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Abstract

Assessment of the status of the fisheries of the Chambo, an endemic Tilapiine cichlid of the 
genus Oreochromis, in Lakes Malawi and Malombe was undertaken using the 1996 FAO 
principle of precautionary approach based on catch-per-unit effort (CPUE) as an abundance 
indicator. The Chambo in Lake Malombe is in imminent danger of collapse and requires urgent 
management intervention. In Lake Malawi, the Chambo fisheries in Domira Bay, large-scale 
Chambo commercial fisheries in the South East Arm (SEA) and South West Arms (SWA), and 
small-scale Chambo commercial fisheries in SEA are also in danger of collapse and require 
urgent management intervention. The Chambo fisheries in Nkhata Bay, SWA and Likoma are 
fully exploited and require management intervention. The Chambo fisheries in Karonga and 
Nkhotakota seem to be relatively healthy but the general declining trend in CPUE suggests that 
management intervention may also be necessary for these fisheries. The biology of this species 
complicates the management of its fisheries. Oreochromis karongae, O. lidole and O. squamipinnis, 
collectively known as Chambo, are all dimorphic maternal mouthbrooding species depicting 
low fecundity, slow growth to maturity, as well as limited migration, making them prone to local 
extinction. Increasing fishing effort coupled with insufficient enforcement of and adherence to 
fishing regulations further complicates its management.

Introduction

The subgenus of the genus Oreochromis (locally 
known as Chambo) comprises three closely 
related species of tilapiine cichlid, namely O. 
lidole, O. karongae and O. squamipinnis, all of which 
are endemic to Lake Malawi. The Chambo is 
found throughout Lake Malawi in shallow waters 
of less than 50 m deep, with very few fish beyond 
this depth, as well as in Lake Malombe and the 
Upper Shire River (Turner 1996 and Palsson et 
al. 1999). It is mostly present in shallower waters 
from December to March but is more evenly 
distributed from June to September (Palsson et al. 
1999). Except during the breeding season around 
October when water temperatures are rising 
and at the end of the rainy season at the start 
of the strong southeasterly winds (Lowe 1952; 
van Zalinge et al. 1991), Chambo populations 
are generally very localized, exhibiting limited 
migrations between Lake Malawi and Lake 
Malombe, and can, therefore, be locally fished 
out (Palsson et al. 1999).

The Chambo are primarily phytoplanktivores, 
although zooplankton also feature in their diets 
(FAO 1993; Konings 1995). Like other cichlids, 
Chambo species are maternal mouthbrooders, 

i.e. females carry fertilized eggs and fry in their 
mouths until the young develop to a stage where 
exogenous feeding is possible (Lewis 1990). 
Males construct elaborate conical sand nests that 
are found at different depths ranging from 0.5 to 
48 m with the highest concentration in waters less 
than 30 m (FAO 1993; Turner 1996). The sizes of 
the nests range from 150 to 310 cm. The Chambo 
lays from 100 to 600 eggs although ovaries of 
adults have been recorded to contain eggs in the 
region of 1 000 or more (Berns et al. 1978; FAO 
1993; Turner 1996).

Chambo nursery grounds are typically inshore 
and include inlets in the lakeshore, mouths of 
streams, reedy shores of Shire River as well as 
rocky and sandy shores (Palsson et al. 1999). 
Independent fry, beginning from about 15 mm, 
live in quiet, shallow water at the edges of the 
lake, especially among reeds and in pools or 
lagoons partly separated from the main lake 
while juveniles of 6 to 20 cm live in a zone not far 
from the shore where they feed as adults (Bertram 
et al. 1942).

Studies of reproduction indicate that the 
spawning season of the Chambo species lasts 
from August to March and peaks between 
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November and December (Bertram et al. 1942; 
Turner 1996; Palsson et al. 1999). The size at 
which 50% of fish reach sexual maturity (Lm50) 
is approximately 20.3 SL cm (Palsson et al. 1999) 
and the corresponding age is about 3 years. The 
Chambo has one clutch per year and each clutch 
contains 330 eggs on average.

Chambo fisheries in Lakes Malawi 
and Malombe

The Chambo stocks are exploited by the 
subsistence, small-scale commercial and large-
scale commercial fisheries in Lake Malawi and 
Malombe (Figure 1). The subsistence and small-
scale commercial fisheries are highly complex, 
scattered in all water bodies and a large variety 
of fishing gears are employed. These fall into 
five major categories, namely gill nets, beach 
seine nets, open water seine nets, hooks and 
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Figure 1. Map of Lake Malawi showing the main Chambo fishing 
grounds (A to I) and strata (numerical points) for fishery data 
collection.

fish traps. In constrast, the large-scale fisheries 
are mechanized and capital intensive; they use 
mainly trawling and purse seining (‘ring net’) 
and are confined to the southern part of Lake 
Malawi.

The earliest reports (1940s) on the Chambo 
fisheries of Lake Malawi show that the Chambo 
stocks supported all different types of fisheries 
(Lowe 1952). For example, the Chambo 
accounted for about 75% of the annual native, 
artisanal catch from Lake Malawi at the time 
(Palsson et al. 1999) while the commercial 
exploitation of this fish, which started at about 
the same time by the Yiannakis operating open 
water ringnets in the SEA of the lake, was landing 
in excess of two million (individual pieces) 
annually by 1946. The Chambo stocks still 
supports the small-scale fisheries throughout 
Lake Malawi but their support for the small-
scale fisheries in Lake Malombe and commercial 
fisheries in the southern Lake Malawi faltered in 
the early 1990s.

The present average total annual Chambo 
catch in Lake Malawi is 5 500 t, of which 
1% is caught in Karonga, 2% in Nkhata Bay, 
9% in Nkhotakota, 20% in Salima and 68% 
in Mangochi. Therefore, the major Chambo 
fishing area is the southeastern arm of the lake, 
especially Area A (Figure 2), which contributes 
70% of the Chambo in this area. Apart from 
Area A, the other main fishing grounds for the 
Chambo in Mangochi are Lake Malombe and the 
Upper Shire River.

