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Abstract
Invasive aquatic water hyacinth, Eichhornia crassipes in Lake Victoria have exhibited a periodic
cyclic pattern of disappearance and proliferation with its attendant ecological and economic
concerns. This study aimed to monitor the factors influencing water hyacinth distribution in Lake
Victoria in order to establish their impact on fisheries. The study employed a combination of
remote sensing and Geographical Information System (GIS) techniques to provide coverage
estimation of water hyacinth. ERDAS 13 software was used to process Landsat 8 satellite images
while ArcGIS 10.0 was used to produce maps and compute the macrophyte extent fortnightly.
Data on fish landings and their respective market values were acquired from the Electronic Fish
Market Information Service (EFMIS) database, hosted at Kenya Marine and Fisheries Research
Institute (KMFRI). Analysis of consistent temporal satellite data showed areas frequently
covered by the weeds included sheltered bays and river mouths that depended on wind pattern
and water currents. Nyanza gulf had higher coverage (averagely 5,000 ha) of macrophytes
compared to the open waters (<200 ha). The study proposes the need for sustained monitoring of
the water hyacinth alongside minimization of nutrient loading impacts on the fishery, especially
with the opening of Mbita causeway.
Keywords: Invasive macrophytes, Water hyacinth, Remote sensing, Fisheries.
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1.0 Introduction
Invasive aquatic macrophytes in Lake Victoria such as water hyacinth have posed serious social,
economic and ecological issues in the recent decades (Mailu, 2001; Opande et al., 2004;
Villamagna, 2009). The negative social impacts of invasive weeds in Lake Victoria include
inadequacy and difficulty in accessing clean water and water points, increased prevalence of
vector-borne diseases, migration of communities and social conflicts in resource use. The
prominent economic impacts include reduced fish catches, increase in transportation costs etc.
Ecological and environmental impacts associated with water hyacinth include decline in water
quality, enhanced evapotranspiration and water loss, siltation, increased potential for flooding
and reduced biodiversity (Mailu, 2001; Villamagna, 2009).
The most prominent of these invasive weeds is water hyacinth (Eichhornia crassipes
Mart., Solms), a perennial free-floating aquatic herb growing partially or wholly in water of the
family Pontedericeae which originated from South America (Makhanu, 1997). It forms mats
which are thick and can reduce light and dissolved oxygen, change water chemistry, affect flora
and fauna and cause a significant increase in water loss due to evapotranspiration. It also causes
practical problems for marine transportation, fishing, and domestic water intake and treatment
systems and at intakes for hydropower and irrigation schemes (Opande et al., 2004).
It is important to consider the proliferation of water hyacinth in Lake Victoria because of
the complexity of anthropogenic factors affecting the lake’s ecology (Hecky et al., 2010). It is
one of the aquatic organisms considered as invasive species among others like and Nile perch
(Lates niloticus) and are thought to have been responsible for the manifest of ecological
decadence in Lake Victoria (Witte et al., 1992; Opande et al., 2004; Taabu-Munyaho et al.,
2016). Water hyacinth reproduces rapidly covering large areas of the lake with dense mats of
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plant material that block sunlight needed for the survival of life below the surface, and therefore
considered among the key perturbations to the lacustrine ecology (Nyamweya et al., 2016 b). It is
considered a serious threat to biodiversity on one hand and on the positive side, refugia for some
fish species like Clarias gariepinus and Protopterus aethiopicus (Njiru et al., 2002; Kateregga
and Sterner, 2009). Its deleterious impacts on biodiversity are denoted by the observed
disappearance of two plant species, Azolla nilotica and Trapa natans at the mouth of River
Nyando (Omondi, Pers. comm.), which had been rich in macrophyte diversity before the
invasion of the weed.
Decomposition of the large amounts of organic matter produced by the mats of water
hyacinth on sinking leads to increased biological oxygen demand and reduced dissolved oxygen
content (Ochumba and Kibaara 1989; Witte et al., 1992; Balirwa et al., 2009; Smith-Rogers
1999; Taabu-Munyaho et al., 2016). Under anoxic conditions, ammonia, iron, manganese and
hydrogen sulphide concentrations can rise to levels deleterious to biota. In addition, phosphate
and ammonium are released into the water from anoxic sediments, further enriching the
ecosystem. Despite the several disadvantages of water hyacinth in Lake Victoria, the plant has
been useful in the making of crafts and furniture. Cases have also been reported where the plant
is used for compost (Opande et al., 2004) and provision of refugia for some fish species such as
Clarias gariepinus and Protopterus aethiopicus and hence enhancing their productivity and
biodiversity due to reduced catchability and increased food availability (Mailu 2001; Njiru et al.,
2002; Villamagna and Murphy, 2009)
The concerns about the impacts of the invasive aquatic weeds have necessitated continuous
monitoring of their distribution and coverage as well as identification of the adverse impacts on
the ecosystem and the implications on the sustainability of ecosystem services. The main
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objective of this study was to monitor the extent and distribution of water hyacinth and document
using a technical report in order to establish their impact on the fisheries in Lake Victoria,
Kenya.

