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Abstract

Invasive auatic weeals have spreal throughout the world's waterways because of
anthropogenic adivities. The three most problematic species are water hyacinth,
floating water fern and water lettuce. With the potential to double in biomass in a
matter of days and the aility to migrate eaily due to their freefloating vegetative
form, they can succesdully colonise new habitats, form dense mats along shorelines
and displace native vegetation. In doing so they effect ecologicd processes within
lakes and deaease biodiversity. Moreover for human populations living around such
lakes they reduce acess and quality of available drinking and irrigation water,
prevent fishermen from making a living, clog water intakes at hydro-eledric dams,
increase vector-borne diseases and generally lead to an increase in human suffering.
Cultural eutrophicaion of lakes is also a major problem around the world and can
amplify the problem of nuisance floating plants. Weed growth can expand rapidly if
loading of nutrients sich as nitrogen and phosphorus increases. In Africa there ae
many examples of eutrophicaion leading to elevated weed hiomass and the
subsequent problems that this brings. In Lake Victoria, East Africa water hyacinth
was a major problem in the 199Gs that has now largely subsided. However there ae
signs that eutrophication, as a result of anthropogenic changes in land use, is 4ill



increasing. At minimum this will likely maintain the presence of water hyaanth
within the lake but it also has the potential to bring about a resurgence to nuisance
status. If this occurs then the human suffering experienced could be a&ove and beyond
that seen during the 199Gs. Methods to manage water hyacinth are available. These
include physical, chemicd and hiological forms of control. However for the long-term
sustainability of Lake Victoria, including the control of water hyacinth, only improved
land, air and watershed management can provide the solution to reducing
eutrophicaion and the potential of water hyacinth outbresks. The measures needed to
effed the dhanges necessary for nutrient control require amassve financial injection.
The wuntries bordering Lake Victoria have adired responsibility towards it and
should contribute in every way to its restoration as the result of non-adion will be
regionally devastating. However there ae also implications for the global economy

therefore solutions also ned to involve awider arena.

Introduction

Invasive aquatic weeds

Freshwater maaophytes are adiverse mnglomeration of maaoscopic vascular plants
including some relatively "large plants' living either in, on or a the periphery of
freshwaters. These aquatic plants include ferns, mosses and flowering plants as well

as large trees (Sculthorpe 1967) that require saturated conditions or accessto standing
freshwater to thrive. Understandably whilst morphological charaderistics enable this
wide ranging group to be delineded into a plethora of sub-divisions the whole aray
of aquatic maaophytes can be loosely divided into four main groups. Those that grow
either totally submerged and are often, although not always rooted (1), those that float
fredy on the surface and typicdly remain unrooted (2) and those that have an
immersed and rooted basal structure but with upper immersed parts with leaves either
emergent (3) or floating on the waters surface (4). Maaophytes are diverse in form
and structure not merely between spedes but also within as morphological differences
can occur within a species depending upon the environmental conditions in which it
finds itself (Smith 1982. Having adapted to nealy all aquatic habitats they are a
common sight within freshwater systems. However this diversity and adaptability has
also enabled agquatic maaophytes to establish in areas outside of their natural range.

With increases in anthropogenic migration and commerce, plants and animals, aquatic
and terrestrial, have been globally distributed both intentionally and acacidentally.



Horticulturists have intentionally introduced many aguatic plants. Water hyacinth
(Eichharnia crasgpes (Martias) Solms) (Fig. 1), a hugely problematic aguatic weed,
was taken from its native range in the Amazon River basin and spreal around the
world duing the 19" century. It was e as a botanica speciality and because of its
beautiful and delicate inflorescence used to decorate ornamental ponds (Penfound &
Earle 1948 Lindsey & Hirt 1999. On the other hand some plants have been taken by
settlers due to the benefits those plants provided their society in the homeland.
Furthermore the inevitable influence of global travel has resulted in plants and their
spores beaoming aacidental travellers within many diverse forms of transport such as
suitcases or tanker ballast waters (Hayes 2002. As such non-indigenous plants can
and indeed often have mlonised new aquatic habitats.

Various terms have been used to describe these ajuatic maaophytes such as alien and
invasive. Synonyms for alien species include exotic, introduced, non-indigenous and
non-native species. Alien species include those introduced and present in areas
beyond their known historica range. This includes introductions from other
continents, bioregions and also those not native to the local geographic region (Melvin
1999. Clealy many alien species are not problematic and indeed coexist peacfully
within retive e®systems providing habitat and sustenance to native wildlife and
human populations. Invasive spedes however are those dien species that invade
habitats and displaceother species through rapid growth and spread. Invasive species
are eaily propagated asexually by root or stem fragments and / or rapidly mature, are
typically prolific seed producers and have high seed germination rates (Auld et al.
1987). Alien species that are inclined to invasiveness also have the alded advantage
of being relatively free from natural controls sich as disease, parasites or even
herbivores as a result of them being outside of their natural biogeographic ranges
(Melvin 1999. Therefore alien species can expend more energy on growth and
reproduction thus aiding their invasive nature Bazzazet al. (1987).

Invasive spedes have been referred to as a form of biological pollution because they
can upset equilibria between retive species that have formed slowly over millennia
within retural ewmsystems. However how do invasive species interfere with
waterbodies and wetlands? Although every species behaves differently in the
environment as well as in its interadion with other species there ae general patterns



of influence that commonly occur. When an invasive plant enters a new habitat it will
out-compete and thus displace native vegetation thereby beamming established. Some
of the ways such displacements affect the native biota include a reduction in
biodiversity, a deaease in habitat and food and an overall change to ecological
processes (de Groot 199). Furthermore invasive species may even hybridise with
native plants further changing the e@system (Melvin 1999.

As invasive species can rapidly out-compete natives and dominate an ecsystem a
reduction in biodiversity follows. Indeed it is estimated that aien, invasive species are
implicaed in 42 % of the species listed as endangered or threaened under the United
States Endangered Species Act (Melvin 1999. Furthermore & native flora and fauna
have m-evolved over long periods of time replacement of native vegetative systems
with ones dominated by invasive species typicdly alters these relationships with
acompanying reductions in avail able habitat and food.

Ecosystem processes may change & a result of invasive plants. Native e@systems
have developed under and adapted to particular abiotic fadors and emsystem
proceses such as rates of nutrient cycling, rainfall patterns and fire regimes. The
presence of alien species can alter these processes which has a knock on effed to the
easystem as awhole (Fladk & Benton 1998. For instance where water hyacinth has
been introduced it alters the natural hydrologic cycle by transpiring geder quantities
of water, up to threetimes more, than retive vegetation in the same habitat (de Groat
1993. Water tables and some surface water habitats are thus reduced and native
Species are impacted.

Invasive water weeds also have more dired impads on anthropogenic adivities. Due
to their typicdly fast growth rate and the dsence of predators they can make
waterways unnavigable, deaease the generating cgpacity of hydro-eledric stations,
reduce fishing caches and block irrigation canals. By clogging sewage and drainage
systems, they can cause flooding, contaminate drinking water and crede breeling
grounds for harmful inseds and baderia (Twongo et al. 1995 de Groot 1993. In
West Africa the inland waters of Ghana, Burkina Faso and Togo have been
particularly hard hit by invasive maaophytes. The weeds slow down the boats of
fishermen and make landings difficult, as a result more of their catich goes off.
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Fishermen also use more fuel, up to threetimes as much, to push their boats through
the heavy weeds (Akinyemiju 1987 FAO 2000. These incressed costs are then

reflected in consumer prices.