The total annual catch of the Chambo has 
declined markedly from a record high of over    
9 400 metric ton (t) in 1985 to a low level of 
about 1 400 t by 1999. In early 1982, the Chambo 
contributed 49% of the total annual fish landings 
for Lake Malawi, but by 1999 it only contributed 
7% to the total catch (Figure 3). In the SEA of the 
lake, which is one of the main fishing grounds, 
the Chambo made up to 70% of the total catch 
in 1982 but by 1999 it only constituted 7% of 
the catch. The continued decline of the Chambo 
stocks in the southern part of Lake Malawi has 
led to the closure of the ring net operation, 
the main commercial fishing gear targeting 
the Chambo. In Salima, Chambo catches have 
declined from a maximum record catch of 23% 
of total catch in 1982 to less than 1% in 1999. In 
1980, the Chambo made up about 19% of the 
total catch in Karonga, but by 1999 it was down 
to about 2%. The same scenario is registered in 
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unpublished data).
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the SWA, Nkhotakota and Nkhata Bay. In the 
period 1976-1990, the mean annual percent 
contribution of the Chambo to the total catch 
in SEA was 39%, but in the period 1991-1999 it 
decreased to 14%. A similar reduction in mean 
annual percent contribution of the Chambo to 
the whole fisheries landings in these two periods 
is prevalent in the SWA, Salima, Nkhata Bay, 
Karonga, Nkhotakota and Likoma (Table 1).

The collapse of the Chambo fishery in Lake 
Malombe was initially exposed by the FAO 
Chambo Fisheries Research Project in the 
early 1990s (van Zalinge et al. 1991). The total 
Chambo catch in this water body fell from a 
record high of over 8 400 t in 1982 to a low level 
of less than 200 t by 1999 (see Figures 3 and 4). 
In 1980, the Chambo contributed 87% of the 
total catch for Lake Malombe, but by 1999 it only 
contributed about 2%. In the period 1976-1990, 
contribution of the Chambo to the total catch 
was 49% whereas in the period 1991-1999 it was 
4% (Table 1).

An analysis of the current status of the Chambo 

fisheries in Lakes Malawi and Malombe, using 
the principle of precautionary approach (FAO 
1995) based on catch-per-unit effort (CPUE) as 
an indicator of abundance, indicates that the 
Chambo stocks in Lake Malombe and Domira 
Bay have collapsed (Figure 5). The Chambo 
large-scale commercial fisheries in the southeast 
and southwest arms (SEA and SWA) and small-
scale fisheries in SEA are in imminent danger 
of collapse. All these fisheries require urgent 
management interventions. The Chambo 
fisheries in Nkhata Bay, SWA and Likoma 
are fully exploited and require management 
intervention.  The Chambo fisheries in Karonga 
and Nkhotakota seem to be relatively healthy but 
the general declining trend in CPUE suggests that 

Area
Mean Chambo 
catch
(1976 – 90)

Mean Chambo 
catch
(1991 – 99)

Lake Malombe 49.1 4.1

SEA – Lake Malawi 38.5 14

SWA – Lake Malawi 22.1 8.4

Salima 8.8 1.0

Nkhata Bay 4.1 1.0

Nkhotakota 13.5 7.7

Likoma 1.3 1.1

Karonga 8.3 3.3

Table 1. Contribution of the Chambo to total catches in various areas 
of Malawi (Fisheries Research Unit, Monkey Bay, unpublished data).

management intervention is also necessary for 
these fisheries.

In socio-economic terms, the decline of the 
Chambo catches has resulted in economic losses 
to the fisheries sector and the national economy. 
Based on current beach price levels, the annual 
average economic value of the total landings 
during the periods 1976-90 and 1991-2003, 
translates to MK 4.8 billion and MK 2.2 billion, 
respectively (109 Malawi Kwacha[MK]=1USD). 
This is an economic loss estimated at MK 2.6 
billion per annum and is mainly attributed to the 
decline of the Chambo catches. Species other than 
the Chambo fetch lower prices at the market and, 
therefore, even their increased landings could 
not offset this economic loss attributed to the 
Chambo decline. The restoration of the Chambo 
stocks must, therefore, be regarded as a task of 
major economic importance to the Malawi.

Causes of the Chambo decline

The decline of the Chambo stocks is attributed to 
several factors mainly overfishing, use of illegal 
gears, habitat degradation and non-compliance 
of regulations.

The overfishing of Chambo stocks in Lakes 
Malawi and Malombe is directly linked to 
increased fishing effort that has been observed 
for the last decade. The numbers of fishers, 
fishing gears and fishing crafts have increased by 
27%, 124% and 30%, respectively. The common 
use of illegal gears with small meshes further 
increased effort. Small-meshed gears catch 
juveniles and immature fish. Consequently, 
increased effort resulted in both growth and 
recruitment overfishing of the Chambo fishery. 
This ultimately led to the collapse of the fishery 
in Lake Malombe because all stages of its life 
history became vulnerable (Seisay et al. 1992). 
Increased effort in Lake Malombe also resulted in 
ecological overfishing where the large Chambo 
species has been replaced by the small Lethrinops 
species locally known as kambuzi. (Figure 6). 
The kambuzi are small benthic species genera 
Lethrinops and Otopharynx found in shallow 
waters less than 50 m deep.

Removal of the vegetation along the beaches 
and in shallow areas of the lakes also had some 
adverse effects on the habitat (Hara and Banda 
1994). The devastation of the aquatic vegetation 
reduced food for the fish and refugee, especially to 
fry and juveniles. Degradation of the surounding 
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Figure 4. Chambo catches and their percent contribution to total catches of Lake Malombe.
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Figure 5. Status of the Chambo in the large and small-scale commercial fisheries of Lakes Malawi and Malombe based on the precautionary 
approach. B
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 is the precautionary point where management intervention is required while B
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 corresponds to the point where the stock is in 

imminent danger of collapse and management must be undertaken.

terrestrial environment has increased soil erosion 
that has led to siltation affecting the breeding and 
spawing grounds in the lake.

Non-compliance to regulations has also 
contributed to the decline of Chambo stocks. For 

instance, the closed season, which was introduced 
to protect the spawning of the Chambo, has 
never been adhered to by fishers. This means 
that breeding fish are caught, thus reducing the 
spawner biomass and leading to recruitment 
overfishing.
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1 Kambuzi seine is a beach seine used to catch kambuzi while chalira is a small mosquito net that is pulled behind a beach seine to catch small fishes 
that escape from the beach seine.  

