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ABSTRACT
Water hyacinth (Eichhornia crassipes), exhibiting periodic cyclical patterns of decline and proliferation with
attendant adverse ecological and economic impacts, is a perennial free-floating aquatic herb of the family
Pontedericeae and currently the major invasive weed in Lake Victoria. Recent studies by KMFRI have
documented the proliferation hot spots, generally occurring within sheltered bays and river mouths of Nyanza
Gulf. Multi-annual spatial and temporal patterns from spectral satellite data depict the periods of peak invasion and
disappearance within the hotspots, indicating its resilient response to climatic rhythms and the various attempts at
its management and control. Satellite data validation by estimates made from quarterly field observations show
that the weed invasion has been on the decline since the highest peak of 17, 372.62 Ha in December 2018 as
monthly water hyacinth and other floating macrophytes coverage trends of Oct -Dec 2020 indicate. Results
for quarter two of 2020/2021 FY show coverage of 5,443.89 ha. for October, 6,115.26 ha. for November and
5,881.68 ha. for December, indicating an s-wave pattern phenomena. The data indicates that water hyacinth in
Nyanza Gulf (Lake Victoria) follows a cyclical pattern of emergence, growth, disappearance, and
reappearance within a year. The last part of the year 2020 recorded reduced water hyacinth coverage probably
due to stormy weather which might have come as an increased lake-water currents. The estimated visual
coverage of water plants in the areas sampled was approximately 0.012 hectares, with an average of 11
weevils per plant (N. eichorniae) and 5 for (N. bruchi) per plant, an example in Homa Bay sampling station.
Preliminary examination of the temporal trends of macrophytes/water hyacinth coverage within the Nyanza
Gulf, over the period Oct 2020 to Dec. 2020 indicates that there is a no change of floating macrophytes
coverage with most occurrence in Homa Bay and Nyakach Bay. The visual and satellite imagery variations of
water hyacinth can be associated with one main factor: the improving catchment practices and manual
removal in various sections of the lake, and also the weevils impact. Practical management approach to be
manual removal for immediate impact and biological control for long term solution.
Key words: Eichhornia crassipes; N. eichorniae; N. bruchi; Sentinel8; Landsat2A; Nyanza Gulf.
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Introduction
Water hyacinth (Eichhornia crassipes), the invasive aquatic macrophyte in Lake Victoria, exhibits periodic
cyclical patterns of proliferation and disappearance, changes that have been associated with rainfall driven nutrient
fluxes within Winam Gulf. Its monitoring, mapping of water hyacinth and other floating macrophytes employs