Whilst invasive aquatic maaophytes such as sibmerged hydrilla (Hydrill a verticill ata
(L. fil.) Royle) and Eurasian watermilfoil (Myriophyllum spicatum Linaeus) are
problematic aound the world (Gangstad 1978 the weeds that have caised most
nuisance, especialy in the tropics, are the floating plants such as water hyacinth,
floating water fern (Sdvinia molesta Mitchell) (Fig. 2) and to a lesser extent water
lettuce (Pistia stratiotes Linaeus) (Fig. 3). These three species are well known for
their ability to colonise, establish and alter physicd and hiologica functions within
aquatic systems (de Groot 1993 Howard & Harley 1998.

Water hyacinth, a perennial, herbaceous member of the pickerelweed family
(Pontederiaceag, is native to tropicad America It can grow up to a metre or o in
height and can double its biomassin 6 days (Lindsey & Hirt 1999. It has an attradive
purple flower that has made it a favourite amongst horticulturists. As a result it has
been spread widely. It was recorded in Egypt in the 1870, the USA in the 1880,
Australia and southern Asia by the 18905, China and the Pacific by the ealy 190G,
South Africain 191Q East Africa by the 193G and West Africaby the 197Gs. It is
now established throughout tropical and warm temperate regions of the world (Gopal
1987, Julien et al. 1999. Reproduction is largely by vegetative growth with daughter
plants forming from stolons that bregk alowing dispersal by wind and current.
However large quantities of seals are also produced which sink and remain viable in
the benthic substrate for upto 20yeas (Das 1969.

Floating water fern is a freefloating, branched member of the Salviniaceaefamily. It
originates from south-eastern Brazil and is probably the hybrid of two species, S.
biloba and S. auriculata (Forno & Harley 1979. Individual plants are up to 30 cm
long with numerous leaves that are caable of rapid growth doubling in biomass in
just over 2 days (Harley & Mitchell 1981) and forming dense mats. Common in
aquaria it has been spread to most tropical and subtropical areas of the world. It
arrived in Asiain 1939 (Williams 1956, Southern Africa namely the Zambezi River,
in 1949(de Groot 1993, East Africain 1957when it was aacidentally introduced into



a dam near Kitale in Kenya (Ivens 1967 and Austrdia in 1953 The plant is
considered to be asteril e pentaploid and only reproduces vegetatively by parent plants
bre&ing and forming numerous daughter plants although other members of its family
form sporocarps on their trailing underwater stems (Mitchell 1978.

The origin of water lettuce is uncertain and while it may have originated in South
Americait has been used in Africa & a medicine and fodder for caitle for centuries
being recorded in Egypt in 77 A.D. (Sculthorpe 1967). As such it is now considered a
native of Northern Africa(Harley 1993. However it has greal over the rest of Africa
and parts of Asia and in the 197G also found its way to Austraia (Mitchell 1978.
Water lettuce reproduces both vegetatively and sexually. It is less aggressve and
smaller than either water hyacinth or floating water fern and has, in plages, been
replacel by these more aygressive plants. However it can still cause serious problems
in tropical and subtropical regions such as blocking inlet grilles of hydro-eledric

stations as it has done on the Pangani River in Tanzania (Ivens 1967).

Eutrophication and invasive aquatic weeds

Nutrients are continuously lost from lakes. Loss occurs through outflows, burial
within sediments or to the amosphere (Moss et al. 1997). Therefore dlochthonous
inpus of nutrients into a lake ae extremely important to the production within that
lake. Eutrophication can be defined as the gradual increase in the ancentration of
phosphorus, nitrogen and ather plant nutrients in ageing aquatic systems, such as a
lake, which results in the system becoming more productive. Eutrophication was
originally identified as an inevitable and natural phenomenon and the processusually
takes thousands of yeas to progresseventually reaching an end point as the lake is
converted to a wetland (Lindeman 1942 Deevey 1942. However later investigations
found that lakes may enter phases where their waters beame more oligotrophic or
more autrophic due to biogeochemical changes in their cachments (Haworth 1969
Macan 1970. For example climate dange @an influence chemical weahering and
thus nutrient loading can alter (Pennington 1981 Whiteside 1983. As such lakes
naturally high in nutrients do exist dependent on the yield of nutrients from their
cachments and the morphology of their basins (McGowan et al. 199, Moss et al.
1994). Overal however the most pervasive caise of nutrient enrichment within



waterbodies is usually considered to be anthropogenic in nature. Whilst technically
this is termed cultural or anthropogenic eutrophication it is more realily just called
eutrophicaion and refers to increasing nutrient concentrations in receiving
waterbodies and the ansequent rise in organic productivity.

In nearly all cases the expansion of human colonisation has brought eutrophication
and other ecological shifts within lakes. The expansion of the Roman Empire resulted
in algal species changing in some lakes, indicating that eutrophication had occurred
(Jones et al. 1978). More recently the settlement and growth of cities like Sedtle has
resulted in similar changes within the algal community of associated lakes (Stockner
& Benson 1967). Sawyer (1947 and Hasler (1947 were anong the first scientists to
see that industrialisation and whbanisation were having serious effeds on lake
easystems. Sawyer (1947 investigated a dhain of lakes in Wisconsin, USA and
found that sewage dfluent from the town of Madison was the caise of algal blooms
and resulting odours in Lakes Monona and Waubesa. Nutrients can however enter a
system from several sources. Point sources, as the name implies, enter a a single
point and include outputs from such things as sewage treatment works that can cary
large volumes of industrial as well as domestic waste. When a @ntaminant comes
from a widespread areg rather than from a specific point, the source of the
contaminant is known as diffuse or non-point source (Nebel & Wright 1998.

Palaeolimnological recrds have shown that eutrophicaion hes occurred gobally and
diachronically (Fritz 1989 Zullig 1989 Anderson 1995. As such these records
identify that eutrophication is not just a recent phenomenon occurring only within the
last hundred years or so. However the increase in eutrophicaion due to industrial,
urban and agricultural policies and phosphorus and nitrogen usage has wrought
changes in lakes over the last few decales that have caused grea concern to scientists,
governments and the pulic alike. These ncerns are based around problems of water
supply, reaedion, aesthetic value, puldic hedth and loss of biodiversity. However
what are the impads of eutrophication on aguatic macrophytes? Aquatic plant
biomass often increases when nutrient loading from within a cachment increases
(Mitchell 1974. Asrooted emergent and floating leaved maaophytes typicadly gain a
substantial amount of their nutrient requirements from sediments via their roats, it is
the unrooted submerged and freefloating plants that generally respond most



dramatically to eutrophicaion. Freefloating plants depend almost entirely on the
water benegh them for their nutrients and can respond in a similar way to
phytoplankton (Denny 1980. However phytoplankton, being surrounded by water
and smaller, have shorter diffusion pathways than macrophytes and are thus usually
quicker to respond to increased nutrient loads. As uch phytoplankton can often out-
compete maaophytes for increased nutrients. In some circumstances though
maaophytes prevent phytoplankton blooms from developing thus enabling
maaophytes to survive and dominate in relatively high nutrient conditions. Ultimately
as eutrophicaion increases sibmerged maaophytes do disappea becaise of light
limitation through shading and a phytoplankton dominated state takes over (Timms &
Moss 1984 Scheffer 1993. Floating plants however are not affeded by deaeasing
light penetration within the waterbody and can persist and indeed benefit from
increasing nutrient supdies. In fad if phytoplankton growth becomes light limited
because of self shading or shading from floating plants, then floating plants can take
advantage of the incressed nutrient availability and expand their coverage even
further. Overall eutrophicaion can increase floating plant biomass of both retive &
well as invasive maaophytes but as invasives are superior competitors with fewer
parasites or grazes they consequently flourish to a greater extent than ratives. This

can lea to severe problems within lakes.