Chambo fisheries management 
interventions

The technical restrictions of the fishing gear, i.e. 
gear mesh size and head line length, and fishing 
areas or fishing times, are the regulatory measures 
applied to the Malawian fisheries. The Chambo 
fisheries have been subjected to management 
measures such as closed seasons, minimum 
size and takeable size. A closed season during 
November-December in the southern and central 
areas of Lake Malawi is meant to protect the 
spawning Chambo and the mesh size regulations 
protect the juvenile Chambo, locally known 
as kasawala. These management techniques, 
however, do not address problems of open access 
and fishers do not follow these management 
methods.  This has resulted in increased fishing 
effort that has contributed to overfishing.

However, when the serious decline of the Chambo 
in Lake Malombe was exposed in the early 1990s, 
a management plan was formulated by the FAO-
supported Chambo Fisheries Project to help save 
this collapsing fishery. If the increasing effort in 
this lake was to be kept in check, free access to the 
fishery had to be stopped and strictly regulated 
by an efficient system of licences; besides effort 
levels were to be expeditiously pegged down 
to the 1992 levels as the maximum allowable. 

In addition, minimum mesh sizes for gill nets 
and Chambo seine nets were to be raised from 
70 mm to 95 mm. Kambuzi/chalira1 seines were to 
be completely banned from Lakes Malombe and 
Malawi and Upper Shire River. Open water seine 
nets, called nkacha, were to be banned from Lake 
Malawi. A minimum mesh size of 25 mm and a 
maximum length of 150 m for nkacha nets were 
to be introduced (FAO 1993).

The management plan was formulated based 
on conventional technical measures but was to 
be implemented through a more consultative 
and participatory approach called Participatory 
Fisheries Management (PFM). This approach was 
envisaged to provide an alternative management 
arrangement as opposed to the top-down 
approach common with central government 
agencies. The PFM initiative started on the lake 
in 1994 but, unfortunately, even with this set up 
a decade down the line, the status of the Chambo 
stocks in Lake Malombe is in no better shape. The 
Chambo stocks of the lake have not recovered 
despite the significant reduction in effort from 
gears that target mainly the Chambo (Banda et al. 
2002) and the stocks in the southeast arm of the 
lake are still declining.

Several factors explain the cause of this state. 
Firstly, although the management plan for 

Figure 6. Annual catch by species for all gears combined in Lake Malombe 1976-1999.
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Lake Malombe was formulated, it was not fully 
implemented due to lack of an action plan. This 
means that the status quo was maintained, i.e. 
the fishery is still mainly an “open access” one 
and enforcement of regulations is still ineffective. 
Secondly, although the PFM concept was adopted 
as a fisheries management approach, it was not 
supported by an enabling environment in terms 
of policy and legislative framework.

Conclusions

Based on the analysis of past failures of Chambo 
management and the current status of the 
Chambo stock, there is an urgent need to arrest 
the declining Chambo fishery in Lake Malawi 
and restore this fishery in Lake Malombe. In 
order for this to be achieved there is a need 
to develop management actions, formulated 
as a Chambo fisheries management plan or 
framework to address the problems of declining 
Chambo catches in Lakes Malawi and Malombe. 
The plan should be implemented through the 
adoption of a PFM approach with an action plan. 
It should also address the problems that were 
associated with the PFM initiatives and the lack 
of implementation of the previous management 
plan.
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Observations on the factors behind the decline of the 
Chambo in Lake Malawi and Lake Malombe

Alexander Bulirani
Department of Fisheries, PO Box 593, Lilongwe, Malawi

Abstract

The group of inshore vertically striped large-sized tilapia locally called Chambo falls into one 
genus, Oreochromis and is composed of five distinct species (O. karongae, O. lidole, O. saka, 
O. squamipinis and O. shiranus), all of which, except O. shiranus, have a lake-wide distribution in 
Lake Malawi and Lake Malombe. One among the five, O. lidole had much of its catch coming from 
the area next to the outlet of Lake Malawi and the Upper Shire River at the peak of harvesting in 
the late sixties and early seventies. The Oreochromis shiranus is only found in the Shire River and 
Lake Malombe. The high market value of the fish and the relatively simple methods and gears for 
harvesting the five species under conditions of open access to the fishery led to over subscription 
to the fishery. The stocks started to decline gradually in Lake Malawi and Lake Malombe by the 
late eighties but the rate of harvesting kept increasing. In the mid eighties, the Chambo catch in 
Lake Malombe stood at 6 000 metric ton (t). By 2001, however, the reported catch had come 
down to a mere 200 t representing a decline of about 97% over the catch of the mid eighties.  In 
Lake Malawi, the reported catch in 1985 was 9 400 t. This declined to 1 400 t by 1999, again a loss 
of about 85% in 14 years. The reason for the decline in these five species has been mainly 
speculation. This paper attempts to bring into focus some of the major factors that are believed 
to have played an important part in the decline of the Chambo stocks and thus contribute to the 
debate on what measures need to be taken now to restore the stocks or slow down the rate of 
further decline.

Introduction

Between the early to the mid seventies, the main 
species making the bulk of the landings in both 
Lake Malawi and Lake Malombe was the Chambo 
(Oreochromis spp.). This high value and mainly 
inshore group of fishes was being harvested 
using very simple techniques and gears ranging 
from gillnets, fish traps and beach seines. Because 
of the simplicity of harvesting, many fishers 
were engaged in the fishing. Knowledge on the 
existence of abundant deep-water fish stocks was 
available as evidenced by the introduction of pair 
trawling in the late sixties and early seventies. 
The simplicity of harvest method and equipment 
coupled with uncontrolled entry into the fishery 
led to over subscription of the fisheries. The 
Fisheries Department Research Unit at Monkey 
Bay was collecting data that could have been 
used to forecast the status of the stocks but the 
data collected was not processed immediately to 
provide the decision-making inputs about the 
stocks. The situation, therefore, remained unclear 
even though it was obvious that the stocks were 

not healthy. The status of the Chambo stocks 
came into perspective during and after the FAO 
Chambo Project, which made an assessment for 
the South East Arm of Lake Malawi and Lake 
Malombe.

