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Abstract: The work on assessment of plants at the Lake Kivu shoreline, from Bwindi 

road /Oil Station to AMSAR section, on the west coast of Lake Kivu had an objective to 

assess plants at the Lake Kivu shoreline, from Bwindi road /Oil Station to AMSAR 

section: determine species encountered at the Lake Kivu shoreline, the major plant 

canopy and beds present in a body of water and the benefits of revegetation. The quota 

method and the survey technique for the reconnaissance of shoreline plants were used. 

The species were classified on the forest species (Grevillea robusta, Pinus patula, 

Eucalyptus spp, Acacia mearnsii, Measopsis eminii), the agroforestry species (Vernonia 

amygdalina, Markhamia lutea Markhamia lutea, Eucalyptus spp, Senna siamea, 

Eurytrina especinica), the ornamental species (Caesalpinia cesalpinia, Spathodea 

campanulata, Terminalia mantaly, Casuarina equisetifolia) and other (Phragmites 

australis, Bambusa vulgaris, Eleocharis cellulose and E. interstincta). The shoreline of 

Lake Kivu in this section should be revegetating for the protection and food of fish and 

other animal species. In addition, we propose that the sole use of aboveground biomass 

as a proxy for valuing coastal protection services should be reconsidered and South Kivu 

provincial authorities must have created a control and waste collection service on the 

Lake Kivu shoreline. 

Keywords: Lake Kivu, emergent plant, wetland, land, shoreline. 
Copyright © 2020 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Plants are important to humans and all other 

animals including fish (Kawarazuka and Bene, 2011; 

Tacon and Metian, 2013). The role of plants in aquatic 

systems is significant. Aquatic plants provide valuable 

fish (USAID, 2016; Pauly and Zeller 2016) and wildlife 

habitat (Dibble et al., 1996). It serves as a food source 

for waterfowl and other aquatic wildlife, improve water 

clarity and quality (James and Barko 1990). It reduces 

rates of shoreline erosion and sediment re-suspension 

(James and Barko 1995), and helps prevent the spread 

of nuisance exotic plants (Smart et al., 1994). 

Additionally, Plants stabilize sediments, improve water 

clarity and add diversity to the shallow areas of lakes 

(Madsen, 2014).  

 

Madsen (2014) shows plants that grow in 

littoral zones are divided into three groups: Emergent 

plants inhabit the shallowest water and are rooted in the 

sediment with their leaves extending above the water’s 

surface. In fact, the representative species of emergent 

plants include bulrush, cattail and arrowhead. The 

floating-leaved plants grow at intermediate depths. 

Some floating-leaved species are rooted in the 

sediment, but others are free-floating with roots that 

hang unanchored in the water column. The leaves of 

floating-leaved plants float more or less flat on the 

surface of the water. Waterlily and spatterdock are 

floating-leaved species, whereas waterhyacinth and 

waterlettuce are free-floating plants. The submersed 

plants are rooted in the sediment and inhabit the deepest 

fringe of the littoral zone where light penetration is 

sufficient to support growth of the plant. They grow up 

through the water column and the growth of most 

submersed species occurs entirely within the water 

column, with no plant parts emerging from the water. 

Submersed species include hydrilla, curlyleaf 

pondweed, egeria and vallisneria. 

 

Fish have an important socio-economic role 

for human communities living along tropical rivers and 

are a major protein source for these people (Oceanic 

Development, 2014; Santos et al., 2014; The World 

Bank 2015; World Food Programme, 2015; Lobón-

Cerviá et al., 2015). Because the annual flood reduces 

the area available to agriculture, local farmers turn to 

fisheries to obtain income during the high-water season. 

 

Lake Kivu (1460 m above sea level (asl)), the 

smallest of the African Great Rift lakes, lies on the 

border between the Democratic Republic of the Congo 
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(DRC) and Rwanda, in the tectonically and volcanically 

active Western Branch (Albertine Rift) of the East 

African Rift System (EARS) (e.g., Ebinger, 1989; 

Furman, 2007). As first reported by Damas (1937), the 

lake is characterized by the presence of a large gas 

reservoir at depth >50–80 m that, as indicated by 

subsequent investigations (e.g., Schmitz and Kufferath, 

1955; Capart, 1960), has a CO2 (CH4)-rich composition. 

 

Despite ongoing deforestation in tropical areas, 

little information exists concerning its impact on 

tropical fish and fisheries. Several studies have 

addressed the relation between forest cover and stream 

fishes in tropical areas (Toham & Teugels, 1999; 

Bojsen & Barriga, 2002). Similar studies have not been 

done for large rivers, even though destruction of 

habitats supporting fish populations has been 

hypothesized to be an important factor affecting the 

long-term health or reproduction of fisheries. Studies of 

the relationship between plant cover and stream fish 

have reached inconsistent conclusions. Additionally, 

information on an importance of riparian vegetation 

isn’t extensive, the roles of them in the fish 

reproduction at the Lake Kivu shoreline are poorly 

known.  

