
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Figure 36-5. Fecundity-weight relationship for Stigmatochromis 'guttatus females in the
SWA. (R? = determination coefficient).
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Figure 36-6. Relationship between oocyte weight and gonado-somatic index (GSI) for
Sigmatochromis 'guttatus. Oocytes from femaes whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).

147



Taeniolethrinops spp.

Taeniolethrinops furcicauda (Trewavas) (Plate 17)

135 females and 88 males were analysed. T. furcicauda was mostly encountered at 10
m where it made up to 1.2 and 1.6% of the catches in number and weight, respectively. It was
also found sometimes at 30 m. Specimens caught ranged between 65 and 178 mm (Figure 37-
1).
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Figure 37-1. Size range and frequencies of Taeniolethrinops furcicauda caught in the SWA
between July 1998 and May 1999.

The sex ratio observed over the full sampling period was F/M 0.6/0.4.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. Ripe females were only found in July
(Figure 37-2), as was the single male in breeding colour caught. The mean size at maturity
was about 130 mm for femaes (Figure 37-3), which was probably overestimated as this
estimation was not done during the height of the breeding season but with all the data
available for females, to increase the sample size.

The length-weight relationship is not given because of the too narrow size range of
females measured. The fecundity-weight relationship is presented in Figure 37-4. Fecundity
ranged from 138 to 219 for females weighing between 88 and 109 g and was not correlated to
body weight. No relation was found between oocyte weight and body weight. The GSI
threshold above which the oocyte weight did no longer increase significantly was difficult to
assess owing to low sample size. However, as the oocyte weight did no longer increase above
a GSI of 15% (Figure 37-5), the mean oocyte weight was estimated (probably
underestimated) at 10.13 mg (£ 0.83 SD, N= 3).
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Plate 17. Taeniolethrinops furcicauda (by Dave Voorvelt).
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Figure 37-2. Seasonal progression of the percentage of ripe (stages 4 and 5) females
Taeniolethrinops furcicauda in the SWA The values below the x-axis are the effective for
each month.
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Figure 37-3. Percentage of mature females (stage 3 and above) per size class (standard length)
for Taeniolethrinops furcicauda in the SWA.
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Figure 37-4. Fecundity-weight relationship for Taeniolethrinops furcicauda females in the
SWA.. (R2 = determination coefficient).
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Figure 37-5. Relationship between oocyte weight and gonado-somatic index (GSI) for
Taeniolethrinops furcicauda. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 1.5%. (R? = determination coefficient).
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Taeniolethrinops praeorbitalis (Regan) (Plate 18)

85 females and 78 males were analysed. T. praeorbitalis was encountered at 10 m and

30 m, but was never frequent at any depth. Specimens caught ranged between 71 and 199 mm
(Figure 38-1).
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Figure 38-1. Size range and frequencies of Taeniolethrinops praeorbitalis caught in the SWA
between July 1998 and May 1999.

The sex ratio observed over the full sampling period was F/M 0.5/0.5.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. Ripe females were only found in August,
and no male in breeding colour was ever caught. The mean size at maturity was about 155
mm for females (Figure 38-2), which was probably overestimated as this estimation was not
done during the height of the breeding season but with al the data available for females, to
increase the sample size. The first inflexion of the lower part of the curve came from the
August data and it is likely that the mean size at maturity would rather be around 130 mm.

The length-weight and fecundity-weight relationships are presented in Figure 38-3 and
38-4, respectively. Fecundity ranged from 193 to 250 for females weighing between 135 and
184 g. No relation was found between oocyte weight and body weight. The GSI threshold
above which the oocyte weight did no longer increase significantly was estimated from the
few data available at about 3% (Figure 38-5) and the mean oocyte weight was 25.73 mg (&
2.02 SD, N= 3).
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Plate 18. Taeniolethrinops praeorbitalis (by Dave Voorvelt).
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Figure 38-2. Percentage of mature females (stage 3 and above) per size class (standard length)
for Taeniolethrinops praeorbitalisin the SWA.
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Figure 38-3. Length-weight relationship for Taeniolethrinops praeorbitalis females in the
SWA.. (R2 = determination coefficient).
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Figure 38-4. Fecundity-weight relationship for Taeniolethrinops praeorbitalis femaes in the
SWA. (R2 = determination coefficient).
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Figure 38-5. Relationship between oocyte weight and gonado-somatic index (GSI) for
Taeniolethrinops praeorbitalis. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).

153



Overall mean catches (%)

0 5 10 15
OWeight
= 30 B Number
=
8_ 4
[a)]
50

Figure 39-1. Mean occurrence and abundance in the catches per depth of Trematocranus
brevirostris in the SWA between July 1998 and May 1999.
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Figure 39-2. Size range and frequencies of Trematocranus brevirostris caught in the SWA
between July 1998 and May 1999.
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Trematocranus spp.