The status of the stocks

The Chambo stocks remained stable in the initial 
phase of serious harvesting in the mid to late 
sixties. Then, much of the land/water interface 
was intact in the Chambo producing parts of 
Lake Malawi and Lake Malombe. The lakeshore 
infrastructure development in the late seventies 
and early eighties saw a further decline and it is 
difficult to determine which factor played a bigger 
role, the excessive fishing effort or the lakeshore 
infrastructure development. For Lake Malawi, 
the catch of the Chambo, which was reported at 
9 400 t in 1985, had gone down to 1 400 t by 
1999, a decline of about 85% in 14 years. The 
situation was more desperate for Lake Malombe 
and the Upper Shire, where catches for the 
Chambo had plummeted by 97% over a period 
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of 11 years, having dropped from 6 000 t in 1980 
to 200 t in 2001.

Why the decline?

As already mentioned in the introduction, 
no special studies have been undertaken to 
seriously look into the biophysical factors that 
are responsible for the decline in the catch 
and stock of the Chambo. The FAO/Chambo 
Project collected statistics on Chambo catches 
for Lake Malombe and the South East Arm of 
Lake Malawi pointing to the number of fishers 
as being the largest component that contributed 
to the decline of the stocks and catch. Casual 
observations on the present status of the water/
land interface for the two lakes reveal that the life 
cycle of the species would have difficulties to be 
completed even if the case for overfishing was not 
considered. Therefore, most of the speculations 
on why the Chambo stocks have declined rapidly 
come under four categories.

Increasing fishing effort unmatched by available 
fish biomass

The Fisheries Department Annual Frame Survey 
(AFS) of fishing gears and fishers indicates that 
the highest entry into Chambo fishing happened 
in the late seventies. The time lag between the 
over harvesting of the stocks and the actual effect 
which started to be felt in the early eighties could 
be explained by the resiliency of the stocks.

Over the last 10 years the number of gears 
in Mangochi District, which is the largest 
Chambo producing district, has been increasing            
(Figure 1). Starting from 1993 when there were 
about 750 units, the number swelled to about 
1 500 in 1995. There was a slight drop in 1996 
that cannot be explained but for the remaining 
years from 1997 to 2002 the number of gears has 
shown an increase, particularly in 2002.

As regards the number of gears that actually catch 
the Chambo, the situation has not been better 
(Figure 2). The number increased from about 600 
in 1993 to about 1 200 in 1997, an increase of 
100% in a space of four years and levelled off at 
about 1 100 from 1997 to 2001.

As already mentioned elsewhere in this paper, the 
situation of the Chambo poses the most difficult 
problem. The fish is the most highly priced fishery 
product in the entire country; yet the means used 
to harvest it are among the most rudimentary of 
fishing methods in both lakes. The high price 
of the fish and the relative ease with which it is 
harvested require that some measures be put in 
place to discourage people from investing further 
in the catching of the Chambo in the two lakes.

Illegal fishing

A situation that exists for both Lake Malawi and 
Lake Malombe whereby small-meshed gears 
normally meant to harvest small-sized cichlids 

Figure 1. Total number of gears in Mangochi District (Fisheries Department 2002).
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such as utaka (Copadichromis spp.) causes havoc as 
these gears also catch Chambo juveniles. Gillnets 
of mesh sizes ranging from 38 mm to 68 mm are 
the most common type of gears in the whole 
of the South East Arm of Lake Malawi and Lake 
Malombe. While it is possible to ban the use of 
small-meshed Chambo seines and other ground-
raking gears, the use of the small-meshed gillnets 
cannot be legally stopped as they represent the 
only way of harvesting these small-sized cichlids 
in the lakes.

Non-compliance to the closed season

The Fisheries Conservation and Management 
Act makes provision for a closed season of 31 
days for Lake Malawi, and 61 days in the case 
of Lake Malombe, when all bottom-raking 
active gears such as Chambo seines and nkacha 
seines are not allowed to operate. The period in 
question is the time when the Chambo make 
huge mating aggregations. During this time, the 
fish becomes more vulnerable to encircling gears 
and a large part of the lake bottom where they are 
usually found would be full of nests with eggs. 
Operation of bottom-raking gears during this 
time poses two problems. The nests get destroyed 
and the eggs buried by sand and other substrate.  
The fishing operation also scatter the mating 
aggregations before effective mating takes place; 

and, worse, most of the catch is composed of fish 
in running condition. Another issue that needs 
some consideration is the effect of trawlers who 
continue to operate even during the close season. 
Small-scale fishers have raised this issue in many 
fora but the Department of Fisheries has shunned 
discussing this point purely on the ground of 
economic consideration for the trawl operators. 
A justification that used to be made in the past, 
when there was a large number of beach seines 
operating in many parts of Lake Malawi, was that 
the area being swept by the trawl operators was 
relatively small compared to that which was being 
swept by the traditional beach seines. Now, with 
the decrease in the number of beach seines and 
some containment of the nkacha gears on Lake 
Malawi, this argument does not seem to hold.

An exploding lakeshore human population, 
with limited alternative livelihood options

The human population of lakeshore districts of 
Nkhata Bay, Nkhotakota, Salima and Mangochi 
has increased due to migrations of upland 
people to the lakeshore in search of economic 
opportunities (Todd et al. 2000; Mvula et al. 
this volume). In addition to physical migration, 
the increasing number of fishers is also due to 
the change in livelihood strategies of farmers to 
fishing (Mvula et al. this volume).

Figure 2. Number of Chambo catching gears in Mangochi District (Fisheries Department 2002).
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Fishing as opposed to farming as an economic 
activity is particularly favoured by desperate 
groups as it offers quick relief due to the fact 
that each harvesting starts immediately after the 
investment is made and each fish caught almost 
represent instant cash. Fishing assistants who 
sometimes come from the upland are engaged in 
an activity for which payment is made on a daily 
basis and no matter how little the catch is for the 
day, it is possible to sustain their livelihoods. 
The cheap labour also ensures that inefficient 
operations of fishing depleted fish stocks are 
sustained.

