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Abstract 

In Mozambique, establishment of aquatic weeds has been enhanced through the increased 

enrichment of water bodies by nutrient runoffs from human and agricultural wastes that lead to 

an increase in nitrate and phosphate in the water. The aquatic weeds, water hyacinth (Eichhornia 

crassipes), red water fern ( Azolla microphylla), water lettuce (Pistia stratiotes) and salvinia 

(Salvinia molesta) were found in most watercourses in Mozambique and are becoming 

aggressive in some watercourses, especially in the Umbeluzi and Incomati rivers. Farmers and 

people living along the rivers are aware of the negative impact of the water weeds because the 

large mats of weeds cause loss of shoreline and navigability along the rivers. Other commonly 

perceived effects of aquatic invasive plants in Mozambique rivers include: reduced navigable 

surface area; difficulties for fishermen, which reduces income; increased prevalence of insects 

and insect-borne disease, and decreased aesthetic value. The methods currently used for the 

control and management of the aquatic weeds are mechanical and manual control. Both methods 

are costly, time consuming, and only provide a short-term solution to the problem. The study 

found that the weevils Neochetina eichhorniae and N bruchi were effective biological control 

agents in the study area but their impact is too gradual compared to the aggressive proliferation 

of water hyacinth. The one year lab-experiment clearly demonstrated that the water lettuce weed 

had a significant impact on the recruitment of macro-invertebrates to the artificial substrates, and 

water lettuce contributed to the reduction of oxygen in the water and consequent reduction of 

macro-invertebrate abundance and diversity. The biodiversity recovered at the same time in the 

pools containing water lettuce controlled by N affinis and water lettuce controlled by herbicide, 

but richness and diversity of macro-invertebrates was higher in the water lettuce controlled by N 

affinis during the first sampling occasion compared to the water lettuce in pools controlled by 

herbicide, where macro-invertebrages increased only when DO levels recovered after water 

lettuce mat decay. The number of taxa recorded in this study is an indication of the significance 

of macro-invertebrates in an aquatic environment. This therefore emphasizes the need for more 

research efforts into macrophyte and macro-invertebrate associations in the aquatic system to 

better understandthe implications of habitat modification arising from human activities. It will 

also enable us to be better equipped with a more appropriate ecological understanding for aquatic 

resources management. 
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Chapter 1. 

General Introduction 

1.1 Introduction 

Invasive alien aquatic plant species have invaded freshwater lakes, dams and rivers throughout 

Africa. In their introduced range, invasive alien aquatic species can grow to densities where they 

cover water bodies with a thick mat of vegetation. This has negative effects on the environment, 

human health, and economic development. These aquatic weeds impact all aspects of natural 

resource utilization and degrade aquatic biodiversity. This thesis investigates the impacts of 

some known problematic aquatic weeds in Mozambique and offers solutions. 

1.2 Invasive aquatic plants and their distribution 

Invasive plants have the ability to spread naturally, but humans can introduce them to otherwise 

inaccessible places (Mitchell and Power, 2003; Keane and Crawley, 2002). The species 

introduced by man to new areas are called non-indigenous species or alien species (Richardson et 

aI., 2000). Introduction of invasive aquatic plants into foreign ecosystems can be intentional for 

economic or aesthetic reasons, or it can be accidental , as when species are transported by ballast 

water (Martin and Coetzee, 20 I I; Padilla and Williams, 2004). Non-indigenous species that 

manage to reproduce rapidly often become problematic and can totally dominate a habitat, even 

if they do not do so in their native range. 

Invasive aquatic plants occur in both permanently and seasonally wet environments and they 

include a diverse group of macrophytes, including angiosperms and some freshwater 

macroalgae. While the focus of this thesis is on free-floating hydrophytes, Kariba weed (Salvinia 

malesta D. S. Mitchell (Salviniaceae)), red water fern (Azalla mycraphylla Kaulf (Azollaceae)), 

water lettuce (Pistia stratiotes Linnaeus (Araceae)), and water hyacinth (Eichhornia crassipes 

(Martius) Solms-Laubach (Pontederiaceae)), invasive aquatic plants may be assembled into four 

groups, (Cronk and Fennessy, 200 I) : 

• Emergent species, which are rooted in the substrate but extend above the water surface. This 

group includes species of giant sedge (Cyperus dives Del. (Cyperaceae)), bulrush (Typha 
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capensis Rohrb (Typhaceae)), rushes (Juncus effuses Rush (Junceae)), sawgrasses (Cladium 

mariscus L. (Poaceae)) and cattails (Typha latifolia L. (Typhaceae)). 

• Floating-leaved hydrophytes which are rooted in the substrate but usually have leaves 

floating on the water surface. They may be prominent in low-visibility water, and include 

species of lotus (Nelumbo nucifer Komarovii (Nelumbonaceae)) and water lily (Nymphaea 

mexicana Zucco (Nymphaeaceae)). 

• Submerged hydrophytes, which are normally fully submerged in the water but which have 

free -floating foliage. This group includes species of water-mil foil (Myriophyllum spicatum L. 

(Haloragaceae)), pond weed (Potamogeton schweinforthii A. Benn. (Potamogetonaceae)), 

elodea (Elodea canadensis Michx.) (Hydrocharitaceae)), wild celery (Vallisneria americana 

Michx. (Hydrocharitaceae)) and frog-bit (Hydrocharis morsus-ranae L. (Hydrocharitaceae)). 

• Free-floating hydrophytes, which float on the water surface and do not have roots fixed in 

sediment; they moved freely with wind and water currents . This group includes species of 

water-lettuce (Pistia stratiotes), mosquito-fern (Azollajiliculoides Lam. (Azollaceae)), water 

hyacinth (Eichhornia crassipes), duckweed (Spirodela polyrrhiza L. Schleiden (Lemnaceae)) 

and watermeal (Wo1jjia columbiana H. Karst (Lemnaceae)). 

Aquatic plant species are richer in diversity in temperate regions than in tropical regions (Crow, 

1993). However, some tropical and subtropical regions have higher aquatic plant endemism than 

others (Sculthorpe, 1967). For example, southern Africa (Botswana, Lesotho, Namibia, 

Swaziland and South Africa) supports about 600 species of wetland plants, including 114 

endemic taxa but few free-floating species (Cook, 2004). 

1.3 Mechanism of invasion by aquatic plants 

Several hyphothesis have been put forward to explain why non-indigenous aquatic plant species 

become invasive. Although these are dealt with individually below, it is most likely a 

combination of these factors that drives invasion . 
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1.3.1 Modes of introduction 

Introduction of aquatic invasive plants in freshwater systems can be intentional or unintentional. 

Intentional reasons include economic or aesthetic reasons. For example, Azalia filiculoides was 

introduced as an ornamental fish-pond plant in 1948 (Oosthuizen and Walters, 1961); once 

established, water fowl spread it throughout South Africa. The unintentional reasons include 

instances when species are transported in ballast water; or introduced to new areas accidentally 

by man (Martin and Coetzee, 2011); or by mislabeling; or by retailers using species names 

inconsistently which can lead to the accidental purchase of invasive aquatic species (Maki and 

Galatowitsch, 2004); or by improperly di sposing of unwanted species into storm sewers, ditches 

or local waters which can result in the establishment of invasive aquatic plants in the local 

natural environment (Cal-I PC, 2007). 

Weeds are di spersed in different ways: water-dispersed specIes, which include species like 

Ludwigia peploides Kenth (Onagraceae) (easily detached, floating stems) and Eichhornia 

crassipes (free-floating plants) which share the common attribute of hydrological connectivity; 

wind-dispersed species which include Typha latifolia L. (Typhaceae) and Phragmiles communis 

Trin. (Poaceae), have aerodynamic seeds; and finally, those species dispersed by animals, which 

include Lemna minor L. (Lemnaceae) and Woljjia punctata Griseb. (Lemnaceae). These are tiny 

plants that are readily carried on fur or feathers. 

1.3.2 Vacant niche hypothesis 

Introduced plants can become invasive when they are presented with niche opportunities in their 

new habitats. This depends on there being a relatively empty niche for them to exploit (Corbin 

and D' Antonio, 2004; Uveges el al., 2002). For example, southern Africa has very few 

indigenous floating aquatic macrophytes (Cook, 2004) and this has made the aquatic ecosystem 

in this region prone to invasion by floating weeds. However, the region also has a high diversity 

of submerged aquatic macrophytes (Cook, 2004) which has made these systems relatively 

immune to invasion by submerged invaders. 
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1.3.3 Enemy release hypothesis 

Invasive alien species have escaped from their natural enemies and therefore have a greater 

competitive advantage over the native species (Clay, 2003; Torchin et al., 2003; Keane and 

Crawley, 2002; Mack et al., 2000). Alien invasive species typically have few or no natural 

enemies in the invaded region (Mack et al., 2000). Without natural enemies, invaders allocate 

more of their resources to growth, to acquiring water and nutrients, and to reproduction, and are 

thus able to compete with indigenous species for space, nutrients and sunlight. In contrast, native 

plants must continue battling their natural enemies, plus compete with new weed neighbours 

(Lake and Leishman, 2004; Keane and Crawley, 2002). For example, purple loosestrife (Lythrum 

salicaria L.) (Lythraceae) is a highly invasive competitor in wetlands in North America, 

although its success may be reduced if controlling herbivores are introduced from its native 

habitat (Houlahan and Findlay, 2004; Smith and Smith, 200 I) and this is further evidenced by 

the highly successful biological control programmes using a root-mining weevil, Hylobius 

transversovittatus, two leaf-eating beetles, Galerucella calmariensis and Galerucella pusilla, and 

a flower-feeding weevil Nanophyes marmoratus (Lindgren et ai., 2002). The enemy release 

hypothesis is further supported through the biological control of some invasive plants such as 

Salvinia molesta (Tipping et al., 2008), Eichhornia crassipes (Hill and Coetzee, 2008; Cilliers et 

al., 2003; Center et al., 2002), Pistia stratiotes (Neuenschwander, et al., 2009; Hill, 2003; Dray 

et al., 1993,) and Azollajiliculoides (Hill, 2003; Mc Connachie et al., 2003). 

1.3.4 Disturbance hypothesis 

Invasive aquatic weeds tend to become problematic in habitats that are disposed to ecological 

disturbance and often thrive in habitats that are in a constant state of disturbance. Disturbance 

may play a role in enabling invasive species to penetrate relatively mature communities 

(Nagasaka et al., 2002; Lugo, 1994). After a disturbance, if the new environmental conditions fit 

the niche requirement of the exotic species, the plant may colonize and spread successfully 

(Facon et al., 2006), so that the introduced species that are pre-adapted to their new habitat will 

probably succeed (Facon et al., 2006). According to Havel et al. (2005), disturbances opel1 

environments to invasion because they may break down natural barriers. This means that the 

success of an introduced species will also depend on other characteristics such as species traits, 
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abiotic conditions of the habitat and propagule pressures (Jacobs and Macisaac, 2009; Chadwell 

and Engelhardt, 2008). 

Disturbance is one of the main drivers of aquatic weed invasion as plants are able to adapt and 

tolerate a broad range of environmental conditions (like high nutrients) that native species cannot 

tolerate. In some cases, the ability of invaders to tolerate specific environmental conditions has 

been important, for example, a tolerance of shading or of low levels of inorganic carbon or 

oxygen (Bowes el aI., 2002; James el ai., 1999; Middelboe and Markager, 1997; Madsen and 

Maberly, 1991). As invasive aquatic plants increase rapidly, they increase environmental 

problems such as pollution (Palumbi , 2001; Kolar and Lodge, 2000; Pimentel el ai., 2000). 

1.4 Impacts of invasive aquatic plant species 

Aquatic invasive plants have three main impacts: economic, environmental and social. Economic 

impacts, which directly affect humans, typically leading to monetary losses; environmental 

impacts, which affect ecosystem structure and function, often leading to loss of biodiversity or 

unique habitats, and social impacts which focus predominantly on human health and safety, but 

can also cover quality of life, recreational opportunities, cultural inheritance, and other aspects of 

social structure (Ricciardi and Cohen, 2007; IUCN, 2000). For example, mats of aquatic invasive 

plants can colonize many different types of aquatic ecosystems such as lakes, reservoirs, 

wetlands, streams, rivers and ponds. Thomaz and Cunha (20 I 0) stated that primary production of 

these aquatic invasive plants can surpass other aquatic primary producers. Thick mats of aquatic 

invasive plants can affect nutrient cycling through transference of chemical elements from 

sediment to water by active and passive processes (Camargo el ai. , 2003). Aquatic plants can 

release nutrients, such as phosphates and nitrates into the water, which are used by micro- and 

macro-organisms. These micro-organisms (micro-algae and bacteria) and macro-organisms can 

live free ly in the water or attach themselves to the aquatic plant surfaces and their detritus (Stets 

and Cotner, 2008; Anesio el al., 2003). 

Hill (2003) and Masifwa el ai. (200 I) state that invasive aquatic plants reduce the quality and 

quantity of water for urban, agricu ltural and industrial use; increase siltation of rivers, dams and 

wetlands; reduce the water surface area for recreation; clog irrigation canals and pumps; cause 
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the death of livestock that were unable to differentiate between pasture land and weed-covered 

water bodies; contribute to the deterioration of aquatic biodiversity, and considerably reduce the 

aesthetic value of waterfront communities. lafari et al. (2010) and Charudattan (200Ia) observed 

that dead biomass from large weed infestations increases the rates of sedimentation and 

eutrophication and could reduce water depth. Moreover, invasive aquatic weeds have significant, 

adverse effects on human health and livelihoods, especially in the developing world, since weeds 

provide habitats for insect-borne human diseases (Perrings et al., 2000; Navaro and Phiri, 2000). 

Finally, invasive aquatic plants affect hydrological patterns by obstructing water flow, increasing 

evapo-transpiration, and preventing proper drainage of land. 

A major effect of invasive aquatic plants is the change to the composition of the invasive aquatic 

assemblage itself (Michelan et al., 20 I 0). These plants change the waterscape, impact other 

taxonomic groups in the water column, and modify the aquatic assemblage because they change 

the vegetation. Modification of the aquatic assemblage can alter the biotic relationships between 

aquatic species (Person, 2009; Bickel and Closs, 2008; Longepierre et al., 2005 ; Strayer et al., 

2003) and can cause species extinctions (Clavero and Garcia-Berthou, 2005). 

1.5 Invasive aquatic plants problems around the world 

In their book, "The World 's Worst Weeds", Holm et al. (1991) listed ten aquatic weeds, among 

the most notorious: water hyacinth Eichhornia crassipes, water lettuce Pistia stratiotes Linnaeus 

(Araceae), Salvinia auriculata Aublet (Salviniaceae) (later identifed as Salvinia molesta D.S. 

Mitchell (Salviniaceae)), giant salvinia (or Kariba weed). In the quarter century since this book 

was published, the number of problematic aquatic weeds has increased (Table. I. I ). 

Table 1.1: Important aquatic weeds (data modified from Charudattan 200 I). 

Botanical Common Family Plant type Native Invaded Regions 
name name 

Alternonthera East coast of South Australia, Asia, North 
pMloxeroides All igator weed Amaranthaceae Mat·forming America America 

Azolla Azolla, Red Azollaceae Floating Australia, Asia, USA, New Zealand, 
jiliculoides water fern Madagasca r, Papua New South Afri<:a, Europe 

Guinea, India, China, 
Japan 
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Ceratophyl/um Coontal! CeratophyUaceae Submerged North America Burkina Faso, New 
demersum Zealand, Norway 

Crassulo helmsii Australian Crassulaceae Submerged, Australia, New Zea land Florida, North Carolina, 
swamp, mat.forming England, Germany 
Stonecrop 

Ek.hhornio Water hyacinth Pontederiaceae Floating South America, Brazil Africa, Australia, China, 
crossipes New Zea land 

Egerio spp. Eseria, Elodea Hydrocharitaceae Submerged South America South Afr ica, Australia, 

California, New Zealand 

Hydrilla HydriUa Hydrocharitaceae Floating India, Korea, Reunion Aust ralia, Africa, Asia, 
verticillaro Europe, South America, 

New Zealand 

Ipomoea carnea Water spinach, Convolvulaceae Emergent, mat· Tropical America, South Pan· tropical 
Swamp forming, America, Mexico, West 
morning-glory wetland shrub Indies 

Lagarosiphon Lagaroslphon Hydrocharltaceae Submerged Botswana, Lesotho, South Australia, New Zealand, 

major Africa, Zambia, Zimbabwe UK 

Lemno minor Duckweed lemnaceae Floating Argentina, South Africa, USA 
Australia, Brazil, New 
Zealand, Zimbabwe, India, 
China, Madagascar 

Ludwigia Water Onagraceae Emergent Trinidad and Tobago, Puerto Rico, Austra lia, 
stolonifero primrose, Argentina, Republic of Dominican Republic, 

Primrose willow Haiti, Brazil, Costa Rica, USA, India, Indonesia 

Jamaica 

lythrum Purple lythraceae Emergent Asia, northern Africa, Northeastern, 
solicorio loosestr ife Central and southern midwestern and 

Europe western United States 

Mela/euco Melaleuca, Myrtaceae Wet land tree Eastern Australia, New Southern Florida, Hawaii 
quinquenerv io Paper-bark Guinea and New 

Caledonia 

Myriophyllum Parrot's feather Halorasaceae Emergent, mat- Africa and Eurasia Canada, Swaziland,USA, 
oquaticum formins, South Africa 

Nymphoeo Water lilies Nymphaeaceae Emergent Mexico, Florida and South Africa 
mexicano southern Te~as 

Ponicum repens Torpedo grass Poaceae Mar.{orminS, Africa (Botswana, Angola, Australia, Cambodia, 
grass Mozambique, South Vietnam 

Africa, Malawi, 

Swaziland), Asia, Jndla, 
China 

Pospolum spp. Paspalum Poaceae Mat·formlng, USA (Georgia) Ecuador, New Zealand, 

grass Tanzania, Senegal. 
Malaysia, Western 
Austral ia 

Phragmites spp. Reed Poaceae Emergent Africa, Asia, Canada, Burkina Faso, USA 
Europe, Puerto Rico, (Engla nd, California, 
South America Colorado, MiSSiSSippi, 

New Me~ico, Virginia, 
Oklahoma) 
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Pisria strariotes Water lettuce Araceae Floating South America USA , Puerto Rico, 
Reunion, Swaziland, 
Burkina Faso, Africa 

PalYQonum Sm artweed, Polygonaceae Emergent Eastern Asia, China East ern United States, 
per/oliarum Knot weed North America 

Potomogefon Pondweed Potamogetonaceae Submerged Africa, As ia, Aust ralia, New Zealand 

spp. Europe, North America 

Sog/f l orio spp. Arrowhea d, Atisma taceae Emergent Mexico, Panama, USA New Zealand, Australia, 
Duck potato Georgia, South Afr ica 

So/vin/o molesto Giant salvi nia, Salviniaceae Floating weed Argentina, Brazil, Africa (Burkina Faso, 
Kariba weed southeastern Brazil, Ghana, Kenya, 

Colombia, Guyana, Botswana, South Afr ica, 

Mexico, Trinidad and Madagascar, Kenya), 
Tobago USA 

Sport/no spp. Cord grass, Poaceae Emergent, grass Argentina, Brazil, New Zealand, Australia, 

Marsh grass Suriname, Guyana, China, India, France, UK, 
Trinidad, Uruguay USA 

Typha spp. Cattail Typhaceae Emergent Brazil, Algeria, Argentina, New Zea land 
China, Ethiopia, Tanzania, 
Uganda, UK, USA 

Utrlculario spp. Bladderwort lent ibular iaceae Submerged North and Cent ral New Zealand 
America 

The rapid increase in the number of recorded invasive aquatic plant species is probably due to 

several factors: an increase in the trade in these species, an increase in the disturbance of aquatic 

ecosystems and an increase in public awareness of biotic invasion. 

1.6 The most important aquatic weeds in Mozambique 

The most dramatic impact of alien species in Mozambique, where little attention has been paid to 

aquatic weeds, has clearly been from subtle invaders (Cossa, 2009, interim report). However, the 

increase in the weeds and their socio-economic impact on the riverine population has compelled 

people to take notice of the invasive plants, particularly the aquatic ones. Some introduced 

aquatic plants have had a negative economic impact as they have blocked water channels and 

provided suitable breeding grounds for mosquitos and bilharzia-carrying snail s (Rodolfo, 2007, 

interim report; Cos sa, 2009, interim report). These aquatic weeds include the water hyacinth, 

water lettuce, the red water fern , and parrot's feather (Cugala, 2006; Chiconela e/ al. , 2002; Jacot 

Guillarmod, J979).These species are dominant and , individually and collectively, they cause 

serious widespread problems in the country (Rodolfo , 2007-interim report; Cossa, 2009-interim 
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report). Nevertheless, few efforts have been made to reduce the impact or to minimize the 

invasion of the weeds in rivers. 

The major challenge that Mozambique faces in controlling these invasive alien species is a lack 

of local expertise. The country's top priority in the field of invasive alien species is a policy of 

prevention and containment through stricter quarantine measures, backed up by a major public 

awareness campaign on the invasive alien species issue. Currently, there is a concerted 

quarantine and monitoring process at all main points of entry into Mozambique, along the 

country 's northern border with Malawi and Zambia, and along the southern borders with 

Zimbabwe and South Africa (GIIBS, 2005). The importation of any plant material or plant­

associated micro-organisms is subject to strict, specified conditions. The stipulated procedure 

ensures that enough information on the plant material or the micro-organisms is available to 

evaluate the pest risk of the potential invasive. Plant and animal quarantine restrictions are based 

on the pest-risk analysis and rely on existing scientific knowledge about the distribution and 

biology of the plant or micro-organism. Suitable regulations are enforced to facilitate the import 

and export of plant material through import permits and phyto-sanitary certificates. The 

Agricultural and the Environmental Ministries provide the legal authority for treatment or 

destruction of infested or infected plants or plant products. Import and export permits are 

authorized by trade policy through the Ministry of Agriculture and the Mozambican Standing 

Technical Committee for Imports and Exports. 

In accordance with Mozambique 's regime for phytosanitary inspections and control, certain 

plants and plant products, and the products of apiculture require a Phytosanitary Licence of 

Importation, which in turn requires a phytosanitary certificate issued by the country of origin. 

For seeds, an additional requirement is a certificate stating that the product in question is not 

genetically modified, as their importation is prohibited by Mozambique. Similarly, imports of 

insects for biological control purposes must obtain a Phytosanitary Licence of Importation, 

issued by the veterinary authorities. 

The four most important aquatic weeds in Mozambique and the focus of this thesis are reviewed 
below. 
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1.6.1 Eichhornia crassipes 

1.6.1.1 Origin and distribution of Eichhornia crassipes 

Native to South America, water hyacinth, Eichhornia crassipes, which belongs to the 

pickerelweed family (Pontederiaceae) is the most troublesome aquatic weed in the world (Figure 

l.l) (Lu et aZ. , 2007; Holm et oZ., 1991). Eichhornia crassipes possesses physiological 

characteristics and reproductive strategies that allow for rapid expansion in freshwater 

environments enabling it to spread throughout tropical and subtropical regions (Pushpa and John, 

2010) and it now occurs in lakes and slow-moving rivers in most countries of the world 

(Mironga, 2004; Center et 01., 2002). 

[n West Africa, water hyacinth was first observed in the late 1970s and became a major pest in 

the late 1980s (Cilliers et oZ. , 2003). Julien et oZ. (1999) reported its occurrence in Mali , Burkina 

Faso, and Niger, but the major threat is to the highly productive coastal creek and lagoon 

systems, from which many people derive their living, particularly in Cote d' Ivoire, Ghana, Togo, 

Benin, and Nigeria. 

In eastern and southern Africa, it was recorded in Zimbabwe in 1937, in Ethiopia in 1956, 

Rwanda and Burundi in 1957, the Pangani River (Tanzania) in 1955 and Kafue River (Zambia) 

in the I 960s, the Shire River (Malawi) in 1968, and Lake Naivasha (Kenya) in 1989. The most 

recent infestations of E. crassipes were reported by Navarro and Phiri (2000) in lakes Kyoga in 

Uganda in 1987, Victoria in 1989, Malawi-Nyasa in 1996, and Tanganyika in 1997 (Cilliers et 

01.,2003). 

The water hyacinth was first recorded in South Africa after 1900 where aquarium owners and 

boating enthusiasts had dispersed it (Martin and Coetzee, 20 II; Cilliers, [991 ; Jacot Guillarrnod, 

[979). It is now widespread throughout South Africa and has an impact on rivers in the Western 

and Eastern Cape, KwaZulu-Natal, the Vaal River, Gauteng and Free State provinces 

(Richardson and Van Wilgen, 2004; Hill and Cilliers, [999). 
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In Mozambique, the water hyacinth, E. crassipes, was first observed in 1946, when the weed was 

introduced into the Zambezi River and its tributaries (Jacot Guillarmond, 1979; Bond and 

Roberts, 1978). The water hyacinth, together with other aquatic weeds (Salvinia molesta and 

Pistia stratiotes), was recorded in the catchment of Cabora Bassa during pre-impoundment 

surveys (Davies et al., 1975; Macedo, 1974) and they were considered potential weeds (Bond 

and Roberts, 1978). In southern Mozambique, the Incomati, Limpopo and Save (Sabi) rivers 

were at times densely lined by water hyacinth (Jacot Guillarmond, 1979), while those rivers 

leading into Maputo Bay all support flourishing populations of the weed (Jacot Guillarmond, 

1979). During the rainy season, water hyacinth is washed down these rivers by flood waters, 

floats far out to sea between Maputo and Inhaca Island and leaves plant remains in the Bay, 

where some of it starts flowering (Jacot Guillarmond, 1979). Currently, water hyacinth has been 

recorded in the Umbeluzi , 1ncomati, Limpopo and Zambezi rivers (DNA, 2011 ; GISP, 2003) . 
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Figure 1.1 World-wide distribution of Eichhornia crassipes. 

1.6.1.2 Methods of controlling water hyacinth 

...... 

In most cases, the first control option for controlling water hyacinth is manual or mechanical 

control using pitchforks or rakes and, on a large scale, mechanical harvesters (Cilliers et a/. , 

2003; Hill , 2000). A well-known example was observed on the Ugandan side of Lake Victoria, 

where a mechanical harvester for the control of water hyacinth was shown to be effective (Center 

32 



et al., 1999). However, the operational cost of these harvesters is extremely high (Julien et al., 

2001). In larger infestations, manual removal is ineffective and extremely labor-intensive, and 

can also be risky as some African rivers are inhabited by crocodiles and hippopotamuses 

(Mallya, 1999). In some cases, barriers or fences have been used to limit the spread of the weeds, 

but with limited success (Cilliers et al., 2003). 

In Mozambique, in vast agricultural areas sllch as the Chinavane and Maragra sugar farms, 

mechanical control is used as a first attempt to control the weed, but it is impossible in terms of 

both cost and practicability. Herbicidal control has been used against water hyacinth. The 

chemicals most frequently used to control the infestation of invasive plants, including water 

hyacinth, are dichlorophenoxyacetic acid (2, 4-0), clarosan and glyphosate (Ueckermann and 

Hill , 2001). For example, in South Africa, water hyacinth control has largely depended on the 

use of herbicides since the 1970s (Julien el aI. , 1999). Successful chemical control of a water 

hyacinth infestation was observed in the Hartebeespoort Dam on the Crocodile River near 

Pretoria, South Africa, using the herbicide, terbutryn (Ashton el aI., 1979). However, the 

drawback of using a herbicide is that several applications resulted the sinking of large mats, 

followed by decomposition of the plants, water pollution and algal blooms (Bartram el aI., 1999). 

Even though herbicides work effectively in controlling water hyacinth infestations, they are not 

acceptable for use in most water bodies because of their non-selective characteristics, especially 

in areas where communities use untreated water for domestic use (Julien el al. , 1999). Relyea 

(2005) observed that people are suspicious of herbicide control, as they have stigmatized 

herbicides as being "poisonous". Furthermore, herbicides can interfere with biological control 

agents where the two control methods occur in combination on water hyacinth (Ueckermann and 

Hill, 2001), since these herbivorous arthropods are totally dependent on the weed for food and 

habitat. Ajuonu el al. (2009) citing Greathead (2003), stated that the preferred method of 

controlling water hyacinth is biological control because it is environmentally friendly and has 

successfully reduced infestations in many African countries. 

In Africa, several natural enemy species have been established on water hyacinth (Table 1.2) 

most notably the two weevil species, Neochelina eichhorniae (Warner) (Coleoptera: 

Curculionidae) and N. buchi (Hustache) (Coleoptera: Curculionidae) (Ajuonu el al., 2003). The 
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mirid, Eccrilolarsus calarinensis (Carvalho) (Heteroptera: Miridae) (Hill el al., 1999b), released 

in South Africa in 1996 and later in Malawi and Benin (Ajounou et al. , 2009). The pyralid moth, 

Niphograpta albiguttalis (Warren) (Lepidoptera:Pyralidae), the galumnid mite, Orthogalumna 

terebrantis (Wallwork) (Acarina:Gulumnidae), and the pathogen, Cercospora piaropi (Tharp) 

(Hyphomycetes) (Ajounou et al. , 2009; Evans and Reeder, 2001; Julien, 2001; Hill, 2001; Hill 

and Ci lliers 1999) have also been used. The most recent agent to be released is the grasshopper, 

Cornops aquaticum Bruner (Orthoptera: Acrididae), that was released in South Africa in 20 I O. 

Some important fungal pathogens are used as water hyacinth bio-control agents in South Africa. 

This group includes the introduced Cercospora piaropi and Acremonium zonatum (Sawada) 

Gams, and Alternaria eichhorniae (Jones, 2009) that is indigenous. 

In Mozambique, some areas of water hyacinth have been effectively controlled by the weevils N. 

eichhorniae and N. bruchi. Both species of weevils were released and established in 

Mozambique in 1979 (Cugala, 2009, personal communication; Cilliers et al. , 2001; Phiri, 1997). 

Table1.2 The natural enemy species established on water hyacinth in Africa (data modified from 

Cilliers et al. , 2003; Julien 200 I; Harley, 1990). 