Trematocranus brevirostris (Trewavas)

162 femaes and 249 maes were andysed. T. brevirostris is a small species
encountered at 30 and 50 m but mostly present at 50 m where it made up to 6.3 and 11.1% of
the catches in weight and number, respectively (Figure 39-1). The mean CPUE per depth
category was 9.9 kg for the shallows. No reference to this species (under this name at least)
was made in Témasson & Banda (1996). Specimens caught ranged between 40 and 85 mm
(Figure 39-2). The sex ratio observed over the full sampling period was F/M 0.4/0.6.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. The monthly progression of ripe females
(Figure 39-3a) and males (Figure 39-3b) were very similar, indicating a breeding activity
from January to May, and in October, with a peak in March-April. According to the
percentages of ripe females and males in May and October, it is likely that some breeding also
activity occur between May and October. As almost all the specimens of T. brevirostris were
caught at 50 m, spawning probably takes place at this depth. Maturity was reached in their
first year at 11 months old at a mean size of 50 mm for females (Figure 39-4). Size at maturity
has to be determined at the height of the breeding season to be accurate, but owing to the low
sample size we had to consider every data available. As a consequence, females caught
outside the peak of breeding season were included in the analyse, even large resting females,
which explain the shape of the upper part of the curve.

The length-weight and fecundity-weight relationships are presented in Figure 39-5 and
39-6, respectively. Fecundity ranged from 13 to 47 for females weighing between 4 and 13 g
and was not correlated to body weight. No relation was found between oocyte weight and
body weight. The GSl threshold above which the oocyte weight did no longer increase
significantly was estimated from the few data available at about 3% (Figure 39-7) and the
mean oocyte weight was 6.70 mg (+ 1.12 SD, N=12).
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Figure 39-3. Seasonal progression of the percentage of ripe (stages 4 and 5) females (a) and
males (b) Trematocranus brevirostris in the SWA The values below the x-axis are the
effective (number of male or females which size was above the size at maturity) for each
month.
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Figure 39-4. Percentage of mature females (stage 3 and above) per size class (standard length)
for Trematocranus brevirostris in the SWA.
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Figure 39-5. Length-weight relationship for Trematocranus brevirostris females in the SWA.
(R2 = determination coefficient).
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Figure 39-6. Fecundity-weight relationship for Trematocranus brevirostris femaes in the
SWA. (R? = determination coefficient).
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Figure 39-7. Relationship between oocyte weight and gonado-somatic index (GSI) for
Trematocranus brevirostris. Oocytes from females whose GSI was below (in grey) and
above (in black with regression) 3%. (R? = determination coefficient).
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Trematocranus placodon (Regan) (Plate 19)

34 females and 17 males were analysed. T. placodon is a common but not abundant
species only encountered at 10 m. The mean CPUE per depth category was about 2 kg for the
shallows, which was about three times less than the value reported (5.8 kg) by Tomasson &
Banda (1996). Specimens caught ranged between 90 and 160 mm (Figure 40-1).
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Figure 40-1. Size range and frequencies of Trematocranus placodon caught in the SWA
between July 1998 and May 1999.

The sex ratio observed over the full sampling period was F/M 0.7/0.3.

Owing to low sample size or absence of data for some months, the precise
determination of breeding season was not possible. Ripe females were found from June too
August and in January-February (Figure 40-2). Only three males in breeding colour were
caught, in July 98. The mean size at maturity was about 105 mm for females (Figure 40-3),
which was probably overestimated as this estimation was not done during the height of the
breeding season but with all the data available for females, to increase the sample size.

The length-weight and fecundity-weight relationships are presented in Figure 40-4 and
40-5, respectively. Fecundity ranged from 76 to 178 for females weighing between 41 and 91
g. No relation was found between oocyte weight and body weight. The GSI threshold above
which the oocyte weight did no longer increase significantly was estimated from the few data
available at about 2.5% (Figure 40-6) and the mean oocyte weight was 12.83 mg (+ 1.15 SD,
N=5).
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Figure 40-2. Seasonal progression of the percentage of ripe (stages 4 and 5) females
Trematocranus placodon in the SWA The values below the x-axis are the effective for
each month.
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Figure 40-3. Percentage of mature females (stage 3 and above) per size class (standard length)
for Trematocranus placodon in the SWA.
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Figure 40-4. Length-weight relationship for Trematocranus placodon females in the SWA.

(R2 = determination coefficient).
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Figure 40-6. Relationship between oocyte weight and gonado-somatic index (GSI) for
Trematocranus placodon. Oocytes from females whose GSI was below (in grey) and

above (in black with regression)
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Table 41. Peak of breeding activity of species per depth category. X = data supported by good
sample size, X = data supported by low sample size. "Intermediate” means common in both
deep and shallow zone.