 

The purpose of our study was to assess plants 

at the Lake Kivu shoreline, from Bwindi road/ Oil 

station to AMSAR section, on the west coast of Lake 

Kivu: determine species encountered at the Lake Kivu 

shoreline, Major plant canopy and beds present in a 

body of water and the benefits of revegetation.  

 

METHODS 
Area of study 

The study was conducted at the Lake Kivu 

shoreline Bukavu-Goma raod exactly at the Bwindi 

road/Oil Station to Amsar section, on the west coast of 

Lake Kivu, in Bagira- Bukavu town and Bugobe- 

Kabare territory, province of South Kivu. 

 

The west coast of Lake Kivu was selected for 

sampling along Bwindi/Oil Station to AMSAR 

(Association Momentané Safricas Ruvir) section 

because of selling fish at the lake shoreline. This road is 

in Bagira (Bukavu town) and Bugobe (Kabare territory) 

area in the province of South Kivu. Additionally, the 

lake was selected to include a range of size and type as 

well as a range of riparian vegetation covers.  

 

 Geographic location of Lake Kivu 

According Holzförster and Schmidt(2007), 

Lake Kivu is located between 1
 O 

300 and 2
 O

 300S and 

28
 O

 500 and 29
 O

 230E  was formed in the Pleistocene, 

as a consequence of the intense volcanic activity of the 

Virunga Mountains, which dammed the Great Rift 

Valley and reversed the northward flow of the rivers in 

the valley. Presently, Lake Kivu’s surface waters are 

maintained at an elevation of 1462–1463 masl by the 

Mururu hydroelectric plant near Bukavu (Figure 1). The 

waters are discharged toward south into the Ruzizi river 

and that enter Lake Tanganyika at a rate of 3, 2 km
3
/a. 

The world’s tenth-largest inland island, Idjwi, lies in the 

center of Lake Kivu and has a population of more than 

100,000 DRC citizens and about 50,000 Rwandan 

refugees. The 1200 km long Lake Shoreline hosts 

several large cities and towns, including Bukavu, 

Kabare, Kalehe, Sake, and Goma in DRC and Gisenyi, 

Kibuye, and Cyangugu in Rwanda, with a total lakeside 

population of about 2,000,000. Lake Kivu has a total 

surface area of 2370 km
2
 and a volume of 560 km

3
 with 

a maximum depth of 485 m. Topographically, it 

consists of a large basin (Main basin) and four smaller 

basins (from north to south: Kabuno Bay, Kalehe, 

Ishungu, and Bukavu) (Figure 1), which are separated 

from the Main basin by sills of different depths  

presented on the figure 2 (Degens et al., 1973; Tietze, 

1978; Botz et al., 1988; Spigel and Coulter, 1996; 

Lahmeyer International and OSAE, 1998). 
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Figure1. Map of Lake Kivu with the location of the 

sampling sites (Tassi et al.,, 2009). 
Figure 2.Three-dimensional bathymetric map of Lake 

Kivu (Tassi et al.,, 2009). 

 

Data collection 

Determination of Lake Kivu shoreline plant 

Before four sites were chosen randomly on 

Bwindi road/oil station to AMSAR section (Bwindi/Oil 

Station-Trabemco, Trabemco-Ciel, Ketani-Murhundu-

13 Km, 13 Km-AMSAR). Indeed, plants were observed 

at the Lake Kivu shoreline. Those plants were 

determined using photos proposed by National Forestry 

Agency, NAFA (2011), (Rodgers, 2002) and classified 

according to species types (forest, agroforestry, 

ornamental and other), scientific name, family and 

position (on land or emergent plant). The presence of 

species was represented per (*). 

 

Reconnaissance survey 

The reconnaissance survey is designed to 

identify the major plant beds present in a body of water. 

This is a qualitative survey designed to give an 

overview of the aquatic vegetation present in and / or at 

the edge of a lake. It identifies and documents problem 

areas that can be targeted when management practices 

are implemented. Each bed is given a reference number 

that is recorded on Tier I data sheets. When a major 

plant bed is identified, each species of plant found in 

that bed is recorded. Canopy ratings are given to each 

plant bed based on the types of plants present in that 

bed. The four major types of plants to be identified in 

this study are as follows: submersed plants, emergent 

plants, non-rooted floating plants, and rooted floating 

plants. The following scale is used to describe these 

four types of plants based on the percentage of the plant 

bed canopy they occupy: 

 Canopy Rating 

1 = <2% of canopy 

2 = 2-20% of canopy 

3 = 21-60% of canopy 

4 = >60% of canopy 

 

In addition to the canopy rating, another 

abundance rating is given to each individual species 

found in a particular plant bed. This abundance rating is 

based on the percentage of the entire bed area that 

species appears to occupy. The scale for this abundance 

rating is the same as the canopy rating scale. The 

difference is that this scale identifies the abundance of 

individual species in the bed: 