"" eochetina Neochelina Niphograpla EccrilOiarSIlS Orlhogaiumna CerCOlpora Comops 
eichhoniae bruchi albiguualis calarinensis lerebrantis piaropi aquaticum 

Benin ./ ./ ./ ./ · 

Burkina Faso ./ ./ · · · · 

Congo ./ ./ · · · · 

Cote d'ivoire ./ ./ ./ · · · · 

Egypt ./ ./ · · ./ · 

Ghana ./ ./ ./ · ./ · 

Kenya ./ ./ ./ · ./ ./ · 

Malawi ./ ./ ./ ./ ./ · 

Mali ./ ./ · · · · 

Mozambique ./ ./ · · ./ · · 

Niger Rep. ./ . · · · 

Nigeria ./ ./ · · · ./ · 
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Rwanda ./ ./ - - -

South Africa ./ ./ ./ ./ ./ ./ ./ 

Sudan ./ ./ - - -

Tanzania ./ ./ · . . · 

Togo ./ ./ · . . · 

Uganda ./ ./ - · - -

Zambia ./ ./ ./ ./ ./ · 
Zimbabwe ./ ./ ./ ./ ./ - -

./ (present), · (not yet released) 

1.6.1.3 Uses of water hyacinth 

There have been a number of attempts to use water hyacinth profitably. The weed consists of 

more than 95% water but, with its fibrous tissue and high energy and protein content, it has a 

variety of useful applications. Some of these have been developed, and others are still in their 

infancy. Combined with other weeds or alone, water hyacinth can be used in the production of 

animal feed (silage) (Yang, 2004) and used as fertilizer (compost) (Thomson et al., 2002). Water 

hyacinth can also be successfully used to treat industrial effluents because it is able to survive in 

the presence of toxic contaminants (Jayaweera and Kasturiarachchi , 2004). In India, water 

hyacinth is used as a medicinal plant mainly to treat goiter disease, and the fresh juice of water 

hyacinth can be applied as an antiseptic (Oudhia, 1999 a, b). 

In Mozambique, people use weeds such as E. crassipes directly as cattle feed or as ferti lizer on 

the land surrounding the water body. Experiments at the University of Louren~o Marques (today 

called Eduardo Mondlane University) with yeast fermentation of an E. crassipes and molasses 

mixture have produced a protein·rich end product (Oliveira, 1972). 
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1.6.2 Pistia stratiotes 

1.6.2.1 Origin and distribution of Pistia stratiotes 

Pislia stratiotes was first reported from Florida in the early 1900s (Stuckey and Les, 1984), 

which led to the belief that this plant was a native to North America. The presence of co-evolved 

herbivorous insects in South America (Cordo and Sosa, 2000; Dray et al., 1993) suggested, 

however, that Pislia stratioles originated from South America. 

Like water hyacinth, water lettuce is one of the most widely distributed of all floating 

macrophytes, and occurs on all continents, except in Antarctica. It has now spread throughout the 

tropics and subtropics (Parsons and Cuthbertson, 200 I). Water lettuce has been recorded as a 

weed in a number of countries around the world, and in Africa, has been reported as most 

troublesome in the Upper Nile, Zambia, Kenya, Zimbabwe and the regions of Angola and 

Mozambique (Henderson and Cilliers, 1991 ; Davies et al. , 1975), and in Benin, Cote d'lvoire, 

Nigeria and Senegal (Ajuonu and Neuenschwander, 2003, Pieterse el al., 2002, den Hollander el 

aI., 1998). 

Although it is not clear when water lettuce was introduced into Mozambique, the weed was 

reported for the first time in the Cabora Bassa region in 1974 (Davies et al., 1975; Macedo, 

1974). In the last decade, water lettuce has caused trouble in the Umbeluzi, lncomati and 

Limpopo rivers (DNA, 2008; Davies et al., 1975). 

1.6.2.2 Methods of controlling water lettuce 

Methods of controlling water lettuce include manual and mechanical removal. This is useful for 

short-term control, but re-growth is rapid and the control must be repeated, making mechanical 

control impractical (Cilliers et al., 2003). Chemical control approaches that have been successful 

in treating P. stratioles in Africa are herbicides such as endothall, terbutryn, glyphosate and 2-4 

D-amine (Grobler et al., 2000). 

Another method of controlling water lettuce is biological control. There are a number of 

phytophagous species associated with water lettuce around the world (Center, 1994; Dray el al. , 

36 



1993). Neuenschwander et al. (2009) reported six species which feed on water lettuce in Florida. 

Of them, Samea mllitiplicalis Guanee (Lepidoptera: Pyralidae) was by far the most common and 

damaging. In Argentina, 17 species were found feeding on P. stratiotes (Cordo and Sosa, 2000). 

In the Old World, Bagolls pistiae Marshall (Coleoptera: Curculionidae) was recorded on P. 

stratiotes (Neuenschwander et al., 2009). In Africa, eight species were counted feeding on P. 

stratiotes (Cordo and Sosa, 2000) and finally, in Asia and Indonesia, 13 species were identified 

feeding on P. stratiotes. However, with the exception of the species recorded in Argentina, most 

of these insects are either stenophagous or polyphagous; none feed exclusively on water lettuce 

(Dray and Center, 2002). 

Pistia stratiotes has been successfull y controlled by the weevi l, Neohydronomlls ajjinis Hustache 

(Coleoptera: Curculionidae) previously referred to as N. plilchelllls (Thompson and Habeck, 

1989) in Australia (Harley et al., 1990), Congo (Mbati and Neuenschwander, 2005), South 

Africa (Cilliers 1987), and Zimbabwe (Chikwenhere and Forno, 1991). P. stratiotes is reported 

to be under variable levels of biological control at many sites by N. affinis and Spodoptera 

(Epipsammea) pectinicornis (Hampson) (Lepidoptera: Noctuidae) in Ghana, Papua New Guinea, 

USA and Zambia (Julien and Griffiths, 1998). 

In Mozambique, the weevil , Neohydronomlls ajjinis, was not introduced, but it has been 

observed in some areas, probably having spread from neighbouring countries (Chiconela, 2009 

personal observation). 

1.6.2.3 Uses of Pistia stratiotes 

Water lettuce has reportedly been used in Egypt since the time of Pliny (77 A.D) (Henderson and 

Cilliers, 1991) where it was used to heal wounds and bacterial infections affecting superficial 

layers of the skin. In Nigeria, P. stl'atiotes is used as part of a concoction for the treatment of 

influenza, (Obot and Ayeni, 1987). Investigation has shown that P. stl'atiotes has a tremendous 

capacity to remove metal ions from aquatic environments (Miretzky et al. , 2006; Odjegba and 

Fasidi , 2004). Because of its high reproductive rate and nutritive value, water lettuce has been 
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used for methane production, and as an animal feed (Henry- Silva and Camargo, 2000) or green 

leaf manure (Raju and Gangwar, 2004). 

1.6.3 Saivinia molesla 

1.6.3.1 Origin and distribution of Salvinia mo/esla 

The free-floating aquatic fern , Salvinia molesta (giant salvinia), is one of the world ' s worst 

aquatic weeds (Holm et aI., 1991). Over the past 70 years, S. molesla has spread from its native 

range in South America to tropical and subtropical regions around the world (Pieterse et ai. , 

2003; Jacono and Pitman, 200 I; Navarro and Phiri , 2000; Hill et ai., 1991). It was first observed 

outside its native range in Sri Lanka in 1939 and has since become a serious problem in over 20 

countries (Storrs and Julien, 1996; Oliver, 1993; Room, 1990; Room et aI. , 1989; Room, 1986a). 

Salvinia molesla is presently established in the United States, Australia, New Zealand, Fiji, the 

Philippines, India, Indonesia, Malaysia, Singapore, and Papau New Guinea. It has also infested 

aquatic systems in Africa (Cote-d 'Ivoire, Ghana, Zambia, Kenya, Namibia, Botswana, South 

Africa, and Mozambique) (Room and Julien , 1995), South America (Columbia and Guyana), and 

two Caribbean countries, Cuba and Trinidad (Storrs and Julien, 1996; Holm et ai. , 1991). Most 

recently, S. moiesta was reported in southern Kalimantan (formerly Borneo), where rivers, 

swamps, and rice paddies have become increasingly overgrown (lacona and Pitman, 2001). 

In Mozambique, Salvinia molesta, formerly identified as S. auriculata Aub!. (Mitchell, 1969; 

Schelpe, 1961) was first recorded, together with water hyacinth, in Cabora Bassa in the Zambezi 

River in 1948 (Mitchell ,1972b). Mitchell (I 972b) states that Salvinia molesla was introduced to 

Mozambique by a mission worker in the Zambezi area. The infestations of this weed occur along 

the Zambezi and its tributaries (World Wildlife Fund, 2008, Beilfuss et al., 2001), and today the 

weed is found distributed in the Umbeluzi , Incomati and Limpopo rivers (DNA, 2008; 

Gustafsson and Jahanson, 2006; Cugala, 2006; 2004). 
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1.6.3.2 Methods of controlling Salvinia molesta 

Salvinia molesta is usually controlled by mechanical removal for small areas of water, a method 

which is effective if every last piece of salvinia can be removed as the weed will not regenerate 

from spores. In larger areas of water, it is often too expensive to control S. molesla manually or 

mechanically because of the great weight of wet plant mass which must be removed and the 

speed at which the weed re-colonizes open water (Cill iers et al. , 2003). The weed invariably 

outgrows all efforts by manual removal (Cilliers et al., 2003). Herbicides such as diquat, 2,4-

dichlorophenoxyacetic acid (2,4-D amine), and glyphosate can be used to eradicate salvinia 

from small - to medium-sized water bodies which have little or no fringing vegetation, such as 

reeds, amongst which salvinia can escape detection and treatment. 

Biological control is also used on salvinia. Twenty-five phytophagous species have been 

recorded from Salvinia molesta and 49 species from the four species of the S. auriculata 

complex. Four of these species have been used as biological control agents against S. molesta. 

The first three, namely a moth, Samea multiplicalis Guenee (Lepidoptera: PyraJidae), a 

grasshopper, Paulinia acuminata (De Geer) (Orthoptera: Pauliniidae), and a beetle, Cyrtobagous 

singularis Hustache (Coleoptera: Curculionidae), which were identified during early exploration 

(Bennett, 1966), have not been successful control agents. The fourth , Cyrtobagous salviniae 

Calder and Sands, was fou nd during later surveys in Brazil (Sands, 1983) and has been 

extremely successful. Although this insect is not a particularly good disperser (Forno and Julien, 

2000), it has been a successful biological control agent wherever it has been introduced in the 

world. 

The weevil is recognized throughout the world as the preferred control method for S. molesta 

management. This agent has been used for control in the tropical areas of twelve countries on 

three continents including, but not limited to, Australia, Fiji, India, Kenya, Namibia, South 

Africa, Sri Lanka, Zambia, and Zimbabwe (Diop and Hill, 2009; Julien et al., 2009; Mbati and 

Neuschawander, 2005; Room et al. , 1981 ;). 
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In Mozambique, only the grasshopper, P. acuminata (Trinidad and Uruguay strains), was 

released on Cahora Bassa Dam to control Salvinia molesta (Jacob Guillarmod, 1979), but it is 

not certain if it established. 

1.6.3.3 Uses of Salvinia molesta 

Although the plant has some value, the multitude of economic, health and environmental 

drawbacks outweigh any economic value that S. molesta possesses. This value includes use as a 

compost and mulch, and in Asia, as a supplement to regular livestock fodder (Thomas and 

Room, 1986). However, S. molesta is not suitable as a sole source for fodder because the high 

content of crude ash, lignin, and tannins reduce digestibility (Moozhiyil and Pall auf, 1986). 

1.6.4 Red water Fern (Azolla spp.) 

1.6.4.1 Origin and distribution of Azollajiliculoides 

The red water fern, Azolla filiculoides , is native to warm temperate and subtropical America 

throughout western North America (including Alaska). Azolla filiculoides was described as a 

species which, in former times, was native to Europe (O'Brien and Jones 2003; West, 1953), but 

which died out during the last Ice Age. Red water fern is considered a cosmopolitan weed that 

occurs in southern Africa (McConnachie et aI., 2004, 2003; Gratwicke and Marshall, 2001; Hill 

and Cilliers, 1999), Asia (Kitoh et aI. , 1993), and Europe (Hussner and Losch, 2005; Ferreira et 

al. , 1998). The red water fern was first recorded in South Africa in the Northern Cape Province 

(Oosthuizen and Walters, 1961) in 1948 and is now reported as an invasive plant in Zimbabwe, 

Zambia, Malawi, Uganda and Northern Mozambique (Hill, 1999). 

Schelpe (1977, 1969) also records two indigenous species of Azolla, A. pinnata africana Desv. 

and A. nilotica Decne. The first o~curs in northern Kwazulu-Natal (Pongolo River flood-plain), 

as well as other parts of South Africa and Botswana, in the warmer parts of the region, while A. 

nilotica is in the subtropical portion, being found in Malawi and northern Mozambique (Cook, 

2004; Bond and Roberts, 1978). 

40 



In Mozambique, one Azalia species identified was probably Azalia nilatica Decne ex Mett. This 

Azalia was recorded in the catchment of Cabora Bassa, together with other weeds (Salvinia 

malesta, Pistia stratiates and Eichharnia crassipes) during the pre-impoundment surveys (Bond 

and Roberts, 1978). Registers taken in 2002 by Santos et al., (2002- unpublished), while doing 

their research on the weevil , Stenapelmus rufinasus Gyllenhal (Curculianidae), as a biological 

control agent of A. filiculaides, showed that this weed is widespread along the southern part of 

the country, except in the lnhambane Province (Govuro and Inharrime rivers). Currently, a 

species of Azalia, most likely A. micraphylia (See Chapter 2), is distributed along the Umbelizi, 

Incomati, Limpopo and Zambezi rivers and their tributaries (DNA, 2008). 

1.6.4.2 Methods of controlling Azalia spp. 

Mechanical and chemical control options have been suggested for Azalia spp. However, these 

control methods are labour-intensive because of the rapid spread of the weed. It has been proved 

that it is economically impractical to control large areas through these methods because they 

must be applied repeatedly and indefinitely (Thomas and Room, 1986).The disadvantage of 

mechanical methods is that the rate of increase of the plant is such that a concerted effort is 

required to keep up with the daily production of even a small infestation, and if eradication is 

achieved, re-establishment of the weed from resistant spores in the substrate of the water body is 

inevitable (Hill , 1999; Lumpkin and Plucknett, 1982). 

Chemical controls such as herbicides based on glyphosate, paraquat and diquat have been used to 

control red water fern (Axelsen and Julien , 1988). The disadvantages of herbicidal control for 

Azalia spp. are that it is expensive, especially in view of the extensive follow-up programme 

required to eradicate the plants that continually germinate from spores; that there is a danger of 

spray drift onto non-target vegetation, and that personnel must be trained to apply it (Hill, 1997). 

Successful biological control of red water fern , A. filiculaides, has been achieved using the 

frond-feeding weevil, Stenapelmus rujinasus Gyllenhal (Curculionidae) (McConnachie et al., 

2004,2003; Hill and Cilliers 1999; Hill, 1998). The weevil was imported from Florida (USA) to 

South Africa and released in December 1997. It has shown remarkable results, causing the 
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extinction of red water fern at most of the sites where it was released (McConnachie el al., 

2003), and it has also dispersed on its own (or via waterfowl) to many more weed-infested sites 

throughout the country. This means that the weevil has had a significant impact on the weed 

status of A. jiliculaides in South Africa. The weevil has been exported to Zimbabwe, where it has 

been responsible for clearing a number of farm dams (Cilliers et al., 2003; Chikwenhere et al. , 

1999). In Mozambique, Stenapelmus rujinasus was not released, but has been found in the country 

and was probably dispersed from South Africa (Cilliers et al., 2003) and other countries nearby 

(Santos et al ., 2002). 

1.6.4.3 Uses of Azal/ajiliculaides 

Various Azalia species have been distributed as biological fertilizers in many developing 

countries, which has increased the distribution of this plant to many parts of the world (Lumpkin 

and Plucknett, 1982). Azallajiliculaides is used as green manure in rice paddies (Kimura, 2005; 

Lumpkin and Plucknett, 1982) which improves the soil quality by increasing organic-nitrogen 

levels and improving water-holding and cation-exchange capacities of the soil. Azalia spp. can 

also be used as fodder for animals (swine, poultry, cattle, and fish) (Reyes and Fermin, 2003), but 

it cannot be used as the only protein source and should be supplemented with other feeds. Its 

advantages are that it has a high nutrient content, it grows quickly on natural water bodies, it is 

available throughout the year, and it does not need processing (Hill and McConnachie, 2009). 

Azalia is used ornamentally on ponds and in fish tanks. In India, Azalia is eaten. It can be used in 

mosquito control , because a complete mat disrupts larval development. However, an incomplete 

mat increases mosquito problems as it protects the larvae from predators (Hill and McConnachie, 

2009). 
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1.7 Thesis outline 

According to Chiconela et af. (2002), there are currently five aquatic weeds which are especially 

problematic in Mozambique. These are water hyacinth, (Eichhornia crassipes), water lettuce, 

(Pistia stratiotes), kariba weed, (Salvinia molesta), parrot's feather, (Myriophyllum spicatum), 

and red water fern (Azalia spp.). [n the presence of enriched waters and the absence of natural 

enemies, these aquatic weeds have proliferated to pose the biggest threat to the water resources 

of Mozambique. Since the floods in 2000, the problem of aquatic alien invasive plant species in 

Mozambique has increased significantly as these weeds infest rivers, lagoons and dams (Tamele, 

2002). Mozambique is located downstream of international river basins in the SADC region. 

Because of its geographical position and hydrological structure, more than 50% of surface runoff 

is generated from the neighbouring countries upstream. The southern region of Mozambique is, 

in fact, composed of the alluvial plains of some large rivers that have their sources in countries 

located upstream: South Africa (Maputo, [ncomati, and Limpopo rivers); Swaziland (Umbeluzi 

River) and Zimbabwe (Save River). Because of this dispersion, and water flowing from these 

infested countries upstream, levels of surface coverage and areas affected by these aquatic alien 

weeds have increased in Mozambique rivers (Tamele, 2002). 

[n addition, Mozambique is characterized by significant agricultural and industrial developments 

that provide basic conditions for the increase in nutrients and thus the spread of invasive aquatic 

plants. Other factors , such as human activities (passive flow) and natural dispersion (active flow) 

through stream waters, also contribute to the occurrence and spread of alien invasive aquatic 

species in the rivers. The major impact on the freshwater system in Mozambique comes from 

farms, sugar cane refineries and city sewage, all of which add pollutants and excess plant 

nutrients to nearby streams, rivers and lakes. 

People in Mozambique live in total ignorance concerning the types of weed, their location, 

degree of infestation and density, the origins of the weeds, their mode of transfer from source to 

point, and the dangers that lie ahead if they should thrive. [n many instances, there is very little 

awareness of the size of the threat posed by aquatic weeds. As a result, there is often little 

incentive for the relevant authorities to take appropriate corrective measures. For these reasons, 
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the water resources in Mozambique are under threat, not only through exploitation and pollution, 

but also because of biotic invasion. 

Attempts to control invasive alien aquatic plants have been based on prevention (legislation), 

mechanical and/or manual removal, and biological control. Previous studies focused on 

identification of the aquatic invasive species and the general geographic locations of invasion, 

and a biological control programme that was undertaken in the 1990s using weevils against water 

hyacinth. However, no monitoring was done (Cugala, 2006). No studies on the levels of invasion 

have been carried out, no formal information about the environmental and socio-economic 

impact of the weeds has been provided in Mozambique. There is a lack of information on the 

status and distribution of aquatic invasive plants and their associated natural enemies. This study 

will increase the knowledge about aquatic invasive species along the rivers situated in the 

southern part of Mozambique, the impact of the weeds on riparian communities, as well as the 

impact of aquatic weeds on biodiversity. The above aims form the basis for all chapters, outlined 

in more detail below. 

Chapter 2 

Aquatic vegetation is essential to a healthy river, and a natural part of the aquatic environment. 

Vegetation provides a habitat for fish and other aquatic organisms; it oxygenates the water, and 

as it decays, it provides nutrients for the system. However, when aquatic plants grow 

excessively, they can harm the body of water and the aquatic biodiversity in a number of ways. 

Harmful effects include oxygen depletion caused by decaying vegetation, and eutrophication of 

water which changes the colour and odour of water. The chapter evaluates the aquatic plants (the 

indigenous and the invasive ones) in terms of occurrence, diversity and abundance along 

different rivers located in southern Mozambique, taking into account the physical characteristics 

of the rivers. 

Chapter 3 

The physical presence of aquat ic weeds hinders human activity and interferes with the ecological 

functioning of rivers, lakes and dams. The impact of dense mats of aquatic weeds includes: the 

reduction in quality and quantity of water for urban, agricultural and industrial use; an increase in 
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siltation of rivers, dams and wetlands; a reduction in water surface area for recreation; clogging 

of irrigation canals and pumps; drowning of livestock that were unable to differentiate between 

pasture land and weed-covered water bodies; severe deterioration of aquatic biodiversity, and an 

increase in insect-borne human diseases. Using interviews with the relevant riverine populations, 

this chapter quantifies the socio-economic impacts of invasive water weeds on communities 

living in the Incomati River Basin. 

Chapter 4 

Communities have an important role in the control of the aquatic weeds. Several methods are 

used to attempt to minimize the impact of weeds in the Mozambican rivers. The people are 

reluctant and afraid to use chemical methods because they are increasingly aware of the ill 

effects of herbicides. In many cases the water is not treated by the riverine population before 

consumption. In Mozambique, biological control agents were introduced in 1978 and the 

establishment of natural enemies was reported in 1979. Since that time, there have been no 

further developments in the use of biological control agents and no monitoring has been done 

(Chiconela, 2009- personal communication). This chapter evaluates the biological control agents 

on aquatic weeds in terms of occurrence, diversity and the impact that they had on the aquatic 

weeds. 

Chapter 5 

Many rivers and dams in Mozambique receive run-off which is highly polluted with nitrates and 

phosphates from agricultural activities. This can affect the ecosystem's functioning by altering 

biotic diversity as water weeds normally occur in the form of dense mats. Dense mats of aquatic 

plants, including weeds, block light penetration for the submerged plants and reduce dissolved 

oxygen levels. Benthic macro-invertebrates are generally considered to be the most sensitive of 

aquatic organisms, making them ideal for monitoring impacts on the environment. The 

hypothesis tested in this study was that Pistia stratiotes would affect the diversity and abundance 

of macro-invertebrates. There are relatively few studies that quantify the impact of biological 

control on population of aquatic weeds and even fewer that have mentioned recovery of an 

ecosystem after control. The trial was designed to show how often and how easily the aquatic 
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macro-invertebrates recover after removing the water lettuce using herbicides and the biological 

control agent Neohydronomus ajjinis. 

Chapter 6 

This chapter interprets the findings on aquatic weeds in southern Mozambique rivers, the impact 

of the weeds on the human, environment and aquatic biodiversity, and the preferred control 

methods used by riverine populations to manage the aquatic weeds. Finally, the chapter 

comments on the implications of the findings for the biological control programme In 

Mozambique, and makes recommendations for the management of aquatic plants. 
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Chapter 2. 

Distribution of aquatic invasive weeds in southern Mozambique rivers 

2.1 Introduction 

Despite the Cilliers et al. (2003) reVIew, very little is known about aquatic weeds in 

Mozambique (Chapter I), and only two studies have been published about the presence of weeds 

in the rivers, lakes, dams and drainage systems (Cugala, 2006; Chiconela et al., 2002). However, 

as water resources become increasingly limited due to a burgeoning population, it is necessary to 

understand freshwater ecosystems better and, in particular, quantify the extent of the invasive 

threat to these systems that will put more pressure on the quantity and quality of freshwater. 

The main aim of this study was to evaluate the levels of infestation of aquatic invasive weeds 

along the southern Mozambique basin (Maputo, Umbeluzi, Incomati, Limpopo, Inharime, 

Guvuro and Save rivers) and to provide a baseline record of the species of aquatic plants and 

their level of infestation. This study will aid in the development of an integrated management 

plan for aquatic plant invasion in Mozambique. 

2.2 Specific objectives 

The specific objectives of this study were to conduct a survey of the occurrence, diversity and 

abundance of invasive aquatic plants in the southern Mozambique rivers and to map the invasive 

aquatic plant species in these systems. 

2.3 Material and methods 

2.3.1 Sampling procedures 

This study was conducted in the rivers of southern Mozambique. The river basins studied were 

Maputo, Umbeluzi , Incomati , Limpopo, Inharime, Guvuro and Save (Figure 2.1). Sampling was 

undertaken at as many sites as possible along these rivers, and thus the number of sampling 

points per river varied, depending on the size of the river. Sampling points were chosen taking 

into consideration the local population and other stakeholders, and accessibility to the river. 
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2.3.2 Characteristics of the sites sampled 

Most of the rivers in Mozambique flow from west to east, draining the water of the central 

African high plateau into the Indian Ocean (Consultec, 1998). From the southern basin 

northwards, the Maputo, Umbeluzi, Incomati, Limpopo and Save rivers are all international 

rivers, that is to say, they are downstream of other countries. The rivers have high water flows 

during the months of October to March and low flows for the remainder of the year, 

corresponding to the marked wet and dry seasons. The rivers are characterized as well by low 

runoff coefficients, deep saline intrusion in the mouths (reaching up to 50 km inland), wide and 

shallow river valleys with low store and consequent high evaporation losses, and large flood­

plain areas. The intensive use of water in the upstream countries, especially in Zimbabwe and 

South Africa, has reduced the flows entering Mozambique. The rivers are dry between April and 

September in a normal year, a situation that did not occur prior to 1980, since when many dams 

have been constructed upstream (Carmo Vaz, 2000). Agriculture is the most common economic 

activity along all of the rivers. High-value crops produced under irrigation in those areas include 

sugar cane, citrus and bananas. Activities such as intensive agriculture, livestock production and 

small-scale fishing can be observed along and in the following rivers: Umbeluzi, Incomati, 

Limpopo, Maputo and Save. The Guvuro and Inharrime rivers have clean and quiet waters for 

domestic use by the local population. 

The Maputo River is an international river with a catchment area of 29030 km2
, of which 

27460 km2 (95%) is located in South Africa and the remaining I 570 km2 (5%) in Mozambique 

(DNA, 1999). Starting in South Africa, it flows into the Maputo Bay on a permanent basis with 

an annual average water flow of 28 500 million / m2 (DNA, 1994). Its waters are used for 

fi shing, livestock production, and irrigation in subsistence agriculture. The river has a strong 

flow rate and is rich in sediment. 

The Umbeluzi River is also an international river with a catchment area of 5 460 km2
, of which 

3140 km2 (58%) is located in Swaziland, 80 km2 (1%) in South Africa, and the remaining 

2240 km2 (41%) in Mozambique. Its upper reaches are located on the west of Swaziland at 

altitudes varying between 1 800 and 800 m (DNA, 1999). Its main tributaries are the Calichane 

and Movene rivers, upstream and downstream respectively, of the Pequenos Limbombos Dam. 
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The Umbeluzi River has an annual average discharge of approximately 395 million m3 and 

receives an average rainfall of736 mm (Tembe and Baloi, 2001; DNA, 1994). 

The Incomati River has a catchment of about 46 800 km2 which is shared among South Africa 

(61%), Swaziland (6%) and Mozambique (15500 km2
, 33%). The river rises some 2000 m 

above sea level in South Africa, in an area that is rich in coal deposits. It then flows into 

Swaziland and back into South Africa, where it is heavily used for agricultural purposes, before 

finally flowing into Mozambique where it di scharges into the Indian Ocean just north of Maputo 

(UNEPlNairobi Convention Secretariat and WIOMSA, 2009). The mean annual runoff of the 

main catchments within the Incomati basin is 3587 (Mm1/a). Agriculture (large- and small­

scale), industry and urban water use are all significant water consumers. The five dams in the 

basin, coupled with direct abstractions, have reduced the annual flow of the river significantly 

(Anon, 2006). The reduced flows in the lower reaches have lowered the potential of the river to 

absorb pollutants. The Incomati estuary contains an extensive mangrove forest covering 

approximately 5 000 ha around the mouth area, which has a beneficial impact on the marine 

habitats and the coastal zone, protecting it from erosion. However, the mangroves have suffered 

anthropogenic impact and large areas are being harvested for construction, charcoal production 

and firewood. Upstream impoundments have reduced the freshwater and sediments flowing into 

the estuary, which has changed the flow regime. In addition, the salt water from the coast enters 

the river, causing a salt intrusion problem (Carmo Vaz, 2000). 

The Limpopo River Basin is located in the east of southern Africa, approximately between 

latitudes 200 S to 26°S and longitudes 25°E to 35°E. It has a mean altitude of 840 m above sea 

level (FAO-SAFR, 2004). The Limpopo River has a catchment area of about 412 000 km2 which 

is shared among South Africa (47%), Botswana (18%), Zimbabwe (16%) and Mozambique 

(19%). It rises at an altitude of about 2 300 m near Lydenburg (South Africa) and drops into the 

alluvial plain in Mozambique (Carmo Vaz, 2000). The average annual flow at the border near 

Combomune is in the order 3 250 Mml l a, while the normal average inflow to Massingir Dam is 

about I 230 Mmlla (DNA, 1996). There are 13 dams in the Limpopo Basin River, the largest one 

being Massingir Dam (present capacity: 1 200 million m1 (Brito el al. , 2009). 
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There is very little information on the hydrology of the Save, Govuro and Inharrime rivers. The 

Save River is the largest of the three . It crosses the country from west to east, roughly separating 

the dry southern part of the country from the more humid north. The Save River has a catchment 

of 92 100 km2
• For much of its 330 km course through Mozambique, the river flows in a well­

incised bed some 1- 2 km wide, but while in summer it is full, in winter, its flow is frequently 

confined to a central channel barely 45 cm deep and scarcely 50 m across. In the dry season, the 

river bed is a shining expanse of sand banks, with only occasional rocky or sandy pools and 

pebble banks. In some parts, a series of little muddy pools lies close under its banks, which may 

be quite steep. 

The Govuro River has a catchment of II 500 km2
, and although small, it is the most important 

river in the north of Inhambane Province. It starts in Inhambane, district of Vilanculos, and runs 

northwards for more than ISO km, through the districts of Vilanculos and Inhassoro, flowing into 

the Indian Ocean in the region of Macovane (DNA, 1999). Inharrime River, with a length of 

ISO km, has a catchment of I I 850 km2
, consisting totally or partially of the di stricts of Panda, 

Zavala and Inharrime (DNA, 1999). 
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Figure 2.1 The southern part of Mozambique showing the rivers basins studied and the sampling 

sites on those rivers. 

2.3.3 Survey of the occurrence, diversity and abundance of aquatic invasive alien plants 

At each sampling site, ecological factors such as pollution from agricultural practices, industrial 

centres and human activities were recorded. Data were collected in May, June, October and 

November 2008. The number of sites varied for each river (Figure 2.1): 21 sites for Maputo, 25 

for Umbe1uzi, 50 for Incomati, 24 for Limpopo, 24 for Inharrime, five for Govuro and five for 

Save. An area of 4 m2 was randomly marked at each sampling site in areas that had aquatic 

plants. In other words, the quadrat was not placed in open water. All plants in the marked square 
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were separated, counted and identified. The exact position of each sampling site was determined 

with the use of a GPS. In June and October 2009, a field trip was carried out to confirm the 

presence or absence of the invasive aquatic plants. The plants were identified using guides to the 

identification of the invasive plants namely, Invasive Aquatic Plants (Henderson and Cilliers, 

2002) and Alien Weeds and Invasive Plants (Henderson, 200 I). The Azolla plants found were 

identified by Martin Hill, using genetics analyses (Hill and Madeira, 20 II). 