1998 1999
Depth
category Species Jun Jul Aug Oct Nov Dec Jan Feb Mar Apr May

A. 'geoffreyi’ X X X X
A. macrocleithrum x X X X
A. mentale X X
A. pectinatum X
Au. minutus X
Deep D. apogon X X
water D. macrops
(75 P. tokolosh X X
125m) L. 'deep water altus X
L. gossel X
L. 'oliveri’
L. polli X
Pl. 'platyrhynchos X X

XX XXX XX XX
XX X XX
XXX X

X

P
e
X
X

D. limnothrissa X X X
C. quadrimaculatus X
Intermed C. virginalis X X X
-igte L. longimanus X
. ahli X X
. Benthicola X X

Au. 'blue orange' X X X

L. argenteus X X X X
Shalow M. anaphyrmus X X X X
water  N. '‘argyrosoma’ X X
(10-50m) PI. 'long’ X

T. furcicauda X

T. praeorbitalis X

Tr. brevirostris X X
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Discussion

Depth distribution and mean CPUE for the major species were compared with those
found by Témasson & Banda (1996) in the SWA. Severa of the species we regularly caught
were absent of TOmasson & Banda (1996) survey of the SWA, and the other way round. This
is likely due to identification differences between the two studies, some species being either
lumped together under their generic names or accurately identified. Also, the smaller area
covered might explain the absence of some species in our survey. However, global trends in
CPUE were similar for both studies and the observed differences may lies in the fact that
Tomasson & Banda covered the entire SWA whereas our work focused on the northern part
of it.

Breeding species were found throughout the year at any depth. Some species were
capable of breeding throughout the year (as aready reported by Marsh et a. 1986, Lewis &
Tweddle 1990, Thompson et a. 1996) with marked seasonal variations in the proportions of
ripe individuals, whereas others appeared to have distinct breeding season (as the
Oreochromis spp., Lowe-McConnell 1987 or members of the Utaka group, Iles 1960, 1971,
Jackson et a. 1963), generaly over 6 months long. Again, these patterns were independent
from the depth distribution of the species. An interesting hypothesis linking the length of the
breeding season to the fecundity of the species was proposed by Marsh et a. (1986): the lower
the fecundity the longer the breeding season. If this hypothesis seemed to fit for the mbuna, it
does however not hold for the demersal cichlids. Indeed, species such as Lethrinops
argenteus, or L. oliveri, which had continuous breeding season also presented amongst the
highest relative fecundity (2162 eggs.kg?, 4931 eggs.kg?, respectively) whereas species such
as Diplotaxodon apogon with definite breeding season had amongst the lowest relative
fecundity (632 eggs.kgl). Apart from a single species, Copadichromis virginalis whose
peaks of breeding activity were clearly related to plankton abundance, the breeding cycle of
the other species was not directly related to any of the monitored environmental factors
(temperature, oxygen concentration, photoperiod, algal abundance, conductivity). No
particular breeding distribution pattern was found among the several species studied, when
they were grouped per trophic category, per genera or per depth category. Even when
focusing on the peaks of breeding activity per depth category (Table 41), no marked structure
appeared. The peaks of breeding activity were evenly distributed over the year for the shallow
water species. The only slight remarkable trend was that the highest concentration of breeding
peaks occurred from January to May for the deep water species whereas no peak was recorded
from January to March for the species with "intermediate” depth distribution. The period from
December to April is the time of the year when the lake is most strongly dtratified, the
thermocline being around 40-50 m (Eccles 1974, see Figure 11 previous chapter). It also
corresponds to the period of lowest phytoplankton and zooplankton abundance (Irvine 1995).
However, most of the studied species are supposed to be benthic invertebrates feeders and the
observed breeding patterns might be related to the relative abundance of their main food
sources, as seems to be the rule for mbuna (Marsh et a. 1986). The seasona progression of
benthic invertebrate abundance and biomass, which is currently under study in the European
Union Project: "The trophic ecology of the demersal fish community of Lake Malawi/Niasa",
might shed a new light on the determinism of the observed breeding patterns. On the other
hand, the reason for this apparent time sharing could lie in Fryer & lles (1972) hypothesis of
self-controlled population densities (population homeostasis) achieved through sharing of
spawning territories. Lowe-McConnell (1979) aso suggested that for tropical fishes
asynchronous breeding could be a good way of maximising resource use for species with
similar requirements. However, given the good correspondence between food availability and
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Table 42. Ratio of length at maturity (Lso) to maximum observed length (MOL) for severa
cichlids species caught by trawling in the South West Arm of Lake Maawi between June
1998 and May 1999. The lengths are standard lengths. In italic are values for which
determination of Lsp was uncertain owing to low effective.