Within Africathere ae several incidences of eutrophicaion leading to an increased
biomass of invasive water weeds and subsequently having detrimental impacts upon
lakes. When new lakes are formed waters that once ran through deposit their nutrient
rich sediment in the recently formed lake. In addition increased water retention behind
the dam reduces washout of plankton populations. Soils, newly waterlogged, release
nutrients and terrestrial vegetation, now inundated, rots and aso releases nutrients.
Oxygen levels can also fall as aresult of decomposition and this can further increase
the release of soil bound nutrients from mineral particles. After a while deltas form at
the lake periphery and sediment is deposited there whilst submerged soils no longer
leach nutrients and terrestrial vegetation has all been broken down. Oncethe lake has
reated capadty nutrient lossvia outflow streams will remove a ©nsiderable amount
of the nutrient load. But in the initial floodng phese there @an be a onsiderable
loading of nitrogen and phosphorus compounds within the lake (Moss1991).



The mnstruction of the Kariba Dam on the Zambezi River along the border between
Zimbabwe and Zambia was completed in 1959and provides a prime example of how
eutrophicaion, due to reservoir credion, can favour the expansion of invasive
maaophytes. It was a massive undertaking and formed Lake Kariba a300 km long
waterbody with a maximum surface a@e of 5580 km* (Fig. 4) much of it over flooded
land. Shortly after the dam's completion, during the flooding and nutrient loading
phase, the invasive weal S. molesta appeaed. At the time the lakes maximum storage
cgpacity was readied in 1962 weal infestation was at its peak covering 22 % of the
lake's surface i.e. in excess of 1000 kn* (Denny 1985. In the mid 196G and as a
result of flushing of plants and nutrients, that could only occur once the lake had
filled, the infestation declined to about 12 %. There then followed a ollapse
attributed to several factors such as a grasshopper (Paulinia acuminata) that was
introduced as a biological control in 1970 as well as the large scale removal of
Limnothriss miodon a dupeid introduced from Lake Tanganyika, whereby as much
as 50 tons of P was harvested from the lake annually (Marshall 1993. Whatever the
cause of the @llapse in 1980S. molesta only covered 1 % of the lake surfaceand was
considered to no longer be problematic. Since then P. stratiotes has appeared but not
to any gred extent. In more recent yeas however water hyacinth has begun to cause
problems. It first appeaed in the lake in 1984 but reated the eatern shores of Gade
Gache Bay by 1994where plants covered over 4 km? of the bay. This has had serious
socio-eanomic impads for the local communities there (Chikwenhere 1993.

Lake Chivero, formerly known as Lake Mcllwaine, in Zimbabwe has had similar
problems. It is a small man-made lake with a surface aeaof 26 km? (Fig. 4). It was
dammed in 1952 likely undergoing a similar initial phase of eutrophication as other
dammed waterbodies. However in addition the Manyame River system washed soil
and agricultural nutrients into the lake and enrichment was further increased as a
result of industrial and sewage effluent entering from the city of Harare (Chikwenhere
& Phiri 1999. Water hyacinth was first identified in the lake in 1953 one yea after
dam completion, however the first major outbreak was not until 1955 This was
controlled with herbicides but the weed returned with outbregs in 1971 and 1986
with over 20 % of the lake surfacebeing covered with the weed. There then followed
a period where the maaophyte community was dominated by P. stratiotes but this
was later replaced again with water hyacinth and by 1990 it covered over a third of



the lake surface. Undoubtedly high rutrient levels in the lake were amain causative
fador for the water hyacinth invasion (Marshall 1993 Moyo 1997). By 1997the weed
had diminished to less than 5 % cover but whether this was as a result of control
methods or that the lake was flooded in 1996 potentially flushing weed and nutrients
out of the system, has not been determined.

Several lakes in Ghana have undergone weed invasions following impoundment. The
Akosombo Dam on the River Volta in Ghana formed Lake Volta. Completed in 1966
the lake isaround 400 kn long and 25km wide cvering a surface aeaof about 8500
km? (Fig. 4). The whole lake became anoxic for awhile after completion as a result of
decomposing softwood forests. The resulting de-oxygenated hypolimnion likely led to
the release of phosphorus from iron and manganese mineral complexes in the
sediment thus bringing them into the water column (Mortimer 1941). The lake has
infamously been troubled by the invasive P. stratiotes (Okali & Hall 1974. Other
man-made lakes in Ghana have had similar problems sich as the Weija and Kpong
reservoirs (Odei 1973 de Graft-Johnson 1993 (Fig. 4). The identificaion of water
hyacinth in Ghana in 1984 has caused further concerns and throughout Ghana the
implicaions of eutrophicaion on invasive weals are well understood (de Graft-
Johnson 1993.

In Tanzania the dam reservoir Nyumba ya Mungu (Fig. 4) smilarly went through an
initial eutrophic phase upon completion and filling of the reservoir (Taylor 1993.
However an initial phase of eutrophication does not always occur. In Lake Nasser,
Egypt and Sudan, (Fig. 4) the basin, comprising largely of rock and sand, showed no
initial signs of eutrophication. Indeed it appeas that Lake Nassr is gill free of any
major infestations of invasive weels (Fayad 1999.

As previously mentioned nutrients within a lake tend either to be washed out, locked
within the sediment or lost to the amosphere. As sich following a period of
disturbance man-made lakes often begin to beacme more oligotrophic as the internal
loading subsides. However this is only true if additional anthropogenic eutrophication
does not occur. In Lake Kainji, Nigeria (Fig. 4), water retention is short and the loss
of nutrients by flushing rapid (Moss 1991). As such nutrient build up and problems
with invasive weed were not initially apparent. The situation changed however and in
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1994 when large floating mats of water hyadanth became prevalent in the lake (Farri
& Boroffice 1999. Agricultural and urban run-off containing high rutrient loads was
blamed for these later infestations of invasive weeds. The same process can be seen
within raturally occurring lakes.

Lake Naivasha in Kenya is a natural freshwater lake with a surface aeaof 150 km?
(Fig. 4). It has had severe S molesta infestations since 1962 At times up to 25% of
the lake surface has been covered by the weed (Ivens 1971). In the ealy 1990s water
hyacinth began to proliferate and has now largely replaced S molesta (Ivens 1971,
Njuguna & Thitai 1993. Eutrophication resulting from agricultural and urban run-off
within the lake cdchment has aided the invasion of these ajuatic weelds (Harper
19929. Likewise in Zambia water hyacinth on the Lower Kafue River has been
diredly attributed to anthropogenic nutrient loading. Water hyacinth first appeaed in
Zambiain the 196(Gs. Inthe ealy 197Gs it was ®en on the Lower Kafue River and by
1998the government had declared it a national disaster (Kampeshi & Shantima 1999.
The main infestation was nea the large commercia farms in the Mazabuka aeasome
100 km from the Kafue Gorge Dam and as sich was considered to have been
encouraged by farm run-off rather than being influenced by the dam.

Lake Victoria

Locaed at the equator a an atitude of 1134 m Lake Victoria is the seoond largest
lake in the world with a surface aeaof almost 69,000 km? and 3450 kn of shoreline.
It has a residence time of 21 yeas and a flushing time of almost 150 yeas. Lake
Victoria is shared by Kenya, Tanzania and Uganda. Living within its cachment area
of over 250000 km?, which includes parts of Rwanda and Burundi (Fig. 5) are 28
million people. The lake system is a hugely important socio-eamnomic resource to
these people and their governments. On a local level it is an important source of
drinking and irrigation water as well as food. In addition the lake offers an effective
medium for transportation. On a national level it provides export revenue from
fisheries (both live and processed exports), eledricity from hydro-power generation
and income from tourism for both governments and local populations alike.
Furthermore the lake is a @nvenient disposal site for human, agricultural and
industrial waste (Balirwa 1998. The aea surrounding Lake Victoria is rich in
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agriculture, animal husbandry and industrial growth and is the most densely populated
areain the region (Bootsma & Hedy 1993 Hedy 1993. Annual population growth
isin the region of 3 % and yet the population is among the poorest in the world with a
per capitaincome of under US$ 300 @r annum (UNECA 1995.