 Species Abundance Rating 

1 = < 2% of the bed 

2 = 2-20% of the bed 

3 = 21-60% of the bed 

4 = >60% of the bed 

 

Benefits of revegetation 

The survey was done using quotas method. It 

consists to interview 100 fishermen’s divided into 

groups of 25 fishers per site. Ten questions were asked 

and oriented on food source for wildlife, protective 

cover for small fish and other animals, source of nesting 

material for reptiles, birds, and small mammals, shade 

for fish and humans, erosion control and soil 

stabilization, aesthetics and landscaping appeal, animal 

attractor, nutrient uptake, plant competition for 

preventing encroachment of invasive species and living 

surface for small insects and other invertebrates 

important to fisheries. Survey data collected were 

analyzed using percentage calculation.  

 

RESULTS AND DISCUSSION 
Results 

Table 1 shows the species, family, types of species and 

their position in the sites of the study environment.
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Table 1. Species encountered at the Lake Kivu shoreline 

N
O

 Scientific  name Family Sites T y p e s  o f  s p e c i e s P o s i t i o n
 

B w i n d i /  O i l  S t a t i o n - T r a b e m c o
 

T r a b e m c o - C i e l K e t a n i - M u r h u n d u - 1 3  K m
 

1 3  K m - A M S A R
 

01 Phragmites australis Poaceae  other wetland * * * * 

02 

Eleocharis cellulose & E. 

interstincta Poaceae  

other wetland 

  

* 

 03 Casuarina equisetifolia Casuarinaceae ornament land  * * * 

04 Bambusa  vulgaris Poaceae other land 

  

* 

 05 Terminalia mantaly Combretaceae ornament land   *  

06 Spathodea campanulata Bignoniaceae ornament land *  *  

07 Eurytrina abyssinica Fabaceae agroforestry land 

  

* * 

08 Cedrela serreta Meliaceae agroforestry land * * * 

 09 Mimosa scabrella Mimosaceae forest land  * * * 

10 Senna siamea Fabaceae agroforestry land 

 

* * 

 11 Measopsis eminii Rhamnaceae forest land   *  

12 Acacia mearnsii Mimosaceae forest land  * * * 

13 Eucalyptus  spp Myrtaceae 

forest and 

agroforestry 

land 

* * * * 

14 Markhamia lutea Bignoniaceae agroforestry land *  * * 

15 Pinus patula Pinaceae forest land  * * * 

16 Grevillea robusta Proteaceae forest land 

 

* * * 

17 Vernonia amygdalina Asteraceae agroforestry land 

 

* 

  18 Caesalpinia cesalpinia Fabaceae ornament land  *   

Legend: * Presence  

 

Three species of families of Poaceae and 

Fabaceae, two of Mimosaceae and Bignoniaceae, one of 

Casuarinaceae, Combretaceae, Meliaceae, Rhamnaceae, 

Myrtaceae, Pinaceae, Proteaceae and Asteraceae have 

been observed along Lake Kivu. These trees are 

classified as forest species (Grevillea robusta, Pinus 

patula, Eucalyptus spp, Acacia mearnsii, Measopsis 

eminii), agroforestry species (Vernonia amygdalina, 

Markhamia lutea Markhamia lutea, Eucalyptus spp, 

Senna siamea, Eurytrina especinica) ornamental 

(Caesalpinia cesalpinia, Spathodea campanulata, 

Terminalia mantaly, Casuarina equisetifolia) and other 

(Phragmites australis, Bambusa vulgaris, Eleocharis 

cellulose and E. interstincta). Those trees are more 

abundant in the Ketani-Murhundu-13 km site followed 

by Trabemco-Ciel also by 13 km-AMSAR and Bwindi 

/Oil Station-Trabemco. 2 species of emergent plants 

were present Phragmites  and Eleocharis(Phragmites 

australis, Eleocharis cellulose and E. interstincta). 

 

The major plant beds present in a canopy and body of 

water is presented in the table 2. 

  

