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Abstract

[ |
The lack of better performing native fish species for aquaculture led the government of Malawi to import
the exotic common carp (Cyprinus carpio L.) from Israel in 1976. Growth trials at Domasi and
Kasinthula Experimental Stations had shown that common carp grew faster and to a larger size than the
indigenous fish species. The government decided to distribute the fish to farmers for grow-out. Barely
five years into common carp distribution to farmers, the government reversed its policy and banned the
use of the species in aquaculture. The government not only became unpopular but also lost the
confidence of the farmers who had begun to see positive impacts of common carp to their livelihoods.
The farmers are as unconvinced today as they were before with the reasons behind the banning of
common carp. This paper explores the background to common carp farming in Malawi, why the fish
was later banned, and the impacts of the fish’s ban on the status of Malawi’s aquaculture. The paper
further highlights the farmers’ call for a return of common carp to Malawi’s aquaculture and the
research needed to be undertaken to inform government’s policy for the development of a sustainable
aquaculture industry in Malawi.
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INTRODUCTION

Fish is the most affordable source of animal protein in
Malawi, contributing over 70% of animal protein to the
diet of Malawians (Mahony et al., 2014; Chidammodzi et
al., 2015; Sanudi et al., 2015). Most of the fish consumed
by Malawians come from capture fisheries. Aquaculture
contributes about 2% to the total fish supply in Malawi.
Over the past decades, fish production from capture
fisheries has plateaued, with little or no prospect for

further expansion (Weyl et al., 2010). Overfishing and
weak enforcement of fisheries regulations have been
blamed for dwindling catch rates from lakes and rivers.
With the increasing human population (growing at 3%
p.a.), the scarcity of fish in Malawi has had many
ramifications.

Foremost is the increase in demand and prices of fish
(GoM, 2011). As 65% of the people in Malawi are poor,
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living on less than 1 US $ per day, many people may not
afford to buy fish. This is notwithstanding that compared
with other animal products, fish still remains relatively
cheap. Consequently, many Malawians may lack
sufficient animal protein in their diets, leading to stunting
and other protein-deficiency problems (IFFRI, 2012).
Further, fish availability has declined, resulting in
decreasing per capita fish consumption from 14.7
kg/person/year in 1970 to 4.9 kg/person/year in 2011
(Russell et al., 2008; Nagoli et al., 2009; Sanudi et al.,
2015), and is projected to reach zero by 2034 (GoM,
2011) (Figure 1).

As fish is important to people’s health and the economy
of Malawi, the government has been considering various
options of increasing fish supply in the country.
Aquaculture is seen as the most viable option (Sanudi et
al., 2015). However, the main constraint in Malawi’s
aquaculture is the slow growing and small-sized native
fish species cultured (GoM, 2011, 2012). This problem
has been observed since the 1960s, but efforts to identify
more suitable indigenous fish species have been
unsuccessful. This led the government of Malawi to
import the common carp (Cyprinus carpio Linnaeus,
1758) (Figure 2) from Israel in 1976.

Test trials for growth showed that the common carp
grew fast and to a large marketable size. The government
distributed the fish to farmers in southern Malawi from
1985 to 1990. Further importation and distribution of the
fish was stopped in 1991 and a ban imposed on its
culture in 1992. But farmers wanted a reversal on carp
ban to promote growth in the aquaculture sector (GoM,
2011). Details on the history of aquaculture development
in Malawi are covered in Pruginin (1976), Balarin (1987)
and ICLARM/GTZ (1990). This paper reviews the origin
and status of carp farming in Malawi, the issues
surrounding the ban of the fish, and research areas to
inform policy on common carp farming in Malawi are
suggested.

METHODS OF INVESTIGATION

Information on the farming of common carp in Malawi
was obtained from the following sources:

(1) A compilation of existing literature on the origin and
status of common carp farming in Malawi. Since farming
of this fish in Malawi has been restricted, some of the
literature on the subject is admittedly quite old (Betram et
al., 1942; Pruginin, 1976; Balarin, 1987; Welcomme,
1988; Vanden Bossche and Bernacsek, 1990; Msiska
and Costa-Pierce, 1993).