2.0 Materials and methods
2.1 Study Area
The study was carried out in Lake Victoria, Kenya. Lake Victoria is the largest freshwater
lake in the tropics and second in the world with a surface area of approximately 68, 0000 km2.
The major portion of Kenya waters of Lake Victoria is the Nyanza Gulf, known to various
authors by other names like The Victoria Nyanza, Kavirondo Gulf, and the Winam Gulf. Winam
Gulf has an area of approximately 1920 km2 with a length of about 60 km and width varying
between 6 and 30 km and lies between 34° 13' and 34° 52' East of latitude 0°, 0° 4' and 0° 32'
South of the equator. The gulf has a mean depth of 6 m and a maximum depth of 43 m while its
surface is at an elevation of 1136 m above sea level. Its irregular shoreline is about 300 km, with
several large bays (Nyamweya et al., 2016a). Most of the rivers flow into Lake Victoria from the
Eastern end (Winam Gulf) (Nyamweya et al., 2016b). The major affluent rivers include the
Nyando to the East, Sondu, Kuja and Awach to the South and Nzoia and Yala to the North.
Water exchange with the rest of the lake takes place through the Mbita channel. Six major rivers
(Nyando, Sondu-Miriu, Kuja, Awach, Nzoia, and Yala) discharge a mean average of 7.29 billion
m3 (43%) of water each year, while the contribution from the minor streams has not been
properly assessed. (LVEMP, 2001).
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2.2 Data sourcing and analysis
Surveillance and monitoring of water hyacinth occurred in Lake Victoria, Kenya. The use of
remote sensing and GIS techniques with periodic field ground truthing exercises were used to
provide geospatial maps and coverage estimation (acreage) of water hyacinth in Lake Victoria,
Kenya.
The analysis was done on satellite images collected from January – December 2015 to
acquire high spatial (20 m) and high temporal (monthly) resolution satellite data. In addition to
the ESA Sentinel 2 mission datasets, Landsat 8 image was used to collect data in the months
there was >50% cloud cover in the Satellite images. Data for analysis and classification was
gathered using supervised classification, DOS1 Atmospheric correction algorithm (Gernez et al.,
2015) using NDVI pixel values and the maximum likelihood estimation classification algorithm.
Using the water surface characteristics or regions of interest (ROI), we differentiated the
vegetation on the Winam Gulf water surface using the wavelength value emitted by both algal
bloom and water hyacinth. Water hyacinth emits a higher wavelength than algal bloom (Gernez
et al., 2015) and from ground truthing we confirmed each spectral signature. Classification of the
different macrophytes with respect to their spectral signatures/NDVI pixel values was done using
the maximum likelihood estimation algorithm. Validation and assessment of similarities between
the NDVI value/ Spectral Signatures was confirmed with the Jeffries Matusita distance, Spectral
angle and Bray Curtis similarity (%) values.
The water hyacinth hot spots in Lake Victoria Kenya have been identified and mapped as
shown in Figure 1. The hot spots which occur majorly within the Winam Gulf are areas mostly
lying within sheltered bays and with proximity to major pollutant sources within the lake and
river mouths.
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Figure 1. The water hyacinth hot spots in Lake Victoria Kenya.
Data on fish landings and their respective market values were acquired from the Electronic
Fish Market Information Service (EFMIS) database, hosted at Kenya Marine and Fisheries
Research Institute (KMFRI) since 2010. Data on fish prices at landing sites and inland markets
and quantities of fish at landing sites and inland markets among other data sets are generated
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through a system involving key market information from fish landing sites around the lake. In
this case, data was collected by trained field clerks and transmitted electronically to a central
database where it is logically summarised. In summary, data is recorded once or twice a day at
each of the landing sites and inland markets, and relayed by phone SMS in a coded format to a
data center based at KMFRI in Kisumu, Kenya. Here, it is synthesized and appropriately
packaged into the database. The relevant datasets on fish landings and the value were acquired
and summarised into monthly figures for Lake Victoria for the period corresponding to the
considered cycle of invasive macrophytes coverage trend.

