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ABSTRACT 

Macrophytes community structure, relation to sedimentation, impact on macro-

invertebrates and level of heavy metal contamination in Lake Koka, Ethiopia 

Assefa Wosnie  

Addis Ababa University, 2020 

Lake Koka is a multipurpose artificial lake in the Ethiopian Rift Valley and it is among 

the first to be invaded by Eichhornia crassipes (water hyacinth). The lake is under 

pressure from intensive anthropogenic activities and sedimentation problem. Like most 

Ethiopian water bodies, previous studies on the lake focused on plankton, fish and 

pollution neglecting the importance of macrophytes in the lake ecology. Thus, this study 

aimed at assessing the macrophyte abundance and diversity, efficiency of the dominant 

macrophytes in trapping sediment, impact of Eichhornia crassipes on water quality and 

macro-invertebrates and heavy metal contamination level in Lake Koka, Ethiopia. Data 

for macrophyte community was collected during the dry and wet seasons of 2017 using a 

line transect method and sediment trap experiment was conducted from July to 

September, 2017 to assess the efficiency of macrophytes in reducing sedimentation 

problem. The impact of E. crassipes on macro-invertebrates of the lake was investigated 

by collecting macro-invertebrates from E. crassipes mats and Echinochloa stagnina stand 

using a D-frame net (500µm). Heavy metal contamination of the lake was investigated by 

collecting water, sediment and E. crassipes organs (leaves and roots) samples from the 

lake and inflowing rivers and analyzing using ICP-OES. Data for physicochemical 
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parameters were collected by in situ measurement and laboratory analysis according to 

standard methods.  

A total of 28 macrophyte species belonging to 15 families were identified. The most 

dominant families were Asteraceae and Cyperaceae each represented by 6 species. E. 

crassipes was the dominant macrophyte followed by Leptochloa caerulescens, E. 

stagnina, Cyperus dives and Typha angustifolia. The dry season had significantly higher 

species richness (28) and diversity (H=1.00) (p<0.05) than the wet season and most 

families were absent during the wet period. RDA analysis indicated that conductivity, 

pH, and nitrate were the main factors that governed the distribution of macrophytes in the 

lake. The result from the sedimentation study indicated that all macrophytes significantly 

facilitated sedimentation and reduced re-suspension than the non-vegetated area (P < 

0.05) with the order E. stagnina = T. angustifolia > E. crassipes = L. caerulescens for 

sedimentation and E. crassipes = L. caerulescens > E. stagnina = T. angustifolia for re-

suspension. So development and maintenance of wetlands from E. stagnina and T. 

angustifolia after conducting further studies on the effect of wind velocity and direction 

on their efficiency might be used as a biological management option for sedimentation 

problem. Except its significant reduction of macro-invertebrate evenness, E. crassipes did 

not affect water quality of the lake and macro-invertebrate diversity. But to have a full 

picture of its impact on the lake ecosystem, its effect on macrophytes, fishes and other 

aquatic lives should be investigated.  

Heavy metal levels in water samples from Modjo downstream (MODD) site were 

significantly higher than the other sites while there was a uniform distribution of all the 
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metals in the lake sites. Levels of As, Pb, Cr, Mn and Ni at most sites were beyond the 

WHO guideline limit for drinking water while As, Cd, Cr, Cu, Pb and Zn at all sites were 

beyond the threshold values for the protection of aquatic life. Similarly the concentration 

of heavy metals in sediment samples from MODD had significantly higher concentration 

of Cr and Mn than most sites on the lake and there was uniform distribution of As, Co, 

Cr, Mn, Pb and Zn on the lake sites. Levels of As, Cd, Cr, Cu, Mn, Pb and Zn from 

sediments samples of Lake Koka and its inflowing rivers were beyond the sediment 

quality guideline suggesting the possibility to pose a significant effect to aquatic 

organisms. Hence profound measures against a further pollution and continuous 

monitoring of the heavy metal concentrations of the lake are recommended. Heavy metal 

analysis of leaf and root material proved E. crassipes to be a high accumulator of most 

measured metals with the concentrations in the roots being significantly higher than those 

in the leaves. Therefore, while considering its appropriate disposal, E. crassipes can be 

recommended for utilization as phytoremediation agent and bio-indicator of heavy metal 

pollution in the lake. Further investigation on the efficiency of the dominant macrophytes 

in the lake as a phytoremediation agents is necessary. 

Keywords: Eichhornia crassipes; Heavy metals; Macro-invertebrates; Macrophytes; 

Phytoremediation;   Sedimentation  
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CHAPTER 1: GENERAL INTRODUCTION 

1.1 Macrophytes and their Ecological Roles  

The littoral zone is structurally and functionally an important part of most lakes for 

several reasons. These include: (1) in smaller lakes, the zone comprises a large proportion 

of total lake area, (2) it influences the movement and processing of material flowing into 

the lake; in so doing, it affects the physical and biological processes in the lake 

ecosystem, (3) it is the most productive area of the lake and (4) human uses of aquatic 

ecosystems often focus on the littoral zone (Peters and Lodge, 2009). Macrophytes 

constitute one of the major components in the littoral zone (Lewis, 2009; Dar et al., 2014) 

playing variety of roles in the ecosystem (Wetzel, 2001; Cazzanelli et al., 2008; Peters 

and Lodge, 2009; Pirini et al., 2011). Therefore, knowledge of the their community 

structure and habitat preference provides information about the ecological status of 

aquatic ecosystems and makes it possible to predict possible changes in ecosystem 

quality (Topuzović et al., 2009). In the next section, a short recap on two of the 

ecological roles of macrophytes on which this thesis focused (reducing sedimentation and 

phytoremediation) will be presented.  

1.1.1 Role in Reducing Sediment Loading 

The process of sediment deposition in aquatic ecosystems is influenced by vegetation 

presence and patterns and physical (e.g., water depth, wetland area, and flow velocity) 

characteristics (Brueske and Barrett, 1994). Aquatic macrophytes play an important role 

in promoting sediment deposition (Li et al., 2016) by reducing turbulence (Barko et al., 



2 

 

1991; Chao et al., 2010) and water velocity (Elliott, 2000; Schulz et al., 2003; Nolte et 

al., 2013). Studies conducted on constructed wetlands (Knight et al., 1987; Mitsch and 

Reeder, 1992) and macrophytes (Rooney et al., 2003) reported high sediment trapping 

efficiency which is associated with the presence of macrophytes. Therefore, development 

and maintenance of macrophyte stands may be an effective management tool for 

sedimentation problem and for limiting wind-driven sediment resuspension (Dieter, 1990; 

James and Barko, 1994; Madsen et al., 2001). A brief illustration of the interaction 

between sediment and macrophytes is given in Figure 1.1.  

 
1  

Figure 1. 1 A conceptual model of the interactions among water movement, sediment, 

and aquatic macrophytes 

(A), current velocity is affected only slightly, sediment resuspension is relatively high 

and turbidity and light attenuation are also high. In contrast, (B), currents are strongly 

attenuated, leading to reduced sediment resuspension, turbidity, and light attenuation 

(Modified from Madsen et al. (2001)) 
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1.1.2 Phytoremediation 

The discharge of toxic effluents from various industries is common environmental 

problem all over the world (Lu et al., 2004).  The contamination of the aquatic 

ecosystems with these toxic pollutants adversely affects aquatic ecosystems , agriculture, 

and human health (Solomon, 2008; Shah, 2017) and therefore appropriate treatment 

technology is imperative (Mishra and Tripathi, 2009). From the remediation technologies 

available for reducing the harmful effects of pollutants, phytoremediation is relatively 

cost effective emerging technology that could remediate different contaminants and 

applies in different site conditions (Lasat, 2002; Borker et al., 2013).  

Because of their general fast growth and high biomass production, wetland plants have 

high remediation potential for macronutrients and heavy metals from the environment 

(Stoltz and Greger, 2002; Bragato et al., 2006). Studies had been conducted in different 

parts of the world and reported the efficiency of different macrophytes; Typha sp. 

(Chandra and Yadav, 2010; Yen and Saibeh, 2013), common reed (Phragmites australis) 

(Ye et al., 2003; Bragato et al., 2006), Cyperus alternifolius and Villarsia exaltata 

(Cheng et al., 2002), different macrophytes including Leersia hexandra, Juncus effuses, 

Carex rostrate, and Equisetum ramosisti (Stoltz and Greger, 2002; Deng et al., 2004) in 

remediation of heavy metal pollution. In Ethiopia too, studies indicated the potential of 

macrophytes as phytoremediation agent for different pollutants (Yezbie Kassa, 2016; 

Zekaryas Fanta, 2016).  

Even though Eichhornia crassipes approaches being a scourge in many parts of the 

world, choking waterways and hindering transport upon them, its phytoremediation 
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ability has also attracted considerable attention (Smolyakov, 2012). Recently, E. 

crassipes have been utilized as an efficient heavy metal phytoremediation agent in 

different parts of the world (Ashok et al., 2014; Bais et al., 2015; Mishra and Maiti, 

2017). In Ethiopia, the weed was first officially reported in 1956 on Lake Koka and 

Awash River (Rezene Fessehaie, 2005) and is now distributed in different water bodies of 

the country (Firehun Yirefu et al., 2014; Dereje Tewabe  et al., 2017). There is a start to 

study its phytoremediation efficiency for treatment of tannery wastewater and was found 

to be efficient in absorbing chromium (Feleke Zewge et al., 2011). Therefore, instead of 

considering it as a curse, it is important to exploit its positive sides while trying to control 

its burden on waterbodies.  

1.2 Factors Governing Macrophytes Diversity and Abundance 

The role macrophytes play is closely linked with their distribution and biomass, which in 

turn is dependent on a various environmental factors (Nurminen, 2003a; Mikulyuk et al., 

2011; Madsen and Wersal, 2017) including light, water temperature, nutrient enrichment 

and sediment composition (Dar et al., 2014). In reservoirs for hydroelectricity generation, 

the rapid water level fluctuations and sudden modifications in seasonal discharge trends 

can affect species richness (Silva et al., 2014) by depressing the establishment and 

development of anchored aquatic and helophyte plant species favoring opportunistic ones 

(Bolpagni and Piotti, 2015).  

The excessive addition of pollutants to aquatic ecosystems is also responsible for habitat 

destruction and diversity changes causing a temporary or permanent shift in species 

composition (Ansari et al., 2015). The event favor the establishment of exotic species, at 
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the expense of native species (Chambers et al., 2008). Other factors include herbivory, 

human activities in the water body and riparian land, and competition between and within 

species (Altınsaçlı et al., 2014). For instance, Alvarez et al. (2012) reported that small 

wetlands in East Africa are increasingly converted into sites for agricultural production 

which will affect the wetlands’ vegetation. 

Because of the significant role played by macrophytes and the introduction and spread of 

nonnative species, understanding macrophyte community structure and their relation to 

environmental factors is crucial for integrated management practices (Dar et al., 2014). 

Therefore, this study was conducted on Lake Koka to test the following hypotheses: (1) 

Lake Koka has diverse and abundant macrophyte distributions than its Rift Valley 

counterparts; (2) the dominant macrophytes in the lake are efficient in trapping sediment 

and restraining resuspension (3) the dominant E. crassipes affects the lake’s water quality 

and macro-invertebrate community; and (4) Lake Koka and its inflowing rivers are highly 

contaminated with heavy metal.  

1.3 Statement of the Problem 

Ethiopian water bodies are under pressure from pollution (Tigist Ashagre et al., 2014; 

Kebede Nigussie et al., 2015; Berhan Teklu et al., 2018), sedimentation (Girma Taddese 

et al., 2003; Fasikaw Atanaw et al., 2016; Teklu Gebretsadik and Kassahun Mereke, 

2017), and occurrence of invasive species (Firehun Yirefu et al., 2014; Yezbie Kassa, 

2016). Several studies have been conducted on the freshwater bodies mainly focusing on 

water quality, plankton, benthic fauna and fish. However, the importance of macrophytes 

in the ecology of lakes has long been neglected and only few studies have been 
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conducted (Girum Tamire and Seyoum Mengistou, 2012; Dikaso Unbushe, 2013; 

Pattnaik, 2014; Yezbie Kassa, 2016; Getu Dida, 2017; Lalisa Gemechu, 2018).  

Koka is one of the lakes which is heavily affected by sediment load that come from the 

inflowing rivers (Julien and Shah, 2005; Kebede Wolka, 2012). The lake is also affected 

by pollutants from anthropogenic activities around the lake and along the catchment of 

the inflowing rivers (Zinabu GebreMariam and Pearce, 2003; Dsikowitzky et al., 2013). 

Over the past years, several researchers have investigated on Lake Koka primarily 

focusing on different aspects (See Table 1.1).  

Table 1. 1 Previous studies on Lake Koka 

Focus area Reference/s 

Limnological observations including 

physicochemical parameters, plankton and benthic 

invertebrates 

Melaku Mesfin et al. (1988); 

Lakew Wondimu (2014) 

Heavy metal contamination of the lake and its 

inflowing rivers; water, sediment, fish and 

macrophyte tissue 

Zinabu GebreMariam and Pearce 

(2003); Dsikowitzky et al. (2013); 

Yetneberk Ayalew et al. (2016); 

Kassahun Tessema (2017) 

Population and ecosystem based fisheries 

assessment, food and feeding habit 

Elias Dadebo et al. (2015); Gashaw 

Tesfaye and Wolff (2015) 

Lake management issues Seyoum Tegegne (2011) 

Water Hyacinth (E. crassipes) coverage and its 

socio-economic importance 

Firehun Yirefu et al. (2014) 

No previous attempt was made to study the macrophyte community structure and their 

importance in trapping sediment and preventing re-suspension. Even though the invasive 

E. crassipes which may affect the abundance and diversity of other organisms 

(Villamagna and Murphy, 2010; Wang and Yan, 2017) appeared in the lake long time 

ago (Rezene Fessehaie, 2005). But there is no data about its impact on the lake ecosystem 

except the work of Habtamu Getnet (2019) who studied about its impact on water quality 
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and plankton community. In addition, studies conducted on heavy metal contamination of 

the lake and its inflowing rivers focused only on a few sites and contained only 

fragmented information. Therefore, this study has tried to fill the above listed research 

gaps by addressing the following research questions and objectives.  

1.4 Research Questions 

The overall goal of this dissertation was to assess the macrophyte community structure of 

Lake Koka and their roles in the ecosystem. Therefore, the analyses address:  

1. What does the macrophyte structure in the lake looks like and which 

environmental factors are determinants of the structure (chapter 2)? 

2. Can macrophytes be a biological management options for preventing 

sedimentation and re-suspension problem (chapter 3)? 

3. Does E. crassipes affect the water quality and macro-invertebrate diversity of 

Lake Koka, Ethiopia (chapter 4)? 

4. What is the level of heavy metals contamination in the different sections of Lake 

Koka and the inflowing rivers (chapter 5)? 

5. Are heavy metal concentrations in water and sediments samples of Lake Koka 

and its inflowing rivers below internationally accepted threshold values and the 

water therefore safe to use (chapter 5)? 
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1.5 Objectives of the Study 

1.5.1 General Objective 

 To assess the community structure of macrophytes in relation to factors that affect 

their dynamics, and examine the impact of the dominant macrophytes on 

sedimentation, biota, and pollutants of Lake Koka, Ethiopia  

1.5.2 Specific Objectives 

1. To quantify the diversity and abundance of macrophyte species in Lake Koka  

2. To determine the most important abiotic and seasonal factors influencing 

macrophyte species diversity and abundance in Lake Koka 

3. To determine the efficiency of the dominant macrophytes in trapping sediment 

and preventing sediment resuspension 

4. To investigate the impact of E. crassipes on water quality and benthic 

invertebrates abundance and diversity 

5. To determine the concentration of heavy metals in water, sediment and E. 

crassipes (root and leaf) samples taken from different localities on the lake and 

the inflowing rivers 

1.6 Description of the Study Area 

Lake Koka is an artificial lake in south-central Ethiopia in the East Shewa Zone of the 

Oromia Region, approximately 100 km southeast of Addis Ababa (Lakew Wondimu, 

2014). It was formed in 1959 and the inflow to the reservoir is supplied by the Awash and 

the Mojo rivers (Melaku Mesfin et al., 1988). The lake was primarily constructed for 
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hydropower generation with an installed capacity of 43.2 MW from three turbines. It is 

also used for large (Wonji sugarcane irrigation 6,000 ha) and small irrigation schemes 

(LFDP, 1997; McCartney, 2007; Fasil Degefu et al., 2011). The lake is also used for 

flood control (Solomon Kibret et al., 2009). Some features of the Lake are given in table 

1.2 below.  

Table 1. 2 Location and morphometric characteristics of Lake Koka 

No. Parameter Value Reference 

1 Location 8o28’N 39o9’ E Fasil Degefu et al. (2011); Seyoum Tegegne 

(2011) 

2 Altitude 1590 m a s l Fasil Degefu et al. (2011); Seyoum Tegegne 

(2011) 

3 Surface area 250 km2 LFDP (1997); Fasil Degefu et al. (2011); 

Seyoum Tegegne (2011) 

4 Maximum 

depth 

14 m Melaku Mesfin et al. (1988); LFDP (1997) 

5 Mean depth 9 m Melaku Mesfin et al. (1988); LFDP (1997) 

6 Trophic state Eutrophic-hypereutrophic Fasil Degefu et al. (2011) 

 

1.6.1 Climatic and Hydrological Features 

The main rainy season starts in June and extends to the end of August/September, while 

the short rainy season occurs from March to May. A data from 2000 to 2016 indicated 

that the mean annual temperature of the area is 22.4 ºC. The mean annual maximum and 

minimum temperatures are 33.8 ºC and 11.5 ºC, respectively while the mean annual 

rainfall is 922 mm. Summary of these climatic futures is displayed in Fig. 1.2. 
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The mean monthly inflow to Lake Koka from Awash and Modjo Rivers was 117.32 

million m3 and 11.96 million m3, respectively. The minimum and maximum outflow 

through Awash River was 23.53 and 67.07 m3/s, respectively (data source MoWIE, 

2017). Using the area of the lake as 250 km2 (LFDP, 1997; Fasil Degefu et al., 2011; 

Seyoum Tegegne, 2011) and mean depth of 9 m (Melaku Mesfin et al., 1988; LFDP, 

1997), the residence time was calculated and found to be 0.118 to 0.337 years which is 

very short in comparison with Lake Ziway having about 1.5-2 years residence time 

(Spliethoff et al., 2009).  

 

Figure 1. 2 Mean monthly rainfall (mm) and temperature (ºC) around Lake Koka of the 

years 2000 to 2016 (Data source ENMA, 2017) 
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1.6.2 Biological Features 

In Lake Koka different flora and fauna have been reported including phytoplankton 

dominated by Microcystis, zooplankton with low diversity but abundant and include 

major groups such as rotifers, copepods and cladocerans (Melaku Mesfin et al., 1988; 

Fasil Degefu et al., 2011), benthic invertebrates (Melaku Mesfin et al., 1988), and 

macrophytes (Hadgembes Tesfay, 2007; Yetneberk Ayalew et al., 2016). The reservoir 

also supports fish species including Oreochromis niloticus, Cyprinus carpio and Clarias 

gariepinus (Gashaw Tesfaye and Wolff, 2015). 

 

 

1.6.3 Major Stressors to the Lake  

Lake Koka is under pressure from different stressors and some of which are listed below.  

1.6.3.1 High Rate of Sedimentation 

The inflow to the Lake comes from the Awash and Mojo rivers (Melaku Mesfin et al., 

1988). During the rainy season, both rivers are heavily laden with suspended matter 

(concentration up to 30 000 ppm) (Plate 1.1). Reports indicated that the reservoir part of 

the lake is continuously losing its storage capacity due to sedimentation (Muluneh Imru, 

1992; Shahin, 1993).  
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Plate 1. 1 Sediment load on Lake Koka 

1.6.3.2 Recession Agriculture 

During the dry season, there is intensive recession agriculture in and around the lake by 

clearing and burning the water hyacinth. During the practice of this recession agriculture, 

the farmers and/or the investors use different pesticides and fertilizers to increase the 

productivity of their crops and vegetables (Plate 1.2). Finally, the remnants from these 

activities will pollute the lake.  
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Plate 1. 2 Intensive use of fertilizers and pesticides for recession agriculture 

1.6.3.3 Floriculture  

Flower farms around the lake use water from the inflowing rivers or from the lake and 

they directly discharge their waste into the lake (Plate 1.3). The flower farms are 

Syngenta flowers, Florensis and Sher flower: Blen farm. The flower farms intensively use 

different fertilizers and pesticides to produce the best flowers for export purpose 

(Degytnu Tilahun, 2012; Mulugeta Getu, 2013; Mesay Adugna, 2017).  
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Plate 1. 3 Floriculture waste and its direct disposal into Lake Koka 

1.6.3.4 Tannery and other Industrial Wastes 

There are different industries constructed around Modjo River: one of the inflows to Lake 

Koka including tanneries, food complexes, and textile industry (Amde Eshete et al., 

2016). The industries directly discharge their waste into the river that finally enters the 

lake. Around the lake, Ethiopian Tannery also abstracts water from the lake and directly 

discharges its waste into the lake (Plate 1.4).  

  

Plate 1. 4 Ethio-Tannery abstracting water from Lake Koka 
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1.6.3.5 Invasive (Alien) Species 

In Lake Koka and the Awash River, Water hyacinth (E. crassipes) was first officially 

reported in 1956 (Rezene Fessehaie, 2005). Nowadays most part of the lake is covered by 

water hyacinth particularly during the rainy season (Personal observation) (Plate 1.5). 

The weed in the lake causes serious problems including hindrance of fishing activity by 

entangling the fishing nets and boats’ propeller (Aloo et al., 2013; Waithaka, 2013; Erkie 

Asmare, 2017), and blockage of hydroelectric installations and hinders the accessibility 

of the lake water for various purposes. On the other hand, the weed may also provide 

habitat for fish and increase their abundance by reducing their catchability and 

overfishing (Kateregga and Sterner, 2009; Villamagna and Murphy, 2010). 