the use of freely available satellite data from Landsat 8 and Sentinel 2. Water hyacinth has been cited as one
of the macrophytes with the most serious ecological, hydrological and economic problems (ZHANG,
ZHANG, & Barrett, 2010) in most parts of the world like the southern USA, Australia, South-East Asia, the
Pacific and south, central and eastern Africa (Chambers et al., 2007). The problem of invasive aquatic
macrophytes has been noted to be widespread globally (Schultz & Dibble, 2012), with many cases of transfer
of the alien species being intentional or inadvertent carelessness (Strayer, 2010).
The impact of water hyacinth, especially on Kenyan Lake Victoria fisheries and the economy of the riparian
communities have been evident. They range from direct hindrance on fishing operations, hampering and
destruction of fishing boats, delaying fishing gear retrieval hence post-harvest losses caused by rotting fish,
enhanced fuel consumption by outboard engine boats and reduced catches due to reduced gear efficiency and
fish catchability (Charudattan, 1986; Makhanu, 1997). The overall impact on the Lake Victoria ecosystem has
been evaluated and shown to be dramatically negative (Nyamweya et al., 2016). Management of invasive
macrophytes have adopted measures such as mechanical control, physical removal and biological control (J.
A. Coetzee & Hill, 2012; M. Hill, 2003; M. Hill & Olckers, 2000). In Kenya, various attempts of these
measures have been made with the use of biological agents showing the most promise of effectiveness (Mailu,
2000; Ochiel, Mailu, Gitonga, & Njoka, 1998; Wilson et al., 2007).
Macrophytes are key biotic components of aquatic biodiversity and play important roles in the ecology of fish
and other higher organisms. While some macrophytes present serious ecological challenges and threats to
ecosystem services due to their invasive nature, there are many species of macrophytes that have positive and
negative importance to ecosystem services offered by the lake. There is therefore a great need to assess the
macrophytes ecosystems, document the macrophytes species while focusing on identification of the possible
new invasions, and determining their impacts on water quality and the ecosystem services within Lake
Victoria. A research activity in Lake Victoria, Kenya, targeting the known critical macrophytes ecosystems
and water hyacinth hotspots within the Nyanza gulf and open waters is monitored quarterly to help generate
data for both biological and also to a certain the validity of remote satellite imageries appearing monthly via
Landsat8 and Sentinel2 images.
Management of invasive macrophytes have adopted measures such as mechanical control, physical removal
and biological control (J. A. Coetzee & Hill, 2012; M. Hill, 2003; M. Hill & Olckers, 2000). In Kenya,
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various attempts of these measures have been made with the use of biological agents showing the most
promise of effectiveness (Mailu, 2000; Ochiel, Mailu, Gitonga, & Njoka, 1998; Wilson et al., 2007). While
the weevil (biological) control has never been most efficiently executed, it has been proved that the weevils
are effective in decimating the water hyacinth mats and control their invasion (Mwende & Njoka, 2006) and
the benefits of the released weevils are still accruing owing to the resilience of the weevil populations in
rejuvenating after every water hyacinth disappearances episode, hence reinvading the sprawling hyacinth
mats.
The desktop satellite data analysis and mapping of these invasive species in Lake Victoria, Kenya, is
complimented by periodic field based ground truthing surveys targeting the known critical macrophyte
ecosystems, more with their biological attributes and water hyacinth hotspots within the Nyanza gulf and open
waters, with the aim of manual estimation of macrophytes cover, verification of spectral signatures and
conducting other ecological studies on the macrophyte ecosystems. During the period Oct – Dec 2020,
KMFRI undertook quarterly reporting on the monthly status of water hyacinth and other macrophytes in Lake
Victoria to inform lake users.
1.1 Objectives
The main objective of this exercise was to estimate the coverage of water hyacinth and other macrophytes by
use of satellite imagery; to document the occurrence of any new macrophyte invasions and preserve specimen;
assess the biological control agent’s population and their prevailing impacts on water hyacinth and
characterize the water environment by major nutrient species and physical chemical parameters.
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2.0 MATERIALS and METHODS
2.1. Study area
The study was done in the Kenyan waters of Lake Victoria consisting of the Nyanza Gulf (Victoria
Nyanza, Kavirondo Gulf, or the Winam Gulf) which forms the major portion of Kenya portion. Nyanza Gulf
which is mostly prone to water hyacinth invasion 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. Figure 1a and 1b shows the water hyacinth hot spots and sampling sites
in Lake Victoria that have been identified and mapped in previous activities. The hot spots which occur
majorly within the Nyanza Gulf are areas mostly lying within sheltered bays and with proximity to major
pollutant sources within the lake and river mouths.

Figure 1a: The water hyacinth hot spots in Lake Victoria, Kenya
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Figure 1b: Winam gulf Kenya showing the sampled sites for ground truthing data collection.

2.2 Satellite data collection and mapping of water hyacinth
Surveillance and monitoring of water hyacinth and other macrophytes occurring in the Kenyan part of Lake
Victoria is undertaken using mainly desktop based remote sensing and GIS techniques supplemented by
periodic ground truthing field visits to verify spectral signatures of satellite-generated lake surface
characteristics images (Fig. 2, 3 & 4) and to assess the biological conditions of the weed during the cycle.
(Table 1)
Water hyacinth forms large mats, often exceeding several 100 m² (Thamaga & Dube, 2018) which are easily
detectable even on medium resolution imagery. Landsat8 and Sentinel 2 were used. Landsat8 has a resolution
of 30m while Sentinel2A has a resolution of 10m. Both are applied based on the intensity of cloud cover.
Landsat8 images appears after 15days and Sentinel 2A after 10 days per month. Erdas 13 software is used for
layer stacking raster Images from these two satellites to identify spectral patterns of dispersion of floating
vegetation, based on techniques applied by (Albright, Moorhouse, & McNabb, 2002), in Lake Victoria.
Freely available Landsat 8’s Operational Land Imager (OLI) and Sentinel 2 MSI bimonthly image data are
downloaded and analysed using Erdas Imagine software to show abundance of Eichhornia crassipes. For the
14

