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Abstract 

Wetlands are vital ecosystems as they are essential to human health, wellbeing, ecological integrity 

and national development as well as in the attainment of the Sustainable Development Goals. 

However, despite their contributions to human wellbeing, they have been destroyed and degraded 

over years. The aim of this paper is to review literature on the ecosystem services in Nyando 

wetland ecosystem and how they have been helpful to the well-being of its residents and also to 

determine the threats to the Nyando ecosystem services. A total of 88 documents were reviewed 

out of 20,400 documents from the Google engine search. It is concluded in this paper that 

ecosystem services in the Nyando wetland contribute significantly to the sustenance of the 

livelihood of the local communities and that the over dependency on the Nyando wetland by the 

local communities has resulted to over-exploitation of its resources leading to the degradation of 

the ecosystem. It is recommended that since the Nyando ecosystem is of high value to the 

communities living there, sustainable utilization of its resources is important for its sustenance and 

also in the reduction of the degradation of its resources. 

 

Keywords: Wetlands, ecosystem services, livelihoods, sustainability, conservation.  

 

Introduction 

Wetlands are those ecosystems integrating 

the characteristics of both aquatic and 

terrestrial environments particularly water, 

soil and vegetation (Lathrop 2011). The 

Millennium Ecosystem Assessment (MEA) 

2005) defines ecosystem services as the 

benefits that people obtain from ecosystems, 

e.g. provisioning, regulating, supporting and 

cultural services, which are essential for 

sustaining livelihoods. 

Wetlands have been reported to be among 

the world’s most important natural resources 

but also known to be least understood and 

most abused assets (Maltby1991). For 

instance, MEA (2005) describes wetland 

ecosystems as the habitats that have been 

most affected by development and are 

therefore being lost more rapidly than any 

other habitat in the world.  

The loss of these wetlands has led to 

environmental and ecological problems, 

therefore depreciating the socio-economic 

benefits of the communities that depend on 

them, since multiple ecosystem services that 

are produced from well-functioning wetlands 
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(Morrison and Harper 2009) and the potential 

consequences of their loss to the communities 

that depend on them are becoming of 

particular interest internationally (Maclean et 

al. 2011). 

Wetland ecosystems cover an estimated 

area of more than 9% (1,280 million 

hectares) of the global land surface (Malabika 

et al. 2015). They are rich in species diversity 

and therefore part of the most biologically 

productive ecosystems on earth (Mwakaje 

2009), as they provide important ecosystem 

services and functions such as habitats for 

wildlife, flood control, water purification, 

carbon storage, food supply, and play an 

important role in hydrologic cycle (National 

Research Council 1992) and ecosystem goods 

such as food (meat, fish, vegetables, etc.), 

water, fuels, and timber (Brown et al. 2007). 

Despite their importance and 

contributions to livelihoods as outlined 

above, they are part of the most threatened 

environmental resources (Abraham 2015), 

and globally, more than half of the earth’s 

original wetlands are estimated to have been 

destroyed or degraded (Ofei-Manu and 

Shimano 2010). For instance, between the 

years 1997 and 2011, the cost of loss of 

freshwater wetlands in the world has been 

valued at US$ 2.7 trillion per year (Costanza 

et al. 2014). 

The Ramsar Convention Secretariat 

(2015) reported that land conversion, 

infrastructure development, water use, 

pollution and eutrophication, 

overexploitation, overharvesting of wetland 

resources, climate change and invasive alien 

species are the primary direct drivers, while 

population growth and economic activity 

changes are the primary indirect drivers of 

degradation and loss of wetlands. 

In Kenya, the process of wetland 

management has not been up to date 

(Ministry of Environment and Mineral 

Resources (MEMR) 2012). The ecosystem 

services and goods have been faced with a 

myriad of issues in the process of 

conservation. In order to propose policy 

options for better ecosystem services 

management process in Kenya, this review of 

literature aims at using the Nyando wetland 

ecosystem as a case study to gather 

information on the processes that have been 

used in conservation of the ecosystems. Thus 

the review explores two questions: (1) What 

are the ecosystem services in Nyando 

wetland ecosystem and how have they been 

helpful to the wellbeing of its residents?  (2) 

What are the threats to the Nyando ecosystem 

services and how can they be overcome? 

 

Materials and Methods 

Study area 

Kenya is home to six main types of 

wetlands (MEMR) 2012). These include 

riverine, lacustrine, palustrine, estuarine, 

marine, and constructed wetlands (Table 1).  

Kenyan wetlands cover an area of up to 3-4% 

(approximately 14,000 km
2
) of the total 

landmass which could increase up to 6% 

during the rainy season, many of which have 

been converted for alternative uses (Oduor et 

al. 2015). The distribution of Kenyan 

wetlands depends mostly on the land 

topography and the rainfall amount received 

(Macharia et al. 2007).  

The Lake Victoria is the largest fresh 

water lake in Africa and the world’s second 

largest with a total catchment area of 194,000 

km
2
 out of which 68,000 km

2
 is the actual 

lake surface area (Lake Victoria Basin 

Commission (LVBC) 2011).  