The districts of Mangochi and Salima, where 
most of the Chambo are caught, boast of tourism 
infrastructure which could be considered to 
be offering alternative employment to the 
population and so reduce their dependence 
on the harvesting of natural resources for their 
survival. While it is true that some of the family 
members are employed at a tourism venture, the 
impact has been very small and insignificant. 
Instead of acting as a catalyst in the creation of 
numerous support businesses to the tourism 
industry, the central buying systems by the hotels 
of even the most basic commodities has not 
allowed the communities to benefit more than 
direct employment, and money made in the 
lakeshore is used to support far off economies 
where the hotels purchase in bulk.

Habitat destruction

The successful life cycle and recruitment of the 
Chambo normally require undisturbed lake 
bottom for nesting and some refugee against 
predators in very shallow waters for the small fry. 
The clearing of reeds and other macrophytes of 
the water/land interface, therefore, has a definite 
impact on successful reproduction. A casual look 
at the coastline of Lake Malawi, from the outlet 
of the Shire River to Cape Maclear in Mangochi 
and from the estuary of the Linthipe River to 
Lifuwu in Salima, shows that most of the areas 
that were famous for producing the Chambo used 
to have vegetated water/land interface. However, 
today most of these areas have been cleared for 
tourism infrastructure and private cottages. Thus 
the disturbance of the Chambo mating by fishers 
not observing the closed seasons and the lack 
of effective nursery areas for the fry have played 
continuously against the Chambo. Most of the 
fry that are produced in any year are believed 
to be eaten by other predator fishes of the 
shallow waters. A vegetated shoreline would offer 

effective protection to the fry against predation as 
carnivorous fishes are obstructed by the vegetation 
in their hunting activities. It is, therefore, believed 
that one of the measures that need to be taken in 
any effort to restore the stocks of the Chambo to 
anything close to that of the pre 1980 levels must 
address this problem by creating quiet areas as 
sanctuary for small fry.

Conclusion

Most of the major factors believed to have 
caused the decline of Chambo stocks treated 
in this paper do not come from special studies 
undertaken to try and resolve the issue of the 
decline. Rather, they derive from the connectivity 
of these factors to the biological requirement of 
the Chambo, the size of the fishers population 
and the environmental status of the areas that 
used to produce huge amounts of the Chambo. 
This makes a very strong case that the starting 
point to restore the stocks to significant levels 
must involve reduction of the fishing effort and 
rehabilitation of the water/land interface to 
provide for nursery areas.
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Abstract

The Chambo fishery supports artisanal fisheries throughout Lakes Malawi and Malombe and 
commercial fisheries in the south of Lake Malawi. A study was carried out to determine the level 
of genetic diversity distribution of tasseled tilapias, Oreochromis (Nyasalapia), species using 
microsatellite DNA markers. O. squamipinnis showed the highest variability and O. lidole the least. 
Mean observed number of alleles (na) was higher than mean effective number of alleles (ne). 
Estimates of migration rates per generation (Nm) using Slatkin’s Private Allele Method suggest 
that there is considerable migration of the Oreochromis (Nyasalapia) group that takes place 
within the confines of Lake Malawi. The extent of genetic similarity observed among fishes 
collected from various sites of the lake may suggest that the unpredictable seasonal catches of 
the Chambo may result from coincidental hits of migrating populations other than sedentary 
stocks. There is, therefore, a need for further studies to monitor the geographical range of these 
migrations. The overall results suggest that the Chambo has still maintained a reasonable level 
of genetic variation in the face of intense fishing pressures. This may mean that the observed 
decline in the Chambo is substantially numerical in nature and that the species possess 
adequate potential for recovery.

Introduction

The Chambo fishery supports artisanal fisheries 
throughout Lakes Malawi and Malombe and 
commercial fisheries in the south of Lake Malawi 
(Lewis 1990; Turner et al. 1989; Palsson et al. 
1999). The two sectors of the fishery take out 
on average, 54% and 46%, respectively, of the 
Chambo in Lake Malawi (van Zalinge 1992). 
Before 1993, the Chambo contributed about 30-
50% of artisanal and commercial fisheries. The 
total Chambo catch peaked to around 17 000 
t in the early 1980s then declined substantially 
in the mid 1980s and has stagnated around 
3 000 t in recent years (Banda, this volume). 
In Lake Malombe alone, for instance, Chambo 
annual catches collapsed from a peak of 8 000 t in 
1982 to less than 500 t in 1996.

The decline in Chambo catches in recent years, 
especially in southern Lake Malawi, has been 
attributed to severe overfishing (Seisay et al. 1992a). 
Considering the localized nature of Chambo 
populations (Banda, this volume), overfishing and 
the consequent reduction of populations could be 
a cause for concern about the future sustainability 
and diversity of the populations. This paper 

discusses the relation between fishing intensity 
and genetic diversity of the Chambo.

The objective of this study was to determine the 
level of genetic diversity distribution of tasselled 
tilapias, Oreochromis (Nyasalapia) species, in 
Malawi.

Biology of the Oreochromis 
(Nyasalapia) species

Morphological variation

Studies by Lowe (1952) and Konings (1990) 
indicate that morphological variation is evident 
amongst the Oreochromis (Nyasalapia) species. 
One of these species, the O. squamipinnis, displays 
a deep body and sharp bend on the forehead. Its 
ripe male has a pale blue background with a 
characteristic vertical band on a white forehead. 
The O. karongae has a deep body but with a 
depression on the forehead and its breeding 
males are black. The O. lidole has a big head and a 
generally slender body. Breeding O. lidole males 
are also black. However, the O. lidole actually 
seems to have a proportionally lower mean head 
length than that of the O. saka or O. squamipinnis 
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(Trewavas 1983). O. saka breeding males are also 
black but are different from the O. karongae in 
that the O. saka has ‘heavily toothed’ pharyngeal 
dentition and a more slender body. The O. 
karongae and O. saka show considerable overlap 
of morphometric and meristic characters. Turner 
and Robinson (1991), therefore, propose that the 
O. saka is a junior synonym of the O. karongae. 
They suggest that the O. saka is a southern 
variation of the O. karongae, which shows a 
morphological cline from the north to the south 
of Lake Malawi; hence they believe that there are 
three species of the Chambo and not four as 
otherwise believed. McKaye and Stauffe (1988) 
claim that nuptial colors of the Oreochromis 
(Nyasalapia) species do switch between blue and 
black, implying that identification of these species 
by breeding dress is not reliable.