 

Plate 1. 5 Water hyacinth (E. crassipes) coverage in Lake Koka 

a) Meto Aleka, b) Ayage c) Near the Floriculture d) Hydro Electric Power Plant (HEPP)  
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1.7 Thesis Outline 

This thesis comprises of six chapters (Fig. 1.3). Chapter 1 is general introduction to the 

study while chapter 2 deals with macrophyte community structure and its governing 

factors. Chapters 3 and 4 provide a complementary analysis to chapter 2 by examining 

the effect of four dominant macrophytes on sediment deposition and resuspension and the 

effect of water hyacinth on macro-invertebrate diversity of the lake. Chapter 5 describes 

heavy metal contamination level of the lake and its inflowing rivers and the potential of 

water hyacinth as a phytoremediation agent. The final chapter concludes the major 

findings of the study with specific recommendations or research gaps for further 

investigation in the study area.   
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Figure 1. 3 Thesis structure  
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CHAPTER 2: AQUATIC MACROPHYTE COMMUNITY STRUCTURE IN 

RELATION TO PHYSICOCHEMICAL PARAMETERS IN LAKE 

KOKA, ETHIOPIA 

2.1 Introduction 

As an important component of the littoral zone of many freshwater ecosystems, 

macrophytes play different roles (Lewis, 2009; Dar et al., 2014). These include being 

primary producers (Wetzel, 2001), providing refuge for macro-invertebrates (Hudon et 

al., 2000; Pirini et al., 2011), zooplankton (Cazzanelli et al., 2008) and habitat for the 

feeding, breeding, and refuge of littoral fish (Pirini et al., 2011). Moreover, macrophytes 

affect the cycling of nutrients and contaminants (Wetzel, 2001; Peters and Lodge, 2009), 

reducing shoreline erosion and sediment re-suspension. They can also be used as 

indicators of water quality (Dhote and Dixit, 2007; Topuzović et al., 2009; Altınsaçlı et 

al., 2014) .  

Distribution and biomass of macrophytes depend on different environmental factors 

(Nurminen, 2003a; Mikulyuk et al., 2011; Pirini et al., 2011; Madsen and Wersal, 2017) 

including light, water temperature, water quality changes and sediment composition (Dar 

et al., 2014). Moreover, in reservoirs for hydroelectricity generation, the highly variable 

hydrological regime caused by frequent fluctuations may strongly affect species 

composition and vegetation structure (Silva et al., 2014). Herbivory, human activities in 

the water body and riparian land as well as competition between and within species are 

further important factors (Altınsaçlı et al., 2014).    
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Many threats to fresh waters (e.g., eutrophication) will also result in reduced macrophyte 

diversity and favor the establishment of exotic species, at the expense of native species 

(Chambers et al., 2008). In Ethiopia, the invasive E. crassipes is now distributed in 

different water bodies of the country (Firehun Yirefu et al., 2014; Dereje Tewabe  et al., 

2017) creating serious problems for the use of the water as a resource and may affect the 

abundance and diversity of other macrophytes (Villamagna and Murphy, 2010; Wang and 

Yan, 2017). Therefore, because of the significant role played by macrophytes in 

freshwater ecosystems and the introduction and spread of numerous nonnative species, 

understanding and quantifying their abundance, diversity and their relation to 

environmental factors is crucial for integrated management practices (Dar et al., 2014).  

The ecological importance of macrophytes in Ethiopian lakes has been neglected and 

only few studies have been conducted on this regard. These include: Dikaso Unbushe 

(2013) on ecology of the wetland vegetation around Abaya and Chamo in Southern and 

Fincha’a-Chomen and Dabus in Western Ethiopia, Girum Tamire and Seyoum Mengistou 

(2012) on macrophytes of Lake Ziway, Pattnaik (2014) and Lalisa Gemechu (2018) on 

macrophytes composition of Lake Hawassa, Yezbie Kassa (2016) on wetlands of Lake 

Tana and their macrophyte composition and Getu Dida (2017) on floristic composition of 

wetland in Wonchi District, South Western Shewa.  

Moreover, in Lake Koka, although the ecology of the plankton (Melaku Mesfin et al., 

1988; Hadgembes Tesfay, 2007; Lakew Wondimu, 2014), macro-invertebrates (Melaku 

Mesfin et al., 1988) and fish (Elias Dadebo et al., 2015; Gashaw Tesfaye and Wolff, 

2015; Gashaw Tesfaye, 2016) has been studied, the ecology of the macrophytes was 
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largely neglected. Therefore, this study was conducted to understand the structure of the 

macrophyte communities in the lake and assess the relative importance of environmental 

factors and seasons as predictors of macrophyte distribution which will provide vital 

information that can be used for management purposes. 

2.2 Materials and Methods 

2.2.1 Sites Selection 

For this study, 9 sites were selected based on their distance from anthropogenic effect and 

presence of macrophyte coverage. The aim of such site selection was to encompass 

varying environmental conditions in the assessment of distribution and abundance of 

macrophytes and to note the variation in macrophyte distribution and abundance along 

different environmental gradients (Girum Tamire and Seyoum Mengistou, 2012). Since 

the western shore of the lake had no macrophyte coverage, there were no sampling sites 

on this shore. The sampling sites are described and displayed in Table 2.1 and Fig. 2.1, 

respectively.   
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Table 2. 1 Description of sampling sites 

Site Description  Altitude 

(m.a.s.l) 

Meto 

Aleka  

On the main road to Hawassa; high anthropogenic 

activity (fish and vegetable market and disturbances 

like agriculture, livestock grazing, and sediment 

excavation) 

1597 

Ayage I  Near an island and only livestock grazing 1593 

Ayage II Near an island where there is livestock grazing, and 

little agricultural practices during the dry season 

1594 

Tulu Bofa Near another island (livestock grazing and agricultural 

practices during the dry season) 

1594 

Ashewa  On the main road to Hawassa (livestock grazing and 

agricultural practice during the dry season) 

1593 

Awash I  Around the inlet of awash river (floriculture, 

agriculture, and livestock grazing) 

1583 

Awash II Away from Awash I (floriculture and livestock 

grazing) 

1588 

Awash III Away from Awash II (little agricultural practice) 1592 

HEPP  Hydro Electric Power Plan (no human disturbance, 

deepest part of the Lake and is the only outlet) 

1587 

 

* HEPP- Hydro Electric Power Plant 
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Figure 2. 1 Location of sampling sites (Dam is indicated as HEPP- Hydro Electric Power 

Plant) 

2.2.2 Data Collection 

2.2.2.1 Environmental Data 

In situ measurement of temperature (T), pH, electrical conductivity (EC) and dissolved 

oxygen (DO) was conducted with portable HQ40D Multimeter. For nutrient analysis, 

composite water samples (by compositing samples from varying depths) at each site were 

taken in duplicates and transported to laboratory in an icebox. In the Limnological 
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Laboratory of Addis Ababa University, the samples were filtered using GF/F and the 

nutrients were analyzed spectrophotometrically using a JENWAY 6405UV/Vis 

spectrophotometer. NO3-N was analyzed with sodium salicylate method (Robarge et al., 

1983), NH3-N with indo-phenol blue (APHA, 1995), and soluble reactive phosphate 

(PO4-P) with ascorbic acid method (APHA, 1999). NO2-N concentration was determined 

by the reaction between sulfanilamide and N-naphthyl-(1)-ethylenediamine 

dihydrochloride (APHA, 1995). Total phosphorus (TP) from unfiltered samples and silica 

(SiO2-Si) were determined using persulfate digestion and Molybdosilicate method, 

respectively (APHA, 1999) 

2.2.2.2 Macrophyte Sampling, Identification and Analysis 

Macrophyte samples were taken from 9 sites in the year 2017. To consider the effect of 

increased water level on the macrophytes, samples were collected on monthly basis, three 

times at the end of the dry season (April, May and June) and three times at the end of the 

wet season (October, November and December). At each site, macrophytes were 

collected manually, rinsed in situ, coded, pressed and dried for subsequent identification 

and verification at the National Herbarium, Addis Ababa University, Ethiopia (ETH). 

Identification was made using Flora of Ethiopia and Eritrea (Hedberg and Edwards, 

1989; Edwards et al., 1995), herbarium collections at Addis Ababa University and with 

the help of standard literatures (Haines and Lye, 1983; Cook, 2004; Agnew, 2013) and 

finally authenticated by staff of the Herbarium. 

For quantitative study of the macrophytes community, a systematic sampling method 

along line transects which is better to effectively monitor and assess emergent and 
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floating aquatic plant communities (Madsen and Wersal, 2017) was applied. The length 

of transects was adjusted according to the depth of the littoral zone (Burlakoti and 

Karmacharya, 2004) and each transect was taken from the shoreline perpendicularly 

towards the center of the lake to the maximum range of macrophyte occurrence (Sender, 

2012). The number of transects at each site varied from 1 – 2 depending on vegetation 

cover and environmental heterogeneity (Rolon and Maltchik, 2006). Sampling was 

carried out using a 1 by 1 m quadrat following Fernández-Aláez et al. (1999) and Ghosh 

and Biswas (2015). Depending on the area coverage of the vegetation, variable number of 

quadrates (2 - 5) were laid along each transect at 15 m intervals. Macrophytes in each 

quadrat were counted and an independent morphological unit arising from rhizome was 

considered as an individual macrophyte (Pompeo and Moschini-Carlos, 1996). To 

capture all macrophytes present and get the best picture of total richness and composition, 

sampling effort was proportional to the vegetation cover of the site (Rolon and Maltchik, 

2006). Moreover, to generate the most comprehensive species list possible, new species 

observed along transects, outside of the quadrats, were also noted (Dikaso Unbushe, 

2013).  

2.2.3 Data Analysis 

The macrophyte data were quantitatively analyzed for abundance, relative frequency and 

relative density as in the study by Singh et al. (2013) and Ghosh and Biswas (2015). 

Macrophyte species diversity in the lake was computed using species richness, diversity 

index following Shannon and Weiner (1963) and Evenness index (Pielou, 1975). Spatial 

and temporal variations in abundance and diversity of macrophytes and physicochemical 
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parameters were tested using one-way ANOVA followed by Tukey-HSD and paired 

sample independent t-test, respectively. After determining the gradient length (<2) using 

DCA (Detrended Correspondence Analysis), RDA (Redundant Analysis) was employed 

to determine the relationship between macrophyte species composition and abundance 

and environmental parameters using CANOCO for windows 4.5 version Software (Ter 

Braak and Smilauer, 2002). To reduce the effect of rarity on RDA analysis, families that 

comprised <1% of the organisms at sampling sites were excluded (Kuchapski and 

Rasmussen, 2015). All statistical analyses were conducted using R-programming 

language version 3.4.2. 
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2.3 Results 

2.3.1 Physicochemical Variables  

All the physicochemical parameters significantly varied among the sampling sites 

(p<0.05) (Table 2.2). The pH value ranged from 7.85 (Awash I) to 8.8 (Ashewa) and 

showed significant variation among the sampling sites (P < 0.05); the value at Awash I 

being significantly lower than Ashewa, HEPP, Meto Aleka and Tulu Bofa. Similarly, the 

values of temperature (ºC) and conductivity (µScm-1) varied significantly among the 

sampling sites and ranged from 21.80 (HEPP) – 27.20 (Ashewa), and 78.83 (HEPP) – 

496.18 (Awash I), respectively. Temperature value at Ashewa was significantly higher 

than most sites except Awash I, Awash III, and Tulu Bofa while conductivity values at 

Awash sites were significantly higher than the rest sites except Awash II. All the 

nutrients also displayed significant variation among the sampling sites (P < 0.05). Nitrate 

at Awash I (3.68 mgL-1) and Awash II (3.27 mgL-1) sites where the floriculture effluent 

directly discharged was significantly higher than the other sites (P < 0.05). Awash I site 

had significantly higher values of total phosphorous (1.64 µgL-1) and soluble reactive 

phosphorous (0.28 µgL-1) than the other sites. 
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Table 2. 2 Spatial variation in environmental variables (mean ± SD) 

Sites pH Temperature Conductivity DO NO2-N 

Ashewa 8.80±0.38c 27.2±4.55c 117±33.9ab 6.02±2.72bc 0.29±0.18b 

Awash I 7.85±0.07a 24.6±5.27abc 496±665c 3.23±2.11a 0.28±0.12ab 

Awash II 8.20±0.70ab 23.6±3.06ab 295±129bc 4.88±3.50ab 0.32±0.21b 

Awash III 8.22±0.61ab 25.4±3.68bc 189±94.7ab 4.95±2.57ab 0.24±0.09ab 

Ayage I 8.21±0.41ab 23.5±3.18ab 97.6±27ab 5.93±2.05bc 0.15±0.09a 

Ayage II 8.21±0.37ab 23.9±2.33ab 88.1±28.0a 5.13±2.35abc 0.34±0.22b 

HEPP 8.48±0.33bc 21.8±1.81a 78.8±12.4a 6.99±0.62bc 0.25±0.19ab 

Meto Aleka  8.43±0.30bc 23.5±2.52ab 128±42.7ab 5.09±2.71abc 0.26±0.14ab 

Tulu Bofa 8.53±0.53bc 26.6±3.24bc 90.3±32.9a 7.17±1.45c 0.28±0.15ab 

Sites NO3-N NH3-N TP PO4-P Silica 

Ashewa 1.21±1.05a 0.12±0.10d 0.61±0.47a 0.06±0.02a 0.25±0.04a 

Awash I 3.68±3.42b 0.10±0.05bcd 1.64±1.38b 0.28±0.37b 0.32±0.07b 

Awash II 3.27±3.62b 0.10±0.07cd 0.19±0.18a 0.06±0.08a 0.40±0.11c 

Awash III 0.86±0.64a 0.07±0.02abc 0.25±0.41a 0.05±0.06a 0.33±0.05b 

Ayage I 0.31±0.17a 0.05±0.01a 0.60±0.67a 0.04±0.04a 0.25±0.05a 

Ayage II 1.52±1.80a 0.08±0.05abcd 0.21±0.14a 0.05±0.06a 0.26±0.04a 

HEPP 0.25±0.08a 0.06±0.01ab 0.17±0.13a 0.05±0.03a 0.26±0.04a 

Meto Aleka 0.36±0.28a 0.06±0.01ab 0.27±0.19a 0.06±0.07a 0.25±0.05a 

Tulu Bofa 1.16±1.50a 0.06±0.03abc 0.35±0.31a 0.07±0.10a 0.25±0.05a 

* Means within a column followed by the same letter are not significantly different 

* HEPP – Hydro Electric Power Plant, DO = Dissolved Oxygen and TP = Total 

Phosphorous, Temperature (ºC),  NO2-N, NO3-N, NH3-N, Silica (mgL-1), TP and PO4-P 

(µgL-1) and  Conductivity (µScm-1) 

2.3.2 Macrophyte Community 

The present study attempted to determine the abundance and diversity of macrophyte in 

Lake Koka and 199 quadrates were laid along transects that were set up at the different 

study sites.  
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2.3.2.1 Species Composition and Abundance 

A total of 28 macrophyte species belonging to 15 families were identified. No submerged 

macrophyte was recorded during the study. The complete catalogue of the macrophytes 

found in the lake is displayed in Table 2.3. The most dominant families were Asteraceae, 

Cyperaceae and Poaceae. Both Cyperaceae and Poaceae were represented by 6 (21.4%) 

species each while Asteraceae was represented by 3 (10.7%) species. The rest families, 

except Polygonaceae with 2 (7.14%) species, were represented by a single species. E. 

crassipes occurred at all the sites and was the dominant macrophyte with relative 

frequency of 17.4%, density of 70.7% and importance value index of (140). Leptochloa 

caerulescens, Echinochloa stagnina, and Cyperus dives followed in their dominancy with 

relative frequency of 11.8%, 11.6% and 9.74%, relative density of 9.60%, 9.43% and 4.43% 

and importance value index of 30.4, 30.0 and 19.3, respectively. Even though Typha 

angustifolia dominantly occurred only at two sites, it had also higher relative frequency 

(5.31%) and density (1.51%).  
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Table 2. 3 Macrophyte abundance and diversity in Lake Koka 

Macrophyte  Abu. 

(m2) 

%RF  %RD  

Family Species Common Name 
Amaranthaceae Alternanthera sessilis (L.)  

R. Br. ex DC. 

Sessile joy weed 7 3.05 0.34 

Asteraceae Eclipta prostrata (L.) L. False daisy 3 0.79 0.04 

Grangea maderaspatana 
(L.) Desf. 

Madras carpet 1 0.59 0.01 

Sphaeranthus sp. - 14 1.67 0.40 

Boraginaceae Heliotropium sp.  - 3 0.59 0.02 

Brassicaceae Rorippa sinuate (Nutt.) A.S. 

Hitchc. 

Yellow cress 7 2.85 0.31 

Chenopodiaceae Chenopodium ambrosioides 

(L.) 

Wormseed 3 0.49 0.02 

Cyperaceae Cyperus articulates (L.) Jointed flat sedge 12 2.95 0.59 

Cyperus dives  Delile - 27 9.74 4.43 

Cyperus rotundus (L.) Nut Sedge 14 3.54 0.85 

Schoenoplectiella juncea 

(Willd.) Lye 

- 4 0.59 0.04 

Cyperus sp. - 5 0.39 0.03 

Courtoisina assimilis 
(Steud.) Maquet 

- 3 0.29 0.02 

Lythraceae Ammannia baccifera (L.) Blistering ammannia 4 1.38 0.08 

Malvaceae Hibiscus sp. - 2 0.49 0.01 

Molluginaceae Glinus lotoides (L.) Lotus sweet juice 5 1.18 0.09 

Onagraceae Ludwigia adscendens (L.) 

H. Hara 

Water primrose 4 12.1 0.78 

Poaceae Digitaria abyssinica 
(Hochst. ex A. Rich.) Stapf 

Couch grass 3 0.69 0.03 

Echinochloa colona (L.) 

Link 

Jungle rice 6 2.66 0.27 

Echinochloa stagnina 
(Retz.) P. Beauv. 

Hippo. grass 48 11.6 9.43 

Eleusine indica (L.) Gaertn. Indian goose grass 3 0.49 0.03 

Leptochloa caerulescens 

Steud. 

- 49 11.8 9.60 

Phragmites australis (Cav.) 

Trin. ex Steud. 

Common reed 3 0.20 0.01 

Polygonaceae Persicaria decipiens (R. 

Br.) K. L. Wilson 

Knot weed 3 2.07 0.11 

Persicaria senegalensis 

(Meisn.) Soják 

- 3 4.72 0.20 

Pontederiaceae Eichhornia crassipes 

(Mart.) Solms. 

Water hyacinth 260 17.4 70.7 

Solanaceae Physalis sp. - 2 0.30 0.01 

Thyphaceae  Typha angustifolia (L.) Narrowleaf-cattail 17 5.31 1.51 

Abbreviations: Abu. = Abundance, RF = Relative Frequency, RD = Relative Density 

Note:  E. crassipes is the only floating macrophyte, the rest are either emergent, 

helophytes or semi-aquatic  
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2.3.2.2 Site Specific Diversity Measures 

In macrophyte assemblage terms, E. crassipes, L. caerulescens and L. adscendens were 

shared by all the sites, E. crassipes being dominant throughout the year followed by L. 

caerulescens. E. stagnina, C. articulatues, C. dives, C. rotundus, and P. senegalensis 

were shared by all the sites except HEPP. On the contrary, Cyperus sp and C. assimilis 

were recorded only at Meto Aleka site. Species richness at the sampling sites ranged from 

5 (HEPP) to 24 (Ayage II) (Appendix 1).  

Key community parameters (Shannon Diversity Index and evenness) were generated for 

each site. The overall macrophyte diversity index of Lake Koka was H′ = 1.10 and 

showed significant site-specific variation (ANOVA, P < 0.05); HEPP site having value 

significantly lower than Awash I and II, Ayage I and II, and Tulu Bofa sites. Evenness 

also varied significantly among the sampling sites (P < 0.05); Ashewa (0.40) and Meto 

Aleka (0.41) having value significantly lower than Awash I and II (Fig. 2.2). Generally, 

HEPP had the least species richness and Shannon diversity value while Ashewa and Meto 

Aleka sites exhibited low evenness value. E. crassipes was highly dominant throughout 

the year (Personal observation) while most species identified were rare.  
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Figure 2. 2 Spatial variation in macrophyte diversity indices (mean ± SD)  

(Bars labeled by the same letter are not significantly different 
 

2.3.2.3 Seasonal Variation in Physicochemical Variables and Macrophyte 

Distribution 

Physicochemical Variables 

Except for NH3-N, NO2-N, and dissolved oxygen (DO), all the physicochemical 

parameters significantly vary between the seasons: the dry season having significantly 

higher value (Two-sample t-test, P < 0.05) (Table 2.4).  
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Table 2. 4 Seasonal variation in physicochemical variables (mean ± SD) 

 

Seasons 
Physicochemical Parameters 

pH Temperature  Conductivity DO  NO2-N  

Dry 8.40±0.53b 25.8±4.09b 223±353b 5.73±2.81a 0.29±0.18a 

Wet 8.25±0.47a 22.9±2.71a 128±84.2a 5.25±2.32a 0.25±0.15a 

Seasons NO3-N  NH3-N  TP (µgL-1) PO4-P(µgL-1) Silica  

Dry 1.72±2.72b 0.08±0.07a 0.63±0.72b 0.13±0.20b 0.27±0.05a 

Wet 1.09±1.44a 0.07±0.03a 0.32±0.67a 0.03±0.03a 0.30±0.10b 

* Means within a column followed by the same letter are not significantly different 

* Temperature (ºC), NO2-N, NO3-N, NH3-N, Silica and DO (mgL-1), and Conductivity 

(µScm-1); DO= Dissolved Oxygen, TP = Total Phosphorous 

 

Macrophyte Distribution 

Significant seasonal variation was observed in species richness and Shannon diversity 

index (Two-sample t-test, P < 0.05). The dry period had significantly higher species 

richness (28) and diversity (H=1.00) (Table 2.5). Families Asteraceae, Boraginaceae, 

Brassicaceae, Chenopodiaceae, Lythraceae, Malvaceae, and Molluginaceae were absent 

during the wet period (Appendix 2).  

