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ABSTRACT
During the period February to June 2020, heavy rainfall caused increases in levels and flooding in
many lakes in East Africa. Lake Victoria recorded a maximum change of more than +2 m above datum,
last witnessed in the 1960s, thereby claiming terrestrial habitats. This calamity affected ecosystems
and livelihoods, especially of fishers who depend on fisheries as their only source of livelihood. This
study examined the effects of flooding on Lake Victoria to elucidate the effect of such calamities on
the ecosystem and vulnerable communities to guide interventions. The flooding led to livelihood and
material losses but positively impacted directly and indirectly on fish stocks through enhanced food
availability and expansion of fish breeding and nursery areas. The Lake Victoria’s freshwater shrimp,
Caridina nilotica exhibited the strongest association with flooding with a positive correlation of r=
0.905. We recommend the adjustment of strategies in management of critical habitats to accommodate
the temporarily new shoreline. There is also need for more focused research on the possible long-term
impact of flooding and lake level changes on the ecology and fish landings. Further it is advisable that
governments institute disaster preparedness programs to address such calamities.

Keywords: Lake Victoria; Fisheries Ecology; Flooding; Livelihoods.

v

1.0 INTRODUCTION
Lake Victoria is Kenya’s most productive and economically richest fishery. In 2018, Lake Victoria
fisheries accounted for 66% and 60% of the total quantity and value of Kenyan fisheries respectively.
For instance, in 2018,
i.

Close to 1 million Metric tonnes of ﬁsheries catch is landed annually (lake-wide) and accounts

for about 1% and 8% of the world’s total and inland capture landings respectively (FAO, 2016).
ii.

whereas the fisheries sector in Kenya produced 148,347 metric tons, which implied a modest

contribution of 0.5% to national GDP, the Lake Victoria fisheries produced 98,150 metric tonnes
amounting to 0.3% of Ken sites, 14,365 crafts, 43,653 fishermen; and 156-foot fishers
iii.

in five riparian counties of Kenya namely Kisumu, Busia, Siaya, Homabay and Migori. Lake

Victoria forms the economic backbone in most of these administrative counties and the leading
employer of county residents from fishing and fisheries related activities. The fishery of Lake Victoria
is dominated by three fish species namely: Lates niloticus (Nile perch –31 %), Tilapiines (5 %) and
the native Rastrineobola argentea (“Omena”–48%).
iv.

Fishers in the Lake mainly use Sesse boats that are pointed at both ends when using sails or flat

at one end when using engines. The main fishing gears are the Long Line (LL) and Gill Net (GN) for
Nile Perch and Tilapia fisheries respectively; and the Small seine for the Omena fishery.
The lake consists of a complex ecology and large ecosystem, characterized by high biodiversity and vast
terrestrial catchment of mixed ecological zones. There exist multiple stresses like high pressure on fisheries
resources and anthropogenic pollution (Nyamweya et al., 2020). This has been cofounded by the periodic
fluctuations in water levels among other system dynamics driven by climate change.
In recent months running from March 2019, the African great lakes region experienced floods that were
manifested by increases in lake levels and overflowing of banks that affected natural resources and
livelihoods (Obando et al., 2016; Kohfeld and Harrison, 2000). There was increased support from the donor
community and the Kenya government to address the challenges posed by COVID-19 but very little of this
was channeled to cushion the fisheries sector (UN News, 2020; Welsh, 2020).
The influence of water level fluctuations on fisheries production has been widely studied in rivers, lakes
and reservoirs (Welcome 1970, Hamerlynck et al., 2011; Kolding et al., 2016). These changes tend to
1

affect productivity and the timing and area of breeding, food availability, catchability, expansion of shallow
productive inshore areas, cage culture establishments (Kolding and van Zwieten, 2012; Gownaris et al.,
2015; Musinguzi et al., 2019). Studies on Lakes Chad, Mweru, Mweru wa Ntipa and Chilwa reported
variation in yield and species composition with lake level (Lévêque, 1995; Kolding et al., 2016).