Lake Victoria is not an isolated waterbody as its cachment area clealy crosses
several national boundaries. Indeed the lake @ntributes to the hydrological regime of
the Nile basin and the eohydrology of the whole region (Bugenyi & Balirwa 1998.
Moreover the vegetated littoral habitats are closely linked to the e®logy of the lake
(Beadle 1981). Indeed many freshwater lakes are dynamically dependent upon their
riparian zone. In contrast to smaller lakes and even large reservoirs, which typically
have long dendritic forms with relatively simplistic shorelines, Lake Victoriais an old
flooded land surface (Johnson et al. 1996 with a complex shoreline of many locd
embayments and proteded channels. These bays and channels can be more diredly
affeded by human adivities than the broad open expanses of other waterbodies and
provide different ewlogical conditions for plant growth (Kling et al. 200]). The
wetland eaotone, being the transition zone between land and water and thus two very
different emlogical systems, is complex and damage of it highly undesirable. Without
the wetland ading as a buffer the influence of one of the bounding ecsystems on the
other can be both large and pdentially detrimental (Holland 1988. The impads can
go in either diredion be that increased run-off and eutrophicaion from the land to
water or increased flooding of land adjacent to water.

The largest wetland areas surrounding Lake Victoria ae in western Uganda where the
Katonga and Ruizi-Kibale Rivers drain into the lake (Beadle & Lind 1960. Along the
Kenyan shoreline ae the Yala and Nyando wetlands. Other important areas include
the wetlands around major urban conurbations sich as Kampala and Jinja that help
reduce inputs of nutrients from those towns through retural purificaion processes
(Balirwa 1998. The plant community of all these wetlands is dominated by emergent
species such as papyrus (Cyperus papyrus Linaeaus), hippo grass (Vossa cuspidada
(Roxb.) Griff.), bulrush (Typha domingensis (Pers.) Kunth) and reeds (Phragmites
mauritianus Kunth). However over the last two decales one invasive weed has
become prevalent. Of the three floating aquatic weeds outlined above only water
hyacinth is a serious problem in Uganda. Water fern is apparently not present in
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Uganda and although water lettuce can be found in most of Uganda's aquatic systems
it has not attained the same pest statusthat water hyacinth has. (Twongo 199%)

Water hyacinth has been in Africa since the 1870 but was not reported in Lake
Victoria until 1989although it is believed to have been present since d least the ealy
198Gs (Twongo & Balirwa 1995. It was present upstream of Lake Victoria on
European plantations within the Kagera cachment since da least the 1940s and
readed nuisance levels here, choking riverine wetland lakes, by the 1980s.
Migration via the Kagera River was the most likely point of entry for water hyacinth
into Lake Victoria. Indeed the Kagera River remains an adive immigration point for
water hyacinth. The problems associated with water hyadnth became gparent in
Lake Victoria in the ealy 1990s. As demonstrated in the Democratic Republic of
Congo where two plants were seen to produce 1200 daughter plants over four months
(Ivens 1967 water hyacinth hes masgve growth potential. By 1995 80% of the
Ugandan coastline was fringed with the plant (Matagi 2002. The weeal usually
formed mats that extended out from shore for at least 15 m but could in plages
completely cover small embayments. In Murchison Bay, which reasives the urban
run-off and sewage of the City of Kampala, the fringe aept out beyond 50 m and
formed dense floating mats, some of which were over 300hain size.

Water hyacinth, with its charaderistic thick fringes and floating mats, has had serious
impads on many aspeds of life aound Lake Victoria (Twongo 1996. The weeal has
impeded navigation, even in motorised boats and transportation costs have risen due
to the necessity of taking alternative indirect routes or as a result of motoring through
the mats which, if physically possible, increases fuel consumption. The weed has
affeded fishermen by fouling their nets and traps, reducing catches and preventing
acces to landing sites. Under the mats reduced light and oxygen hes deaeased
plankton primary production and native fish have died. Fish are an important source
of protein to lake side communities and without it health suffers. Moreover the mats
are breading grounds for cariers of human and animal disease such as malaria,
schistosomiasis, encephalitis and river blindness. Irrigation schemes have been put
under presaure and indeal irrigation channels blocked. The weel has reduced the
supply of clean potable water and caused difficulties in water extraction.
Unsurprisingly its presence has increased disputes between local communities and
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overall has been was responsible for the translocaion of some @mmunities away
from Lake Victoria when local watering points and lake acess became unavailable.
Within the wetland fringe elimination of native plants, through successonal shifts, has
occurred and generally a lossof biodiversity apparent (Willoughby et al. 1996. Apart
from the reduction in retional revenue, from the reduced export of fish produce,
tourism has declined and intermittent closure of the hydro-eledric plant in Jinga, due
to weal build up has caused disruption within Uganda's capital, Kampala (Twongo &
Balirwa 1995 Twongo et al. 1995 Lindsey & Hirt 1999.

However despite the prolific and aggressvely invasive nature of water hyadanth and
its dominance in Lake Victoria during the 199Gs. By the end of 1998 80% of the
weel had gone (LVEMP 2001 and by 2000although small pockets could be seen the
weed was no longer the nuisance it had been. Various control methods (see below)
had been utilised and its demise was largely attributed to the use of a biological
control. However recent work strongly suggeststhat the climatic influence of EI Nino
aso played a major role in the weeds sibsidence (Williams et al. in review).
Furthermore despite its disappeaanceit is likely that the weed will return and indeed
recent evidence indicaes that this may already be happening with water hyacinth
clogging the mouth of Murchison Bay at Port bell and preventing fishermen from
launching their boats (IMPECCA 2001, TNV 20032. It might be mnsidered that at
worst any water hyacinth resurgence event would not exceal the extent to which it
readied in 1998 However Lake Victoria is a dianging system and as such it is
important to consider the potential impad of water hyaanth resurgence within Lake
Victoria under these changing conditions. Furthermore it is essential to define the best
possible methods for its control so that they may be gplied in a timely manner to

prevent resurgence.

The growth rate of water hyacinth is grongly dependent upon the concentration of
dissolved nitrogen (N) and phosphorus (P) within which it grows (Debusk & Dierberg
1989 Moorhea et al. 1988 Reddy et al. 1989, 199). Reddy & Tucker (1983 found
that rates of N and P uptake were similar to one another and correlated dredly with
growth. Desougi (1984 found that low levels of total P (0 - 0.62 mg L™) significantly
inhibited growth relative to higher concentrations and plant productivity did not
increase with concentrations of total N above 21 mg L™ and total P above 62 mg L™,
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Sato & Kondo (1981 on the other hand reported that water hyacinth achieved its
maximum growth rate at nutrient concentrations of 28 mg L™ total N and 7.7 mg L™
total P.

Gophen et al. (1995 found average mncentrations of total N and total P within Lake
Victoria (Kenya) to be 0.64 and 0.07 mg L™ respedively. Likewise Guildford and
Hedky (2000 report amean total P concentration for off shore Lake Victoria (Uganda)
of 0.08 mg L™. Although measurements taken from Napoleon Bay in 2001 (A.E.
Williams pers. obs.) found the mncentrations, at that time, to be ahigher and in the
region of 0.75and 0.18 mg L™ for total N and total P respedively. In Murchison Bay
and other inlets fed with nutrient rich waters from land run-off and sewage outfalls
from large municipalities the concentrations can be an order of magnitude higher than
these (Fisheries Resources Reseach Ingtitute Uganda unpublished data). However
despite this range, 0.64 - 7.5 mg L™ total N and 0.07 - 18.0 mg L™ total P, the levels

are still below those required for maximum weead growth. Thisis particularly so for N.