2.3.4 Survey on the abundance of aquatic invasive plants 

In order to evaluate abundance, the plants found in each 4 m2 were categorized according to the 

number of plants per m2 square. Based on Daubermire (1957), the following scale was used: 1-

No occurrence (0 plants/m2
); 2-Rare (1-5 plants/m2

); 3-Less common (6- 14 plants/m2
); 4-

Common (15-29 plants/m2
); 5-Abundant (30- 99 plants/m2

); 6-Very abundant (> I 00 plants/m\ 

2.3.5 Percentage cover of the aquatic macrophytes 

During the survey, the number of macrophyte species (expressed as percentage) was determined 

by estimating their percentage cover. This was expressed on an ACFOR abundance scale (Kent 

and Coker, 1992): I-Abundant (75- 100%); 2-Common (50-75%); 3-Frequent (25- 50%); 4-

Occasional (5-25%); 5-Rare: (0-5%). 

2.3.6 Mapping 

A map was produced using the Land sat ETM+, the GPS (Garmin) To map the aquatic weeds in 

the study area, two steps were taken. Firstly, the species abundance was determined by applying 

a nominal scale of the abundance of species occurrence: No occurrence, Rare, Less Common, 

Common, Abundant and Very Abundant. Secondly, geographical coordinates were recorded for 

each quadrat, as well the number of each plant species. 
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2.3.7 Data analysis 

For each 4 m2
, the number of individuals and the total number of species was measured. From 

these measurements the following were calculated by the following formula: 

% Frequency=Number of quadrats in which the species occurred x 100 
Total number of quadrats studied 

Relative Frequency=Frequency value for a species x 100 
Total offrequency values for all species 

Density=Total number of individuals of species 
Total number of quadrats used in sampling 

Relative Density=Total number of individuals of species 
Sum of all individuals of all species number 

Abundance=Total number of individuals of the species 
Number of quadrats in which they occurred 

Importance Value=Relative frequency (RF) +Relative Density (RD) 

Dominance was calculated using the Shannon-Wiener diversity index formula: 

IShannon = H=-LPiln(Pi) 

The Evenness (equitability) was calculated from the formula (Pielou, 1975) 

E=H'/In(p,) 

Descriptive statistics such as percentage of overall dominance, distribution and frequency were 

used. Data were analyzed and discussed using the Non-Parametric Test (Mann-Whitney U Test) 

to check whether there were differences between invasive and indigenous species within each 

river, and the ANOVA, Student t-Test was used to calculate if there was a significant difference 

in the mean number of invasive plants between the sampled sites. In both cases, data analysis 

was performed using the statistical package sofiware-STATISTICA (Version 10). 
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2.4 Ftesults 

2.4.1 Ftelative density of aquatic plants along the southern Mozambique Basin rivers 

A total of II aquatic plant species were found along the Maputo, Umbeluzi , Incomati, Limpopo, 

Inharrime and Guvuro rivers. Of these aquatic plants, four were invasive alien species, namely: 

Eichhornia crassipes, Pislia stratiotes, Azolia microphylia and Salvinia molesta. Seven 

indigenous plants were recorded, namely Ceratophyllum demersum (L), Ludwigia stoloni/era 

(Guill and Perr) P. H. Raven, Potamogeton schweinforthii A. Benn, Lemna minor (L) Bubani, 

Spirodelia polyrrhiza (L) Schleiden, Nymphaea alba (L) and N. nouchali Burro. (these two 

species were grouped together) and Trapa natans (L) (Table 2.1). Table 2.1 shows the 

distribution patterns, the frequency, density and abundance and also the richness index of all the 

aquatic plants, including the invasive ones. The invasive plants found in the study sites are all of 

South American origin and are problematic. The opportunistic (indigenous) ones are native 

components of regional flora, which have become overly abundant or aggressive due to an 

increase in nutrients in the rivers (Henderson and Cilliers, 2002). Nymphaea alba and N. 

nouchali, Potamogeton schweinforthii and Ludwigia stolonifera are naturally indigenous to 

Africa, but Ceratophyllum demersum, Lemna minor, Trapa nalans and Spirodella polyrrhiza 

occur within and beyond the borders of Africa and are generally considered to be cosmopolitan. 

Eichhornia crassipes was found in all rivers except the Save River. Azolia microphylia was 

found in all the rivers, except the Govuro and Inharrime rivers, which are located in the 

Inhambane Province and are pristine, that is, undisturbed by humans. Azolla microphylia and E. 

crassipes showed higher density and were more abundant compared to S. molesta and 

P.stratiotes along the rivers studied, but in one case, S. molesta in the Umbeluzi River, was more 

abundant than E. crassipes (Table 2.1). 

There were probably other Azolia species along with A. microphylia because Azolia species are 

so similar and difficult to identify unless they have spores. This was the first record of A. 

microphylla for southern Mozambique rivers, but it was probably previously misidentified as A. 

filiculoides (Hill and Madeira, 20 I I). This species is native to central and North America and is 

also becoming widespread in the subtropical eastern regions of South Africa. 
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The presence of the four weeds was related to common environmental conditions. These weeds 

were found in rivers such as Umbeluzi, Incomati and Limpopo where there is a very high urban 

influence. Fewer weeds were observed in the Maputo River. This river receives less sewage 

inflow, since fewer farms and industries are located close to it. The Inharrime, Govuro, and Save 

rivers are situated close to roads without significant human influences. In these rivers, the impact 

of weeds was insignificant, or no impact was observed. 

The indigenous species, namely Ceralophyllum demersum, Ludwigia sloloni/era, Polamogelon 

schweinfurlhii, Lemna minor, Spirodella polyrrhiza, Nymphaea alba, N. nouchali and Trapa 

nalans were less frequent, dense or abundant compared to the invasive ones along the studied 

sites. In one case, Nymphaea alba and N. nouchali were more dense, frequent and abundant 

compared to all other indigenous plants. This phenomenon was observed in the Govuro River, 

where the plants reached a density of 87.5% (Table 2. I). POlamogeton schweinfurthii and 

Ceratophyllum demersum were restricted in their distribution along the different rivers but were 

abundant locally. Lemna minor, Spirodella polyrrhiza, Ludwigia stoloni/era and Trapa natans 

were not distributed uniformly, did not appear in thick mats and were less frequent and less 

dense when found together with the invasive plants (Table 2.1). This suggests that the invasive 

plants suppress the indigenous ones. 
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Table 2.1 Phytosociological analyses of macrophytes along the southern Mozambique rivers. 

Species marked by * represent invasive aquatic plants; %Freq.=%Frequency; RF=Relative 

frequency; Dens.=Density; RD=Relative density; Abund.=Abundance; IV=lmportance Value; 

H '=Shannon-Wiener diversity; E=Evenness. 

Rivers/Species % Freq . RF Dens. RD Abund. IV ;:( 
E 

Maputo 
A=olla microphylla* 9.52 12.5 8.3 10.9 58.3 23.4 

I Eichhornia crassipes* 33.3 43 .8 3.1 4.1 8.3 47.9 
Ceratophyllum demersum 14.2 18.8 2.4 3.1 16.6 21.8 
Ludwigia srolonifera 4.8 6.3 1.3 1.7 27.0 7.9 
Spirodela polyrrhi=a 9.5 12.5 9.5 12.5 100.0 25 .0 
Nymphaea nQucnali and N. alba 476 6.3 0.48 0.63 10.0 6.9 0.21 

Umbeluzi 
k olla microphyllo* 28.0 13.4 11.3 2.4 84.2 37. 1 1.77 
Eichhornia crassipes* 8.0 3.8 1.8 3.7 46.0 7.5 
Salvillia molesla· 12.0 5.8 2.8 5.8 47.6 11.4 
Pistia slra/iotes· 8.0 3.9 1.4 3.0 35.5 6.8 
Trapa natans 20.0 9.6 1.8 3.7 18.4 13.3 
Poramogeton schweinforthii 40.0 19.2 80 16 .6 41.6 35.9 
Ceratophy llum demersum 12.0 5.8 0.26 0.56 4.7 6.32 
LudlVigia slo/ani/era 28.0 13.5 3.59 7.5 26.7 20.9 
Nymphaea nOllchali and N. alba 40.0 19.2 0 .94 2.0 4.9 21.2 

0.19 
Incomati 
A=olla microphylla. * 42.0 20.8 12.3 25 .0 82.2 37.1 
Eichhornia crassipes* 46.0 22.7 14.8 30.0 44 .0 7.5 1.54 
Saivinia moles/a· 4.0 2.0 1.5 3.0 47.6 11.4 
Pisfia straliotes· 30.0 14.8 5.4 11.0 37.5 6.8 
Ceratophyllllnl demersum 34.0 16.8 7.4 15.0 18.4 13.3 
Ludwigia s tofani/era 6.0 3.0 0.67 1.4 4 1.6 6 .9 
Lemno minor 22.0 11.0 2.9 5.8 4.7 35.9 
Spirodela polyrrhi=a 10.0 5.0 138 2.8 26.7 6.3 
Nymphaea nOllchafi and N.alba 8.0 4.0 0.03 0.08 4.9 20.9 

0.17 
Limpopo 
A=olla microphylla· 12.5 18.8 10.0 15.0 80.0 33.7 
£ichhornia crassipes· 25.0 37.5 5.1 7.8 20.6 45. 2 
Trapa natans 4.2 6.3 08 13 20.0 7.5 
Ceratophylllll1l demersum 4.2 6.3 0 .8 13 20.0 7.5 
Ludwigia sloloni/era 8.3 12.5 2.1 3.1 25 .0 15.6 
Nymphaea nOl/chalf and N. alba 12.5 18.7 0.2 0.3 1 1.6 19.0 

0.2 1 

Inharrime 

1 Eichhornia crassipes· 0.25 0.27 28.6 7.8 0.24 8.0 
Ceratophylll/m demersum 0.04 0.05 6.0 0.27 0.01 0.30 
Potamogelon scmveinjimhii 0.04 0.05 30.0 1.4 0.04 1.4 
Lemnaminor 0.08 0.09 84.0 7.6 0.23 7.7 
Nymphaea nOllchali and N. alba 0.54 059 25.0 14.7 0.46 15.36 

0.29 
Govuro 

I Eichhornia crassipes · 25.0 21.4 1.64 2.9 7.66 24 .3 
Pistia Slm1ioles· 12.5 7. 1 0.42 0.75 6.0 7.9 
P01amogelon schll'ein/lIrlhii 50 28.6 13.1 23 .0 46.0 5.5 
Nymphaea nouchali and N. alba 875 50.0 22.5 39.5 45.1 89.5 

0.27 
Save: / A=olla microphylla· 
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In the Save River, only Azolla microphylla was observed (no other plants species were found) so 

no richness index could be calculated. The lowest value of the richness was recorded in the 

Govuro River (H=0.8). This means that very low species diversity (H) was found in that river 

compared to the others . The highest values of the richness species were found in the Umbeluzi 

River (H=I.77) , followed by Incomati River (H= 1.54), but the distribution of aquatic plants was 

heterogeneous (£=0.19 and £ =0.17) compared with the Govuro River (Table 2.1). In the 

Maputo, Limpopo and Inharrime rivers, the index of richness varied from H=1.07 to H=1.29 , 

equitability was £ =0.21 to £ =0.29; there were fewer species, and they were more homogenous 

than those in the Incomati and Umbeluzi rivers (Table 2.1). These ranges suggest that these 

rivers are poor in diversity of aquatic species. Typically, values ranged from 1.5 (low species 

richness) to 3.5 (high species richness) although in exceptional cases, the value could exceed 4.5 

(Kent and Cooker 1994). 

2.4.2 Percentage covers of aquatic macrophytes 

Along the studied rivers, the number of invasive plants per quadrat was more frequent, dense and 

abundant compared to the indigenous ones (Table 2.1), with the exception of a few sites in one 

or two rivers. In addition, the invasive plants were also more abundant compared to the 

indigenous plants in terms of surface area cover and distribution along the rivers (Table 2.2). In 

this study, the weeds dominated the native plants and were found in high density, frequency and 

abundance in the majority of the rivers. This could be because the rivers are subject to many 

influences, in this case, nutrient availability that affects the plants growth. 

The most problematic plants were E. crassipes and A.microphylla because, in most cases, they 

showed high density (Table 2. I) and a high percentage cover, reaching almost 95% (Table 2.2). 

Salvinia molesta and P. stratiotes were less abundant and they showed similarities in terms of 

percentage cover. Salvinia molesta covered areas from 25% to 65%, and P. stratiotes covered 

areas from 3% to 50% on the surface area of the Govuro and Umbeluzi rivers (Table 2.2). 

Nymphaea alba and N. nouchali were found in all rivers except in the Save River. The maximum 

surface area covered by N. alba and N. nouchali was 75% and 95% in Govuro and Inharrime 
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respectively. Trapa nalans was found to be abundant only in the Umbeluzi River, covering a 

surface area of about 25% maximum (Table 2.2). Ceralophyllum demersun, P. schweinfurlhii 

and L. sloloni/era occupied a maximum 25% surface area and finally, Lemna minor and 

Spirodela polyrrhiza occurred more rarely, with a maximum percentage cover of 5% (Table 2.2). 

It was quite difficult to determine the total percentage coverage of C. demersun and P. 

schweinforlhii because they are submerged plants 

Table 2.2 Macrophyte diversity in the different Mozambican basin rivers expressed in an 

ACFOR scale, based on overall dominance according to Den Hartog and Segal (1964). 

R=rare; O=occasionai; F=frequent; C=common; A=abundant. 

Species Maputo Umbeluzi [ncomati Limpopo Inharrime Guvuro Save 

£ichhornia crassipes 3% (R) 75% (A) 95% (A) 30% (F) 5%(0) 7%(0) 0 

Azolla microphy lla 5% (0 ) 95% (A) 50% (C) 25% (0) 0 0 5%(0) 

Pistia slratiores 0 50% (e) 25% (0) 0 0 3%~R) 0 

Salvinia molesta 0 65% (C) 25% (0) 0 0 0 0 
Nymphaea alba and 

N. nouchali 5%(0) 30% (F) 5%(0) 10% (0) 75% (A) 95% (A) 0 

Trapa nat ans 0 75% (A) 0 5% (0) 0% 0 0 
Ceratophyllilm 

demersum 5% (0) 25% (0) 30% (F) 10% (0) 5% (0) 0 0 
Potamogeton 

Schweinfurthii 0 25% (0) 0 0 0 5%(0) 0 

Ludwigia stolonifera 25% (0) 25% (0) 10% (0) 5% (0) 3% (R) 7% (0) 0 

Lemna minor 0 0 3% (0) 0 5% (R) 5% (0) 0 

Sf)irodeia f)olyrrhiza 0 0 5% (0) 0 5% (R) 0 0 

The mean number of invasive plants observed per quadrat varied within rivers, and there were 

significant differences in mean of the number of plants/quadrat along the rivers, (ANOYA: F 

(6,150) =8.9322, p<O.05). The mean number of indigenous plants per quadrat al so varied within 

rivers, and there was significant difference in the mean number of plants/quadrat along the rivers, 

(ANOYA: F (6,150) =4.631 , p<O.05) . 
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The number of invasive plants/quadrat (abundance) was higher compared to the indigenous 

plants in the Umbeluzi, Incomati and Limpopo. However, the number of indigenous 

plants/quadrat was higher in the Inharrime and Govuro rivers. Significant differences were 

observed between invasive and indigenous plants/quadrat in all rivers except Umbeluzi and 

Maputo rivers (Figure 2.2). 
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Figure 2.2 Comparison between the mean number of invasive and indigenous plants per quadrat 

in each river. Mann-Whitney U test shows the differences between mean number of invasive and 

indigenous aquatic plant per quadrat in Incomati, Limpopo, Inharrime and Govuro rivers 

(p<O.05). Box represents Mean±SE and Whisker represents Mean±2*SD. The errors bars in 

Figure 2.2 are big were because in some rivers plants were scare or absent, in other studied rivers 

numerous aquatic plants were found. 
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2.4.3 Distribution of different aquatic weeds 

2.4.3.1 Distribution of the water hyacinth, Eichhornia crassipes along southern 

Mozambique rivers 

Eichhornia crassipes occurred in all the study areas except the Save River. Its abundance varied 

from rare to very abundant. The maps below (Figure 2.3 A. B. C. D. E and F) illustrate the 

distribution pattern of E. crassipes along the study areas. It was widespread in the Maputo River 

where its abundance varied from rare to very abundant (Figure 2.3 A). The frequency (33.3%), 

relative density (3.1) and the importance value (47.9) of this weed was highest of all weeds in the 

Maputo River (Table 2.1) . Eichhornia crassipes was found only twice in the Umbeluzi River 

(Figure 2.3 B) where it dominated other plants, and covered a surface area of 7S% (Table 2.2). 

Eichhornia crassipes was abundantly widespread along the Incomati River, but in some areas 

was rare. Because of varying water quality in different parts of the Incomati , E. crassipes was 

distributed differently. It was rare in some areas, but abundant in others (Figure 2.3 C). It showed 

highest frequency (42.0%), highest density (12.8) and highest importance value (4S.2) compared 

to the other plants (Table 2.1). In the Limpopo River, distribution of Eichhornia crassipes was 

common and abundant (Figure 2.3 D). Its frequency (2S.0%) was higher in this river compared 

to other plants in the river; density was S.I and the importance value of the plant along this river 

was 4S.2 (Table 2.1). 

Eichhornia crassipes was found only in distinct local ities in the Inharrime River, and its 

abundance was rare to common (Figure 2.3 E). The frequency was very low (2S%) , density was 

28.6 and its importance value was 8.0 (Table 2.1). This weed was found also in the Govuro 

River, where its abundance was common (Figure 2.3 F). This weed had a frequency of 2S%, 

density was 1.64 and importance value of the plant was 24.3 (Table 2.1). 

There was a significant difference in the abundance of E. crassipes between different basin 

rivers, (ANOVA : F (6.150) = S.67; p< O.OS). Significant differences (p<O.OS) in abundance of E. 

crassipes were observed between the following basin rivers: Incomati and Limpopo; Incomati 

and Guvuro; Incomati and Inharrime; and Incomati and Maputo. 
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Figure 2.3 A, B, C, D, E and F Distribution of water hyacinth , Eichhornia crassipes in the 

southern Mozambique rivers in 2008. The following letters represent: A (Maputo Basin), B 

(Umbeluzi Basin), C (Incomati Basin), D (Limpopo Basin), E (Inharrime Basin) and F (Govuro 

Basin). 
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2.4.3.2 Distribution of Salvinia molesta along the southern Mozambique rivers 

In the study areas, the infestation of Salvinia molesta was confined to the Incomati and Umbeluzi 

rivers (Figure 2.4 A and B). No significant differences were observed in the abundance of thi s 

weed between the two rivers (P>0.05). 

The distribution pattern of S. molesta varied from rare to abundant in the Umbeluzi River (Figure 

2.4 A). In this river, its frequency was 12.0 %, density was 2.8 and importance value was 11.4 

(Table 2.1 ). In one case, S. molesta was abundant, with surface area coverage of 65%, but in two 

cases, this weed was rare, with a surface area coverage of 5% (Table 2.2). In the Incomati River, 

the distribution of S. molesta varied from abundant to very abundant (Figure 2.4 B). The 

frequency was 4.0%, density was 1.5 and importance value was 11.4 (Table 2.1). The maximum 

percentage cover of the weed was 25%. 
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Figure 2.4 A and B Distribution of Salvinia malesta in the southern Mozambique Basin Rivers 

in 2008. The following letters represent: A (Umbeluzi River) and B (lncomati River). 

2.4.3.3 Distribution of red water fern Azalia microphylla along southern Mozambique rivers 

Atalla micraphylla was not homogenously distributed along the southern Mozambique rivers, 

but it showed a wide distribution range in the Maputo, Umbeluzi, lncomati, Limpopo, and Save 

rivers (Figure 2.5 A, B, C, D and E). It was not found in the Inharrime and Govuro rivers. There 

was a significant difference in the abundance of A. micraphylla between different rivers, 

(ANOYA: F (6,150) =2.60; p< 0.05). 

In the Maputo River, A. micraphylla was found in two only areas . Its abundance on the water 

surface varied between abundant and very abundant (Figure 2.5 A), with a frequency of 9.52%, 

density was 8.3 and the importance value (lY) was 23.4 (Table 2.1). This weed was spread over 
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the water surface of the Umbeluzi River, where abundance varied from common to abundant 

(Figure 2.S 8). The Azolla microphylla showed a frequency of 28.0%, density 11.3 and 

importance value of 37.1 %. Along the Incomati River, the abundance varied from rare to very 

abundant (Figure 2.S C) with 42 % of frequency, density was 2.4 and its importance value was 

37. 

In the Limpopo River, A. microphylla was found in rare, common and very abundant distribution 

(Figure 2.5 D). Its frequency was 12.5%, density was 10.0 and the importance value of the plant 

along this river was 33 .7. In the Save River, only A. microphylla was found but, although it was 

very abundant, it was confined to only one region (Figure 2.5 E). 

Significant differences in abundance of A.microphylla were observed between the following 

rivers: Maputo and Umbeluzi; Maputo and Limpopo; Maputo and Incomati; and also between 

Save and Umbeluzi ; Save and Limpopo; and Save and Incomati (p<O.OS). 
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Figure 2.5 A, B, C, D and E Distribution of Azalla microphylla in the southern Mozambique 

Rivers in 2008. The following letters represent: A (Maputo River), B (Umbeluzi River), C 

(lncomati River), D (Limpopo River), and E (Save River). 
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2.4.3.4 Distribution of the water lettuce, Pislia slralioles along southern Mozambique rivers 

Pistia stratiotes covered big areas of the Umbeluzi and lncomati rivers but it was focused in only 

one area in the Govuro River. Significant differences in abundance of water lettuce were 

observed along the study area (ANOVA: F (6.150) =3.62; p<0.05). In the lncomati River, P. 

stratiotes distribution was rare; less common to abundant (Figure 2.6 8) and its frequency was 

8.0%, density was 1.4 and importance value was 6.8 (Table 2.1). In most areas of the Umbeluzi 

River, P. stratiotes was abundant, but in three areas it was rare (Figure 2.6 A). Its frequency was 

30.0%, density was 5.4, and importance value (IV) was 6.8 (Table 2.1). Finally, in the Govuro 

River, P. slratioles had a frequency of 12.5%, density was 0.42, importance value was 7.9 (Table 

2.1) and P. slratiotes was rare and confined to only one region (Figure 2. 6 C). There were 

significant differences in abundance between Incomati and Umbelizi; Guvuro and Incomati; and 

Umbeluzi and Govuro (p<0.05). 
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Figure 2.6 A, Band C Distribution of Pistia stratiotes in the southern Mozambique rivers in 

2008 . The following letters represent: A (Umbeluzi River), B (Incomati River) and C (Govuro 

River). 
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2.5 Discussion 

The geographic location of each river (situated downstream or upstream of an international river) 

and/or water quality (enriched or not enriched with nutrients) could be an explanation why more 

aquatic plants were observed at the Umbeluzi, and lncomati rivers followed by the Limpopo and 

Maputo rivers, but fewer aquatic plants were found in the Inharrime, Govuro and Save rivers. 

In the Umbeluzi, Incomati and Limpopo rivers, the invasive species were more abundant and 

variable, from 25% to 95% total dominance. The presence of weed species can be explained by 

the relatively low flow of the water in the Umbeluzi, Incomati and Limpopo rivers compared to 

the higher flow rate of water in the other rivers (Carmo Vaz and Lopes Pereira, 2000; DNA 

1999, 1994). Depending on the rainfall , minimum flows can be very low. This situation is made 

worse by the intensive use of water in South Africa and Swaziland, and by the many storage 

dams that exist in those countries. This has led to situations of zero flow in some rivers during 

some periods in the last decade (Hatton et al., 2001). In addition , rivers in the vicinity of big 

farms, such as Bananalandia, Citrum and Libombos Macadamia, Xinavane and Maragra sugar 

cane farms and tropical fruit farms , aquatic invasive plants were more abundant due to the runoff 

of fertilizers. 

Robelas (1984) stated that the Mnjoli Dam waters in Swaziland receive nutrients from the farms 

beside it and those nutrients are the main vehicle for the growth of aquatic invasive plants. 

Rivers that have sources in South Africa and Swaziland are more likely to be nutrient-enriched 

and infested with plants (Robel as, 1984). Gustafsson and Johansson (2006) stated that the 

nutrient leakage from the sugar fields is not more than 5%. However, in the Umbeluzi River, 

plantations cover 20 000 ha and the average yearly application of fertilizer is 170 kg N/ha and 

10 kg P/ha. In total, the leakage would thus be 170 000 kg N/year and 10 000 kg P/year. 

Assuming that all the excess nutrients reach the river, the additional concentration caused by the 

sugar estates would be roughly 0.59 mg Nil and 0.035 mg P/I if divided by the average border 

flow which, according to JURBS (Joint Umbeluzi River Basin Study) is 287.8 MmJ/y. It is 

unlikely that all these nutrients would be transported to the river since they can be consumed by 

other organisms, accumulated or lost to the atmosphere on their way to the river, but these 

figures still represent a considerable nutrient load. 
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The invasive species observed in the study area were similar to those observed by Chiconela et 

01. (2002) along the Mozambique rivers, such as the Maputo and Limpopo rivers and Cahora 

Bassa Dam. Surprising in this study was the absence of the parrot 's feather, (Myriophyllum 

aquaticum (Veil.) Verdc. (Haloragaceae)) . Parrot's feather has been reported in different aquatic 

ecosystems of Mozambique (Cugala, 2004, 2006), but was not recorded here. 

In the others rivers, namely Govuro and Inharrime, the indigenous plants were more abundant 

and the total dominance or percentage cover varied from 5%-95% compared to the invasive ones 

(5% to 7%); only one or two invasive species were found. This means that these rivers are less 

problematic and remain more pristine than the other rivers. The richness index of plants was 

lower in the Inharrime and Govuro rivers compared to the Maputo, Umbeluzi, Incomati and 

Limpopo rivers. The reason why there was a lack of abundance and diversity of the invasive 

species in these rivers could be explained by the strong flow rate (higher water speed) that is a 

feature of these rivers. Rolon and Maltchik (2006) pointed out that variations of water speed, the 

depth, and the length of the streams are the factors that determine the dynamic distribution of 

aquatic invasive plants. Another explanation is that there are no extensive farming activities and 

or industrial water effluent near those rivers, hence there are no nutrients and sewage coming 

from these activities to stimulate the growth of the weeds. 

A slightly higher number of plants in terms of frequency, density, and abundance of invasive 

plants was observed in Maputo River compared to the Inharrime and Govuro rivers. This could 

be the impact of the urban areas of Maputo Province on the Maputo River. In their study, lafari 

e/ 01. (2006) observed that as the rivers enter an urban influence, inflow of sewage increases the 

nutrients and phosphate, which in turn, increases the growth of plants. Another explanation is 

that because the Pongola River (Swaziland) is located upstream of the Maputo River, it probably 

releases water enriched with nutrients and also carries aquatic plants, including the weeds, into 

the Maputo River (DNA, 20 II; UNEPlNairobi Convention Secretariat and WIOMSA, 2009). 

In thi s study, the distribution of invasive plants was successfully mapped. The mapping showed 

that the aquatic weeds are not homogenously di stributed along the southern Mozambique rivers. 

Aquatic weed densities and abundance were higher in most of the study area and therefore had 

higher importance values (IV) when compared to indigenous plants. In particular, E. crassipes 
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and A. micraphylla are the most widespread along the Southern Mozambique rivers. The 

importance values (IV) of both plants were higher in most cases. The "IV" provides an indication 

of dominance of species within a community, based upon both frequency and density (Smith and 

Smith, 200 I). Frequency is a measure in percentage of the commonness and distribution of the 

species within a study area. The di stribution pattern of E. crassipes and A. micraphylla in the 

models confirms their importance values. 

During the study period, it was noted that heavy floods each November (2008, 2009) washed all 

water hyacinth plants out of the river system. However, one year later, small vigorous plants and 

a few adult plants that survived the floods on the banks of river were growing, lining a 

previously infested area from seedling recruitment. The above phenomenon confirms reports of 

seeds in the sediments from Albano Perez el al. (20 II) and Jacot Guillarmod and Allanson 

(1978) in similar studies. 

Azalia micraphylla was successfully mapped in this study. Though the Azalia species are similar, 

probably other Azalia species were found mixed with A. micraphylla in the study area. This 

suggested that there are different species of Azalia in the study area. Ashton and Walmley (1984) 

recorded Azalia pinnala in Pongola River (this river is positioned upstream of Maputo River). 

According to Hill (2009, personal observation in the field) , this Azalia plant could be Azalia 

jiliculaides or one ofthe native species found in Africa: Azalia pinnata africana (Burrows, 1999) 

or Azalia nilalica (Henderson, 2001). Hill (2003; 1999 b), and Oosthuizen and Walters (1961), 

in their studies, confirmed that the weed, A. jiliculaides was recorded in South Africa and can be 

dispersed between water bodies, facilitating the increase in its distribution and abundance along 

the downstream river bodies. Santos et al. (2002) found different species in all the southern 

Mozambique rivers except in the Inhambane Province and this has now been confirmed as A. 

micraphylla (Hill and Madeira, 2011). This study confirmed the absence of the A. micraphylla in 

the Govuro and Inharrime rivers, which belong to the Inhambane Province. The following are 

reasons why A. micraphylla has spread: firstly, the calm waters of Incomati , Limpopo and 

Umbeluzi provided an ideal situation for growth; secondly, plant nutrients in these rivers 

stimulated Azalia growth; finally, vegetative reproduction led to relatively rapid growth. 
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Pislia stratiotes and Salvinia molesta were least problematic, compared to the other two weeds. 

Pistia stratiotes was found in three rivers, while S. molesta was recorded in only two rivers. The 

distribution patterns are not homogenously distributed along the rivers, their density and 

frequency were less, but their dominance was found to be between until 50% and 65% of 

percentage coverage. In this study, P. stratiotes was found in the Umbeluzi, Incomati and 

Govuro, but no samples were found in the Limpopo. Contrary to this study, Rodolfo (2007) and 

DNA (20 II) have found this weed in the Limpopo River. The lack of S. molesta in southern 

Mozambique can be explained by the fact that most of the rivers in southern Mozambique were 

infested by water hyacinth and this out-competes salvinia. Earlier, Bond and Roberts (1978) had 

noted that in the Cahora Bassa Dam, the water hyacinth impedes the growth of S. molesta. 

2.6 Conclusion 

The spread of aquatic weeds in the southern Mozambique rivers and the consequent problems for 

both consumers and the watercourse indicate mismanagement of watersheds and harmful 

nutrient enrichment in the rivers. Because Mozambique is a member state of the Southern Africa 

Development Community (SADC), between 2003 and 2006 the country had to develop lAS 

databases, training programmes and centres of excellence. A report produced under the SADC 

Biodiversity Support Programme revealed that Mozambique has both terrestrial and aquatic 

invasive species. The aquatic weed species include Eichhornia crassipes, Azolla jiliculoidesl 

microphylla, Salvinia molesta , and Pistia stratiotes. Most studies done in Mozambique only 

focus on the presence and distribution of the weeds and on recommendations for training people 

to avoid spreading the weeds (Cugala, 2006); studies did not include quantitative surveys. 

