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Abstract
This study sought to examine the effects of spreading patterns of water hyacinth on zooplankton populations of Lake
Naivasha, Kenya. Water hyacinth (Eichhornia crassipes) was introduced into Lake Naivasha basin in 1986 and its
presence continues to affect zooplankton population. For species diversity, Shannon-Weiner Diversity Index (H’) and
Simpson Diversity Index (D) were applied to the habitats of the 10 sampling sites for the sampling dates (between
October 2003 and November 2004). The Simpson Diversity Index (D) of zooplankton was found to be significantly
lower (P< 0.005) under water hyacinth mats (D=0.50) than in water hyacinth-free zones (D=0.79). The study
appears to suggest that water hyacinth has significantly reduced the abundance and diversity of zooplankton in the
lake. It is therefore recommended that critical intervention strategies be undertaken to control further spread of
water hyacinth in the lake so as to prevent both ecological and economic losses as a result of biodiversity loss.
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1. Introduction
The negative consequences of the activities of man on the biological conditions in fresh water ecosystems are
becoming more and more pronounced. Introductions of alien plants and animals into the lentic hydrosystems
are common occurrences in Kenya and also in many parts of the world. In many cases, this has led to the
disappearance of indigenous vegetation and uncontrollable growth of the introduced plant species. In Africa,
proliferation of aquatic weeds has been enhanced by increased enrichment of water bodies by nutrient
runoffs from human and agricultural wastes. The physical presence of the weeds hinders human activities
such as boating and fishing and interferes with the ecological functioning of the water ecosystems. The most
severe problems are caused by free-floating plant species that form moving, impenetrable mats. The most
deleterious of the free floating plant species and which is also listed among the ten most notorious weeds in
the world is the water hyacinth (Eichhornia crassipes Solms-Laubach (Pontederiaceae) (Pieterse, 1990). This
weed is commonly known as the “queen flower’’ because of its attractive rosette leaves and beautiful pale
violet flowers. The plant has continued attracting the attention of aquarists world-wide because of its
ornamental value. The weed has, however, caused considerable damage to lakes and rivers around the world.
It clogs waterways and impedes navigation, presents a safety hazard to boating and water-skiing, and leads
to full damage when boats collide with obstructions hidden under water hyacinth (Little, 1969; OgutuOhwayo et al., 1996; Gonzalez, 2004). Water hyacinth still remains the world’s most problematic waterweed
despite various widespread approaches to control it (Hill et al., 1999; Heard and Winterton, 2000).
Water hyacinth occurs in habitats of widely differing water depth and nutrient levels (Gopal, 1987). In
permanent lakes and reservoirs the plants are subjected to large water level fluctuation and wave action. In
riverine habitats, seasonal variations in the flow velocities are crucial in explaining changes in the mass of
water hyacinth for given points of time.
According to Adams et al., (2002) water hyacinth became common in Lake Naivasha in 1990. By 1992 the
water hyacinth had established itself tremendously becoming the most dominant floating plant species in the
lake. This was the period when ،Kariba weed’ the aquatic fern, Salvinia molesta had declined rapidly in
response to the introduction of a biogent, Salvinia weevil, Cyrtobagus salviniae. Due to its elaborate root
system and above water architecture, the water hyacinth, fully out competed Salvinia molesta in Lake
Naivasha by the late 1990s (Adams et al., 2002). Currently, water hyacinth is found at varying locations in the
lake with the smallest plants found in exposed floating mats while the large plants are associated with
sheltered areas close to papyrus fringes. Most of the weed is found concentrated along the western shore and
to the north of the lake around the mouth of River Malewa. It is also common to find it rooted in shallow
water and the exposed muddy beaches of the lake.
Zooplanktons are known to constitute a major component of food chain in aquatic ecosystems as they
play an important role in channeling primary production into fish production (Dejen et al., 2004). There is
therefore an urgent need to carry out zooplankton studies in order to establish the role they play in water
ecosystems (Aoyagui, 2003).
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Several studies have confirmed that zooplankton distribution is dependent on many factors such as
turbulence, light, temperature chlorophyll-a and food availability (Mironga et al., 2011, Kiorboe and Saiz,
1995). This implies that reduced phytoplankton productivity can lead to a decrease in zooplankton
abundance (Richards et al., 1985; Maceina et al., 1992). According to Arora and Mehra (2003) the complex
structure of water hyacinth can provide more microhabitats for epiphytic zooplankton thus greater food
availability and refuge from predators.
This paper examines the effects of spreading patterns of water hyacinth on zooplankton populations of
Lake Naivasha, Kenya. The study was conducted during two sampling seasons: dry and wet seasons with the
objective to determine whether the density, taxonomic richness, and assemblage composition of
zooplanktons in the lake water varied between the open water and the water infested with water hyacinth
mats.