(2) Personal involvement as a research assistant in
Zomba district in 1989/1990 under the International
Center for the Living Aquatic Resources Management1
(ICLARM/GTZ Africa Project).

1Now WorldFish Center

Further information was obtained through attendance of
meetings organized by ICLARM in 19891990 and in later

years by the Department of Fisheriesz.

RESULTS
History of common carp farming in Malawi

The farming of fish in Malawi started in 1906 with the
introduction of rainbow trout (Onchorhynchus mykiss
Walbaum, 1792) for angling (Balarin, 1987). As the
human population at this time was low, fish stocks in the
capture fisheries were considered adequate and in
healthy state. A nutritional survey following the League of
Nations (1935), Report on the Psychological Basis of
Nutrition recommended that the farming of fish for food in
upland areas of Malawi needed consideration to redress
the nutritional deficiency in the diet of people living far
from lakes (Betram et al., 1942). Thus, fish farming for
food began in 1956/1957 using the indigenous tilapias
Oreochromis shiranus Boulenger, 1897 and Tilapia
rendalli Boulenger, 1897 (Pruginin, 1976). In 1969, a joint
Malawi Fisheries Department (FD)/FAO survey of fish
yields of Malawian species was carried out to assess the
performance of these fishes. Results indicated slow
growth rate (< 1 g/day), leading to low fish yields from
ponds and dams of 0.1 to 0.2 t/hal/year for Northern
Malawi and 0.5 to 1.0 t/ha/year for Southern Malawi
(Msiska, 1993).

Presently, there are five main indigenous fish species
used in Malawi’s aquaculture, the tilapias O. shiranus,
Oreochromis karongae Trewavas, 1941, Oreochromis
mossambicus Peters, 1852, T. rendalli, and the catfish
Clarias gariepinus Burchell, 1822 (Figure 3). Tilapias and
catfish make up 93 and 5% of aquaculture production,
respectively. Oreochromis shiranus is the most widely
cultured fish in Malawi, followed by T. rendalli. O.
mosambicus is cultured in the Lower Shire river basin.
These tilapias grow slowly and to small sizes, with O.
shiranus and O. mosambicus reaching sexual maturity as
small as 6 g and breed precociously (M’balaka et al.,
2012).

The perceived absence of a fast-growing local species
and the need to provide animal protein and farm
employment to rural people prompted the government of
Malawi, as suggested by a consultant named Pruginin, to
decide importing common carp, from Israel in 1976, for
aquacultural purpose (Mkoko, 1993). Five hundred
common carp of both scaled and mirror carp were
imported and acclimated at the Kasinthula Experimental
Station (Moreau and Costa-Pierce, 1997). Common carp
is native in the piedmont zone of the Danube River to the
Black, Caspian and Aral Sea basins, with western
dispersants in central Asia and eastern dispersants in
Siberia (Kirpitchnikov, 1999). However, the fish has been

*The primary author has worked with Malawi’s Department of Fisheries for 15
years as a Fisheries Officer
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Figure 1. Trends in fish supply, demand and consumption in Malawi (Department of
Fisheries, Lilongwe and National Statistical Office, Zomba)

Tipipi seredaldilli
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Figure 3. Native fish species used in Malawi's aquaculture
(National Aguaculture Center and Atlas of Southern African Fresh
water fishes).
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Figure 4. Catchment area of Lake Malawi, southern Africa (ILEC, 2005). Carp was
distributed to farmers outside the catchment (not shaded).

translocated and introduced to non-native regions since
Roman times (Balon, 1995). The fish is regarded as one
of the best growing aquaculture species in the world, and
has been referred to as a —biological miraclell for its
excellent growth and production performance in
aquaculture systems (Msiska and Costa-Pierce, 1993).
Thus, the common carp was the first to be introduced
outside its natural range for aquaculture farming (Balon,
1995; Alves et al.,, 1999) and remains the most widely
distributed fish in the world (ISSG, 2000; Zhou et al.,
2003; Casal, 2006). In 2010, the fish accounted for 9% of
the total fish production in freshwater aquaculture
(Rahman, 2015). Some European countries obtain as
much as 80% of their freshwater aquaculture production
from common carp alone (Woynarovich et al., 2010;
Rahman, 2015).