Previously, only the Zambezi River and the Cahora Bassa Dam were studied. It is known that 

most of these weeds are present in this dam but only S. molesta is controlled. No consistent 

information about the presence of the weeds in other rivers has been recorded. Although this 

information is available, Mozambique has not mapped any existing aquatic invasive species in 

the country, due to financial constraints (MICOA, 2007). This study successfully mapped aquatic 

weeds only in the southern rivers of the country and showed that Eichhornia crassipes, Azalla 

microphylla, Salvinia molesta and Pistia stratiotes still exist and are becoming aggressive in 

some watercourses in Mozambique, especially in the Umbeluzi and Incomati rivers. 
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Mozambique needs to manage the situation, because these weeds are replacing indigenous 

species and possibly having an economic impact (Chapter 3). 
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Chapter 3. 

Socio-economic impact of water weeds in the Incomati River in Mozambique 

3.1 Introduction 

Aquatic vegetation introduced into rivers, dams and lakes throughout Africa represents one of 

the largest threats to the socio-economic development of the African continent (Gorgens and 

Wilgen, 2004; Cilliers et al. , 2003), (Chapter I). African countries do not have the financial 

resources to control the invasions of aquatic weeds as the first-world countries do, and the cost in 

human distress in underdeveloped countries and subsistence communities is incalculable in 

monetary terms (Charudattan, 200 I). Villamagna and Murphy (20 I 0) pointed out a dichotomy of 

socio-economic impacts associated with invasive species. There are the benefits and costs that 

result from the presence of weeds, in particular the water hyacinth; and there are the benefits and 

costs of preventing, managing, or eradicating the species, including the ecological impacts of 

those actions. 

From a socio-economic perspective, aquatic weed invasion into freshwater systems presents a 

problem for many human uses. Invasive plants affect biotic communities and ecosystem 

functions, indirectly displacing desirable species and reducing water abundance (via 

evapotranspiration) and impeding irrigation systems (Schooler et al., 2005). Invasive aquatic 

plants can also impact the quality of life through loss of recreational activities by reducing 

navigation and fishing activities (Kateregga and Sterner, 2009; Opande et al., 2004). In addition, 

aquatic weeds provide breeding grounds for schistsome (bilharzia)-carrying snails and malaria 

mosquitoes (Mack and Smith, 2011; Mooney, 2005 ; Mailu, 2001). Mats also block breeding, 

nursery, and feeding grounds for economically important species, such as tilapia and Nile perch 

(Twongo and Howard, 1998). 

The socio-economic impacts of aquatic weeds vary in relation to the uses of the water body. An 

infestation has a greater socio-economic impact when the water body supports several human 

uses. Where the water source is primarily used for domestic water supply, impacts can be 

measured in terms of changes in water quality. It is difficult to assign a value to the loss of water 

76 



quality, so a surrogate estimate such as the cost of water treatment must be used. This technique 

is referred to as the replacement cost method (Holl and Howarth, 2000). 

Socio-economic impacts may not be immediately recognized. Damage may increase over time or 

as a result of synergistic biological or economic interactions (Parker et ai. , 1999). For example, 

reduced dissolved oxygen may occur as a result of dense weed mats, but it is the risk of fish kills 

that would be likely to draw socio-economic attention. 

Studies have shown that a contingent valuation can be used to calculate impacts. Contingent 

valuation is a relatively time-consuming option, and therefore it is probably under-used in 

attempts to quantify the costs and benefits of invasive species (Holl and Howarth, 2000). The 

economic cost of controlling water hyacinth and other weeds is a function of the rate of removal , 

cost of labour, cost of equipment, and the frequency of treatment. Each of these aspects will 

vary, based on the extent of the infestation and the type of control used. Mechanical control , for 

example shredding water hyacinth , is cheaper than harvesting (Greenfield et ai., 2006), but there 

are significant consequences to allowing the plant to die and decompose within the system. 

Although mechanical and manual control may initially be less expensive than a herbicide 

treatment, over time, the chemical control may cost less due to the slower regrowth time 

associated with the herbicide treatments. Mechanical removal costs about US$3,000 per hectare, 

and manual sinking and shredding costs US$1 ,000 per hectare (World Bank, 2000). From a cost 

perspective, but without considering environmental impacts, chemical control is the next 

cheapest method, followed by habitat manipulation and mechanical control (Madsen, 2000). The 

World Bank estimates that chemical control of water hyacinth costs between US$IOO and 

US$300 per hectare in the year 2000). Supporters of biological and chemical control often focus 

on the cost, but in many cases it is critical that high biomass aquatic weeds, such as water 

hyacinth, are removed from the water, as a large biomass of decomposing plant material can 

create anoxic conditions and toxicity, causing significant harm to aquatic biota (Perna and 

Burrows, 2005; Gutierrez et ai., 1994). An illustration is the case of the impact of water hyacinth 

in Lake Victoria. Although it is not known how water hyacinth first entered Lake Victoria, the 

resulting infestations become a massive problem between 1989 and 1997. The World Bank 

estimated that the first outbreak in 1995 cost the riparian nations between US$6 million and 
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US$IO million. During this period, there was reportedly a 70% decline in economic activity at 

the Kenyan port of Kisumu (Mailu, 2001). In Lake Victoria, the total direct costs attributable to 

the water hyacinth (at peak infestation period) were estimated to be US$6-7 million p.a. with a 

net present value ofUS$25-40 million (http: //www.iwlearn.netldocs/wio/ wio05e.pdf). 

Addressing such a dynamic threat to the lake required Kenya, Tanzania, and Uganda to work 

together to combat the infestation, as the treatment options were expensive and depended on 

simultaneous response. The problem of weed infestation was solved by using a biological 

control , which involved releasing two species of weevil , Neochelina eichhorniae and N. bruchi. 

The stress caused by the weevils rendered the water hyacinth incapable of flowering and setting 

seed. This has been the most successful method to date, in some cases reducing the hyacinth 

population by as much as 30% to 50% (World Bank, 2000). At a cost of US$30 and US$50 per 

hectare, biological control was also the most cost effective and has, accordingly, been adopted as 

the primary strategy for managing infestations. However, the biological control method requires 

the greatest degree of coordination between the governments. To be most effective, weevil mass­

rearing facilities must be established at multiple locations around the lake, and well-coordinated 

field releases involving local communities must be organized. 

In South Africa, for example, controlling invasive aquatic plants costs South Africa millions of 

rand every year (ARC-PPRI, 20 10).Van Wyk and Van Wilgen (2002) drew up a costlbenefit 

analysis for three separate control approaches for water hyacinth in South Africa and revealed 

that herbicide was the most expensive control option (US$ 210/ha), biological control was 

relatively cheap (US$0.51 /ha to US$ 44/ha, depending on the extent of the follow-up 

programme), then using integrated control was the best and cheapest (US$39/ha) as control was 

achieved in a shorter time (Jess than 16 months) than a purely biological control programme (3-5 

years). 

The control options for water hyacinth have been described above. However, the implementation 

of control options for each site will vary, depending on the initial level of water hyacinth 

infestation, the acceptable level of control determined for that site, the role of the water resource 

and the financial resources available for control. Despite the example cited above, there are 
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relatively few studies on the socio-economic impact of water hyacinth. These studies are vital in 

convincing governments to take action in order to control invasive aquatic weeds. 

The proliferation of aquatic weeds in the Incomati River in Mozambique could be associated 

with the agricultural developments of the Maragra and Chinavane sugar cane farmers. Ironically, 

it is the practices of some of these farms along the river that create the nutrients on which aquatic 

weeds thrive, and these farms that are most impacted by weed infestation. 

3.2 Specific objectives 

The main objective of this chapter was to evaluate the socio-economic impact of invasive aquatic 

weeds in general and methods of controlling them. 

The specific objectives were: 

1. To evaluate the perceptions of the local population concerning the aquatic weeds In the 

Incomati River, 

2. To quantify the impact of the aquatic weeds on the health of the riverine population, 

3. To estimate the impact of aquatic weeds on the income of the people living along the Incomati 

River. 

3.3 The study area 

The Incomati River Basin is located in the southeastern part of the African continent and covers 

parts of South Africa (63%), Mozambique (31 %) and Swaziland (6%). This river is characterized 

by a diverse and important range of economic activities. According to Carmo Vaz and Van der 

Zaag (2003), the sectors providing the support to the economy in the basin are agriculture and 

forestry. Irrigation is the major water use in the Incomati River Basin, followed by urban and 

industrial water supply, forestry, conservation (estuary and coastal areas), livestock and sport 

(Carmo Vaz and Lopes Pereira, 2000). Some of the most important consumers of Incomati 

ground water are the sugar cane farms that also provide employment to a large labour force. The 

basin has six main tributaries: Crocodile, Sabie, Massintonto, Uanetze and the Mazimechope 

rivers (Figure 3.1). 
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The study areas in the Incomati River Basin (Figure 3.1) comprise the following: 

I. Upper region: the drier part of the border to Sabie, where the Corrumana Dam regulates 

the flow to downstream irrigation; 

2. Middle region: the wetter part where irrigation potential has been developed, comprising 

Manhiya, Magude, Marracuene districts, and 

3. Lower region: from the Bobole River to the estuarine with the Indian Ocean. 
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Figure 3.1 The three sampling sites (upper, middle and lower region) In the Incomati River 

Basin. 

3.4 Material and methods 

3.4.1 Sampling procedures 

In order to evaluate the socio-economic impact of the invasive aquatic weeds along the Incomati 

River, surveys involving questionnaires were carried out from May to August 2010. Three 

regions were chosen in the Incomati River Basin namely, upper Incomati (six sites), middle 

Incomati (18 sites), and the lower region (II sites); in total, 161 people were interviewed. 
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Questions posed involved integrated socio-economic data: 

I. Questions related to the respondent (age, sex, number of children, number of dependents and 

number of wives). 

2. Questions related to plants (identification of plants in the river; how the plants affect the life of 

the people; the nature ofthe impact (financial and/or health problems) that arise as a result of the 

weed infestation. 

3. Questions related to the solutions adopted by users (what individuals and the community do to 

manage these problems). 

In addition, the following activities were carried out: 

I. Mapping the invasive aquatic plants that occurred in the upper, middle and lower lncomati 

River in order to estimate percentage cover. 

2. Estimating the impact of the weeds on the fishing activity, using information obtained through 

the Provincial Fisheries Department. Sixteen professional fishermen were interviewed and 

information related to age, academic levels, length of time fi shing, monthly quantity of fish 

caught during the year 2009 (September, October and November) and 20 I 0 (March, April, May, 

June, July and August) was obtained. Of the 16 professional fishermen interviewed, five were 

from the upper region, six from the middle region, and five from the lower region of the 

Incomati. 

Using data acquired from the Fisheries Department of the District, the following was calculated: 

a. The monthly average of fish catches by fishermen and the monthly income during the 

periods with and without peak infestation of weeds; 

b. The capture effort of the fishermen (expressed in monthly mean of fish catch per fishermen 

/total number of nets/total number of days) (Baloi et af., 2007). 

Only data from professional artisanal fishermen that worked for 22 consecutive days each month 

during the year was used. 

3.4.2 Data analyses 

The data were analyzed using the SPSS software, (Statistical Package for Social Sciences). 

Descriptive statistics were used to analyze the characteristics of the respondents and their 

perception of the weeds. Student t- Test was used in this study to test if there were significant 

differences between the income during different times (with or without peak of the weeds) at 
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different study areas (upper, middle and lower Incomati). A Non-Parametric Test, the Kruskal­

Wallis test, was used to compare income before and during the aquatic weed peak infestation 

between sites. 

3.5 Results 

3.5.1 Characteristics of the respondents 

Of 161 people interviewed in the upper, middle and lower Incomati River Basin, 80.1% (n= 129) 

of the respondents were men and 19.9% (n=32) women, 18.6% (n=24) were males under the age 

of 19 years (Table 3.1). The majority of male respondents working in the Incomati Rivers Basin 

were between the ages of 40 years and 65 years. All 32 women interviewed were older than 20 

years (Table 3.1 A). The calculated mean number of women per man was 1.94 and the number of 

children per family varied from I to 12. Most of the respondents (male and female) were 

uneducated. Some had primary education (Table 3.1 B). Only a few male respondents had 

secondary education, with very few having achieved matric (Table 31 B). 
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Table 3.1 A and B Biographical characteristics of the population living by the Incomati River A: 

the ages of respondents at different localities, and B: the educational level of the riverine 

population. 

A 

Age of the respondents 

Do not 

know 
Gender Location their age 0·19 20·29 30-39 40-49 50-59 >60 Total 

Male Upper (nl I 4 7 I 2 3 4 22 
% 0.8% 3.1% 5.4% 0.8% 1.6% 2.3% 3.1% 17.1% 

Middle (nl I 12 4 9 5 II 14 56 
% 0.8% 9.3% 3.1% 7.0% 3.9% 8.5% 10.9% 43.4% 

Lower (nl 0 8 3 5 15 15 5 51 
% 0% 6.2% 2.3% 3.9% 11 .6% 11.6% 3.9% 39.5% 

Total <nl 2 24 14 15 22 29 23 129 
% 1.6% 18.6% 10.9% 11 .6% 17.1% 22.5% 17.8% 100.0% 

Female Upper <nl 0 3 I 0 0 3 7 
% 0% 9.4% 3. 1% 0% 0% 9.4% 2 1.9% 

Middle <nl 0 2 6 3 3 2 16 
% 0% 6.3% 18.8% 9.4% 9.4% 6.3% 50.0% 

Lower <nl 2 I 2 0 I 3 9 
% 6.3% 3.1% 6.3% .0% 3.1% 9.4% 28.1% 

Total <nl 2 6 9 3 4 8 32 
% 6.3% 18.8% 28.1% 9.4% 12.5% 25 .0% 100.0% 

B Education 

(1 -7l <8-IOl (1I-12l 
Gender Locality Primary Secondary Matric Tertia ry Illiterate Total 

Male Upper <nl 5 0 0 0 17 22 
% 22.7% 0% 0% 0% 77.3% 100.0% 

Middle (nl )0 6 I I 18 56 
% 53.6% 10,7% 1.8% 1.8% 32.1% 100.0% 

Lower (nl 20 0 2 0 29 51 
% 39.2% 0% 3.9% 0% 56.9% IO<lO% 

Total (nl 55 6 ) I 64 129 
% 42.6% 4 .7% 2.3% 0.8% 49.6% 100.0% 

Female Upper <nl 2 0 5 7 
% 28.6% 0% 71.4% 100.0010 

Middle (nl 7 I 8 16 
% 43.8% 6.3% 50.0% 100.0% 

Lower <nl 4 0 5 9 
% 44.4% 0% 55.6% 100.0% 

Total <nl Il I 18 )2 
% 40.6% 3. 1% 56.3% 100.0% 

83 



3.5.2 Activities performed along the Incomati River by local population 

According to the respondents, aquatic plants, particularly water hyacinth (Eichhornia crassipes) 

and water lettuce (Pistia stratiotes), interfered in their activities, specifically in irrigating the 

fields, fishing using nets, navigation and raising livestock. Further, the weed mats made it 

difficult to remove mud and reed bundles for house building. Red water fern (Azolla 

microphylla) affected the quality of water for domestic use by changing the odour, taste and 

colour. 

Agriculture and fishing were the most important activities performed by men in the study area, 

followed by raising livestock and transportation (Figure 3.2 A.). The women, on the other hand, 

performed only three activities: agricultural irrigation, collecting water for domestic needs, and 

gathering mud and cane for house building (Figure 3.2 B). At the localities along the river where 

there was considerable agriculture irrigation (middle and lower) there was a higher abundance of 

weed (Figure 3.3) probably due to eutrophication from runoff from irrigation. Of the 

respondents, 82.6% considered aquatic weeds a problem, while the remaining 17.4% said that 

the weeds did not interfere with their activities. 
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Figure 3.2 A and B Water usages in the Incomati River by the riverine population. A: activities 

performed by male respondents; B: activities performed by female respondents. 

3.5.3 Weed distribution and coverage in three regions in the Incomati River 

In some areas of the Incomati River, water weed coverage (mostly water hyacinth) was so dense 

that it affected navigation, fi shing and agriculture activities. Figure 3.3 shows the areas where 

high densities (common to very abundant) of invasive aquatic plants were observed. Typically in 

these areas of the rivers, a carpet (stationary mat) covered between 50% and 100% of the water 

surface. This was similar in the area where activities such as irrigation were intensively carried 

out (middle and lower lncomati River) (Figure 3.2 A and B), such as at the two sugar cane 

refineries (Maragra and Xinavane) which are located in the middle and lower reaches of the 

river. In the upper lncomati, the weed density was not as high as in the middle and lower reaches 

(Figure 3.3). 
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Figure 3.3 Distribution patterns of aquatic weeds in the upper, middle and lower lncomati River. 

The plants density varies from no occurrence, rare, less common, common, abundant to very 

abundant. 

3.5.4 Local perceptions of aquatic weeds along the Incomati River 

Almost all the 161 people interviewed said that they noticed the occurrence of aquatic weeds 

along the river, but due to illiteracy, they knew the name of the aquatic invasive plants only in 

their local language. Each respondent was able to recognize at least one of the weeds (Table 3.2). 

The weeds most readily recognized by the respondents (individually or collectively) were the 

water hyacinth (E.crassipes) , water lettuce (P. stratiotes), and red water fern (A. microphylla) 

(Table 3.2). Salvinia (s. molesta) was the least common in the study area; most of the 

respondents did not know this aquatic weed and consequently it was mentioned less frequently 

(Table 3.2). 
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Table 3.2 Weeds mentioned by the local population in the upper (a); middle (b) and lower (c) 

Incomati River. The abbreviations (RF, WH, WL and S) refer to red water fem, water hyacinth, 

water lettuce, and salvinia, respectively. 

Weeds mentioned and recognized by each respondent in only at 

once 

RF. RF. RF. 
WHo RF. WHo WHo RF. WH .• 

Gender Locality RF WH WL,S. WL. WL. WL WH o S. Total 

Male Upper (n) 2 0 0 8 10 2 0 22 

% 1.6% 0% 0% 6.2% 7.8% 1.6% 0% 17.1% 

Middle (n) 2 11 1 13 28 1 0 56 

% 1.6% 8.5% 0.8% 10.1% 21.7% 0.8% 0% 43.4% 

Lower (n) 5 5 0 12 26 2 1 51 

% 3.9% 3.9% 0% 9.3% 20.2% 1.6% 0.8% 39.5% 
Total (n) 9 16 1 33 64 5 1 129 

% 7.0% 12.4% 0.8% 25.6% 49.6% 39% 0.8% 100.0% 

Female Upper (n) 1 0 2 4 0 0 7 

% 3.1% 0% 6.3% 12.5% 0% 0% 21.9% 
Middle (n) 0 1 1 13 0 1 16 

% 0% 3.1% 3.1% 40.6% 0% 3.1% 50.0% 
Lower (n) 1 0 3 3 2 0 9 

% 3.1% 0% 9.4% 9.4% 6.3% 0% 28.1% 

Total (n) 2 1 6 20 2 1 32 

% 6.3% 3.1% 18.8% 62.5% 6.3% 3.1 % 100.0% 

Of the respondents, 46.5% did not know the origins of aquatic weeds, 25.2% stated that the 

weeds had always been there, while others (25.3%) believed that the weeds were washed down 

in the floods in 2000. Only a few of them (3%) stated that the presence of nutrients in the water 

contributed to the presence of weeds. With regard to the period of the year in which the weeds 

occurred in high density, 107 (82.9%) male respondents and 19 (59.4%) female respondents 

noticed the weeds during the whole year (wet and dry seasons). The remaining 13 (40.6%) 

females observed the weeds only in the dry season and 3 (2.3%) male respondents noticed the 

weeds only in the wet season. 
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3.5.5 Impact of the aquatic weeds on the local population along the Incomati River 

Water hyacinth was considered the most damaging plant in the irrigation, fishing and transport 

sectors. In an open-ended question, the respondents identified some indigenous emergent species 

that interfered with their activities, including water hornwort, Ceratophyllum demersum, and 

some grasses such as Phragmites australis (Cav.) Trin., Typha capensis (Rohrb) N.E.Br. and 

Cyperus dives (Oelile). In this case they were not able to distinguish differences between the 

alien invasive plants and native plants since they caused the same problem. All the respondents 

stated that they did not know the difference between invasive aquatic plants, alien plants or 

native plants. 

People were also asked to describe the impact of aquatic weeds, both negative and positive. The 

positive impacts that people recognized were that water hyacinth could be used as pig feed (only 

male, 3.9% respondents) and for medicinal use (4.7% men, 9.4% female), but most of the people 

interviewed did not identify any benefit (men 91 %; female 90.6%). 

The negative impacts of the weeds in the Incomati River, can be classified into social and 

economic. The most important economic impact (38.0% male and 40.6% female respondents) 

was on agricultural irrigation (Table 3.3). The second most important impact was on fishing, an 

activity performed only by men. Of the men, 4.7% said that it became difficult to cast the nets 

and 26.4% of men said that the weeds reduced the fish catches, while women, as expected, did 

not mention the different effects of water weeds on fishing, since it is typically a male activity 

and most wives help only by carrying the products to the market where the husbands sell them. 

Navigation in the river was mentioned more frequently by men (2.3%), and the lack of clean 

water was mentioned only by women (9.4%), since most of them used water for housework and 

for drinking (Table 3.3). 
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Table 3.3 Economic problems associated with aquatic weeds in the upper, middle and lower 

Incomati River. 

Respondents Natural of economic weeds 

Gender Region Interferes with Reduces fish Difficult to Lack of Hampers 
irrigation catches by cast fishing clean navigation 

inaccessibility to nets water 
water 

Male Upper 9 (7%) 7 (5.4%) 0(0%) 0(0%) 
(n=129) Middle 19 (14.7%) 12 (9.3%) 5 (3.9%) 1 (0.8%) 

Lower 22(17.1%) 15 (11.6%) 1 (0.8) 2(1.6%) 
Total 50 (38.8%) 34 (26.4%) 6 (4.7%) 3 (2.3%) 

Female Upper 5(15.6%) 1(3.1%) 
(n= 32) Middle 6(18.8%) 2(6.3%) 

Lower 2(6.3%) 0(0%) 
Total 13 (40.6%) 3 (9.4%) 

Inaccessibility to water points was highlighted by 8.5% male and 18.8% female respondents as 

one of the most important social impacts along the In co mati River (Table 3.4), followed by an 

increase in snake bites (8.5% men and 9.4% female respondents). Both males (3.1 %) and 

females (6.3%) noticed that the aquatic weeds in the lncomati River were aesthetically 

unpleasing in some areas since the water was turbid and smelly. 
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Table 3.4 Social problems associated with aquatic weeds In the upper, middle and lower 

Incomati River. 

Responden ts Nature of social problems 

Less 
Increased Increased Lack of access to Transport Aesthetically 

Gender Region disease snake bite clean water hampered unpleasing 
water point 

Male Upper 1 (.8%) 0(0%) 3 (2.3%) 0(0%) 2 (1.6%) 
(n=129) Middle 1 (.8%) 7 (5.4%) 3 (2.3%) 1 (.8%) 2 (1.6%) 

Lower 0(0%) 4(3.1%) 5 (3.9%) 2 (1.6%) 0(0%) 
Total 2 (1.6%) I I (8.5%) II (8.5%) 3 (2.3%) 4(3.1%) 

Upper 0(0%) 0(0%) 1(3.1%) 1 (3.1%) 0(0%) 
Female Middle 2 (6.3%) 3 (9.4%) 2 (6.3%) 1(3.1%) 1 (3. 1%) 
(n= 32) Lower 1(3.1%) 0(0%) 0(0%) 4 (12.5%) 1 (3.1%) 

Total 3 (9.4%) 3 (9.4%) 3 (9.4%) 6 (18.8%) 2 (6.3%) 

The impact on health was another problem mentioned by the respondents (males 1.6% and 

female 9.4%). Specific effects were described as an increase in itching, malaria, diarrhea and 

bilharzia. Vital epidemiological data, relevant to incidences of human diseases, were obtained 

during this study from three rural hospitals in Moamba (upper Incomati), Magude (middle 

Incomati) and Marracuene (lower Incomati). In all areas (upper, middle and lower) the human 

diseases reported included itching skin, malaria, bilharzia and gastro-intestinal disorders . The 

rural hospitals were able to provide data on malaria and diarrhea. 

Malaria is an endemic disease in Mozambique. Infection is common throughout the year, but is 

highest in the hot season from October to April , with symptoms lasting a week or more. Almost 

everyone that had been infected by malaria took medicine to treat it (96%). Many people visited 

traditional healers before seeking modem medical treatment from the hospital. Although 

resistance to most drug treatments is high in Mozambique, the most common medicine used was 

Fansidar, containing two active ingredients, pyrimethamine and sulfadoxine. Pyrimethamine is 

an antimalarial medicine and sulfadoxine is a type of antibiotic called a sulphonamide. The 
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malaria and gastro-intestinal disorders were recorded during the whole year in the rural hospitals. 

The critical time for malaria was during the months of April , May and June. The peak of aquatic 

weeds was June, July and August, so there appears to be no relationship between weed 

infestation and malaria. Gastro-intestinal disorders were observed during the whole year, but 

with a slight increase in the months of March to April, so once again, no direct causation could 

be applied. No record of any skin problems, bilharzia or snake bites were recorded in any of the 

hospitals. Figure 3.4 (A, 8, C and D) illustrates the distribution of malaria and diarrhea cases 

confirmed by laboratory tests in year 2010 in the Moamba (upper Incomati River) and 

Marracuene (lower lncomati River) district. Table 3.5 illustrates the total number of malaria and 

diarrhea cases confirmed by laboratory tests at Moamba, Magude and Marracuene Districts. In 

the Magude district, only the total number of malaria and diarrhea cases was obtained and no 

distribution of the malaria and diarrhea per month was available (Table 3.5); both diseases were 

recorded in the hospital. 
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Figure 3.4 A. B. C and D Distribution of malaria and diarrhea disease at Moamba and 

Marracuene districts during 2010. Data represent only the number of malaria and diarrhea cases 

confirmed by laboratory test in the hospitals. 

Table 3.5 Total number of malaria and diarrhea cases in three hospitals located in the Incomati 

River. These scores would probably be doubled if cases without a confirmed laboratory test were 

added. 

Hospitals 
Population Number cases of Number cases of 

(200S-census) malaria in 2010 diarrhea in 2010 

Moamba 62 392 7132 3601 

Marracuene 60471 5 132 4603 

Magude 62 434 4 142 6560 
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3.5.6 Estimation of annual income from the main activities during 2010 in the Incomati 

River 

The yearly average income from agricultural irrigation, transportation or navigation and other 

activities was calculated for the period before the peak of weeds (September, October, 

November, December, January, February, March, April and May) and during the peak of the 

weeds (June, July and August) (Table 3.6). The Student T-test showed that the weeds did not 

have an impact on these activities along the Incomati River since no significant differences were 

observed during the period before the peak of the weeds and during the peak of weeds, 

(p=>0.05). 

Table 3.6 The monthly income from different activities along the Incomati River during 20 10 

(Mt. means Meticais, currency used in Mozambique). 

Activity Mean income before peak Std. Mean income during Std. df P Value 
of weeds Dev. peak of weeds Dev. 

Irrigation US$ 99.00/month 21.8 US$ 98.00 Imonth 22.9 196 0.610 

(n= 99) (2937.50 Mtlmonth) (2870.50 Mt/month) 

Transport US$ 96.00 Imonth 28.8 US$ 94.00/month 28.2.5 18 0.879 

(n= 10) (2813.00 Mtlmonth) (2620.00 Mt/month) 

Other US$ 24.001 month 3.4 US$ 23 .001 month 3.5 154 0.550 

activities (718.00 Mtlmonth) (683.00 Mtlmonth) 

(n=78) 

The Non-Parametric Test used to compare income before the peak of weeds and the income at 

the peak of weeds showed no significant difference (Figure 3.5 A, B, and C) A: irrigation 

(Kruskal-Wallis test H (2, N=99)= 4.432 4, p= 0.610); B: transport (Kruskal-Wallis test: 

H (I, N= 10)=.0014914,p=0.879);C: other activities (Kruskal-Wallis test: H (I, N=78)=3.189052, 

p=0.550). This indicates the water weeds did not have a significant impact on these activities. 

The livestock activities were carried out by schoolchildren younger than 18 years, with no 
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payment, as they worked for their parents. Further, no estimate of the impact on livestock 

industries was calculated because there was not enough information. 
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Figure 3.5 A, Band C Monthly incomes of different activities performed in the upper, middle 

and lower Incomati River. A: irrigation; B: transport and C: other activities. 

In the Maragra sugar cane farms, those responsible for herbicide/ insecticide control were 

interviewed to find out how much they spend combating the weeds and grasses in the drainage 

and on the river shores. Those interviewed explained that they use an excavator to reduce the 

weeds and grasses along the sugar cane farms. The cost of reducing the weeds in only the lower 

Incomati River was estimated for one day (eight hours) during the peak of weeds (Table 3.7), It 

was difficult to know how much was spent per month because not enough information about the 

number of days worked per month during the peak of weed infestation was obtained. 

95 



Table 3.7 Estimated costs of mechanical control of weeds according to the data obtained data 

from Maragra sugar cane farm. Mt= Meticais (Mozambican currency). 

I Excavator 40Llh X 8hrs X 26.7 MtiL 8 544.00 Mtlday 

2 Trucks 20LlhX4.5hrs X 26.7 Mt/L 42 72.00 Mt/day 

Labor 8 people (4X233+4XI83.3) I 665.20 Mt/day 

Total per day 14 481.20 Mt/day 

(US$508.00/day) 

An estimated 14481 Mti day (US$508.00) was used to reduce weed impacts only in the lower 

Incomati River. During the peak of weeds, the excavator is used three days every two weeks. 

Thus, about 86 886 Mt/month (US$3 049.00 /month) was needed to control the weeds. During 

the time when there is no weed peak, the excavator is used two or three times per month. Around 

43 444 Mtlmonth (US$I 524.00) per month was needed. 

The impact of the weeds was more pronounced in the fishing sector than it was in irrigation, 

transportation and other activities. The fishing season in Mozambique lasts between eight and 

nine months. The months of March, April, May, October and November were considered the 

months without a peak of weeds, while June, July and August and September had at least 50% 

cover. 

Fisherman capture on average 26.3 kg (upper), 28.3 kg (middle) and 31.2 kg (lower) fish/ net, 

with a maximum of37 kg/day and minimum of21 kg/day. They fish, on average, 5.5 hours a day 

and at most, 9 hours. They fish , on average, for 4.7 days a week and, at the most, for 6 days. 