Species MOL (mm) Lso (mm) Ratio
A. 'geoffreyi’ 165 90 0.55
A. macrocleithrum 148 100 0.68
A. mentale 245 160 0.65
A. pectinatum 140 70 0.5

Au. 'blue orange 78 48 0.62
Au. 'cf macrochir' 134 100 0.75
Au. 'minutus 72 42 0.58
Au. 'rostratum deep' 140 75 0.54
B. lepturus 326 160 0.49
B. nototaenia 300 115 0.38
C. quadrimaculatus 150 100 0.67
C.virginalis 123 75 0.61
D. apogon 130 88 0.68
D. argenteus 206 140 0.68
D. limnothrissa 175 105 0.6

D. macrops 135 98 0.73
P. tokolosh 213 135 0.63
L. argenteus 165 108 0.65
L. 'deep water albus 160 82 0.51
L. 'deep water altus 130 60 0.46
L. gossei 170 92 0.54
L. longimanus 147 107 0.73
L. 'oliveri’ 98 60 0.61
L. polli 120 65 0.54
M. anaphyrmus 164 105 0.64
N. ‘argyrosoma’ 97 57 0.59
Pl. 'platyrhynchos 115 80 0.69
Ps. livingstonii 63 37 0.59
. benthicola 168 100 0.60
S. 'guttatus 147 100 0.68
T. furcicauda 178 130 0.73
T. praeorbitalis 199 130 0.65
Tr. brevirostris 85 50 0.59

Tr. placodon 160 105 0.66
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breeding patterns for rock-dwelling species and C. virginalis thisis likely to be aso the case
for demersal species. For every species, more males than females in breeding condition were
caught at any time of the year. This was also observed by Lewis & Tweddle (1990) on the
three studied Lethrinops spp. Although not demonstrated for every species, the general trend
of Malawi cichlids males to form breeding aggregations is likely to account for this
difference, breeding males being more vulnerable to trawling when they form leks (Fryer
1972, 1984).

Among the species for which we determined the size at maturity, a few had already
been studied: Diplotaxodon limnothrissa (Thompson et al. 1996), Lethrinops gossei (Lewis &
Tweddle (1990), Mylochromis anaphyrmus (Tweddle & Turner 1977). The size at maturity
we got for L. gossel and M. anaphyrmus were much smaller than those reported by Lewis &
Tweddle and Tweddle & Turner. Size a maturity may vary among successive years for a
same population under environmental variation (Duponchelle & Panfili 1998), or over longer
time periods under fishing pressure (Stewart 1988, Lowe-McConnell 1982, Trewavas 1983).
The observed differences in size at maturity could thus lie in the distant time period and
geographical area between the studies. However, the method they both used overestimated the
Lso. The average size at first maturation (Lsp) is defined as the length at which 50% of the
females are mature during the breeding season. Tweddle & Turner and Lewis & Tweddle
considered the "length at the percentage point which is one-half of the maximum percentage
of mature fish found in any length group”, that is the highest point on the sigmoid curve. But
as they considered in fact ripe fish as being mature, and that there is aways only a fraction of
the population in a"ripe" state, they consistently overestimated the Lso. That's the reason why
their sigmoid never reached 100%. lles (1971) stated that the ratio of length at maturity to
asymptotic length for cichlids was characteristically a little above 0.7. The ratios found by
Tweddle & Turner (1977) tended to confirm that mean value. However, as they overestimated
the Lsp, the ratios they found were also overestimated. In our study, the asymptotic length was
not calculated for all the species (see Chapter "Growth"), thus the maximum observed length,
considered to be close to the asymptotic length, was used to calculate the ratio (Table 42).
Ratios ranged between 0.38 and 0.75 with an averaged value of 0.61. As the Lsp for some
species were probably overestimated due to low sample size (in italic in Table 42) and
considering that the maximum observed length is usualy smaller than the theoretic
asymptotic length, the average ratio is likely to be a little below 0.6. In the case of Lethrinops
'deep water altus, the ratio value of 0.46 might have been underestimated. Indeed, this low
value might lie in misidentification of the largest specimens (up to 130 mm), as Turner (1996)
reported a maximum size of 10 cm TL for this species. It is interesting to note that some
genera present ratio values that tend to be close to 0.7 (e.g. Diplotaxodon spp., Copadichromis
spp.) whereas others show values closer to 0.5 such as the Buccochromis and Lethrinops spp..

Despite the importance of this population parameter in fisheries management, age at
maturity had only been estimated on a few species so far: Lethrinops longipinnis L.
parvidens, Mylochromis ("Haplochromis") anaphyrmus, Copadichromis (“Haplochromis")
mloto (Tweddle & Turner 1977). These species were believed to reach maturity at the end of
their third year except C. mloto, which matured at the end of its second year. M. anaphyrmus
was the only common species between Tweddle & Turner study and ours. We found M.
anaphyrmus was reaching maturity early in its second year at 18 months old. The growth

parameters determined by Tweddle & Turner (1977), K=0.671 and Lwo=196 mm TL, being