Currently, in Kenya, flooding in L Bogoria have been reported to displace thousands of people,
disrupt several livelihood activities and social infrastructure, erode farmlands, and threaten crosscontamination between the two lakes which are in close proximity (BBC News, 2020). Evaluation of
water level fluctuations in relation to fishery production provides useful information for resource
management.
There is limited information on the impacts of calamities like flooding on fishers to guide intervention
measures. The study was therefore undertaken to contribute that information using fisheries as a case
study. The objective of this study was to examine the ecological and socioeconomic consequences of
flooding of Lake Victoria, Kemya.
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2.0 METHODOLOGY
2.1 Study Area
Lake Victoria (Fig. 1), the second largest freshwater lake in the world and Africa’s largest (JeanPierre, 2006), whose total surface area is 68,000 km2 is shared among the three East African countries
of Tanzania (51% of the area), Uganda (43%), and Kenya, (6%). It has a long shoreline of 7360 km
(Hamilton, 2017) (possibly longer now with increased water levels and surging shoreline),
demarcated by ecotone riparian wetlands, rocky cliffs and open beaches and catchment area of
193,000 km2 (Hecky et al., 1992) shared among five East African states of Tanzania at 44% (85,448
Km2), Kenya at 22% (42,724 Km2), Uganda at 16% (31,072 Km2), Rwanda at 11% (21,362 Km2))
and Burundi at 7% (13,594 Km2) (LVBC, 2007).
The focus of this report is the Kenyan portion of the lake, while some datasets applied are those that
encompass the whole lake.

Figure 1. Map of Lake Victoria, showing the Kenyan portion studied
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2.2 Data collection and collation
The data on changes in lake levels for Lakes Victoria associated with flooding were obtained from the
United States Department of Agriculture (USDA) website ( https://ipad.fas.usda.gov/). The lake levels
are monitored daily by WRA. These daily readings were compiled into monthly averages, which are
referenced to a benchmark set in 1960s to quantify the degree of flooding.
Data on fish biomass across the years under consideration were obtained from the annual regional
hydro-acoustics surveys conducted by the riparian states under the auspices of Lake Victoria Fisheries
Organization, LVFO and collated with fish biology data collected weekly at selected sites within
Kisumu bay.
For the fish landings data, sixteen (16) fish landing sites in Lake Victoria Kenya were selected and
visited during the EFIA study for data collection. These landing sites were distributed across the five
riparian counties of Lake Victoria and had unique characteristics that could be generalized to represent
the Economic and financial status of the Lake.
The changes in fish landing and prices before and after flooding were obtained by comparing data
collected between 2009 - 2017 before (before 14th March 2020) and during (after 14th March 2020)
using the Electronic Fish Market Information System (EFMIS). EFMIS is a project under pilot
implementation around Lake Victoria, Kenya and based on application of mobile phones, aiming to
provide information landings of fish species and prices at fish landing sites and markets (Aura et al.,
2019).
2.3 Summaries comparisons and visualization of ecological data
The analysis of ecological data to decipher the impact of lake flooding on fish ecology was performed
by multiple correlations between fish biomass data and lake level changes. Graphical outlay of the
relationships between the variables was made for visualization. The statistical analyses and
visualization were performed using R version 4.0.0 (R Core team, 2020).
Quantitative socioeconomics data were subjected to descriptive analyses, and the qualitative data from
open-ended questions to thematic analyses and used to triangulate results. The trend of the lake level
was forecasted at 95% confidence interval using the Auto Regressive Integrated Moving Average
(ARIMA) model for time series data and for predicting future points in the series (Hyndman and
4

Khandakar, 2008; Asteriou and Hall, 2011). The EFMIS data was used to compare landings and prices
for major commercial fish species before and during flooding and COVID-19 (Aura et al., 2019).
Microsoft Excel 2016 was used for data entry and cleaning while SPSS version 21 (SPSS Inc.,
Chicago, IL, USA) and R version 4.0.0 (R Core team, 2020) were used for statistical analyses.
Variation in the parameters were compared per lake. Results were presented as graphs and tables.
Descriptive statistics were used to show the ranges and means over the period. The significance level
was set at an alpha of 0.05.
2.4 Validation of socioeconomics data
The EFMIS data was used for validation of the socioeconomics field data. This is because the EFMIS
platform extensively used on Lake Victoria which accounts for >90% of fish production in Kenya
(Aura et al., 2020). The magnitude of production from Lake Victoria makes its fishery to have a strong
influence on the demand and supply of fish on both domestic and international markets.