Geographical variation

Turner and Robinson (1991) further demonstrated 
geographic variation among the Oreochromis 
(Nyasalapia) species in pharyngeal dentition and 
external morphology. This variation is gradual 
and clinal and appears to be linked to the 
substrate type (Pàlsson et al. 1999). Oreochromis 
(Nyasalapia) populations from soft-bottomed 
areas have slender pharyngeals while those from 
coarse sandy or rocky areas have relatively broad 
pharyngeals. Populations collected from the 
northern parts of Lake Malawi have expanded 
pharyngeals (Turner and Robinson 1991). Turner 
and Mwanyama (1992) echoed the same results 
from a repeated survey of a larger sample 
population in which the species were 
reproductively isolated by female choices for 
male breeding dress (Turner 1994). It is, however, 
claimed that genetic differences are minor among 
the Chambo species although behavioral 
separation was achieved in earlier studies (Sodsuk 
at al. 1995). These observations have, however, 
not been strongly supported by genetics data.

Restrictions to reciprocal genetic exchange 
between migrants and residents are apt to have 
important effects on the apportionment of genetic 
diversity because the extent of gene flow among 
local populations determines their potential for 
genetic differentiation (Lessios 1981). Population 
pairs that are separated geographically would 
show greater genetic differences than those that 
are closer to each other.  Genetic similarity among 
members of a population depends largely on the 
extent to which they interbreed. Populations that 
mate frequently would share a higher proportion 

of common genes than those that have some 
restriction to breeding and, therefore, would have 
a correspondingly lower level of genetic 
divergence. The rate of gene flow between 
populations depends on the dispersal ability of 
an organism relative to habitat discontinuities 
and on successful mating between migrant and 
resident populations (Meffe 1986). Further to 
this, the visible external phenotypes of organisms 
are not a reliable guide on how their genetic 
diversity is partitioned. External appearances are 
affected by genetic, environmental and 
physiological factors and, therefore, are not 
unaltered throughout the lifetime of an organism 
(O’Connell and Wright 1997). It can thus be 
inferred from estimates of genetic differences 
whether populations are sufficiently variable or 
not, geographically or otherwise. So a genetic 
study of the Chambo would provide answers to 
the question of the genetic basis behind the clinal 
morphological and geographic differences among 
the three Chambo species of Lake Malawi.

Distribution and migration

The Oreochromis (Nyasalapia) species are found in 
the Lake Malawi drainage system alone and 
nowhere else in the world. Populations of 
Oreochromis (Nyasalapia) adults tend to migrate 
into Lake Malombe during their breeding season 
and when temperature begins to rise in the 
summer. They return at the onset of the windy 
‘mwera’ season when temperature begins to fall 
(Lowe 1952; Seisay et al. 1992a). However, the 
rates of migration have been decreasing steadily 
since the early 1990s (Seisay et al. 1992b). Pàlsson 
et al. (1999) speculate that the decline of 
Oreochromis (Nyasalapia) species stocks in Lake 
Malawi, especially in the southeastern arm, has 
obscured former migration patterns leading to the 
reduced migration and that this has contributed 
to the collapse of Lake Malombe Chambo stocks.

If indeed migrations do occur, does transfer of 
genetic material occur between populations so 
that there is mixing of gene pools? What is the 
extent of gene pool exchange? If there is no 
migration, is there distinct population structuring? 
Do the Chambo stocks consist of single random 
mating populations, a series of small isolated 
sub-populations or continuous populations with 
individuals sharing genes with geographically 
proximate individuals only? Given the suggestion 
that there is localized depletion of stocks in some 
of the microhabitats in the lake, are gene pools in 
the heavily fished areas replenished by the 
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populations from the areas where the Chambo 
stocks still exist in considerably large numbers? 
Or have such sporadic disturbances helped to 
maintain considerable genetic diversity? Are the 
fluctuations in the Chambo due to strong 
seasonal influences or coincidental hits of 
migrating populations? These questions underline 
the need to describe the population genetic 
architectures within the Chambo species and 
suggest the forces that dictate genetic partitioning. 
Knowledge of the genetic diversity of the Chambo 
would not only allow monitoring of the species 
but also provide insight into management 
implications that are beyond the purview of non-
molecular approaches. Studies in molecular 
genetics of the Oreochromis (Nyasalapia) species 
might contribute to assessment of their natural 
diversity.

Genetic diversity

Genetic diversity refers to the amount of genetic 
variability, the variety of genes or hereditary units 
among individuals of a species or population. 
Populations or species with high genetic diversity 
are believed to be less susceptible to internal and 
external hazards and stress than those with low 
genetic diversity (Brown 1983). Genetic diversity 
ensures the future survival of a population or 
species against the vagaries of the environment. 
Both natural processes of evolution and 
anthropogenic processes determine patterns of 
genetic diversity in a population or species (Avise 
1994; Kamonrat 1996). Sources of genetic 
diversity occur at two fundamental levels: 
differences among individuals within a 
population (within population variation) and 
differences among (geographic) populations 
(among population variation). Loss of within-
population genetic diversity erodes a population’s 
adaptive flexibility to selective pressures while 
loss of among-populations variation leads to 
replacement of many populations by one (Meffe 
1986). Three main processes reduce within-
population variation: random genetic drift, 
genetic bottlenecks and inbreeding through their 
effect on effective population size. Between-
population variation is reduced by either outright 
extinction of populations or replacement of some 
populations by others (Ambali 1996).

Materials and methods

Sample collection

Strategic sampling was conducted from the major 
fishing grounds throughout the Malawian shores 

of the lake from Mangochi to Karonga. Sampling 
areas were clustered into four main groups 
according to the lake districts, namely Karonga in 
the northern part of Lake Malawi, Salima and 
Nkhotakota in the central parts, and Mangochi in 
the southern extreme of the lake. Fishing grounds 
were identified within each main sampling site 
with respect to geographic distances in order to 
come up with fairly representative samples of the 
total Chambo populations at a particular site. 
Table 1 presents the sample sizes per site per 
Chambo species.

