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The transfer of appropriate technology; 
key to the successful biological control of 

five aquatic weeds in Africa

Martin P. Hill1 and Mic H. Julien2

Summary

The rivers and lakes of Africa have been subjected to invasion by alien aquatic vegetation since the
early 1900s. Water hyacinth (Eichhornia crassipes), water lettuce (Pistia stratiotes), salvinia (Salivinia
molesta), parrot’s feather (Myriophyllum aquaticum) and red water fern (Azolla filiculoides), all native
to South America, have been recorded in many countries in Africa. Vast mats of these weeds impact
on all aspects of water utilisation and severely degrade aquatic biodiversity. Biological control
programs have been initiated against all of these weeds from the early 1980s onwards and they have
been successfully brought under control in many areas, although in some areas water hyacinth remains
problematic. The successful biological control of aquatic weeds in Africa has been ascribed to several
factors, including: the reliance on fundamental research performed on the target biocontrol agents in
developed countries obviating the need to screen agents for host specificity in resource-poor countries;
the development of simple mass-rearing techniques, ensuring the release of high numbers of healthy
insects; and a standard post-release monitoring technique allowing comparison between different
control sites. However, the single most important factor contributing to the success of these programs
was the involvement of dedicated individuals who understood the potential of biological control and
who ensured that the projects progressed. These people developed community involvement, another
important factor in the success of projects, in mass rearing and agent distribution.
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Introduction
There are five important aquatic plant species in Africa,
which warrant control: Azolla filiculoides Lamarck
(Azollaceae) (red water fern); Myriophyllum aquat-
icum (Vellozo Conceição) Verdcourt (parrot’s feather);
Salvinia molesta D.S. Mitchell (Salviniaceae)
(salvinia); Pistia stratiotes Linnaeus (Araceae) (water
lettuce) and Eichhornia crassipes (Martius) Solms-
Laubach (Pontederiaceae) (water hyacinth). The native
ranges for all five of these species is South America, but
they have all been introduced to many parts of the
world, where they have become problematic, especially

in tropical and subtropical regions (Holm et al. 1977).
Two issues contribute to their invasiveness – the lack of
co-evolved natural enemies in their adventive range
(Buckingham 1994) and the presence of nitrate and
phosphate enriched waters associated with urban, agri-
cultural and industrial pollution (Heard & Winterton
2000).

These five species form dense mats on rivers and
dams throughout Africa and degrade aquatic ecosys-
tems and limit their utilisation. The economic and envi-
ronmental losses due to these weeds are huge, to the
extent that the problem threatened the development of
Africa. One of the key issues that separates aquatic
weed from terrestrial weed programs is that the impact
of water weeds on riverine communities is easy to
quantify which makes it easier to generate funding,
unlike many of the terrestrial weeds whose impacts,
notably on biodiversity, are more difficult to quantify.
Here we report on the successful biological control of
these five weeds in Africa.
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Azolla filiculoides (red water fern)
Azolla filiculoides has become a weed of small dams
and slow-moving rivers in a number of countries
around the world. The first record of this plant in Africa
was from South Africa in 1948, where it was introduced
as a pond ornamental (Oosthuizen & Walters 1961).
Phosphate-enriched waters, the lack of natural enemies
(Hill 1998a) and dispersal between water bodies by
man and waterfowl facilitated an increase in its distri-
bution and abundance.

Azolla filiculoides is able to undergo rapid vegeta-
tive reproduction throughout the year by elongation and
fragmentation of small fronds, and under ideal condi-
tions, the daily rate of increase can exceed 15%. This
translates to a doubling time for the weed of 5–7 days
(Lumpkin & Plucknett 1982). In addition, the fern can
reproduce sexually via the production of spores, espe-
cially when the plant is stressed, which can overwinter
and are resistant to extreme desiccation, allowing re-
establishment of the fern after drought (Ashton 1992).