3.0 Results and discussion
3.1 Factors for spatio temporal variability of water hyacinth acreage on Lake Victoria, Kenya
Through successive expeditions and analysis of temporal patterns of GIS outputs, the water
hyacinth hot spots have been identified and mapped. Analysis of consistent temporal satellite
data on water hyacinth showed hot spots of the weed both during the periods of low and high
infestations. The proliferation pattern that manifests as high and low infestation periods have
been observed to be cyclic, often reoccurring after about 4 years, possibly in correspondence
with nutrient cycling, weevil infestation peaks and climatic regimes (Lung’ayia et al., 2001;
Williams et al., 2005). Generally, sheltered bays and river mouths had high densities of water
hyacinth associated with almost stagnant water since such sites act as wind breakers. This could
clearly signify the importance of wind patterns and water currents on spatio-temporal pattern of
water hyacinth. Such areas, considered as hot spots have some salient environmental and
geographical features like higher concentration of nutrients, proximity to river mouths and
relative shallowness that make them be conducive for water hyacinth growth and multiplication.
There was also more hyacinth in the Winam Gulf compared to open water areas (Fig. 2).
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Figure 2. Spatio-temporal distribution of water hyacinth in Lake Victoria.
The study shows that water hyacinth and associated macrophytes communities in Lake
Victoria have a cyclic pattern of emergence, growth, disappearance, and reappearance. This
phenomenon can be attributed to plant succession where Vossia cuspidata and other emergent
macrophytes encroach onto mats of water hyacinth and later suppress the host weed by shading
and competition for nutrients. On the death and disintegration of mats of water hyacinth, the
emergents sink to the bottom of the lake. Evidence of the latter case is realized during bottom
trawling in the hot spots. The cycle can be predicted by determining several factors including the
stage of succession and determination of water hyacinth and biological control agents attributes.
Some of these attributes include water hyacinth root length, length of the petiole, the weight of
plants and number of weevils per plant, among others. Winds are also known to be the main
cause of migration of the weeds from one position to another. The impact of wind is more
13

evident in the open water bays than in the Nyanza gulf which is protected from winds by high
grounds. The trend of water hyacinth infestation have shown a fluctuating pattern, varying
between months while major variations have been noted over the years (Fig. 2). The proliferation
peaked between September and November 2016 before a gradual decline to near complete
disappearance in May 2017. The figure does not display any information for some months for
which no data was processed due to the heavy cloud cover that interfered with satellite images.

Conclusions
The coverage of water hyacinth and other invasive macrophytes displayed a fluctuating pattern,
relating to the cyclic pattern of their invasion and disappearances, related to catchment-based
generation of plant nutrients. Other factors responsible for spatio-temporal variations included
wind patterns and water currents. The study recommends the following:
i.

Fluctuating patterns of water hyacinth in Lake Victoria is due to wind patterns and water
currents leading to hot spots in sheltered bays and river mouths. With the opening of
Mbita Causeway, the study recommends continuous monitoring to define the changes in
the occurrence of the weed.

ii.

The wanton discharge of untreated wastes and poor waste disposal into the lake calls for
change in life styles and strict following up of environmental regulations to minimize
nutrients enrichment in the lake that catalyzes proliferation of the weed.