It is the main source of livelihood to the 

surrounding riparian communities within the 

three East African countries sharing it, 

namely Kenya (6%), Uganda (43%) and 

Tanzania (51%). Burundi and Rwanda are 

within the upper watershed that drains into 

the lake through river Kagera (Swallow et al. 

2003). 

The Lake Victoria basin includes the 

inshore areas of the lake, papyrus wetlands 

including the Nyando wetland (Kansiime et 

al. 2007). These papyrus wetlands have been 

described as highly productive and 

supporting ecosystem services of great 
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importance due to them occupying the 

transitional zone between permanently wet 

and dry environments (Osumba et al. 2010). 

 

 

 

Table 1: Kenya’s wetland classification and their components 

Formation  System Sub-system Hydrology Description  

Natural Coastal 

and 

Marine 

Marine Sub-tidal Shallow marine waters  

Coral reefs 

Marine aquatic beds 

Intertidal Rocky marine shores  

Sand and shingle beaches 

Estuarine Sub-tidal Estuarine waters  

Intertidal Intertidal mudflats 

Salt mashes 

Mangrove and tidal forests 

Lacustrine/ 

palustrine 

Permanent or 

seasonal 

Coastal fresh lagoons 

Saline and brackish lagoons 

Inland Riverine Perennial Permanent rivers and streams 

Inland deltas 

Intermittent rivers and streams  

Intermittent Floodplain wetlands  

Lacustrine Permanent Permanent fresh water lakes 

Seasonal  Seasonal fresh water lakes 

Permanent/ 

seasonal 

Permanent and or seasonal saline 

lakes and marshes  

Palustrine Permanent  Permanent fresh water ponds and 

marshes 

Open peat bogs and fens 

Fresh water swamp forests  

Shrub dominated swamps 

Peat swamp forests  

Seasonal  Seasonal fresh water marshes 

Fresh water springs and oases 

Geothermal   Geothermal wetlands  

Human-

made 

 Agriculture  Seasonally flooded arable land  

Irrigated land and rice fields 

Small tanks and farm ponds 

Aquaculture  Fish and shrimp ponds  

Urban and 

industrial  

 Sewage treatment plants 

Gravel pits 

Reservoirs and barrages 

Salt 

exploitation  

 Salt pans, salines 

 

Nyando wetland is the second largest wetland 

ecosystem in Kenya (Okotto-Okotto et al. 

2018) after the Tana Delta (Njuguna et al. 

1992). The wetland lies between 0
o
 11’- 0

o
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19’S/34
o
47’- 34

o
57’E and is a substantial 

floodplain forming major Nyakach and Kano 

swamps with an average elevation of 1134 m 

above the sea level (Nasongo et al. 2015, 

Raburu et al. 2012) (Figure 1). 

 

 
Figure 1: Area of study. 

 

The main source of water to the wetland 

is River Nyando, which has its origin from 

the Mau escarpment. Nyando River has a 

catchment area of 3600 km
2
 and a discharge 

rate of 15 m
3
 S

–1 
into Lake Victoria and has 

been described as the main contributor to 

sediment and phosphorus pollution into Lake 

Victoria (Opere and Okello 2011).  The size 

of Nyando wetland varies from 3000 Ha in 

the dry season to 5000 Ha in the wet season 

(Kipkemboi 2006, Mwakubo and Obare 

2009). The wetland lies in the Kano plains at 

the mouth of the Nyando River and along the 

shores of Lake Victoria and has three 

ecological zones, namely flood plains, 

permanent swamps and seasonal swamps 

(Wakwabi et al. 2006).  

Land use changes in the Nyando River 

basin have impacted negatively on wetland 

ecosystems over the past decades, causing 

loss of wetland values and services (Swallow 

et al. 2008). This domination of land use 

practices in the Lake Victoria wetlands for 

agricultural activities has been driven by 

exposure of large tracts of fertile lands along 

the lake/land interface which come as a result 

of Lake Victoria water recession (Obiero et 

al. 2012). 

Global International Water Assessment 

(GIWA) (2006) reported that about 80% of 

the human population living in Nyando 

derives its livelihoods from subsistence 

agriculture. This implies that as agriculture 

continues to intensify, Nyando catchment 

will continue to have significant impacts on 
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the environment hence creating a challenge 

among wetland scientists. 

 

Data collection procedures 

Data collection was done through search of 

scientific articles in the websites using terms 

such as ecosystem services in Nyando 

wetland, threats to Nyando wetland, and 

wetland conservation (Table 2). The number 

of documents obtained through the search 

engine for each word search was sorted out 

for relevance which resulted to the use of 23 

review papers for ecosystem services, 35 

review papers for threats to Nyando wetland 

and 30 review papers for wetland 

conservation (Table 2).  

 

 

Table 2: Data collection sources 

Words used to search 

for results 

Type of search 

engine 

Number of 

documents from the 

search engine 

Number of documents 

used for this paper 

Ecosystem services in 

Nyando wetland 
Google scholar 1080 23 

Threats to Nyando 

wetland 
Google scholar 654 35 

Wetland conservation  Google scholar 20,400 30 

 

Data analysis and presentation 

Data collected from this review was analyzed 

through content analysis. The documents 

obtained through Google scholar search 

engine were ordered into distinct themes and 

categories obtained in relation to the study 

aims. The information was then analyzed and 

ordered to answer the aims of the study 

(Ming’ate 2014).   