Table 2. 5 Seasonal variation in macrophyte assemblages 

Seasons Species Richness Shannon Diversity (H’) Evenness (J) 

Dry 28a 1.00±0.60a 0.52±0.18a 

Wet 13b 0.46±0.37b 0.53±0.22a 

* Means within a column followed by the same letter are not significantly different 

2.3.2.4 Correlations of Macrophytes with Environmental Variables 

Results of RDA showed that five of the environmental factors (pH, conductivity, nitrate, 

total phosphorous and soluble reactive phosphorous) were the main determining factors 

that governed the distribution of macrophytes in Lake Koka. The first two axes explained 
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92.6% of the species-environment relation while axis 1 only explained 81.2%. pH had 

significant positive correlation with axis 1 and determined the distribution of P. decipiens 

and E. crassipes. On the other hand, conductivity and nitrate were strongly and 

negatively correlated with axis 1 and determined the distribution of most of the 

macrophytes. Soluble reactive phosphorous was also strongly and negatively correlated 

with axis II and predicted the distribution of most macrophytes. RDA supports the result 

obtained with ANOVA and the physicochemical parameters conductivity, nitrate, total 

phosphorous and soluble reactive phosphorous characterize Awash I site (Table 2.6 and 

Fig. 2.3). 
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Figure 2. 3 Redundancy analysis (RDA) diagram of macrophytes in relation to water 

physicochemical properties and sites (sites not abbreviated, except HEPP) 
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(Abbreviations: Alt s. - Alternanthera sessilis, Amm b. - Ammannia baccifera, Cyp a. - 

Cyperus articulatus, Cyp d. - Cyperus dives, Cyp r. - Cyperus rotundus, Ech c. - 

Echinochloa colona, Ech s. Echinochloa stagnina, Eic c. - Eichhornia crassipes, Gli l. - 

Glinus lotoides, Lud a. - Ludwigia adscendens, Pan s. - L. caerulescens, Per d. - 

Persicaria decipiens, Per s. - Persicaria senegalensis, Ror s. - Rorippa sinuata, Sph sp. - 

Sphaeranthus sp., Typ a. - Typha angustifolia, TP – total phosphorous, SRP – PO4-P, 

Nitrite NO2-N, Nitrate – NO3-N and HEPP – Hydro Electric Power Plant) 

Table 2. 6 Correlation table of physicochemical parameters with the first two axis (strong 

correlations are marked bold at p< 0.05) 

Environmental Variables Axis 1 Axis 2 

Eigenvalues 0.78 0.1 

Cumulative percentage variance of species-environment relation 81.2  92.6 

pH       0.66 0.36 

Temperature    -0.36 0.36 

Conductivity -0.58 -0.35 

Nitrite (NO2-N)      -0.06 -0.02 

Nitrate (NO3-N)     -0.58 -0.42 

Total Phosphorous (TP)      -0.43 -0.50 

Soluble Reactive Phosphate (PO4-P)     -0.43 -0.50 
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2.4. Discussion 

2.4.1 Environmental Variables 

Comparison of the result from this study with results from other lakes indicated that the 

pH of Lake Koka water was comparable with the two Ethiopian Rift Valley Lakes 

(Hawassa and Ziway). However, concentration of NO2-N in Lake Koka was 17-75 times 

higher than Lake Ziway. Similarly, NO3-N in Lake Koka (0.25-3.68 mgL-1) was 41-83 

times higher than Lakes Ziway and Hawassa. But the levels of total phosphorous and 

soluble reactive phosphorous in Lake Koka were lower than Lakes Ziway and Hawassa 

(Table 2.7). This might be attributed to the presence of water hyacinth that absorb high 

levels of nutrients (Petrucio and Esteves, 2000) and variation in using nitrogen and 

phosphorous fertilizers for agricultural activities. The analysis of ANOVA indicated that 

higher values of conductivity, nitrate and soluble reactive phosphorous were recorded at 

Awash sites (I, and II) and this might be associated with the presence of floriculture farm 

that directly discharge its waste into the lake (Plate 2.1). Several authors have reported 

that floriculture farms are responsible for the discharge of wastes with high concentration 

of nutrients (Mulugeta Getu, 2009; Degytnu Tilahun, 2012; Sisay Misganaw and Seyoum 

Leta, 2017). Similarly, the high values of nutrients at Ashewa, Meto Aleka and Tulu Bofa 

sites might be attributed to the associated agricultural activities and livestock grazing (Zia 

et al., 2013) in these localities. However, HEPP which is relatively protected from human 

interference had lower value of conductivity, nitrate and soluble reactive phosphorous.  
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Plate 2. 1 Discharge of floriculture waste into Lake Koka a) wet season, b) dry season 

Table 2. 7 Comparison of physicochemical parameters of Lake Koka with other 

Ethiopian Rift Valley Lakes 

Lakes pH Temperature (ºC) Conductivity (µS/cm) Secchi (cm) 

Koka1 7.85 - 8.80 21.8-27.2 78.3-496 9-28 

Ziway2,3 7.85 – 8.72 22.4– 27.9 399 - 478 11.3 - 35.0  

Hawassa2 8.66 23.5 844 85  

Lakes NO2-N(mgL-1) NO3-N(mgL-1) TP(µgL-1) PO4-P(µgL-1) 

Koka1 0.15-0.34 0.25-3.68 0.17-1.64 0.04-0.28 

Ziway2,3 0.002-0.02 0.00-0.09 68.5 10.1-64.5 

Hawassa2 - 0.003 34.1 15.4 

1This study; 2Girma Tilahun and Ahlgren (2010); 3Girum Tamire and Seyoum Mengistou 

(2012) (TP = Total Phosphorous)  

2.4.2 Macrophyte Diversity 

In this study, 28 macrophyte species belonging to 15 families were identified. This was 

higher than the other Rift Valley Lakes, Ziway (14 spp.) (Girum Tamire and Seyoum 

Mengistou, 2012) and Hawassa (5 spp.) (Pattnaik, 2014; Lalisa Gemechu, 2018) but 
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fewer than the highland Lake Tana (30 spp.) (Yezbie Kassa, 2016). This variation might 

be due to the difference in nutrient deposition (Table 2.7), sampling effort and frequency 

and nature of the lakes. Unlike the findings of the above authors, no submerged 

macrophytes were recorded in Lake Koka and the most likely cause for this might be the 

turbid nature of the lake (Melaku Mesfin et al., 1988; Fasil Degefu et al., 2011) as 

compared to Lake Hawassa, Ziway (Table 2.7) and Tana (Ayalew Wondie, 2006; Adane 

Melaku, 2017). Different authors have stated water transparency or turbidity as one factor 

which limit the diversity and abundance of submerged macrophytes (Lougheed et al., 

2001; Nurminen, 2003a).  

The most dominant families were Cyperaceae and Poaceae each represented by 6 

(21.4%) species. The dominance of these families might be related with advantage of the 

recession of the water during the dry period, in which the species in these families grew 

and flourished (Plate 2.2). Most families were represented by single species indicating 

the uneven distribution of macrophytes in the lake. E. crassipes occurred at all sites and 

was the dominant macrophyte with relative frequency of 17.4% and density of 70.7% 

followed by L. caerulescens, E. stagnina, and C. dives. The density of E. crassipes was 

260 m-2 (258 m-2 in the lake and 289 m-2 in the dam) which is lower than the report from 

Firehun Yirefu et al. (2014) who reported 298 m-2 in the lake part and 308 m-2 in the dam 

part. The variation might be due to the difference in the sampling time where difference 

in the extent of wind, waves, rainfall and water level may displace the plants (Ngari et al., 

2009) affecting its abundance. In support of this, Albright et al. (2004) reported that 

heavy winds and waves associated with heavy rain significantly contribute to the 

variation in extent of E. crassipes (Water hyacinth) infestation and mat-size in Lake 
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Victoria basin. However, variation in sampling effort and frequency might be also one 

reason for the difference in the two results. In comparison with infestation level in other 

Ethiopian Lakes and Dams, the density of E. crassipes in Lake Koka was higher than 

Aba-Samuel dam, Melka Hida, Lake Taree, Lake Elltoke and Lake Abaya but lower than 

Lake Ellen (Firehun Yirefu et al., 2014). Even though T. angustifolia mostly occurred 

only at two sites (Awash I and Ayage I), it had also higher relative frequency (5.31%) 

and density (1.51%) (Table 2.3) and was dominant at these sites.  

In comparison with other Ethiopian Rift Valley Lakes, Hawassa dominated by 

Paspalidum germinatum (Lalisa Gemechu, 2018) and Ziway dominated by Arundo donax 

(Girum Tamire and Seyoum Mengistou, 2012), E. crassipes was the dominant 

macrophyte in Lake Koka followed by L. caerulescens, E. stagnina and C. dives. The 

high nutrient concentration in Lake Koka (Table 2.7) may create favorable condition for 

E. crassipes to flourish and outcompete the other species. The dominance of E. crassipes 

in the lake was revealed by the low evenness value at each site. Even though Lake Ziway 

had lower taxa richness than Lake Koka, the Shannon diversity index (H=1.805) (Girum 

Tamire and Seyoum Mengistou, 2012) was higher than Lake Koka (H=1.10) which might 

be attributed to the low evenness value in Lake Koka. Generally, the lower light 

transparency and higher nutrient concentration in Lake Koka may be the reason for the 

variation in the macrophytes assemblages between these lakes. In addition, variation in 

the sampling effort and frequency might also play role for the variation. For instance, 199 

quadrate samples were considered for this study while the corresponding value for the 

study on Lake Ziway was only 123 (Girum Tamire and Seyoum Mengistou, 2012).   
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Even though HEEP site is protected from human interference, it had significantly lower 

values of species richness (5) and Shannon Diversity Index (0.15) than most sites and this 

might be attributed to the high depth at this site which favored only the floating E. 

crassipes and some other species that can grow high and attached to the E. crassipes mat. 

This is supported by findings from different authors (Khedr, 1996; Fernández-Aláez et 

al., 1999; Capers et al., 2010) who reported water depth as one factor governing changes 

in species composition. More specifically, Topuzović et al. (2009), in their study on 

distribution of macrophytes in the Gruža Reservoir (Serbia) indicated that the greatest 

diversity and abundance of species can be found in shallowest parts of the reservoir. 

Despite the higher taxa richness at Meto Aleka (20), the site exhibited significantly lower 

evenness value than Awash I and II sites. This might be due to the high anthropogenic 

activity at Meto Aleka site (Table 2.1) that reduce the abundance of the other species and 

favor total dominance of E. crassipes. E. crassipes dominance also affected the 

abundance of other macrophytes (Villamagna and Murphy, 2010; Wang and Yan, 2017) 

and in turn even distribution of macrophytes at these localities.   

Significant seasonal variations in taxa richness and Shannon diversity were observed 

(p<0.05); the dry season having significantly higher value [(28) and (1.00±0.61)], 

respectively. The possible reason for this might be the great variation in the water level 

between the two periods (Plate 2.2) which was responsible for the total absence of 

families Asteraceae, Boraginaceae, Brassicaceae, Chenopodiaceae, Lythraceae, 

Malvaceae, and Molluginaceae during the wet period due to being totally submersed in 

the water. However, during the dry period, as the water recedes, these families got a 

chance to flourish again. But the other species survive during the wet period as they can 
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grow taller and taller together with the increasing water level. This result concur with the 

findings of Thomaz et al. (1999) who reported that highly variable hydrological regime 

caused by frequent fluctuations in reservoirs for hydroelectricity generation affected 

species richness. Moreover, Dar et al. (2014) indicated that reduction in water levels 

could bring drastic changes in the species composition and distribution of macrophytes. 

Contrary to the result of this work, Lake Ziway did not display seasonal variation in 

macrophyte diversity and abundance (Girum Tamire and Seyoum Mengistou, 2012) and 

this might be attributed to the low water level fluctuation between the two seasons as 

compared to the significant variation in the artificial Lake Koka.  

 

Plate 2. 2 Water level fluctuation and associated change in macrophyte coverage  

a) Awash I wet season, b) Awash I dry season, c) Meto Aleka wet season, d) Meto Aleka 

dry season 
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2.4.3 Environmental Variables as Determinants of Macrophyte Abundance  

The RDA species-environment analysis (Fig. 2.3) showed that pH and conductivity and 

nitrate ere the most important predictors of macrophyte species distribution in Lake 

Koka. This result concur with the findings of several authors (Mäkelä et al., 2004; Capers 

et al., 2010; Sousa et al., 2011; Kõrs et al., 2012). The RDA result also showed nitrate 

and soluble reactive phosphorous as predictors of macrophyte distribution in Lake Koka. 

This is also supported by the findings of different authors (Bini et al., 1999; Lougheed et 

al., 2001; Nurminen, 2003a; Sousa et al., 2011; Dar et al., 2014) who reported that 

nutrient enrichment (particularly nitrate and phosphate) as a possible cause of significant 

changes in the species richness, and density of aquatic vegetation. In this study, 

macrophytes including A. baccifera, C. dives, E. colona, E. stagnina, L. adscendens, P. 

senegalensis, R. sinuata, T. angustifolia, were strongly associated with high conductivity 

and nutrient conditions (soluble reactive phosphorus and nitrate). However, the emergent 

P. decipiens and free-floating E. crassipes were associated with high pH.  
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CHAPTER 3: EFFECTS OF FLOATING AND EMERGENT MACROPHYTES 

ON SEDIMENT DEPOSITION AND RE-SUSPENSION IN LAKE 

KOKA, ETHIOPIA 

3.1 Introduction 

Aquatic macrophytes and sediment dynamics are strongly interrelated (Li et al., 2016). In 

water bodies with erosion and sedimentation problems, macrophytes play role in reducing 

shoreline erosion, trapping sediments and associated nutrients (Horppila and Nurminen, 

2003; Li et al., 2008; Chao et al., 2010) by reducing turbulence (Barko et al., 1991; Chao 

et al., 2010) and water velocity (Madsen et al., 2001; Nolte et al., 2013). In doing so, 

they also prevent sediment re-suspension and enhance water quality (Dieter, 1990; 

Horppila and Nurminen, 2003). Several authors reported that aquatic ecosystems with 

vegetated littoral regions generally had higher sediment deposition and lower re-

suspension rate than non-vegetated regions (Madsen et al., 2001; Schulz et al., 2003; Li 

et al., 2016).  

Studies on efficiency of wetlands to retain suspended solids entering into a water body 

reported a trapping efficiency of 55-80% (Knight et al., 1987; Mitsch and Reeder, 1992). 

Moreover, Rooney et al. (2003) indicated that in lakes in which half of the sediment 

surface is colonized by submerged macrophytes, the littoral zone accounts for roughly 

two thirds of whole-lake bulk sediment accumulated annually. Re-suspension related 

study in Lake Taihu, China, indicated that macrophytes provided strong abatement of 

sediment re-suspension reducing its rate by up to 29-fold (Zhu et al., 2015). Chao et al. 
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(2010) also reported that with vegetation, bed shear stress is reduced by about 20% - 

80%, which, in turn, reduces sediment suspension.  

However, efficiency of macrophytes in restraining re-suspension vary among species and 

growth forms (Li et al., 2008). This might be due to the variation in the architecture and 

distribution of plant tissue over the water column (Vermaat et al., 2000). For instance, 

Horppila and Nurminen (2005b) studied the efficiency of three different life forms and 

reported re-suspension rate for both submerged and emergents was on average 43% of 

that in the adjacent open water, while the corresponding value within floating-leaved was 

87%. Moreover, Li et al. (2008) studied two  submerged macrophytes (Potamogeton 

maackianus and Vallisneria spinulosa) and found P. maackianus to be more effective in 

restraining sediment re-suspension. But compared to submerged macrophytes, the 

influence of emergent and floating macrophytes on sediment dynamics have been studied 

less (Nurminen, 2003b; Li et al., 2016) and in lakes with low or no submerged 

macrophytes, the emergent and floating macrophytes should not be overlooked.  

Nowadays, many parts of Ethiopia are experiencing deforestation, poor soil and improper 

farming techniques resulting in excess sediment and nutrient loads (Julien and Shah, 

2005). Due to this, reservoir and lake sedimentation is a serious problem in the country 

(Mesfin Mergia et al., 2015). Most modeling studies and also reviews on reservoirs 

(Nigussie Haregeweyn et al., 2006; Devi et al., 2008; Takele Zeleke et al., 2013), on 

lakes (Fasikaw Atanaw et al., 2016; Teklu Gebretsadik and Kassahun Mereke, 2017) and 

on different basins (Seleshi Bekele et al., 2009; Agizew Nigussie, 2010) indicated the 

severity of sedimentation problem in Ethiopia. Despite the serious sedimentation 
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problem, only few management studies have been conducted: Mesfin Mergia et al. 

(2015) on constructing dams and Mulatie Mekonnen (2016) on indigenous grass species 

and sediment storage dams as a management option. Hence, sedimentation studies in 

freshwater ecosystems are still in their infancy and there is a need for biological 

management options. 

Lake Koka is one of the water bodies in Ethiopia, which is heavily affected by sediment 

load that comes from the inflowing rivers (Julien and Shah, 2005; Kebede Wolka, 2012). 

The total sediment deposited in the reservoir part of the lake in the period 1961-1981 has 

been estimated at 0.34 km3, yielding an average of 17 Mm3 yr-1 (Muluneh Imru, 1992). 

This volume corresponds to a trap efficiency of 95% and to a general rise of the 

reservoir's initial bed by 3 m. The capacity of the reservoir has declined from 1650 Mm3 

in 1959 to 1186 Mm3 due to sedimentation over the years. The loss of total storage 

capacity is estimated to be 464 Mm3, which is 28.1% of the total storage volume of the 

reservoir (Shahin, 1993). The same author stated in 1993 that under the current rules of 

operation, the reservoir would not be able to function effectively after the next 16 years 

or so (which corresponds to ca. 2010). Yet, presently in 2019, the reservoir is still 

operating. It was therefore hypothesized that sediment trapping by macrophytes in the 

upper catchment of the lake could be partly responsible for sediment reduction and 

elongation of the decommissioning date of the reservoir. 

In this study, a sediment trap field experiment was performed in Lake Koka. For the 

study, four dominant macrophytes communities were selected and their relationship with 

sedimentation and re-suspension was investigated to test the hypothesis: all the 
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macrophytes promote sediment deposition and prevent re-suspension. The results from 

this study can be applied to the other lakes and dams of Ethiopia including the Great 

Ethiopian Renaissance Dam.  

3.2 Materials and Methods 

3.2.1 Environmental Variables   

Simultaneously with deployment and retrieval of sediment traps, measurement of 

turbidity was conducted with an OAKTON: T-100 Turbidimeter and depth with an 

ECHOTEST II DEPTH SOUNDER. 

3.2.2 Sediment Data 

The sediment trapping experiment was conducted at Ayage site (an Island) where there is 

little human disturbance and the experimental macrophytes are found. At this site, E. 

crassipes was also the dominant macrophytes with a relative abundance of 58.7% 

followed by E. stagnina, L. caerulescens, and T. angustifolia with a relative abundance of 

17.6%, 13.0% and 4.71, respectively (Appendix 1). So this four macrophytes were used 

as an experimental subjects.  

3.2.2.1 Trap Anchor or Frame   

Traps were attached to a rigid supporting frame work (Flower, 1991), to avoid problems 

of trap tilt (Gardner, 1985) and to make the collecting area beyond 1 m above the natural 

sediment surface (Flower, 1991). The metal framework was a modification from 

Blomqvist (1981) where a surface buoy is attached to it for marking purpose during 

retrieval (Håkanson, 1984). A brick was tied to the frame to increase the weight and 
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avoid the drift of the frame and the trap by the current and the floating water hyacinth, 

(Håkanson, 1984). Each frame can hold four PVC sediment trap tubes as replication. The 

structure of the frame is displayed in plate 3.1 below.  

 

Plate 3. 1 Modified sediment trap anchor design used in this study 

3.2.2.2 Sediment Trap Design 

Sediment traps are simple instruments constructed from tubes of varying shapes (i.e 

cylindrical, funnel or bottleshaped) with a removable vessel attached at the base and have 

been used in limnological research for different purposes (Schillereff, 2015). Static 

sediment traps have been successfully used to examine the processes of particle flux and 

resuspension in aquatic ecosystems. But the quantity and frequency of samples by using 
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sedimet traps is restricted because of deployment and retrieval cost (Muzzi and Eadie, 

2002). When used correctly, a sediment trap of good design will measure the downward 

flux of particles in the water surrounding the trap. Unfortunately there is little agreement 

as to the proper design of sediment traps (Hargrave and Burns, 1979) and a proper trap 

protocol is missing (Bloesch, 1996). Sediment traps can be constructed from tubes of 

varying shapes: cylindrical, funnel or bottleshaped (Schillereff, 2015). But simple 

cylinder is the most favourable form of sedimet trap in all types of water (Bloesch and 

Burns, 1980; Gardner, 1980; Blomqvist, 1981; Håkanson, 1984) and is used by different 

researchers (Horppila and NiemistÖ, 2008; Li et al., 2008; Fortino et al., 2009; 

Kaitaranta et al., 2013).  

 

In addition to the shape, the dimension: the cylinder height to diameter ratio (aspect ratio) 

is also critical in trap design (Hargrave and Burns, 1979; Bloesch and Burns, 1980; 

Håkanson, 1994). Researchers recommend that the appropriate dimension for cylinder is 

a minimum diameter of 5 cm and aspect ratio of 5:1 in calm conditions and 10:1 in 

turbulent waters (Hargrave and Burns, 1979; Bloesch and Burns, 1980; Bloesch, 1996). 