Dissemination of findings
Findings were disseminated through (see appendices):
i. Workshop
ii. Submitted scientific publication

14

References
Albright, T., Moorhouse, T., McNabb, T., 2002. The abundance and distribution of water
hyacinth in Lake Victoria and the Kagera River basin, 1989 – 2001, USGS/EROS Data/
Clean Lakes Inc., Sioux falls, SD/ Marinex, CA, USA.
Balirwa, J.S., Wanda, F., Muyodi, F. J., 2009. Impacts of water hyacinth and water quality
change on beneficial uses of Lake Victoria, Uganda. 13th World Lake Conference, Wuhan,
China, 1-5 November
Cornelissen, I.J.M., van Zwieten, P.A.M., Peter, H.K., Nagelkerke, L.A.J., 2015. Nile perch
distribution in south-east Lake Victoria is more strongly driven by abiotic factors, than by
prey densities. Hydrobiologia 755 (1), 239e255.
Downing, A.S., Van Nes, E.H., Balirwa, J.S., Beuving, J., Bwathondi, P., Chapman, L.J.,
Cornelissen, I.J.M., Cowx, I.G., Goudswaard, K.P.C., Hecky, R.E., Janse, J.H., Janssen,
A.B.G., Kaufman, L., Kishe-Machumu, M.A., Kolding, J., Ligtvoet, W., Mbabazi, D.,
Medard, M., Mkumbo, O.C., Mlaponi, E., Munyaho, A.T., Nagelkerke, L.A.J., Ogutu
Ohwayo, R., Ojwang, W.O., Peter, H.K., Schindler, D.E., Seehausen, O., Sharpe, D.,
Silsbe, G.M., Sitoki, L., Tumwebaze, R., Tweddle, D., Van De Wolfshaar, K.E., Van Dijk,
H., Van Donk, E., Van Rijssel, J.C., Van Zwieten, P.A.M., Wanink, J., Witte, F., Mooij,
W.M., 2014. Coupled human and natural system dynamics as key to the sustainability of
Lake Victoria???s Ecosystem services. Ecol. Soc. 19 (4) art31.
Hecky, R.E., Mugidde, R., Ramlal, P.S., Talbot, M.R., Kling, G.W., 2010. Multiple stressors
cause rapid ecosystem change in Lake Victoria. Freshw. Biol. 55, 19e42.
Kateregga, E., Sterner, T., 2009. Lake Victoria fish stocks and the effects of water hyacinth. J.
Environ. Dev., 18 (1), 62-78
15

Lung'ayia, H., Sitoki, L., Kenyanya, M. 2001.The nutrient enrichment of Lake Victoria (Kenyan
waters) Hydrobiologia 458 (1-3), 75-82.
LVEMP, 2001. Draft Report of the Regional Task Force for the harmonization of fisheries
legislation. Third Edition, LVEMP.
Mailu, A.M., 2001. Preliminary assessment of the social, economic and environmental impacts
of Water Hyacinth in the Lake Victoria Basin and the status of control. in: M.H. Julien, M.
P. Hill, T. D. Center and Din Jianking. Biological and integrated control of water hyacinth,
Eichhornia crasipes ACIAR Proceedings 102.
Makhanu, K.S., 1997. Impact of water hyacinth in Lake Victoria. In: Water and sanitation for all:
Partnerships and Innovations. 23rd Water Engineering and Development Centre
Conference Durban, South Africa.
Njiru, M., Knaap, M.V.D., Nyamweya, C.S., Kayanda, R.J., Marshall, B.E., 2014. Management
of Lake Victoria fishery: are we looking for easy solutions? Aquatic Ecosyst. Health
Manag. 17 (1), 70e79.
Njiru, M., Othina A., Getabu A., Tweddle D. and I. G. Cowx (2002) ‘‘The invasion of water
hyacinth, Eichhornia crassipes Solms (Mart.), a blessing to Lake Victoria fisheries’’, pp
255-263. In: Management and Ecology of Lake and Resevoirs Fisheries (I. G. Cowx (Ed),
Fishing News Books, Blackwell Science, Oxford, UK
Nyamweya, C., Desjardins, C., Sigurdsson, S., Tomasson, T., Taabu-Munyaho, A., Sitoki, L., et
al. 2016 a. Simulation of Lake Victoria Circulation Patterns Using the Regional Ocean
Modeling

System

(ROMS).

PLoS

https://doi.org/10.1371/journal.pone.0151272.

16

ONE

11(3):

e0151272.