30 m spatial resolution Landsat sensors the top of atmosphere reflectance (TOA) data are obtained at spectral
bands 2, 3,4,5,6, and 7 and used for layer-stacking to final composites, while for Sentinel 2, reflectance data
are obtained at bands 2, 3, 4 and 8 for the 10 m spatial resolution sensor. Projection and Clipping the areas of
interest (AOIs) from the full images produces a water mask for processing and testing using the ISODATA
data fusion algorithm and image analysis procedures based on freely available ERDAS -Imagine 13 software
and ArcGIS Softwares.
This analysis is done on the premise that floating aquatic vegetation exhibit spectral distinctiveness,
which depends on density of vegetation, canopy and leaf structure (Cavalli, Laneve, Fusilli, Pignatti, &
Santini, 2009; Fusilli et al., 2013; Penuelas, Gamon, Griffin, & Field, 1993; Valta-Hulkkonen, Pellikka,
Tanskanen, Ustinov, & Sandman, 2003).
Using supervised and unsupervised classifications based on different band combination algorithms that
considered the reflectance peak in the near infrared (NIR) and the lower reflectance due to absorption by plant
pigments in the red, green and blue was distinguished from non-photosynthetically active surfaces. The
spectral behavior of open waters of the lake and vegetation pixels from cloud-free images were analyzed and
unique values used as a reference for unsupervised classification for large areas and defined pixel signatures
used for small areas.
Image preprocessing, image analysis and post classifications are carried out using ERDAS Imagine 13
image processing software (Geosystems, 2003, 2004), QGIS (Q. D. Team, 2015), ArcGIS and the R statistical
package and image analysis suite

(R. C. Team, 2018). Geospatial multi-temporal maps and coverage

estimates of water hyacinth are then derived from this data.
2.3 Field data collection of macrophytes
The desktop studies are complemented by periodic field visits to confirm the spectral signatures of the
floating vegetation and to assess the biological conditions of the weed and other macrophytes during the
invasion cycle. This further helps in predicting the cycle by determining several factors including the stage of
succession and determination of water hyacinth and biological control agents attributes and assess the impact
biological control agents. Some of these attributes include: water hyacinth root length, length of petiole,
weight of plants and number of weevils per plant among others (Table 3) The water quality conditions,
biodiversity (fish, inverterbrates; phytoplankton and zooplankton) was also assessed during the periodic field
visits sites. (Figure 1b).
Field validation exercise was done in the first week of Nov. 2020 and satellite field validation done at Osodo
Bay, Nyakach Bay and Kisumu Bay (Figure 2)
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Kasat RM Data collection

Mixed Hyacinth & Vossia-Nyakach Bay

Nyakach Bay data collection

Homa Bay Data collection

Plate 1: Field Data Collection and validation November, 2020
Kisumu Bay (Kibos RM, Molasses discharge and Kasat RM) had 60% infestation and 40% mixed Vossia and
papyrus. Nyakach Bay (Sango Rota beach) had 44% infestation and 60% mixed vossia and papyrus while
Homa Bay (Oluch RM and Samunyi) were 100% infestation, however biological control agents were found to
be very effective (Figure 3). Most plants were on their death phases.