During test trials from 1976 to 1983 at the Domasi and
Kasinthula Experimental Stations in Malawi, the carp
performed well in ponds with growth increments
averaging 4 g/day, leading to vyields of 5 t/halyear
(Msiska, 1993). For example, in the Chingale area of
Zomba district of Malawi, common carp was able to grow
up to 9 kg in 2.5 years (Moreau and Costa-Pierce, 1997).
Average weights for carp were 400 g; O. shiranus, 57 g
and T. rendalli, 78 g (Noble, 1993). Following
encouraging performance of carp in test trials, the
government considered distributing the fish to farmers.

Before the distribution of carp to farmers, the Fisheries
Department of Malawi formulated conditions for the
distribution: (1) only farmers outside the Lake Malawi
catchment area would be allowed to raise common carp;
(2) no farmer would be allowed to breed the fish; (3) all

carp fingerlings were to be supplied from government
fisheries stations (Domasi and Kasinthula) at a nominal
fee; (4) farm ponds must have screens on inlets and
outlets to prevent carp escapes; (5) at harvest all fish
must be killed and sold in the presence of a Fisheries
Officer; (6) all farmers growing carp must submit records
on their carp stocks and possible information on carp
transfers to neighbors (Mkoko and Mutambo, 1993).

The distribution, carried out between 1985 and 1990,
was largely confined to the southern region, outside the
Lake Malawi catchment area (Figure 4), except for a
small population of carp stocked in experimental ponds at
Bunda College of Agriculture (now LUANAR) for
experimental purposes (Moreau and Costa-Pierce, 1997).
The fish was distributed to 36 individual farmers in
southern Malawi, mainly in Zomba district, and two
estates (Satemwa Tea Estate in Mulanje district and
SUCOMA Sugar Estate (now lllovo) in the Lower Shire)
(Msiska, 1993). Because of its fast growth rate and large
market size, common carp was raised mainly for
commercial purposes (NRCM, 1999). A fuller utilization of
this fish was realized when raised in association with
other fish like T. rendall, O. shiranus and O.
mossambicus or C. gariepinus. The ease with which this
species could be cultured, fast growth under poor input
conditions and breeding without slowing down growth,
and adaptability to wide environmental conditions made
this species attractive to farmers (Kapeleta, 2001).
Consumers also liked the fish for its flavor, and the large
harvest size made a lot of farmers realize income they
never had before (Andrew et al., 2003).

By 1989, two incidences were reported that would



change the course of carp farming in Malawi. Firstly,
escapes were reported into Likangala stream in the Lake
Chilwa basin and in the Lower Shire system. This implied
that escapement of common carp was possible even with
the best trained and well-experienced farmers. Secondly,
the fish was reported to reproduce in the weedy margins
of some of the farmers’ ponds, contrary to the belief that
the fish would not spawn under natural conditions. The
Fisheries Department had never thought that these
incidences would occur (Msiska and Costa-Pierce, 1996;
Andrew et al., 2003). These two incidences heightened
the concerns about the potential impacts of the fish on
native fish biodiversity, particularly, in Lake Malawi, the
world’s most species-rich freshwater lake. Malawi has
been particularly concerned about the possible negative
impacts of carp on Lake Malawi fish biodiversity (Vanden
Bossche and Bernacsek, 1990).

In 1990, the government of Malawi stopped further
distribution of common carp fingerlings, pending a
decision on the future of carp farming. This, coupled with
drought in that year that dried up more than 50% of
farmers’ ponds, drastically reduced the number of carp
farms to just about four or five in the country (Moreau and
Costa-Pierce, 1997). In 1991/1992, carp withdrawn from
farmers and the remaining stocks in ponds were
eradicated in Malawi. All exotic fishes, including carp and
even Oreochromis niloticus, were prohibited in the Lake
Malawi catchment area by the Malawi Government, in
order to conserve the lake's unique assemblage of native
species (Msiska and Costa Pierce, 1993; Moreau and
Costa-Pierce, 1997). The restriction of exotic fish farming
became legalized in the 1997 Fisheries Conservation and
Management Act [Part XI section 41(1) c] (Hecht and
Maluwa, 2003). However, the farming of common carp
was still carried out (although negligibly) in some parts of
the Lower Shire and other areas in Southern Malawi
(Msiska and Costa-Pierce, 1996; Andrew et al., 2003).