 

Results and Discussion 

Nyando wetland ecosystem services and 

human wellbeing  

The first aim of this review was to determine 

the ecosystem services in Nyando wetland 

ecosystem and how they have been helpful to 

the wellbeing of its residents. The review 

found that Nyando wetland like many other 

wetlands provides the local community with 

a range of ecosystem services. These 

ecosystems services are explained as follows:  

 

a) Provisioning ecosystem goods  

Provisioning services include food, fresh 

water, fibre and wood, raw materials and 

medicinal resources (MEA 2005). From the 

documents reviewed on ecosystem services in 

Nyando wetland, it  was revealed that 

Nyando wetland like most other wetlands is a 

source of fuel, food, fibre, fodder, freshwater, 

and raw materials such as papyrus, reeds, 

wood, grass, sedges, sand and clay.  

Majority of people living in the Nyando 

wetland use its fertile grounds for growing 

crops such as sugarcane, kales, arrowroots, 

bananas, pawpaws, onions, sweet potatoes, 

millet, beans, maize, sorghum, peas and 

cassava (Obiero et al. 2012). 

Lake Victoria and its surrounding Nyando 

wetland is a source of tilapia and Nile perch 

which provide fish protein to its adjacent 

communities (Goudswaard et al. 2002).  

The wetland is also valued for its dominant 

papyrus reeds which are harvested to make 

handicrafts (Osumba et al. 2010, Terer et al. 

2012, Perbangkhem and Polprasert 2010).  

Nyando wetland is also valued for its water 

supply for domestic and wildlife as well as 

human population (Keter 1992, Postel and 

Thompson 2005), and also for transportation 

of the residents (Kansiime et al. 2007, Abila 

2002, Terer et al. 2004). 

Nyando wetland is valued for its sources of 

medicinal plants which are used to treat 

different types of ailments and a source of 
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income from the sale of such herbal 

medicines (Obiero et al. 2012).  

Provisioning services were found to be the 

most mentioned and discussed in most of the 

literature reviewed documents. Though their 

mention in most of these documents does not 

necessary indicate that they are the most 

important ecosystem services of the wetland, 

rather this could be an indication of their 

importance in contribution to the livelihoods 

of the local community thus resulting to their 

exploitation (Obiero et al. 2012).  

 

b) Regulating services  

Regulating services include water 

purification, climate regulation, controlling 

the water hydrological flows, provision of 

habitats for pollinators and soil erosion 

control (MEA 2005). It was also found that 

pollution from agricultural, industrial 

activities or human waste disposal have 

always found their ways to the wetland, 

however, the wetlands’ vegetation helps in 

water purification through the uptake of 

phosphates, nitrates and toxins, hence 

reducing the nutrient loads into Lake Victoria 

(Verhoeven et al. 2006). 

Additionally, the soil erosion control by 

the wetland vegetation ensures that the top 

soil is retained hence enhancing the 

sustainability of agriculture in the Nyando 

wetland ecosystem (GoK 2007). 

 

c) Cultural services  

Cultural services include aesthetic, 

recreational, spiritual and educational 

functions (MEA 2005). It was apparent from 

the review that wetlands influence the myths, 

cultural activities, traditional religious 

practices as well as traditional arts and crafts 

of several of the communities residing in 

Nyando wetland (Ndaruga and Irwin 

2003).The wetland is used for cleansing, as 

shrines, appeasing evil spirits and a source of 

historical ancestry (Raburu et al. 2012). The 

wetland is also endowed with a rich variety 

of flora and fauna, which are sources of 

recreation and eco-tourism (Raburu et al. 

2012, Obiero et al. 2012).  The literature also 

found out that the wetland is an important 

area for research and provides opportunities 

for nature studies and excursions (Fanshawe 

and Bennun 1991). Further documents 

reviewed reported that precipitation and 

evapotranspiration control by Nyando 

wetland influence the micro and regional 

climate which are necessary for human health 

and recreation activities (Gichuki 2000, 

Hamerlynck et al. 2010).  

 

d) Supporting services  

Supporting services include nutrient 

cycling, soil formation, primary production 

and provision of habitats for biodiversity 

(MEA 2005). Nyando wetland hosts a high 

diversity of plants, fish and wildlife which 

are endemic or threatened hence acting as a 

source of biological diversity. The wetland 

provides a habitat for rare bird species 

including papyrus gonolek (Laniarius 

mufumbiri) with other bird species being 

endemic to the papyrus (BirdLife 2014). The 

wetlands also act as breeding and nursery 

grounds for fish (Lake Victoria Fisheries 

Organization, (LVFO) 2014, African Union– 

InterAfrican Bureau for Animal Resources 

(AU-IBAR) 2016) and support the almost 

extinct native tilapia species in the Lake 

Victoria (Balirwa 1998). 