very similar to ours: K=0.62 and L0=180 mm SL (see Chapter "Growth"), the two fold
difference in age at maturity observed between the two studies (which took place in the same
area) lies mainly in the overestimation of size at maturity by the method used in Tweddle &
Turner (1977). Assuming the same mean size at maturity of 160 mm TL (about 130 mm SL in
our case), they would mature early in their third year (25 months) as well. It is very likely that
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this overestimation of age and size at maturity hold as well for the others species they studied.
Growth and age at maturity were also estimated for C. ("Haplochromis") virginalis and C.
("Haplochromis™) quadrimaculatus by Iles (1971). They were both reaching maturity at three
years old whereas we found they matured in their first and second year at 12 and 20 months
for C. virginalisand C. quadrimaculatus, respectively. Despite dlight differences in growth
parameters, the differences between the two sets of estimations lies in the fact that
determination of the size at maturity was based on ripe females in lles's study (lles 1971,
Jackson et a. 1963), which leads to an overestimation of Lso. Indeed, the size at maturity they
determined represented 88 and 84 % of the maximum theoretical length (asymptotic length)
for C. virginalisand C. quadrimaculatus, respectively. It is assumed that in unexploited
stocks, which is certainly not the case for members of the Utaka group, the oldest fish reach
only about 95% of their asymptotic length (review in Pauly 1980). This means that in lles's
case, they would breed for the first time close to their maximum size, which only few fish
reach. Also, assuming the mean maturity length ratio Iles (1971) considered as the rule for
cichlids (0.7), age at maturity would have been 1.6 and 2.0 years old for its populations of C.
virginalis and C. quadrimaculatus, respectively, which would place them in the range of age
at maturity we observed. The 22 species for which we determined Aso reached maturity before
the end of their second year or during their first year for the smallest species @u. 'Blue
orange, Au. 'minutus, N. 'argyrosoma’...). It is more conceivable that highly exploited
species with such low fecundity as the Lake Maawi cichlids, mature early in their life
(around one year old) rather than in the last part of their lives (more than three years old).
Indeed, very few species grew older than four years (see Chapter "Growth", see dso the
abacus of longevity versus mean maximum length drawn out of 111 species of African
freshwater fishes by de Merona 1983). Next, as only a very small fraction of afish population
reach the asymptotic length, which is usualy dightly higher than the maximum observed
length, this means that very few fish indeed would reach maturity and would therefore
reproduce to ensure the replenishment of populations or the species survival. This clearly
appears when looking at the proportion of fish reaching the size at maturity on the length
frequency distributions presented in Iles (1971). Species with such a life history strategy
would have unlikely survive about thirty years of intense exploitation by fisheries, which
systematically remove the large specimens of fish populations (Turner 1977b, Turner 1995,
Turner et a. 1995).

It isawell known characteristic of Lake Malawi cichlids, they usually produce few but
large eggs (see for review Fryer & lles 1972, Konings 1995, Turner 1996). The forty species
studied perfectly fitted into this trend. However, as aready mentioned above, distinct
reproductive strategies are distinguished among species and genera: species of the
Diplotaxodon clade (sensu Turner et al. 1999) and Rhamphochromis spp. (pers. obs.) clearly
presented the lowest relative fecundities and the largest eggs of all species. Although in a
lesser extent, C. quadrimaculatus also presented low fecundity and large eggs. On the other
hand, for a same body weight Lethrinops, Alticorpus or Mylochromis species produced much
smaller but more numerous eggs. It appears that the species having a more pelagic life style
such as the Diplotaxodon spp., Rhamphochromis spp. (Allison et al. 1996, Thompson et al.
1995, 1996, Turner et a. 1999), or C. quadrimaculatus (Allison et al. 1996, Thompson et al.
1995, 1996) are characterised by reduced fecundity, very large eggs and delayed maturity
(Diplotaxodon and Copadichromis spp. had the highest Lmax to Lsg ratios). This reproductive
strategy, which enable females to moothbrood young to very large sizes (observed for D.
limnothrissa Turner 1994a, 1996, this study), is likely to be an adaptation to the pelagic
environment. Egg size is an essential parameter of fish reproductive strategy for it conditions
the ability to use alarge array of food sources, to avoid predators and to survive unfavourable
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Plate 20. Gonad of a ripe Lethrinops longimanus female with at least three batches of oocytes.
A = oocytes in late vitellogenesis that will be laid at the next spawn. B = second batch of
developing vitellogenic oocytes (characteristic of a stage 3). C = third batch of oocytes in
early development (characteristic of a stage 2).
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environmental conditions (Bagena 1969, 1978, Ware 1977, Mann & Mills 1979, Reznick,
1982, Marsh 1986, Sargent et al. 1987, Wootton 1990, Cambray & Bruton 1994, Wootton
1994). An inverse relationship links the egg size and the fecundity in most fish species (Mann
& Mills 1979, Albaret 1982, Stearns 1983, Duarte & Alcaraz 1989, Elgar 1990) and in
cichlids particularly (Peters 1963, De Silva 1986, Legendre & Ecoutin 1989, 1996,
Duponchelle et al. 2000, this study). According to the energetic cost of gamete production,
food is probably one of the most important environmental factors involved in the regulation of
fecundity (Wooton & Evans 1976, Wooton 1979). Therefore, food availability being
relatively poor in the pelagic zone, a logical strategy to improve both parents and offspring's
fitness is to produce fewer eggs but of larger size and to moothbrood young to large size to
enhance their survival. Indeed, the larger the fry when released by the femae the more
effective they will be in utilisng the scarce food resources of the open waters. If this
hypothesis is true, the cichlid reproductive strategy to adapt to pelagic environment would
differ markedly from the strategy of most other pelagic fish families, which generally produce
large numbers of small eggs (reviews by Duarte & Alcaraz 1989, Elgar 1990), including the
freshwater pelagic cyprinids Engraulicypris sardella in Lake Maawi (Jackson et al. 1963)
and Rastrineobola argentea in Lake Victoria (review in Witte & van Densen 1995), or the
clupeids Solothrissa tanganicae and Limnothrissa miodon in Lake Tanganyika (reviews by
Coulter 1991, Marshall 1993, and Patterson & Makin 1998).