DNA extraction

Tissue of about 5-10 mm3 was extracted from each 
fish and preserved in 95% ethanol. Genomic 
DNA was extracted using the extraction protocol 
outlined in Kafumbata (2001).

Microsatellite and Polymerase Chain 
Reaction (PCR)

Microsatellite markers

Microsatellites or simple sequence repeats (SSR) 
are regions of DNA that consist of identical, short 
repeated di-, tri- or tetra nucleotide motifs spaced 
at 7-10 kilobase pairs in eukaryotic genome. They 
are highly abundant, widely dispersed and highly 
polymorphic throughout the nuclear genome of 
most eukaryotes (Tautz 1989). Microsatellites are 
known to have relatively very high mutation rates 
of the order of 10-3-10-4 and this causes 
microsatellites to exhibit extensive allelic variation 
and high levels of heterozygosity (Wright and 
Bentzen 1994). These markers are co-dominant 
such that data generated can be assayed by 

District Species
*Population 
ID Number

Sample 
size

Karonga O. karongae 1 34

O. lidole 2 18

O. squamipinnis 3 54

Salima O. karongae 4 40

O. lidole 5 40

O. squamipinnis 6 40

Nkhotakota O. karongae 7 40

O. lidole 8 40

O. squamipinnis 9 40

Mangochi O. karongae 10 29

O. lidole 11 34

O. squamipinnis 12 28

Table 1. Sample sizes per site per Chambo species collected from 
various districts along Lake Malawi.

*ID-Identification
All samples were collected in the year 2000.
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polymerase chain reaction (PCR) and size 
fractionated to easily distinguish heterozygotes 
from homozygotes (Wright 1993). Variation 
among individuals occurs in the number of the 
nucleotide motif repeats and, therefore, the size 
of these regions (Wright 1993; O’Connell and 
Wright 1997).

Polymerase Chain Reaction

Following extraction, the DNA was subjected to 
PCR for amplification of microsatellite loci using 
the cocktail provided in Kafumbata (2001).

The cocktail was thoroughly mixed in the 
appropriate volumes and then 10.5µL of the 
mixture was aliquoted to the reaction tube 
containing 2.0 µL sample DNA. This was gently 
mixed and DNA amplification proceeded. Six 
microsatellite primers, UNH 103, UNH 154, 
UNH 160, OS 008, OS 064 and OS 075 were used 
to analyze 12 populations of the Oreochromis 
(Nyasalapia) species (Kafumbata 2001).

DNA amplification and microsatellite detection

DNA amplification was performed in Perkin-
Elmer GeneAmp PCR System 9600 thermocycler. 
Samples were subjected to the temperature of 
95°C for 12 minutes to activate Amplitaq Gold 
thermostable enzyme. Then 10 cycles of 
amplification were performed. For each cycle, 
DNA was denatured at 94°C for 30 seconds, 
annealed at primer specific temperature for 15 
seconds, and then extended at 72°C for 30 
seconds. Another 25 amplification cycles 
followed, each consisting of a 30 second 
denaturing step at 89°C, a 15 second annealing 
step at primer specific temperature and a 30 
seconds extension step at 72°C. A further 
extension period was allowed at 65°C for 20 
minutes. The products were analyzed by 
electrophoresis through 6% denaturing 
polyacrylamide gel fixed and sized relative to 
pGEM DNA and φX174DNA/Hinf 1 Markers 
(Promega 2000).

Data analysis

Genetic variation

POPGENE version 1.31 (Yeh et al. 1999) was used 
to compute various measures of genetic variation 
within and among sample populations. The 
following variables were computed to determine 
the allelic diversity: number of alleles per locus, 

total number of alleles in each population, 
mean number of alleles per population and 
effective number of alleles per population 
(Crow and Kimura 1970), observed (direct 
count) heterozygosity, expected heterozygosity 
(Nei 1973) and Shannon’s Information Index 
(Lewontin 1974). The direct count heterozygosity, 
which is an indicator of potential response 
to selection, was compared among various 
populations in order to determine the amount of 
genetic variation in populations.

Genetic distance

Nei’s (1978) unbiased genetic distance was 
determined using the POPGENE program. 
Multidimensional scaling of Nei’s (1978) 
unbiased genetic distance and FST values between 
population pairs was carried out using the 
MDSCALE program of NTSYS-pc (Rohlf 1992) 
to examine the relationship among populations. 
The goodness of fit of the distances in the 
configuration space to the monotone function of 
the original was measured using a statistic stress 
(Rohlf 1992).

Population structure and gene flow

The DIPLOIDL program in GENEPOP version 
3.2a (Raymond and Rousset 2001) was utilized to 
compute the various F-Statistics of Sewall Wright 
(Wright 1978) according to Weir and Cockerham 
(1984). The among-population component of 
genetic variance (FST) was calculated to measure 
the proportion of total variation that could be 
ascribed to differences between population allele 
frequencies. FST was computed for all populations 
and between pairs of populations. FIS values 
were also calculated to determine heterozygote 
deficiency and excess within populations.

Using Slatkin’s (1985) private allele method, a 
multilocus estimate of the effective number of 
migrants (Nm) was computed. This provides an 
estimate of the rate of migration of individuals 
between populations.

Results and discussion

Allelic diversity in the Oreochromis 
(Nyasalapia) species

The total number of alleles and a summary 
of heterozygosity statistics for six loci in the 
O. karongae, O. lidole and O. squamipinnis are 
presented in Table 2.
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The mean (±se) observed and the mean 
effective numbers of alleles are plotted in 
Figure 1. Across all four localities of Karonga, 
Nkhotakota, Salima and Mangochi, the mean 
observed number of alleles ranged from 
13.17±0.43 to 18.00±0.48 while the mean 
effective number of alleles ranged between 
8.45±0.48 to 11.69±0.57 in the O. squamipinnis, 
7.86±0.42 to 10.80±0.44 in the O. karongae and 
from 9.12±0.25 to 10.00±0.42 in the O. lidole. 
There was no significant difference (p>0.05) 
among the species and populations from 
different localities. The O. squamipinnis showed 
the highest variability and the O. lidole the least. 
The mean observed number of alleles (na) was 
higher than the mean effective number of 
alleles (ne). The effective number of alleles 
takes into account the relative frequencies of 
alleles which rare alleles contribute negligibly 
to the estimates (Kamonrat 1996). A large 
difference margin between the two estimates 
in most populations may be indicative of the 
presence of low frequency alleles at the six loci. 
This typifies microsatellites in which each locus 
displays a large number of alleles of which 
many are individually rare (Kamonrat 1996). 