Reasons for banning common carp in Malawi

The decision to import common carp did not consider the
ecological effects of the fish on aquatic ecosystems
(Costa-Pierce et al., 1993). When reports of devastating
ecological impacts of the Nile perch introduced into Lake
Victoria in the 1950s began to spread in the early 1990s,
scientists in Malawi were awakened to the negative
effects that introduced fish species can have on native
biota. Although, common carp was highly valued and
already being distributed to farmers, scientists began to
ponder about the potential negative impacts of this
species on the unigue Lake Malawi fish biodiversity.
Fortunately, the fish had already been introduced
elsewhere in the world and to more than 21 countries in
Africa (Table 1 and Figure 5) from which lessons of its
ecological effects could be learned.

Lessons from other countries in Africa suggested that

carp’s habit of digging up lake’s sediment could destroy
tilapia breeding areas, thereby lowering tilapia
recruitment due to disruption of nesting. The stirring of
sediment by carp also hasten eutrophication by
mobilizing sediment-bound nutrients (mostly phosphorus)
into the water column (Costa-Pierce and Pullin, 1989;
Breukelaar et al., 1994). However, considering the high
economic value of carp farming, no country in Africa,
beside Malawi, has rejected the fish on account of its
ecological effects. The Malawi government was
concerned about the potential threat of carp to the unique
fish biodiversity of Lake Malawi if it escaped into the lake
(Vanden Bossche and Bernacsek, 1990; Costa-Pierce et
al., 1993).

Impacts of common carp ban in Malawi

Declining contribution of carp to fish supply and
continued slowing of aquaculture growth

The contribution of common carp to aquaculture
production declined from about 9% of total aquaculture
production in the early 1990s to less than 0.5% by the
early 2000s (Figure 6). During the same period, the
contribution of common carp to global aquaculture
production increased from 5.4% of global aquaculture
production to 5.9%.

In Malawi, fish farming became less profitable for most
of the farmers who were used to carp, prompting over
80% of them to quit fish farming altogether. Farmers’ trust
and confidence in the Malawian Fisheries Department
declined sharply, setting the government on frantic but
futile confidence rebuilding campaigns (Msiska and
Costa-Pierce, 1993). Growth in Malawi’s aquaculture has
slowed. For instance the contribution of aquaculture to
total fish supplies in Malawi has remained low, estimated
at 2% (Sanudi et al., 2015). It is widely believed that if
Malawi were to adopt common carp farming, aquaculture
development would accelerate (GoM, 2011).

Search for indigenous aquaculture species

Aquacultural farmers demanded a replacement of the
common carp to maintain profitable fish farming in
Malawi. The search for suitable native aquaculture
species had already proved difficult when such efforts
began in the 1960s. However, the scientists believed a
lack of success in this direction was attributable to an
absence of sustained project commitment to screen and
test indigenous fish species (Msiska and Costa-Pierce,
1993). Such a project came along in late 1999 with
funding from Japan International Cooperation Agency
(JICA). A number of indigenous fish species were
assessed. By the end of the 5-year project period (1999-
2004), no suitable indigenous fish species was identified



Table 1. Common carp introductions in Africa (Welcomme, 1988; Moreau and Costa-Pierce, 1997; FAO Inland Water Resources

and Aquaculture Service, 2003).

Country Origin Year Established? Ecological effects?
South Africa Germany 1859 Yes (Some reservoirs) Yes
Kenya South Africa 1910 Yes Probably
Kenya Uganda 1910 Yes Probably
Madagascar Unknown 1914 Yes (Lakes) Probably
Zimbabwe South Africa 1925; 1963 Yes (Some reservoirs) Unknown
Morocco France 1925 Yes Yes
Egypt Indonesia 1934 Yes Unknown
Ethiopia Italy 1940 Yes Unknown
Zambia Israel 1980 No Unknown
Zambia South Africa 1946 No Unknown
Nigeria Austria 1954 Probably Unknown
Rwanda Israel 1960 Yes Unknown
Uganda Israel 1962 Yes Unknown
Ghana Unknown 1962 Probably Unknown
Tunisia Germany/France 1965 Probably Probably
CAR. Israel 1966 Yes Unknown
Cameroon Israel 1970 Yes Unknown
Malawi Israel 1976 No Improbable
Sudan India 1975 No Unknown
Mauritius India 1976 Yes Unknown
Cote d’lvoire Italy 1976 Yes Unknown
Burundi Rwanda 1980-1989 Unknown Unknown
Algeria Hungary 1985 Yes (Lakes) Yes
Togo Israel 1965; 1971 No Unknown
Tanzania India 1981 Unknown Unknown
Mozambique South Africa 1988 Yes (Limpopo R) Unknown
Namibia South Africa Unknown Yes Unknown
Swaziland South Africa Unknown Unknown Unknown
Lesotho South Africa 1965 Yes (Orange R) Unknown