Table 2. Major plant canopy and beds present in a body of water 

  Sites 

    Bwindi/ Oil 

Station-

Trabemco 

Trabemco-Ciel Ketani-

Murhundu 

13 Km-AMSAR 

I Canopy rating < 2% of canopy 2-20% of canopy >60% of canopy 21-60% of canopy 

II Species abundance 

rating 

< 2% of the bed 2-20% of the bed >60% of the bed 21-60% of the bed 

1 Phragmites australis     >60% of the bed   

2 Eleocharis cellulose & E. 

interstincta 

  2-20% of the bed >60% of the bed 21-60% of the bed 

3 Casuarina equisetifolia     >60% of the bed   

4 Bambusa  vulgaris     >60% of the bed   

5 Terminalia mantaly     >60% of the bed   

6 Spathodea campanulata < 2% of the bed   >60% of the bed 21-60% of the bed 

7 Eurytrina abyssinica     >60% of the bed   

8 Cedrela serreta < 2% of the bed 2-20% of the bed >60% of the bed 21-60% of the bed 

9 Mimosa scabrella   2-20% of the bed >60% of the bed   

10 Senna siamea   2-20% of the bed >60% of the bed   

11 Measopsis eminii     >60% of the bed 21-60% of the bed 

12 Acacia mearnsii   2-20% of the bed >60% of the bed 21-60% of the bed 

13 Eucalyptus  spp < 2% of the bed 2-20% of the bed >60% of the bed 21-60% of the bed 

14 Markhamia lutea < 2% of the bed   >60% of the bed 21-60% of the bed 

15 Pinus patula   2-20% of the bed >60% of the bed 21-60% of the bed 
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16 Grevillea robusta   2-20% of the bed >60% of the bed 21-60% of the bed 

17 Vernonia amygdalina   2-20% of the bed     

18 Ceslpinia cesalpinia   2-20% of the bed     

 

According the canopies, Ketani-Murhundu  

site has more  >60%  following by 13 Km-AMSAR site  

21-60%  olso of the Trabemco-Ciel  site 2-20% and 

Bwindi/ Oil Station-Trabemco site  < 2%.  Bwindi/ Oil 

Station-Trabemco site has less bed  (< 2% 

),comparatively to  Trabemco-Ciel in range of  2-20% ), 

13 Km-AMSAR(21-60% ) and  Ketani-Murhundu  site 

more  bed(>60% ). 

The following is a summary of the advantages of 

replanting a shoreline in table 3. 

 

Table 3. Summary of the advantages of replanting a shoreline 

Benefits of revegetation 

 

Advantages of 

replanting a shoreline 

1. Food source for wildlife 20 % 

2. Protective cover for small fish and other animals 23 % 

3. Source of nesting material for reptiles, birds, and small mammals 21 % 

4. Shade for fish (Phragmites australis) and humans (Bamboo) 8 % 

5. Erosion control and soil stabilization 17 % 

6. Aesthetics and landscaping appeal 2 % 

7. Animal attractor 2 % 

8. Nutrient uptake 1 % 

9. Plant competition for preventing encroachment of invasive species such as 

hydrilla 

2 % 

10. Living surface for small insects and other invertebrates important to fisheries 4 % 

 

23% of fishermen show the benefits of 

revegetation to be the protective cover for small fish 

and other animals as shown, 21% the source of nesting 

material for reptiles, birds and small mammals (Photo 

1), 20% the food source for wildlife(Photo  2) , 17% 

erosion control and soil stabilization (Photo 3), 8% 

shade for fish and humans (Photo 4), 4% living area for 

small insects and other invertebrates important for 

fishing and respectively 2% the aesthetics and 

attractiveness of landscaping as well as competition 

from animal attractant plants to prevent the 

encroachment of invasive species such as hydrilla and 

1% nutrient uptake. 

 

    
(Photo 1) 

 

   
(Photo 2) (Photo 3)  



 

Muchindigiri B. T et al., East African Scholars J Agri Life Sci; Vol-3, Iss-8  (Aug, 2020): 286-294 

© East African Scholars Publisher, Kenya   291 

 

 

  
(Photo 4) 

 

 

DISCUSSION 
Phragmites australis, Eleocharis cellulose and 

E. interstincta are emergents plants. The emergents can 

only occur in shallow water or damp soils along the 

shoreline and are unlikely to survive large changes in 

lake level (Mitchell, 1974; 1976). Grevillea robusta, 

Pinus patula, Eucalyptus spp, Acacia mearnsii, 

Measopsis eminii, Vernonia amygdalina, Markhamia 

lutea Markhamia lutea, Eucalyptus spp, Senna siamea, 

Eurytrina especinica, Caesalpinia cesalpinia, 

Spathodea campanulata, Terminalia mantaly, 

Casuarina equisetifolia  founded on land  are using as 

forest , agroforestry and ornamental species( 

Lamprecht, 1983; Moller , 1991; Doran and 

Turnbull,1997). The owners as organization non-

governmental have cultivated a lush mixture of trees, 

shrubs and ferns along the shoreline. Shorelines are 

transition zones for both terrestrial and aquatic wildlife. 

It is especially important to have shoreline vegetation 

for rare species and for those species that need both 

aquatic and terrestrial habitat to complete their life 

cycles (turtles, many amphibians, and many birds). 

Wildlife needs travel corridors to move freely from one 

habitat to another. Vegetation along the shoreline 

shades and cools the water. In general, cooler water is 

better able to hold life-giving oxygen. Also, 

temperature spikes are detrimental to the health and 

reproductive rates of aquatic creatures (Budd et al., 

1987; Swift, 1986; Stauffer and Best,1980; Welsch, 

1991; Palmstrom, 1991; Phillips, 1989). Shoreline 

vegetation provides that last chance to capture 

pollutants traveling in stormwater (Massachusetts 

Vegetated Buffer Manual, 2003). Forested areas can 

capture, absorb and store 15 times more rainfall than 

grass or turf (Palone and Todd, 1998). 