Plate 2: Biological control agents during the month of Nov. 2020
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3.0 RESULTS AND DISCUSSION
3.1 Satellite monthly water hyacinth and other floating macrophytes coverage trends October to
December, 2020
The tabulated Satellite findings for October 2020 – December 2020 (Fig. 4, 5 & 6) (Second Quarter) were
mainly satellite extracted which would later be validated using ground-truthing activities (Table 2). During the
month of November 2020, coverage was high (6,115.26 ha) as a result of the past heavy rains which, the
rivers Nyando and Sondu Miriu discharges a lot of nutrients and also the influx of more plants from fringes as
a result of increase in water levels, however, not much change during the months of October and December
2020. (5,662.79 ha). The exponential increase interms of coverage from July to December 2020 was due to
condusive growth environmental factors from the water quality parameters.
Table 1: Monthly Water hyacinth and other floating Macrophytes coverage trends for first of the year: July Dec 2020
Date

Sites

5th July. 2020

1, Kisumu Bay
2. Osodo Bay
3. Kendu Bay
4.Asembo Bay

12th Aug. 2020

1.
2.
3.
4.

Osodo Bay
Nyakach Bay
Asembo Bay
Homa Bay (Scartters)

1.
2.
3.
1.
2.
3.
4.

Kendu Bay
Nyakach Bay
Mid-Gulf
Kisumu Bay
Osodo Bay
Kendu Bay
Asembo Bay

15th Dec. 2020

1.
2.
3.
1.
2.
3.
4.
5.

Osodo Bay
Nyakach Bay
Kisumu Bay
Kendu Bay
Nyakach Bay
Mid-Gulf
Asembo Bay
Homa Bay

3rd

1. Osodo Bay
2. Scarters Gulf

13th Sept. 2020

15th Oct.2020

8th Nov. 2020

Jan. 2021
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Types
Water hyacinth
Heavy algal blooms
High Turbid water
Pappyrus & Hippo grass
Water hyacinth
Vossia & Pappyrus
Heavy Algal blooms

Coverage (ha)
2,466.17
8,169.86
6,456.56
1,033.66
2,849.49
543.51
10,732.86

Water Hyacinth
Vossia & Papyrus
Heavy Algal Blooms

2,896.92
244.62
2,500.65

Water hyacinth
Heavy algal blooms

5,443.89
8,721.09

Pappyrus & Hippo grass
Water hyacinth
Vossia & Pappyrus
Heavy Algal blooms
Water Hyacinth
Vossia & Papyrus

2,155.23
6,115.26
4,948.42
21,011.22
5,881.68
189.36

Heavy Algal Blooms
Water Hyacinth
Vossia & Papyrus

7,485.21
2,949.12
437.31

Date

Sites
3.
4.
1.
2.
3.
th
4.
4 February 2021
1
2
3
4
5
24th March 2021
1.
2.
3.
th
4.
9 April 2021
1.
2.
3.
th
4.
27 May 2021
1.
2.
3.
th
4.
12 June 2021

Nyakach Bay
Kisumu Bay
Aasembo Bay
Kisunu Bay
Nyakach Bay
Western Gulf
Homa Bay
Asembo Bay
Kisumu Bay
Nyakach Bay
Aasat beach
Kisumu Bay
Nyakach Bay
Osodo Bay
Kendu Bay
Osodo Bay
Kisumu Bay
Kendu Bay
Homa Bay
Osodo Bay
Kendu Bay
Homa Bay
Kisumu Bay

Types

Coverage (ha)

Heavy Algal Blooms
Water Hyacinth
Papyrus & Vossia

2,989.62
1,487.43
328.41

Heavy Algal Blooms
Water hyacinth
Papyrus &Vosia

12.785.04
2,702.70
191.43

Heavy algal bloom
Water hyacinth
Papyrus & Vosia

7,856.01
2,663.73
826.47

Heavy algal bloom
Water hyacinth

6278.04
1,392.12

Heavy algal bloom
Water hyacinth
Papyrus & Vosia

7,533.54
1,956.33
396.18

Heavy algal bloom

2,572.74

Figure 2: Landast8 15th October. 2020. Water hyacinth and other macrophytes, Nyanza Gulf.
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Figure 3: Sentinel2A 8th Nov 2020. Water hyacinth and other macrophytes, Nyanza Gulf.