 

Threats to Nyando wetland  

The second aim of this review was to 

examine the threats to the Nyando wet land 

ecosystem services. It became apparent from 

the review that human dependency on 

wetlands for their livelihood and their 

associated activities, e.g. vegetation burning, 

over-exploitation of wetland resources 

through unsustainable harvesting, 

reclamation for agriculture and settlement, 

pollution, introduction of invasive plant 

species and population growth are exerting a 

lot of pressure on the Nyando wetland 

ecosystem (Osumba et al. 2010, Morrison et 

al. 2012).  The threats are explained below. 
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a) Population growth  

The Lake Victoria basin has one of the 

world’s densest rural populations with a 

population density of up to 1,200 persons per 

km
2
 (World Agroforestry Centre 2012) in 

parts of Kenya. Kisumu city is the main city 

on the Kenyan waters of the Lake Victoria 

basin. It has a population of 1,155,574 

persons and a population density of 554 

persons per km
2
 (Kenya National Bureau of 

Statistics (KNBS 2019). This population 

density is quite high compared to the Kenya’s 

density of 66 persons per km
2
 (Commission 

of Revenue Allocation (CRA) 2011) and has 

been growing over time with the increasing 

population. This population growth is 

fuelling rapid urbanization, conversion of 

land to agriculture, industry and settlement 

(Odada et al. 2004, Kairu 2001). These are in 

turn depleting wetland resources at a rate that 

outstrips their natural replenishments as the 

reduction in fringing lakeside vegetation and 

in fish populations and diversity attests 

(Kairu 2001, Masifwa et al. 2001). These 

problems threaten the Lake Victoria and 

Nyando wetland ecology and potential 

recreational opportunities in addition to 

affecting the lifestyles and livelihoods of 

local communities. Increasing population 

results to land clearance for settlements and 

habitat fragmentations reducing the wildlife 

habitats (Hill et al. 2002, Mwamidi et al. 

2012).  

 

b) Wetland reclamation and vegetation 

burning 

 Large portions of wetlands are cleared 

especially during the dry period to pave way 

for human encroachment for settlement, 

cultivation of crops and grazing (Muyodi et 

al. 2010, Twesigye et al. 2011). The review 

also found that the burning of wetland 

vegetation and clearing have led to the loss of 

habitats and biodiversity, livelihoods and of 

breeding and nursery grounds for fish (Lake 

Victoria Fisheries Organization 2014, AU-

IBAR 2016). 

 

c) Unsustainable harvesting of wetland 

resources  

Papyrus (Cyperus papyrus L.) which is 

harvested for use in making handicrafts, fuel 

wood and thatching of houses is the most 

over-exploited macrophyte in the Nyando 

wetland (Masese et al. 2012). Other species 

targeted within the Nyando wetland are 

Phragmites australis (odundu) used for fish 

traps, rafts and boat making as well as 

Sesbania sesban (asao) and Pycreus nitidus 

(Se) which is used for construction. Between 

1969 and 2000, unsustainable harvesting of 

papyrus for the handicraft industry led to a 

loss of 34-50% of the Nyando (Kusa) 

swamp’s papyrus (Owino and Ryan 2007). 

This loss has had negative impacts on the 

wetland ecological functions (Birdlife 2014). 

The sustainability of Nyando wetland is 

threatened by such over-exploitation of its 

resources. A great reduction in fish sizes, 

catches and beach landings have been 

reported with many fish species being almost 

extinct (Twong’o and Sikoyo 2004, Odada et 

al. 2006, LVFO 2015, 2016, 2017). Factors 

which have caused the reduction in fish 

stocks include pollution, eutrophication, use 

of destructive fishing gears and overfishing 

(Goudswaard and Wanink 1993, Seehausen 

et al. 1997, Verschuren et al. 2002, Kolding 

et al. 2008, AU-IBAR 2016). 

 

d) Invasive alien species infestation  

Water hyacinth infested Lake Victoria 

and its fringing Nyando wetland in 1990s and 

has been difficult to eradicate despite 

numerous attempts both biological and 

mechanical (MEMR 2012, Masese et al. 

2012). Its infestation has had negative effects 

on the livelihoods of the local communities 

around the Lake and its surrounding Nyando 

wetland. The weed has eroded the Lake’s and 

wetland aesthetic beauty, thus affecting 

tourism, de-oxygenates water resulting to fish 

deaths which negatively affects the 

livelihoods of the fishing communities and 

chokes off competing plant life affecting 

biodiversity (MEMR 2012, Mailu 2002). 
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e) Lack of institutional framework and 

policy failures  

Institutionally, wetlands in Kenya are 

managed by diverse government ministries 

and departments, and this has led to 

overlapping mandates and responsibilities 

causing confusion among the stakeholders; 

thus aggravating the wetland degradation 

problems (Raburu et al. 2012, MEMR 2012). 

The poor enforcement of wetland 

conservation and management policies has 

negatively impacted the ecological integrity 

of Nyando wetland (Raburu et al. 2012). 

 

Conclusions and Policy Recommendations  

From the review of the first aim of the 

paper, it can be concluded that ecosystem 

services in the Nyando wetland contribute 

significantly to sustenance of livelihood of 

the local communities. The provisioning 

services such as supply of food, raw 

materials, fuel, and fibres are some of the 

most sought after by the local community for 

their livelihoods. Subsistence and commercial 

crop cultivation as well as fishing activities 

are very important services within the 

Nyando wetland.  