Among the major consequences of the dense mats
(5–30 cm thick) of the weed on still and slow-moving
water bodies are: reduced quality of drinking water
caused by bad odour, colour and turbidity; an increase
in waterborne, water-based and water-related diseases;
increased siltation of rivers and dams; reduced water
surface area for recreation (fishing, swimming and
water-skiing) and water transport; deterioration of
aquatic biological diversity (Gratwicke & Marshall
2001); clogging of irrigation pumps; drowning of live-
stock; and reduced water flow in irrigation canals.

Control
Mechanical and herbicide control options have been

suggested for A. filiculoides. However, the impractical
nature of mechanical control and undesirability of
herbicide control in the aquatic environment suggested
that A. filiculoides was a suitable candidate for biolog-
ical control. The weevil Stenopelmus rufinasus
Gyllenhal (Curculionidae) was prioritised as a biolog-
ical control agent for A. filiculoides. This frond-feeding
weevil was imported to South Africa from Florida
(USA) in late 1995, underwent host-specificity testing
in quarantine (Hill 1998b) and was cleared for release
in late 1997 (Hill 1999a).

The weevil has been released at some 110 sites
throughout South Africa. The information available on
these sites is that the weevil had been responsible for
clearing 72 of them completely, all within a year
(McConnachie, unpublished data). For the remaining
38 sites, either the weed has been washed away, or they
have not been evaluated. The weevil has dispersed up to
300 km from the release sites The weed returned at 7%
of the original sites within two years after control, but
the weevil has been able to locate and control these
infestations (McConnachie, unpublished data). This
weevil has also dispersed to Zimbabwe and Mozam-

bique unaided. Five years after the first release of S.
rufinasus in South Africa, the weed no longer poses a
threat to aquatic ecosystems in southern Africa.

Myriophyllum aquaticum 
(parrot’s feather) 

Myriophyllum aquaticum was introduced to Africa in
the early 1900s (Jacot Guillarmod 1979). Unlike the
other four aquatic weeds, M. aquaticum is rooted to the
substrate and can grow in water up to 1.5 m deep, with
emergent shoots which protrude some 200–500 mm
above the water surface. Outside of its native range,
propagation is entirely vegetative due to the absence of
male plants (Henderson 2001). The plants grow
throughout the year in tropical and subtropical regions
of the world. In the more temperate areas, the emergent
shoots die back due to frost damage, but sprout from
nodes during the spring (Cilliers 1999). Problems
caused by M. aquaticum are similar to those caused by
A. filiculoides, which include a reduction in stream
flow, blocking of pumps and interference with recrea-
tional activities (Chickwenhere 2001).

Control

Herbicides are not translocated well down the stems
of the plants and its rate of growth makes mechanical
control impractical. Therefore a biological control
program was initiated in South Africa in 1991, which
resulted in the release of the leaf-feeding beetle, Lysa-
thia sp. (Chrysomelidae) in late 1994 (Cilliers 1999).

This insect has established at more than 25 localities
throughout South Africa. The damage caused by the
beetle resembles that of frost with a die-back of the
emergent vegetation. However, regrowth occurs from
the submerged stems. After several years of defoliation,
the mat of the weed collapses and no regrowth occurs
(Cilliers 1999). However, an additional agent,
Listronotus marginicollis (Hustach) (Coleoptera:
Curculionidae), the larvae of which bore into the stems
of M. aquaticum, is being considered for release. It is
hoped that this species will reduce the time taken to
achieve biological control.

Salvinia molesta (salvinia) 

Salvinia molesta is a free-floating fern that inhabits still
and slow-moving freshwater bodies across the world.
This fern is sterile and reproduces by vegetative growth
of the rhizomes (Forno & Julien 2000). The negative
impacts caused by this weed are the same as those for
other floating aquatic weeds, where dense mats
constrain the utilisation of impoundments and rivers for
agricultural, recreational and conservation purposes
(Cilliers 1991). S. molesta became a major problem on
Lake Kariba as it was filling in the late 1950s. By 1962,
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some 1000 km2, or 22% of the lake was covered by a
thick mat of the weed (Mitchell & Rose 1979).