Figure 4: Landsat8 December 2020. Water hyacinth and other macrophytes, Nyanza Gulf.
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Figure 5: Landsat8 January 2021. Water hyacinth and other macrophytes, Nyanza Gulf.

Figure 6: Landsat8 February 2021. Water hyacinth and other macrophytes, Nyanza Gulf.

Figure 7: Landsat8 March 2021. Water hyacinth and other macrophytes, Nyanza Gulf
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Figure 8: Landsat8 April 2021. Water hyacinth and other macrophytes, Nyanza Gulf

Figure 9: Landsat8 May 2021. Water hyacinth and other macrophytes, Nyanza Gulf
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Figure 10: Landsat8 June 2021. Water hyacinth and other macrophytes, Nyanza Gulf

3.2 Ground truthing results of macrophytes in Lake Victoria, Dec 2020.
The results of the field-based manual/ visual estimation of macrophytes coverage in Lake Victoria are
summarized in table 2. Kisumu bay (Kisat RM, Mollasses/Kodiaga RM and Kibos RM) had the highest
infestations, this was in line with the satellite imagery of November 2020 (Figure:5). Most of the plants were
both resident and non-resident with healthy leaves and all at non flowering stages.

Table 2: Estimated coverage and composition of floating green vegetation on Lake Victoria Kenya (Nov
2020)
No.

Infestation
Site

1

status

Distance to

Area covered

main land (m)

(m .)

3

10

100

3

10

200

2

10

300

3

10

200

3

2000

500

Kasat RM

2

Mollasses/Kodiaga
RM.

3
Kibos RM

4
Nyakach Bay

5

Remarks

2

Homa Bay
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Resident and non resident flowering and
non-flowering bulbous population, healthy
green plants
Resident and non resident flowering and non
flowering bulbous population, healthy green
plants
Resident and non resident flowering and non
flowering bulbous population, healthy green
plants
Resident and non resident flowering and non
flowering bulbous population, healthy green
plants
Resident and non resident flowering and non
flowering bulbous population, healthy green
plants

Key: Distribution and Infestation status of water hyacinth in the surveyed sites
(0 = No water hyacinth plants or Negligible, domestic activities normal) (1 = Low infestation, Slight can easily be removed by hand
and domestic activities normal), (2 = Moderate Infestation, fishing boats can land and other domestic activities fairly go on), (3 =
Heavy infestation, No fishing, boat landing nor domestic activities).

3.3 Biological control Field Attributes

Plate 3: Agents of biological Control
Table 3: Water Hyacinth field Biological control data sets-Homa Bay

Plant N.
N.
No. eichorniae bruchi
1
5
3
2
11
7
3
2
1
4
38
16
5
1
2
6
30
15
7
5
2
8
3
4
9
10
10

Root
Fresh
length
Wt.(GM) (cm).
1000
37
1300
35
1250
40
2300
39
850
36
750
30
900
30
1000
34
800
50
900
54

No.
Rametes.
4
1
3
7
2
4
2
2
2
2

Petiole
No.
length
Petioles. (CM).
16
31
15
65
11
43
27
42
20
49
9
27
17
34
17
25
11
30
9
33