2. Materials and methods
Sampling sites were selected to facilitate comparison between the two environments namely one under the
cover of stationary or floating fringes of water hyacinth and open water (water hyacinth free zone). At each
of the two sites (open water and water hyacinth covered water), sampling was at 10 m intervals along two
parallel transects set at roughly right angles to the shoreline, approximately 5 m apart. Triplicate samples of
water hyacinth were collected at each sampling site.

2.1. Sampling and Zooplanktons’ sample processing
A square quadrant of 0.25 m2 was laid over the floating water hyacinth mats. A large, strong nylon net (0.04
mm pore size) mounted on a rectangular metal frame connected to a long handle was placed carefully
underneath the floating mats and the rhizomatous root mass was cut at the water surface around the edges
of the quadrant using a pair of shears. The cut block of water hyacinth plants with the intact root mass was
lifted carefully out of the water with the help of the net, which trapped any Zooplankton dislodged by the
operation. The 0.25 m2 blocks of water hyacinth were collected in triplicates and placed in separate
polythene bags for sorting in the laboratory. For the open water, sampling was done using dip-net method. A
D-shaped dip-net with a 0.04 mm pore size mesh was used to collect benthic macro-fauna. Dip-net hauls
were taken for one minute.
The bulk of the Zooplankton in the samples were dislodged from the root masses by washing the material
with tap water through sieves of 0.2 mm and 0.04 mm. The water hyacinth root material was then flushed
with 95% alcohol to excite and dislodge any remaining organisms. Larger Zooplankton were picked up with
forceps and preserved in formalin in vials. Sediments were washed with tap water through sieves. The fine
sediment residues containing the smaller organisms were spread into large white plastic trays where drops
of 95% ethanol were added. They were then removed with forceps for preservation. The contents of the vials
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were flushed with tap water through a 0.04 mm sieve to wash off the preservative before sorting into
taxonomic groups and enumeration.

2.2. Statistical analysis
With the limited resources for identification of Zooplankton, identifications were considered at the family
level (1, 30). To determine the diversity and abundance of Zooplankton, the Shannon–Weaver Diversity
Index (H') was applied on the families using the following formulae:
 Shannon’s Index

H' = ―∑i pi Inpi
where, pi is the proportion of all the Zooplankton which belongs to the ith species

2.3. Study site

Figure 1. Lake Naivasha
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Lake Naivasha hydro-system is about 80 km North West of Nairobi City between 0° 08' to 0° 55' S and 36°
00' to 36° 45' E. Most of the Rift Valley lakes such as lakes’ Nakuru, Elementaita among others are alkaline
except for lake Naivasha which has no known surface outlet and is therefore assumed to be discharging
underground (Gaudet and Melack, 1981) with seepage maintaining the movement of fresh water brought
into the lake by the Gilgil and Malewa rivers.
The Lake consists of the Main Lake, a small separated lake, Lake Oloidien and a smaller crater lake, Lake
Sonachi. The total catchment of the lake is approximately 3200 km² (Rupasingha, 2002). The Main Lake
water surface area is approximately 120-150 km2 plus 12 - 18 km2 of swamp. Donia (1998) reported that the
lake has a mean depth of 4.7 m, with the deepest part at the Oloidien Bay (9 m) and around Crescent Island
(17 m). In 1997 the mean depth of the lake was calculated at 3.8 m (Donia, 1998). Rupasingha (2002) did a
bathymetric survey during October 2001 and the result of calculated mean depth was 3.41 m at the lake level
of 1886.38 masl.
According to Harper (1992) the ecology of the lake has been changing mainly due to presence of alien
invasive floating aquatic weed species such as S. molesta, E. crassipes and to a limited extent, P. stratiotes
among other factors. This according to Gaudet (1977) has eventually influenced the plant succession in the
lake.