As pointed out by Fryer & lles (1972), to know how many eggs each female produces at each
brood is important but how many times a year that number is produced is even more essential
for fisheries management. Determining the number of times a female can spawn during a
breeding season is a difficult task in natural environments, particularly for the demersal
Malawi cichlids. Cichlids are known world-wide for their capacity to have multiple spawning
events during the same breeding season when environmental conditions are favourable (Lowe
1955, Trewavas 1983 for review, James & Bruton 1992). However, based on the observation
of only one batch of eggs at a time in ovaries of ripe female cichlids in Lake Maawi, it was
assumed that a same female was able to spawn only once per breeding season (Lowe 1955,
Iles 1971, Tweddle and Turner 1977). Having analysed tens of thousands demersal cichlids
pertaining to at least 170 species (Appendix 1) during the course of this study, three sets of
evidence have emerged to suggest that annual multiple spawning is likely. The evidence is
presented below:

(1) - For most of the studied species it was observed but not recorded that more than one
batch of eggs were in the ovaries of ripe femaes. An example is given on Plate 20, which
presents the ovaries of aripe Lethrinops longimanus female. A minimum of three batches of
developing oocytes are clearly visible: the batch that will be released soon (A), a second batch
that already undertook vitellogenesis (B), and a third one of smaller oocytes in early
development (C). To verify the observation, and taking the opportunity of a fishing cruise
with the RV Ndunduma in the SWA in July 1999, a specia survey was organised in order to
check the existence of more than one batch of oocyte in cichlids ripe gonads. All the females
found with ripe gonads had two and sometimes three batches of oocytes. The sample included
the following species: Alticorpus 'geoffreyi’, A. macrocleithrum, A. mentale, A. pectinatum,
Aulonocara ‘'blue orange, Copadichromis virginalis, Diplotaxodon greenwoodi,
Hemitaeniochromis insignis, Lethrinops longimanus, L. gossei, L. ‘oliveri’, L. polli,
Myl ochromis anaphyrmus, Otopharynx speciosus, O. brooks and Sciaenochromis 'guttatus.
(2) - The gonad maturity stage 6-3 (see Materia and methods) was frequently observed for al
the studied species. This stage is characteristic of post-spawning females initiating another
cycleof vitellogenesis.
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(3) - Moothbrooding females of many species were often found with developing ovaries
(stages 6-3 or 3).

These three sets of evidence strongly suggest that each female probably spawns more than
once during the breeding season, for haplochromine cichlids at least. Indeed, it would be very
poor energetic strategy for a female to initiate another vitellogenesis cycle if the developed
oocytes were not to be laid. In such a stable environment as Lake Malawi, it is very unlikely
that environmental conditions become so unfavourable that a female would resorb her eggs
during the few weeks needed to complete a vetillogenesis cycle (four to five weeks in
cichlids, Fishelson 1966, Gauthier et a. 1996, Tacon et a. 1996). Furthermore, although
extensive breeding season does not mean that individua fish breed continuously, most of the
studied species have breeding seasons lasting more than six months, and severa showed
continuous breeding seasons. It appears very reasonable in these conditions that individual
fish, known to breed repeatedly in aquarium, may then reproduce more than once, as do
cichlids everywhere else (reviews by Fryer & lles 1972, Trewavas 1983, Lowe-McConnell
1987).