Moreover, Håkanson (1984) indicated that cylinders should have a diameter larger than 4 

cm and an aspect ratio larger than 3, but this value should be increased in turbulent 

waters. So for this study, a PVC tube with an internal diameter of 7 cm and aspect ratio of 

10:1 was used. The tops of the traps were 115 cm above the sediment to avoid over 

estimation due to re-suspension, and upper part of each trap had an external buoyant with 

a rope of different lengths depending on the depth of the water (Plate 3.2).  
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Plate 3. 2 Sediment trap anchor with PVC tube 

3.2.2.3 In situ Sediment Trap and Installation  

Sediment and seston sampling, and emptying of sediment traps, was conducted 3 times 

from July to September 2017 at monthly intervals to avoid artificial mineralization and 

no preservative for preventing decomposition inside the traps were used to avoid 

problems of chemical reaction (Bloesch and Burns, 1980). Using a wooden boat, the traps 

were deployed at five sites making eight (8) replication for each site (eight in open water 

area, eight in E. stagnina stand, eight in Pancium sp. stand, eight in T. angustifolia stand 

and eight in E. crassipes stand). The open water station was used as a reference. The 

distance between the sites where traps deployed was in the range of 50-100 m. Every 

month, the traps were retrieved and scrubbed with a brush to remove any attached growth 

and rinsed with the Lake water. During retrieval, the traps were pulled to the surface at 

constant rate to avoid problem of re-suspension of the entrapped sediment (Dillon et al., 
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1990). The abundance of the emergent and floating macrophytes was determined by 

measuring the changes in their stem density as in Horppila and Nurminen (2005b). 

 

Plate 3. 3 Entrapped sediment sampling 

3.2.2.4 Sample Collection and Handling 

Upon retrieval of the sediment traps anchors, the PVC tubes were tied off from the 

anchor, the supernatant water was removed and the bottom sediment was emptied into a 

polyethylene bag and brought to the laboratory for analysis (Plate 3.3). In the laboratory, 

the contents of the traps were oven dried at 105ºC and weighed. Organic fraction of the 
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entrapped material (fS) was determined by the loss on ignition at 550ºC (Plate 3.4). From 

each station, four seston samples were taken with a tube sampler, filtered through a GF/C 

filter and, following filtration, analyzed for loss on ignition (fT). In addition, four surface 

sediment samples (topmost 1 cm of the bed sediment) were collected from each stand 

with a corer (3.5 cm internal diameter) and analyzed for loss on ignition (fR) (Plate 3.5). 

From the supernatant of each PVC tube, subsamples were taken, filtered through a GF/F 

to determine the dry weight of the suspended matter in the supernatant.  

 

Plate 3. 4 Entrapped sediment sample analysis 
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Plate 3. 5 Surface sediment sampling and laboratory analysis 

3.2.2.5 Determining Sedimentation and Re-suspension Rates 

The values of gross sedimentation rate (S) was calculated by subtracting the dry weight 

of suspended matter, contained by the water volume in each trap, from the gross dry 

weight per trap following Gasith (1975) cited in Horppila and Nurminen (2005b). The re-

suspension rate at each location was calculated using the method by Gasith (1975) cited 

in Horppila and Nurminen (2005b). This method is preferable in lakes where there are 

cyanobacterial blooms (Horppila and Nurminen, 2005a) and is based on the assumption 

that the content of organic matter in the bottom sediment differs from that of suspended 

seston. The method uses the following equation:  

R = S  

                    Where 

R is the sediment re-suspension rate (g DW m-2 d-1) 

S is the entrapped settling flux (g DW m-2 d-1) 

fS is the organic fraction of gross sedimentation (S) 
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fR is organic fraction of R (surface sediment) and  

fT is the organic fraction of seston (T) suspended in the water (James and Barko, 1991; 

Nurminen, 2003b; Horppila and Nurminen, 2005b).  

3.2.3 Data Analysis 

The variation in the environmental variables, rate of sedimentation and re-suspension 

among the macrophyte stands (sampling stations) was tested using one-way analysis of 

variance (one-way ANOVA). The validity of the applied method was tested by 

comparing the values of fR and fT at the macrophytes stand using paired-sample t-test and 

hence the method of Gasith (1975) cited in Horppila and Nurminen (2005b) was found to 

be applicable for this study. All the statistical analysis and graphing were made using R 

programming language version 3.4.2.    
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3.3 Results  

The efficiency of four macrophyte species in trapping sediments and magnitudes and 

patterns of sediment re-suspension along these species were assessed in Lake Koka, 

Ethiopia. The assessment was based on analyses of sediment trap collections for three 

months over the rainy season of 2017.  

3.3.1 Environmental Variables 

The role macrophytes play depends on different environmental factors (Maltchik et al., 

2007; Ngari et al., 2009; Dar et al., 2014) like depth and turbidity. In this study, the depth 

at the macrophyte stands ranged from 2.13±0.21 m (L. caerulescens) to 2.93±0.30 m (T. 

angustifolia). Turbidity was also in the range of 402.29±71 NTU (E. stagnina) and 

455.33±75 NTU (open water). But the results of analysis of variance indicated that these 

parameters did not vary significantly among the sampling stations (p > 0.05).  

3.3.2 Role of Macrophytes in Trapping Sediment and Preventing Re-suspension 

In this study, an attempt was made to determine the efficiency of the four dominant 

macrophytes in trapping sediment and reducing re-suspension. The density of the 

macrophytes (number of stems m-2) was 23, 74, 116 and 179 for T. angustifolia, E. 

crassipes, E. stagnina and L. caerulescens, respectively.  

3.3.2.1 Concentration of Suspended Solids at the Macrophyte Stands 

The mean concentration of SS was 0.13 g DW L-1 in July increased to 0.15 g DW L-1 in 

August and had fallen to 0.08 g DW L-1 in September (Table 3.1). Concentration of SS 

among the sampling months showed significant variation (P < 0.0001; F = 10.411; df = 
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2): the concentration in September being significantly lower than the other two months. 

However, the difference among the sampling stations and the interaction between 

sampling station and months was not significant (P = 0.074; F = 2.198; df = 4 and P = 

0.583; F = 0.824; df = 8, respectively).  

Table 3. 1 Concentration of suspended solids (g DW L-1) in each macrophyte stand 

(N=24) and month (N=40) in Lake Koka, Ethiopia 

 

Macrophyte species  
Period of incubation 

Jul.  Aug.  Sept.  

T. angustifolia 0.12±0.03 0.14±0.00 0.07±0.03 

E. stagnina 0.10±0.01 0.14±0.02 0.06±0.03 

L. caerulescens  0.10±0.01 0.14±0.01 0.09±0.04 

E. crassipes 0.20±0.24 0.15±0.01 0.10±0.01 

Open water 0.11±0.03 0.16±0.01 0.08±0.04 

3.3.2.2 Organic Fraction  

The organic fraction of the entrapped material (fS) fluctuated between 10.1% and 11.5% 

in the macrophyte stands and was 13.5% in the open water station. The fS was influenced 

by sampling stations (P = 0.001; F = 4.924, and df = 4); the open water station having 

value significantly higher than the other stations except at the E. crassipes. The organic 

fraction of surface sediment (fR) significantly varied among the sampling stations (P < 

0.0001; F = 104.6, and df = 4). It fluctuated between 7.66% and 21.9% in the macrophyte 

stands and was significantly higher compared with the open water station (4.44%). The 

order of fR within the stations was T. angustifolia = E. stagnina > E. crassipes = L. 

caerulescens > open water station. But the organic fraction of suspended seston (fT) was 

not influenced by vegetation type and absence (P = 0.067; F = 2.26; df = 4) (Table 3.2).  
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Table 3. 2 Organic fraction (%, ± SD) of surface sediment (fR), entrapped material (fS) 

and suspended solids (fT) in the different macrophytes stands (N=24) in Lake 

Koka, Ethiopia 

Sampling stations Surface sediment (fR) Entrapped material 

(fS) 

Suspended solids 

(fT) 

T. angustifolia 21.9±0.07c 10.2±0.03a 1.92±0.01a 

E. stagnina 20.5±0.04c 10.1±0.02a 1.79±0.01a 

L. caerulescens 7.66±0.01b 10.8±0.02a 2.04±0.01a 

E. crassipes 8.25±0.02b 11.5±0.02ab 2.48±0.01a 

Open water 4.44±0.01a 13.5±0.05b 2.03±0.01a 

* Means within a column followed by different letters are significantly different (P < 

0.05) 

3.3.2.3 Sedimentation and Re-suspension Rates at the Macrophyte Stands 

The sedimentation rate at the sampling stations ranged from 3.74±0.34 (open water 

station) to 17.96±1.5 g DW m-2 d-1 (E. stagnina) (Fig. 3.1). Macrophyte type and 

presence/absence had a significant influence on sedimentation rate (P < 0.0001; F = 

27.171; df = 4; Fig. 2). All the macrophytes significantly increased sedimentation 

compared with the non-vegetated area. But among the macrophytes, sedimentation within 

the E. stagnina and T. angustifolia plants was higher than that of L. caerulescens and E. 

crassipes indicating the former two species had greater sediment trapping efficiency. 

Moreover, the sedimentation rate at the open water station was on average 22.6% of the 

T. angustifolia and E. stagnina while the corresponding value for L. caerulescens and E. 

crassipes was 43%.  

Similarly, both macrophyte type and presence/absence significantly influenced sediment 

re-suspension (P < 0.0001; F = 13.642; df = 4; Fig. 3.1). All the macrophytes 
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significantly reduced sediment re-suspension compared with non-vegetated area. Re-

suspension among the four macrophyte communities also differed significantly and the 

order of re-suspension among the macrophyte communities was E. crassipes = L. 

caerulescens > E. stagnina = T. angustifolia. The relative re-suspension rate indicated 

that re-suspension within T. angustifolia and E. stagnina was on average 36.4% of the 

open water station while the corresponding value for L. caerulescens and E. crassipes 

was 70.9% (Fig 3.1). Hence, T. angustifolia and E. stagnina had a higher ability to 

restrain sediment re-suspension than the other two species. 

 

Figure 3. 1 Variation in daily sedimentation and re-suspension rates (g DW m-2 day-1) 

among the macrophyte stands (mean ± SE, n=24) in Lake Koka, Ethiopia     

(groups followed by different letters are significantly different at the 0.05 significance 

level)  
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3.4 Discussion 

3.4.1 Environmental Variables 

Bloesch (1982) and Brueske and Barrett (1994) indicated that depth is one factor that 

determined sediment deposition and re-suspension. But in this study, depth had no 

significant variation among the sampling stations and hence its effects on sedimentation 

could not be detected. Results of reduced turbidity in the presence of macrophyte have 

been reported by different authors (Dieter, 1990; Madsen et al., 2001; Horppila and 

Nurminen, 2003) which can be attributed to the macrophytes. Their filtration effect (Brix, 

1994) and ability to change the turbulence intensity leading to reduced water turbidity 

and increased water transparency (Chao et al., 2010). Contrary to this, in this study, 

turbidity was not influenced by the presence or absence of macrophytes and this can be 

explained by the insignificant variation in the concentration of suspended solids among 

the sampling stations.  

3.4.2 Role of Macrophytes in Trapping Sediment and Preventing Re-suspension 

Sediment dynamics in aquatic ecosystems have been widely studied and one factor that 

affect its dynamics is presence of macrophytes (Brix, 1994; Brueske and Barrett, 1994). 

In a trial to determine the efficiency of different macrophytes in facilitating sedimentation 

and restraining re-suspension, the organic fraction of surface sediment, entrapped 

material and suspended seston was determined. As in the results from different authors 

(Sand‐Jensen, 1998; Madsen et al., 2001), results from this study demonstrated that the 

organic fraction of surface sediment (fR) was influenced by the presence or absence of 

macrophytes in that fR at the open water station was lower than that of at the macrophyte 
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stands. This can be attributed to the macrophytes capacity to provide a low-energetic 

environment where organic seston can easily settle. But it is also possible for the 

macrophytes to directly contribute to the formation of organic sediments (Schulz et al., 

2003).  

In this study, sedimentation rate in all four macrophyte stands was higher compared to 

the open water station which is in agreement with our hypothesis. Studies on the 

importance of aquatic macrophytes on sediment dynamics reported that sediment 

deposition rate was highest in vegetated areas (Braskerud, 2001; Schulz et al., 2003; 

Mudd et al., 2010) where macrophytes reduce current velocities and attenuate wave 

energy resulting in increased sedimentation (Madsen et al., 2001; Wetzel, 2001). The 

result from this study also showed that the emergent E. stagnina and T. angustifolia were 

more efficient in trapping sediment than the other emergent L. caerulescens and the 

floating E. crassipes. This accords with the results from several authors who reported 

macrophytes efficiency in promoting sedimentation vary based on species and growth 

forms (Vermaat et al., 2000; El-lil, 2006; Li et al., 2016). This could be due to the 

substantial variation in the architecture and distribution of plant tissues over the water 

column among growth forms and species  (Vermaat et al., 2000; Horppila and Nurminen, 

2005b).  

The higher efficiency of E. stagnina might be due to its morphology which form dense 

mats with its creeping rhizomes and extensively decumbent stem that is branched at the 

base and rooted at the nodes (Cook, 2004). Similarly, the high sediment retention 

capacity of T. angustifolia might be due to thick corm like stem (Cook, 2004) which 
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cannot easily be compressed by the current reducing its interaction area with the water 

column. In a similar study in Lake Hiidenvesi, Finland (Horppila and Nurminen, 2001) 

high sedimentation rate was reported in the emergent T. angustifolia stands. On the 

contrary, the lower sediment retention capacity of the L. caerulescens might be due to its 

soft, erect and thin culm rooting at some lower nodes (Cook, 2004). Thus it can easily be 

compressed by the water current reducing its interaction area with the water column 

leading to low sediment trapping ability. In this study, E. crassipes had also low sediment 

retention capacity and this can be attributed to its floating nature (Masifwa et al., 2001) 

which cannot protect the water current from eroding or re-suspending the sediment bed.  

A study to determine the roles of three emergent macrophytes in promoting 

sedimentation in Dongting Lake, China, Li et al. (2016) reported that plant density is 

significantly correlated with rate of sedimentation. In addition, Madsen et al. (2001) 

indicated that areas with dense beds of macrophytes have high sedimentation. Contrary to 

this, in this study, low sedimentation rate (8.67 g DW m-2) was recorded at the L. 

caerulescens which had higher stem density (179 stems m-2) than the others. This might 

be due to the influence of the high density on the water flow resistance as water flow 

prefers sparsely vegetated areas (Brueske and Barrett, 1994).  

Sediment re-suspension occurs in lakes of different sizes due to water turbulence and bed 

shear stress (Chao et al., 2010) and is an important internal process with regard to 

nutrient cycling, turbidity and water column production (Fortino et al., 2009). Previous 

studies have shown that the intensity of sediment re-suspension is influenced by 

macrophyte coverage (Dieter, 1990; Madsen et al., 2001; Huang et al., 2007; Zhu et al., 
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2015) because of their effect in moderating the effect of wind waves (Chao et al., 2010; 

Horppila et al., 2013). For instance, Dieter (1990) reported that in shallow lakes (South 

Dakota), re-suspension in areas protected by emergent vegetation was only one-third of 

the rate in the open water. Zhu et al. (2015), in their study on the effect of macrophytes 

on sediment re-suspension in shallow large lake (Lake Taihu, China) also reported that 

the occurrence of macrophytes may reduce sediment re-suspension up to 29-fold. In this 

study, the effectiveness of four macrophyte species was tested and the findings accord 

with such results. On average 10.07 g DW d-1 sediment was re-suspended in the vegetated 

area and 18.67 g DW d-1 in the open area indicating that all the macrophytes substantially 

decreased re-suspension rate as compared to the open water station. This is also in 

agreement with our hypothesis.   

Similar to sedimentation, the effect of macrophytes on sediment re-suspension vary 

among growth forms (Horppila and Nurminen, 2005b) and species (Horppila and 

Nurminen, 2003) due to the variation in the architecture and distribution of plant tissues 

over the water column (Horppila and Nurminen, 2003). The findings of this study agree 

with such results in that E. stagnina and T. angustifolia being highly efficient in 

restraining reuspension than the other two species. This might be due to the structrural 

complexity of these two macrophytes (Cook, 2004) which is described above. Similar 

species-specific and growth form variation in restraining sediemtation have been reported 

by several authors (Horppila and Nurminen, 2003; Horppila and Nurminen, 2005b; Li et 

al., 2008). For instance, Li et al. (2008), in their research to study the effect of different 

submerged macrophyte species on sediment re-suspension, reoprted that Potamogeton 

maackianus was more efficient than Vallisneria spinulosa. Moreover, Horppila and 
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Nurminen (2005b) studied the effects of different macrophyte growth forms on sediment 

re-suspension and found the effects of floating-leaved species to be weaker than emergent 

and submergent macrophytes. In this study, the re-suspension rate at E. stagnina and T. 

angustifolia stands was on average 36.4% of the open water station while the 

corresponding value at the floating-leaved E. crassipes was 70.9%. The emergent L. 

caerulescens had comparable efficiency with E. crassipes and this might be due to its 

architecture (Cook, 2004).  

Horppila and Nurminen (2005b) reported that with submergents and emergents, stem 

density had influence on sediment re-suspension and in the stand of emergents, re-

suspension was reduced, when stem density reached 22 stems m-2. Horppila and 

Nurminen (2001) also reported that T. angustifolia (with 10 - 22 stems m-2) reduced re-

suspension by 9.7 - 16.4 g  DW m-2.  Finding is in accordance with the results of the 

above authors and T. angustifolia (with 23 stems m-2) reduced re-suspension by 12.51 g 

DW m-2. Among the floating-leaved macrophytes, increasing stem density had no strong 

effects on re-suspension (Horppila and Nurminen, 2005b). In this study too, even though 

the floating E. crassipes had higher stem density (74 stems m-2) than T. angustifolia (23 

stems m-2), the re-suspension rate was significantly higher for the floating species. This 

might be because the efficiency of the floating E. crassipes depends on the underwater 

structure rather than the stem above the water column. In conclusion, all the four 

macrophytes had a considerable effect on retaining sediment and restraining re-

suspension, the effect of E. stagnina and T. angustifolia being stronger than the other two 

species.  
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CHAPTER 4: IMPACT OF WATER HYACINTH (Eichhornia crassipes) ON 

WATER QUALITY AND MACRO-INVERTEBRATE 

COMMUNITY OF LAKE KOKA, ETHIOPIA 

4.1 Introduction 

The invasion of rivers, dams and lakes throughout Africa by introduced aquatic weeds 

represents one of the largest threats to the socioeconomic development of the continent. 

E. crassipes is one of the weeds and has been present in Africa since the late 1800s, and 

its importance has increased since then (Cilliers et al., 2003). In the East African region, 

the weed was first noticed almost simultaneously in Uganda, Tanzania and Kenya in 

1987 (Ogwang and Molo, 1998). In Ethiopia, it was first officially reported in 1956 on 

Koka Lake and Awash River (Rezene Fessehaie, 2005). Nowadays most part of the lake 

is covered by the weed particularly during the rainy season (Personal observation) and it 

is common in various water bodies located at low, mid and high altitudes (Firehun Yirefu 

et al., 2014). Reports indicated the presence of the weed in Baro, Gillo, and Akobo 

Rivers (Rezene Fessehaie, 2005) and Lake Tana (Wondie Zelalem, 2013; Dereje Tewabe  

et al., 2017; Erkie Asmare, 2017).  

The presence of E. crassipes in a water body may cause serious problems including 

blockage of water pumps (Aloo et al., 2013), hindrance of fishing activity (Waithaka, 

2013; Erkie Asmare, 2017), increase in water borne diseases, increased 

evapotranspiration, blockage of hydroelectric installations and livestock watering 

(Yigrem Mengist and Yohannes Moges, 2019). Moreover, several studies elsewhere have 

documented the impact of E. crassipes on different aquatic biodiversity components 
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(Masifwa et al., 2001; Brendonck et al., 2003; Toft et al., 2003; Villamagna, 2009) and 

water quality (Gichuki et al., 2012; Mironga et al., 2012; Yongo et al., 2017). Macro-

invertebrates are biodiversity components, which are important trophic connections in 

lake ecosystems by consuming primary producers and other secondary producers, and 

serving as a food resource for higher trophic level consumers (Merritt and Cummins, 

1996). However, invasive macrophytes like E. crassipes often have effects on macro-

invertebrate communities (Kovalenko et al., 2010). 

In Ethiopia, even though E. crassipes is expanding in its distribution, only few studies 

have been conducted about its impact on water quality, biodiversity and socio-economic 

activity (Firehun Yirefu et al., 2007; Firehun Yirefu et al., 2014; Dereje Tewabe  et al., 

2017; Wondie Zelalem et al., 2017). In addition, even though Lake Koka is among the 

first water bodies to be infested by E. crassipes (Rezene Fessehaie, 2005), there is no data 

regarding the impact of the weed on macro-invertebrate and water quality of the lake. the 

Even though the study was restricted to only one locality, Habtamu Getnet (2019) tried to 

investigate the impact of the weed on water quality and plankton community of Lake 

Koka. But to make management decisions, a well-developed understanding of the 

relationships between macro-invertebrates, other biota and E. crassipes is necessary. 

Therefore, this study tried to investigate the impact of the dominant E. crassipes on water 

quality and macro-invertebrate diversity in comparison with the other dominant emergent 

macrophyte in the lake (E. stagnina). It was hypothesized that E. crassipes has negative 

impact on water quality and macro-invertebrate diversity of Lake Koka and the result 

may give picture of long-term effects of the weed on the lake. 
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4.2 Materials and Methods 

4.2.1 Site Selection  

Sites for this study were selected based on the presence and absence of E. crassipes and 

E. stagnina to compare the impact of the invasive species. These two macrophytes were 

selected since they are the dominant species in the lake and E. stagnina was found in 

many localities than the other dominant L. caerulescens (Table 2.3 and Appendix 1). 

Open water stations were selected at each locality to be used as a reference for the water 

quality study. Based on this criterion, ten sites were selected as described Table 4.1 and 

displayed in Fig. 4.1.   