In the case of the second aim of the 

review, it can be concluded that this over 

dependency on the Nyando wetland by the 

local community has resulted to over-

exploitation of its resources leading to the 

degradation of the ecosystem, through 

unsustainable harvesting of the wetland 

resources, wetland reclamation and burning 

of vegetation to pave way for agriculture and 

settlements. Population growth has also led to 

continued encroachment resulting to opening 

up of new wetland areas and land 

fragmentations over time.  

It is thus recommended that since the 

Nyando ecosystem is of high value to the 

communities living there, sustainable 

utilization of its resources is important for its 

sustenance and also to help reduce 

degradation of its resources. Further, the 

government of Kenya should provide 

alternative sources of livelihoods in order to 

control the increasing population 

encroachment into the wetland. Education 

programmes about the benefits of wetlands 

should be strongly supported to reduce 

degradation of the Nyando wetland. For 

instance, landowners need to know how to 

conserve their wetland as they use it for their 

economic benefits. Finally, there is need for 

review of the existing and future legislation 

and other national policies affecting wetlands 

to ensure proper utilization of Nyando 

wetland.  

 

Declaration of conflict of interest 

There is no conflict of interest.  

 

References  

Abila R 2002 Utilisation and economic 

valuation of the Yala Swamp wetland, 

Kenya. In: Gawler M (Ed) Strategies For 

Wise Use of Wetlands: Best Practices in 

Participatory Management. Proceedings 

of a Workshop Held at the 2
nd

 

International Conference on Wetlands and 

Development (November 1998, Dakar, 

Senegal). Wetlands International IUCN, 

WWF Publications No. 56, Wageningen, 

The Netherlands, pp. 89-96. 

Abraham S 2015 The relevance of wetland 

conservation in Kerala. Int. J. Fauna Biol. 

Stud. 2(3): 01-05. . 

AU-IBAR (African Union–InterAfrican 

Bureau for Animal Resources) 2016 

Fisheries Management and Development 

Processes in Lake Victoria-Enhancing 

Regional Fisheries Management Plan. 

AU-IBAR Reports. 

Balirwa JS 1998 Lake Victoria wetlands and 

the ecology of the Nile tilapia, 

Oreochromis niloticus, PhD dissertation. 

Wageningen Agricultural University, 

Wageningen, The Netherlands. 

Birdlife 2014 The threatened Birds of the 

World. Birdlife International, Cambridge, 

U.K  

Brown, TC Bergstrom, JC and Loomis JB 

2007 Defining, valuing, and providing 



Tanz. J. Sci. Vol. 46(3), 2020 

719 

 

ecosystem goods and services. Nat. 

Resour. J. 47: 329-376. 

Costanza R, De Groot R, Sutton P, Van der 

Ploeg S, Anderson SJ, Kubiszewski I, 

Farber S and Turner RK 2014 Changes in 

the global value of ecosystem services. 

Glob. Environ. Change 26: 152-158. 

CRA (Commission of Revenue Allocation) 

2011 Kenya County Fact Sheets, Kenya 

Bureau of Statistic. 

https://opendata.go.ke/Counties/Kenya-

County-Fact-Sheets-Dec-2011/zn6m-25cf 

Fanshawe JH and Bennun LA 1991 Bird 

conservation in Kenya: Creating a 

national strategy. Bird Conserv. Int. 1: 

293-315.  

Gichuki CM 2000 Community participation 

in the protection of Kenya’s wetlands. 

Ostrich: J. African Ornithol. 71 (1-2): 

122-125. 

GIWA (Global International Water 

Assessment) 2004 East African Rift 

Valley Lakes. GIWA. Regional 

Assessment no. 47. 

https://scholar.google.com/scholar?hl=en

&as_sdt=0%2C5&q=East+African+Rift+

Valley+Lakes.+GIWA.+Regional+Assess

ment+no.+47&btnG= accessed on 

September 18
th

 2020. 

GoK (Government of Kenya) 2007 Kenya 

Vision 2030: A globally competitive and 

prosperous Kenya. Nairobi, Kenya. 

Goudswaard PC, Witte F and Katunzi EFB 

2002 The tilapiine fish stock of Lake 

Victoria before and after the Nile perch 

upsurge. J. Fish Biol. 60(4): 838-856. 

Goudswaard PC and Wanink JH 1993 

Anthropogenic perturbation in Lake 

Victoria: effects of fish introductions and 

fisheries on fish eating birds. Annalen-

Koninklijk Museum voor Midden-Afrika. 

Zoologische Wetenschappen. 

Hamerlynck O,Nyunja J, Luke Q, Nyingi D, 

Lebrun D and Duvail S 2010 The 

communal forest, wetland, rangeland and 

agricultural landscape mosaics of the 

Lower Tana, Kenya: A socio-ecological 

entity in peril. In Bélair , Ichikawa K, 

Wong BYL, and Mulongoy K J, (Editors), 

Sustainable use of biological diversity in 

socio-ecological production landscapes. 