The C:N:P ratio from plant tissues provides more information concerning the relative
scacity of certain nutrients. In July 1995 the average C:N:P ratio (atoms) for water
hyacinth plants from the north-eastern area of Lake Victoria was 995311 (n = 23,
SEM = 2086.4:0.21) (R.E. Hedky unpublished data) whilst in July 2001 it was
327191 (n=8, SEM = 1166.6:0.35) (A.E. Williams unpublished data). These ratios
are not identical and Duarte (1990 suggested variability in N and P content could be
due to pants growing in different nutrient concentrations found within their local
environments. This fact is not helped by the mobility of the plants in that where a
plant is found does not necessarily indicate where it grew. Moreover the analysed
plants were taken during different growing seasons. However there is a similar pattern
between the two groups of plants in comparison with the Redfield ratio of 10616:1
(Redfield 1939, which is often considered optimal for phytoplankton growth, in that
water hyacinth requires agred ded of carbon relative to the other two maaonutrients.
As a large maaophyte the requirement for more cabon relative to phytoplankton is
clealy understandable and this nutrient is available to water hyacinth in inexhaustible
supply from the @amosphere. Atkinson & Smith (1983 found that the mean C:N:P
ratio for 92 benthic marine macroalgae and seagrasses was 700:35:1 whilst using data
from 26 aher species described in the literature the ratio was 43017:1. These high
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carbon ratios were accedited to the structural complexity of macroalgae relative to
phytoplankton. The higher carbon requirements of water hyacinth in 1995 pior to
population collapse, in comparison to 2001 when populations were low, may have
been due to the size of plants. In a aowded environment the need to grow above your
neighbours and therefore your competitors is paramount for obtaining sufficient solar
radiation. In fad water hyacinth is known to adapt morphologicdly to reduced light
conditions by extending their petioles (Methy et al. 199Q Methy & Roy 1993. In
1995when dense mats were present within Lake Victoria and plants were therefore in
strong competition with one another the plants were probably, on the whole, taller.
Furthermore Atkinson & Smith (1983 found that plants grown in low nutrient
conditions had higher C:N and C:P ratios than those grown in rutrient rich waters. As
such in 1995 the higher biomass of weed probably reduced the total amount of
available nutrients and thus raised the C:N and C:P ratios. Moreover growth in dense
mats might also explain the higher N:P ratios e in 1995and suggests that in dense
stands P may ultimately limit growth. In 2001when relatively few plants were present
the N:P ratio is much closer to the Redfield ratio and as sich may indicate that neither
N nor P were limiting water hyacinth growth to the same extent as they seemed to be
in 1995

Other plant nutrients are also important. Water hyacinth grown in a medium that
lacked calcium did not reproduce ad a threshold of 5 mg L™ was determined.
Likewise Fe deficiency (< 0.3 mg L™) inhibited growth and resulted in chlorosis of
the leaves (Gopal 1987). In 1995Fe levels in Lake Victoria were less than 0.05mg L~
! well below the pubished threshold. However in the nea shore evironment iron
may be mobilised from insoluble iron oxides as a result of the anoxic conditions
existing beneah floating weed mats (Hill et al. 1999 athough equally during
prolonged anoxia iron is lost to the sediment as it binds with sulphide. In June 2001
concentrations of calcium within the waters of Thruston and Napoleon Bay, including
both open water and nea shore sites, was on average 4.7 mg L™ (n = 16, SEM = 0.12
mg L) and Fe 0.32 mg L™ (n = 16, SEM = 0.04 mg L™). Whilst plant tissues (leaf
and root combined) contained 106 and 6.1 mg g™ of calcium and iron respedively (n
=8, SEM = 1.8 and 29 mg g~ respedively). Likewise the sediment contained 5.0 and
9.3 mg g* of calcium and iron (n = 13, SEM = 1.3 and 22 mg g%) respedively.
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Overall water hyacinth plants, a the low population densities observed in 2001, did
not seem unduly stressed and in competition for nutrients. Although it is apparent that
water hyacinth can proliferate in a wide range of nutrient regimes it is also clea that
water hyacinth thrives in high levels of nutrients. In the 199G water hyacinth was
particularly abundant in Speke Gulf, Tanzania (Fig. 5). This was most likely as a
result of discharge wastes from Mwanza Town (APS 1991). Likewise in Murchison
Bay, Uganda where nutrient levels are typically 10 times higher than that found in
open water, as aresult of inputs from the city of Kampala, weed proliferation was and
still is greder than in many other areas of the lake. As sich any increase in rnutrients
within Lake Victoria is highly undesirable from many ecological perspedives not
least of which is the patential masdve proliferation of water hyacinth under such

conditions.

Lake Victoria is however becoming more eutrophicaed and this may have serious
conseguences for the return of the weeal. Evidence for this eutrophicaion is well
documented. During the 195Gs and 60s the distribution of oxygen within Lake
Victoria followed an annual cycle of thermal stratification. From a thermally stratified
state developing in September, the lake's isotherms began to destabilise and usually
by January wind and internal waves could mix the lake making it almost isothermal
between July and August. Oxygen concentrations were only low during the stratified
period and then only below a depth of 55 m. Complete anoxia was rare. Throughout
the yea surface oxygen levels were, as a result of atmospheric diffusion, high
typically being in the region of 95 - 100 % and even during periods of mixing, surface
waters were gill at 90 % oxygen saturation (Talling 1957 Fish 1959 Newell 196Q
Kitaka 1971). However by the 1980s things had changed. Oxygen concentrations in
the top 20 m of the lake had risen in comparison to the 196Gs. Indeed the surface
waters were often supersaturated. However a a depth below 40 m oxygen levels had
fallen and duing the thermally stratified period from October to March between 30 -
50 % of the bottom of the lake was anoxic (Hedky 1993 Hedky et al. 1994 (Fig. 6).

As a result of anoxic conditions in the hypolimnion and in general nea the lake
bottom, denitrificaion has likely incressed (Hedy et al. 1996. In turn this results in
low N:P ratios beneah the thermocline and throughout the water column once the

system turns over. Furthermore due to the de-oxygenated hypolimnion phosphorus is
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more likely to be released from iron and manganese complexes in the sediment thus
bringing more P into the water column and further deaeasing the N:P ratio (Mortimer
1941 and as sen from the nutrient concentrations described above (Gophen et al.
1995. However most (> 90 %) P in sediments is organically bound (R.E. Hedky
unpublished data) and release from sediments due to anoxia may be aminor process
in the P cycle. Closer to shore the situation is slightly different in that light is available
for nitrogen fixation (Mugidde et al. in presg throughout the shallower waters and
oxygen is higher thus reducing denitrification and phosphorus release and so the N:P
ratio increases (Bootsma & Hedy 1993 Hedky 1993. Nonethelessa deaeasing N:P
ratio will encourage the development of nitrogen-fixing cyanophyta and moreover the
algae ommunity has changed. Talling (1965 remrded a dea seasonal successon
within the phytoplankton, which consisted largely of diatoms (Aulacoseira and
Cydostepharus), cyanophyta (Anabaena) as well as chlorophyta. Now the system is
dominated by more nitrogen-fixing cyanophyta such as Cylindrospermopsis,
Planktolyngbya and Anabeena as well as low-siliceous diatoms sich as Nitzghia
(Ochumba & Kibaaa 1989 Lehman & Branstrator 1998, Kling et al. 2001). The
changes in the algal community have resulted in higher rates of photosynthesis and
nitrogen fixation. Indeed a two fold increase in pelagic productivity and a four or five
fold biomass increase has been contemporaneous with the shift to nitrogen-fixing
cyanophyta and the increase has lead to surface waters being supersaturated with
oxygen (Hedky 1993 Mugidde 1993 Lung'ayia et al. 2007).