Table 4. 1 Description of sampling sites (No macro-invertebrate samples from open sites) 

Site Name Abbreviation Habitat type Depth  

Meto Aleka Shore  MAS E. crassipes mats 70 cm 

Meto Aleka Open MAO Open water site (without macrophyte) 2.0 m 

Awash Shore 1 AWS1 E. stagnina stand 70 cm 

Awash Shore 2 AWS2 E. crassipes mats 70 cm 

Awash Open AWO Open water site (without macrophyte) 1.5 m 

HEPP Shore HEPPS E. crassipes mats 1.0 m 

HEPP Open HEPPO Open water site (without macrophyte) 3 m 

Ayage Shore 1 AYS1 Island shore covered by E. crassipes  70 cm 

Ayage Shore 2 AYS2 Island shore covered by E. stagnina  70 cm 

Ayage Open AYO Open water site (without macrophyte) 2.0 m 
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Figure 4. 1 Location of sampling sites on Lake Koka (dam is indicated as HEPP) 

(Abbreviations: MAS= Moto Aleka Shore, MAO= Moto Aleka Open, AWS1= Awash 

Shore 1, AWS2= Awash Shore 2, AWO= Awash Open, HEPPS=Hydro Electric Power 

Plant Shore, HEPPO=Hydro Electric Power Plant Open, AYS1= Ayage Shore 1, AYS2= 

Ayage Shore 2, AYO= Ayage Open)  

4.2.2 Sampling 

Data for physicochemical parameters were collected simultaneously with macro-

invertebrates samples monthly from March to June 2017, when the water current was low 

and E. crassipes was stable.  
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4.2.2.1 Physicochemical Parameters 

In situ measurement of temperature (T), pH, electrical conductivity (EC) and dissolved 

oxygen (DO) was conducted with portable HQ40D Multimeter. For nutrient analysis, 

composite water samples (by compositing samples from varying depths) at each site were 

taken in duplicates and transported to laboratory in an icebox. In the Limnological 

Laboratory of Addis Ababa University, the samples were filtered using GF/F and the 

nutrients were analyzed spectrophotometrically using a JENWAY 6405UV/Vis 

spectrophotometer. NO3-N was analyzed with sodium salicylate method (Robarge et al., 

1983), NH3-N with indo-phenol blue (APHA, 1995), and soluble reactive phosphorous 

(PO4-P) with ascorbic acid method (APHA, 1999). NO2-N concentration was determined 

by the reaction between sulfanilamide and N-naphthyl-(1)-ethylenediamine 

dihydrochloride (APHA, 1995). Total phosphorus (TP) from unfiltered samples and silica 

(SiO2-Si) were determined using persulfate digestion and Molybdosilicate method, 

respectively (APHA, 1999). 

4.2.2.2 Macro-invertebrate Sampling 

To sample macro-invertebrates from the E. crassipes and E. stagnina, a 25 cm by 25 cm 

metal frame kick-net with a 500µm mesh size and long wooden handle was used. Macro-

invertebrates were collected from E. crassipes by submerging the sampling net and 

sweeping a demarcated quadrat; this quadrat was set up using the surface area of the net 

(catching area: 625 cm2). Then, the kick-net was carefully lifted out of the water to 

prevent the escape of agile animals (Poi de Neiff and Carignan, 1997; De Marco et al., 

2001; Kouamé et al., 2011). In addition, care was taken to avoid contact with the lake 
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bottom to prevent collecting benthic organisms, although some mud was inevitably 

stirred up in the littoral samples (Brendonck et al., 2003). Similarly, care was taken not to 

sample open water habitats above or surrounding E. crassipes to avoid sampling 

invertebrates in that region (Walker et al., 2013). After pulling the net near the shore, the 

vegetation projecting outward from the marginal area of the net frame, were cut off 

(Masifwa et al., 2001). Then, root masses of E. crassipes were manually separated from 

the other parts of the plant (Kouamé et al., 2010), and the macroinvertebrates in the 

samples were shaken and dislodged from the root masses by vigorously shaking each root 

sample in a bucket containing 95% alcohol (Gichuki et al., 2012).  

In a similar way, macro-invertebrates samples were obtained from E. stagnina stand 

using 60 cm sweep with the net being covered at the end of the sweep to prevent escape 

or contamination of the sample as the net was removed from the sampling point. Similar 

care was taken during sampling to avoid sampling of benthic organisms and not to 

sample open water habitats. Samples were sorted in a white plastic tray with clear water, 

visible organisms were picked and the remaining material was washed with water 

through sieves of 500µm to remove the debris and the organisms were finally preserved 

in 10% formalin in vials (Masifwa et al., 2001; Kouamé et al., 2011).  

In the laboratory, all the macro-invertebrates were identified and enumerated to family 

level using a dissecting microscope and important keys (Clifford, 1991; Jessup et al., 

1999; Gooderham and Tsyrlin, 2002; Bouchard, 2004). After identification, each taxon 

was allocated to a functional feeding group according to their trophic category to know 

which feeding groups prefer it as a habitat as assigned by Cummins (1973), Merritt and 
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Cummins (1996), Ramírez and Gutiérrez-Fonseca (2014) for insects, and by Pointier et 

al. (1989) for molluscs. 

4.2.3 Data Analysis 

Descriptive statistics was used to analyze physicochemical data. The macro-invertebrate 

composition and structure were evaluated by taxonomic richness (R), abundance and 

diversity indices. Variation in physicochemical parameters and macro-invertebrate 

indices among sites was analyzed using one-way ANOVA and then means were 

separated using Tukey-HSD test. The relationship of macroinvertebrates relative 

abundance with physicochemical variables was evaluated by redundancy analysis (RDA) 

using CANOCO for windows 4.5 version Software (Ter Braak and Smilauer, 2002). 

RDA was used because the species data showed a linear response to the environmental 

variables and the longest gradient length was less than 3. To reduce the effect of rarity on 

RDA analysis, families that comprised <1% of the organisms at sampling sites were 

excluded (Kuchapski and Rasmussen, 2015). The statistical analysis was conducted using 

R programming language 3.4.2.  
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4.3. Results  

In this section, results of both physicochemical parameters and macro-invertebrate 

assemblages are presented.   

4.3.1 Physicochemical Parameters 

Analysis of variance (ANOVA) indicated that the mean values of electrical conductivity 

ranged from 92.6±4.21 µS/cm (HEPPO) to 322±206 µS/cm (AWS1). Electrical 

conductivity significantly differ among the sampling sites (P < 0.05); Awash sites (1 and 

2) having value significantly higher than the other sites. The pH fluctuated between 

8.35±0.16 (AWS1) to 8.88±0.02 (HEPPO) and value at AWS1 was significantly lower 

than HEPPO, AYS1 and AYS2 but not from the other sites (p<0.05). Similarly 

temperature ranged from 24.03±0.36 ºC (HEPPS) to 27.06±0.46 ºC (AYS1) and 

significantly differ among the sampling sites (P < 0.05). The values at HEPPS and AYO 

were significantly lower than the other sites (Table 4.2).  

NO3-N concentration ranged from 0.08±0.01 mgL-1 (AYO) to 7.71±1.72 mgL-1 (AWS1) 

and showed significant variation among the sampling sites; AWS1 AWS2 and AWO 

having value significantly higher than the rest sites (P < 0.05). But NH3-N and dissolved 

oxygen (DO) did not show significant variation (Table 4.2). NO2-N concentration among 

the sampling sites ranged from 0.15±0.00 mgL-1 (HEPP and Ayage sites) to 0.24±0.03 

mgL-1 (AWS1) and significantly differ among the sampling sites; AWS1 and AWS2 

having significantly higher value than the rest sites except AWO (P < 0.05). PO4-P 

fluctuated between 0.01±0.00 µgL-1 (HEPPO) and 0.25±0.05 µgL-1 (AWS1), and showed 
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significant difference among the sites; Awash sites having significantly higher values 

than all the other sites (P < 0.05) (Table 4.2).  

Table 4. 2 Physicochemical variables measured at each site (Mean ± SD) from March to 

June 2017 (Conductivity in µScm-1) 

Sites pH Temperature (ºC) DO (mgL-1) Conductivity  NH3-N (mgL-1) 

MAS 8.83±0.13ab 27.0±2.50b 7.32±2.27a 150±23.7ab 0.08±0.03a 

MAO 8.73±0.26ab 24.7±1.34ab 6.86±1.63a 144±17.9ab 0.10±0.05a 

AWS1 8.35±0.55a 27.7±3.52ab 5.59±0.84a 322±206c 0.10±0.08a 

AWS2 8.48±0.52ab 25.1±2.94ab 5.60±0.42a 292±178c 0.10±0.08a 

AWO 8.67±0.24ab 24.4±2.08ab 6.92±1.05a 220±94.8bc 0.08±0.05a 

HEPPS 8.76±0.19ab 24.0±1.24a 6.71±1.05a 92.9±5.31a 0.06±0.01a 

HEPPO 8.88±0.05b 24.4±0.95ab 6.83±0.41a 92.6±4.21a 0.05±0.01a 

AYS1 8.85±0.54b 27.06±1.61b 6.85±4.81a 130±15.8ab 0.05±0.02a 

AYS2 8.84±0.42b 26.4±1.18ab 6.41±3.89a 130±15.4ab 0.05±0.01a 

AYO 8.72±0.33ab 24.1±1.12a 8.15±1.14a 130±14.1ab 0.05±0.01a 

Sites NO2-N(mgL-1) NO3-N(mgL-1) TP (µgL-1) PO4-P(µgL-1) SiO2-Si (mgL-1) 

MAS 0.16±0.01a 0.29±0.07a 0.37±0.16b 0.03±0.01a 0.15±0.01c 

MAO 0.16±0.01a 0.50±0.08a 0.41±0.20b 0.04±0.00a 0.13±0.03abc 

AWS1 0.24±0.10b 7.71±5.97b 0.38±0.16b 0.25±0.18b 0..13±0.02abc 

AWS2 0.23±0.08b 7.31±5.59b 0.35±0.15b 0.18±0.14b 0.10±0.06ab 

AWO 0.20±0.06ab 4.91±3.75b 0.24±0.15ab 0.17±0.12b 0.11±0.04abc 

HEPPS 0.15±0.02a 0.20±0.15a 0.14±0.10a 0.02±0.00a 0.12±0.04abc 

HEPPO 0.15±0.01a 0.13±0.05a 0.12±0.07a 0.01±0.00a 0.10±0.00ab 

AYS1 0.15±0.01a 0.34±0.23a 0.29±0.06ab 0.02±0.01a 0.14±0.01bc 

AYS2 0.15±0.01a 0.36±0.22a 0.30±0.05ab 0.02±0.01a 0.11±0.06abc 

AYO 0.15±0.01a 0.08±0.04a 0.28±0.18ab 0.02±0.01a 0.13±0.01abc 

* Means within a column followed by the same letter are not significantly different (Tukey 

test; p < 0.05) 

(Abbreviations: MAS= Moto Aleka Shore, MAO= Moto Aleka Open, AWS1= Awash Shore 

1, AWS2= Awash Shore 2, AWO= Awash Open, HEPPS=Hydro Electric Power Plant 

Shore, HEPPO=Hydro Electric Power Plant Open, AYS1= Ayage Shore 1, AYS2= Ayage 

Shore 2, AYO= Ayage Open, TP=Total phosphorous, SD =Standard Deviation) 
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4.3.2 Abundance and Diversity of Macro-invertebrates 

A total 36 820 individuals belonging to 32 taxa were collected from all sites (picture for 

some displayed in Appendix 3). All the 32 taxa were found at the E. crassipes mats 

while only 22 were found at the E. stagnina stand. The lowest taxa richness (17) was 

recorded at the E. stagnina stand (AYS2) while the highest (25) was recorded at the E. 

crassipes mats (MAS) and the two macrophytes shared more taxa. Taxa richness did not 

show significant variation among the macrophyte stands (ANOVA, p>0.05). The mean 

density of macro-invertebrates at the two macrophyte beds varied greatly from 3328 ind. 

m-2 (E. stagnina) to 11472 ind. m-2 (E. crassipes). In terms of functional feeding groups, 

there were 20 and 14 predator groups at E. crassipes mats and E. stagnina stand, 

respectively. Similarly, there were proportionally more collector-gatherer taxa at the E. 

crassipes sites (Table 4.3).  

Table 4. 3 Distribution of macro-invertebrate families at each study site 

(1=Meto Aleka Shore, 2=Awash Shore 1, 3=Awash Shore 2, 4=Ayage Shore 1, 5=Ayage 

Shore 2, 6=HEPP Shore, + = Present and - =Absent) 

 

Taxon Order/Family 

 

*Feeding Group 

Sites  

1 2 3 4 5 6 

Ephemeroptera (Mayflies) 

Amelotopsidae Pr - - - + + - 

Baetidae Cg + + + + + + 

Canidae  Cg + + + + + + 

Odonata (Damselflies & Dragonflies) 

Coenagrionidae Pr + + + + + + 

Gomphidae Pr + - - - - - 

Libellulidae Pr + + + + + + 

Hemiptera (Water or true bugs) 

Belostomatidae Pr + + + + + + 

Corixidae Pr + + + + + + 

Gerridae Pr - - - + + - 
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Taxon Order/Family 

 

*Feeding Group 

Sites  

1 2 3 4 5 6 

Mesoveliidae Pr - - + - - + 

Naucoridae Pr + + + + + + 

Nepidae Pr + - - - - - 

Notonectidae Pr + + + + + + 

Pleidae Pr + + + +  - + 

Diptera (Two winged / True flies) 

Ceratopogonidae Pr, Cg, Sc + - + + - + 

Chironomidae Pr, Cf, G + + - + + + 

Culicidae Ft and Cg + - - - + - 

Phoridae - + - - - - - 

Tipulidae Sh-Dt, Cg - - - - - + 

Coleoptera (Aquatic Beetles) 

Dubriphia  - - + + - - 

Dytiscidae Pr + + + + + + 

Haliplidae Sh, Pr - - - + - - 

Hydrophilidae Pr  + + + + + + 

Noteridae Pr + + + - - + 

Gastropods 

Glacidorbidae - - + + + - + 

Lymnaeidae Sc + + + + - + 

Planorbidae Sc + + + - - - 

Physidae Sc + + + + + + 

Hirudinae  

Glossiphoniidae Pr + + + + + + 

Arachnida (Class)        

Hydracarina Pr + - + + - - 

Aquatic spider - + + + + + + 

Aquatic worm Cg + - + + - + 

Total taxon per site  25 19 23 24 17 22 

* Abbreviations: Cg = collector-gatherers Cf= collector-filterers Pr = predators Sc = 

scrapers Sh = shredders G = gatherers, Ft= Filters, Sh-Dt is a shredder on plant detritus, 

not of live tissue, HEPP=Hydro Electric Power Plant  

* Some taxa were not assigned to feeding groups due to absence of data 
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The Shannon diversity index varied between 1.39 (HEPPS site with the E. crassipes 

mats) and 1.86 (AYS2 site with E. stagnina stand) and was not significantly different 

among the macrophyte stands (F=0.72, p=0.62). Pielou's evenness index ranged from 

0.28 (MAS and HEPP) represented by E. crassipes mats to 0.59 (AYS2) represented by 

E. stagnina stand. The values showed significant variation among the sampling sites 

(F=3.56, p=0.03); AYS2 (E. stagnina) having value significantly higher than MAS and 

HEPP sites (E. crassipes). But there was no significant variation among the other sites 

(Fig. 4.2).  

 

Figure 4. 2 Diversity indices of macro-invertebrates among the sampling sites 

(Abbreviations: MAS= Moto Aleka Shore, AWS1= Awash Shore 1, AWS2= Awash 

Shore 2, HEPPS=Hydro Electric Power Plant Shore, AYS1= Ayage Shore 1, AYS2= 

Ayage Shore 2) 
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4.3.3 Sites Similarity Based on Macro-invertebrates Abundance  

To reduce the effect of rare taxa in clustering and RDA analysis, families that comprised 

an average of <1% of the organisms at sampling sites were excluded (Kuchapski and 

Rasmussen, 2015). Hierarchical cluster analysis (Fig. 4.3), classified the sampling sites 

into three groups. Cluster I consisted sites MAS and AYS1, both represented by E. 

crassipes mats. Cluster II comprised sites AWS1 and AYS2 dominated by E. stagnina 

stand. The last, cluster III, comprised sites AWS2 and HEPP covered by E. crassipes as 

the first cluster. Based on this cluster, AWS1 and AYS2 (both represented by E. stagnina 

stand) were clustered together while those represented by E. crassipes mat were clustered 

into different groups. This might be due to the taxa included in the clustering analysis.  

 

Figure 4. 3 Hierarchical clustering, based on similarities in aquatic macroinvertebrate 

assemblages, of the sampling sites   with a Ward linkage method and a 

Euclidian distance 

 MAS= Meto Aleka,Shore, AWS1=Awash Shore 1, AWS2=Awash Shore 2, 

AYS1=Ayage Shore 1, AYS2=Ayage Shore 2, HEPP=Hydro Electric Power Plant 
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4.3.4 Response of Macroinvertebrate to Physicochemical Parameters 

In the RDA result, the first two axes explained 92.8% of the species-environment relation 

while axis 1 only explained 68.2% (Table 4.4). The remaining 7.3% may be explained by 

some other unobserved physical and biological variables. The parameters pH, 

temperature, and dissolved oxygen were most strongly and positively correlated with axis 

1. They were the most influential factors that determine the distribution of 

Ephemeroptera (Amelotopsidae, Baetidae, and Caenidae), Coleoptera (Dytiscidae), 

Hemiptera (Belestomatidae, Corixidae, Notonectidae and Pleidae), Diptera 

(Chironomidae), Gastropoda (Physidae and Planorbidae). PO4-P, NO2-N and NO3-N were 

most strongly and negatively correlated with axis 1. They influence the distribution of 

Odonata (Coanogrionidae and Libellulidae), Gastropoda (Lyminidae), and the Hirudinae 

(Glossiphoniidae) (Fig. 4.4 and Table 4.4).  

Moreover, AYS2 and AWS1 sites (covered with E. stagnina), AWS2 and HEEPS 

(covered with E. crassipes) were closely associated with the physicochemical parameters 

NO2-N, NO3-N, NH3-N, PO4-P and conductivity and 4 families of macro-invertebrates 

(Coanogrionidae, Libellulidae, Lymnaeidae and Glossiphoniidae). But AYS1 and MAS 

(covered by E. crassipes) were more closely associated with Temperature, SiO2, pH and 

DO and 12 families of macro-invertebrates including Amelotopsidae, Baetidae, Caenidae, 

Dytiscidae, Belestomatidae, Corixidae, Physidae and Planorbidae (Fig. 4.4 and Table 

4.4).  
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Figure 4. 4 Redundancy analysis (RDA) diagram of macro-invertebrates in relation to 

water physicochemical properties 

(Abbreviations: MAS= Moto Aleka Shore, AWS1= Awash Shore 1, AWS2= Awash 

Shore 2, HEPPS=Hydro Electric Power Plant Shore, AYS1= Ayage Shore 1, AYS2= 

Ayage Shore 2, SRP= PO4-P, TP=Total Phosphorous, NO2=NO2-N=, NO3=NO3-N, 

NH4+=NH3-N)  
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Table 4. 4 Correlation table of physicochemical parameters with the first two axis (strong 

correlations are marked bold at p< 0.05) 

Environmental Variables Axis 1 Axis 2 

Eigenvalues 0.682 0.245 

Cumulative percentage variance of species-environment relation 68.2  92.8 

pH       0.60 0.11 

Temperature    0.54 0.39 

Conductivity -0.47 -0.04 

Dissolved Oxygen       0.80 -0.13 

Nitrite (NO2-N)      -0.55 -0.05 

Nitrate (NO3-N)     -0.51 -0.11 

Ammonium (NH3-N)    -0.28 -0.45 

Total Phosphorous (TP)      0.01 0.01 

Soluble Reactive Phosphate (PO4-P)     -0.55 -0.05 
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4.4 Discussion  

Except dissolved oxygen and NH3-N, the physicochemical parameters showed significant 

variation among the sampling sites (ANOVA, p <0.05) (Table 4.2). However, in most of 

the cases, there was no significant variation among the sites with and without E. 

crassipes. The results of RDA also supported this and indicated variability in 

physicochemical parameters was not associated with the presence or absence of E. 

crassipes (Fig. 4.4). Therefore, it can be said that E. crassipes did not affect the water 

quality of the lake and the observed variation in the stated parameters among the 

sampling sites might be due site-specific anthropogenic activities. For instance, the 

significantly higher values of NO2-N, NO3-N and PO4-P at the Awash sites might be due 

to the presence of flower farm that discharge its waste into the lake. Contrary to this, 

Mironga et al. (2012) and Yongo et al. (2017) reported a significant effect of E. crassipes 

on the water quality on Lake Naivasha and Lake Victoria, respectively. The variation 

may come from the turbulent nature of Lake Koka with continuous mixing (Fasil Degefu 

et al., 2011) which tends to uniformly distribute nutrients and supply dissolved oxygen.     

 

All the 32 taxa collected were found at the E. crassipes mats while the corresponding 

value at E. stagnina stand was only 22. The lowest taxa (17) was recorded at the E. 

stagnina stand (AYS2) while the highest taxa richness (25) was recorded at the E. 

crassipes mats (MAS). Moreover, most of the taxa were shared between the sites with 

and without E. crassipes (Table 2.3) and taxa richness did not show significant variation 

among the macrophyte stands (p>0.05). The RDA analysis also supported this indicating 

higher number of taxa associated with sites covered by E. crassipes. Similar result of 
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high taxa richness but insignificant variation between sites with E. crassipes mats and 

other littoral macrophytes were reported by different authors (Kouamé et al., 2010; 

Kouamé et al., 2011).  