3. Results
3.1. History and spread of water hyacinth on Lake Naivasha
Information available from Kenya Agricultural Research Institute (KARI), the Fisheries Department and
Kenya Marine and Fisheries Research Institute (KMFRI), show that a few rafts of water hyacinth were
present in Lake Naivasha in mid-1986. These were trapped among Salvinia molesta at the mouth of River
Malewa. By 1989 the water hyacinth had progressively spread along the western shore from Malewa to
Elsamere Bay (Figure 2) but none was present in Lake Oloidien, which has a higher alkalinity (Njuguna,
1992). During this time it was associated with Salvinia molesta rafts or grew on the lake’s edge (Plate 1).
According to Adams et al., (2002) water hyacinth became common in Lake Naivasha in 1990. By 1992 the
water hyacinth had established itself tremendously becoming the most dominant floating plant species in the
lake. This was the period when ،Kariba weed’ the aquatic fern, Salvinia molesta had declined rapidly in
response to the introduction of a biogent, Salvinia weevil, Cyrtobagus salviniae. Due to its elaborate root
system and above water architecture, the water hyacinth, fully out competed Salvinia molesta in Lake
Naivasha by the late 1990s (Adams et al., 2002).
Currently, water hyacinth is found at varying locations in the lake with the smallest plants found in
exposed floating mats while the large plants are associated with sheltered areas close to papyrus fringes
(Plates 2 and 3). Most of the weed is found concentrated along the western shore and to the north of the lake
around the mouth of River Malewa. It is also common to find it rooted in shallow water and the exposed
muddy beaches of the lake.
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Figure 2. March 1986 Landsat TM Band 4 image of the Lake Naivasha basin. Arrow
shows the extent of the fringe of water hyacinth (Eichhornia crassipes)

Papyrus

Water hyacinth

Plate 1: A fringe of water hyacinth (Eichhornia crassipes) at the lake-papyrus interface.
The photograph was taken in early April 1986 from the lake shore indicating the site
shown by the arrow in Figure 2. Photograph courtesy of LNRA
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By distribution classes, the water hyacinth is of two groups at the lake; resident and mobile mats. Resident
water hyacinth occur in sheltered shallow bays and inlets with muddy bottoms where it forms shoreline
strips of 5 to 15m wide, extending to 30m or more in sheltered inlets at the mouth of River Malewa. Mobile
water hyacinth exists in a variety of mat sizes, from solitary plants to huge concentrations (Plate 4) tossed
about by the waves created by diurnal and seasonal winds. These mats are lodged or dismantled from
anywhere along the shoreline by the wind. Mobile water hyacinths are the most extensive proportion of all.

Plate 2. Water hyacinth in association with papyrus vegetation in Lake Naivasha

Plate 3. Water hyacinth in sheltered sections of Lake Naivasha
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Plate 4. Wind blown water hyacinth in Lake Naivasha

3.2. Status and distribution of water hyacinth in Lake Naivasha
Surveys of the distribution and abundance of water hyacinth in Lake Naivasha was carried out between
October 2003 and November 2004. The map showing the current distribution of water hyacinth on Lake
Naivasha (Figure 3) was drawn based on information derived from analysis of historical information,
satellite imageries and field surveys. The area of the lake covered by water hyacinth ranged from 0.469 
0.019 km2 (0.30% of the lake area) during the dry season to about 0.647  0.029 km2 (0.40% of the lake area)
during the rainy season. The surface area of water hyacinth on the lake was computed from the classification
result using ILWIS (Integrated Land and Water Information System). Water hyacinth was present on the lake
and around the shore in shallow water, in varying densities (34.3  5.35 and 33.0  6.21 plants per m2). The
northern shore, from Marula to Loldia Farm, including the mouths of both Malewa and Gilgil Rivers had the
largest cover of water hyacinth. At the time of this study water hyacinth mostly occurred in mud flats or in
very shallow water and was in most cases rooted into the mud (water level had risen by 1m by mid April
2004). It formed a fringe against the papyrus belt, on the lake-ward side the water hyacinth was the most
prominent plant taking about 70% of cover where it occurred.
Along the shore from Loldia Farm to Kibokoni, there was water hyacinth in a fairly constant width of 5 30m and covering approximately 75 - 80 % of the shoreline. The water hyacinth seemed to prefer the
sheltered papyrus bays. The other sections with water hyacinth growth were the shoreline between
Fisherman’s Camp and Sanctuary Farm/Crescent Island boundary, and from the central fish landing channel
towards Malewa. The width of the weed here varied between 3m and 20m wide and also seemed to take
advantage of water abstraction channels (Plate 5).
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Figure 3. Distribution of water hyacinth in Lake Naivasha, October, 2004

The shoreline in Kibokoni area to Hippo Point (rocky shore, hardly any papyrus) and between Kamere
fish landing beach and Fisherman’s Camp, and between Burch’s marina area and Kihoto showed no presence
of water hyacinth. In most cases, there was plenty of dry water hyacinth on the dry ground, indicating that it
had been left by the receding lake. This was generally drying out, but stakeholders indicated that with the
rains the plants were likely to re-grow particularly if the exposed areas were re-flooded.