The changes that have been seen over the last few decales are given further credence
with the aid of palaeolimnological evidence gleaned from sediment cores from the
bottom of Lake Victoria. These identify that the dhanges now seen in the lake began
in the 194G becoming very noticeable in the 196Gs (Fig. 7). Not only do the cores
confirm changes in rutrient deposition and algal spedes they also show that the
benthic maao-invertebrates underwent change. The @undance ratios of Procladius
brewvipetiolatus and Chironamus imicola, anoxia intolerant and tolerant Chironomidae
respedively, shifted towards the anoxia tolerant species in the 196G (Hedky 1993
Vershuren et al. 2002).

It is imperative to understand why these biotic and abiotic changes occurred if
succesful management of the system and invasive weeds is to be relevant and
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succesdul. Initially it was considered that fish introductions, in particular the
voracious predator Nile perch (Lates niloticus) introduced in the mid 195G, had
impaded the food chain and disrupted the eological stability of the system from a
top-down perspedive. This in turn affeded nutrient regeneration and recycling
(Ogutu-Ohwayo 199Q Carpenter et al. 1986. However whilst fish introductions did
no doubt have an impact (Kaufman 1992 on the fish community, it is now understood
that changes within the lake began to manifest themselves by at least the 194Gs i.e.
over a decale before the fish were introduced (Verschuren et al. 2002. Therefore
some other fador was responsible. Natura climatic changes have been observed
through Lake Victoria's history in that water temperatures have risen in the later half
of the 19" century to present (Hedy 1993 Hedky et al. 1994) and changes in water
level are also apparent, a 2.5 m rise between 1961 - 1964 and another significant rise
of 1.5 m between 1977 - 1980 (Kite 1981). Such climatic alterations could impad
upon the processes within the lake. However the rising lake level would only have
increased the surface aea by about 3 % (Bootsma & Hedky 1993. This in itself
would not have increased N and P deposition, of the like seen when dams are built
because alake & large & Victoria is well buffered against small oscillations in lake
level. Furthermore whilst these climatic events have probably occurred on a number
of occasions within the last 10000years palaeolimnological evidence identifies that
algal species have remained fairly uniform for at least the last 12400 yeas, only
beginning to change within the last 80 yeas (Stager & Johnson 2000; Hedy 1993.
As sich the dhanges in the biological structuring of Lake Victoria and increases in N
and P sedimentation whilst ailmost certainly interlinked and involved in various and
complicaed feed-badk and cascading mechanisms (Williams & Moss 2003 have
been primarily driven by causative agents other than ratural climatic variations or fish
introductions.

Phosphorus deposition hes increased in sediments and total P concentrations have
risen in lake waters. Indeed there is no doubt that P loading has increased by a fador
of at least 2 and that planktonic primary production has increased to a similar extent
with a shift to nitrogen-fixing cyanophyta. The lake is now light limited for
phytoplankton growth due to self shading by the high algal turbidity and degp mixed
layers (Mugidde 1993 Mugidde et al. in presg. It now appeas that anthropogenic
adivities around the lake have lea to the changes ®en today and are the primary
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cause of eutrophication (Hedky 1993 Bootsma & Hedky 1993 Scheren et al. 2000.
The lake has undergone a classic aultural eutrophication (Hedky 1993 with
consequences for the upper food web as well (Seehausen et al. 1997. The whole
processof bottom-up versus top-down control in lakes is a cmplex process(Williams
& Mo0ss2003 and not within the remit of this chapter to explore. However rather than
a top-down fisheries driven emsystem it seems that Lake Victoria is a bottom-up

nutrient driven system.

With the population of the Lake Victoria cachment being in the region of 4.5 mill ion
people between 1900 and 1932the population rose to 27.7 million by 1995 (United
Nations 1995. This was largely due to the completion in 1930 of the Ugandan
railroad and the resulting immigration and better availability of medicine that it
bought. It is therefore unsurprising that changes within Lake Victoria, evident within
the fossil reaord, began in the 1930s. The increase in population around Lake Victoria
has increased point source pollution resulting from both industrial and municipal
waste. Industrial pollution originates mainly from large towns on the periphery of the
lake and whilst many Kenyan fadories do have waste treatment plants most fadories
in Uganda and Tanzania do not. Moreover treatment facil ities for municipal waste ae
considered, in Uganda, to be either inadequate for the growing population or non-
existent (UNEMA 1995. However the majority of waste from Ugandan fadories
does at least filter through a wetland buffer before entering the lake. Overall urban
waste in its entirety acounts for only a small proportion of the nutrient input into
Lake Victoria mntributing, as it does, for 6 and 9 % of the total N and P entering the
lake (Scheren et al. 2000.

Of more mncern to Lake Victoria is diffuse pollution. With 90 % of the growing
population relying diredly on subsistence farming and animal husbandry a growing
population krings increases in agriculture. In the ealy stages of agricultural
development land is often deforested and burnt. Atmospheric inpus of nutrients are
therefore increased (Bootsma & Hedy 1993. The average rainfall over the lake is
approximately 100 km® yr' (Piper et al. 198) and based upon calculations by
Scheren et al. (2000) this acounts for 72 % of the N and 36 % of the P entering the
lake.
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A further impad of agriculture is that soil erosion is increased as vegetation is
removed and with Lake Victoria supplying water for irrigation many agricultural plots
are situated adjacent to the lake. Soil as well as organic matter from crop debris thus
enters the system (Lindenschmidt et al. 1998. Agriculture itself brings with it
increased fertiliser use which also enters the lake and in places catle densities are
above those of the human population with manure also contributing to the nutrient
inpu of the lake (Bootsma & Hedky, 1993. As the population increases and land
becomes lessavailable ayriculture encroadies into the wetlands. Riparian vegetation
surrounding Lake Victoria prevents erosion and the transport of solutes into the lake
(Lindenschmidt et al. 1998). The removal of this vegetation for agricultural and fuel
purposes increases sediment and nutrient loading in the lake. Wetlands, being the
natural purification system between land and water, are critical to the lakes
functioning. Whilst soils themselves are dficient phosphorus retainers, nitrogen
compounds are very soluble and plant uptake and denitrification within wetlands
reduces nitrogen inputs dramatically. The reclamation of wetlands due to the growth
of human populations within the Lake Victoria cachment over the last few decales
has probably deaeased the buffering capacity of the wetlands and thus further
exacerbated eutrophicaion (Crul 1995. It has been estimated that agricultural run-off
acounts for the remaining 22% of N and 55% of P entering Lake Victoria, the tota
of which is in the order of 117000t yr* of N and 14000t yr' of P (Scheren et al.
2000. However these estimates do not allow for biological nitrogen fixation within
the lake nor atmospheric dry deposition that will substantially increase these estimates
(R.E. Hedky unpublished deta).

Onthewhole it is clea that whilst water hyaanth has largely disappeared within Lake
Victoria it is known that water hyacinth growth and production is highly favoured by
an environment rich in rutrients. The aiurrent and ongoing eutrophication of Lake
Victoriaistherefore of grea concern on many levels not least of which is the potential
for an enormous explosion in water hyacinth biomass above and beyond that

previously seen at its pe& in the mid 199G

If the wead does return there ae several methods that can be used to control it. Some
of these were used in Lake Victoria during the 198G and 90s and some ae believed

to have been quite dfedive.
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The ontrol of water hyacinth

Once established invasives may be difficult or impossible to control or eliminate and
often attempts to do so adversely impad remnant native vegetation (Njuguna & Thitai
1993. If water hyacinth returns to Lake Victoria procedures will be undertaken, as
they were before, to remove it. But the elimination of water weeds is a @stly process
both in fiscal and temporal terms. Three basic methods exist to remove the alien
invaders these being physical, chemica and hiologica controls.