Figure 5. Main producer countries of Cyprinus carpio (FAO, 2004-2017).
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Figure 6. Impact of carp ban on carp production in Malawi (FAO, 2005-2016;

NAC, 2003).

that could replace carp (SSC, 2005).

Pressure on policy review

Failure by government to identify a better-performing
native aquaculture species has attracted widespread calls
from farmers for a reversal on common carp ban (GoM,
2011). Slow-growing and stunting native fish species
have been cited as a major impediment to aquaculture
growth in Malawi (GoM, 2011, 2012). The National
Aquaculture Strategic Plan (NASP) (2005-2015) calls for
impact studies to provide information that would form the
basis for policy review on the use of carp in Malawi’s
aquaculture. The National Biodiversity Strategy and Plan
(NBSP) also calls for impact assessment of

alien species as potential candidates for aquaculture
development in  Malawi (Environmental  Affairs
Department, 2006). The government has emphasized the
need to do more research on the ecological impacts of
carp before it can consider reviewing its policy (Msiska
and Costa-Pierce, 1993; Bandula, 1997; SSC, 2005).

Research directions related to policy on common
carp farming

Government insistence on judicious research on common
carp before policy review is understandable and logical.
However, government has not suggested any potential
policy research direction on the issue. This paper
suggests the following possible research avenues:



(1) Comparison of ecological impacts between common
carp and C. gariepinus: Both of these species are
benthivorous (Koekemoer and Steyn, 2002; Rahman,
2015). Anecdotal field observations of the impacts of
these fishes in Malawi suggest they may impact on
ecosystems in the same way. These observations
contradict Msiska and Costa-Pierce (1993) who opined
that common carp occupies a niche that no other farmed
fish occupies in Malawi. Reports of common carp
displacing C. gariepinus from its benthic niche in
Zimbabwean reservoirs (Costa-Pierce et al.,, 1993)
corroborate observations of similarity of niche occupation
by the two species. If these observations are true, the
introduction of one of them into a system already
containing the other may not significantly alter the
ecosystem.

(2) Assessment of colonization and establishment of
common carp and its environmental impacts in the Lake
Chilwa and Lower Shire drainage systems: Common carp
is reported to have escaped from fish ponds into natural
waters in these ecosystems in the 1988-1990 period
(Msiska and Costa-Pierce, 1993). The escapees have not
been followed to determine if they are established and
what impacts, if any, they cause.

(3) Evaluation of common carp farming in the Lake
Malawi catchment area in Tanzania and Mozambique:
These riparian countries are reported to be farming
common carp in their side of the lake’s catchment (Costa-
Pierce et al., 1993; Chirindza, 2010). Mozambique is one
of the main African producer countries of common carp
(Figure 5). If the species is already in the lake’s
watershed, the questions of what impacts the common
carp is causing and what justification Malawi has for its
unilateral rejection of the fish when other countries in the
same watershed are farming it will need addressing.

(4) Invasion history of common carp in lakes of similar
morphometry and physico-chemical conditions to Lake
Malawi: Across-ecoregion analysis has shown that the
invasivity of common carp is regulated by a number of
ecological filters such as depth and trophic status of a
water body (Bajer et al., 2015). However, no studies have
been conducted to establish invasion history of common
carp farmed in catchment areas of lakes with depth and
trophic status similar to Lake Malawi. Lessons learned in
these ecosystems can be used to make inference about
the potential vulnerability or invasion potential of Lake
Malawi to common carp.