 

The influence of vegetation in sediment 

transport has been studied by several authors by means 

of field data. The effects of vegetation in minimizing 

erosion are roots hold surface soil and stabilize bank 

materials and it helps the ground to absorb water. It 

slows the velocity of runoff and traps sediment, absorbs 

the energy of falling rain and removes water from soil 

and transpires it into the air (shorestewards.wsu.edu, 

August 2020). Garcia and Duarte (2001) demonstrated 

that vegetation as  P. oceanica fields decrease sediment 

erosion by reducing turbulence inside the meadow and 

restricting resuspension Recently, Christianen et al., 

(2013) have highlighted the importance of the rhizoidal 

system in seabed stabilization. Several authors have 

considered the importance of vegetation mechanical 

properties. For example, Bouma et al., (2005) showed 

the value of plant stiffness in wave attenuation by 

comparing the salt marsh Spartina anglicawith the 

seagrass Z. noltii and artificial vegetation made of 

different stiffness strips. All these studies clearly 

showed the importance of vegetation characteristics for 

their effect on hydrodynamic attenuation. 

 

Our study showed Ketani-Murhundu and 13 

Km-AMSAR sites has more canopies whereas; the 

Trabemco-Ciel and Bwindi/ Oil Station-Trabemco sites 

have less.  According the bed, Bwindi/ Oil Station-

Trabemco and Trabemco-Ciel sites have less, 

nevertheless, more bed for 13 Km-AMSAR (21-60%) 

and Ketani-Murhundu sites. The importance of the 

vegetation (trees, shrubs and ferns) as seagrass canopy 

for shoreline protection, our study on open, low-

biomass and heavily grazed seagrass beds strongly 

suggests that belowground biomass also has a major 

effect on the immobilization of sediment. The presence 

of a short, low-biomass seagrass meadow maintains a 

higher bed level, attenuating waves before reaching the 

beach and hence lowering beach erosion rates 

(Christianen et al., 2013; Bouma et al., 2005). Even 

though, (Bos et al., 2007) showed that eelgrass beds 

contribute to sediment deposition in intertidal habitats 

pointing out the influence of seasonal behavior. 

 

The benefits of revegetation with native plants have 

been widely published: 

The habitat benefits of shoreline, wetland, and 

stream buffers are also important. A narrow strip of 

trees and shrubs at the shoreline can create an important 

wildlife corridor that can provide food, water, and 



 

Muchindigiri B. T et al., East African Scholars J Agri Life Sci; Vol-3, Iss-8  (Aug, 2020): 286-294 

© East African Scholars Publisher, Kenya   292 

 

 

shelter for a variety of birds, amphibians, reptiles, and 

small mammals. A few species of aquatic plants are 

directly important to man for food and for materials 

used in building/constructions. The Indian rice, water 

chestnut and delta potatoes are sources of food. Some 

weeds (Nile cabbage, water spinach) are used as 

vegetable among many African communities. In some 

parts of the world, the bulrush is used for building 

boats, floor mats and wall partitions. The papyrus, C. 

papyrus, has been utilized for weaving baskets, making 

mats and thatching huts especially in rural communities 

(Prescott, 1969).  

 

Limnologically, aquatic plants and shoreline 

vegetation play important roles including beach 

building, the filling in of lake margins with the 

accompanying aging and eutrophication and prevention 

of shore erosion. A few aquatic plants bring about the 

deposition of lime, thus, after a long period of time, 

produce useful marl deposits. Besides these, there are 

many interactions between aquatic plants, water 

chemistry and the nature of bottom deposits (Prescott, 

1969). 

 

Mitchell (1974) stated that the appearance of 

macrophytes in any aquatic ecosystem leads to an 

increase in the density of other plants and animal 

species. Therefore, two major effects of these weeds on 

the ecosystem are habitat diversification and food 

source for the organisms. Several studies using stable 

isotopes have reaffirmed plants, particularly aquatic 

plants (both C3 and C4 plants) as the main source of 

energy in most water bodies (Ojwang et al., 2004; 

2007). Macrophytes strands can act as a filter for 

excessive nutrients, which would otherwise lead to 

eutrophication of adjacent water bodies. Although the 

absorption may not in itself ensure the removal as the 

plants might re-release them on decomposition, the wet 

low oxygen soils favour denitrification by bacteria 

leading to loss of nutrients. The plants also remove 

heavy metals, biocides and other toxins from the water 

temporarily into their tissues. In theory, this could harm 

organisms higher up the food chain, however, the plants 

have various biological, chemical, biochemical and 

physical processes which immobilize, transform and fix 

the contaminants (Malthy, 1986). Factors that influence 

the establishment and distribution of aquatic plants 

include: depth, topography, types of substrate, exposure 

to currents and/or wind and water turbidity. The 

distribution of macrophytes is often related to their 

method of attachment (Sculthorpe, 1976). Aquatic 

plants, like most water organisms, are more widely 

distributed throughout the world than terrestrial plants. 