Although this study presents the most comprehensive work on Lake Malawi cichlids
life histories, it is based on a one year survey only. As inter annual variability of reproductive
characteristics can be important in African cichlids (Duponchelle & Panfili 1998,
Duponchelle et al. 1999, 2000), the described breeding patterns might not represent a
permanent situation but rather a sSituation representative of the prevalent environmental
conditions. However, Lake Maawi is a stable environment where important environmental
perturbations are unlikely. The likeliest unexpected fluctuations are in resource availability,
which might modify the intensity of breeding activity rather than its periodicity (Duponchelle
et a. 1999). Furthermore, the breeding season observed for C. ("Haplochromis™) virginalis
and C. ("Haplochromis") quadrimaculatus were the same over a period of five years (les
1971) and Lewis & Tweddle (1990) reported very similar trends in breeding seasonality
among the three years of their study, which suggested little or no inter annua variability of
breeding patterns.
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Chapter 3. Growth patterns of some of the most important
demer sal fish species caught by trawling in the South West Arm
of Lake Malawi

F. Duponchelle, A.J. Ribbink, A. Msukwa, J. Mafuka & D. Mandere

I ntroduction

Several methods exist to assess fish growth parameters, such as analysis of periodic
marks on opercular bones, scales, vertebrae or otoliths, individual tagging or analysis of
length frequency distributions (review by Casselman 1987, de Merona et al. 1988, Wootton
1990, King 1995). Among these methods, analysis of the modal progression of length
frequency distributions (Ricker 1975) has been commonly used for African freshwater fishes
despite its potential biases in tropical conditions, where lack of seasonality, long spawning
periods, non-year events giving rise to variations in growth and survival rates (hence to age
and size modes) may lead to erroneoudly interpret size modes as differing in age by units of
year. Indeed, tropical species often have extended breeding seasons during which multiple
broods are produced and several cohorts (a cohort is a group of fish born at the same time) are
likely to be encountered. In these conditions following year classes is often difficult and
hamper precise interpretation of length progression series (Fryer & lles 1972, Casselman
1987, Lowe-McConnell 1987, de Merona et a. 1988, King 1995). As just seen in the previous
chapter, most of the studied species have extended breeding seasons. However, when
reasonably accurate information on the species biology is available, such as the breeding
season and the maximum length, it is still possible to obtain correct estimates of growth using
modal length progression analysis. For most of the species studied below, more than one
cohort per year was identifiable and different sets of K and L, provided reasonable fit of the
length frequency distributions. In every case, we retained the set of parameters that best
corresponded with the breeding patterns observed for the species (ie. which estimated date of
birth best corresponded with breeding peaks) and that best described the distributions (e.
which went through the largest number of large modes). Also, as an extensive sampling was
done monthly over a complete annual cycle, always on the same sites, it was assumed that for
most species the maximum observed length was close to the asymptotic length (L..), which
participated in selecting the best set of parameters. This was particularly true for the small
abundant species, for which we fixed Loo within a few millimetres from the maximum
observed length. This process also permitted to diminish the tendency of ELEFAN method to

underestimate K and overestimate Lo (Moreau et a. 1995).

Despite the 35 mm cod end mesh size, the length frequency distributions were
influenced either by the trawl selectivity or the absence of the juveniles from trawled aress.
Indeed; juveniles of species were seldom caught before 50 mm and were usually accessible to
the trawl gear between 60 and 90 mm depending on species and shapes. Consequently, adults
were better represented in the catches than juveniles and length frequency distributions below
the size of full selection were not adequate for mortality estimates. Whenever one or more
suitable distributions were available, mortality estimates were based only on them. But in
most of the cases, they were based on all the distributions. This must be kept in mind even
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though mortality estimates often appeared reasonable. FiSAT allows correction of the bias
due to fishing gear's selectivity, which often leads to a better estimation of the growth
parameters (Moreau et al. 1995, Gayanilo et al. 1996). This correction was tried for every
species and never lead to better estimations (according to the "goodness of fit" index of the
ELEFAN routine, see Gayanilo & Pauly 1997). The weight given to small length
systematically flattened out the rest of the distribution and the resulting fits were bad. All the
estimations were therefore based on non corrected data. However, for every species except the
small ones for which it was not necessary, the smoothing of the data by calculating the
running averages over three length bins (5 mm for most of the species and 10 mm for large
and not abundant species) helped to track the progression of modes.

All the lengths are standard lengths.

Material and methods

All the fish analysed were collected during the monthly trawl catches in the north of
the South West Arm (see Chapter 1 for details).

The following equation was used to convert total lengths (TL) from literature into standard
length (SL):
SL=0.785TL +3477 (1)

This equation was calculated from Table G1.
Table G1. Growth estimates (mm in TL) of Lake Maawi cichlids species given by lles

(1971) and Tweddle & Turner (1977) and the same growth estimates expressed in SL by de
Meronaet a. (1988).