Each fisherman has his own wooden boat. Fishing was mostly affected by the weeds through 

reduced catch. An average of 834.3 kg (upper), 894.9 kg (middle) and 934.2 kg (lower) of fish/ 

month was caught during the period before the peak of weeds, and an average of 522.7 kg 

(upper), 554.2 kg (middle) and 619.5 kg (lower) of fish/ month was caught during the peak of 

weeds. Among the fish found in the Incomati River, the most frequently caught were the blue 

tilapia, Tilapia rendalli (Boulenger 1897); African catfish, Clarias gariepinus (Burchell 1822); 
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Mozambique tilapia, Oreochromis mossambicus (Peters 1852); banhine barb, Barbus sp. and 

lowveld largemouth, Serranochromis meridians (Jubb 1967). The income from fishing in the 

upper, middle and lower Incomati was slightly higher before the peak of infestation compared to 

the income during the peak of weeds (Table 3.8). The Student T-test showed that that there was a 

significant difference in the monthly income between the time before peak of the weeds and at 

the peak of weeds in the upper Incomati, middle Incomati and lower Incomati (p<0.05). 

Fishermen also grow crops and vegetables for sale (Table 3.8) to supplement their annual 

income. No significant differences were observed in the income of the different groups over the 

second activity in the upper, middle and lower Incomati River. There was also no significant 

difference between the income during the time before the peak of weeds and at the peak of weed 

infestation (p>0.05). 

Table 3.8 Influence of aquatic weeds on income from fish and trade activities in September, 

October, November 2009, and March- August 20 I O. The time before the peak of weeds is 

October and November, 2009 and March, April , May 20 I 0 and the peak of weeds was observed 

for only during four months, namely June- July and August-September 2010. 

Yearly Income (USO/ erson) 
Activity (n) Locality Before the peak of At the peak of Income impacted 

weeds weeds by weeds 

5 Upper 707.3 (47.1 ) 443.0 (14.9) 264.3 33.3% 
Fishing 6 Middle 758.4 (50.8) 563 .6 (24.7) 194.8 24.4% 

5 Lower 791.8 (26.9) 489.3 ( 11.5) 302.5 38.0% 

Mean 16 752.4 (42.5) 489.6 (60.8) 253.8 31.9% 

Trade 5 Upper 792.8 (105.7) 772.8 (108.8) 0 
Of 6 Middle 785.3 (107.2) 770.6 (107.2) 0 

Crop 5 Lower 798.1 ( 104.5) 748.1 (121.0) 0 

Mean 16 792.0 (6.43) 763.8 (6.43) 0 
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3.5.7 Control of aquatic weeds in Incomati River 

Some of the strategies employed to manage aquatic weeds in the study areas were to cut the 

weeds, to remove the weeds by hand, or to cut and bum the weeds, but most people do not do 

anything (Table 3.9). Of the people interviewed, 45.1 % had tried to manage the weeds using 

these strategies, but 54.9% did not manage them at all. Biological control was not mentioned by 

the population living along the lncomati River, given that few know about biological agents; 

only one respondent knew about the weevils, and he knew that they controlled water hyacinth. 

No chemical application to reduce the weeds was mentioned by the respondents in any of the 

regions in the Incomati River. 

Table 3.9 Different strategies used by male and female respondents to reduce the aquatic weeds 

in the upper, middle and lower lncomati River. 

Strategies to reduce the weeds ' impact 

~ 
Cutting Hand removal Cutting and Do nothing Total 

(n) (n) 
burning 

(%) (n) Local ity % % (n) % (n) % 
Male 

Upper 0 0 8 6.2 I 0.8 13 10. 1 22 17. 1 

Middle 8 6.2 37 28.7 I 0.8 10 7.8 S6 43.4 

Lower 7 5.4 27 20.9 4 3. 1 13 10. 1 51 39.5 

Total 15 11.6 72 55.8 6 4.7 36 27.9 129 100.0 

Female 
Upper I 3.0 S 15.2 2 6.1 8 14.2 

Middle 3 9.1 8 24.2 5 15.2 16 48.5 

Lower 2 6.1 3 9. 1 4 12. 1 9 27.3 

Total 6 18.2 16 48.5 II 33.3 33 100.0 
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People worked individually or were organized into groups to control the weeds, especially at the 

peak period. These groups varied in size (number of people per group), depending on other 

activities carried out on the Incomati River, (Figure 3.6). People who were irrigating their fields 

were organized in groups of 1- 5, 6-10, 11 - 16, or more than 16 people, depending on the size of 

their farms, and they cleaned up the weeds in the watercourses along the Incomati River. Usually 

the fishermen stopped their fishing activity during days when weed density was very high and 

together they cleaned the affected areas. People who used the river for transport cleared the 

weeds themselves. Most respondents (42.2%) recognized that some people did not try to reduce 

the weeds at all, since the mat of weeds was mobile and went away in some periods. Only a few 

did not know what happened to the weeds since they saw them in some seasons and not in 

others. 

Don 't know 
5.0% 

Myself 
11.8% 

Fishermen togeth 
20.5% 

> 16 people 
5.0% 

11-15 people 
3.7% 

No one 
42.2% 

1-5 people 
1.9% 

6-10 people 
9.9% 

Figure 3.6 The percentage presented refers to the number of people that were needed to control 

the weeds' impact in the Incomati River at the peak of weeds. 

In the Incomati River, approximately 85 641.00 Mt (US$2 946.00) was necessary to reduce the 

impact of the weeds. This calculation was for approximately 15 days during the month of July 

when the impact of the weeds was significant (Table 3.10). The manual method was used. A 
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total of 125 people spent 3.5 hours/day removing the aquatic weeds. Each person stopped their 

other activities (3.5 hours) to participate in weed removal, and one hour of labour is equivalent to 

13.00 Mt (US$0.45) (Table 3.10). 

Table 3.10 Estimated cost of manual control of water weeds during July 2010. 

Number of people removing weeds 12S 

Cost of labor / hour 13.00 MtJ hour (US$0.45/hour) 

Time spent / day removing weeds 3.5 hours/day 

Total spend /day 5709.00 Mt (US$197.00/day) 

Total spend during 15 days 85 641.00 Mt (US$2 946.00) 

3.6 Discussion 

3.6.1 Major threats to the Incomati River 

During the peak of the aquatic weeds, the local population observed significant changes in their 

activities which consequently had socio-economic impacts. The most notable economic impact 

that was reported was the blockage of the irrigation canals whenever mats of water weeds 

covered the river. Controlling the weeds in Mozambique either mechanically or manually 

involves an extra cost. The costs obtained in this study were relatively low when compared to 

those calculated in Uganda, but this result supports studies done in other regions related to the 

economic impact of aquatic weeds. Uqueio (2008) reported that the water weeds, in particular 

water hyacinth, cause disruption to agricultural activity by reducing the water intake of the 

irrigation pump in the Umbeluzi River in Mozambique. Similar blockages and/or massive 

interference caused by water weeds, in particular water hyacinth was reported by Opande et al. , 

(2004) and Mailu (2001), in studies done in Kenya. Mailu (2001) showed how water hyacinth 

impacted the Uganda economy in 1995. He estimated about US$3- 5 million was required to 

maintain a clear passage for ships to dock at Port Bell in Uganda; US$I million to clear the 

intake screens at Owen Falls hydroelectric plant; a loss of about US$0.2 million in fisheries, and 

finally, US$0.35 million lost in water supplies for domestic, stock and agricultural purposes. 
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Comparing results obtained by Opande el aI., (2004) with this study, the impact of weeds in 

Mozambique would not seem to be very serious, However in Mozambique, the results obtained 

for fishing activities were based on only one year, small-scale fishing, small boats with two to 

eight nets per fisherman, producing an income of about US$2 903.00 per fisherman per year. 

Furthermore, Mozambican fisherman did not report a problem of being unable to sell their fish, 

nor did they report other problems such as fish kills caused by deoxygenation as a result of weed 

growth. In contrast, studies in Kenya focused on industrial fishing, involving millions of people, 

large fishing boats, fish landing spots and fishing gear with an annual income worth about 

US$83,000, 000 per annum (Opande et al., 2004; Atonga, 2001). 

Mailu (200 I) explained that water hyacinth also poses problems for the lake ecology by using 

available oxygen reserves, resulting in fish kills. Economic losses were significant: the World 

Bank estimated that the first outbreak of water hyacinth on Lake Victoria in 1997 cost the 

riparian nations between US$6 million and US$I 0 million (2000). During this period, there was 

reportedly a 70% decline in economic activity at the Kenyan port of Kisumu. However, this 

study shows that fishing was one of the activities most severely impacted by weeds compared to 

other activities performed on and along the Incomati River, and the impact of the aquatic weeds 

was serious. Respondents reported that as a result of water weeds (particularly water hyacinth), 

land and water were inaccessible, boats were unable to sail through water covered by weeds, 

given the thick mats created by meshed roots, and casting nets in the water was difficult. All 

these hampered the fishing activity and consequently fish catches and the income of the 

fishermen declined considerably during the peak months of weed growth. 

A problem recorded by Willoughby et al. (1993) was that mats significantly depressed the fish 

diversity and biomass, but Twongo and Balirwa (1995) noted a small increase in fish diversity 

along the edge of water hyacinth mats. The problem that led to the decline in fishing activity in 

Mozambique could be related to the permanent carpet of weeds that occupied long stretches of 

the rivers. Added to this aspect, the mats of water hyacinth were usually associated with other, 

indigenous aquatic plant species, such as Ceralophyl/um demersum, and grasses that obstructed 

nets, blocked boats and finally, hampered the fishing activity. Thus, the decline in fish caught 
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over the peak of weeds in the upper, middle and lower [ncomati River could be associated with 

the inability of fisherman to access the fi sh ing ground for some species of fish because of the 

weed infestation, in particular, water hyacinth. 

All the weed mats found along the Incomati River provide breeding grounds for mosquitoes and 

other disease vectors. This study showed 1.6% of males and 9.4% of females, living along the 

Incomati River, reported at increase in malaria, bilharzia, diarrhea and itching skin problems due 

to the increase of all kinds of weeds in the Incomati River. The above observation is supported 

by the research of Opande (2002), Mailu (2001) and Opande el al. (2004) who reported that the 

weed enhanced transmission of encephalitis, coughs and schistosomiases. Dray and Center 

(2002) recognized that water lettuce also provides a breeding ground for mosquitos, but the costs 

associated with mosquito-borne diseases are unknown. Finally, Navarro and Phiri, (2000), Mehra 

el al., (1999) reported that water hyacinth facilitates the spread of diseases such as 

schistosomiasis and malaria, in addition to cholera and typhoid. However, sound data on this are 

not available. Feikin et al. (20[0) confirmed in their research that yearly water hyacinth coverage 

on the Kenyan side of Lake Victoria was positively associated with the number of cholera cases 

reported in Nyanza Province. All rural hospitals reported malaria cases throughout the year. This 

study showed an increasing number of malaria cases between April and June which suggests that 

the presence of weeds could be an explanation for the increase in malaria cases, but we could not 

show the correlation. With regard to diarrhea, the rural hospitals reported that this disease was 

prevalent during the whole year without a significant peak in disease during the year. But in the 

study, it was observed that diarrhea was more common during the peak of the weeds. Rural 

hospitals were developing counseling programmes to minimize some diseases like diarrhea. So, 

no relevant information was obtained from the hospitals to explain the increase of disease 

incidences as a result of the enhancement of the vector-breeding weeds. 

Another problem related to the mats of weeds in Mozambique rivers was the danger caused by 

snakes, while the presence and the danger of crocodiles and hippo were also reported by the 

riverine population. Navarro and Phiri (2000) stated that water weeds (water hyacinth) harbour 

poisonous snakes, crocodiles and hippos, increasing the danger for the people working with 

water. 
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3.6.2 Management of aquatic weeds 

In this study, the methods used by the local population to reduce the weeds' impact were manual 

methods such as cutting, removing from water, and burning. Hill and Olckers (2001) reported 

that manual removal of water weeds was used in different lakes in Africa, but it was labour­

intensive and ineffective in larger infestations. The population living on the Incomati River was 

unanimous in saying that herbicides were not used at all to control aquatic weeds. However, in 

many other areas of Africa, herbicidal control is widely practiced. For example, in South Africa, 

herbicides containing the active ingredients glyphosate, glyphosate trimesium, diquat and butryn 

have been used with great success (Ueckermann and Hill, 2001). 

In this study, the majority of respondents were not able to comment on the biological control of 

weeds because they had never heard about any biological control agents. Only one respondent 

was able to recognize the water hyacinth weevil. This means that the practice of biological 

control of weeds is unknown in the Incomati River community. Other studies showed that the 

local populations can become aware of aquatic weeds and biological. Contrary to this study, De 

Groote et af. (2003) had noticed that about 50% of the population interviewed in their study in 

Benin were aware of biological control of weeds, particularly water hyacinth . 

3.7 Conclusion 

One of the keys to successful biological control programme on Lake Victoria was the public 

awareness compaign, educating local communities about biological control and teaching them 

how to implement it. This approach should also be implemented in Mozambique, but the status 

of the biological control programme on aquatic weeds in Mozambique is not known (Chapter 4). 
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Chapter 4. 

Status of aquatic weeds associated with biological control agents in the 

southern Mozambique rivers 

4.1 Introduction 

The release of biological control agents has reduced the problems caused by many invasive 

weeds throughout Africa (Cilliers et al., 2003; Ajuonu and Neuenschwander, 2003). Despite 

considerable research invested in pre-release studies, the outcomes of releasing agents, especially 

in developing countries, are seldom quantified (Wilson et al. , 2006). However, there are some 

quantified studies in the literature. For example, in South Africa, red waterfern, Azolla 

jiliculoides was controlled within a year by the weevil Stenopelmus rujinasus (McConnachie et 

al., 2004) and water lettuce was controlled within ten months after the first field release of N. 

affinis (Cilliers, 1987); and salvinia, S. molesta, was controlled in Papua New Guinea within two 

years after the introduction of the weevil Cyrtobagous salviniae (Room et al., 1981), and, in 

South Africa, within 1- 3 years, depending on the size of the infestation and the climate (Cilliers 

1991 ). 

In 1972, in Mozambique, the first biological control agents released were Neochetina 

eichhorniae to control water hyacinth (Julien and Griffths, 1998). Neochetina bruchi was also 

recorded in 1972, but there is no record of how it got there (Julien, 2001). Other biological 

control agents on aquatic weeds, including Slenopelmus rujinasus on A. jiliculoides, 

Neohydronomus affinis on P. slralioides, and Cyrlobagous salviniae on S. molesta are present in 

the Mozambican rivers, but nothing is known of their establishment and impact. None of these 

three agents was released into Mozambique rivers, but it is assumed that they were spread from 

the region where the weevils were successful , such as South Africa, Zimbabwe and Zambia 

(Cilliers et al., 2003). 

4.2 Specific objectives 

The aim of this chapter was to quantify the status and efficiency of the biological control agents 

on the aquatic weeds in southern Mozambique rivers. 
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Specific objectives were: 

I. To identify the biological agents associated with water hyacinth, water lettuce, salvinia 

and red water fern found along the southern Mozambique rivers; 

2. To evaluate the impact of Neochetina eichhorniae and N bruchi on the water hyacinth 

(Eichhornia crassipes), Neohydronomus afjinis on water lettuce (Pistia stratiotes), 

Cyrtobagous salviniae on Salvinia molesta and Stenopelmus rufinasus on the water red 

fern (AzollafiliculoidesIA. microphylla) in the different rivers. 

4.3 Material and methods 

4.3.1 Description of the study area 

The rivers situated in the southern part of Mozambique (Maputo, Umbeluzi, Incomati , Limpopo, 

Inharime, Guvuro and Save rivers) were chosen to study the impact of the biological control 

agents because these rivers contained infestations of invasive aquatic macrophytes (Chapter 2). 

At each sampling point, coordinates were taken. Water quality parameters such as temperature, 

pH, hardness, nitrate, phosphate were measured during the dry season (June, 2009) and in the 

wet season (November, 2009). 

4.3.1.1 Govuro, Inharrime and Save reference sites 

The Govuro, Inharrime and Save rivers are situated near main roads and close to the residential 

areas. The agricultural lands in this area are sparse, with no evidence of rural settlement runoff or 

agricultural activity (Chapter 2). Continuous reeds and grasses, as well as shrubs and trees, occur 

on the banks of these rivers. Residential areas have not had an impact, nor is there any water 

abstraction. 
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4.3.1.2 Maputo and Limpopo rivers 

The Maputo and Limpopo rivers are situated close to roads, residential areas and farming 

activities. There is more agricultural activity in the Limpopo River area than along the Maputo 

River (Chapter 2). 

4.3.1.3 Umbeluzi and Incomati rivers 

These sites are impacted by abstraction, deposits of sediment runoff from informal settlements, 

fruit cultivation (Umbeluzi), sugar cultivation (Incomati), and an extensive residential area 

(Chapter 2). The Incomati River is situated below the Chinavane and Maragra sugar cane 

refinery. A flood that occurred during the high flow period affected the rivers because fertilizer 

and animal manure from cultivated fields, together with aquatic plants, was washed down into 

rivers from Maragra and Xinavane sugar cane fields. 

4.3.2 Sampling procedures for assessment of weevils, Cyrtobagous salviniae, 

Neohydronomus a/finis and Stenopelmus rufinasus 

In each sampling area, 100 plants each of Salvinia molesta, Pistia stratiotes and AzolIa 

microphylia were randomly collected to quantify the presence of the respective weevils, that is to 

say, Cyrtobagous salvinae, Neohydronomus affinis and Stenopelmus rufinasus. The leaves and 

apical buds were inspected for characteristic damage. The samples were taken once each in June 

2009 (dry season), and in November 2009 (wet season), in different localities, according to the 

distribution of the weeds along the southern Mozambique rivers namely, the Maputo, Umbeluzi, 

Incomati, Limpopo, Inharrime, Govuro and Save rivers. 

4.3.3 Sampling procedure for assessment of weevils Neochetina eichhorniae and N. bruchi 

There were six rivers at which the populations of N eichhorniae and N buchi were assessed, 

namely Maputo, Umbeluzi, Incomati, Limpopo, Govuro and Inharrime. At each sampling site, 

ten water hyacinth plants were collected for the purpose of measuring the damage caused by the 

biological control agents. In each ofthe rivers sampled, several plant and insect parameters were 

measured (Table 4.1). 
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Table 4.1 Water hyacinth plant and biological agent parameters measured in the study area. 

Parameter Description 

Water hyacinth plant -length oflongest petiole on the plant 
-number of flowers per water hyacinth plant 
-number ofleaves per water hyacinth plant 
-maximum root length 
-number of ramets attached to the sampled plant 
-fresh weight per water hyacinth plant 

Weevil: 
-Neochetina eichhorniae - number of N. eichhorniae adults 
-Neochetina bruchi - number of N. bruchi adults 

- number offeeding scars on leaf2 
- number of larval instars 
- petioles mined 
- pupae present 

Mite: 
-Orthogalumna terebrantis - mite damage (% of damage on the lamina) 
Pathogens: 
-Acremonium zonatum - pathogen damage (% of damage on the lamina) 
-Alternaria eichhorniae 
Moth 
-Niphograpta albiguttalis - moth larvae (pesence or absence) 

- moth pupae (presence or absence) 

Mirid 
-Eccritotarsus catarinensis - number of adult leaf damage (proportion of leaf 

4 showing mirid feeding damage) 
- nymphs present or absence 
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4.3.4 Statistical analyses 

Plant and insect parameters were analyzed between the wet and dry period using Student T-test. 

The ANOYA, Non -Parametric Test (Kruskal- Wallis) was used to compare the plant sizes in the 

different sampling localities, between dry and wet seasons, namely in June and November 2009. 

All analyses were conducted at a critical P level of 0.05. The computer program STA TISTICA, 

version 10, was used. 

The formula {0.0336 X (Average number offeeding scars) 0775 } (Wright and Center, 1984) was 

used to calculate the number of adults on water hyacinth plants during the dry and wet season. 

4.4 Results 

4.4.1 Estimation of weevils Neohydronomus affinis, Stenopelmus rufinasus and 

Cyrtobagous salviniae, on their host plants along the southern Mozambique rivers 

Water lettuce, Pistia stratiotes, was found only in three rivers, namely Umbeluzi, Incomati and 

Govuro, covering a surface area of 50%, 25% and <5% respectively (Chapter 2). Observations 

in June and November 2009 (dry and wet seasons) showed that the weevil Neohydronomus 

affinis was present in the water lettuce communities in both seasons (Figure 4.1). Significant 

differences were observed in the mean number of N affins between the dry and wet season in 

the Incomati River (Kruskal-Wallis test: H (1 , N=200)=134.6695 P <0.0001) and Umbeluzi 

River (Kruskal-Wallis test: H (I, N=200)=13.42622 p<0.00013). In the Govuro River, there 

were very few water lettuce plants, but they were vigorous, without scars on the leaves and 

without any N affinis. 
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Figure 4.1 Mean numbers of Neohydronomus affinis per 100 sampled water lettuce plants along 

the Incomati and Umbeluzi rivers. Each bar represents mean ± Standard Deviation of each 

sampling time. Means marked with letters within each sampling time are significantly different 

at P < 0.05. 

The tropical red water fern , Azolla mycrophylla, showed very little damage on the leaves and the 

weevi l S rufinasus was found in very small numbers in these plants (Figure 4.2). Comparing the 

infestation levels of the dry and wet seasons using the non-parametric test, no significant 

difference was observed between the seasons (p> 0.05). 
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Figure 4.2 Mean number of weevils, Stenopelmus rujinasus, per 100 sampled A. microphylla 

along the southern Mozambique rivers. Each bar represents mean ± Standard Deviation of each 

sampling time. 

By the dry season of June 2009 and wet the season in November 2009, only a few Salvinia 

molesta plants (less than 2% coverage) were found in the Umbeluzi River. At that time, leaves 

were inspected and found to be unscarred. No Cyrtobagous salviniae were found. 

4.4.2 Characteristics of water hyacinth plants in the southern Mozambique rivers 

Comparing measurements of water hyacinth plants in the different study areas revealed that plant 

communities were small in the Inharrime, Govuro, Maputo and Limpopo rivers in the dry season 

(June 2009) since the mean of the longest leaf length plants was small, but increased from June 

to November (Figure 4.3). 

Water hyacinth plants found in the Incomati and Umbeluzi rivers were taller than those found in 

Govuro, Inharrime, Maputo and Inharrime rivers. The longest leaf of water hyacinth plants in 

lncomati and Umbeluzi rivers did not increase during the study period (Figure 4.3), possibly due 
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to the effect of biological control agents Neochetina spp. during the different study times, namely 

June 2009 (dry season) and November 2009 (wet season). The mean of the longest petiole length 

of water hyacinth communities measured in Incomati and Umbeluzi rivers did not increase 

during the study time (Figure 4.1) . There was no evidence of the weevils N. eichhorniae and 

N.bruchi, or scars on the leaves in water hyacinth plants in the Govuro and Inharrime rivers. 

There was substantial growth in the length of the longest leaf, root length and fresh weight in the 

water hyacinth plants found in the Govuro and Inharrime from June to November 2009, and in 

the same rivers, water hyacinth plant communities showed seasonal growth since there were 

significant differences between the growth pattern of the dry and wet seasons (Figure 4.3; Figure 

4.4; Figure 4.7). 

The water hyacinth plants in the Maputo and Limpopo rivers were slightly bigger than those 

from Govuro and Inharrime. However, there was an increase in the growth of longest leaf and 

root length, and also the fresh weight between wet and dry seasons. The water hyacinth 

population at Govuro, Inharrime, Maputo and Limpopo showed seasonal changes in measured 

parameters typical of normal growth. The seasonal pattern consisted of a change from few, small 

plants in the dry season to numerous, large plants in the wet season. Seasonal increases 111 

individual plant size included increases in both elongation of leaves, roots and weight. 

The water hyacinth population in the Umbeluzi and Incomati rivers did not show seasonal 

changes in the measured parameters such as the elongation of leaf, roots and fresh weight; in 

fact, in these rivers, there was a decrease, unlike the other rivers. There were significant 

differences in the mean of longest leaf between the different rivers during the dry season 

(F (5,54)= 153, 3; p<O.OOOOI); and the wet season (F (5. 54)=31.3, p<O.OOOOI). 
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Figure 4.3 Mean water hyacinth plant longest leaf length per plant in dry season (June) and wet 

season (November) sampling 10 plants at each of six sampling sites. There were significant 

differences in the length of longest leaf between dry and wet seasons at Govuro (F= 1.13; df= 18; 

p< 0.005); Inharrime (F= 1.29; df= I 8; p< 0.0003); Um beluzi river (F=1.52; df= 18; p< 0.0002) 

and Incomati (F=4.19; df= 18; p<0.004) sampling sites. (* denotes significant differences) 

The length of the root systems varied in size in the different rivers in the dry season (F (554)=98.1 , 

p<O.OOOI) and the wet season (F (554)=36.5, p<O.OOOI). The length of roots increased in all water 

hyacinth plant communities, except those found in the Umbeluzi River. The mean of the longest 

root system was measured on the water hyacinth plants present in the Umbeluzi river, namely, 

dry season 59.5 cm (±8.8) and wet season 52.2 cm (±6. I) (Figure 4.4). There were no significant 

differences in longest roots between dry and wet seasons in any rivers studied. Further, the root 

length of the water hyacinth population in all rivers studied showed no seasonal changes and 

there was no significant difference between the root size in dry and wet seasons (Figure 4.4). 
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Figure 4.4 Mean water hyacinth plant length of longest root per plant in dry season (June) and 

wet season (November) sampling 10 plants each at six sampling sites. There were no significant 

differences in the mean of root length on water hyacinth plant between dry and wet seasons 

(p>O.05). 

In all sampling sites, there were few ramets and flowers on the water hyacinth plants. Both 

ramets and flowers were found only in relatively high numbers in the Limpopo River. The 

highest numbers of ramets was observed in the Limpopo River in both the dry (3.30± 1.3 

rametsll 0 plants) and wet seasons (1.60± 1.2 ramatsll 0 plants), (Figure 4.5 A), and the highest 

mean number of flowers observed was also in the Limpopo River in both the dry (1.2±O.9 

flowersll 0 plants) and wet seasons (I.3± I.1 flowersll 0 plants), (Figure 4.5 B). 

No flowers were observed in the water hyacinth plant communities in Govuro and Inharrime 

rivers, but flowers were fo und in both seasons on the water hyacinth plant communities in 

Maputo, Umbeluzi , Limpopo and Incomati. The average number of inflorescences per plant for 

each site in each dry and wet season was generally low. No definite seasonal trend was observed, 

but some spatial variation was noted. 
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There were significant differences in the number of ramets in the dry season (F (554)=21.1, 

p<O.OOO I) and the wet season (F (5.54)=4.6, p<O.OO I) and also in the number of flowers: dry 

season (F (5, 54)=4.59, p<O.OOI), and wet season (F (5, 54)=6.64, P < 00007) along the different 

sampling sites. No significant differences were observed in the mean number of flowers between 

dry and wet seasons (p >0.05) in any rivers. 
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Figure 4.5 A and B Comparison of mean number of ramets (A) and number of flowers (B) on 

water hyacinth plant communities during June 2009 (dry season) and November 2009 (wet 

season) at the different sampling sites. (* denotes significant differences) 

The average number of leaves per plant for each site on each sampling date ranged from 8.8 

(±2.4) to 10.9 (± 1.6) in the dry season, to 8.4 (±1.5) to 10.3 (±2.6) in the wet season. The 

variation was not significant between the plants in the different sampling sites, namely in the dry 

season (June) F (5,54)=0,99, p > 0.432 and the wet season (November) F (5, 54)=0.79, p> 0.564. 

In this study, the number of leaves is not included as a parameter for measuring the growth of the 

plant since there was no significant variation between dry and wet seasons at each sampling site. 

There was no obvious seasonal variation in leaf number: both the high and low number of leaves 

for sampling dates averaged across rivers occurred during dry and wet seasons. 
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Figure 4.6 Mean water hyacinth leaves per plant In dry season (June) and wet season 

(November) sampling 10 plants each at six sampling sites. There were no significant differences 

in the mean of leaves on water hyacinth plant between dry and wet seasons (p>0.05). 

Similar patterns observed for longest leaf length were observed in the fresh weight. The water 

hyacinth plant communities did not have the same weight at the different sampling sites. An 

increase in the fresh weight of water hyacinth plant communities was observed in the wet season 

in Govuro, Inharrime, Maputo and Limpopo; however, the fresh weight did not increase in 

Umbeluzi and Incomati rivers (Figure 4.7). Significant differences occurred in fresh weight 

across sampling sites in the dry season (F (5 54)=20.0, P < 0.0001) and wet season fresh weight, 

(F (554)=9.06, P < 0.0001). 
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Figure 4.7 Mean water hyacinth fresh weight per plant in dry season (June) and wet season 

November) sampl ing 10 plants at each six sampling sites. There were sign ificant differences in 

fresh weight between dry and wet seasons in Govuro, Inharrime and Umbeluzi rivers (p< 0.05). 

(* denotes significant differences) 

The density of Neochetina weevils per plant varied significantly at the sampled rivers. 

Neochetina eichhorniae and N bruchi were not found on the water hyacinth plants in the 

Govuro, Inharrime, Maputo and Limpopo rivers (Table 4.3) . The fresh weight also varied in the 

different rivers across and over the time (Figure 4.7). Plants without leaf scars, or with a very 

few leaf scars tended to increase during the time period (from June 2009 to November 2009) 

(Table 4.3; Figure 4 .7). Water hyacinth plants with a higher fresh weight tended to have fewer 

Neochetina spp. feed ing scars, compared to those with less fresh weight, r=0.59; n= I 60; p<0.05 

(Figure 4.8). 
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Figure 4.8 Plots of leaf scarring by water hyacinth weevils against fresh weight based of the 

impact of weevil feedings. Each plot represents the average from 10 plants; n= 40 samples from 

two sampling times (June 2009 and November 2009). 

4.4.3 Effect of the weevil Neochetina eicchorniae, N. bruchi, mite and pathogens on the 

water hyacinth plants along the southern basin rivers 

The water hyacinth in the Maputo, Govuro, Inharrime and Limpopo rivers were healthy, since no 

weevils were found on the plants, even though there were some old scars on the leaves on plants 

in the Maputo and Limpopo rivers (Table 4.2). Water hyacinth appeared to be in poor health in 

the Umbeluzi and Incomati rivers: the plants had brownish leaves, and in some places, the water 

hyacinth mats were mixed with grasses. 

In the Limpopo River, no adult weevils were found, but there was some evidence of the presence 

of the weevil, such as scars on the most recently opened leaf in both periods (wet and dry 

seasons); very few leaves damaged by mites were recorded (Table 4.2). 
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Table 4.2 Assessment of water hyacinth condition in terms of mean number of weevils, larvae, 

pupae, mines and percentage of feeding scars and mites on the water hyacinth leaf found in 

southern Mozambique rivers. 