In Kenya, aquatic weeds were used to grace aquaria and 

ornamental ponds from where they escaped into natural 

or artificial water bodies causing serious problems 

(Njuguna, 1992). Macrophytes are among the most 

productive plant communities in the world (Sculthorpe, 

1976) and are known to provide nutrition for humans 

and herbivorous animals. In general, water plants have 

both positive and negative importance to man, either 

directly and indirectly (Mitchell, 1974). 

 

CONCLUSION 
The results of this work show that the 

Trabemco-Ciel site and Bwindi/Oil Station-Trabemco 

site must be revegetated for the balance of nature on the 

shores of Lake Kivu. The benefits of revegetation are  

protective cover for small fish and other animals as 

shown, 21% the source of nesting material for reptiles, 

birds and small mammals, 20% the food source for 

wildlife, 17% erosion control and soil stabilization, 8 % 

shade for fish and humans as watches by fishermen. 

The authorities of the province of South Kivu must 

protect with plants and clean up the edge of Lake Kivu 

by creating a service in charge. 

   

Acknowledgements 

We would like to thank all the Authority of 

Research Centre in Natural Sciences. Thanks are also 

due to Agent of laboratory for the collect data for this 

study. 

 

Compliance With Ethical Standards 

 

Conflict of Interest: 

 We declare that there is no conflict of interest 

with the publication of this manuscript. No 

human/animal participants were involved in the 

preparation of this manuscript. 

 

REFERENCES 
1. Bojsen, B. H., & Barriga, R. (2002). Effects of 

deforestation on fish community structure in 

Ecuadorian Amazon streams. Freshwater 

Biology, 47(11), 2246-2260. 

2. Bos, A. R., Bouma, T. J., de Kort, G. L., & van 

Katwijk, M. M. (2007). Ecosystem engineering by 

annual intertidal seagrass beds: sediment accretion 

and modification. Estuarine, Coastal and Shelf 

Science, 74(1-2), 344-348. 

3. Botz, R., Stoffers, P., Faber, E., & Tietze, K. 

(1988). Isotope geochemistry of carbonate 

sediments from lake Kivu (East-Central 

Africa). Chemical Geology, 69(3-4), 299-308. 

4. Bouma, T. J., De Vries, M. B., Low, E., Peralta, G., 

Tánczos, I. V., van de Koppel, J., & Herman, P. M. 

J. (2005). Trade‐offs related to ecosystem 

engineering: A case study on stiffness of emerging 

macrophytes. Ecology, 86(8), 2187-2199. 

5. Budd, W. W., Cohen, P. L., Saunders, P. R., & 

Steiner, F. R. (1987). Stream corridor management 

in the Pacific Northwest: I. Determination of 

stream-corridor widths. Environmental 

Management, 11(5), 587-597. 

6. Capart A., 1960. Le Lac Kava, Nat. Belge, 41, 

397–417. 

7. Christianen, M. J., van Belzen, J., Herman, P. M., 

van Katwijk, M. M., Lamers, L. P., van Leent, P. 



 

Muchindigiri B. T et al., East African Scholars J Agri Life Sci; Vol-3, Iss-8  (Aug, 2020): 286-294 

© East African Scholars Publisher, Kenya   293 

 

 

J., & Bouma, T. J. (2013). Low-canopy seagrass 

beds still provide important coastal protection 

services. PloS one, 8(5), e62413. 

8. Damas, H. (1938). La stratification thermique et 

chimique des lacs Kivu Édouard et Ndalaga 

(Congo Belge). Internationale Vereinigung für 

theoretische und angewandte Limnologie: 

Verhandlungen, 8(3), 51-68. 

9. Degens, E. T., von Herzen, R. P., Wong, H. K., 

Deuser, W. G., & Jannasch, H. W. (1973). Lake 

Kivu: structure, chemistry and biology of an East 

African rift lake. Geologische Rundschau, 62(1), 

245-277. 

10. Doran, J. C., & Turnbull, J. W. (1997). Australian 

trees and shrubs: species for land rehabilitation and 

farm planting in the tropics. ACIAR monograph 

No. 24, 384 p. 

11. Dribble, E. D., Killgore, K. J., & Harrel, S. L. 

(1996). Assessment of fish-plant 

interaction. Multidimensional approaches to 

reservoir fisheries management, 357-372. 

12. Ebinger, C. J. (1989). Tectonic development of the 

western branch of the East African rift 

system. Geological Society of America 

Bulletin, 101(7), 885-903. 

13. Furman T. (2007).Geochemistry of East African 

Rift System basalts: An overview, J. Afr. Earth 

Sci., 48, 147–

160,doi:10.1016/j.jafrearsci.2006.06.009. 

14. Gacia, E., Duarte, C. M., Marbà, N., Terrados, J., 

Kennedy, H., Fortes, M. D., & Tri, N. H. (2003). 