5

3.0 RESULTS AND DISCUSSION
3.1 Changing lake levels
Lake Victoria, like other major Kenyan inland lakes exhibited a five-year general trend of rise and
decline scenario, but with an overall rise from the year 2010 (Fig. 2). This could be attributed to the
domination of runoffs from inlets with fewer outlets, in conjunction with increased precipitation that
has occurred since early 2020. The lake level rise in Lake Victoria, which coincided with the two
rainy seasons from March to May (long rains) and from October to December (short rains), is still
projected to increase in the next 5 years.

Figure 2. Time series of lake levels for the major Kenyan lakes and modelled forecasts levels using
the Auto Regressive Integrated Moving Average (ARIMA). The absence of a continuous trend depicts
lack of data. The middle trend of the forecast after the year 2020 shows the forecast of water level
points, whereas, the grey shades indicate either the rise or decline of lake levels in relation to the
current trend at a 95% confidence level.
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3.5 Ecological impact of flooding on fish stocks
A multiple correlation between lake level changes and abundances of different key fish species of Lake
Victoria, carried out using time series data over a range of years, reveals positive correlations in all the
species considered (Fig. 3). There is a strong significant positive correlation between Caridina nilotica
(the freshwater shrimp- Caridina) and lake level at r= 0.905 indicating that Caridina is the most directly
affected of all fish and shellfish species. The analysis also shows positive correlations in the rest of the
species at r= 0.478, 0.491, 0.358 for Dagaa, Nile perch and others respectively. These observations
indicate that there is some extent of influence of lake level changes on the fish and shellfish stocks. The
significance of this observation is further magnified while considering that the multiannual dynamics of
fish stocks (abundances) are influenced by many other factors like management options.

Figure 3. A Correlation matrix showing the relationships between Lake level changes, and biomass
of different fish and crustacean communities in Lake Victoria.
The relationships between the lake level changes with and among the key commercial fish species of
Lake Victoria are further illustrated by the network plot in Fig. 4. It shows a direct linkage between
lake level changes and Caridina. This is explained by the fact that the freshwater shrimp in Lake
Victoria, a detrivore would benefit from more food availed from the inundated shoreline organic
7

matter.
The other species, which also feed on Caridina are also affected positively with the increasing numbers
of the shrimp. Expansion of the breeding areas of the littoral zone contributes to enhanced recruitment.

Figure 4. A network plot showing the relationships between Lake level changes, and biomass of
different fish and crustacean communities in Lake Victoria.
3.2 Socio-economic perspective of impact of lake level change on fisheries
From the socioeconomics survey, many fishers and traders reported that they had suffered from floods
due to loss of homes, business and farmland, drowning of colleagues and relations, destruction of
fishing infrastructure and sub-immersion of landing sites (Fig. 5). These, alongside the predicted
increase in precipitation and the associated rise in water level rise, necessitates the need to adhere to
laid down fisheries and environmental regulations (i.e. no settlements within 100 meters from the
highest water mark or on riparian zones) to minimize the effect of floods on riparian communities that
may have encroached warming over Africa has intensified since the 1970s (Hulmes et al., 2010) and
IPCC (2003) has predicted that climate warming will be accompanied by increases in precipitation in
the East African region. The flood being experienced could be partly due to this and there is need to
develop adaptation and mitigation measures to reduce its impact on resources and livelihoods.
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Figure 5. Proportions of respondents who perceived the different effects of floods, by level, in major
Kenyan lakes (%).
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CONCLUSION AND RECOMMENDATIONS
The study showed that Lake Victoria has experienced marked surge in the water levels which caused
substantial livelihood and material losses to the resource users but positively impacted on stocks
through increased availability of food and expansion of fish breeding and nursery areas. The fish
landings and biological data also indicate fluctuating patterns and changes of ecological parameters,
in close coincidence with the flooding trends. The Lake Victoria’s freshwater shrimp, Caridina
nilotica biomass exhibited the strongest association with flooding with a statistical indication of
positive influence, due to its niche at the littoral zone.
We recommend the adjustment of strategies in management of critical habitats to accommodate the
temporarily new shoreline. Further it is advisable that governments institute disaster preparedness
programs to address such calamities. There is also need for more focused research on the possible
long-term impact of flooding and lake level changes on the ecology and fish landings.
CHALLENGES
The challenges noted during the data acquisition included the close coincidence of the COVID 19
pandemic with the occurrence and peak of flooding in 2020. This made access to data difficult.
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Introduction
Lake Victoria is Kenya’s most productive and economically richest fishery. Close to 1
million Metric tonnes of ﬁsheries catch is landed annually (lake-wide) and accounts for
about 1% and 8% of the world’s total and inland capture landings respectively (FAO,
2016). whereas the fisheries sector in Kenya produced 148,347 metric tons, which implied
a modest contribution of 0.5% to national GDP, the Lake Victoria fisheries produced
98,150 Metric tonnes amounting to 0.3% of Ken sites, 14,365 crafts, 43,653 fishermen;
and 156-foot fishers. While this report focuses on the Kenyan portion of the lake, some
datasets applied are those that encompass the whole lake.
In recent months running from March 2019, the African great lakes region
experienced floods that were manifested by increases in lake levels and overflowing of
banks that affected natural resources and livelihoods. The long shoreline of 7360 km has
possibly been made longer now with increased water levels and surging shoreline)
The lake consists of a complex ecology and large ecosystem, characterized by high
biodiversity and vast terrestrial catchment of mixed ecological zones. There exist multiple
stresses like high pressure on fisheries resources and anthropogenic pollution. This has
been cofounded by the periodic fluctuations in water levels among other system dynamics
driven by climate change.
The objective of this study was to examine the ecological and socioeconomic
consequences of flooding of Lake Victoria, Kenya.