Conclusions

Common carp was introduced in Malawi to complement
tilapia aquaculture production with an aim of increasing
overall production from the fish farming industry. The

indigenous tilapias were slow-growing, stunting and
breeding precociously. The catfish C. gariepinus was
economically a difficult fish for the majority of farmers as
the species’ protein requirements made it costly to feed.
The species was also difficult to breed under prevailing
pond conditions. Thus, these species had received
farmers’ disapproval as early as the 1960s. With common
carp (1985-1991), the farmers’ interest in fish farming
surged as profits from fish farming began to increase.
Government’s withdrawal of common carp and its
ultimate ban left many farmers disillusioned and
wondering what the real justification was. The
government insisted it was concerned with the effects the
fish would have on Lake Malawi once the species found
its way to the lake’s catchment. Farmers were promised
that a more suitable indigenous aquaculture species
would be identified for use in Malawi’s aquaculture sector.

To date, a more suitable native aquaculture species
has not been identified in Malawi, despite the existence of
well-resourced project investments in this effort. Lack of
better performing indigenous fish species is continually
being cited as a major constraint in the growth of
aquaculture industry in Malawi. The Malawi government
has persistently resisted calls to reverse its ban of
common carp until it could be shown that carp’s farming
in the Lake Malawi catchment would not negatively affect
the lake’s unique fish biodiversity. This paper has outlined
potential research areas that are relevant to policy
decision-makers on the question of whether common
carp would harm Lake Malawi.

Due to inconsistent and fragmentary documentation of
the farmers involved in carp farming, this study has not
been able to chronicle the trends of carp farmers in
Malawi from the time of distribution of the fish to farmers
to the time the fish was withdrawn from the farmers.
Although it is recorded that carp was still being farmed
after banning it (Andrew et al., 2003), the farmers could
not make public declaration of the activity for fear of
government reprisals. The study has therefore not been
able to provide up-to-date records of carp production in
Malawi. In addition, there are unconfirmed reports that
farmer-to-farmer distribution of carp has occurred in
Malawi, and that the fish is illicitly farmed in the Lake
Malawi catchment area. This study has not been able
verify these reports as the farmers fear to provide
information.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENTS

Support for this research was made possible through a



capacity building competitive grant —Training the next
generation of scientistsl provided by Carnegie
Cooperation of New York through the Regional
Universities Forum for Capacity Building in Agriculture
(RUFORUM). Technical guidance throughout the study
was offered by the Graduate Teaching Assistantship
(GTA) host Lilongwe University of Agriculture and Natural
Resources (LUANR) through its Department of
Aquaculture and Fisheries Science of the Faculty of
Natural Resources. Martin Potgieter and another
unknown reviewer provided invaluable comments that
were used to improve an earlier manuscript.

REFERENCES

Alves CBM, Vono V, Vieira F (1999). Presence of the walking catfish
Clarias gariepinus (Burchell) (Silurifomes, Clariidae) in Minas Gerais
state hydrographic basins, Brazil. Rev. Bras. Zool. 16(1):259-263.

Andrew TG, Weyl OLF, Andrew M (2003). Aquaculture master plan
development in Malawi: Socioeconomic survey report.

Bajer PG, Cross TK, Lechelt JD, Chizinski CJ, Weber MJ, Sorensen PW
(2015). Across-ecoregion analysis suggests a hierarchy of ecological
filters that regulate recruitment of a globally invasive fish. Divers.
Distrib. 21(5):500-510.

Balarin JD (1987). National reviews for Aquaculture Development in
Africa. Malawi. FAO Fisheries Circular, No. 770.12. 83 p.

Balon EK (1995). The common carp, Cyprinus carpio: its wild origin,
domestication in aquaculture, and selection as colour nishikigoi.
Guelph Ichthyol. Rev. 3:1-55.

Bandula DD (1997). Status of the common carp, (Cyprinus carpio) as a
candidate exotic fish for fish farming in Malawi: Report of the
Technical Consultation on Species for Small Reservoir Fisheries and
Aquaculture in Southern Africa. Livingstone, Zambia, 7-11 November
1994, FAO, Harare (Zimbabwe), 1997, pp. 33-34, ALCOM report.
Harare [Alcom Rep.], no. 19.