Sediment deposition and production in SE-Asia 

seagrass meadows. Estuarine, Coastal and Shelf 

Science, 56(5-6), 909-919. 

15. Holzförster, F., & Schmidt, U. (2007). Anatomy of 

a river drainage reversal in the Neogene Kivu–Nile 

Rift. Quaternary Science Reviews, 26(13-14), 

1771-1789. 

16. James, W. F., & Barko, J. W. (1990). Macrophyte 

influences on the zonation of sediment accretion 

and composition in a north-temperate 

reservoir. Archiv für Hydrobiologie, 120(2), 129-

142. 

17. James, W. F., & Barko, J. W. (1995). Effects of 

submersed macrophytes on sediment resuspension 

in Marsh Lake, Minnesota. In Proceedings, 29th 

annual meeting, Aquatic Plant Control Research 

Program (pp. 168-175). 

18. Kawarazuka, N., & Béné, C. (2011). The potential 

role of small fish species in improving 

micronutrient deficiencies in developing countries: 

building evidence. Public health nutrition, 14(11), 

1927-1938. 

19. Lahmeyer International and OSAE (1998), 

Bathymetric survey of Lake Kivu, final report, 18 

pp., Dir. of Energy and Hydrocarbons, Repub. of 

Rwanda Minist. of Public Work, Kigali 

20. Lamprecht, H. (1989). Silviculture in the Tropics. 

Edition Paul Parey-GTZ. Hambourg/Berlin. 

21. Lobón-Cerviá, J., Hess, L. L., Melack, J. M., & 

Araujo-Lima, C. A. (2015). The importance of 

forest cover for fish richness and abundance on the 

Amazon floodplain. Hydrobiologia, 750(1), 245-

255. 

22. Madsen, J. (2014). Impact of Invasive Aquatic 

Plants on Aquatic Biology,pp .1-8.In  AEREF, 

2014. Biology and Control of Aquatic Plants. A 

Best Management Practices Handbook: Third 

Edition. Lyn A. Gettys, William T. Haller and 

David G. Petty, editors.pp. 1-113. 

23. Maltby, E. (1986). Waterlogged Wealth. 

International Institute for Enviromnent and 

Development, London, 200 pp. 

24. Massachusetts Buffer Manual. (2003). Using 

Vegetated Buffers to Protect our Lakes and Rivers. 

Berkshire Regional Planning Commission. 

Massachusetts Department of Environmental 

Protection. 

25. Mitchell, D.S. (1974). Aquatic vegetation and its 

use and control. Unesco, Paris. Benton Jnr, pp. 99–

106.  

26. Mitchell, D.S. (1976). The marginal fish fauna of 

Lake Kariba. Kariba studies, 8: 109–162. 

27. Moller, K. (1991). Plants agroforestiers des Hautes 

Terres malgaches. Centre FAFIALA. 

Antananarivo. Madagascar. 

28. NAFA. (2011). Essences ligneuses recommandées 

dans les plantations forestières et agroforestières au 

Rwanda avec cartes d’aptitudes par zone agro-

bioclimatique du Rwanda 

29. Njuguna, S.G. (1992). Floating aquatic weeds in 

Kenya. In: Crafter S.A, Njuguna S.G. & Howard 

G.W. (Eds).Wetlands of Kenya. Proceedings of the 

KWWG Seminar on Wetlands of Kenya, National 

Museums of Kenya, Nairobi, Kenya, 3-5 July 

1991.183 pp. 

30. Oceanic Development, Ex-Post and Ex-Ante 

Evaluation of the Protocol to the Fisheries 

Partnership Agreement Between the EU and the 

Republic of Mozambique. Available from: 

http://ec.europa.eu/fisheries/documentation/studies/

mozambique/doc/report-mozambique-

2014_en.pdf.2014.  

31. Ojwang, W. O., Kaufman, L., Asila, A. A., 

Agembe, S., & Michener, B. (2004). Isotopic 

evidence of functional overlap amongst the 

resilient pelagic fishes. Hydrobiologia, 529(1-3), 

27-34.  

32. Ojwang, W. O., Kaufman, L., Soule, E., & Asila, 

A. A. (2007). Evidence of stenotopy and 

anthropogenic influence on carbon source for two 

major riverine fishes of the Lake Victoria 

watershed. Journal of Fish Biology, 70(5), 1430-

1446.  

33. Palmstrom, N. (1991).Vegetated Buffer Strip 

Designation Method Guidance Manual. I.E.P., Inc. 

Consulting Environmental Scientists. 

34. Palone R.S., & Todd A.H. (eds.), (1998). 

Chesapeake Bay Riparian Handbook: A 

http://ec.europa.eu/fisheries/documentation/studies/mozambique/doc/report-mozambique-2014_en.pdf.2014
http://ec.europa.eu/fisheries/documentation/studies/mozambique/doc/report-mozambique-2014_en.pdf.2014
http://ec.europa.eu/fisheries/documentation/studies/mozambique/doc/report-mozambique-2014_en.pdf.2014


 

Muchindigiri B. T et al., East African Scholars J Agri Life Sci; Vol-3, Iss-8  (Aug, 2020): 286-294 

© East African Scholars Publisher, Kenya   294 

 

 

35. Pauly, D., & Zeller, D. (2016). Catch 

reconstructions reveal that global marine fisheries 

catches are higher than reported and declining." 