 

In comparison with other similar studies (Poi de Neiff and Carignan, 1997; De Marco et 

al., 2001; Viljoen et al., 2001; Rocha-Ramírez et al., 2007), the taxa richness associated 

with E. crassipes in this study was lower and this might be due to the differences in study 

locations and duration of the studies. E. crassipes support greater predator and collector-

gatherer taxa than E. stagnina and in line with this Barker et al. (2014) suggested that the 

suspended roots of E. crassipes provide more than structure for colonization and support 

a broad range of functional feeding groups. Poi de Neiff and Carignan (1997) reported 

collector-gatherers and predators as the most abundant functional feeding groups found 

attached to E. crassipes roots. De Marco et al. (2001) also reported detritivores (most 

frequently oligochaetes) as dominant invertebrates on E. crassipes roots. This indicated 

that most of the functional feeding groups prefer the E. crassipes as a habitat than E. 

stagnina. 

Density of macro-invertebrates varied greatly from 3328 ind. m-2 (E. stagnina stand) to 

11472 ind. m-2 (E. crassipes mat). Studies comparing macroinvertebrate density on E. 

crassipes roots and other littoral macrophytes reported similar higher density associated 

with E. crassipes roots (Masifwa et al., 2001; Villamagna, 2009; Kouamé et al., 2011). 

Studies focusing only on E. crassipes roots also indicated the presence of high macro-

invertebrate density associated with the roots (Kouamé et al., 2010; Barker et al., 2014; 

Wondie Zelalem et al., 2017). The general preference of E. crassipes by macro-

invertebrates might be due to its complex fibrous roots structure hanging downward 
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through the water column (AL-Hadeethi et al., 2017) while E. stagnina is known only by 

its stout floating rhizomes rooting and branching at the lower nodes. Villamagna and 

Murphy (2010) indicated that morphologically complex macrophytes support greater 

richness of invertebrates. Different authors (Cheruvelil et al., 2002; Villamagna, 2009; 

Barker et al., 2014) stated that the greater diversity and abundance of macro-invertebrates 

associated with E. crassipes roots might be primarily due to the architecture types where 

the complexity of its roots compared to the other macrophytes play a role for supporting a 

greater density of invertebrates. However, the slight difference in physicochemical 

parameters among the sites with and without E. crassipes might also have an impact 

(Rommens et al., 2003). 

The indices Shannon diversity, did not show significant variation among the sampling 

sites. Despite the higher taxa richness at E. crassipes mats (Table 4.3), the Shannon 

diversity was lower than that of at the E. stagnina stand. This might be attributed to the 

significantly lower Pielou's evenness value (0.28) at the E. crassipes mats (MAS and 

HEPPS). In conclusion, results from this study indicated that E. crassipes did not 

significantly affect the water quality of Lake Koka and the observed variation might be 

due to the anthropogenic activities specific to the sites. Moreover, E. crassipes mats 

support relatively greater abundance and high taxa richness than E. stagnina stand and 

significantly affect evenness favoring gastropods and families like Chironomidae and 

Hirudinae. This is supported by Barker et al. (2014) who reported that more scrapers 

especially gastropods were abundant on water hyacinth roots. However, to have a full 

picture of its effect on the lake ecosystem, the effect of E. crassipes on macrophytes, 

fishes and other aquatic life forms should be investigated based on other research designs. 
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CHAPTER 5: HEAVY METAL CONTAMINATION IN LAKE KOKA, 

ETHIOPIA 

5.1 Introduction 

The pollution of water bodies with heavy metals, chlorinated hydrocarbons, and 

petroleum products is a serious problem because of their high toxicity, tendency to be 

incorporated into the food chain and persistence in the environment (Mohammed et al., 

2012). Heavy metal discharge into the aquatic environment is of great concern all over 

the world (Altun et al., 2009). In aquatic ecosystems, heavy metals can be mainly found 

in the water, the sediment, and in the biota (Cheng et al., 2002; Zhang et al., 2009), with 

their concentration usually being low in water samples but attaining considerable 

magnification in its sediments and the aquatic biota (Namminga and Wilhm, 1976).  

Because aquatic ecosystems are important sources of food and water for humans, heavy 

metals in these systems can ultimately jeopardize human health. This may happen 

directly through daily use of water for human life, in industry and in agriculture, as well 

as indirectly by a long-term effect through their gradual accumulation in the food chain 

(Zhang et al., 2009). For humans, heavy metal intake can e.g lower energy levels and 

damage the functioning of brain, lungs, kidney, liver and blood composition. Long term 

exposure may also lead to gradual and progressive physical, muscular and neurological 

degenerative processes that initiate disease like multiple sclerosis, Parkinson’s, 

Alzheimer’s and muscular dystrophy as well as cancer (Shah, 2017). For the lake 

environment, heavy metals have shown to adversely affect aquatic organisms in a variety 

of ways including reduction of growth, increase of developmental anomalies, reduction 
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of fish survival - especially at the beginning of exogenous feeding or even extinction of 

entire fish population thereby affecting finally biological cycles (Khayatzadeh and 

Abbasi, 2010).  

To maintain ecological balance of aquatic ecosystems and improve public health, there is 

thus an urgent need to evaluate and monitor the extent of heavy metal pollution by 

accepted and updated methods. Cleanup (remediation) technologies available for 

reducing the harmful effects of heavy metal-contaminated sites include (i) physical 

removal, (ii) stabilization of the metals in situ, and (iii) phytoremediation (the use of 

plants to extract the metals from the polluted site) (Odjegba and Fasidi, 2007). 

Phytoremediation is an emerging technology, which is relatively cost effective and can be 

used to remediate different contaminants and is applicable in different site conditions 

(Lasat, 2002). Recently, E. crassipes has been utilized as an efficient heavy metal 

phytoremediation agent in different parts of the world (Ashok et al., 2014; Bais et al., 

2015; Mishra and Maiti, 2017). The weed has been present in Africa since the late 1800s, 

and its importance has increased since the late 1980s (Cilliers et al., 2003). Nowadays, 

the weed is invading many waterbodies of Ethiopia (Firehun Yirefu et al., 2014; Dereje 

Tewabe  et al., 2017). 

As in many developing countries, Ethiopia is experiencing rapid population growth at 

high urbanization rate (Niguse Bekele et al., 2018). Hence due to associated improper 

waste management practices, the progressive pollution of aquatic ecosystems with heavy 

metals is becoming one of the most widespread environmental problems (Yetneberk 

Ayalew et al., 2012; Yared Beyene et al., 2013; Minbale Aschale et al., 2016; Alemnew 
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Berhanu et al., 2018). Studies indicate that, among the water bodies in Ethiopia, Lake 

Koka is highly affected by heavy metal pollution caused by intensive anthropogenic 

activities along the side of the two inflowing rivers (Awash and Modjo) and around the 

lake shores (Zinabu GebreMariam and Pearce, 2003; Masresha Alemayehu et al., 2011; 

Dsikowitzky et al., 2013; Yetneberk Ayalew et al., 2016). However, most of these 

studies focused only on a limited amount of sites and contained only fragmented 

information on the lake and its inflowing rivers. This was the motivation for this study to 

fill the gap by (i) considering multiple sites on the lake and (ii) upstream and downstream 

sites on the inflowing rivers, which have been selected based on proximity to expected 

anthropogenic emission sources. Moreover, the study tries to determine the efficiency of 

E. crassipes as a phytoremediation agent in Lake Koka.  

5.2. Materials and Methods 

5.2.1 Sampling Strategy 

For this study, 10 sites were selected to cover a gradient from potentially low to high 

heavy metal input by human activities. Six sites were on the lake itself and 4 sites on the 

inflowing rivers (Table 5.1 and Fig. 5.1). From each site, duplicate samples were 

collected two times in the year 2018, i.e April, and June. But for the upstream sites, 

samples were collected in August.   
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Table 5. 1 Description of sampling sites and samples taken from each site 

Site Name Abbreviation Site Description/Characteristics Site category Sample taken Altitude  

Sites with potentially low heavy metal input 

Awash 

Upstream 

AWUP Upstream of Awash River, less anthropogenic 

influence  

Reference Water and  

Sediment 

 

1994 m.a.s.l 

Modjo 

Upstream 

MOUP Upstream of Modjo River with less 

anthropogenic influence than the downstream 

Reference Water and  

Sediment 

 

1760 m.a.s.l 

Sites with potentially high heavy metal input 

Awash 

Downstream 

AWDD Close to Awash River bridge and the road to 

Hawassa, just before the river joins the Lake 

Downstream Water and  

Sediment 

 

1587 m.a.s.l 

Modjo 

Downstream 

MODD Before the river joins the Lake, affected by 

industrial and municipal wastes 

Downstream Water and  

Sediment 

 

1586 m.a.s.l 

Ayage  AYAG Close to an island, used for livestock grazing; 

little agricultural practices during the dry 

season 

Lake Water, Sediment, 

Macrophyte 

 

1594 m.a.s.l 

Hydroelectric 

Power Plant 

HEPP At power generation site, no anthropogenic 

disturbance, deepest part of the Lake and the 

only outlet 

Lake Water and  

Sediment 

 

1587 m.a.s.l 

Meto Aleka  MALE Close to the main road to Hawassa, Fish and 

vegetable market, agriculture, livestock 

grazing, and sediment excavation 

Lake Water, Sediment, 

Macrophyte 

 

1588 m.a.s.l 

Ashewa ASHE Close to the main road to Hawassa, livestock 

grazing and agriculture during the dry season  

Lake Water, Sediment, 

Macrophyte 

 

1593 m.a.s.l 

Floriculture FLOR Close to Awash River bridge, livestock grazing 

and effluent from floriculture farm 

Lake Water and  

Sediment 

 

1583 m.a.s.l 

Tannery 

Lake Site 

TALK Affected by tannery effluent, agriculture, 

livestock grazing and water abstraction for the 

tannery 

Lake Water and  

Sediment 

 

1583 m.a.s.l 
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Figure 5. 1 Location of sampling sites on Lake Koka and feeder rivers 

(Abbreviations: AWUP = Awash Upstream, MOUP = Modjo Upstream, AWDD = 

Awash Downstream, MODD = Modjo Downstream, AYAG = Ayage, HEPP = 

Hydroelectric Power Plant, MALE = Meto Aleka, ASHE = Ashewa, FLOR = 

Floriculture, TALK = Tannery Lake site) 

5.2.1.1 Sample Collection and Pretreatment  

Water samples were collected based on the method on USEPA 3010A (1992) with 

polyethylene bottles (washed with detergent, then with deionized water, 2M nitric acid, 

then with deionized water again). Before collection of the sample, each bottle was rinsed 

three times with the surface water of the sampling site. Duplicate samples were then 
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collected from each site by direct immersion of the polyethylene bottle into the water. 

Immediately after sample collection, 2 mL nitric acid (AR grade) was added to the water 

samples decreasing the pH to < 2 to reduce adsorption of metals onto the walls of the 

plastic bottles. Sample bottles were then transported to the laboratory in an ice-box and 

stored at 4 ºC until analysis. 

Duplicate sediment samples were also collected from each site from approximately 15 cm 

depth under the water surface (Demirak et al., 2006) using a 3.5 cm internal diameter 

sediment corer. The sediment samples were placed in clean zip-lock polyethylene bags, 

stored in an ice-box and transported to the laboratory. In the laboratory, twigs, leaves and 

stones were discarded and the sediment oven dried to a constant weight (Štrbac et al., 

2014). After drying, the samples were homogenized, crushed with mortar and pestle, and 

then sieved through a 2-mm sieve. The prepared samples were then stored in 

polyethylene bags for analysis. 

After collecting duplicate samples from each site, E. crassipes were thoroughly washed 

with the lake water to loosen detritus and separated into root and leaf (Xu et al., 2015). 

Root parts were cleaned carefully by repeated washing to avoid erroneous result 

(Chatterjee et al., 2012). After collection, the plant samples were put in zipper 

polyethylene plastic bags to avoid extraneous contamination. In the laboratory each 

sample was rinsed with distilled water and oven dried to constant weight. The dried 

samples were then blended to fineness for easy digestion with an electrical blender and 

stored in sealed plastic bags until analysis. Pretreatment of all the samples was conducted 

at Limnology Laboratory of Addis Ababa, University.  
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5.2.1.2 Sample Digestion and Analysis  

The prepared samples were transported to University of Bonn, Germany, for further 

process and analysis of heavy metal at the Laboratories of Plant Nutrition and Soil 

Science, Institute for Crop Sciences and Resource Protection.  

Water 

Digestion of water samples was conducted based on USEPA 3010A (1992) method. In 

brief, 25 mL of the water sample was transferred to a 50 mL Griffin beaker with a Mohr 

Pipette (Plate 5.1a), 0.75 mL conc. HNO3 (65% nitric acid for analysis, MERCK)  was 

added and evaporated to a low volume (5 mL) on a heating plate (90-95 ºC) (Plate 5.1b). 

Then the beaker was cooled in a container slightly filled with cool water. After cooling, 

another 75 mL of conc. HNO3 was added to the sample and the beaker heated again but 

now covered with a watch glass to enable a gentle reflux. Additional acid was added as 

necessary, until the digestion process was completed (until the digestate reached a light 

color or did not change in appearance with continued refluxing). The watch glass was 

removed from the beaker, and the solution evaporated to 3 mL. Then the beaker was 

removed from the hot plate allowed to cool, and another 2.5 mL 1:1 HCl (50% H2O dest. 

+ 50% HCl; HCl of 37% p.a. grade) added to the sample covered with a watch glass and 

put on the hot plate to reflux for 15 minutes to dissolve any precipitate or residue 

resulting from evaporation. After refluxing, the watch glass was removed from the plate, 

the watch glass and the beaker walls rinsed with distilled water and the sample 

transferred to a 25 mL conical flask and the volume of the sample adjusted up to the 
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mark. Thereafter, the sample was filtered (MACHEREY-NAGEL, MN 640 m), stored in 

100 mL polyethylene bottles and kept at 4 oC until analysis.  

 

Plate 5. 1 Digestion of water samples 

Available Heavy Metal Concentrations 

For analysis of available heavy metal concentrations in sediments, EDTA extraction was 

performed in accordance with Fischer and Fechter (1982). Based on the method, 10 g of 

sediment sample was weighed into a 200 mL PE-bottle. 100 mL of EDTA III extracting 

solution (AR grade) was added and the mixture shaken for 2 hours (Gerhardt Laboshake 

heavy-load shaker, 180 strokes min-1, Plate 5.2a). After shaking, the samples were 

filtered (MACHEREY-NAGEL folded filter paper, MN 640 m, Plate 5.2b). The first 5 

mL aliquot of the filtrate was removed and the rest stored in 100 mL PE-bottles at 4 oC 

until analysis. 
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Plate 5. 2 EDTA extraction of sediment samples  

Total Heavy Metal Concentrations 

For determination of total concentrations of heavy metals in sediments, aqua regia 

extraction was performed after the method of VDLUFA (1991). In brief, 1.00 g of 

sediment sample was weighed into a reaction vessel and aqua regia solution (7 mL of 

hydrochloric acid (ρ = 1,19 g mL-1) and 21 mL of nitric acid (ρ = 1,40 g mL-1) added. 

The reaction vessel was then closed with loosely fitted ground glass stoppers and allowed 

to stand at room temperature for at least 12 hours (overnight). The next day, the solution 

extracted with a Kjeldhal therm block digestion unit (Gerhardt GmbH, Königswinter, 

Germany) with the following temperature program: 70 °C (held 45 min), 110 °C (held 30 

min), 120 °C (held 180 min). After cooling, the solution was rinsed into a reaction vessel 

with 25 mL nitric acid, the reaction vessel loosely closed with a ground glass stopper 

until it cooled completely and the content transferred to a volumetric flask with nitric 

acid. Finally, the mixture was filtered into a filter vessel (MACHEREY-NAGEL filter 

paper, MN 640 m), the first 10 mL aliquot of the mixture removed and the rest filtrate 

stored in 100 ml polyethylene bottles at 4 °C until analysis.   
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E. crassipes (Water hyacinth) Organs 

Digestion of plant samples was conducted by pressure digestion according to Heinrichs et 

al. (1986). In brief, 0.5 g of plant material was weighed into TEFLON crucible, 4 mL of 

65% HNO3 added (Plate 5.3a) the crucibles closed (Plate 5.3b) and placed in a Lotfield 

Pressure Digestion system, which had been preheated at 180°C. The crucibles were 

heated in line with the following heating scheme: 1 h heating; 1 h resting phase; 6 h 

heating and 5 h cooling phase until ambient temperature had been reached. After cooling, 

the digestate was transferred with deionized water into a 25 mL volumetric flask over a 

funnel. The volume was made up to the mark using deionized water, the solution shaken, 

filtered with a MACHEREY-NAGEL filter paper (MN 640 m) into 50 mL PE-bottles, 

and stored at 4 ºC until analysis.  

         

Plate 5. 3 Digestion of E. crassipes samples 

Water, sediment and macrophyte samples were analyzed for As, Cd, Co, Cr, Cu, Fe, Mn, 

Ni, Pb, and Zn at Soil Sciences Department Laboratory, University of Bonn, Germany 

using A Perkin Elmer Optima 4300 DV Inductively Coupled Plasma-Optical Emission 

Spectrometer (ICP-OES, Jobin Yvon Ultima 2, Horiba, Frankfurt, Germany).  
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5.2.2 Data Analysis 

The concentration of heavy metal in the E. crassipes and in the water samples was used 

for the calculation of bioaccumulation factor (BAF) which provides an index for the 

ability of the plant to accumulate the metal with respect to the metal concentration in the 

substrate (Gonzaga et al., 2006). The BAF was calculated as the ratio of [Element]root : 

[Element]water (Salem et al., 2014). Variation in water heavy metal concentrations among 

sampling sites was analyzed using Kruskal–Wallis test followed by Dunn test because of 

lack of homogeneity of variances even after transformation. Variation in the 

concentrations of sediments heavy metals among sampling sites was analyzed using one-

way ANOVA followed by Tukey-HSD. The statistical analysis was conducted using R 

programming language 3.4.2.  
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5.3 Results  

5.3.1 Heavy Metals in Water 

As indicated in Table 5.2, the mean concentration of heavy metals in water samples from 

the lake sites was in the order of Fe > Mn > Zn > Ni > Cr > Pb > As > Cu > Co > Cd. The 

results varied significantly among the sampling sites (Kruskal–Wallis, p < 0.05) with 

Modjo downstream site (MODD) showing significantly higher concentrations of Co, Cr, 

Cu, Mn, Ni and Zn than the upstream sites. For all the metals, there was no significant 

difference between the two upstream sites and the same is true for the two downstream 

sites except for Cu and Mn. From all sites, Modjo downstream (MODD) showed the 

highest concentrations for all heavy metals. However, heavy metal concentrations varied 

widely among the different sampling times at MODD, which explains the large standard 

deviation. 

 The values of Cu and Mn for Awash downstream were 18 times and 6.7 times lower than 

those of Modjo downstream, respectively. Comparison of upstream and downstream sites 

with sites on the lake indicated that the upstream sites had similar concentrations of all 

metals to the lake sites. But there was considerable difference between the downstream 

and lake sites especially for MODD. Sites on the lake had significantly lower 

concentration of Cr and Cu than MODD. With the other metals also, even though there is 

no a clear pattern, concentrations at MODD were significantly higher than most lake 

sites. The result also showed a uniform distribution (similar concentration) of all the 

metals on the lake sites. 
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Table 5. 2 Concentrations of heavy metals (µg L-1) in water from Lake Koka, Ethiopia and its inflowing Rivers (mean ± SD) 

Sites Site category As  Cd Co Cr Cu 

AWUP Reference 25.6±0.19ab 0.51±0.09ab 1.07±0.31a 76.9±43.5ab 18.9±3.80a 

MOUP Reference 16.6±6.43ab 0.32±0.15ab 0.22±0.28a 88.3±31.8ab 21.6±11.5a 

AWDD Downstream 24.4±2.28ab 0.54±0.19ab 8.49±1.29ab 179±62.2bc 31.7±3.04a 

MODD Downstream 69.4±64.6b 1.27±1.19b 44.3±40.8b 247±117c 586±1420b 

AYAG Lake 12.1±5.53ab 0.01±0.01a 9.78±10.7ab 25.7±16.2a 10.4±4.80a 

HEPP  Lake 29.5±3.82ab 0.54±0.17ab 19.1±3.96ab 51.5±8.47ab 17.7±7.50a 

MALE Lake 3.42±2.66a 0.15±0.16a 1.52±0.81a  9.78±6.54a 8.14±12.5a 

ASHE Lake 6.68±5.67a 0.17±0.23ab 1.84±2.01a 13.4±9.57a 5.64±5.66a 

FLOR Lake 11.5±12.3ab 0.10±0.13a 5.52±7.41a 18.1±17.8a 5.52±11.0a 

TALK Lake 5.92±2.90a 0.26±0.34ab 3.42±4.44a 31.2±32.9a 7.87±9.07a 

Overall mean Lake 10.6±10.2 0.20±0.24 6.27±7.87 23.3±20.5 9.09±9.40 

Sites Site category Fe Mn Ni Pb Zn 

AWUP Reference 10,812±677ab 105±6.37a 0±0a 27.4±0.40ab 32.7±9.10a 

MOUP Reference 5,604±2151a 58.8±23.7a 2.60±3.39a 16.7±6.13ba 43.8±48.3a 

AWDD Downstream 42,409±3,233ab 398±4.50a 58.9±34.5ab 26.8±3.64ab 105±24.0ab 

MODD Downstream 164,395±164,921b 2664±2087b 139±127b 70.9±65.6b 377±280b 

AYAG Lake 17,015±10,614ab 318±194a 22.0±14.0ab 14.4±3.79ab 117±32.3ab 

HEPP  Lake 55,686±17,573ab 1628±120ab 82.9±35.2ab 34.6±7.59ab 273±98.9ab 

MALE Lake 2,671±2,310a 115±63.4a 14.8±13.2a 3.96±3.24a 118±67.8ab 

ASHE Lake 9,509±7,451a 196±142a 9.79±8.61a 4.99±5.71a 46.7±46.4a 

FLOR Lake 13,1862±19,990ab 1294±1533ab 30.2±15.5ab 8.28±13.8a 117±96.2ab 

TALK Lake 3,821±1,737a 114±65.6a 28.4±39.6ab 14.0±4.99ab 51.7±51.0a 

Overall mean Lake 15391±20595 556±808 29.5±31.4 12.3±12.1 120±95.3 

* Means within a column followed by the different letter are significantly different, p < 0.05;  (Abbreviations: AWUP = Awash 

Upstream, MOUP = Modjo Upstream, AWDD = Awash Downstream, MODD = Modjo Downstream, AYAG = Ayage, HEPP = 

Hydroelectric Power Plant, MALE = Meto Aleka, ASHE = Ashewa, FLOR = Floriculture, TALK = Tannery Lake site, and SD = 

Standard Deviation) 
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5.3.2 Heavy Metals in Sediment 

In this study, sediment samples were analyzed for both total and available heavy metal 

concentrations and the results are displayed below.  