Findings
1. Flooding of Lake Victoria compared to other Kenyan lakes
Lake Victoria, like other major Kenyan inland lakes exhibited a five-year general
trend of rise and decline scenario, but with an overall rise from the year 2010 (Fig. 1).
This could be attributed to the domination of runoffs from inlets with fewer outlets, in
conjunction with increased precipitation that has occurred since early 2020. The lake
level rise in Lake Victoria, which coincided with the two rainy seasons from March to May
(long rains) and from October to December (short rains), is still projected to increase in
the next 5 years.
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Figure 1. Time series of lake levels for the major Kenyan lakes and modelled forecasts levels using
the Auto Regressive Integrated Moving Average (ARIMA). The absence of a continuous trend
depicts lack of data. The middle trend of the forecast after the year 2020 shows the forecast of
water level points, whereas, the grey shades indicate either the rise or decline of lake levels in
relation to the current trend at a 95% confidence level.

2. Ecological impact of flooding on fish stocks
Results from the correlation analysis shows that;





positive correlations in all the species considered
a strong significant positive correlation between Caridina nilotica (the freshwater
shrimp- and lake level at r= 0.905 indicating that Caridina is the most directly
affected of all fish and shellfish species
there is a positive influence of lake level changes (flooding) on the fish and shellfish
stocks
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Figure 2. A Correlation matrix showing the relationships between Lake level changes, and biomass
of different fish and crustacean communities in Lake Victoria.

Figure 4. A network plot showing the relationships between Lake level changes, and biomass of
different fish and crustacean communities in Lake Victoria.
The network plot analysis shows;





a direct linkage between lake level changes and Caridina.
Caridina, a detrivore would benefit from more food availed from the inundated
shoreline habitat
The other species, which also feed on Caridina are also affected positively with the
increasing numbers of the shrimp
Expansion of the breeding areas of the littoral zone contributes to enhanced
recruitment.
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3. Socio-economic perspective of impact of lake level change on fisheries

Figure 5. Proportions of respondents who perceived the different effects of floods, by level, in
major Kenyan lakes (%).
Results from surveys show that many fishers and traders reported had suffered from floods due
to;





loss of homes, business and farmland,
drowning of colleagues and relations,
destruction of fishing infrastructure and
sub-immersion of landing sites

Conclusions and recommendations



Lake Victoria has experienced marked surge in the water levels which caused substantial
livelihood and material losses to the resource users but positively impacted on fish stocks
The positive impact on fish stocks abundance caused by increased availability of food and
expansion of fish breeding and nursery areas.



The Lake Victoria’s freshwater shrimp, Caridina nilotica biomass exhibited the strongest
association with flooding with a statistical indication of positive influence, due to its niche at the
littoral zone.



The fish landings and biological data also indicate fluctuating patterns and changes of
ecological parameters, in close coincidence with the flooding trends.

Implications and Recommendations
We recommend the adjustment of strategies in management of critical habitats to accommodate
the temporarily new shoreline. There is also need for more focused research on the possible
long-term impact of flooding and lake level changes on the ecology and fish landings. Further it
is advisable that governments institute disaster preparedness programs to address calamities.
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