Mite leaf 5 
River Season N. N .bruchi Larvae Pupae Mines Scars leaf2 Damage 

eicchorniae 
Govuro dry(N 10) 0 0 0 0 0 0 0 

wet (N~ 10) 0 0 0 0 0 0 0 
Maputo dry (N- I 0) 0 0 0 0 0 1.6 (2.8) 0 

wet (N~ 10) 0 0 0 0 0 1.5 (2.7) 0 
UmbeJuzi dry (N- 1O) 0.6 (0.5) 1.4 (0.5) 0.5 (0 .5) 0.1 (0.3) 0.2 (0.4) 57.9 (12.6) 57.5 (25.9) 

wet (N~IO) 1.2 (0 .6) 2.5 (1.5) 0.8 (0.4) 0.1 (0.3) 0.2 (0.4) SI.7(13.9) 35.0 (IS.8) 
Incomati dry (N- 1O) 0.3 (0.6) 0. 1 (0.3) 0.3 (0.5) 0 0.1 (0.3) 47.2 (12.0) 34.0 (10.2) 

wet (N~ IO) 0.4 (0.5) 0.8 (0.6) 0.3_(0.4) 0 0.2 (0.4) 40.0 (13.3) 52.0 (22.1) 
Limpopo dry (N- IO) 0 0 0.1 (0.3) 0 0 7.5(8.1) 0.5 (1.5) 

wet iN~ 10) 0 0 0 0 0 8.2 (11.5) 0 
Inharrime dry (N- IO) 0 0 0 0 0 0 0 

wet (N~ IO) 0 0 0 0 0 0 0 

The evidence of damage caused by the weevil N eichhorniae on the water hyacinth leaves was 

remarkable only in the Umbeluzi and Incomati rivers, as shown by the relatively higher number 

of scars on leaf per total number of weevils found in each plant during the two sampling 

occasions (Table 4.2). The number of scars per most recently opened leaf in the Maputo and 

Limpopo rivers was very low compared to that from Umbeluzi water hyacinth communities 

(Table 4.2). No Neochetina feeding scars on the leaf most recently opened water hyacinth plants 

were found in the Govuro and Inharrime rivers (Table 4.2). Applying the formula devised by 

Wright and Center (\984), it was calculated that the mean weevil numbers per plant was higher 

in the Umbeluzi and Incomati Rivers than in the other rivers (Table 4.3). 
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Table 4.3 Mean weevil numbers per plant in different locations in southern Mozambique rivers 

during dry and wet seasons. (The formula used to calculate number of adults on water hyacinth 

plant was {0.0336 X (Average number offeeding scars) o 775}(Wright and Center, 1984)). 

Rivers 
Maputo 

Umbeluzi 

Incomati 

Limpopo 

Number of adult 
weevils/ plant 
Dry season Wet season 

0.04 0.03 

1.5 

1.2 

0.1 

2.1 

1.0 

0.2 

The number of scars per most recently opened leaf varied from 0 to 98 per plant and the 

maximum number of N. eichhorniae adults per plant was two, the maximum number of N. 

bruchi per plant was six. The number of scars was the least on the most recently opened leaf in 

the Incomati River, varying from 40.0 and 47.2 scars per leaf, in the dry and wet seasons 

respectively. The maximum number of weevils per plant was two (Table 4.2). The water hyacinth 

plants in Umbeluzi were more damaged by the weevils than those found in the Incomati River. 

About 57.9 and 81.7 feeding scars were counted during dry and wet seasons respectively, and the 

maximum number of weevils counted per plant was seven (Table 4.2). 

There was no evidence of damage caused by the moth, Niphograpta albiguttalis, on the water 

hyacinth petiole or by the mirird, Eccritotarsus catarinensis, on leaf 4 of any water hyacinth 

plants sampled during the dry and wet seasons in all sampling areas. 

The Neochetina scars in water hyacinth plants found in the Umbeluzi, Incomati and Limpopo 

were associated with different pathogens, as shown in the figures below (Figure 4.9; Figure 4.10 

and Figure 4.11). These pathogens associated with weevils could influence the decrease of the 

plant growth, decreasing the fresh weight and length of the longest leaf in the period between the 

dry and wet seasons. 
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Acremonium zonatum was found only on the Incomati water hyacinth plants, but Orthogalumna 

terebrantis and Alternaria eichhorniae were found on the leaves of water hyacinth in the 

Incomati, Umbeluzi and Limpopo rivers . 

Figure 4.9 Adult feeding damage by Neochetina spp. and mite, Orthogalumna terebrantis on the 

leaves of Eichhornia crassipes in Umbeluzi River (Mozambique). 

Figure 4.10 Scars of Acremonium zonatum on water hyacinth plants in lncomati River 

(Mozambique), (photographed by Julie Coetzee). 
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Figure 4.11 Scars of Alternaria eichhorniae on water hyacinth leaves in lncomati River 

(Mozambique). 

Water quality parameters presented in Table 4.4 were used to test whether any of these variables 

could explain the growth of the aquatic invasive plants and whether they could influence the 

presence of the weevils on the plants. It was apparent that only nitrate was related to the growth 

of the plant. Levels of nitrate were higher in Maputo, Limpopo, Umbeluzi and Incomati rivers 

compared to the Govuro and Inharrime rivers. The low levels of nitrates in these last two rivers 

could be explained by the fact that there is less agricultural activity along these rivers. 
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Table 4.4 Water quality parameters during the dry season (June 2009) and wet season 

(November 2009) in the southern Mozambique rivers. (n=number of sampling sites on each 

river). 

Dry Govuro Inharrime Maputo Limpopo Umbeluzi Incomati 
season (0=2) (0=2) (0=2) (0=8) (0=5) (0=7) 

Temp Min. 21.3 24.3 23.2 21 16.8 23.1 

'c Max. 28.5 26.8 24.1 24.86 26.1 30.6 

Mean±SD 24.9±5.0 25.5± 1.76 23.6±0.6 23.2± 1.28 22.6±3 .5 24.4±2.56 

pH Min. 7.39 7.47 7.9 7.06 7.65 6.97 

Max. 7.44 7.51 8.19 7.73 8.3 8.6 

Mean±SD 7.41 ±0.03 7.49±0.03 8.04±0.2 7.34±0.21 7.99±0.3 7.5±0.5 

Hard Min. 170.7 120.5 114 40 125 102 

mg/L Max. 185.3 135 119 235 623 166 

Mean±SD 177.8± 10.l 127.2± 10.2 116.5±5.3 94.1 ±5.95 229±54.2 124.3±38.6 

NO,' Min. 0.18 0.1 5.91 4.67 5.34 5.24 

Max. 2.21 0.18 6.42 11.6 9.23 11.5 

Mean±SD 1.I9± IA 0.OOI ±0.06 6.16±0.36 7.4±2.2 6.95±1.9 7.04±2.2 

Wet Govuro Inharrimc Maputo Limpopo Umbeluzi Incomati 
season (n=2) (n=2) (0=2) (0=8) (0=5) (0=7) 

Temp Min. - - 24.8 21.8 24.8 26.2 

'c Max. 36.4 30 38.7 31.3 - -
Mean±SD 27.8±4.8 25.3±3.0 28.2±5.8 28.7±1.6 - -

pH Min. - - 7.2 7.24 7.2 6.66 

Max. 8.43 8.2 9.2 7.67 - -

Mean±SD 7.97±0.46 7.7±0.38 8.14±0.7 7.35±0.3 

Hard. Min 160 99.6 78 50 - -
Max. 360 212.7 360 398 - -

Mean±SD 202.4±88.5 137.4±33.1 188± 102.7 178.6±112 - -

NO; Min. - - 1.2 32.7 - 0.5 

Max. 3.6 62.4 60 - - -

Mean±SD 2.2±0.9 31.1 ± 13.1 19.9± 18.5 - - -

(-) indicates that no temperature, pH, hardness and nitrate data were recorded in Govuro, 

Inharrime and Umbeluzi these during the wet season due to lack of trained people to collect data 

(Information obtained by ARA-SUL) 
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4.5 Discussion 

According to the Convention on Biological Diversity, African countries are also obliged, in 

tenns of Article 8(h) to "prevent the introduction of, control or eradicate those alien species 

which threaten ecosystems, habitats and species." Since invasive species are a cross-cutting 

issue, all sectors of society need to become involved in managing this serious threat. It is 

imperative that Mozambique also seek out all available technologies to manage this insidious 

threat, particularly biological control, long considered one of the most effective ways of 

managing invasive species. 

4.5.1 Biological control of Azolla microphylla 

Azolla microphy//a was found abundantly in the sampled rivers (Chapter 2) and had the greatest 

negative impact on human livelihoods (Chapter 3). It was very difficult to find Stenopelnus 

rufinasus on the plant. This study expected to find Srufinasus in a relatively high density since it 

was released in South Africa as a biological control agent of the weed, but this was not the case. 

There are two reasons for the absence or near absence of S rufinasus in the river studied: firstly, 

the manual and mechanical methods that are used in the southern Mozambique rivers tend to 

reduce the herbivores' density. Secondly, Azolla mycrophylla is not the natural host of S 

rufinasus, and it did not suit the weevil, which was never deliberately introduced into 

Mozambique. The feeding by S rufinasus on A. mycrophylla is considered to be spill-over 

feeding and it is unlikely that the weevil can maintain a popUlation on A. mycrophylla in the 

absence of its preferred host, A.filiculloides (Hill and Madeira, 20 II). 

4.5.2 Biological control of Pistia stratiotes 

Surveys in this study showed that the weevil Neohydronomus ajjinis was found in the rivers 

studied but at a very low density, too low to effectively control Pistia stratiotes. The weevil was 

not introduced in Mozambique, but it is found in many rivers that are located upstream of 

Mozambique's rivers. Successful biological control of Pislia slratiotes was recorded In 

Zimbabwe (Chikwenhere and Keswani, 1997), South Africa (Coetzee et al., 2011) and in Benin 

where the impact of N ajjinis was monitored for seven years and the total collapse of the water 
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lettuce biomass was documented (Ajuonu and Neuenschwander, 2003, De Groote et al. , 2003; 

Ajuonu et al. , 2009). Since the weevils are beginning to appear at water lettuce infestations 

where they have not been released in Mozambique, it means that they can spread without human 

intervention. Therefore, the possibility that N. ajJinis will become established throughout 

Mozambique and will prove to be invaluable in controlling the problematic P. stralioles is 

regarded with optimism. Further efforts to release N. affinis at other sites should be undertaken to 

reduce the time required to establish N. ajJinis populations throughout Mozambique. 

4.5.3 Biological control of Salvinia molesta 

Salvinia molesta was abundant in two rivers In the southern Mozambique rivers and no 

Cyrlobagous salviniae was found along the studied rivers. There are several possible reasons for 

the absence of the weevil, C. salviniae, during the study period: low density of S. molesta; 

mechanical and manual control of S. molesta, because this removes the weevils; and the effective 

control of the weed in neighbouring countries. Cyrtobagous salvinae is a poor disperser and 

needs to be introduced in Mozambique. 

4.5.4 Water hyacinth growth in the southern Mozam bique rivers 

4.5.4.1 Growth variation of water hyacinth between the studied rivers 

Water hyacinth population varied between the wet and dry season and the sizes of the plants 

varied between rivers. The growth of water hyacinth correlated with the availability of nutrients 

in the rivers. Low levels of nutrients (nitrate) were found in the Govuro, Inharrime and Maputo 

rivers, not reaching a maximum level of 10 milL at any time of the year, unlike the remaining 

rivers that had more than 10mll L during the wet season. Higher levels of nitrate were found in 

the Limpopo and Incomati rivers, with maximum ranges of 62.4 mg/L and 19.1 mg/L 

respectively, during the wet seasons. These could explain why the water hyacinth plants showed 

longest leaf and highest fresh weight in these rivers. Results reported in studies by Coetzee et al. 

(2007); Ripley el al. (2006); Xie el al. (2004); Heard and Winterton (2000) Reddy el al. (1999) 

showed that manipulating water nitrate and/or phosphate levels had significant effects on water 

125 



hyacinth, namely attaining higher biomass, longer petioles, and higher numbers of daughter 

plants and leaves. 

This study anticipated a change in root length and the length of longest leaf in the Umbeluzi and 

Incomati rivers during the study period (from dry to wet season), since the growth responds to an 

increase of nutrients in water. However, it was noted that the root growth and length of the 

longest leaf did not increase between the dry and wet seasons. Neither did root length change 

significantly in any of the rivers studied. Xie et al. (2004) made a similar observation: they 

explained the fact that, in their trials, root lengths did not change over time was not unexpected, 

since water hyacinth root growth responds to water chemistry. Coetzee et al. (2007) stated that 

the large variations observed in root lengths could be due to the relatively small sample size. 

Statistical analysis showed that the length of longest leaf and fresh weight of water hyacinth in 

Govuro, Inarrime and Maputo Rivers increased significantly from dry to wet season. This could 

be explained by the absence of weevils in the water hyacinth in these rivers. 

In this study the only parameter that was not affected by the level of nutrients in the water was 

the number of daughter plants (ramets), flowers and leaves. Different levels of nutrients did not 

significantly affect the number of leaves produced by plants in either the dry or wet season. 

However, Wilson et al. (2006) noted that leaf production was affected by interaction among 

nutrients, the level of nutrients and time of exposure. They explained that plants in water 

containing higher levels of nutrients produced roughly twice the number of leaves as plants in 

water with low levels of nutrients. 

4.5.4.2 Biological control agents recorded on water hyacinth plants in Mozambique 

In Mozambique, two arthropods fed on water-hyacinth plants, namely Neochetina eichhorniae 

and N bruchi, and they varied from site to site; the number of feeding scars indicated that 

Neochetina insects and mites were feeding on the plants. Although this study was not designed to 

determine the relative efficacy of the arthropods that feed on water hyacinth, observations of the 
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amount of feeding damage and the sheer number of individuals suggest that the water hyacinth 

weevils, Neochetina eichhorniae and N.bruchi, would be damaging hyacinth. 

It is known that the weevils are more active during summer than winter. The number of weevils 

per plant showed that the number of weevils was different in different rivers (Maputo, Umbeluzi, 

Limpopo and Incomati) but those numbers did not show significant seasonal differences. The 

number of feeding scars per the most recently opened leaf in some rivers, for example in the 

Umbeluzi River, peaked in the dry season, but peaked in the wet season in the Incomati River. 

This could be explained because temperatures in Mozambique vary so little throughout the year; 

therefore temperature is not a good parameter for measuring the growth of the plants. 

The number of Neochetina eichhorniae, N. bruchi feeding scars on the most recently opened 

water hyacinth leaf was significantly higher in the Umbeluzi and Incomati rivers compared to the 

Maputo and Limpopo rivers. A higher number of feeding scars was found in the Umbeluzi and 

Incomati rivers where a higher level of nutrients (nitrate) was measured. This study confirms 

analyses by Heard and Winterton (2000) who observed the population growth rate of weevi ls is 

faster at higher nutrient concentrations. Coetzee et al. (2007) noted in their trials, that the 

temporal development of the growth parameters shows a gradual decline in growth of weeds in 

the medium and low nutrient treatments, even in the absence of herbivores. 

Orthogalumna terebrantis and Alternaria eichhorniae were found associated with the weevils in 

the Umbeluzi and Incomati rivers, but Acremonium zonaturn was found on ly in the Incomati 

River. 

The numbers of weevils in both rivers were not enough to effectively control the weeds. Aguilar 

et af. (2003) reported that the density of adult weevils required to attain control was about six 

weevils per plant, based on their observations in the field. Ogwang and Malo (2003) reported an 

effective number of weevils to control growth of water hyacinth plants was 17.4 weevils per 

plant in Lake Kyoga, and 25 weevi ls per plant at Lake Victoria. In the Umbeluzi and Incomati 

rivers, the Neochetina spp. feeding scars in the water hyacinth population varied from 0 to 98 

scars per leaf. This number is not significant compared to that found by Ajuonu et al. (2003) . 
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Based on their observations in the field two to three years after the release of Neochetina spp in 

Benin, the highest average number of feeding scars reached 250 per leaf, but most stayed 

between 25 and 150. 

In Mozambique where the weevils were combined with pathogens, the plants were more 

damaged. This study confirms observations by Martinez and Balandra (2007) who noted that the 

combined action of insects, plant pathogens, weather conditions, as well as the phenological 

stage of E.crassipes ' growth cycle, together contributed to dramatic reduction of the weed. 

However, to improve the effectiveness of biological control in Mozambique, it is necessary to 

introduce higher numbers of of Neochelina spp. and also to introduce new biological control 

species such as the mirid Eccrilotarsus calarinensis; the grasshopper, Cornops aquaticum, and 

Megamelus scutellaris. 

4.6 Conclusion 

This study will serve as a baseline of biological control of aquatic weeds in southern 

Mozambique rivers and should be added to over time. For biological control methods to be 

effective, it is recommended that the number of biological control agents in the weeds be 

increased and monitored further. 
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Chapter 5. 

Studies on biodiversity recovery following management of the invasive aquatic 

weed Pistia stratiotes L. (Araceae) in pools 

5.1 Introduction 

Invasive aquatic weeds change the composition of aquatic biodiversity assemblages (Michelan et 

al. , 20 I 0; Midgley et aI., 2006; Mack et al. , 2000). A change in invertebrate assemblages, 

including the macro-invertebrate assemblages, can directly and indirectly affect the rest of the 

food web, causing ecological and economic change. Aquatic invertebrates are primarily affected 

by the structure of the macrophyte community (Meerhoff et al. , 2006; Masifwa et al., 2001), 

turbulence, light intensity, temperature, food availability (Maceina et al., 1992; Richards et al. , 

1985), and di ssolved oxygen (Kiorboe and Saiz, 1995). 

The impact of aquatic weeds on biodiversity has seldom been quantified (Chapter 3), but the few 

studies that have been published have shown it to be significant (Midgley et aI., 2006). 

Biological control is said to offer the most sustainable control option for aquatic weeds (Cilliers 

et al., 2003) but it, too, has seldom been quantified (Chapter 4). In order to assess the 

effectiveness of biological control, standard measures such as individual plant measures (height, 

biomass, number of ramets (Chapter 4) and population (percentage cover)) are recorded, but for 

any weed control methods to be completely successful, indigenous biodiversity should recover 

post-control , and this aspect has not been studied. 

Although biological control of aquatic weeds has been successful throughout the world (Coetzee 

et al., 2009), there are some proponents of herbicide application because control is rapid (Van 

Wyk and Van Wilgen, 2002). However the benefit of an immediate control intervention might be 

offset by the negative effects of a rapidly sinking mat of biomass after control. These impacts 

have not been investigated, but are addressed here. 

Biodiversity measures have been widely used as indicators of ecosystem status, and playa 

critical role in assessing human impacts on ecological systems (Leitner and Turner, 200 I). 
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However, because the biodiversity of any ecosystem is too complex to be comprehensively 

quantified, suitable indicators of biodiversity are needed (Duelli and Obrist, 2003). Practically, 

species richness, such as the number of species present in a spatially and temporally 

homogeneous community, seems the most intuitive and direct parameter to measure biodiversity 

(Gotelli and Colwell, 200 I) . However, determining the true richness of a community is not a 

simple task (Magurran, 2004). For example, it is known that the number of observed species 

increases with sampling effort. As a result, to obtain an accurate measurement of the true 

richness in a biological community, sampling should provide an exhaustive and complete 

inventory. 

Estimators of species richness attempt to determine the number of species of a certain biological 

community from an incomplete survey (O'Hara, 2005; Leitner and Turner, 200 I). Of the large 

number of methods proposed for estimating richness in a local community, one of the most 

important is the extrapolation of species accumulation curves as a function of sampling effort, 

where total richness is considered as the number of species that would be found with a 

hypothetical infinite sampling effort. Estimating the number of still unreported species after 

computing species-abundance distributions, and using non-parametric estimators based on the 

prevalence of rare species allows the estimation of the number of unreported species that could 

be added to the list of those already discovered (Chao, 2005; Leitner and Turner, 2001). Non­

parametric estimators have been considered the most significant advance in biodiversity 

measurement in more than a decade (Magurran, 2004). 

In aquatic ecosystems, biodiversity can be reduced and conservation value affected when they 

are colonized by weeds such as E. crassipes, S. molesta and P. stratiotes. A dense cover of 

aquatic weeds drastically reduces and may prevent light penetrating of the water. Without light, 

phytoplankton and submerged plants cannot photosynthesize (Mironga et ai., 2011); oxygen 

levels decrease and carbon dioxide increases, with catastrophic effects on the aquatic fauna 

(Howard and Harley, 1998). The uptake of nitrogen and other nutrients by aquatic weeds may 

affect normal nutrient cycling by native plants, for example papyrus, and mineral elements will 

probably be immobilized (Howard and Harley, 1998). 
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Mats of the aquatic weeds can be controlled using manual removal when the infested area is 

small but herbicide application is a quicker solution although it raises concerns about changes in 

water quality. Although biological control takes longer, it is a safe method and is a " long-term 

solution". 

Herbicides sprayed onto surface waters (from spray-drift or run-off) can alter the species 

composition of aquatic communities and affect fish and invertebrates. Public opinion all over the 

world is against the use of herbicides in water bodies, but the use of herbicides seems to be 

unavoidable in certain circumstances and, if they are used properly and with caution, 

environmental problems can be avoided. Among the herbicides, glyphosate is one of the safest 

for use in water, but the cost of application is prohibitive in some countries. In order to avoid 

eutrophication caused by decaying plant mass, any herbicides should be applied in specific 

infested sites but never over the whole infested area (Hill el ai. , 2012). Herbicidal control usually 

conflicts with biological control by killing the weed, which results in extermination of the 

biocontrol agent (Cilliers, 1991) with subsequent resurgence of the weed from seeds or untreated 

plants. In contrast, as biological control acts slowly (two to five years), the gradual reduction in 

weeds results in far less rapid decay and less impact on the water quality. In many situations, 

management of the weed requires an integrated approach that can include careful herbicide 

application, with a minimal impact on the biocontrol agents and the environment (Center el ai. , 

1999). 

In the past, several researchers have shown that aquatic weeds negatively impact benthic 

biodiversity (e.g. Mironga et aI., 201 I; Perna and Burrows, 2005; Mangas-Ramirez and Elias­

Gutierrez, 2004; Rommens el aI. , 2003; Masifwa et ai. , 2001), but no studies have measured 

biodiversity recovery after control, so, the main aim of this experiment was to evaluate the 

impact of Pistia stratiotes on macro-invertebrate biodiversity and to quantify macro-invertebrate 

recovery once P. slralioles had been controlled with a herbicide or biological control. 

5.2 Materials and Methods 

The experimental set-up for the study included four treatments: a pool with no Pistia stratioles, a 

P. stratiotes pool, P. stratiotes treated with the biological control agent Neohydronomus ajfinis, 
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and P. stratiotes treated with herbicide. The effect of these treatments on biodiversity was 

measured over a period of 12 months. Each treatment was replicated three times. 

The study was conducted outside the greenhollse at Rhodes University (Grahamstown). The 

experimental design comprised 12 pools of265 cm x 67.5 cm. One bag of artificial substrate was 

placed in each pool. The sample bags, each containing around 90 pebbles (artificial substrate), 

were left for six weeks in each experimental situation, the time required for complete 

colonisation by invertebrates (Thirion, 2000). This was repeated between December 2010 and 

December 20 II. The bags were collected every six weeks and separated according to the pool 

and treatment. To prevent loss of organisms, the macro-invertebrates attached to the pebbles 

were put in a sieve, washed in water and preserved in plastic flasks in 70% ethanol. The 

organisms from each plastic flask were sorted in the laboratory and identified to family level. 

The biodiversity of each pool was analysed using a Shannon-Winner Diversity Index, Richness 

(d) and Abundance eveness (J'). 

5.2.1 Weed control treatments 

Approximately I 500 water lettuce plants were put in each pool and later, a total of 750 

Neohydronomus affinis weevils were collected on water lettuce plants in the tunnel at Rhodes 

University, Grahamstown, and distributed in three pools (250 weevils per pool). The stocking 

density was one weevil for every six water lettuce plants. 

5.2.2 Herbicide treatments and water chemistry 

The herbicide used was Roundup® (glyphosate 3%, as recommended) and was sprayed using a 

standard knapsack sprayer on three occasions. Three pools (controlled by herbicide) were 

sprayed twice in March and once in April at weekly intervals to guarantee killing all water 

lettuce plants in the pools controlled by herbicide. 

Water chemistry data were collected from all the pools three times, in April, July and October 

2011. Water temperature and dissolved oxygen were measured using a portable YSI 550A Multi-
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parameter probe directly in the pools. This study sought to examine how the presence of water 

lettuce and herbicide influence the physical and chemical proprieties of water of each pool. From 

each of the four treatments, namely under cover of water lettuce, water lettuce controlled by 

weevils, water lettuce controlled by herbicide, and open water (without water lettuce (see 

below)), separate water samples were collected in a 250 ml water bottle (one bottle per pool) on 

three sampling occasions (April, July and October) and were analysed in the laboratory. Nitrate 

and phosphate were analysed as parameters of water quality, using a Filterphotometer. 

5.2.3 Experimental design 

The experimental design consisted of 12 large plastic pools, each one stocked with artificial 

substrates (25 cm x 50 cm bag of about 90 pebbles), similar to those used by Thirion (2000). 

Three Steps were undertaken in this experiment (Figure 5.1). 

Step 1. The substrates placed in all twelve pools (0) were evaluated after six weeks for macro­

invertebrate colonization on only one occasion (Figure 5.1, Step I). The purpose of this stage 

was to test how quickly the micro-invertebrates colonize substrates. 

Step 2. In this step, nine pools were each 100% covered with P. stratioles (about I 500 

P.slratioles plants per pool) and three remained as uncovered controls (Figure 5.1, Step 2). This 

stage was used to test the impact of the weeds (water lettuce) on the colonization of macro­

invertebrates. After six weeks, and on only one occasion, the artificial substrates were removed 

and evaluated for macro-invertebrates colonization. 

Step 3. In this step, the pools were randomly selected and the experiment was replicated by 

replacing the artificial substrates in the original pools as follows: three pools colonized by water 

lettuce (W); three other pools were then each treated with about 250 adu lt weevil 

Neohydronomus affinis (N); three other pools were treated with herbicide, a glyphosate 

formulation at the recommended concentration of 3% (H); and finally , three more pools 

remained open or uncovered as a control (without P. stratioles) (0). The artificial substrates 
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were removed and evaluated every six weeks during six sampling events over 36 weeks (Figure 

5.1, Step 3). 

STEPl 

6 WE ~KS 

STEP 2 

TREATMENTS 

12 Pools 0 

3 Pools 0 + 9 Pools W 

all poolsstocked 
wltnar1 II1{lal 

~ub stfales 

6 WEE kS 0)300 
GGGGGGGG 

STEP 3 3 Pools 0 + 3 Pools 'V + 3 Pools 1'\ + 3 Pools H 

QQQQ 
3I wm , UUUU 

GGGGGOGG 
Figure 5.1 Flow chart of the experimental design for the experiment. Stepl. 2. and 3. The 0 , W, 

Nand H refers to: open water pools (0), water lettuce pools without control (W), water lettuce 

pools controlled by weevils (Neohydronomus affinis) (N), water lettuce pools controlled by the 

herbicide glyphosate (H). 
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5.3 Statistical analyses 

Specimens were identified to family as good keys to this level are available for aquatic 

invertebrates in South Africa. The recorded data were analyzed statistically using the Non­

Parametric Test (Kruskal-Wallis test) to see if there were any significant differences in the mean 

of % cover, dissolved oxygen, temperature, nitrate, phosphate, mean number of individuals and 

mean number of families. 

5.3.1 Biodiversity indices 

In this study, five measures of diversity were used: total number of individuals (N); total number 

of taxa; richness (d); abundance evenness (1') and Shannon-Wiener diversity index (H). The 

following practice was taken into account to calculate richness, abundance and Shannon-Wiener 

index. 

Richness (d) 

Magurran (2004) suggests that there are two main methods of expressing estimates for species 

richness: numerical richness and diversity. However, the real challenges in biodiversity 

assessment concern poorly documented (usually invertebrate) taxa. 

Abundance evenness (1') 

As a heterogeneity measure, the Shannon-Wiener index takes into account the degree of 

evenness in abundance of the taxa. The ratio of observed diversity to maximum diversity can be 

used to measure evenness, where (J')=H' max=H' 11 nS. 

The Shannon-Wiener index (H ' ) 

Shannon-Wiener assumes that individuals are randomly sampled from an infinitely large 

community and that all taxa are represented In the sample (Magurran, 2004). The Shannon­

Wiener index is calculated by - LPiln(p,). 
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5.3.2 South African Scoring System version 5 (SASS5) 

The SASS version 5 is a rapid bio-assessment method used to determine the condition of an 

aquatic system. Aquatic macro-invertebrates are recognized as valuable organisms for 

bioassessments, because of their visibility, ease of identification, rapid life cycle and sedentary 

habits (Dickens and Graham, 2002). In this study, scores of the SASS5 were compared to the 

macro-invertebrates scores obtained in open water pools, water lettuce pools without control, 

three water lettuce pools controlled by weevils, and three water lettuce pools controlled by the 

herbicide. Indirectly, this provided another measure of water quality. 

5.3.3 Determination of accumulation curve 

In order to determine if sufficient sampling was undertaken, three based accumulation curves 

were compiled using the analytically calculated Sobs (Mao Tao) (number of taxa expected) for 

each collecting method to establish the sampling representivity Estimate S V 8.2.0 (Colwell, 

2005). Both the Michaelis-Menten Mean (MMMean) estimator (Toti et ai. , 2000) and the 

incidence-based coverage estimator (ICE) were used to evaluate sample size adequacy (Chazdon 

et ai., 1998). 

5.3.4 Community analyses 

Multivariate data analyses were employed to examine the taxon abundance and sampling period 

data using the PRIMER 6.1 software package (Clarke and Gorley, 2006; Clark and Warwick, 

1994). 

A cluster analysis plot and non-metric multi-dimensional scaling (MDS) ordination plot were 

constructed from a simi larity matrix to examine the relationship between communities beneath 

water lettuce mats (W), those in water lettuce mats controlled by weevi l (N), those in water 

lettuce mats controlled by herbicide (H), and those in open water (0). The process involved the 

production of a similarity matrix (Bray-Curtis coefficient and a double fourth root abundance 

data transformation). Differences in the community structure among treatment levels were 

illustrated with non-metric multi-dimensional scaling (MDS) on the basis of Bray-Curtis 
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dissimilarities of transformed data. Similarity Percentage Analysis (SIMPER) (Clarke, 1993) was 

used to identify the percentage contribution of each taxon to any observed differences between 

communities. The technique uses a Bray Curtis similarity algorithm (Clarke and Warwick, 

2001). The resulting plot, known as an ordination, shows the distribution of sites and samples to 

each other. Sites with similar assemblages are located close together in the ordination plot. Data 

from all samples were subject to a Bray-Curtis dissimilarity to obtain a matrix used in the MDS. 

When a group of sites was clearly evident in the ordinations, it was tested using a one-way 

Analysis of Similarity (ANOSIM) to determine the significance of the similarity/dissimilarity 

within and across the groups. Similarity percentages (SIMPER) from Bray-Curtis measures were 

used to determine the contribution of macro-invertebrates accounting for the similarity within or 

the dissimilarity between the groups observed in the ordination. Then, on the groups identified 

by the MDS, the SIMPER programme of PRIMER was run to calculate the Bray-Curtis 

similarity of each group and the dissimilarity between groups. This analysis identified those 

species contributing the most to the simi larity or dissimilarity. The number of taxa shared by 

each group with each of the other groups was calculated. 