Control
Salvinia molesta can fairly easily be controlled with

the use of herbicides. However, concerns over the use
of chemicals in the aquatic environment prompted the
search for a more sustainable control option. Several
agents have been released against S. molesta in Africa.
The weevil Cyrtobagous salviniae Calder and Sands
has been the most successful and has now been released
in many countries in Africa (Julien & Griffiths 1998).

The adults feed on the growth tips of S. molesta,
stunting its vegetative growth. The larvae feed on the
buds and the roots and then burrow into the rhizome of
the plant, causing the plants to rot and sink (Julien et al.
1987). Although this insect is not a particularly good
disperser (Forno & Julien 2000), it has been a
successful biological control agent wherever it has been
introduced in the world. Salvinia molesta is under
complete biological control in Africa and no longer
requires any manual removal or herbicide application
(Cilliers 1991). In addition, a congeneric species,
Cyrtobagous singularis Hustache, was released in
Botswana and Zambia in the 1970s with little success
(Julien & Griffiths 1998). The moth Samea multipli-
calis (Guenée) (Pyralidae) was released on Lake Kariba
in 1970, but did not establish (Mitchell & Rose 1979).
The grasshopper Paulinia acuminata (DeGeer) (Pauli-
nidae) was released in Zimbabwe in 1969 and Zambia
in 1970 (Julien & Griffiths 1998). This agent was
damaging on S. molesta on Lake Kariba and by 1973
the area covered by the weed had been reduced to 5%
and by 1980 S. molesta covered less than 1% of the
dam, a situation which has been maintained since then
(Mitchell & Rose 1979). Although there has been some
dispute as to the efficacy of the grasshopper in control-
ling S. molesta, it certainly did play a role in the control
of this weed on Lake Kariba, although this was most
certainly in conjunction with a reduction in the nutrient
status of the water body as the dam settled (Mitchell &
Rose 1979).

Pistia stratiotes (water lettuce)
Pistia stratiotes is a rosette-type plant that floats freely
on still or slow-moving water bodies. The undersides of
the leaves contain spongy parenchyma and the leaves
are covered with dense hairs on both surfaces. This
plant reproduces through the formation of stolons and
daughter plants (Forno & Julien 2000). The role of
sexual reproduction is considered less important than
the vegetative reproduction, although seed germination
is an important factor in the dynamics of water lettuce
populations (Dray & Center 1993). The negative
impacts caused by this weed are the same as those for
the other aquatic weed species, where dense mats limit
all aspects of utilisation of rivers and dams.

Control
Once again, this weed was targeted for biological

control as it was deemed the most suitable control
option and the Brazilian weevil, Neohydronomus
affinis (Hustache), which was previously incorrectly
referred to as Neohydronomus pulchellus Hustache was
introduced via Australia to a number of countries in
Africa (Julien & Griffiths 1998). The larvae form
extensive mines in the leaves, sometimes severing the
leaf from the plant, while the adults chew characteristic
round feeding holes in the leaves. Since the mid-1980s,
this agent has been released in seven countries in
Africa, where is has been very effective at controlling
the weed. 

Eichhornia crassipes 
(water hyacinth) 

Eichhornia crassipes has been the most damaging
weed in waterways in Africa. It has been present on this
continent since it was first recorded in Egypt in the late
1800s (Gopal 1987) and South Africa since the early
1900s (Cilliers & Neser 1991). The impact of this weed
on aquatic ecosystems has been staggering, and none
more so than on Lake Victoria, East Africa. In the mid-
1990s, the lake was infested by up to 20,000 ha of E.
crassipes, which floated around in huge mats and
infested inlets and fishing beaches along the shoreline
(Moorhouse & Albright 2002). It was estimated that
some 80% of the Ugandan shoreline was infested with
a permanent fringe of the weed extending out to around
10 m (Ogwang & Molo 1999). The proliferation of
water hyacinth on Lake Victoria has been linked to an
increase in the eutrophication of the water due to
changes in land-use practices in its catchment (Bright
1998). The dominant socio-economic activities around
Lake Victoria and its catchment, which include agricul-
ture, hydroelectric power generation, fisheries, lake
transport, recreation and water supply for both
domestic and industrial use, were heavily impacted by
E. crassipes. Trade in and out of the ports and in turn
the productivity of the three countries surrounding the
lake (Kenya, Uganda and Tanzania) were seriously
affected (Hill 1999b). 