Lamina
area
(cm2).
174
323
175.5
296
120
144
182
217.5
210
196

Feeding
scars
no.
34
58
120
100
36
132
145
136
140
172

Damaged
petioles
no.
7
5
4
7
5
2
5
4
2
4

The estimated coverage of Water plants in the areas sampled was approximately 0.012 hectares, with an
average of 11 weevils per plant (N. eichorniae) and (N. bruchi) figure 6, per plant. Most of these were in
Homa Bay. Effective threshold for biological control is 6 weevils per plant. Most of the plants were healthy
and majority at flowering stages.
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Preliminary examination of the temporal trends of macrophytes/ water hyacinth coverage within the Nyanza
Gulf, over the period July 2020 to Dec. 2020 indicates that there is an exponential increase in areas of more
floating macrophytes with most occurrence in Homa Bay and Nyakach Bay. Most of the clustered dense
floating mats consist of hippo grass and papyrus as the dominant macrophytes. Water hyacinth also occurs in
most hot spots at the peripheries of the dense mats as pure strands consisting of fresh robust green and
sometimes flowering shoots. This could be a result of new germinations and fresh inflows from influent rivers
from the upper catchment. The months of Oct. – Dec.2020 had the highest coverage with a mean of 5,813.61
ha per month. These were the designated hot spots, Kisumu bay, Osodo bay Kendu bay, Nyakach bay,
Asembo bay and Homa bay. These were in line with the satellite imagery of the months of Nov. 2020.
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4.0 Conclusions and recommendations
i

Our data has shown that water hyacinth in Nyanza gulf (Lake Victoria) follow a cyclical pattern of
emergence, growth, disappearance, and reappearance within a year. This study monitors the dynamics
of water hyacinth and other floating macrophytes in Lake Victoria and maps their occurrence for
improved surveillance to inform resource users.

ii The last part of the year recorded reduced water hyacinth coverage probably due to stormy weather
which might have increased lake-water currents. Water hyacinth prefers almost still-water for
existence. However, the second half beginning January to June recorded a steady increase which
hypothetically can be linked to the increased precipitation during that period, with attendant nutrient
influx. These levels, however are still much lower than the usually recorded invasion peaks.
iii This can be associated with one main factor: the improving catchment practices and manual removal
in various sections of the lake, and also the weevils impact, an example in Homa Bay waters.
iv Improved use of Lake Victoria through navigation, Kisumu Port revival, among others, could likely
favour active use of the lake that may further destabilize the increased hyacinth coverage.
These satellite generated spatio-temporal data have been validated using field ground truthing data which
demonstrated a close match between estimates by satellite imagery and manual estimation.
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6.0 Annexes - Paper trail for December, 2020 field work.
Field Work Requisition
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6.1 Protocol meeting discussions and attendance list
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30

31

32
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6.3 Boat Schedule Movement: 9th Nov – 12th Nov. 2020.
Day
1

Date
9th Nov. 2020

Activity
i.

ii.
2

10th Nov. 2020

i.

ii.
3

11th Nov. 2020

i.

ii.
4

12th Nov. 2020

i.

ii.

Acquiring GPS points and
polygons for areas which
have homogeneous
spreads/blankets of Water
Hyacinth and floating
weeds/macrophytes.
Image classification and
possible area calculation
generated
Acquiring GPS points and
polygons for areas which
have homogeneous
spreads/blankets of Water
Hyacinth and floating
weeds/macrophytes.
Image classification and
possible area calculation
generated
Acquiring GPS points and
polygons for areas which
have homogeneous
spreads/blankets of Water
Hyacinth and floating
weeds/macrophytes.
Image classification and
possible area calculation
generated
Acquiring GPS points and
polygons for areas which
have homogeneous
spreads/blankets of Water
Hyacinth and floating
weeds/macrophytes.
Image classification and
possible area calculation
generated
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Work Site

Night stay

Cruising Starts/Kisumu
Bay, Travelling to
Nyakach Bay, Osodo
Bay to Kendu Bay

Kendu Bay

Homa Bay

Mainuga/Balarawi/Ko
wuor/Oluch RM

Asembo Bay

Samunyi
RM/Sukru/Alli Bay,
Achieng Oneko,
Asembo Bay

Kisumu

Maboko Islands,
Travelling back

6.4 Field Work Attendance List
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Annex 7.0: Fact sheet_Water hyacinth Coverage 2020/2021