Species Loo (TL) K References Lo (SL) References
H. anaphyrmus 196 0,671  Tweddle & Turner 157 DeMeronaet al.
(2977) (1988)
H. intermedius 229 0,571  Tweddle & Turner 184 DeMeronaet al.
(2977) (1988)
H. virginalis 121 0,778 Iles (1971) 9 DeMeronaet al.
(1988)
H. quadrimaculatus 190 0,65 Iles (1971) 153 DeMeronaet al.
(1988)
H. pleurostigmoides 144 0,764 Iles (1971) 116 DeMeronaet al.
(1988)
L. parvidens 208 0,487  Tweddle & Turner 166 DeMeronaet al.
(2977) (1988)
L. longipinnis 202 0,571  Tweddle & Turner 162 DeMeronaet al.
(2977) (1988)

Growth was estimated from the modal progressions of length frequency distributions
of species at every sampled month. The growth parameters were calculated by the Von
Bertalanffy Growth Curve (VBGC) equation (equation 2) fitted by the electronic length
frequency analysis (ELEFAN) method (Pauly 1987) using the FAO-ICLARM Package
FiSAT (Gayanilo et al. 1996, Gayanilo & Pauly 1997).
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Le =L, (1-exp (-K (t-1o)) )

Where L; is the mean length at aget, L., is the asymptotic length, K the growth coefficient and
to the size at age 0.

Among the several growth models available (VBGC, Richards, Gompertz, logistic, quadratic,
exponential, ect. see Schnute 1981 for review), the VBGC model was retained for the
following reasons. 1)- for African fish species the VBGC usually provides a good fit of the
data (de Merona et al. 1988, Moreau et al. 1995). 2)- it proves useful for comparative
purposes as it has been largely utilised for African freshwater species and cichlids
particularly, for which synthesis are available (de Merona et al. 1983, 1988, Moreau et al.
1995). The ELEFAN method, used by Moreau et al. (1995) on 57 stocks of African
freshwater species was also utilised in this study for comparative purposes.

Mortality estimates were obtained as described in Moreau et a. (1991) and Moreau &
Nyakageni (1992) for Lake Tanganyika fishes. Total mortality (Z) was estimated by the
method of the length-converted catch curves (LCC) (Pauly 1983). This method consists in
pooling al the distributions while keeping their relative importance to obtain a single
frequency distribution. This decreases part of the sampling biases. Total mortality is then
calculated on the descending part of this single global distribution. But Z is determined in a
given age/size range and the estimation makes sense only within this range. Natural mortality
(M) was evaluated using Pauly's equation (Pauly 1980) based on Lo, K and the mean annual
environmental temperature of the species concerned. For each species, the mean annual
temperature used for natural mortality estimates corresponds to the mean annual temperature
at the depth to which the species was more abundant (see Chapter "Breeding and depth
distribution™). Fishing mortality (F) was calculated as F = Z-M. All these methods were
provided by the FiSAT package, including the estimation of the probability of capture.

The mean size at first capture by the trawl (Lc = length at which 50% of the fish entering the
trawl are retained by the gear) was calculated for each species from the length-converted
catch curvesusing FiSAT (Gayanilo & Pauly 1997).
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Results

Alticorpus spp.

Alticorpus 'geoffreyi’

The length frequency distributions, based on 1721 fish are presented in Figure G1-1.

Three year classes were identified by the model with L,=181 mm and K=0.6. The calculated
date of birth (June) corresponded to the middle of the observed breeding peak.

Assuming a mean environmental temperature of 24°C and taking into account al the
distributions, the mortality estimates were: Z=3.29, M=1.37 and F=1.92 for the age range
showed in Figure G1-2. Given that the length frequency distributions were not adequate, it is
likely that mortality was overestimated, particularly for a deep water species subjected to little
if any exploitation in this part of the lake. The selectivity of the 35 mm cod end trawl net for
this species was 120 mm.

Alticorpus macrocleithrum

A. macrocleithrum was not an abundant fish and only 437 specimens were measured
over the sampling period. The length frequency distributions are presented in Figure G2-1.
Two sets of growth estimates, correctly fitting the distributions and giving birth dates
consistent with breeding observation were obtained: L, = 166, K = 0.92 (dashed line) and L,
= 166, K = 0.6 (solid line). The calculated date of birth, May-June for the first set and July-
August for the second corresponded to the middle of the observed breeding peak. Given the
low number of individuals of the length frequency distributions, particularly in the small sizes
(little peaks between 60 and 80 mm were al based on one or two fish only), it was difficult to
decide for one or the other set of parameters.

Assuming a mean environmental temperature of 24°C corresponding to the depth distribution
of A. macrocleithrum (75 to 125 m) and taking into account all the distributions, the mortality
estimates were: Z=6.04, M=1.86 and F=4.18 with L =166, K=0.92 and Z=3.94, M=1.40 and

F=2.54 with L =166, K=0.6. The mean size at first capture by the 35 mm cod end trawl net
for this species was 106 mm with both sets of parameters. In both cases, mortality estimates
were high partly because the shapes of distributions were not adapted to calculate mortality
parameters. However, the second set of mortality estimates, though overestimated, appeared
more realistic, particularly for a deep water species subjected to little if any exploitation.
Furthermore, with K=0.92, fish would reach their maximum size and die at the end of their
second year, which appears too fast for afish of this size compared to others related species.

For these reasons, the set of parameters L, = 166 and K = 0.6 was c