5.3.5 Canonical correspondence analysis (CCA) 

CCA is a multivariate statistical analysis used to elucidate the relationships between biological 

communities and their environment (Ter Braak and Verdonschot, 1995). CCA is frequently used 

to determine which environmental variable(s) is/are important in structuring the biological 

community. In this study, CCA was applied to elucidate the relationship between macro­

invertebrate community assemblage, the measured chemical water quality variables, and water 

lettuce % cover, with a view to determining the important variables responsible for the observed 

spatial and temporal distribution of the macro-invertebrate community. CCA and cluster analysis 

were performed using the computer programme Environment Community Analysis 1.33 package 

(ECOM) (Pisces Conservation Ltd, 2000). 
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5.4 Results 

5.4.1 Macro-invertebrates recruitment in 12 open water pools (0) in the l"sampling 

occasion (Step 1) 

When macro-invertebrates were recorded after six weeks in the artificial substrates stocked in the 

12 open-water pools (0), a high diversity and abundance of aquatic invertebrates had colonised 

the substrate. A total of I 149 individuals in II taxa were identified to family level (Figure 5.2) 

with the dominant taxon being the Chironomidae (86%), followed by Baetidae (6%) and 

Lubellulidae (3%). The remaining 5% consisted of Ceratopogonidae, Baetidae, Pleidae, 

Caenidae, Dryophidae, Dytiscidae, Gomphidae, Corixidae and Coenagrionidae. 

Figure 5.2 Percentage of the macro-invertebrates sampled in 12 open pools (0) after six weeks in 

the first step of the experiment. 
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5.4.2 Macro-invertebrate recruitment in three open water pools (0) and nine pools with 

Pislia stratiotes (W) in the 2nd sampling occasion (Step 2) 

In the second step, macro-invertebrates were recruited in the three pools with open water (0), 

(no infestation by Pistia stratiotes). An increase in number of macro-invertebrates occurred 

between the first sampling occasion and the second sampling occasion, but on both occasions the 

numbers of taxa remained the same. A total of 7810 individuals in nine taxa were identified to 

family level. The dominant taxa were Chironomidae (89%) followed by Cerotopogonidae (6.9%) 

and Batidae (2%), (Figure 5.3). Unexpected in this study was the absence of macro-invertebrates 

in the nine pools covered by Pistia stratioles; it is possible that the once-off insecticide 

application to the surface of water lettuce plants might have deterred adult insects from laying 

eggs. This effect had disappeared by the third sampling event. 

libellu lidaeO.,,[,),vh<eiri_p l'~ryopidae 0.2~omphidae 0.1 % 

Caenidae eidae 0.1 % 

Coenagrioni CorixidaeO.l % 

O.l'/1laet idae Ceratopogonidae 
6.9% 

Figure 5.3 Percentage of the macro-invertebrates sampled In three open pools (0) after six 

weeks in the second step of the experiment. 

139 



5.4.3 Effect of biological control and herbicide application on percentage cover (% cover) 

of water lettuce mats during the study period (Step 3) 

Using weevils and herbicide as controls reduced the percentage cover (% cover) of water lettuce 

in the pools. In the pools with water lettuce (W) and with no control , only a slight reduction of 

water lettuce was observed during the study period, probably due to seasonality (Figure 5.4 A). 

No significant difference in the mean of percentage cover of water lettuce treatment (W) was 

observed during the study period (KW-H(5 , 18)=6.375, p>0.271 ).The weevils reduced the water 

lettuce mats by an average of30% (Figure 5.4 B) and this was significant (KW-H(5,18)=14.709, 

p<O.OI). 

The herbicide treatment had a significant impact on the percentage cover of water lettuce. Cover 

was reduced by 55% by the first sampling event (six weeks after herbicide application) and by 

100% by the fourth sampling event (Figure 5.4 C). This difference was significant (KW-H 

(5,18)=16.284, p<0.006). 
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Figure S.4 A. Band C Mean percentage cover of water lettuce mats in water lettuce pools (W); 

water lettuce controlled by Neohydronomus affins (N) and water lettuce mats controlled by 

herbicide (H) during the six sampling occasions. 
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5.4.4 Effect of water lettuce mats in dissolved oxygen (DO) level in different treatments 

during the study period (Step 3) 

A slight decrease in the percentage cover of water lettuce mats (W) without control did not 

decrease the dissolved oxygen amount measured In thi s treatment (W (KW­

H(2,9)=4.502,p>0.105) (Figure 5.5). In the open water pools, a slight variation in dissolved 

oxygen concentration was observed but no significant differences were observed during the 

study period (KW-H(2,9) = 0.371,p>0.8307) (Figure 5.5). 

During the study period, a significant decrease in the amount of dissolved oxygen in the water 

lettuce mats controlled by Neohydronomus aifinis was observed, (KW-H(2,9)=7.2, p<0.0273). 

The water lettuce mats controlled by herbicide showed an increase in dissolved oxygen over time 

(KW-H(2,9)=7.2, p=0.0273) as the mat initially decayed and was then replaced with open water 

(Figure 5.5). 
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Figure 5.5 Measurement of the dissolved oxygen in the water lettuce mats in water lettuce pools 

(W), water lettuce controlled by Neohydronommus aifins (N), water lettuce mats controlled by 

herbicide (H) and in open pools (0) on the three sampling occasions. 
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5.4.5 Nitrate, phosphate, and temperature measurement during the study period in the 

water lettuce mats in water lettuce pools (W), water lettuce controlled by 

Neohydronommus ajjins (N), water lettuce mats controlled by herbicide (H) and in 

open pools (0) on three sampling occasions (Step 3) 

There were no significant differences in nitrate and phosphate during the study period in the 

different treatments . Water temperature followed a similar pattern in all treatments (Figure 5.6): 

the temperature was higher on the first sampling occasion (between 18°C and 20 °c in 

February), decreasing in temperature to the third sampling occasion in July (winter) 8 °c to 9 °c 

and increasing by September, (spring) 14°C to 16°C. 
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Figure 5.6 Measurement of water temperature in the water lettuce mats in water lettuce pools 

(W), water lettuce controlled by Neohydronommus afjins (N), water lettuce controlled by 

herbicide (H) and in open pools (0) in three sampling occasions. 
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5.4.6 Comparison of number of taxon between water lettuce mats (W), water lettuce mats 

controlled by biological control weevils Neohydronumus a/finis (N), water lettuce 

mats controlled by herbicide (H) and open water (0) sites during six sampling 

occasions (Step 3) 

A total of 16 taxa comprising 14 415 individuals were recorded during a period of 36 weeks 

from April 20 II to December 20 II. Of the individuals collected, 245 were collected from water 

lettuce mat pools (W), I 005 collected from water lettuce mats controlled by the biological 

control agent Neohydronomus ajJinis (N), 4 145 collected from water lettuce mats sprayed with 

herbicide (H), and 9 020 collected from the open water (0). More taxa were collected from open 

water (16) and fewer taxa were collected in the water lettuce mats (6). In water lettuce within N. 

ajJinis and water lettuce with herbicide, 15 taxa were collected in each treatment. 

During the study period, the mean number of individuals (Figure 5.7 A) and mean number of 

taxon (Figure 5.7 B) per pool were not distributed uniformly. There was no significant difference 

in the mean number of individual macro-invertebrates in the in open water pools (0): (K W­

H(5, 18) = 6.6435, p >0.248) and water lettuce pools controlled by herbicide (H): (K W-H(5, 18) = 

9.2339, p > O. I 00) were observed. Significant differences were observed only in the mean 

number of water lettuce pools, without control (W): (K W-H(5, 18) = 12.428, P <0.02) and water 

lettuce pools controlled by weevils (N): KW-H(5, 18) = 14.029, p<O.O I). 

The mean number of individuals was higher in the water lettuce controlled by weevils (N) and 

open water pools (0) during the three first sampl ing periods, when compared to water lettuce 

without control (W) and water lettuce controlled by herbicide (H). A possible explanation is that, 

at that time, the dissolved oxygen was higher in these pools (N and 0) when compared to the 

other treatments (Wand H) (Figure 5.5). 

In the water lettuce mats controlled by weevils (N), the mean number of individuals decreased 

after the third sampling occasion (Figure 5.7 A). This could be explained by a decrease in 

dissolved oxygen. The water lettuce mats controlled by herbicide showed an increase in the mean 

of macro-invertebrate individuals and family after the third sampling event (Figure 5.7 A and B) 

coupled to an increase in dissolved oxygen (Figure 5.5) as the pools were free from water lettuce 
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mats because of the herbicide treatment (Figure 5.8 C). One danger with herbicide is oxygen 

depletion after the treatment (herbicide application) caused by the decomposition of the dead 

plant material. Oxygen depletions probably killed the macro-invertebrates in the pools. In the 

water lettuce pools without control (W), the dissolved oxygen levels remained low and as a result 

these pools showed low macro-invertebrate recruitment (Figure 5.5). In the open water, the mean 

number of macro-invertebrate individuals and mean number of families was much higher when 

compared to the other treatments, namely water lettuce with no control (W), water lettuce 

controlled by weevils (N) and water lettuce controlled by herbicide (H). The mean number of 

macro-invertebrate taxon was lower in the water lettuce mats without control (W) compared to 

the other treatments (0, N and H) (Figure 5.4 A. B). This means that the recruitment of 

individuals and macro-invertebrate taxon was influenced by the area covered by water lettuce (% 

cover) (Figure 5.8 A.B and C). 

Figure 5.7 B shows that during the study period, there was some variation in the mean number 

of families in the different treatments (W, N, Hand 0) but this was not signi ficant (0) : (KW­

H(5,18) = 4.845, P >0.4350); (H): (KW-H(5,18) = 10.6859, P > 0.491; (W): (KW-H(5,18) 

=8.7723, p >0.1185) and (N): KW-H(5, 18) = 4.6131 , p>0.449) most probably due to the high 

variability within samples. 
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Figure 5.7 A and B Distribution of mean number of individuals (A) and mean number of taxa 

(B) during study period in the artificial substrates under water lettuce mats (W), in water lettuce 

mats controlled by Neohydronomus affinis (N), in water lettuce mats controlled by herbicide (H) 

and open water (0). 
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The removal of the water lettuce mats by weevils and by herbicide resulted in differing 

recruitment of the number of individuals (macro- invertebrates) in the treatments (Figure 5.8 B 

and C). The number of macro-invertebrates was lower under water lettuce mats (W), followed by 

sites where water lettuce was controlled by Neohydronomus affinis (N) (Figure 5.8 A and B). 

During the study period, the total numbers of macro-invertebrate individuals under water lettuce 

mats (W) was less than 72 individuals per sampled occasion during the study period (Figure 5.8 

A), while the number of individuals underneath water lettuce mats controlled by weevi ls 

Neohydronomus affinis was around 280 (Figure 5.8 B), 1476 for the herbicide treatment and 

2427 for open (Figure 5.8 C and D). 
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Figure 5.8 A. B. C and D Comparison in number of individuals collected in water lettuce mats 

in water lettuce pools (A), water lettuce controlled by Neohydronommus affins (B), water lettuce 

mats controlled by herbicide (C) and in open pools (D) during six sampling occasions. 

The low colonization of artificial substrate by the macro-invertebrates in the sampling sites, 

namely those covered by water lettuce mats, could be explained by low levels of dissolved 

oxygen in the pools containing water lettuce mats (Figure 5.9), because the taxa represented 

those tolerant of polluted waters namely, Physidae, Chironomidae, Class Annelida represented 

by Oligochaeta, Hirudinae, and class Crustacea represented by Ostracoda. Because the highest 

numbers of total taxa were recorded in the open water (0) on all sampling occasions, it is clear 

that the open-water sites (0) were more productive than the remaining sites, namely water 

lettuce mats without control (W), water lettuce mats treated with weevils, Neohydronomus affins 

(N), and water lettuce mats treated with herbicide (H) (Figure 5.9). During the study period, 16 

taxa were recorded, namely, Chironomidae, Ceratopogonidae, Baetidae, Caenidae, 

Coenagrionidae, Dytiscidae, Dryopidae, Corixidae, Pleidae, Libellulidae, Hydracarinidae, 

Physidae, Ostracoda, Hirudinea and Oligochaeta and Hydracarinidae. It was observed that the 

Oligochaeta, Hirudinae, Ostracoda and Physidae taxa were the last to recover in sampling sites 

(40,50, 60). 
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Under the water lettuce mats controlled by Neohydronomus ajjinis (N) and water lettuce mats 

controlled by herbicide (H), the number of taxa (S) was higher only when compared to those 

under the water lettuce mats (W). Under the water lettuce mats controlled by weevils (N), a 

higher number of taxa was recorded during the first and second sampling occasions (IN 2N) 

(Figure 5.9). This could be explained by higher levels of dissolved oxygen which were measured 

during this period and also because the Neohydronomus affinis weevils had reduced the water 

lettuce mats. By contrast, the majority of taxa (S) under the water lettuce mats controlled by 

herbicide (H) were recorded after the third sampling occasion (only since 3H) (Figure 5.9), 

which could be explained by the effect of herbicide applied on the water lettuce mats at the 

beginning of the trials and also the low levels of dissolved oxygen measured. In both sites Nand 

H (water lettuce mats controlled by Neohydronomus affinis and water lettuce mats controlled by 

herbicide), 15 taxa were recorded. These were the same macro-invertebrates recorded in open 

water, with the exception of the Hydracarinidae family. 
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Figure 5.9 Comparison of total number of taxa collected from water lettuce mats (W), water 

lettuce mats controlled by biological control weevils Neohydronumus affinis (N), water lettuce 

mats controlled by herbicide (H) and open water (0) sites during six sampling occasions. 
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Analysis of the richness (d) during the study period showed that the highest richness offamilies 

was observed underneath water lettuce mats controlled by Neohydronomus affinis. On the first 

and second sampling occasions (IN 2N), richness values were 2.149 and 2.348 respectively 

(Figure 5.10). In the Neohydronomus affinis pools, the water lettuce plants sank slowly, so it was 

only after the third sampling event that there was a decrease in dissolved oxygen and a decrease 

in richness (Figure 5.10), while the pools treated with herbicide only recorded a compensable 

richness value (2.080) by the fifth sampling occasion (Figure 5.10). These results demonstrate 

that the total recovery of biodiversity in water lettuce mats controlled by herbicide (H) happened 

later in comparison to the water lettuce controlled by weevils (N) . In the herbicide pools, the 

water lettuce crashed quickly, so it was only after the third sampling event that there was an 

increase in dissolved oxygen and an increase in richness (Figure 5.10). In the (0) open water, the 

richness (d) was more constant, varying between 1.398 and 1.945. The highest rate of richness 

(d) was expected to be recorded in the open water (0), but this was not seen in this study. The 

lowest (d) richness was found in the water lettuce mats (W), varying from 0.6603 to 1.303 

(Figure 5.10). Water lettuce provided some substrate for macro-invertebrates because richness 

was higher than open water. 
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Figure 5.10 Comparison richness (d) of samples from water lettuce mats (W), water lettuce mats 

controlled by biological control weevils, Neohydronumus affinis (N), water lettuce mats 

controlled by herbicide (H), and open water (0) sites during six sampling occasions. 

The Shannon-Wiener (H) index takes into account the number of taxa and the evenness of the 

taxa. It was expected that in the open-water sites, the Shannon-Wiener index would be higher 

compared to the other sites, but this was not the case, possibly because the dissolved oxygen 

levels were higher in the first and second sampling occasions in the pools where water lettuce 

mats were controlled by Neohydronomus affinis (I N 2N) due the effect of the weevils on the % 

cover of the water lettuce mats. In the pools where the water lettuce mat was controlled by 

herbicide, an increase in the dissolved oxygen (DO) was recorded on the fifth sampling occasion 

(5H). 
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Figure 5.11 Comparison of degree of evenness and abundance, using Shannon-Weiner (H) 

index, of samples from water lettuce mats (W), water lettuce mats controlled by biological 

control weevils Neohydronumus afjinis (N), water lettuce mats controlled by herbicide (H), and 

open water (0) sites during six sampling occasions 

The Shannon evenness index takes into account the degree of evenness in taxa, but also, in this 

case, family abundance. Maximum diversity could be expected in a situation where all taxa had 

equal abundances. The number of observed diversity to maximum diversity can be used to 

measure evenness (1') (Figure 5.12). Unlike the previous observation related to S (number of 

taxa), N (number of individuals), d (richness), it seems that there is more evenness (1') 

underneath water lettuce mats (W). This is due to fewer families found underneath water lettuce 

mats (W) compared to the other sampling sites (0, N, H), and more individuals occurring in the 

open (0), (N) and (H). 
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Figure 5.12 Comparison of evenness of samples from water lettuce mats (W), water lettuce mats 

controlled by biological control weevils Neohydronumus affinis (N), water lettuce mats 

controlled by herbicide (H) and open water (0) sites during six sampling occasions. 

At the four sampling sites, seasonal differences in macro-invertebrate composition and 

abundance were shown. Observed seasonal differences could be attributed to changes in abiotic 

factors, such as temperature decrease during winter, when the number of individuals decreased 

(at sampling site 3 (S3), for example), fewer taxa of macro-invertebrates were recorded and 

richness declined in all four treatments. 

5.4.7 Duration of study and accumulation curves 

Accumulation curves are used to illustrate the rate at which new taxa are found (richness), but 

unless sampling has been exhaustive these curves do not indicate total richness (Magurran, 

2004). Figure 5.13 A and 0 show the accumulation curve levels for water lettuce (W) and open 

water (0). Because all representative macro-invertebrates were collected at maximum effort, the 

family accumulation curve levels plateau. Figure 5.13 B shows that in the water lettuce mats 

controlled by Neohydronomus affinis (N) sites, all representative taxa were collected at 
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maximum effort. However, Figure 5.13 C shows that the accumulation curve for water lettuce 

controlled by herbicide (H) sites did not level off, indicating that all representative taxa were 

probably not collected at maximum effort. 
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Figure 5.13 A. B. C and D Accumulation curves of taxa sampled in water lettuce mats (W), 

water lettuce controlled by Neohydronomus afjinis (N), water lettuce controlled by herbicide (H) 

and open water (0). 

Observed taxon richness (Sobs) converged closely with the two richness estimators (Figure 5.14), 

MMMean and ICE, for open water samples, indicati ng that thi s community was sampled 

completely (Figure 5.14 D). However results for W (water lettuce mats), N (water lettuce 
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controlled by Neohydronomus affinis) and H (water lettuce controlled by herbicide) did not 

converge closely with MMMean and with ICE, and this means that these communities were 

probably not completely sampled. 

A 

12 l 
10 i 

I 
I 

C 8j 
0 
)( .. 6 

, 
~ '1 -

~ 
0 
~ 4 ., 

.Q 

E 2 
~ 

0 +--. 
0 

B 

60 -I 
50 ~ 

I 

40 i c 30 0 

" 

1 
.. 
~ 

20 '0 
~ 

~ 
.c 10 e -1 ~ 
z 

0 +-
0 

---, 
100 200 300 

Number of individuals 

-:---. -
1000 2000 3000 4000 5000 

Number of individuals 

-+-Sobs (Mao Tau) 

__ MMMeans 

__ ICE Mean 

-+-Sobs (Mao Tau) 

....MMMeans 

....... ICEMean 

157 



C 

45 

~ 40 

35 

30 

~ c: 25 
0 
)( 20 !!! 

1 -0 15 

] 
~ .. 
.c 10 E 
" 5 z 

0 t--
0 

D 

90 

1 
80 

70 

60 

" I 
0 50 
)( 

'" ~ 40 -0 
~ 30 .. 
.c 

~ 
E 20 " z 

10 

0 ... _ ..... 

0 

, -'--~-----'""1"'---" 
1000 2000 3000 4000 5000 

Number of individuals 

. .... _-_ .. __ ._ . .,. ... _ .. _.- ... : ... _-_ ......... .,._._--. 

2000 4000 6000 8000 10000 

Number of individuals 

__ Sobs (Mao Tau) 

...... ICE Mean 

........ MMMeans 

__ Sobs (Mao Tau) 

...... MMMeans 

ICE Mean 

Figure 5.14 A. B. C. and D Individual-based rarefaction curves indicating observed number of 

species (Sobs Mao Tao), Michaelis-Menten Mean (MMMean) richness estimator and incidence­

based estimator coverage (lCE) of macro-invertebrates collected from water lettuce mats (A), 

water lettuce controlled by Neohydronomus afjinis (B), water lettuce controlled by herbicide (C) 

and in the open water (D). 
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5.4.8 Community analyses 

Community analysis was carried out using accumulative a data cluster plot and a multi­

dimensional scaling plot. The data tested presented very distinct similarities. The stress level 

indicated in the multi-dimensional scaling plot was similar, indicating a potentially useful two­

dimensional picture. Due to the MDS stress level, in this case being at the upper end of the 

range, a cross-check was carried out using the PRIMER MDS programme, whereby the random 

number of restarts used was 25, which is in excess of the minimum of five or six suggested by 

Clark and Warwick (2001). This was done to ensure the correct representation of data. 

Results of the Cluster Analyses and MDS indicated the presence of four distinct communities 

(Figure 5.15 and Figure 5.16). At least at levels of 55% similarities, the Cluster Analysis divided 

the communities into four groups, where the first community (1 st cluster) consisted of samples 

with 6H 4H 40 102050 2N IN 5H, comprising sampling sites with higher species richness; 

the second community (2nd cluster) consisted of samples with the following sites: 4N 3N 3H 30; 

the third community (3 rd Cluster) consisted of the following sites: 2H I W 2W 3W 6N 4W 6W. 

This cluster consisted mostly of water lettuce mats, with one site of water lettuce mat controlled 

by herbicide and one controlled by weevils. Finally, the fourth community (4th cluster) consisted 

of I H 5W 5N sites. 
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Figure 5.15 Cluster Plot indicating percentage similarity of total samples. Each branch 

represents sample event (number) and site (W=water lettuce, N=water lettuce mats controlled by 

Neohydronomus affins, H=water lettuce controlled by herbicide, O=open water). 
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Figure 5.16 Multi-dimensional scaling (MDS) ordination of macro-invertebrate community 

composition. In the analysis indicating a stress of 0.1 , with Cluster Plot overlay, showing four 

distinct communities and sample event is indicated by number followed by site (W=water 

lettuce, N=water lettuce mats controlled by Neohydronomus affinis, H=water lettuce controlled 

by herbicide, O=open water). 
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5.4.9 Analysis of similarity and dissimilarity in macro-invertebrate abundance and 

composition between sampling sites 

Samples that were shown to be similar using both cluster and MDS effortwere subjected to 

SIMPER. Similarity percentage analysis indicated taxa responsible for observed similarities. 

Four different groups were determined according to SIMPER. Group I contained twelve macro­

invertebrates; the SIMPER analysis showed that the mean community similarity within group I 

average was 63.57. The taxa that contributed most to the high similarity in group I were 

Chironomidae (18.64%), Ceratopogonidae (14.41 %), Ostracoda (13.77%), Libellulidae (7.31 %) 

and Dytiscidae (5.93%), (Table 5.1). Group 2 was represented by six macro-invertebrate taxa; 

average similarity within this group was 71.20. The taxa Physidae (24.59%), Dytiscidae 

(22.60%) and Ostracoda (17.11 %) contributed to the similarity rate among taxa in this group 

(Table 5.2). Group 3 consisted of four taxa, namely Oligochaeta, Physidae, Ostracoda and 

Chironomidae, with an average similarity of 57.75%. Only the taxon Oligochaeta contributed 

with an average similarity of 40.82% (Table 5.3). Group 4 consisted of only three macro­

invertebrate taxa: Oligochaeta, Dytiscidae and Ostracoda. The average similarity was 61.05, with 

Oligochaeta contributing a percentage similarity of 36.32%. 
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Table 5.1 Results for one-way ANOSIM comparison of macro-invertebrate species similarity of 

each group during the study period. Av. Abund. (average abundance); Av. Sim. (average 

similarity); Sim/SD (measure of variation in contribution to similarity); Contrib. % (percentage 

contributed to the overall Bray-Curtis similarity between communities at sites from four groups); 

Cum. % (cumulative percentage). 

Group 1 (Average simila rity 63.57) 

Taxon ]"v . Abund Av. Sim Sim/ SD Contrib ~ Cum . ~ 

Chironomidae 5 . 13 11. 85 3.88 18 . 64 18.64 

ceratopogonidae 4.07 9 . 16 2 . 81 14 . 41 33 . 05 

Ostracoda 4 . 49 8 . 75 1.4 13.77 46.82 

Libellulidae 2 . 69 4 . 65 1. 24 7 . 31 54 . 13 

Dytiscidae 2 .61 3 . 77 1. 03 5.93 60 . 06 

Baetidae 2.28 3 . 71 1.14 5 . 84 65 . 9 

Oliqochaeta 1. 75 3.65 1. 09 5 . 75 71. 65 

Pleidae 1. 69 3 . 2 1. 73 5.04 76 . 68 

Corixidae 1. 45 2 .68 1. 28 4.2 2 80 . 9 

Caenidae 1. 65 2 . 59 1.19 4 . 08 84 . 98 

Dryopidae 1. 66 2 . 52 1.13 3.96 88 . 94 

Gomphidae 1. 59 2.39 1.15 3 . 76 92 . 7 

Group 2 (Average similarity 71.20) 

Taxon Av.Abund Av . Sim Sim/SO Contrib ~ Cum. t 

Physidae 4 . 26 17 . 51 3 .4 7 24 . 59 24.59 

Dytiscidae 4 . 24 16 . 09 3 . 06 22 . 60 4 7 . 19 

Ostracoda 2 . 76 12 . 18 8.31 17 . 11 64 . 29 

Oliqochaeta 2 . 19 9 .4 8 8 . 45 13 . 31 77 . 6 

Chironomidae 1. 99 6 . 55 2 . 18 9 . 2 86 . 8 

Dryopidae 1. 46 4 . 93 0.89 6 . 93 93 . 73 

Group 3 (Average Simila rity 57.76) 

Species AV.Abund Av. Sim Sim/SD Contrib ~ Cum . l 

Oliqochaeta 2 . 52 23 . 58 2 . 63 40 . 82 40 . 82 

Physidae 2 . 24 17 . 31 1.22 29 . 97 70.79 

Ostracoda 1. 57 10. 52 1. 05 18 . 21 89 

Chironomidae 0 . 94 6.35 1. 32 11 100 

Group 4 (Average similarity 61.051 

Taxon Av .Abund Av . Sim Sim/SO Contrib~ Cum . t 

Oligochaeta 1.6 22 . 18 13.82 36.32 36 . 32 

Dytiscidae 1.84 20 . 7 2 .41 33 . 91 70 . 23 

Ostracoda 1. 97 18 . 17 6.8 29 . 77 100 
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Overall differences in macro-invertebrate abundance and composition between the four sampling 

sites during the study period were elucidated by analysis of similarity (ANOSIM) and similarity 

percentage (SIMPER) analysis, and are presented in Table 5.2. ANOSIM indicated significant 

difference (p<5%) between all sampling groups, except groups 3 and 4. SIMPER analysis 

revealed that significant difference between groups I and 2 cou ld be attributed to taxa such as 

Libellulidae, Caenidae, Gomphidae, Corixidae and Coenagrionidae, which were present in group 

I and absent in group 2. SIMPER analysis also indicated that differences between group I , and 

groups 3 and 4 were as a result of Ceratopogonidae, Libelulidae, Baetidae, Pleidae, Caenidae, 

Dryophidae and Gomphidae and Corixidae, which were absent in groups 3 and 4, but present in 

group l.The Corixidae taxon was also absent in group 4, but present in group 3. The absence of 

Dryophidae and Baetidae in group 3, which were present in group 2, and the abundance of 

Dytiscidae, Physidae and Oligochaeta in group 2 compared with group 3, contributed to the 

difference between the two groups. The contributions of taxa such as Physidae, Dytiscidae, 

Chironomidae, and Ostrocada, which were present in group 2 and absent in group 4, and the 

absence of Dryophidae, Baetidae and Pleidae in group 4, which were present in group 2 could be 

a reason for the dissimilarity matrix between groups 2 and 4. Relative abundances were similar 

between the taxon types found in group 4 and group 3 (Table 5.2). The average dissimilarity was 

not significant, contributing p>5% to the dissimilarity. 

Table 5.2 Results of ANOSIM and SIMPER analysis for macro-invertebrate abundance, and 

comparison between identified groups (Not significant at P>5% and Significant at P<5%). 

Groups Average dissimilarity Significantly different? Level (%) 

I and 2 53.25 Yes 0.5 

land 3 73.63 Yes 0.2 

I and 4 73.35 Yes 0.5 

2 and 3 50.63 Yes 4.8 

2 and 4 51.12 Yes 2.9 

3 and 4 49.13 No 15.5 
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5.4.10 Relationship between macro-invertebrate communities and water quality 

The Canonical Correspondence Analysis ordination plot (CCA) revealed a relationship between 

macro-invertebrate communities and measured chemical water quality variab les (Figure 5.17). 

According to the CCA plot, dissolved oxygen (~O), nitrates, temperature and water lettuce 

percentage coverage (% cover) were the variables that impacted on the community structures. 

The phosphate variable was excluded on the plot because it overlapped with the nitrate variab le. 

CCA revealed that the % cover was positively correlated to the following communities: 

Oytiscidae, Ostracoda, Physidae, Oligochaeta and Hirudinea. Furthermore, the % cover was 

associated with the following sampled sites: I W 2W 3W 4W 5W (mats of water lettuce), and IH 

3H (water lettuce mats controlled by herbicide), and 3N 4N 5N 6N (water lettuce mats controlled 

by Neohydronomus affins). Physidae, Oytiscidae, Hirudinea, Oligochaeta and Hirudinae 

communities seemed to be more pollution-tolerant and were correlated to low ~O, high nitrate 

and low temperature. 

The CCA ordination plot revealed that ~O, nitrate and temperature were positively correlated 

with the following taxa: Hydracarinidae, Libellulidae, Gomphidae, Ceratopogonidae, Caenidae, 

Corixidae, Baetidae, Dryopidae, Pleidae and Chironomidae, Ceratopogonidae at sites 10 50 

(open water) and IN 2N (water lettuce mats controlled by Neohydronomus afjinis) and 5H (water 

lettuce mats controlled by herbicide (Figure 5.17). These species, as shown on axis I of the 

ordination plot, were abundant in oxygen-rich sites, but their populations were reduced as the 

oxygen was depleted. 
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Figure 5.17 CCA ordination tri-plot for macro-invertebrate taxa and water quality variables at the four study sites. Abbreviations: 

Sample event is indicated by number followed by site (W=water lettuce, N=water lettuce mats controlled by Neohydronomus affinis, 

H=water lettuce controlled by herbicide, O=open water); DO=dissolved oxygen. 
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The relative magnitude of Eigen Values for each of the CCA axes is an indication of the relative 

importance of the axis. CCA ax is I accounted for 28 .38% of total variance of the data set, and in 

total, the first three axes of the ordination accounted for 39.15% (Table 5.3) of the variance, 

suggesting low correlation between community data and water quality variables. This could be 

explained because the water quality parameters were not recorded on all sampling occasions (not 

collected on second, fourth and sixth occasions). The water quality parameters were recorded on 

only three sampling occasions during the study period. Pearson 's correlation between species 

and water quality variables displayed positive correlation for all three axes (Table 5.3). 