Fact sheet no: KMF/GoK/2020-21/C20

Title: Bi-nnual monitoring and mapping of water hyacinth and other
floating macrophytes in Lake Victoria for improved lake surveillance
to inform resource users
July – December 2020.
Prepared by : Joseph Nyaundi, Christopher M. Aura, John Ouko
KMFRI, Kisumu.
Email : kmfrikisumucentre@yahoo.com
Tel. : +254770567443
Introduction
Water hyacinth (Eichhornia crassipes) invasive aquatic macrophyte in Lake Victoria
exhibits periodic cyclical patterns of disappearance and proliferation within the Nyanza
Gulf with a myriad of negative impacts. The concerns about these impacts 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.
Kenya Marine and Fisheries Research Institute (KMFRI) has been employing a
combination of remote sensing and Geographical Information System (GIS) techniques
for spatio-temporal mapping of water hyacinth in the lake. Assessment of the weevil
(biological control) impact has been integrated with the periodic ground truthing
activities.
During the period 2018-2019, KMFRI undertook quarterly reporting on the
monthly status of water hyacinth and other macrophytes in Lake Victoria to inform
lake users. However, due to the effect of cloud cover in certain months of every quarter,
the satellite imagery appeared blurred which led to redundancy in reporting of the
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coverage. During the period 2019-2020, KMFRI is undertaking bi-annual monitoring
and mapping of water hyacinth and other floating macrophytes in Lake Victoria for
improved lake surveillance to inform resource users.

Findings
The tabulated and visual findings for July – December 2020 (Second half-year) were
mainly satellite extracted.
1. Monthly Water hyacinth and other floating Macrophytes coverage trends
Date
Sites
Types
Coverage (ha)
Water hyacinth
2,466.17
1. Kisumu Bay
Heavy algal blooms
8,169.86
5th
July. 2. Osodo Bay
High Turbid water
6,456.56
2020
3. Kendu Bay
Papyrus & Hippo
4.Asembo Bay
grass
1,033.66
5. Osodo Bay
Water hyacinth
2,849.49
6. Nyakach Bay
Vossia & Papyrus
543.51
12th
Aug.
7. Asembo Bay
2020
8. Homa
Bay
(Scartters)
Heavy Algal blooms
10,732.86
Water Hyacinth
2,896.92
4. Kendu Bay
Vossia & Papyrus
244.62
13th
Sept.
5. Nyakach Bay
2020
6. Mid-Gulf
Heavy Algal Blooms 2,500.65
Water hyacinth
5,443.89
5. Kisumu Bay
Heavy algal blooms 8,721.09
6. Osodo Bay
7. Kendu Bay
Papyrus & Hippo
th
15 Oct.2020
8. Asembo Bay
grass
2,155.23
Water hyacinth
6,115.26
4. Osodo Bay
Vossia & Pappyrus
4,948.42
5. Nyakach Bay
th
8 Nov. 2020
6. Kisumu Bay
Heavy Algal blooms 21,011.22
6. Kendu Bay
Water Hyacinth
5,881.68
7. Nyakach Bay
Vossia & Papyrus
189.36
8. Mid-Gulf
9. Asembo Bay
15th
Dec.
10.
Homa
2020
Bay
Heavy Algal Blooms 7,485.21

Monthly imagery of Water hyacinth and other floating Macrophytes
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Landast8 15th October. 2020. Water hyacinth and other macrophytes, in Kisumu, Osodo, Kendu &
Asembo Bays, within Nyanza Gulf. (Water hyacinth = 5,443.39 ha; Heavy algal blooms = 8,721.09 ha;
Papyrus & Hippo grass = 2, 155.23 ha.)

Sentinel2A 8th Nov 2020. Water hyacinth and other macrophytes, in Kisumu, Osodo, & Nyakach Bays,
within Nyanza Gulf. (Water hyacinth = 6, 115.29 ha; Heavy algal blooms = 21, 011.22 ha; Vossia &
Papyrus = 4, 948.12 ha.)
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Landsat8 December 2020. Water hyacinth and other macrophytes, in Kisumu, Nyakach, Kendu, Homa
Bay & Asembo Bays, as well as Mid-Gulf, all within Nyanza Gulf. (Water hyacinth = 5,881.68 ha; Vossia
& Papyrus = 189.36 ha; Heavy algal blooms = 7, 485.21 ha.)