Background to the ‘Satoyama Initiative 

for the benefit of biodiversity and human 

well-being. Secretariat of the Convention 

on Biological Diversity, Montreal. 

Technical Series No. 52.  

Hill C, Osborn F and Plumptre AJ 2002 

Human-wildlife conflict: identifying the 

problem and possible solutions, Albertine 

Rift Technical Report Series Vol. 1, 

Wildlife Conservation Society. 

Kairu JK 2001 Wetland use and impact of 

Lake Victoria, Kenya region. Lakes & 

Reservoirs: Res. Manage. 6: 117-125.  

Kansiime F, Kateyo E, Oryem-Origa H and 

Mucunguzi P 2007 Nutrient status and 

retention in pristine and disturbed 

wetlands in Uganda: management 

implications. Wetland. Ecol. Manage. 15: 

453–467. 

Keter J K 1992 Wetlands and water supply in 

Kenya. In Crafter, SA, Njuguna S G and 

Howard GW (eds.). Wetlands of Kenya: 

Proceedings of the KWWG Seminar on 

Wetlands of Kenya: 155-160. National 

Museums of Kenya, Nairobi, Kenya. 

Kipkemboi J 2006 Fingerponds: Seasonal 

integrated aquaculture in East African 

freshwater wetlands. Exploring their 

potential for wise use strategies. PhD 

dissertation, Institute of Water Education 

and IHE-Delft, Netherlands. 

KNBS (Kenya National Bureau of Statistics) 

2019 Kenya Population and Housing 

Census. Population by County and Sub-

County. Retrieved from: 

https://www.knbs.or.ke/?wpdmpro=2019-

kenya-population-and-housing-census-

volume-i-population-by-county-and-sub-

county on 13 July 2020 

Kolding J, Van Zwieten P, Mkumbo O, 

Silsbe G and Hecky R 2008 Are the Lake 

Victoria fisheries threatened by 

exploitation or eutrophication? Towards 

an ecosystem based approach to 

management. In: The ecosystem approach 

https://opendata.go.ke/Counties/Kenya-County-Fact-Sheets-Dec-2011/zn6m-25cf
https://opendata.go.ke/Counties/Kenya-County-Fact-Sheets-Dec-2011/zn6m-25cf
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-i-population-by-county-and-sub-county


Maithya et al. - A review on ecosystem services and their threats in the conservation … 

720 

 

to fisheries (eds G Bianchi and H R 

Skjoldal). CABI Publishing and Lake 

Victoria Fisheries Organization. 

Lathrop RG (Ed) 2011 The highlands: 

Critical resources, treasured landscapes. 

New Brunswick, NJ, Rivergate Books. 

LVBC (Lake Victoria Basin Commission) 

2011 Identification and mapping of 

ecologically sensitive areas (ESAs) in 

Lake Victoria. ACTS Press. African 

Centre for Technology Studies (ACTS) 

and Lake Victoria Basin Commission 

(LVBC). 

LVFO (Lake Victoria Fisheries Organization) 

2014 Catch Assessment Survey. 

Technical Report. Catch Assessment 

Survey Regional Working group.  

LVFO 2015 Stock Assessment Report: Status 

of the Fish Stocks 2014. 

LVFO 2016 Status of Fishing Effort on Lake 

Victoria up to 2016. 

LVFO 2017 Regional Status Report on Lake 

Victoria Biennial Frame Survey between 

2000 and 2016.  

Macharia G, Lekapana P, Ochieng G, and 

Keche A 2007  Status of Wetlands in 

Kenya and Implications for Sustainable 

Development. In. School of 

Environmental Studies and Human 

Science, Kenyatta University. 

http://irlibrary. 

ku.ac.ke/handle/123456789/12617. 

Maclean IMD, Boar RR, Lugo C 2011 A 

review of the relative merits of 

conserving, using, or draining papyrus 

swamps. Environ. Manage 47: 218-229. 

Mailu SK 2002 Household welfare impacts 

of the water hyacinth (Eichhornia 

crassipes) in the Kenyan side of Lake 

Victoria. Master of Philosophy in 

Environmental Studies (Environmental 

Economics) Moi University. 

Malabika BR, Debanjana C, Pankaj KR and 

Asis M 2015 Wetland conservation, 

management and community education- a 

review of published paper of 1995-2014.  

Eco. Env. Cons. 21(4): 1769-1777. 

Maltby E 1991 Wetland management goals: 

wise use and conservation. Landscape 

and Urban Planning 20:  9-18. 

Masese FO, Raburu PO and Kwena F 2012 

Threats to the Nyando Wetland. In 

Raburu PO Okeyo-Owuor JB and Kwena 

F (Eds.), Community Based Approach to 

the Management of Nyando Wetland, 

Lake Victoria Basin, Kenya (1st ed., pp. 

68-80).  

Masifwa FW, Twongo T and Denny P 2001 

The impact of water hyacinth, Eichhornia 

crassipes (Mart) Solms on the abundance 

and diversity of aquatic 

macroinvertebrates along the shores of 

northern Lake Victoria, Uganda. 

Hydrobiologia 452(1-3): 79-88. 