Table 5.3 Properties of the Canonical Correlation Analysis ordination tri-plot. 

Axis 

Canonical Proprieties I 2 3 
Canonical Eigen value 0.23 0.05655 0.03073 
% variance explained 28.38 6.97 3.793 
Cumulative % variance 28.38 35.36 39.15 
Pearson correlation offamilies and 
environment scores 0.8385 0.6162 0.7436 

5.4.11 Sensitivity to water quality of the taxa sampled 

All organisms are sensitive to one form of pollution or another, and in this study the macro­

invertebrates are good indicators of the level of pollution in the aquatic environment (Gerber and 

Gabriel 2002). The SASS5 scoring system (Gerber and Gabriel, 2002) was used to determine the 

sensitivity of invertebrates sampled from four treatments in this experiment namely, W (water 

lettuce with no control), N (water lettuce controlled by biological control agent Neohydronomus 

affinis), H (water lettuce controlled by herbicide glyphosate 3%) and 0 (open water without 

water lettuce). No macro-invertebrates with very low tolerance to pollution were found in studied 

pools, probably because of the size of the pools and the fact that they were fertilized to promote 

water lettuce growth. 
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Sensitivity scales are recorded on levels I to 15 and derived from tolerances to pollution as used 

in the SASS5 scoring system (Dickens and Graham, 200 I), namely: 1-5 highly tolerant to 

pollution; 6-10 moderately tolerant to pollution; 11-15 very low tolerance to pollution. 

Of all taxa collected in the water lettuce mats (W), 100 % were considered highly tolerant of 

pollution (Table 5. A). In the water lettuce mats controlled by Neohydronomus affinis (N), of 15 

taxa collected during the study period, 74.5% were highly tolerant to pollution and 25.5% were 

moderately tolerant to pollution (Table 5.4 B). In the water lettuce mats controlled by herbicide 

treatment (H), of 15 taxa collected according to SASS5 scoring, 77.4% were considered highly 

tolerant and 22.6% moderately tolerant to pollution (Table 5.4 e). Finally, in open water 

treatment (0), of the 16 taxa collected according to SASS5 scoring, 7l.1 % were considered 

highly tolerant and 28. 9% were considered moderately tolerant to pollution (Table 5.4 D). Taxa 

with a very low tolerance to pollution were found in none of the treatments. In water lettuce mats 

(W) the moderately tolerant to pollution taxa were not found (Table 5.4 A, B, e and D). The 

above indices indicate that the sample area is moderately to highly polluted in one form or 

another. 

Table 5.4 A, B, C and D Sensitivity indication of invertebrates sampled using SASS5 scoring 

system on the water lettuce (A), water lettuce controlled by weevils Neohydronomus affinis (B), 

water lettuce controlled by herbicide (e) and in the open water without water lettuce (D). 

A Sensitivity level 

Taxon 
SASS5 lW 2W 3W 4W 5W 6W 

Diptera Ceratopogonidae 5 - - - - - -
Chironomidae 2 2 2 - 2 - 2 

Ephemeroptera 
Baetidae 6 -- - - - -

Caenidae 6 - - - - - -

Coenagrionidae 4 - - - - - -
Odonata 

Libellulidae 4 - - - - - -
Gomphidae 6 - - - - - -

Coleoptera 
Dytiscidae 5 5 - - - 5 -
Dryopidae 8 - - - - - -
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Hemiptera 
Corixidae 3 - - - - -
Pleidae 4 - - - - - -

Annelida 
Hirudinea 3 3 3 3 3 - 3 

Oligochaeta I I I I I - I 
Mollusca 

PhYsidae 3 - 3 3 3 3 
Arachnida 

Hvdracarinidae 8 - - - - - -

B 

Taxon 
SASS5 IN 2N 3N 4N 5N 6N 

Diptera 
Ceratooogonidae 5 5 5 - - 5 -

Chironomidae 2 2 2 2 2 2 2 
Ephemeroptera 

Baetidae 6 6 6 6 6 - -

Caenidae 6 6 6 6 - - -
Coenagrionidae 4 4 4 - 4 - -

Odonata 
Libellul idae 4 4 4 4 4 - 4 

Gomphidae 6 6 6 6 - - -
Coleoptera 

Dvtiscidae 5 5 5 5 5 - -

Dryopidae 8 8 8 - 8 - -
Hemiptera 

Corixidae 3 3 3 - - - -
Pleidae 4 4 4 4 4 - -

Annelida 
Hirudinea 3 - 3 - - 3 3 

Oligochaeta I I I - I I I 
Mollusca 

Physidae 3 3 3 3 - - -
Arachnida 

Hydracarinidae 8 - - - - - -

c 
Taxon SASS5 IH 2H 3H 4H 5H 6H 

Diptera Ceratopogonidae 5 - - - 5 5 5 

Chironomidae 2 2 2 2 2 2 2 

Ephemeroptera Baetidae 6 - - - 6 6 6 

Caenidae 6 - - - 6 6 6 

Coenagrionidae 4 - - - 4 4 4 

Odonata Libellulidae 4 - - - 4 4 4 

Gomphidae 6 - - - 6 6 6 

Coleoptera Dytiscidae 5 5 5 5 - 5 5 

Dryopidae 8 - - 8 - 8 8 

Hemiptera Corixidae 3 - - - - 3 3 

Pleidae 4 - - 4 4 4 4 
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Annelida Hirudinea 3 - 3 3 3 3 3 

Oligochaeta 1 1 1 1 1 1 1 

Mollusca Physidae 3 - 3 3 3 3 3 

Arachnida Hydracarinidae 8 - - - - - -

D 

Taxon SASS5 10 20 30 40 50 60 

Diptcra Ceratopogonidac 5 5 5 5 5 5 5 

Chironomidae 2 2 2 2 2 2 2 

Ephemcroptera Baetidae 6 6 6 6 6 6 6 

Caenidae 6 6 6 - 6 6 4 

Coenagrionidae 4 4 4 - 4 4 4 

Odonata Libellulidae 4 4 4 4 4 4 4 

Gomphidae 6 6 6 - 6 6 6 

Coleoptera Oytiscidae 5 3 5 5 5 5 5 

Dryopidae 8 8 8 8 8 8 8 

Hemiptera Corixidae 3 3 3 - 3 3 3 

Pleidae 4 4 4 4 4 4 4 

Annelida Hirudinea 3 - - 3 3 3 -

Oligochaeta 1 I I 1 - I 1 

Mollusca Physidae 3 - 3 3 3 3 3 

Arachnida Hydracarinidae 8 8 - - - - -

5.5 Discussion 

This study determined that water lettuce mats have a severe impact on aquatic biodiversity. 

Similar studies have focused on the impact of water hyacinth on invertebrate assemblage and 

these are few and contradictory in their conclusions, e.g. Toft et ai. (2003) concluded that the 

invasive species had a negative effect on macro-invertebrate assemblage, but Pillips (2008) and 

Strayer et ai. (2003) argued that weeds have a positive effect on the density of macro­

invertebrates. Cattaneo et ai. (1998) saw no clear effect of invasive plants on the invertebrate 

assemblage. Sheppard et ai. (2006), in their study, stated that the dense vegetation of weeds 

reduced aquatic biodiversity as well as degrading water quality. Masifwa et ai. (2001) concluded 

that the fringe/open water, where it is very well oxygenated, supports diverse and abundant 

invertebrate communities, but the decline of the invertebrates was verified close to the aquatic 

weed water hyacinth beds, where the concentration of oxygen was low. Midgley et ai. (2006) 
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concluded that the presence of water hyacinth had a negative effect on both abundance and 

diversity of benthic invertebrates and algal biomass. 

Applications of herbicide on the aquatic ecosystems have resulted in negative impacts on both 

aquatic plants and biodiversity. In their study, Caquet et al. (2007) showed the negative effect of 

applying chemicals on macro-invertebrates. This study showed similar results during the first 

and second sampling times (1 H 2H) in the sites where the water lettuce mats were controlled by 

herbicide: the herbicide toxicity reduced the water lettuce by 55% (after one weeks) and 75% 

(after two weeks) respectively, and reduced the dissolved oxygen (~O) in the water, negatively 

affecting the recovery of aquatic macro-invertebrates. It was also observed that once the water 

lettuce mats were reduced by 80% or more, Lemna plants replaced the water lettuce, and once 

the effect of the herbicide on the water lettuce mats wore off, namely after the third sampling 

occasion (from 3H to 6H), the number of individuals and species increased visibly, since the 

pools were no longer covered by water lettuce and the levels of dissolved oxygen in the water 

had increased. The delay in macro-invertebrate recovery may be caused by a combination of the 

long-lasting effect of the herbicide and consequent water eutrophication, which reduces 

dissolved oxygen. 

The chemical water quality variables provide a clear distinction between communities 1, 2, 3 and 

4. The main contributors to the low richness index and high organic pollution loading were 

probably the considerably lower levels of dissolved oxygen (~O) in the water as a result of the 

full percentage cover of the water lettuce surface area. The low DO was evident in the odour of 

sulphur dioxide that characterized sites I H 2H and 5N 6N throughout the sampling periods. This 

could be the result of anaerobic decomposition of organic matter, resulting in the reduction of the 

biodiversity recovery in the pools and/or also the consequent reduction of macro-invertebrates. 

The impact of herbicide on the sites I H, 2H contributed to eutrophication. This study confirms 

the results obtained in studies by Dallas and Day (2004) and Nyenje et al. (2010) who explained 

that the poor macro-invertebrate composition in their trials was the result of anaerobic 

decomposition of organic matter which produced harmful gases, such as methane and hydrogen 

sulphide. These gases could cause the death of sessile macro-invertebrates and eventually deplete 

171 



their populations. Herbicide initially had a negative impact due to the rotting water lettuce mats 

and consequent low level of dissolved oxygen, but the macro-invertebrates recovered quickly. 

Furthermore, on the first, second and third (I N 2N 3N) sampling occasions, it was observed that, 

in water lettuce pools controlled by in the weevil Neohydronomus ajfinis, the coverage of water 

lettuce mats had been reduced by 10%, 20% and 30% respectively, consequently increasing the 

sunlight and oxygen content of the water. The reduction of the mats by weevils resulted in 

recruitment of a higher number of individuals, a higher number of taxa and also higher richness. 

On later sampling occasions (fifth and sixth), water eutrophication had occurred at sites where 

water lettuce had been controlled by Neohydronomus ajfinis, and more than 30% of water lettuce 

had been eliminated (4N to 6N). On these sampling occasions, the number of individuals, of 

species, and the species richness was also reduced, possibly due to reduced oxygen in the water 

as the mat sank. On those occasions (fifth and sixth), the decomposed litter of water lettuce 

plants formed dense dark mats on the bottom of the ponds. Results of this study are similar to 

those found by Poi de Neiff and Carignan (1997), who positively correlated macro-invertebrate 

densities in the roots of the aquatic weed, Eichhornia crassipes, with dissolved oxygen 

concentration. Biological control agents worked slowly, but the small reduction in surface area 

covered resulted in a large increase in biodiversity. However, as biocontrol continued, and the 

mat started to sink rapidly, the dissolved oxygen was reduced and the biodiversity decreased. So, 

in this case, one year is too short in a temperate climate to measure the effect ofbiocontrol. 

Macro-invertebrates are known to exhibit varying degrees of sensitivity to environmental water 

quality deterioration (Bonada el aI., 2006; Arimoro and Muller, 2010; Fouche and Vlok, 2010). 

Thus, their presence is considered a reflection of the water quality status and aquatic health of 

the environment in which they live. For instance, when taxa of aquatic macro-invertebrates 

perceived to be sensitive to water quality deterioration are found at a site, it is assumed that such 

a site is of good quality, at least from an environmental water quality point of view. [n this study, 

macro-invertebrate replicate samples taken from communities 3 and 4 were often closely 

associated, while communities I and 2 were quite distinct. The distinctiveness of community I is 

due to the presence of macro-invertebrate taxa such as Libellulidae, Baetidae, Caenidae, 

Gomphidae and Corixidae. These taxa indicate good water quality. The close association 

172 



between macro-invertebrate communities at sites 3 and 4 during the study period could be 

attributed to the presence of taxa of macro-invertebrates such as Oligochaeta and Ostracoda that 

characterized samples from these sites. These taxa are highly tolerant and can thrive in polluted 

environments. Of particular interest is the high abundance of Oligochaeta and Ostracoda at 

communities 3 and 4 respectively. Oligochaeta is regarded as a highly tolerant taxon among 

aquatic macro-invertebrates because of their ability to survive in oxygen-depleted environments 

(Fouche and Vlok, 2010). This characteristic could have contributed to their dominance at the 

two sites with high organic loads and less dissolved oxygen. 

Generally, results of this study revealed that the dipterans represented by the taxon 

Chironomidae, and coleopterans represented by the taxon Dytiscidae were the most ubiquitous 

groups of macro-invertebrates throughout the sampling times. They were recorded in all the 

sampling sites. Most taxa within these orders, such as Dytiscidae, Dryopidae, Ceratopogonidae 

and Chironomidae are air-breathers and are thus capable of replenishing their oxygen supply 

directly from the atmosphere and are, therefore, less affected by depleted oxygen levels in water 

as they rise to the water surface to breathe and come down with air bubbles. Chironomids, on the 

other hand , are benthic organisms which undergo cutaneous respiration, which is aided by the 

presence of hemoglobin in their bodies during the larval stage. This is probably the most 

plausible explanation for their continuous presence in most of the sites. Results of this study 

showed that the Cereatopogonidae and Chironomidae represented the taxa Diptera with 

Chironomidae being one of the most dominant taxa (30.2%). [t was found in all studied sites and 

at most of the most sampling times. These species were found in the open water treatment, with 

higher DO concentrations, but also in eutrophic areas with low dissolved oxygen concentrations 

and in sites with a full cover of surface area. This means that the Chironomidae can be found in 

unpolluted water but yet tolerate environmental pollution. The CCA revealed that the 

Chironomidae is positively correlated to sites near nitrate, temperature and DO. Results of this 

corroborate studies by Rossaro et al. (2007), who noticed that Chironomus plumosus (Linnaeus, 

1758) from the taxa Chironomidae was highly tolerant of nutrient concentrations, and studies by 

Fouche and Vlok (2010) who concluded that chironomids are regarded as highly tolerant taxa 

among aquatic macro-invertebrates because of their ability to survive in oxygen-depleted 

environments. Furthermore, Arimoro (2009) and Dickens and Graham (1998) noted that 
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Chironomidae (chironomids species) are opportunistic and possess the ability to thrive in areas 

of low competition. Apart from poor oxygen levels, relatively high water weeds (water hyacinth) 

can also contribute to the poor macro-invertebrate assemblages. 

According to the CCA plot in this study, the taxa Annelida (Hirudinea and Oligochaeta), 

Crustacea (Ostracoda) , Mollusca (Physidae) and Coleoptera (Dytiscidae and Dryopidae) were 

observed aligned with the water lettuce % cover vector. These taxa are regarded as highly 

tolerant taxa among aquatic macro-invertebrates because of their ability to survive in oxygen­

depleted environments. These results corroborate those of Mandaville (2002), Boyle and 

Fraleigh (2003) and Fouche and Vlok, (2010), who observed that the taxa Annelida in particular, 

and Oligochaeta are known to tolerate oxygen stress. 

The Ephemeroptera (Baetidae, Caenidae, and Coenagrionidae ) and the Odonata (Libellulidae 

and Gomphydae) were found in different quantities and were not found under water lettuce mats 

or in the polluted sites with low DO and high eutrophication. The CCA plot related these 

families positively to DO. This study confirms results from Gupta and Paliwal (2010), who 

showed that Odonata insects are found in freshwater habitats rich in oxygen. Studies by Legesse 

(200 I) and Kedebe e/ al. (20 I 0) also testify that Ephemeroptera taxa abound in rich, oxygenated 

water; in fact, they are used in Ethiopia as a water quality monitoring index. 

Results obtained by the SASS5 scoring system showed that in the water lettuce mats controlled 

by N. affinis, the number of moderately tolerant to pollution macro-invertebrates taxa were high 

in the first second and third sampling occasions compared to the fifth and sixth sampling 

occasions; this could be explained because the water quality was enriched with dissolved oxygen 

at the beginning of the experiment. In contrast to the water lettuce mats controlled by herbicide, 

the moderately tolerant to pollution macro-invertebrates families only started to colonize the 

artificial substrate in the third sampling occasion, probably because at that time it was observed 

that the dissolved oxygen increased. In the open water, the moderately tolerant to pollution 

families were found on most of the sampling occasions. In the water lettuce mats without 

control , no moderately tolerant to pollution taxa were found . The single case of a moderately 
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tolerant to pollution taxon found on five sampling occasions was not significant. There were no 

samples of very low tolerant to pollution macro-invertebrates taxa. 

5.5 Conclusion 

The study clearly demonstrated that water lettuce had a significant impact on the recruitment of 

macro-invertebrates to the artificial substrates, and that water lettuce contributed to the reduction 

of oxygen in the water and consequent reduction of macro-invertebrate abundance and diversity. 

The recruitment of macro-invertebrates was less in water lettuce pools compared to the pools that 

contained water lettuce controlled by N afjinis, water lettuce controlled by herbicide, or in the 

open water. The biodiversity recovered in the pools containing water lettuce controlled by N 

afjinis and water lettuce controlled by herbicide, but richness and diversity of macro­

invertebrates was higher in the water lettuce controlled by N afjinis during the first sampling 

occasion compared to the water lettuce in pools controlled by herbicide, which increased only 

when DO levels recovered after water lettuce mat decay. Basically herbicide gave a quick fix and 

but probably needs to be applied regularly. Biocontrol caused a small reduction in % cover that 

resulted in quick recovery, but as biocontrol increased, the mat sank and biodiversity was 

reduced, but it is expected that over a longer period of time, biodiversity would make a full 

recovery. 
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Chapter 6. 

General Discussion 

6.1 In trod uction 

The overall goal of this research study was to strengthen our understanding of aquatic invasive 

plants and how they interact with important aspects, such as water quality, control methods and 

biodiversity recovery. This thesis synthesized the results of several field studies conducted over 

the study period and discussed them in an ecosystem context. The objectives, methods, and 

description of the results are presented in greater detail in preceding chapters. This chapter 

focuses on the big picture of aquatic invasive plants, sums up the most relevant results, discusses 

the interconnectivity of biological communities, and highlights the implications of this research 

in the context of invasive aquatic plants, water quality, the socio-economic impact of weeds and 

how biodiversity recovers after the removal of weeds. 

The first chapter synthesized prior studies pertaining to aquatic invasive plant dynamics 

worldwide. There are several take-home messages from this chapter: the effects of aquatic 

invasive plants are directly related to their density or extent of coverage; once established, their 

density appears to be influenced by available nutrients from neighboring farms and industries 

along the rivers. 

This first component of this study (Chapter 2) was to document the distribution of aquatic weeds 

and compare them to the indigenous flora. This study clearly indicated that the examined 

macrophytes consisted of aquatic invasive plants (weeds) and native plants (opportunistic plants) 

and weeds in some regions in the southern part of Mozambique The most troublesome weeds 

found were the water hyacinth (Eichhornia crassipes), water red fern (Azolia mycrophylia), 

water lettuce (Pistia stratiotes) and salvinia (Salvinia molesta). It is therefore necessary to 

monitor the weeds along the southern Mozambique rivers and to implement the correct control 

management for all of them . It will be important to extend this research to the central and 

northern rivers in Mozambique to identify the weeds and map their distribution and abundance. 
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The survey and consultations on the impact of aquatic weeds in the Incomati Basin River 

(Chapter 3) indicate that, currently, aquatic weed infestations are increasing all the time. 

Communities living along the rivers are well aware of the range of socio-economic problems 

caused by the weed. However, quantitative data for each weed have to be carefully studied to 

give an idea of the real implications and impacts on the communities. Quantifying impacts and 

thus defining the real problems caused by the aquatic weeds presents a challenge. Aquatic weeds 

have a serious impact on humans, increasing some diseases such as malaria, bilharzia and 

cholera and creating economic impacts since it is necessary to pay for weed control. 

A comprehensive strategy needs to be carried out to address the socio-economic concerns 

associated with water weeds. Further, a co-ordinating mechanism to manage water hyacinth and 

other invasive weeds needs to be put in place to ensure that a common approach is adopted, not 

only in one river (Incomati Basin River) but in the all the Mozambique rivers basin. For the 

future, it is recommended that a common approach be implemented to manage water hyacinth, 

water lettuce and water red fern in order to enhance understanding and alleviate some of the 

impacts associated with infestation by these weeds. 

Since a lack of appropriate tools and systems for monitoring makes it impossible to know the 

precise areas of coverage of each weed, it is necessary to coordinate activities properly 

throughout the river. 

6.1.1 Evaluation of biological control programme 

The benefits of the biological control of weeds and evaluation of the success of biological 

control are essential to justify the continued use of biological control for conservation (Van 

Driesche et at., 20 I 0; Morin et at., 2009). In the Mozambique rivers, it is recommended that the 

impact of weevils on water hyacinth is monitored and evaluated periodically; that weevils are 

redistributed to areas with low weevil populations and that new infestations of water weeds are 

investigated. At this level, it is recommended that the responsible organizations such as MICOA 

(Ministry of Coordination and Environmental Affairs), DNA (National Directorate of Water) and 

the Ministry of Agriculture facilitate the importation of weevils from neighbouring countries 

such as South Africa. In order to minimize the impact of water hyacinth, which grows 
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aggressively, it is necessary to release the weevils Neochelina eichhorniae and N. bruchi as well 

as Eccrilolarsus calerinensis and possibly other host-specific species on floating mats 

Eichhornia crassipes and to assist in their redistribution and spread to non-release sites. 

Concerning the other weeds, such as water lettuce, red water fern and salvinia, low numbers of 

biological control agents, namely Neohydronomus ajjinis. Cyrlobagous salvinae and 

Stenopelmus rufinasus. were found along the southern Mozambique rivers. This study indicated 

lower densities of insects in Mozambique. It is recommended that the number of biological 

agents be increased in the Mozambique rivers or be released in the rivers where no biological 

control was found. 

This study (Chapter 4) has clearly shown that of the four floating water weeds, water hyacinth 

had the greatest and quickest negative impact on the environment and people and , although the 

study found the weevils Neochetina eichhorniae and N. bruchi were effective biological control 

agents, their impact is too gradual compared to the aggressive proliferation of water hyacinth. 

Thus additional agents are required to better control the weed, and sources of pollution must be 

addressed. 

6.1.2 Identification and knowledge of invasive species with the greatest impact on 

biodiversity 

In Mozambique, there are different policies, regulations, strategies and institutional arrangements 

concerning Invasive Alien Species. The effective implementation of the strategy and action plan 

is based firstly on attributing responsibilities to various institutions, at national , provincial and 

local level, signifying that coordination between the different levels is indispensable. It is also 

important for its success that the different sectors of Mozambican society are taken into 

consideration and included during its application, namely the private sector, NGOs and civil 

society in general. The Ministry for the Coordination of Environmental Action (MICOA) must 

oversee coordination of implementation and related activities and ensure the integration of the 

various sectors via the National Biodiversity Unit. 
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The main objectives of MICOA organization are to measure and prevent the introduction of 

weeds, to control or eradicate alien species, and to arouse public awareness on the risks of 

introducing alien invasive species, all of which are currently being undertaken. 

A reduction in weed densities will not necessarily result in an increase in biodiversity, but 

because protecting biodiversity is the aim of the biological control of environmental weeds, it is 

native biodiversity that should be measured when evaluating success (Chapter 5). Many alien 

species have been introduced into Mozambique for different purposes, namely commercial 

(Eucalyptus plantations) agriculture, livestock, agro-frorestry (Leucaena leucocephala (Lam.) 

Azadirachta indica (Neem)), ornamental landscaping, and even for conservation (Casuarina sp.) 

plantations along the coast line. Some have invaded river basins as in the Incomati River 

(Salvinia molesta and Eichhornia crassipes) reducing water availability, which is serious 

problem in Mozambique. In Mozambique, measures and strategies were established to eradicate 

the main invasive species, reduce the introduction of new species and adopt tariff and non-tariff 

borders that inhibit/limit importing invasive species, but the impact of these lAS on biodiversity 

is poorly understood, and recovery after control has not been studied at all. 

This study (Chapter 5) has shown that environmentally negative effects have been associated 

with the presence of water lettuce on biodiversity recovery in pools during a one-year trial. 

However, this does not prove that water lettuce does alter the ecosystem. It is possible that the 

observations reflect the cumulative impact of intermittent water lettuce infestations rather than 

the initial ecological response to water lettuce 's presence. It is difficult to know with certainty if 

water lettuce is the sole driver of the observed results, but by taking an ecosystem approach, it 

was possible to cross-validate the results of this study (Chapter 5) and look beyond the direct 

effects commonly studied. Thus it can be concluded that water weeds such as water lettuce have 

a negative effect on biodiversity. It may be that the initial introduction and establishment of 

water weeds in this system caused the system to shift away from such conditions to resemble 

what we see today. Such alterations can be permanent, even if water lettuce were to be 

eradicated. Several management recommendations can be made, based on the results of this 

study, since most countries give more weight to lAS issues in their biodiversity strategy and 

action plans than their national environmental action plans and policies. 
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6.1.3 Recommendations for long-term management of the invasive aquatic plants in 

Mozambique 

Greater connectivity within the modern world has resulted in globalization (IPCC, 2007; Bright, 

1999), and this has increased the threat posed by invasive species, such as aquatic invasive 

weeds (Thieme et aZ., 2010; Vorosmarty et aZ. , 2010; Scheffer et aZ. , 1993). Managing invasive 

aquatic plants results in minimizing the socio-economic damage caused by these plants. 

However, in some countries, the reality is that most invasive plants are nearly impossible to 

control , or to eradicate once established, unless significant capital expenditure is invested. [n 

many cases, the ecosystem structures, such as food webs and energy pathways, are changed once 

the non-native plants become invasive (Scheffer et aZ., 1993). [n such cases, managers are faced 

with a difficult choice of how to allocate limited resources to combat invasive species threats. 

They give priority to control efforts, especially in aquatic systems where changes can drastically 

affect human well-being. Unfortunately, invasive species management is mostly reactive and 

rarely practical, and management is often initiated in the absence of adequate understanding. 

Quick responses to invasive species issues that lack the support of strong ecological 

understanding can lead to inadequate allocation of time and resources, and in some cases, can 

further complicate the problem. 

Mozambique faces heightened invasion pressures as a result of increasing globalization, 

increased movement of people across borders, food insecurity (and the resultant aid shipments), 

and climate change effects, (including more frequent, more severe droughts and floods). At a 

human management level, the major challenges faced are a widespread lack of knowledge and 

awareness of the aquatic invasive plant problem and inadequate human resources available to 

manage these invasions. This capacity problem is exacerbated by the effects of diseases like 

malaria, bilharzia and diarrhea. 

The three major institutions currently addressing Invasive Alien Species (lAS), including 

aquatic invasive weeds problem within Mozambique, are the Ministry of Environment, the 

Ministry of Agriculture, and the Eduardo Mondlane University of Mozambique. The main 

mechanisms for address ing the problem within the country should be public awareness such as 

posters, newsletters, radio and TV advertisements, and community mobilisation both through 

180 



formal training programmes and awareness workshops, strengthening research and updating 

information on invasive aquatic weeds in the country and the initiation of research into 

sustainable management strategies. Enhanced networking between the ministries of 

Environment Affairs, Agricultural Research, Fisheries, Water Resources, Forestry, Energy and 

Justice, and Investment Partners and NGOs is essential. The motivation to improve the 

prevention and management of aquatic weeds in Mozambique should come from the combined 

efforts of the three leading institutions: the IUCN in Mozambique, the Faculty of Agriculture and 

the Environmental Affairs Department within the Ministry of Natural Resources, and 

Environmental Affairs. 

The institution proposed to deal with the challenges should consist of three sectors: MICOA, the 

scientific community and the private and industrial sectors. The government, represented by 

MICOA, in coordination with other institutions would be responsible for integrating the 

proposed activities into the development plans and for suggesting necessary alterations in 

accordance with each situation. This Institution (MICOA) should: 

• create greater capacity and provide additional funding to carry out InvaSive species 

activities; 

• lead regional and international co-operation and develop sub-regional invasive species 

management plans; 

• establish and participate in public education and awareness-raising campaigns linked to 

invasive species; 

• develop sustainable management plans for natural resources under the most pressure; 

• ensure that communities participate in managing invasive alien species, including 

waterweeds; 

• ensure that considerations on biodiversity are integrated into land use plans, both for rural 

and urban areas; 

• ensure that the community and stakeholders benefit from involvement in the management 

of invasive species in the country by providing financial and technical support and 

assisting them to develop the necessary human resources to manage invasive alien 

species effectively; 
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• update existing laws of the country and those of the African Phytosanitary Council of the 

Inter-African Union. 

The role of the scientific community, via government research, museums, NGOs and other 

research bodies, is fundamental in order to implement the strategy due to the major lack of 

scientifically-grounded and up-to-date information. 

The main objective of the scientific community should be: 

• To provide the scientific evidence about sustainable use and management and measures 

to mitigate damage to the conservation of biodiversity as a result of the various business 

developments in order to achieve the objectives laid down in this strategy. These should 

be closely related to government organs in the aim of directing research towards relevant 

areas and in accordance with national priorities. 

The private and industrial sectors also have to contribute. 

• The role of the private and industrial sector should be centred on the commitment to 

implement the environmental prescriptions and regulations proposed by the government, 

the acceptance of social and environmental responsibility through voluntarily adopting 

measures to minimize impacts, and the development of economic activities that support 

sustainable conservation and the use of national biodiversity. 

6.1.4 Importance of Aquatic ecosystem in Mozambique 

Rivers in Mozambique have enormous economic and aesthetic value and are largely responsible 

for maintaining and supporting overall environmental health. Local populations along the 

southern Mozambique rivers depend on aquatic resources for food, medicines, and collecting 

building materials, as well as for recreational and commercial purposes such as fishing and 

transport. Aquatic organisms also rely upon the great diversity of aquatic habitats and resources 

for food, materials, and breeding grounds. Factors including the introduction of exotic species, 

pollution from urban, industrial, and agricultural areas, as well as habitat loss and alteration 

through damming and water diversion all contribute to the declining levels of aquatic 

biodiversity in freshwater environments. As a result, valuable aquatic resources are becoming 
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increasingly susceptible to both natural and artificial environmental changes. Thus, conservation 

strategies to protect and conserve aquatic life are necessary to maintain the balance of nature and 

support the availability of resources for future generations. 
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