Total Heavy Metal Concentrations 

The concentration of Fe in lake sediment samples was 61-132,260 times higher than 

those of other analyzed metals, while Cd showed lowest concentrations. The order of 

heavy metal concentrations in lake sediment samples was thus as follows: Fe > Mn > Zn 

> Cr > Ni > Cu > Pb > As > Co > Cd (Table 5.3). The result indicated that concentrations 

of heavy metals in sediments were considerably higher than those obtained in water 

samples. Except for As, the concentration of all metals in sediment samples varied 

significantly (ANOVA, P < 0.05) among sampling sites. Interestingly, highest 

concentration of Cd, Ni, Pb and As (with significant difference for Cd and Ni) were 

found at Modjo River upstream (MOUP), a sampling site which was expected to show 

lowest concentrations due to lower anthropogenic influence. Modjo downstream 

(MODD) had significantly higher concentration of Cr and Mn than HEPP, FLOR and 

AWUP. Generally, even though there was no a clear pattern among the sites, there was 

uniform distribution of As, Co, Cr, Mn, Pb and Zn on the lake sites.  
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Table 5. 3 Total concentrations of heavy metals (µg g-1 DW) in aqua regia extracts of sediment samples from Lake Koka, Ethiopia and 

its inflowing rivers (mean ± SD) 

Sites Category  As Cd Co Cr Cu 

AWUP Reference 23.1±2.79a 0.53±0.03a 50.9±6.21cd 67.1±12a 44.2±5.41abc 

MOUP Reference 77.3±103a 29.5±57.8b 47.4±31.3bcd 87.7±2.15ab 48.4±1.51bc 

AWDD Downstream 22.9±2.28a 0.58±0.03a 61.2±12.9d 77.9±6.37ab 43.3±5.04abc 

MODD Downstream 33.4±5.16a 0.79±0.09a 32.6±4.00abc 161±86b 42.0±8.53ab 

AYAG Lake 45.5±2.96a 0.94±0.08a 32.2±2.55abc 97±8.38ab 56.0±4.48bc 

HEPP Lake 28.4±1.71a 0.60±0.03a 22.5±1.29a 44.6±1.32a 27.6±0.72a 

MALE Lake 43.9±3.54a 0.89±0.08a 31.9±2.65abc 106±7.76ab 56.5±5.58bc 

ASHE Lake 47.9±4.38a 0.97±0.09a 31.5±1.45abc 138±51.7ab 60.6±4.51c 

FLOR Lake 35.6±1.69a 0.84±0.04a 23.7±1.38a 73.5±6.35a 53.6±14.0bc 

TALK Lake 41.3±2.92a 0.86±0.04a 25.7±4.50ab 110±29.1ab 49.2±8.38bc 

Overall mean Lake 39.8±6.84 0.86±0.12 27.3±4.63 92.4±35.2 50.9±13.0 

Sites Category Fe Mn Ni Pb Zn 

AWUP Reference 101469±15772abc 2936±260bc 75.2±8.48a 52.5±5.29cd 246±28.9bc 

MOUP Reference 99337±7655abc 2778±1840abc 1015±1804b 58.3±5.51d 162±84.4a 

AWDD Downstream 124007±18066cd 3443±645c 80.7±6.26a 53.4±2.99cd 257±14.8c 

MODD Downstream 91559±13011ab 2106±370abc 70.0±10.1a 44.2±4.46ab 190±39.2ab 

AYAG Lake 131709±13453d 1954±183ab 81.0±6.85a 57.4±3.52d 273±21.6c 

HEPP Lake 86705±11259a 1585±132ab 39.5±2.68a 39.8±2.44a 200±6.79abc 

MALE Lake 122470±7475cd 2059±282abc 84.6±5.61a 53.8±3.96cd 250±13.8bc 

ASHE Lake 132480±12125d 1943±109ab 90.3±7.12a 57.3±5.41d 268±21.9c 

FLOR Lake 105165±5802abc 2029±190ab 62.3±4.18a 46.63±1.68abc 262±15.9c 

TALK Lake 112762±8920bcd 1504±128a 76.6±13.0a 49.9±1.88bcd 236±5.37bc 

Overall mean Lake 113744±17529 1859±276 71.1±17.5 50.2±6.60 250±27.5 

* Means within a column followed by the same letter are not significantly different, p < 0.05 (Abbreviations: AWUP = Awash 

Upstream, MOUP = Modjo Upstream, AWDD = Awash Downstream, MODD = Modjo Downstream, AYAG = Ayage, HEPP = 

Hydroelectric Power Plant, MALE = Meto Aleka, ASHE = Ashewa, FLOR = Floriculture, and TALK = Tannery Lake 
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Available Heavy Metal Concentrations  

Available concentrations of metal in EDTA extracts of sediment samples were analyzed. 

The result indicated that available heavy metal concentrations in lake sediments samples 

were found to decrease in the sequence of Fe > Mn > Cu > Zn > Pb > Ni > Co >As > Cr 

> Cd > (Table 5.4). One-way analysis of variance showed that there were significant 

differences in the available concentration of all metals among sampling sites (ANOVA; P 

< 0.05). The concentration of Cd at MOUP, Cr at MODD and Zn at FLOR were 

significantly higher than that of at HEPP, at all other sites and all other sites, respectively. 

Concentrations of As at ASHE and FLOR, Co at all river sites and Cr at MODD were 

significantly higher than the rest sites. The upstream and downstream sites on the rivers 

had uniform distribution of As, Cd, Cu, Fe, and Zn while Co, Ni and Pb concentrations at 

MOUP were significantly higher than that of the other sites on the river. Moreover, the 

concentration of available heavy metals was uniform among most of the lake sites, except 

their lower concentration at HEPP. 
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Table 5. 4 Available concentrations of metals (µg g-1 DW ) in EDTA extracts of sediment samples from Lake Koka, Ethiopia and its 

inflowing rivers (mean ± SD) 

Sites Category As Cd Co Cr Cu 

AWUP Reference 1.20±0.05ab 0.09±0.01ab 10.6±1.90e 0.13±0.01a 6.61±0.13abc 

MOUP Reference 1.30±0.04b 0.11±0.00b 19.9±0.20g 0.14±0.01a 7.15±0.18abc 

AWDD Downstream 1.10±0.04ab 0.10±0.01ab 14.3±0.80f 0.10±0.00a 5.43±0.53ab 

MODD Downstream 1.15±0.08ab 0.10±0.01ab 7.07±0.65d 1.67±0.88b 6.22±0.83ab 

AYAG Lake 1.55±0.12c 0.09±0.00ab 4.80±0.64c 0.29±0.12a 12.1±2.44cd 

HEPP Lake 1.01±0.08a 0.08±0.01a 2.31±0.09a 0.03±0.02a 3.22±0.45a 

MALE Lake 1.54±0.06c 0.09±0.01ab 4.29±0.26bc 0.29±0.05a 12.2±0.82cd 

ASHE Lake 1.87±0.11d 0.10±0.00ab 4.19±0.21abc 0.44±0.22a 14.9±1.25d 

FLOR Lake 1.86±0.09d 0.10±0.01ab 2.70±0.27ab 0.16±0.06a 15.2±5.20d 

TALK Lake 1.65±0.11c 0.10±0.01ab 3.29±1.36abc 0.23±0.05a 10.6±1.89bcd 

Overall mean Lake 1.62±0.30 0.09±0.01 3.46±1.06 0.23±0.15 11.9±4.85 

Sites Category Fe Mn Ni Pb Zn 

AWUP Reference 1359±160abc 1673±166c 9.62±1.74d 5.43±0.49bcd 3.72±0.12a 

MOUP Reference 817±40.3a 2076±30.9c 23.6±0.58f 6.86±0.12e 2.75±0.08a 

AWDD Downstream 816±24.5a 1752±82.5c 12.5±0.67e 4.95±0.30abc 3.31±0.39a 

MODD Downstream 542±209a 1180±271b 7.68±0.96c 4.85±0.54ab 3.00±0.16a 

AYAG Lake 2301±955cd 1101±52.4b 5.82±0.81bc 6.43±0.66de 5.36±1.25a 

HEPP Lake 399±37.1a 457±40.7a 2.19±0.21a 4.03±0.26a 3.06±0.24a 

MALE Lake 2149±659cd 1205±219b 5.04±0.21b 5.89±0.44cde 4.36±0.54a 

ASHE Lake 2973±712d 1151±146b 6.03±0.33bc 6.57±0.58e 6.61±0.47a 

FLOR Lake 1818±241bc 1197±156b 4.30±0.30b 6.51±0.49e 12.6±5.19b 

TALK Lake 1112±181ab 672±268a 4.66±1.69b 5.14±0.58bc 3.66±0.50a 

Overall mean Lake 1772±912 986±327 4.62±1.38 5.84±1.01 6.77±4.63 

* Means within a column followed by different letter are significantly different, p < 0.05  (Abbreviations: AWUP = Awash Upstream, 

MOUP = Modjo Upstream, AWDD = Awash Downstream, MODD = Modjo Downstream, AYAG = Ayage, HEPP = Hydroelectric 

Power Plant, MALE = Meto Aleka, ASHE = Ashewa, FLOR = Floriculture and TALK = Tannery Lake) 
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5.3.3 Heavy Metals in E. crassipes Organs  

The concentration of heavy metals in the leaf of E. crassipes was in the order of Fe > Mn 

> Zn > Cu > Ni > As > Cr > Co > Pb > Cd while the corresponding value in the root was 

Fe > Mn > Zn > Ni > Co > Cu > Cr > Pb > As > Cd. In all the cases, the concentration of 

heavy metals in the root was higher than in the leaf. Concentrations of As, Cr, Pb, Fe and 

Zn at MALE were higher than the others while Cd, Cu and Ni exhibited higher 

concentration at AYAG (Fig. 5.2). 
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Figure 5. 2 Concentrations of heavy metals in E. crassipes (µg g-1) on a dry weight basis 

(mean ± SD) (ASHE = Ashewa, AYAG = Ayage, MALE = Meto Aleka) 

The accumulation factors for all the examined metals were considerably higher for roots 

than for leaves. The E. crassipes roots accumulated Cd (18.37) and Co (20.59) at the 

highest level while Zn (0.59) at the lowest level (Table 5.5).   

Table 5. 5 Phytoremediation efficiency of E. crassipes using bioaccumulation factor for 

root 

Parameter As Cd Co Cr Cu Fe Mn Ni Pb Zn 

Bioaccumulation 

factor 

2.20 18.37 20.59 1.27 5.94 4.21 42.91 2.45 11.75 0.59 
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,5.4 Discussion 

5.4.1 Concentration of Heavy Metals in Water  

Most heavy metal concentrations of water sampled at the downstream site of Modjo 

River (MODD) were higher than those sampled at upstream sites and at sites on the lake. 

This might be attributed to the discharge of untreated or insufficiently treated waste close 

to the downstream sampling sites of Modjo River. Several authors have reported that 

Modjo River receives effluent discharges from several industries, including car battery 

refilling, textile factory, meat processing plants, and tanneries (Zinabu GebreMariam and 

Pearce, 2003; Tamene Fite and Seyoum Leta, 2013; Amde Eshete et al., 2016). The black 

color of Modjo River downstream water (Plate 5.4) is also an indicator and suggests the 

situation is getting worse. So from this result, it can be concluded that, the major source 

of pollution for Lake Koka is the Modjo River.  

The concentration of most heavy metals in the water samples was significantly higher at 

the downstream sites (especially at MODD) than those from sites on the lake. These 

results suggest that a sedimentary process is taking place in the lake as part of self-

cleaning net effect. Avila-Pérez et al. (1999) stated that sedimentation and adsorption 

perform as a natural cleaning processes, decreasing the dissolved concentrations and 

increasing the metallic content of the sediments. Similarly, also Rai (2009) suggested that 

lentic ecosystems with self-purification capacity accumulate heavy metals in their bottom 

sediments. This might be attributed to the strong affinity of heavy metals for particles 

leading to a stronger accumulation in bottom sediments compared to water (Bazrafshan et 

al., 2016). In the present study, this was confirmed by the high concentration of heavy 
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metals in most lake sediment samples. On the lake sites, heavy metals were uniformly 

distributed probably due to the continuous mixing caused by strong currents in the lake 

(Fasil Degefu et al., 2011).  

Average concentrations of metals in water samples was also compared with data 

published for the lake, its feeder rivers and other Rift Valley Lakes (Table 5.6). There 

was a significant increase in the concentrations of all metals in Lake Koka and its 

inflowing rivers. Moreover, mean concentrations of all metals in Lake Koka were also 

higher than those in other Ethiopian Rift Valley Lakes, except As (Lake Abijata), Cd 

(Lakes Abaya, Chamo and Abijata) and Cr (Abijata) (Zinabu GebreMariam and Pearce, 

2003). The results of Cr, Cu and Mn at river downstream sites are also higher than those 

measured in Kenyan Rift Valley Lakes (Nakuru, Elementaita, Naivasha, Bogoria and 

Baringo) (Ochieng et al., 2007; Ogendi et al., 2014; Yang et al., 2017). This might be 

attributed to intensive industrial activities in Lake Koka catchment area (Zinabu 

GebreMariam and Pearce, 2003; Tamene Fite and Seyoum Leta, 2013; Amde Eshete et 

al., 2016). In addition, intensive agricultural development (including four floriculture 

farms) around the lake with intensive utilization of agrochemicals and fertilizers may 

contribute to the large increase in heavy metal concentrations in the water as stated by 

(Bazrafshan et al., 2016). This makes Lake Koka and its feeder (Modjo) river the most 

affected water bodies in the Rift Valley area. But, the effect of the difference in the 

sampling time and specific location of sampling sites as well as the methods used in each 

study cannot be ruled out.   
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Table 5. 6 Comparison of Lake Koka water heavy metal concentration (µg L-1) with 

previous data and other Ethiopian Rift Valley Lakes (year of study bold in parenthesis in 

the legend) 

Location As Cd Co  Cr Cu 

Lake Koka1 10.6 0.20 6.27 23.3 9.09 

Lake Koka2 2.8 0.04 - 27.8 15.5 

Lake Koka3 0.57-3.0 <0.1 - 1.7-2.5 - 

Lake Koka4 2.4-3.9 ND-2.2 ND-0.7 4.6-6.7 0.1-2.5 

AWDD1 24.4 0.54 8.49 179 31.7 

AWDD3 1.6 <0.1 - 1.8 - 

AWDD4 3.2 ND ND 3.0 1.0 

MODD1 69.4 1.27 44.3 247 586 

MODD3 2.8 <0.1 - 1.6 - 

MODD4 4.4 ND ND 5.7 2.7 

Lake Abaya4 6.6-12.0 ND-8.8 ND-1.4 5.9-15.4 4.0-5.3 

Lake Chamo4 5.6-10.3 ND-1.4  12.6-15.4 1.2-1.7 

Lake Abijata4 302-702 ND-13.1 - 34.4-121 0.7-17.5 

Lake Langano4 17.0 ND - 20.0 1.5 

Lake Hawassa2,4 2.4-3.4 ND-0.01 0.05 1.2-5.7 ND-3.0 

Lake Ziway2,4,5 2.5-2.7 ND-0.02 1.3 1.4-8.6 ND-4.7 

Location  Fe  Mn Ni Pb  Zn 

Lake Koka1 15391 556 29.5 12.3 120 

Lake Koka2 - 303 22.4 4.9 48 

Lake Koka3 - -  0.24-0.59 - 

Lake Koka4 99.2-1520 3.2-56.3 2.7-5.1 ND 5-8.4 

AWDD1 42481 398 58.9 26.8 105 

AWDD3 - - - 0.25 - 

AWDD4 110.0 2.9 ND ND 16.3 

MODD1 164395 2664 139 70.9 377 

MODD3 - - - 0.96 - 

MODD4 155.8 5.6 3.4 ND 13.7 

Lake Abaya4 62.2-4699 2.2-128 ND-8.5 ND-6.4 11.8-50.9 

Lake Chamo4 46.9-49.3 3.3-14.0 ND-1.3 ND-2.4 7.8-16.1 

Lake Abijata4 ND-3.2 ND-4.0 2.5-4.0 3.7-11.6 12.8-18.0 

Lake Langano4 567.9 29.9 0.6 0.2 3.2 

Lake Hawassa2,4 ND 2.6-18.1 ND-0.71 ND-0.20 1.6-2.5 

Lake Ziway2,4,5 ND-2600 4.0-117 ND-7.8 ND-2.2 <0.01-51.0 
1This study (2018); 2Yetneberk Ayalew et al. (2016) (Feb, 2008); 3Dsikowitzky et al. 

(2013) (Dec, 2008); 4Zinabu GebreMariam and Pearce (2003) (1995-1996); 5Berhan 

Teklu et al. (2018) (2013-2015); Lake Koka1 - Average of 6 sampling sites on the lake 

during the sampling period was taken 
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The mean concentration of heavy metals was also compared with threshold values for 

heavy metal contamination in water (Table 5.7). Based on these mean concentrations, As 

and Pb (lake and downstream river sites), Cr (upstream and downstream river sites), and 

Mn and Ni (Modjo downstream site) levels were beyond the WHO guideline limit for 

drinking water. The striking values were those recorded at Modjo downstream (MODD) 

site. The concentrations of As, Cd, Cr, Cu, Pb and Zn (all sites) were beyond the 

threshold values for the protection aquatic life while Cr (downstream river sites), and Cu 

and Mn (MODD) were beyond international threshold limits for irrigation. For instance, 

Temesgen Eliku and Seyoum Leta (2017) studied heavy metal concentrations in 

vegetables grown around Lake Koka and found that Cd (in Cabbage, Onion, Green 

pepper and Tomato), Pb (in Cabbage, Onion, and Green pepper), and Cr (in Green 

pepper) surpassed the FAO/WHO permissible limit. But only Mn at all sites was beyond 

the international threshold limit for livestock watering (Table 5.7). Since Lake Koka 

supports people’s subsistence through domestic water provision, irrigation, and fishing 

and due to its habitat provision for aquatic organisms, significantly raised levels on heavy 

metals in the lake and its inflowing rivers above international threshold values are source 

of big concern.  
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Table 5. 7 Comparison of heavy metal concentration (µg L-1)  in Lake Koka and its 

inflowing rivers with acceptable levels in natural waters for various purposes 

Limit As Cd Co  Cr Cu  Mn Ni Pb  Zn 

AWUP 25.6 0.51 1.07 76.9 18.9 105 0 27.4 32.7 

MOUP 16.6 0.32 0.22 88.3 21.6 58.8 2.60 16.7 43.8 

AWDD 24.4 0.54 8.49 179 31.7 398 58.9 26.8 105 

MODD 69.4 1.27 44.3 247 586 2664 139 70.9 377 

Lake Koka 10.6 0.20 6.27 23.3 9.09 556 29.5 12.3 120 

Drinkinga  10 3 - 50 2000 400 70 10 - 

Aquatic lifeb 5 0.017 - 1-8.9 2-4 - 25-150 1-7 30 

Irrigationc 100 10 50 100 200 200 200 5000 2000 

Livestock wateringc 200 50 1000 1000 500 50 - 100 24,000 
aWHO (2008); bSolomon (2008); cFAO (1985 ), Lake Koka - Average of 6 sampling sites on the 

lake during the sampling period was taken 

 

In their study in 2008, Dsikowitzky et al. (2013) assessed heavy metals in water from 

Lakes Awassa and Koka and found that the lakes were not significantly impacted from 

the industrial discharges. Moreover, Zinabu GebreMariam and Pearce (2003) studied 

heavy metal concentrations in Lake Koka and other Ethiopian Rift Valley Lakes and 

found relatively unimpaired water quality for the lakes and their inflows (except for the 

soda lakes). But they hypothesized that in lakes in the neighborhood of fast growing 

cities, it is very likely that more domestic and industrial wastes will find ways directly 

into the lakes, and elevate their levels of heavy metals. This study shows now that it is 

true that levels of heavy metals in water of Lake Koka are elevated. Therefore, immediate 

potential health hazard cannot be disregarded as many people use water from the lake and 

the inflowing rivers for domestic purposes, including consumption by humans and 

livestock and irrigation. Alarmingly, the locals and investors even use the most polluted 

Modjo River water for irrigation of vegetables (Plate 5.4).  
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Plate 5. 4 Use of polluted Modjo River water for irrigation and bathing 

5.4.2 Concentration of Heavy Metals in Sediment Samples 

Since heavy metals have the affinity to accumulate rather in particulate matter than in 

water (Bazrafshan et al., 2016), heavy metal pollution in aquatic ecosystems is often 

reflected in high metal levels in sediments (Rai, 2009). The present study also revealed 

higher concentrations of heavy metals in sediment samples compared to water samples. 

Here, Fe was the predominant heavy metal in the sediment samples and had high 

concentration in the upstream, downstream and most lake sites. This situation suggests 

the presence of non-point source in the area. High concentrations of Co and Zn were 

recorded at Awash downstream site (AWDD). As suggested by Sires (2017), the possible 

source might be the intensive agricultural usage of fertilizers and pesticides along the 

shore of Awash River. These metals might be also contributed by the tributaries big and 

little Akaki Rivers, which are used as a discharging canal for municipal and wide range 
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of industrial wastes in the capital Addis Ababa (Tamiru Alemayehu 2001; Girma Taddese 

et al., 2003) .  