MEA (Millennium Ecosystem Assessment) 

2005 Ecosystems and Human Wellbeing: 

Wetlands and Water Synthesis. 

Millennium Ecosystem Assessment, 

World Resources Institute, Washington, 

DC. 

MEMR (Ministry of Environment and 

Mineral Resources) 2012 Kenya Wetlands 

Atlas. 

 https://na.unep.net/siouxfalls/publications/

Kenya_Wetlands.pdf (Accessed on May 

27,  2020) 

Ming’ate FL 2014 Combining ethnography 

and case study research designs in 

studying forestry co-management 

approaches. J. Human Soc. Sci. Res. 3(2): 

67-79. 

Morrison EHJ and Harper DM 2009 

Ecohydrological principles to underpin 

the restoration of Cyperus papyrus at 

Lake Naivasha, Kenya. Ecohydrol. 

Hydrobiol. 9: 83-97. 

Morrison EHJ, Upton C, Odhiambo-K’oyooh 

K and Harper DM 2012 Managing the 

natural capital of papyrus within riparian 

zones of Lake Victoria, Kenya. 

Hydrobiologia 692 (1): 5-17. 

Muyodi FJ, Bugenyi FWB and Hecky RE 

2010 Experiences and lessons learned 

from interventions in the Lake Victoria 

Basin: The Lake Victoria Environmental 

http://irlibrary/
https://na.unep.net/siouxfalls/publications/Kenya_Wetlands.pdf
https://na.unep.net/siouxfalls/publications/Kenya_Wetlands.pdf


Tanz. J. Sci. Vol. 46(3), 2020 

721 

 

Management Project. Lakes & 

Reservoirs: Res. Manage. 15: 77–88. 

Mwakaje AG 2009 Wetlands, Livelihoods 

and sustainability in Tanzania. African 

Journal of Ecology 47(): 179-184. 

Mwakubo SM and Obare GA 2009 

Vulnerability, livelihood assets and 

institutional dynamics in the management 

of wetlands in Lake Victoria watershed 

basin. Wetlands Ecol. Manage. 17(6): 

613-626. 

Mwamidi D, Nunow A and Mwasi SH 2012 

The use of indigenous knowledge in 

minimizing human-wildlife conflict: the 

case of Taita Community, Kenya. Int. J. 

Curr. Res. 4(2): 26-30. 

Nasongo SAA, Zaal F, Dietz T and Okeyo-

Owuor JB 2015 Institutional pluralism, 

access and use of wetland resources in the 

Nyando Papyrus Wetland, Kenya. J. Ecol. 

Nat. Environ.  7(3): 56-71.National 

Research Council 1992 Restoration of 

Aquatic Ecosystems. National Academy 

Press, Washington DC. 

https://doi.org/10.17226/1807 

Ndaruga AM and Irwin PR 2003 Cultural 

perceptions of wetlands by primary 

school teachers in Kenya. Int. Res. Geogr. 

Environ. Educat. 12(3): 219-230. 

Njuguna SG, Geoffrey W and Howard 1992 

Wetlands of Kenya: Proceedings of the 

KWWG Seminar on Wetlands of Kenya, 

National Museums of Kenya, Nairobi, 

Kenya, 3-5 July 1991. IUCN. 

Obiero KO, Raburu PO, Okeyo-Owuor 

JB and Raburu EA 2012 Community 

perceptions on the impact of the recession 

of Lake Victoria waters on Nyando 

Wetlands. Sci. Res. Essays 7(16): 1647-

1661. 

Odada, EO, Olago, DO, Kulindwa K, Ntiba 

M and Wandiga S 2004 Mitigation of 

environmental problems in Lake Victoria, 

East Africa: Causal chain and policy 

options analyses. Ambio 33(1–2): 13-23. 

Odada EO, Olago DO and Ochola W 2006 

Environment for Development: An 

Ecosystems Assessment of Lake Victoria 

Basin, UNEP/PASS. 

Oduor, FO, Raburu, PO and Mwakubo S 

2015 To Conserve or convert wetlands: 

evidence from Nyando Wetlands, Kenya. 

J. Dev. Agric. Econ. 7(2): 48–54. 

Okotto-Okotto J, Raburu, PO Obiero KO, 

Obwoyere GO, Mironga JM, Okotto, LG 

and Raburu EA 2018 Spatio-temporal 

impacts of Lake Victoria water level 

recession on the fringing Nyando 

Wetland, Kenya. Wetlands 38(6): 1107-

1119. 

Opere AO and Okello BN 2011 Hydrologic 

analysis for River Nyando using SWAT. 

Hydrol. Earth Syst. Sci. Discus. 8(1): 

1765-1797. 

Osumba, JJL, Okeyo-Owuor JB and Raburu 

PO 2010 Effect of harvesting on temporal 

papyrus (Cyperus papyrus) biomass 

regeneration potential among swamps in 

Winam Gulf wetlands of Lake Victoria 

Basin, Kenya. Wetlands Ecology and 

Management 18: 333-341.Owino AO and 

Ryan PG 2007 Recent papyrus swamp 

habitat loss and conservation implications 

in western Kenya. Wetland Ecol. Manage. 