Nature Communications 7. doi: 

10.1038/ncomms10244. 

36. Phillips, J.D. (1989). Nonpoint Source Pollution 

Control effectiveness of Riparian Forests along a 

Coastal Plan River, J. of Hydrology,110:221-127. 

37. Prescott, G.W. (1969). How to know aquatic 

plants. C. Brown Publishers, Dubuque, 171 pp. 

38. Rodgers, J. (002). Plants For Lakefront 

Revegetation, Bureau of Invasive Plant 

Management South Gulf Office. 

39. Santos, G.M., Ferreira, E.J.G., & Val, A. L. (2014). 

Recursos pesqueiros e sustentabilidade na 

Amazônica: Fatos e perspectivas. Heléia (Revista 

do Direito Ambiental da Amazônia) 8: 43–77. 

40. Schmitz,  D.M., & Kufferath, J. (1955). Problèmes 

posées par la Présence de Gaz dissous dans les 

Eaux profondes du Lac Kivu, Acad. R. Sci. Colon. 

Bull. Séances, 1, 326–356. 

41. Sculthorpe, C.D. (1976). The Biology of Aquatic 

Vascular Plants. Edward Arnold, London, 610 pp. 

shorestewards.wsu.edu, August 2020 

42. Smart, R.M., Barko, J.W., & McFarland, D.G. 

(1994). Competition between Hydrilla verticillata 

and Vallisneria americana under different 

environmental conditions. U.S. Army Corps of 

Engineers, Waterways Experiment Station, 

Technical Report A-94-1,Vicksburg, Mississippi. 

43. Spigel, R. H., & Coulter, G.W. (1996). Comparison 

of hydrology and physical limnology of the East 

African Great Lakes: Tanganyika, Malawi, 

Victoria, Kivu and Turkana (with reference to 

some North American Great Lakes), in The 

Limnology, Climatology and Paleoclimatology of 

the East African Lakes, edited by T. C. Johnson 

and E. O. Odada, pp. 103–139, Gordon and Breach, 

Toronto, Ontario, Canada. 

44. Stauffer, D.F., & Best, L.B. (1980). Habitat 

Selection by Birds of Riparian Communities: 

Evaluating Effects of Habitat Alteration, J. Wildlife 

Management, 44: 1-15. 

45. Swift, L.W. (1986). Filter Strip Widths for Forest 

Roads in the Southern Appalachians, Southern J. of 

Applied Forestry, 10: 27-34. 

46. Tacon, A.G.J., & Metian, M. (2013). Fish matters: 

importance of aquatic foods in human nutrition and 

global food supply. Reviews in Fisheries Science. 

21(1), p. 22-38 

47. Tassi, F., Vaselli, O., Tedesco, D., Montegrossi, G., 

Darrah, T., Cuoco, E., ... & Delgado Huertas, A. 

(2009). Water and gas chemistry at Lake Kivu 

(DRC): geochemical evidence of vertical and 

horizontal heterogeneities in a multibasin 

structure. Geochemistry, Geophysics, 

Geosystems, 10(2). 

48. The World Bank, Prevalence of undernourishment 

(% of population). Available from: 

http://data.worldbank.org/indicator/SN.ITK.DEFC.

ZS. 2015. 

49. Tietze, K. (1978). Geophysikalische untersuchung 

des Kivusees und seiner ungewo¨ hnlichen 

methangaslagersta¨tteschichtung, Dynamik und 

Gasgehalt des Seewassers, Ph.D. thesis, Christian-

Albrechts-Univ., Kiel, Germany. 

50. Toham,  A. K., &  Teugels, G.G. (1999). First data 

on an Index of Biotic Integrity (IBI) based on fish 

assemblages for the assessment of the impact of 

deforestation in a tropical West African river 

system. Hydrobiologia 397: 29–38. 

51. USAID. (2016). Fishing for Food Security: The 

Importance of Wild Fisheries for Food Security and 

Nutrition. United States Agency for International 

Development. 

52. Welsch, (1991). Riparian Forest Buffers, USDA, 

Forest Service, NA-PR-07-91, Radnor PA 

53. World Food Programme, Mozambique: 

Overview. Available from: 

https://www.wfp.org/countries/mozambique/o

verview.2015.

 

http://data.worldbank.org/indicator/SN.ITK.DEFC.ZS.%202015
http://data.worldbank.org/indicator/SN.ITK.DEFC.ZS.%202015
https://www.wfp.org/countries/mozambique/overview.2015
https://www.wfp.org/countries/mozambique/overview.2015