High concentration of Cr and Mn at Modjo downstream site (MODD) might be attributed 

to the discharge of untreated or insufficiently treated waste by the textile, tanneries and 

other anthropogenic activities along the gradient of Modjo River (Zinabu GebreMariam 

and Pearce, 2003; Tamene Fite and Seyoum Leta, 2013; Amde Eshete et al., 2016). But 

among the sites on the lake, there was a uniform distribution of most heavy metals in 

sediment which agrees with the result from the water. The effects of heavy metals in the 

environment depend to a large extent on whether they occur in forms that can be taken up 

by plants or animals (Ebrahimpour and Mushrifah, 2008) and similar results were found 

for available metals (from EDTA extracts). In the EDTA extract, Co, Mn and Ni values at 

MOUP were higher than those for sediment samples from downstream sites. This might 

be due to the variation in the sampling time. The sampling session for the upstream sites 

was during the rainy season (August), where metals from other non-point sources may be 

added to the upstream sites through surface runoff.   

The mean concentrations of heavy metals in the sediment samples were also compared 

with previous data (Table 5.8) published for Lake Koka by Yetneberk Ayalew et al. 

(2016) and there was a considerable increase in the concentrations of all metals except for 

Cr. The increase in heavy metals concentration can be attributed to the discharges of 

waste by growing industrial activities along the inflowing rivers and around the lake 

(Tamene Fite and Seyoum Leta, 2013; Amde Eshete et al., 2016). Heavy metal 

concentrations in Lake Koka sediment are also generally higher compared to metal levels 
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of sediments in Lake Hawassa (Yared Beyene et al., 2013; Kebede Nigussie et al., 2015; 

Yetneberk Ayalew et al., 2016), Lake Ziway (Kebede Nigussie et al., 2015; Yetneberk 

Ayalew et al., 2016) and Aba-Samuel Reservoir (except for Pb) (Alemnew Berhanu et 

al., 2018). This is in accordance with the water results and indicated the serious pollution 

load on Lake Koka. Moreover, concentrations of sediment metals in this study are higher 

than those of five Kenyan Rift Valley Lakes (Table 5.8).  

The concentrations of the metals in the sediments were compared to Canadian Sediment 

Quality Guideline (CSQG, 1995) which is based on the potential negative effects of metal 

contents on flora and fauna of the affected water bodies. Levels of As, Cd, Cr, Cu, Mn, 

Pb and Zn from Lake Koka and its inflowing rivers were beyond the CSQG limit, which 

suggests that the sediment metals are likely to pose a significant effect to aquatic 

organisms, including fishery (Altun et al., 2009). The concentrations of As, Cd, Cr and 

Zn were 4-13, 1-49, 1-4 and 1-2 times higher than their respective sediment quality 

guideline (Tables 5.3 and 5.8). 
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Table 5. 8 Comparison of Lake Koka sediment heavy metal concentration (µg g-1 dry 

weight) with previous data and other Rift Valley Lakes 

Location As Cd Co  Cr Cu 

Lake Koka1 39.79 0.85 27.3 92.4 50.9 

Lake Koka3 4.8 0.13 18.0 95.0 37.0 

Lake Hawassa5,6 4.02 0.21 5.49 8.27 8.69 

Lake Hawassa4 ND 0.28–1.2 - 5.99–74.3 1.71–86.7 

Lake Hawassa3 3.9 0.23 6.0 13.0 5.0 

Lake Ziway4 ND 0.28–8.9 - 23.8–63.4 47.6–127 

Lake Ziway3 2.8 0.27 5.5 21.0 12.8 

Aba Samuel Reservoir2 - 2.6 - 25 4.5 

Lake Baringo7 - 0.57-0.76 0.69-1.38 2.17-4.87 15.1-21.0 

Lake Bogoria7 - 0.20-0.92 0.48 1.95-2.92 1.95-4.68 

Lake Nakuru7 - 0.39-0.57 0.17-0.39 1.94-1.96 1.46-3.70 

Lake Elementaita7 - 0.05-1.18 0.48-1.09 2.92 5.85-13.0 

Lake Naivasha7 - 0.73 0.17 1.95 10.3 

International threshold for heavy metal contamination in sediments 

CSQG 5.9 0.6 - 37.3 35.7 

Location  Fe  Mn Ni Pb  Zn 

Lake Koka1 113744 1859 71.1 50.2 250 

Lake Koka3 - 1337 67.0 17.0 161 

Lake Hawassa5,6 - - 20.2 - 93.8 

Lake Hawassa4 - - 2.80–48.8 24.4–66.5 166–669 

Lake Hawassa3 - 2792 11.0 11.0 149 

Lake Ziway4 - - 7.51–68.0 10.1–35.7 107–243 

Lake Ziway3 - 1230.0 15.0 14.0 166.0 

Aba Samuel Reservoir2 469.3 464 20.6 136.8 10 

Lake Baringo7 - 942-1464 25.7-39.7 16.6-21.8 171-207 

Lake Bogoria7 - 2627-3947 14.6-28.3 21.4-39.0 172-195 

Lake Nakuru7 - 702-741 11.7-17.5 10.9-18.5 106-199 

Lake Elementaita7 - 667-877 22.4-36.7 14.7-22.8 96.2-171 

Lake Naivasha7 - 1118 11.7 25.3 230 

International threshold for heavy metal contamination in sediments 

CSQG (1995) - - - 35 123 
1This study; 2Alemnew Berhanu et al. (2018); 3Yetneberk Ayalew et al. (2016); 4Kebede 

Nigussie et al. (2015); 5Yared Beyene (2014); 6Yared Beyene et al. (2013), 7Ochieng et 

al. (2007), CSQG = Canadian Sediment Quality Guideline) 

Lake Koka1 - Average of 6 sampling sites on the lake during the sampling period  
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5.4.3 Concentration of Heavy Metals in E. crassipes Organs and its Potential for 

Phytoremediation 

The concentrations of the heavy metals in the root samples of E. crassipes were greater 

than those in the leaf samples. This is in line with Deng et al. (2004), who reported that 

metals accumulated by wetland plants were mostly concentrated in root tissues. Similar 

results of higher heavy metal concentration in below-ground organs than above-ground, 

was reported by several authors (Mishra and Tripathi, 2009; Zhang et al., 2009; Štrbac et 

al., 2014; Eid et al., 2019). Absorption of metal ions by aquatic plants is an important 

physiological pathway with environmental implications for cheap and effective pollution 

control (Nor, 1990). Even though E. crassipes approaches being a scourge in many parts 

of the world (Schneider et al., 1995), it has attracted considerable attention because of its 

ability to grow in heavily polluted water (Smolyakov, 2012; Ashok et al., 2014) and its 

capacity for metal accumulation (Odjegba and Fasidi, 2007; Anzeze, 2011; Bais et al., 

2015). In this study, the concentrations of heavy metals in the root and leaves of E. 

crassipes were high indicating its potential to be used as phytoremediation agent for 

heavy metals.  

Comparison of metals concentration in the leaf of different macrophytes from Lakes 

Koka, Hawassa and Ziway showed that E. crassipes is better in absorbing As, Cd, Co, 

Cu, Mn and Ni (Table 5.9). Moreover, different studies also reported E. crassipes as an 

effective absorbent of Cd and Cu (Odjegba and Fasidi, 2007; Anzeze, 2011; Smolyakov, 

2012), Cd, Cu and Ni (Ashok et al., 2014) and moderate accumulator of Zn (Lu et al., 

2004). The possible reason for its effectiveness might be its efficiency to withstand all 

negative effects of metal contamination giving it tolerance higher than more sensitive 
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species (Borker et al., 2013; Ashok et al., 2014). Comparing the accumulated 

concentration in the leaf with reference concentrations, the concentrations of Cr 

(1.24µg/g), Mn (493.38µg/g) and Ni (5.73µg/g) were 2.5-12, 1.6-16 and 1-16 and 1-57 

times above the normal level in plant leaves, respectively. But none of them were beyond 

the excess/toxic level for plants (Table 5.9). However, in the presence of higher-than-

toxic level of metal concentration E. crassipes might have an internal detoxification 

metal tolerance mechanism (Ashok et al., 2014). Besides this, it is almost exclusively 

annual or perennial herbaceous species and produce relatively large amount of biomass. 

Therefore, its utilization for phytoremediation of heavy metal pollutants is 

unquestionable and its use in the case of Lake Koka is highly recommended considering 

its appropriate disposal.  
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Table 5. 9 Comparison of heavy metal absorption by different macrophytes in Ethiopian Rift Valley Lakes 

Lake Koka macrophytes As Cd Co Cr Cu Mn Ni Pb Zn 

Eichhornia crassipes1 1.35 0.07 0.25 1.24 6.48 493.38 5.73 0.16 17.20 

Eichhornia crassipes2 0.23 0.02 0.56 1.3 8.2 1200 11 0.16 19 

Echinochloa stagnina2 0.08 0.004 0.16 4.1 7.3 58 2.5 0.21 20.9 

Lake Ziway macrophytes  As Cd Co Cr Cu Mn Ni Pb Zn 

Aeschynomene elaphroxylon2  0.07 0.02 0.23 2.1 5.1 1600 1.4 0.24 40 

Cyperus alopecuroides2 0.11 0.02 0.13 2.5 8.2 204 1.5 0.19 48 

Paspalidium geminatum2 0.13 0.01 0.39 1.9 1.3 208 0.9 0.2 12 

Phragmites karka2 0.08 0.003 0.07 3.2 1.4 78 1.4 0.12 14 

Potamogeton schweinfurthii2 0.34 0.13 0.31 3.3 8.4 69 4.2 0.28 16 

Lake Hawassa macrophytes As Cd Co Cr Cu Mn Ni Pb Zn 

Nymphaea nouchalli2 0.31 0.01 0.12 1.7 1.9 82 0.9 0.15 19 

Paspalidium geminatum2  0.14 0.01 0.07 1.9 1 149 0.9 0.14 8 

Potamogeton thunbergii2  0.94 0.04 1.2 5.2 2.5 187 3 0.53 32 

Schoenoplectus corymbosus2 0.07 0.002 0.04 2.1 0.8 153 0.7 0.16 9.5 

Reference concentrations  As Cd Co Cr Cu Mn Ni Pb Zn 

Normal level in plant leaves3 1-1.7 0.05-0.2 0.02-1 0.1-0.5 5-30 30-300 0.1-5 5-10 27-150 

Excess/Toxic level in plants3 5-20 5-30 15-50 5-30 20-100 400-1000 10-100 30-300 100-400 

 

1This study; 2Yetneberk Ayalew et al. (2016); 3Kabata-Pendias (2000)   

Eichhornia crassipes1 – Average of 3 sampling sites  
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The phytoremediation efficiency of E. crassipes was examined using the 

bioaccumulation factor. Bioaccumulation defines the ability of a plant to accumulate 

heavy metals in its biomass and the bioaccumulation factor has thus been used to 

determine the effectiveness of plants in removing metals from a substrate (Gonzaga et al., 

2006). Plants showing a bioaccumulation factor of >2 are supposed to be efficient 

accumulators (Mellem et al., 2009). In this study, the bioaccumulation factor of E. 

crassipes was >2 for all metals except for Cr (1.27) and Zn (0.59) (Table 5.5). But in all 

the cases (except Zn) bioaccumulation factor of E. crassipes was >1 and this is in line 

with the result of Eid et al. (2019). As a basis for assessing the bioaccumulation of 

metals, the scale described in Pachura et al. (2016) was used. Based on this scale, E. 

crassipes was high accumulator of all the heavy metals except Zn which was medium 

accumulator in this case. Among the examined metals, the highest accumulation was 

exhibited for Cd and Co, both in the above-ground parts and in the roots. It is therefore 

not surprising that different studies suggest E. crassipes as promising candidate for 

remediation of heavy metals from natural water bodies and/or wastewater polluted with 

heavy metals (Swain et al., 2014; Saha et al., 2017). Therefore, based on the above 

findings, E. crassipes can be a potential phytoremediation agent for removal of heavy 

metals from Lake Koka. 
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CHAPTER 6: GENERAL CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

Lake Koka is under pressure from pollution, sedimentation and occurrence of the 

invasive E. crassipes. Like the other waterbodies of Ethiopia, previous studies on the lake 

focused on water quality, plankton, benthic fauna and fish. However, the importance of 

macrophytes in the ecology of the lakes has long been neglected and even only few 

studies regarding macrophytes have been conducted in Ethiopia. But knowledge on 

abundance and diversity of macrophytes and their consideration as biological 

management options for different problems is a key issue to be addressed. Therefore, this 

study evaluated the abundance and diversity of macrophytes in Lake Koka, the use of the 

dominant macrophytes as a biological management option for sedimentation problem, the 

impact of the dominant water hyacinth on water quality and macro-invertebrates and 

heavy metal contamination of the lake and the potential of E. crassipes as a 

phytoremediation agent.  

Major conclusions from the study are: 

1. The lake was characterized by higher number of macrophyte species than Lakes 

Hawassa and Ziway. E. crassipes was the dominant macrophyte followed by L. 

caerulescens, E. stagnina, C. dives and T. angustifolia. Factors including 

conductivity, pH, nitrate, and soluble reactive phosphorous were the main factors 

that governed the distribution of macrophytes in the lake. This result from 

environmental factors and macrophytes can be used in planning appropriate 

management options to improve the water quality of the lake and reduce the 

burden from the dominant E. crassipes.  
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2. All the four macrophytes (E. stagnina, Pancium sp., T. angustifolia and E. 

crassipes) had a considerable effect on retaining sediment and restraining re-

suspension, the effect of E. stagnina and T. angustifolia being stronger than the 

other two species.  

3. E. crassipes did not significantly affect the water quality of Lake Koka and 

supported relatively greater abundance and high taxa richness of macro-

invertebrates than E. stagnina stand. It significantly affected evenness favoring 

gastropods and families like Chironomidae and Hirudinae. 

4. There is a remarkable increase in heavy metal pollution of Lake Koka and the 

feeder probably due to the intensive agricultural and industrial activities along the 

side of the rivers and around the lake.  

5. Concentrations of As in the lake water sample surpassed the WHO guideline limit 

for drinking water, Pb, Cr, Cu, Pb and Zn, concentrations surpassed the limit for 

the protection aquatic life and Mn concentration in the lake water surpassed the 

FAO limit for irrigation. Therefore, drinking water from Lake Koka is unsafe to 

human health. 

6. Heavy metals concentration in sediments of Lake Koka and its feeder rivers was 

higher than the Canadian Sediment Quality Guideline (CSQG) limit for protection 

of aquatic life. Moreover, literature review indicated that heavy metal 

concentration of Lake Koka is increasing over time and the lake was more 

polluted than other Rift Valley Lakes.  

7. E. crassipes was high accumulator of most of the studied metals and in 

comparison with other macrophytes from previous studies, it was found to be 
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better in absorbing As, Cd, Co, Cu, Mn and Ni. Therefore, E. crassipes can be 

utilized as phytoremediation agent in the lake.  

6.2 Recommendations 

The following further investigations and continuous monitoring are recommended: 

1. The distribution and abundance of E. crassipes, its impact on macrophyte 

diversity, fisheries, recreational use and hydroelectricity generation should be 

further investigated 

2. Development and maintenance of wetlands from E. stagnina, and T. angustifolia 

may be an effective management tool for limiting the sediment load on the lake. 

However, the results for this study were obtained from a 3- month experiment and 

sedimentation and re-suspension rates may change among different months 

because of the largescale fluctuations in water level in the study area. Therefore, 

long-term investigations which consider these and other macrophytes and 

measuring other factors (wind speed and direction and morphological traits of 

macrophytes) are necessary to fully underpin the role of macrophytes in trapping 

sediment and preventing re-suspension in Koka Lake. Then the result from this 

and other studies may apply for other Ethiopian waterbodies where sedimentation 

is a serious threat, including the newly constructed and under-construction dams 

(GERD for instance).  

3. Continuous monitoring of heavy metal concentrations in water and sediment of 

the lake, their potential for bioaccumulation and likely adverse effects on aquatic 
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organisms and humans is recommended. Moreover, all the concerned bodies 

should comply with the environmental rules and regulations: 

 The floriculture farms and the industries should effectively treat their 

waste before discharging into the lake or the inflowing rivers 

 The concerned environmental office should inspect whether these farms 

and industries allow the maximum permissible discharge limit or not and 

are using legal products 

4. The local communities and different stakeholders should find possible access for 

clean drinking water. Additionally, the application of different filtration 

mechanisms is recommended. E. crassipes was a potential phytoremediation 

agent for heavy metal pollution. But before application, further investigation on 

the phytoremediation efficiency of E. crassipes and other dominant macrophytes 

in the lake like Echinochloa stagnina, Thypha angustifolia and L. caerulescens is 

suggested. At the same time, safe utilization of E. crassipes containing high 

amounts of heavy metals needs to be investigated for the context of Ethiopia. 

5. Further investigation on the ecological impact of the water residence time on 

biological integrity of the lake is necessary 
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APPENDIX  
 

Appendix 1. Relative abundance of macrophytes at each sites 

Macrophyte Meto Aleka Awash I Awash II Awash III Ayage I Ayage II Tulu Bofa Ashewa HEPP 

A. sessilis 2.53 1.04 2.35 2.61 - 1.77 1.43 1.21 0.96 

E. prostrata 0.76 - - - - 0.51 0.65 - - 

G. maderaspatana - - - - - 0.29 0.27 - - 

Sphaeranthus sp. - 3.16 3.25 3.80 - - - - - 

Heliotropium sp. - - - - - 0.45 0.58 - - 

R. sinuata 0.99 2.86 1.07 0.71 - 1.05 1.30 0.59 - 

C. ambrosioides 0.64 - - - - 0.67 - - - 

C. articulatus 2.55 1.46 3.00 8.19 1.11 1.73 1.47 4.77 - 

C. dives 1.06 11.9 9.89 2.83 1.68 3.32 8.28 1.30 - 

C. rotundus 6.77 2.06 2.02 5.54 1.29 2.59 2.71 4.42 - 

Schoenoplectiella sp. - 0.92 0.99 - - - - - - 

Cyperus sp. 1.31 - - - - - - - - 

C. assimilis 0.92 - - - - - - - - 

A. baccifera 1.51 0.59 0.49 0.47 - 0.86 0.65 - - 

Hibiscus sp. 0.46 - - - - 0.19 0.65 - - 

G. lotoides 1.10 0.55 0.74 1.42 - 1.41 0.79 - - 

L. adscendens 0.58 1.24 1.39 0.95 0.45 0.48 0.52 0.88 1.03 

D. abyssinica 0.46 - - - - 0.58 0.76 - - 

E. colona 1.02 1.21 1.89 0.71 - 1.92 1.36 1.45 - 

E. stagnina 3.75 15.9 8.59 3.16 17.6 9.03 9.79 3.03 - 

E. indica 0.83 - - - - 0.58 1.08 - - 

L. caerulescens 2.14 7.50 7.28 21.2 13.0 11.1 9.54 9.74 4.49 

P. australis - - - - - 0.58 - - - 

P. decipiens - - - 0.47 0.74 0.54 0.48 0.37 1.39 

P. senegalensis 0.46 0.51 0.45 0.47 0.65 0.72 0.51 0.45 - 

E. crassipes 70.2 44.8 54.3 45.7 58.7 58.5 56.7 71.0 92.1 

Physalis sp. - - - - - 0.38 0.43 - - 

T. angustifolia - 4.28 2.27 1.74 4.71 0.77 - 0.78 - 
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Appendix 2. Seasonal macrophyte distribution in Lake Koka (+ = Present, - = Absent) 

Macrophyte  Dry 

Season 

Wet  

Season  Family Species Common Name 

Amaranthaceae Alternanthera sessilis (L.)  R. Br. 

ex DC. 

Sessile joy weed + + 

Asteraceae Eclipta prostrata (L.) L. False daisy + - 

Grangea maderaspatana (L.) Desf. Madras carpet + - 

Sphaeranthus sp. - + - 

Boraginaceae Heliotropium sp.  - + - 

Brassicaceae Rorippa sinuate (Nutt.) A.S. Hitchc. Yellow cress + - 

Chenopodiaceae Chenopodium ambrosioides (L.) Wormseed + - 

Cyperaceae Cyperus articulates (L.) Jointed flat sedge + + 

Cyperus dives  Delile - + + 

Cyperus rotundus (L.) Nut Sedge + + 

Schoenoplectiella juncea (Willd.) 

Lye 

- + - 

Cyperus sp. - + - 

Courtoisina assimilis (Steud.) 

Maquet 

- + - 

Lythraceae Ammannia baccifera (L.) Blistering 

ammannia 

+ - 

Malvaceae Hibiscus sp. - + - 

Molluginaceae Glinus lotoides (L.) Lotus sweet juice + - 

Onagraceae Ludwigia adscendens (L.) H. Hara Water primrose + + 

Poaceae Digitaria abyssinica (Hochst. ex A. 

Rich.) Stapf 

Couch grass + - 

Echinochloa colona (L.) Link Jungle rice + + 

Echinochloa stagnina (Retz.) P. 

Beauv. 

Hippo. grass + + 

Eleusine indica (L.) Gaertn. Indian goose grass + - 

Leptochloa caerulescens Steud. - + + 

Phragmites australis (Cav.) Trin. ex 

Steud. 

Common reed + + 

Polygonaceae Persicaria decipiens (R. Br.) K. L. 

Wilson 

Knot weed + + 

Persicaria senegalensis (Meisn.) 

Soják 

- + + 

Pontederiaceae Eichhornia crassipes (Mart.) 

Solms. 

Water hyacinth + + 

Solanaceae Physalis sp. - + - 

Thyphaceae  Typha angustifolia (L.) Narrowleaf-cattail + + 
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Appendix 3. Pics showing major groups of identified macro-invertebrates  
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Gastropods 

  

 