Betram CK, Borley HJ, Trewavas E (1942). Report on fish and fisheries
of Lake Nyasa. Crown Agents for the Colonies on behalf of the
Government of Nyasaland, London, England. 91 p.

Breukelaar AW, Lammens EHRR, Klein Breteler JGP, Tatrai | (1994).
Effects of benthivorous bream (Abramis brama) and carp (Cyprinus
carpio) on sediment resuspensions and concentrations of nutrients
and chlorophyll a. Freshwater Biol. 32:113-121.

Casal CMV (2006). Global documentation of fish introductions: the
growing crisis and recommendations for action. Biol. Inv. 8(1):3-11.
Chidammodzi C, Muhandiki V (2015). Development of indicators for
assessment of Lake Malawi Basin in an Integrated Lake Basin

Management (ILBM) framework. Int. J. Commons 9(1).

Chirindza 1A (2010). A survey of small-scale rural aquaculture in
Mozambique. United Nations University Fisheries training Program,
Iceland [final project].
http://www.unuftp.is/static/fellows/document/isac09prf.pdf

Costa-Pierce BA, Moreau J, Pullin RSV (1993). New Introductions of
Common Carp (Cyprinus carpio L) and Impacts on Indigenous
Species with reference to Sub-Saharan Africa. ICLARM Contribution
No. 744.

Costa-Pierce BA, Pullin RSV (1989). Stirring ponds as a possible
means of increasing aquaculture production. Aquabyte 2:5-7.

Environmental Affairs Department (2006). National Biodiversity Strategy
and Action Plan. Lilongwe, Malawi.

Food and Agriculture Organization (FAO) (2005-2016). National
Aquaculture Sector Overview. Malawi. National Aquaculture Sector
Overview Fact Sheets. Text by Chimatiro SK and Chirwa BB. In: FAO
Fisheries and Aquaculture Department [online]. Rome. Updated 1
January 2005. [Cited 27 August 2016].
http://www.fao.org/fishery/countrysector/naso_malawi/en

Food and Agriculture Organization (FAO) (2004-2017). Cultured Aquatic
Species Information Program. Cyprinus carpio. Cultured

Aquatic Species Information Program. Text by Peteri A. In: FAO
Fisheries and Aquaculture Department [online]. Rome. Updated 1
January 2004. [Cited 9 May 2017].
http://www.fao.org/fishery/culturedspecies/Cyprinus carpio/en

Governmenrg of Malawi (GoM) (2012). National Fisheries Policy 2012-
2017. 2~ edn. Department of Fisheries, Lilongwe.

Government of Malawi (GoM) (2011). Annual Economic Report, Malawi:
Ministry of Development Planning and Cooperation, Lilongwe.

Hecht T, Maluwa A (2003). Situation analysis of aquaculture in Malawi.
Envirofish Africa (Pty) Ltd, Grahamstown, South Africa, and National
Aquaculture Centre, Domasi, Malawi.

ICLARM/GTZ (1990). The context of small-scale integrated agriculture-
aquaculture systems in Africa: a case study of Malawi. ICLARM Stud.
Rev., No.18. 302 p.

ILEC (International Lake Environment Committee) (2005). Managing
Lakes and their Basins for Sustainable Use: A report for Lake Basin
managers and stakeholders. International Lake Environment
Committee Foundation, Kusatsu, Japan.

ISSG (Invasive Species Specialist Group) (2000). IUCN guideline for
the prevention of biodiversity loss caused by alien invasive species.
IUCN, Gland.

Kapeleta MV (2001). Aquaculture development in Malawi: Tilapia
culture. In Promotion of sustainable commercial aquaculture in Sub-
Saharan Africa. Experiences of selected developing countries, FAO
Fisheries circular No Cyprinus carpio 971 FIEP/C971 (Bi).

Kirpitchnikov VS (1999). Genetics and breeding of common carp. Paris:
INRA, p97.

Koekemoer JH, Steyn GJ (2002). Fish community study of
Hartbeespoort dam. Final Report. Department of Agriculture,
Conservation, Environment and Tourism. R.S.A.

Mahony C, Clark H, Bolwel M, Simcock T, Potter R, Meng J (2014).
Where Politics Borders Law: The Malawi-Tanzania Boundary
Dispute. New Zealand Centre for Human Rights Law, Policy and
Practice — Working Paper 21, February 2014.