Nyamweya, C., Sturludottir, E., Tomasson, T., Fulton, E.A., Taabu-Munyaho, A., Njiru, M.,
Stefansson, G. 2016 b. Exploring Lake Victoria ecosystem functioning using the Atlantis
modeling framework. Environ. Modell. Softw. 86, 158-167. Ochumba, P.B.O., Kibaara,
D.I., 1989. Observation on blue-green algae blooms in the open waters of Lake Victoria,
Kenya. Afr. J. Ecol., 27, 23-34.
Opande, G.O., Onyango, J.C., Wagai, S.O., 2004. Lake Victoria: the water hyacinth (Eichhornia
crassipes [Mart.] Solms), its socio-economic effects, control measures and resurgence in
the Winam gulf. Limnologica - Ecol. Manag. Inland Waters 34 (1-2), 105e109
Orwa, P.O., Omondi, R., Ojwang, W., Mwanchi, J., 2015. Diversity, composition and abundance
of macroinvertebrates associated with water hyacinth mats in Lake Victoria, Kenya. Afr. J.
Environ. Sci. Technol.9 (3) 202 – 209.
Reddy, K.R., De Busk, W.F.,1985. Nutrient removal potential of selected aquatic macrophytes1.
J. Environ. Qual. 14:459-462.
Smith-Rogers,

S.

1999.

Effect

of

aquatic

weeds

on

water

quality.

http://www.hydrolab.com/htmla2.html
Taabu-Munyaho, A., Marshall, B., Tomasson, T., Marteinsdottir, G., 2016. Nile perch and the
transformation of Lake Victoria. Afr. J. Aquatic Sci. 41 (2), 127e142.
Thompson, K., 1991. The ecology of water hyacinth and its distribution in Uganda. In K.
Thompson ed. Water hyacinth in Uganda: Ecology, distribution, problems and strategies
for control. Proceedings of a national workshop, 22 –23 October 1991, Kampala, Uganda.
UN/FAO.
Villamagna, A. M. , Murphy, B. R., 2009. Ecological and socio-economic impacts of invasive
water hyacinth (Eichhornia crassipes): a review. Freshwater. Biol. 55, 282–298

17

Wanda, F.M. Twongo, T., 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.
Williams, A. E., Duthie, H.C., Hecky, R. E., 2005.Water hyacinth in Lake Victoria: Why did it
vanish so quickly and will it return? Aquat. Bot.. 81 ( 4), 300-314
Witte, F., Goldschmidt, T., Wanink, J., van Oijen, M., Goudswaard, K., Witte-Maas, E., Bouton,
N., 1992. The destruction of an endemic species flock: quantitative data on the decline of
the haplochromine cichlids of Lake Victoria. Environ. Biol. Fishes 34 (1), 1e28.

18

Appendices
Appendix 1. Submission letter of the technical report to the Director KMFRI

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE
TELPHONE: KISUMU 020 20 56 977/21461
E - mail: kmfkisumucentre@yahoo.com
When replying please quote
Ref. No.KMF/GoK/RS/2
If calling or telephoning ask
For: Dr. Aura
please address your reply to
ASSISTANT DIRECTOR

KISUMU CENTRE
P.0. BOX 1881
KISUMU
KENYA
DATE: 14/04/2018

The Director
KMFRI
RE: SUBMISSION OF THE REPORT ON THE FACTORS INFLUENCING WATER
HYACINTH’S AND THEIR SPATIO-TEMPORAL DISTRIBUTION IN LAKE
VICTORIA
Please herein find the above report for your personal perusal and consideration for your
onward sharing with key stakeholder in the fisheries sector.
Key issues that were observed were as follows
1. It was noted that there were fluctuating patterns of water hyacinth in Lake Victoria
due to wind patterns and water currents leading to hot spots in sheltered bays and
river mouths. With the opening of Mbita Causeway, the study recommends
continuous monitoring to define the changes in the occurrence of the weed.
2. The wanton discharge of untreated wastes and poor waste disposal into the lake
calls for change in life styles and strict following up of environmental regulations to
minimize nutrients enrichment in the lake that catalyzes proliferation of the weed.
Yours

Dr. Christopher M. Aura (PhD)
Assistant/Centre Director
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Appendix 2. Dissemination workshop evidence
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Appendix 3. Dissemination workshop – Submitted paper

3

Appendix 4. Approved field trip requisitions

4

Appendix 5: Participants attendance list
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Appendix 6: Vehicle work tickets for water hyacinth field trip
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Appendix 7. Typical examples of expenditure receipts for assessing water hyacinth
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Appendix 8: Further dissemination
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