The effective number of alleles is a measure of 
the stability of a population. Such a relatively 
high mean effective number of alleles, seems to 
suggest that the O. Nyasalapia species flock is in 
a relatively stable state. Shannon’s Information 
Index also suggests a relatively high degree of 
diversity within the species group.

Observed heterozygosities and expected 
heterozygosities have been summarized 
in (Table 3). Observed heterozygosities 
were lower than expected heterozygosities 
in all populations for all species. Mean 
heterozygosity value of 0.88±0.03 was observed 
amongst the three species with mean direct 
count heterozygosity ranges of 0.50±0.19 
to 0.67±0.22 in O. squamippinis, 0.52±0.30 
to 0.64±0.18 in O. lidole and 0.49±0.17 to 
0.67±0.15 in O. karongae. These are higher than 
mean heterozygosity values of 0.208±0.053, 
0.188±0.500 and 0.125±0.043, respectively 
reported in earlier allozymes studies in the 
O. Nyasalapia species group (Sodsuk et al. 1992). 
The allozyme data suggest that a decrease in 
genetic diversity might have occurred especially 
in the O. karongae.

Species UNH 103 UNH 154 UNH 160 OS 008 OS 064 OS 075

A SR A SR A SR A SR A SR A SR

OK 32 172-268 37 98-118 34 22-218 25 102-160 20 130-170 22 76-126

OL 26 180-268 38 94-222 30 140-214 21 96-152 19 130-170 25 76-140

OSQ 29 176-258 41 96-188 35 124-226 23 102-160 21 130-170 24 76-128

Table 2. Total number of alleles (A) and Size Range (SR) in bp at six loci in the Oreochromis (Nyasalapia) species.

(OK=O. karongae; OL=O. lidole; OSQ=O. squamipinnis)

Figure 1. Plot of measures of population variation; mean±se observed (na) and effective (ne) number of alleles for individual 
Chambo populations.
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in the minimal genetic differentiation amongst 
the species, FST of 0.058.

Conclusion

For a long time, there have been questions 
about the genetic basis behind the clinal 
morphological and geographical differences 
among the three Chambo species of O. karongae, 
O. lidole and O. squamippinis. Questions have 
also been asked as to whether the Chambo 
does indeed migrate or not. The findings of 
this study suggest that the clinal geographical 
variations are not significantly supported by 
genetic variation. The three species show a high 
degree of within-species uniformity. The study 
finds that there are low levels of microsatellite 
differentiation among the species flock. It seems 
plausible to suggest that the populations are 
likely to be reproductively isolated by female 
preferences for male breeding dress as proposed 
earlier by Turner (1994). With the perceived 
localized depletion of the stocks, largely 
depleted areas are probably being replenished 
from areas where the Chambo exist in large 
numbers in a charging effect. Although earlier 
studies reported a decrease in genetic richness 

Genetic distance between populations

A plot of the first two dimensions of 
multidimensional scaling based on FST is 
presented in Figure 2. The pattern of relationship 
among the three species observed shows a high 
degree of consensus with overlaps among three 
species whereby the O. squamippinis strongly 
overlaps with the O. lidole. Stress was less than 
0.20 and, therefore, considered a reasonable fit 
(Rohlf 1992). This suggests genetic closeness of 
the species, with the O. squamippinis showing the 
greatest genetic distance across the four localities 
with population three having probably the least 
component of the gene pool.

Gene flow

Estimates of migration rates per generation 
(Nm) using Slatkin’s Private Allele Method 
are provided in Table 4. These results suggest 
that there is considerable migration of the 
Oreochromis (Nyasalapia) group that takes place 
within the confines of Lake Malawi. Therefore, 
it is plausible to deduce that the unpredictable 
seasonal fluctuations of Chambo catches may 
result from coincidental hits of migrating 
populations other than sedentary stocks. 
This is supported by the remarkable genetic 
similarity observed among the fishes collected 
from various sites of the lake. Incidentally, 
according to fishermen at Makanjira and Fort 
Maguire (Chipole), the Chambo had not 
appeared in catches for at least two years. Then 
it suddenly appeared for only three days before 
disappearing again. This observation also 
supports the migratory behavior of the Chambo. 
This considerable gene flow also manifests itself 

Table 3. Summary heterozygosity statistics for all loci and populations.

Population
Observed 
Heterozygosity

Expected 
Heterozygosity

1 0.49±0.17 0.90±0.03

2 0.68±0.25 0.91±0.04

3 0.50±0.19 0.87±0.06

4 0.58±0.18 0.90±0.05

5 0.59±0.25 0.90±0.03

6 0.63±0.22 0.91±0.44

7 0.61±0.13 0.85±0.09

8 0.52±0.30 0.89±0.04

9 0.66±0.12 0.91±0.03

10 0.67±0.15 0.91±0.03

11 0.64±0.18 0.90±0.03

12 0.67±0.22 0.91±0.05

Figure 2. Multidimensional scaling plot of genetic distance data 
showing observed pattern of relationship among the three Chambo 
species. Refer to Table 1 for details of populations corresponding to 
the number labels.
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in the O. karongae species, this study reveals 
otherwise, with the decline being highest in 
the O. lidole throughout the lake. The extent 
of genetic similarity observed among fishes 
collected from various sites of the lake may 
suggest that the unpredictable seasonal catches 
of the Chambo may result from coincidental hits 
of migrating populations other than sedentary 
stocks. Therefore, there is a need for further 
studies to monitor the geographical range of 
these migrations.

The overall results suggest that the Chambo still 
maintains a reasonable level of genetic variation 
in the face of intense fishing pressures. This may 
mean that the observed decline in the Chambo 
is substantially numerical in nature and that the 
species possess adequate potential for recovery.
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