15: 1-12.  

Ofei-Manu P and Shimano S 2010 Ramsar 

Wetlands-Rice Paddies and the Local 

Citizens of Osaki-Tajiri Area as a Social 

Ecological System in the context of ESD 

and Wetland CEPA. Glob. Environ. Res. 

14: 155-166. 

Perbangkhem T and Polprasert C 2010 

Biomass production of papyrus (Cyperus 

papyrus) in constructed wetland treating 

low-strength domestic wastewater. 

Bioresour. Technol. 101(2): 833-835. 

Postel SL and Thompson Jr BH 2005 

Watershed protection: Capturing the 

benefits of nature’s water supply services. 

Nat. Resour. For. 29(2): 98-108. 

Raburu PO, Okeyo-Owuor JB and Kwena F 

(Eds) 2012 Community Based Approach 

to the Management of Nyando Wetland, 

Lake Victoria Basin, Kenya. 

https://scholar.google.com/scholar?hl=en

https://doi.org/10.17226/1807


Maithya et al. - A review on ecosystem services and their threats in the conservation … 

722 

 

&as_sdt=0%2C5&q=+Community+Base

d+Approach+to+the+Management+of+N

yando+Wetland%2C+Lake+Victoria+Bas

in%2C+Kenya&btnG= (Accessed on 

September  18
th

 , 2020). 

Ramsar Convention Secretariat2015The 

Ramsar Strategic Plan 2016-2024. 12
th
 

meeting of the conference of the parties to 

the convention on wetlands (Ramsar, 

Iran, 1971) Punta del Este, Uruguay, 1-9 

June 2015. 

https://www.ramsar.org/sites/default/files/

documents/library/strp19_6_cop12_res02

_strategic_plan_e.pdf (Accessed on 

September  18
th

 , 2020). 

Seehausen O, van Alphen JJM and Witte F 

1997 Cichlid fish diversity threatened by 

eutrophication that curbs sexual selection. 

Science 277, 1808 –1811. 

Swallow B, Okono A, Ong C and Place F 

2003 TransVic: improved land 

management across the Lake Victoria 

Basin. Research towards integrated 

natural resource management: examples 

of research problems, approaches and 

partnerships in action in the CGIAR, 65-

78. 

Swallow B, Sang J, Nyabenge M., Bondotich 

D, Yatich T, Duraiappah A and Yashiro 

M 2008 Tradeoffs among ecosystem 

services in the Lake Victoria Basin. 

ICRAF Working Paper 69. Nairobi: 

World Agroforestry Centre. 

Terer T, Muasya AM, Dahdouh-Guebas F, 

Ndiritu GG and Triest L 2012 Integrating 

local ecological knowledge and 

management practices of an isolated 

semi-arid papyrus swamp (Loboi, Kenya) 

into a wider conservation framework. J 

Environ. Manage. 93: 71-84. 

Terer T, Ndiritu GG, Gichuki NN 2004 

Socio-economic values and traditional 

strategies of managing wetland resources 

in Lower Tana River, Kenya. 

Hydrobiologia 527: 3–15. 

Twesigye CK, Onywere SM, Getenga ZM, 

Mwakalila S and Nakiranda JK 2011 The 

impact of land use activities on vegetation 

cover and water quality in the Lake 

Victoria watershed. The Open 

Environmental Engineering Journal 4: 

66–77. 

Twong’o T K and Sikoyo GM 2004 Status of 

Lake Victoria ecosystems. In: Twong’o T 

K, Sikoyo GW and Wakhungu JW (Eds) 

An overview of the status of shared 

aquatic ecosystems in East Africa: status 

and trends (, African Centre for 

Technology Studies (ACTS), Nairobi, 

Kenya. 

Verhoeven, JTA, Arheimer B, Yin C, and 

Hefting MM 2006 Regional and global 

concerns over wetlands and water quality. 

Trends in Ecology and Evolution 21(2): 

96-103. 

Verschuren D, Johnson TC, Kling HJ, 

Edgington DN, Leavitt PR, Brown ET, 

Talbot MR and Hecky RE 2002 History 

and timing of human impact on Lake 

Victoria, East Africa. Proceedings of the 

Royal Society 269: 289-294. 

Wakwabi EO, Balirwa J and Ntiba MJ 2006 

Aquatic biodiversity of Lake Victoria 

basin, In: Odada EO, Olago DO, Ochola 

W (Eds) 2006 Environment for 

Development: An Ecosystems 

Assessment of Lake Victoria Basin, 

UNEP/PASS. pp. 77-121. 

World Agroforestry Centre 2012 Lake 

Victoria Basin. 

http://www.worldagroforestrycentre.org/n

ewwebsite/sites/program1/prog1web/prog

ram1 lakevic%28new%29/lakevic1.htm 

(Accessed on June 11, 2012). 

 

http://www.worldagroforestrycentre.org/newwebsite/sites/program1/prog1web/program1
http://www.worldagroforestrycentre.org/newwebsite/sites/program1/prog1web/program1
http://www.worldagroforestrycentre.org/newwebsite/sites/program1/prog1web/program1