Physicd control involves employing manual labour and mechanical harvesters to
remove weeds. The use of physicd barriers sich as floating booms to coral weeds and
prevent their spread as well as aiding ease of physical removal can also be
implemented (Akinyemiju 1987. In Lake Victoria manual removal at landing stages
was previously undertaken extensively by locals being provided, as they were, with
equipment such as rakes and wheelbarrows via the Lake Victoria Environmental
Management Projed (LVEMP) and ather emergency response programs. Aquatic
vegetation cutters or "Swamp devils" were used around Kisumu Port and Homa Bay
Pier, Kenya & well as within the vicinity of the hydro-eledric dam at Jinja. Booms
were also used, particularly at the hydro-eledric dam, to reduce weed expansion
(LVEMP 2000. These tedwniques clealy worked in that weed was removed.
However benefits are typically locdised due to the shee scale of the problem on Lake
Victoria and short lived as a cleaed site an be inundeted with new weed in a matter
of days, either through growth of any remaining weed or immigration of plants from
outside of the site. Furthermore booms can become over burdened from the weight of
the weed (Goodland 1995 and machinery can kregkdown. Unfortunately with a ladk
of expertise, tools and spare parts the expensive harvesters were, on occasion, left to
rust on the shore. However physical control has been used successully throughout the
world to manage invasive weeads (NAS 1976 and in Nigeria such methods are
considered relatively effedive (Juweto 1993. Overall however physicd control has to
be intensive and regular and is thus ultimately expensive. The st of cleaing a
hedare of wedl is estimated to be between US $ 2400- 30000(Haller 1996. Farri &
Boroffice (1999 when also considering plysical control in Nigeria considered it be
too costly (US $ 5000ha™). Moreover none of these etimates take acount of the
health risks associated with cleaing operations as faced by the cleaing crews.
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Therefore for a waterbody the size of Lake Victoria physica control is not a feasible

long-term control option.

Chemicd control is, world wide, one of the most commonly used methods of
maaophyte repression. Chemicads can be gplied from the air, water or land and some
degree of acarracy as to where the herbicide lands can be achieved. Chemicals such
as diquat, glyphsophate, amitrole and the amine and acid formulations of 2,4-D are
the most effedive and commonly used chemicals against water hyacinth. Applicaion
needs to be undertaken by trained individuals using correct dosages and applied at
appropriate stages of growth. When they are gplied incorredly problems can ke
encountered not least of which is killing non-targeted plant species be they aquetic
maaophytes or agricultural crops (Njuguna & Thitai 1993. Herbicides themselves
typically only cost in the region of US $ 50 ha” of treated area however application
costs be that by plane, boat or hand are in addition to this (Howard & Harley 1998.
Therefore herbicide use is only viable over small areas, on the larger scale gplication
can become prohibitively expensive. However whatever the operational costs if weeals
grow faster than chemicds can be gplied then the wntrol of invasives is clealy not
acomplished (de Groat 1993). Moreover if the deal or dying weed is not removed
the rotting biomass can leal to localised de-oxygenation which can in turn lead to
other detrimental impacts upon the waterbody (Malya 1999 LVEMP 2000.
Furthermore whilst plants may appea to have been controlled the problem may not
have been solved if, as in the cae of water hyacinth, seeds remain buried in the
sediment and propagate some years later or, asis more typicd, plants remaining in the
marginal vegetation re-colonise the waterbody. Repeaed applicaions are therefore
required (Julien et al. 1999.

The main problem associated with herbicide use and indeed the reason they are not
used as widely as they might be is the potential effed, red or perceived, of chemicals
on humans be that either diredly through ingestion or indiredly through reduced
income. Lake Victoria is a mgjor source of drinking water and therefore the problem
of ingestion is clea. Also the sites most affeded by water hyacinth and therefore most
in need of herbicide goplication are typically adjacent to lakeshore communities and
farmlands which increases the risk of destroying non-targeted plants and crops.
Furthermore fea concerning the impad on native biota, not just the loss of non-
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targeted plants but also the potential for bioacamulation of contaminant dioxins
through the food chain, is also an areaof concern for governments considering their
own populations health and the sale of fish to international exporters (Murty &
Mulendema 1999. The lake supports an extremely valuable export fishery that eans
critical foreign exchange for the riparian countries. The European Union, which is a
major importer of fish from Lake Victoria, made it very clea that widespread
applicaion of chemicals could threaen the marketability of the fish. Finally if
biological control is used (seebelow) the gplication of herbicides may have impacts
on the biological agents. Whilst experiments have found that diquat, glyphsophate,
and 24-D do not increase mortality rates of Neochetina eichharniae they did move
away from treated plants to untreated ones (Haag 1986. In addition Patnaik et al.
(1987 found that N. bruchi mortality was increased by several of the cmmonly used
herbicides.

On the whole chemical control, if undertaken corredly, can be very effedive in the
short-term but as with physical control the use of herbicides is too expensive for
repeged use on the scale required for Lake Victoria. Whatever the human and
easystem effects of herbicide goplicaion are, other than limited trials in 1997 within
Ugandan waters, no official large scale goplicaion of herbicides has been carried out
within Lake Victoria Currently an agreement among the three riparian states
forecloses applicaion within any one cuntry without prior consultation with the
other countries because of possible economic damage that could arise from lossof the
valuable fish export industry.

Biological control involves the use of host specific agents that are naturally occurring
enemies of invasive wedls in their native bioregion. The United States Department of
Agriculture initiated biological control in Argentina in 1961 and since then weevils,
moths and fungi have been tested for host-specificity (Center 1994). Host spedfic
agents have now been successfully used to control several aguatic weeals such as
water hyacinth, floating water fern and water lettuce in a variety of localities around
the globe (Harley 199Q de Groot 1993 Julien et al. 1999. Indeed by 1998atotal of 7
agents had been released in 33 countries (Julien & Griffiths 1998. Biological control
of water hyacinth has therefore beaome very popular and two weevils in particular, N.
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eichhaniae and N. bruchi, have been used extensively and successfully in North
America Asia, Australiaand Africa

In the long-term once the weed is under control a natural flux between agent and weed
should exist thus keeping in balance the density of weed and numbers of biological
agent present (Howard 20®), although as with all dynamic systems fluctuations in
both populations will occur (Harley 1993. Biological control can provide an
environmentally sensitive, cost effedive and permanent solution to invasive weed
growth. However the two draw badks, assuming that host-specificity is guaranteed, is
that biological control usually takes between 3 to 5 yeas for the insect populations to
read a level from which control can be adieved (Howard & Harley 1998 Julien et
al. 1999 and moreover it does not aways work (Salmah et al. 1991, McFadyen 200Q
Julien et al. 2007).

In Lake Victoria both species of Neochetina weevil were introduced on a large scale
in December 1996 and the 80 % deaease in water hyacinth abundance has been
acaedited to these introductions (Ochiel 199; LVEMP 2000. However the rapid
deaease in water hyacinth biomass from December 1996 to 1998 (2 yeas) is
extraordinarily fast and not usual of typicd weevil control. Whilst the introduction of
weevils into Lake Victoria probably did wegken water hyacinth over large aess, the
driving force behind the sudden and concurrent lossof weed from Lake Victoria, and
other lakes in Uganda during 1997/ 1998 was most likely a result of ElI Nino events
which occurred at that time (Williams et al. in review). El Nino related events likely
had multiple affects on water hyacinth. Since the late 1980 water levels had fallen in
Lake Victoria however the El Nino caused a dramatic increase (> 1 m) in lake level.
Rising water levels dislodged and mobilized shore bound plant mats and carried the
now free floating mats to open water where wave acion helped to destroy them. In
addition extreme river discharges flushed water hyadnth from neighbouring wetlands
and riversthereby reducing immigration potential in subsequent yeas. Moreover light
reading the lake's surface was reduced by thick and extensive cloud cover which
limited plant productivity because of the plant’'s high light saturation for
photosynthesis (Williams et al. in review). All these effeds on growth and mortality
caused a rapid decline in hyacinth populations. In any case during 2001 observations
over a 6 month period found weevil abundance to be very low with the majority of
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plants hosting no weevils. Feeding scars were also very minimal (A.E. Williams pers.
obs.). There is a possibility that when the water hyadnth mats sank they took with
them many of the weevil larvae ad eggs (IMPECCA 200J). Therefore remaining
populations may not be in a natural state of flux, beingtoo few and dispersed, and will
likely be unable to combat any resurgence event. Reintroduction of the weevil from
reaing centres will be necessary to insure adequate populations to effed control.
However, even at low densities, weevils are now present in the lake and these may
reduce growth rates from those experienced duing the original colonization of Lake
Victoria by water hyaanth. A thorough study of the population dynamics of water
hyacinth in Lake Victoria is required to manage the weed effedively and to apportion
the dfeds of weevil, light, wave ad¢ion and nutrients on controlling the weed in Lake
Victoria