Conclusions and recommendations
 Our data has shown that water hyacinth in Nyanza gulf (Lake Victoria) follow a
cyclical pattern of emergence, growth, disappearance, and reappearance within a
year. This study monitors the dynamics of water hyacinth and other floating
macrophytes in Lake Victoria and maps their occurrence for improved
surveillance to inform resource users.


The first half-year recorded reduced water hyacinth coverage probably due to
stormy weather which might have increased lake-water currents. Water hyacinth
prefers almost still-water for existence. However, the second half beginning
January to June recorded a steady increase which hypothetically can be linked
to the increased precipitation during that period, with attendant nutrient influx.
These levels, however are still much lower than the usually recorded invasion
peaks.



This can be associated with one main factor: the improving catchment practices
and manual removal in various sections of the lake.



Improved use of Lake Victoria through navigation, Kisumu Port revival, among
others, could likely favour active use of the lake that may further destabilize the
increased hyacinth coverage.



These satellite generated spatio-temporal data have been validated using field
ground truthing data which demonstrated a close match between estimates by
satellite imagery and manual estimation.
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Dissemination 1
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Letter to Director General
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Annex 7.0 Factsheet

Fact sheet no: KMF/GoK/2020-21/C20

Title: Bi-nnual monitoring and mapping of water hyacinth and other
floating macrophytes in Lake Victoria for improved lake surveillance
to inform resource users
End-Year Reporting: Date: Jan. - June 2021.
Prepared by : Joseph Nyaundi, Christopher M. Aura, Chrisphine Nyamweya, Collins
Ongore, John Ouko
KMFRI, Kisumu.
Email : kmfrikisumucentre@yahoo.com
Tel. : +254770567443

Introduction
Water hyacinth (Eichhornia crassipes) invasive aquatic macrophyte in Lake Victoria
exhibits periodic cyclical patterns of disappearance and proliferation within the Nyanza
Gulf with a myriad of negative impacts. The concerns about these impacts 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.
Kenya Marine and Fisheries Research Institute (KMFRI) has been employing a
combination of remote sensing and Geographical Information System (GIS) techniques
for spatio-temporal mapping of water hyacinth in the lake. Assessment of the weevil
(biological control) impact has been integrated with the periodic ground truthing
activities.
During the period 2018-2019, KMFRI undertook quarterly reporting on the
monthly status of water hyacinth and other macrophytes in Lake Victoria to inform
lake users. However, due to the effect of cloud cover in certain months of every quarter,
the satellite imagery appeared blurred which led to redundancy in reporting of the
coverage. During the period 2019-2020, KMFRI is undertaking bi-annual monitoring
and mapping of water hyacinth and other floating macrophytes in Lake Victoria for
improved lake surveillance to inform resource users.
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Findings
The tabulated and visual findings for January 2021 – June 2021 (Second half-year) were
mainly satellite extracted.
2. Monthly Water hyacinth and other floating Macrophytes coverage trends
Date

Sites

Types

Coverage (ha)

Jan 2021

Feb. 2021

March 2021

April 2021

May 2021

July. 2021

Conclusions and recommendations
 Our data has shown that water hyacinth in Nyanza gulf (Lake Victoria) follow a
cyclical pattern of emergence, growth, disappearance, and reappearance within a
year. This study monitors the dynamics of water hyacinth and other floating
macrophytes in Lake Victoria and maps their occurrence for improved
surveillance to inform resource users.


The first half-year recorded reduced water hyacinth coverage probably due to
stormy weather which might have increased lake-water currents. Water hyacinth
prefers almost still-water for existence. However, the second half beginning
January to June recorded a steady increase which hypothetically can be linked
to the increased precipitation during that period, with attendant nutrient influx.
These levels, however are still much lower than the usually recorded invasion
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peaks.


This can be associated with one main factor: the improving catchment practices
and manual removal in various sections of the lake.



Improved use of Lake Victoria through navigation, Kisumu Port revival, among
others, could likely favour active use of the lake that may further destabilize the
increased hyacinth coverage.



These satellite generated spatio-temporal data have been validated using field
ground truthing data which demonstrated a close match between estimates by
satellite imagery and manual estimation.

44

Dissemination 2

45