Mbalaka M, Kassam D, Rusuwa B (2012). The effect of stocking
density on the growth and survival of improved and unimproved
strains of Oreochromis shiranus. Egypt. J. Aquat. Res. 38:205-211.

Mkoko BJ, Mutambo JT (1993). Formulation and Status of Government
Policy on Common Carp. In: Msiska, O.V. & B.A. Costa-Pierce (Eds)
History, Status and Future of Common Carp (Cyprinus carpio L.) as
an exotic species in Malawi. WorldFish Center—ICLARM, Manila.

Moreau J, Cost-Pierce B (1997). Introduction and present status of
exotic carp in Africa. Aquac. Res. 28:717-732.

Msiska OV, Costa-Pierce BA (Editors) (1993). History, Status and
Future of Common Carp (Cyprinus carpio L.) as an exotic species in
Malawi. WorldFish Center—ICLARM, Manila.

Msiska OV (1993). Status and Performance of Common Carp on
Estates in Malawi. In: Msiska, O.V. & B.A. Costa-Pierce (Eds)
History, Status and Future of Common Carp (Cyprinus carpio L.) as
an exotic species in Malawi. WorldFish Center—ICLARM, Manila.

NAC (2003). National Aquaculture Center Annual Report, 2002/2003.

Nagoli J, Phiri EM, Kambewa E and Jamu D (2009). Adapting

Agriculture Aquaculture for HIV and AIDS — Affected Households:
The case of Malawi. The WorldFish Center Working Paper 1957. The
WorldFish center, Penang, Malaysia.
Noble RP (1993). Status and Performance of Common Carp on
smallholder Farms in Zomba District, Malawi. In: Msiska, O.V. & B.A.
Costa-Pierce (Eds) History, Status and Future of Common Carp
(Cyprinus carpio L.) as an exotic species in Malawi. WorldFish
Center—ICLARM, Manila.

NRCM (National Research Council of Malawi) (1999). Malawi
agricultural sciences and natural resources research master plan.

NRCM Agricultural Sciences Committee.167 p.

Pruginin Y (1976). Fish farming in Malawi. FI: DP/MLW/71/516/8. FAO.
Rome.

Rahman MM (2015). Role of common carp (Cyprinus carpio) in
aquaculture production systems. Front Life Sci. 8(4):399-410.

Russell AJM, Grotz PA, Kriesemer SK, Pemsl DE (2008).
Recommendation Domains for Pond Aquaculture. Country Case
Study: Development and Status of Freshwater Aquaculture in Malawi.
WorldFish Center Studies and Reviews No. 1869. The WorldFish
Center, Penang, Malaysia. 52 p.



Sanudi F, Jere B, Mzengereza K, Chirwa BB (2015). Effect of Stocking
Density and Feed on Growth of Improved (F5) Mono-Sex
Oreochromis shiranus Reared in Tanks. J. Fisheries Livest. Prod.
3(4):1-5.

SSC (System Science Consultants Inc) (2005). National Aquaculture
Strategic Plan (NASP) (2006-2015). Master Plan Study on
Aquaculture Development in Malawi. Main Report. Japan
International Cooperation Agency, Tokyo.

Vanden Bossche J-P, Bernacsek GM (1990). Source book for the inland
fishery resources of Africa: 1. CIFA Technical Paper No. 18.1. Rome,
FAO. 240 p.

Welcomme RL (1988). International Introductions of Inland Aquatic
Species. FAO, U.N.

Weyl OLF, Ribbink AJ, Tweddle D (2010). Lake Malawi: fishes,
fisheries, biodiversity, health and habitat. Aquat. Ecosyst. Health
Manag. 13(3):241-254.

Woynarovich A, Moth-Poulsen T, Peteri A (2010). Carp polyculture in
Central and Eastern Europe, the Caucasus and Central Asia: a
manual. Rome: FAO.

Zhou JF, Wu QJ, Ye YZ, Tong JG (2003). Genetic divergence between
Cyprinus carpio carpio and Cyprinus carpio haematopterus as
assessed by mitochondrial DNA analysis, with emphasis on origin of
European domestic carp. Genetica 119:93-97.