Of most use in the oontrol of water hyacinth is an integrated method of control.
Integrated control employs all three of the @ove @ntrol methods in an overall
management strategy. Each of the threeis tailored to suit a specific problem and the
extent to which each is used varies with locaion. In general however medhanical and
chemica controls are used initially to bring short-term benefits whilst the biological
approad, taking longer to implement and develop, follows after the first two control
strategies (de Groat 19983, Howard & Harley 1998. In this regard, maintaining weevil
reaing centres established by the LVEMP will be an essential feaure of adive
management to insure that weevil populations remain at an adequate level for control.

There is one other type of control however that is of key importance but yet is not
mentioned as often as the @ove ontrol methods - the @ntrol of nutrient inputs. The
levels of available nitrogen and phosphorus have often been cited as the most
important fadors in limiting water hyacinth growth (Carignan & Neiff 1994 Head &
Winterton 2000 Musil & Breen 1985 Reddy et al. 1989 199Q 199)). Indeed a
Commonwedth Science Council survey of exotic floating weeds throughout Africa
(Harley 1993 recommended "that adion be taken at a national and sub-regional level
to reduce nutrient input (particularly from urban and industrial waste) into water
bodies, and to develop land-use schemes for long-term utilisation and sustainable
development of watersheds." However in 1993 at a symposium on water hyaanth
control only three papers from 13 country and regional reports mentioned the
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importance of managing nutrient inputs through improved watershed management. In
1998 duing a global working group on biological and integrated control of water
hyacinth, in a sesson dedicated to integrated management, only two out of the 13
papers presented identified the importance of nutrients in controlling water hyacinth.
In 200Q at the second meding of the global working goup, just two from 22 papers
contained the word "eutrophication” in the @ntext of it encouraging water hyacinth
whilst the impaad of nutrient inputs on weed growth was only mentioned in a further
five. The @ncens over nutrient inputs were however often mentioned in the
summaries and overviews of the symposiums and indeed within the global arena the
problems of eutrophication and nutrient pollution are well known by scientists,
governments and the pubic alike. It is understood that nutrient rich waters offer prime
conditions for weed growth and if unabated eutrophicaion and lack of management

will lead to future invasions.

The management of Lake Victoria

It is understandable and necessary that from within affected countries ientists and
praditioners of weed control turn to mechanica, chemical and biological means of
short-term control and management. Moreover in the short-term all biological
possibilities should be vigorously explored as appropriate insects are available and
have been used elsewhere often to good effed. Y et the only real long-term solution to
the water hyacinth problem is not biological control but rather the cntrol of
eutrophicaion and nutrient inputs through sustainable management of watersheds and
resources. The reliance of developing rations on biological control as a long-term
solution rather than sustainable management and development of their treasured

resources is of major concern.

The ntrol and remediation of eutrophication is difficult due to the cmmplexities of
the systems involved. Many attempts have been made to reduce the impact as well as
causative ajents of eutrophication through biological and chemica manipulations.
Biological approadhes of controlling eutrophication typicdly involve the
manipulation of the biological system such as changing the dominance of certain fish
species, particularly piscivorous fish through top-down biomanipulations (Shapiro et
al. 1975, Carpenter et al. 1985. Within the ontext of Lake Victoria however
chemicd manipulations are of more pertinence Chemical manipulations include the
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treatment of waters flowing from sewage works and fadories and reducing diffuse
nutrient loading by changing land-use pradices. These gproades can lower nutrient
inpus into a waterbody and thus reduce problems of eutrophicaion through bottom-
up poceses (McQueen 1990. However whilst the control of point sources is
relatively easy the control and treament of diffuse sources is much more dallenging
and non-point sources dominate the arrent loading of N and P into the lake (Scheren
et al. 2000. Within an African context and in particular Lake Victoria, land
management is key and must be fully planned to minimize the impact of current
pradices and to reducerisks inherent in the expansion of agriculture, which at present
isa 1 % eah yea (Scheren et al. 2000. By reducing slash and burn and
deforestation, atmospheric deposition should deaease as the land surface revers
vegetative cover. Wetlands provide anatural buffer and the preservation of these is
esential. Reduced and slow release fertiliser use and crop / land rotation should be
encouraged through education. Overall there needs to be a tiange in anthropogenic
land-use and a reduction in polluting events, both chemicd and hiologicd. Big steps
neal to be made towards a grester level of sustainability. Although these steps are
complex, expensive and time @wnsuming in the final synopsisit is the only sustainable
solution for continued long-term alleviation of current and future problems within
Lake Victoria. All the systems. maaophytes, nutrients, fisheries, plankton and
microbial are interlinked and holistic management involving land, water and airsheds
is required. Whilst the solutions are not easy the @nsequences of not doing anything
may be even worse.

Due to the scale of Lake Victoria a massve financial commitment must be
undertaken. However unfortunately whilst governments work on 4 or 5 yea cycles
desiring re-eledion gained primarily from creaing and spending wealth, ecmsystems
work on much longer time scales. Moreover the continuing gowth of the population
in Lake Victorias cachment means that greater sustainability is unlikely to be
acomplished soon (Marshall 1993. United Nations (1995 projeds that the Lake
Victoria cachment will contain 53 mill ion people by 202Q It is quite likely therefore
that further degradation of the Lake Victoria system will be encountered. However
whilst people and governments understand the requirements to invest in reseach on
areas such asfisheries there is less understanding as to why a shift in algal species, for
instance, is of any cause for concern. The responsibility of education is therefore on
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al ewlogists from around the world. Due to the enormous cost in human and natural
resources that will be incurred if the aurrent situation is not amended and the potential
eanomic knock on effed this will likely have on the global ecnomy, the financial
burden for implementation must be shared by both the countries immediately affeded
and the world's governments at large.
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Figures
Fig. 1 Water hyacinth (Eichharnia crasspes (Martias) Solms). (Based on Greaheal
& de Groot 1993.

Fig. 2 Floating water fern (Sdvinia molesta Mitchell). (Based on Greahead & de
Groot 1993.

Fig. 3 Water lettuce (Pistia stratiotes Linaeus). (Based on Ivens 1967).

Fig. 4 Location and size of African waterbodies mentioned in the text.

Fig. 5 Lake Victoriaand its surrounding cachment. (Taken from Scheren et al. 2000.

Fig. 6 Depth profiles of O,, soluble readive phosphorus (SRP), NO,-N and Si in
February 1961and March 1990 duing the stratified season. (Based on Hedy
1993.

Fig. 7 Diatom stratigraphy and sedimentary C, N and P content of the recet deg

water sediments (55 m) in the north-eastern sedor of Lake Victoria. Date & 13
cmis 1800A.D. (Taken from Hedky 1993.

43



44




45



46




a7




48




49




50