Control
Since the first introductions in Zambia in 1971, five

arthropod species and one pathogen species have been
released against E. crassipes in Africa, with varying
levels of success (Julien & Griffiths 1998). However, of
these, it has been two weevil species, Neochetina eich-
horniae Warner and N. bruchi Hustache, that have been
credited with most of the success in the biological
control of this weed (Julien et al. 1999). The first intro-
ductions of these weevils were made to Lake Victoria
in 1995. By 1998, there was a significant reduction in
the extent of the weed on the Ugandan shoreline and by
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December 1999, some 75% of the mats on the Kenyan
side of the lake had sunk (Anon. 2000). Between
February 1998 and February 2001, the percentage
coverage of E. crassipes on Lake Victoria had been
reduced from about 20,000 ha to below 2000 ha (Moor-
house & Albright 2002). There has been much specula-
tion regarding the causes for this dramatic crash on
Lake Victoria and some authors (e.g. Moorhouse &
Albright 2002) have cited physical factors such as the
El Niño phenomenon during which the water level in
the lake rose some 3 m. While there is little doubt that
the increase in wind and wave action would have
promoted mortality of the E. crassipes plants, it was the
action of the weevils, which broke up the tight structure
of the mats, that allowed the increased turbulence on
the lake to further destroy the plants. 

The biological control of E. crassipes has also been
highly successful in a number of other countries in
Africa, notably Benin, where the biological control of
this weed is estimated to have resulted in an increased
in income of some US$ 30.5 million per year. This
translates to a benefit to cost ratio of some 124:1 (De
Groot et al. 2003). However, this study did not attempt
to quantify the benefit to biodiversity due to reduction
of the mats of water hyacinth.

South Africa has had an active biological control
program on E. crassipes since the mid-1980s and has
released the highest number of species against this weed
(Hill & Cilliers 1999). However, the results from this
country have been variable and ascribed to a temperate
climate, characterised by cold winters, eutrophic water
bodies and interference from other control actions such
as herbicide application and manual removal of the mats
(Hill & Olckers 2001). This has prompted several
courses of action, including surveys for additional
agents which might be better cold adapted, inundative
releases of agents already released at the start of spring,
implementing stricter water quality guidelines, and an
attempt to better integrate alternative control options
with biological control (Hill & Olckers 2001).

Discussion

The biological control of the five aquatic weeds, with
few exceptions, has been highly successful in Africa, to
the point where, provided the water body is correctly
managed and biological control is implemented, none
of these weeds should present problems. The success of
these programs on this continent can be ascribed to
several factors:
• the reliance on fundamental research performed on

the target biocontrol agents in developed countries
obviating the need to screen agents for host specifi-
city in resource-poor countries, thereby increasing
the speed with which new agents can be introduced 

• the development of simple mass-rearing techniques,
ensuring the release of high numbers of healthy
insects

• standard post-release monitoring techniques
allowing comparison between different control sites
in different countries

• the involvement of dedicated individuals who
understood the potential of biological control and
who ensured that the projects progressed. This is
probably the single most important factor, as
without these individuals stationed in research insti-
tutes throughout Africa, the concept of biological
control would not have been communicated to
affected riverine communities and politicians would
not have been convinced as to the potential of this
technique. Further to the involvement of biocontrol
researchers in situ in these countries, biocontrol
scientists from research institutes in the developed
world, with the aid of various funding agencies were
pivotal in the transfer of appropriate technology

• community involvement was an important factor in
the success of these projects, in particular for mass
rearing and agent distribution.
The key to the success of any biocontrol program in

Africa is that the technology that is transferred must be
appropriate to the situation and that all programs must
be flexible. No biological control program will succeed
unless it has political support. This support has been
engendered through the publicizing of success, where
impacts can be observed at the landscape level and real
benefits accrue to affected communities.
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