3.3. Effects of spreading of water hyacinth infestation on the zooplankton population of Lake
Naivasha
The effects of water hyacinth infestation on the distribution, abundance and species composition of
zooplankton in Lake Naivasha were investigated. From the ten sampling sites from each of the two sites a
total of 20 samples were obtained. Sorting and identification of organisms to the lowest possible level were
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done using the taxonomic keys proposed by (Jeje and Fernando, 1986). A total of 15 species of zooplankton
were identified in the study (Table 1). The total number of species and individuals present at the water
hyacinth infested areas and within the open water were 9 and 15 respectively (Table 2). Analysis of Variance
(one way ANOVA) showed that the number of species at water hyacinth infested area was significantly
different (p<0.05) than the shoreline without water hyacinth area. Rotifers were found to be dominant
zooplankton group in both water bodies accounting for 63.1% in the water hyacinth infested waters and
42.1% in the open waters. Cladocerans at 15.9% and 28.8% were the next common group of zooplanktons in
each of the water bodies respectively; the least was Copepoda at 21.1% and 29%, respectively.
Table 1. Presence of zooplankton species in water hyacinth infested areas and along shoreline without water
hyacinth infestation in Lake Naivasha

Taxa

Species

Ceriodaphania sp.
Chydorus sp.
Diaphanosoma sp.
Cladocera
Leydiga sp.
Moina sp.
Pleuroxus sp.
Cycloid sp.
Copepoda Copepodo sp.
Calanoid sp.
Asplanchna sp.
Trichocera sp.
Filinia sp.
Rotifera
Polyarthra sp.
Brachionus sp.
Lecane sp.

Water hyacinth
infested area

Shoreline without water hyacinth
infestation

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Key: + Present, - Absent

The following cladocerans families were found to be present: Moinidae (Moina sp.), Daphnidae
(Ceriodaphnia sp.) and Chyroridae (Pleuroxus sp.) which was missing in the water hyacinth infested areas of
the lake (Chydorus sp. and Leydigia sp. were also not represented in the water hyacinth infested areas).
Cladocerans had a density of 14 org L -1 in the water hyacinth infested areas compared to shoreline without
water hyacinths infestation 60 org L-1.
Six families of Rotiferans were found to be present; Asplanchidae (Asplanchna sp.) Trichocerchidae,
Synchaetidae and Brachionnidae comprised of a genus and were represented by Trichocerca sp., Polyarthra
sp. and Brachionus sp., respectively. This genus was absent in the water hyacinth infested areas of Lake
Naivasha. Filinidae and lecanidae were represented by Filinia sp. and Lecane sp., respectively. In the water
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hyacinth infested area Rotiferans were 54 org L -1 while shoreline without water hyacinth infestation had 90
org L-1 (Table 2).
Table 2. Percentage composition and abundance of zooplankton in water hyacinth infested areas and along
shoreline without water hyacinth infestation in Lake Naivasha

Taxa

Cladocerans

Copepoda

Rotifera

Zooplankton
Species
Ceriodaphania sp.
Chydorus sp.
Diaphanosoma sp.
Leydiga sp.
Moina sp.
Pleuroxus sp.
Calanoid sp.
Copepodo sp.
Cycloid sp.
Asplanchna sp.
Brachionus sp.
Filinia sp.
Lecane sp.
Polyarthra sp.
Trichocera sp.

Water hyacinth
Frequency

%

3
3
0
0
10
0
0
7
0
3
0
4
50
0
51

3.2
3.2
0.0
0.0
10
0.0
0.0
7.2
0.0
3.2
0.0
4.2
53.0
0.0
50.7

Shoreline without water
hyacinth infestation
Frequency
%
8
8
4
4
35
4
4
4
4
2
6
4
76
4
77

3.0
3.6
1.3
1.3
18
1.6
1.7
2.2
1.8
1.0
1.7
1.8
32.7
1.8
32.2

Copepodans comprised of one family: Cyclopidae which was made up of three species namely Cycloid
copepods, Copedite and Calanoid copepods. Copepods in water hyacinth area accounted for 21 org L -1 while in
the shoreline without water hyacinth infestation it accounted for 63 org L-1 (Table 2).
Species richness was calculated according to Margalef’s Richness Index (D=(S-1)/log (N), where S is the
number of taxa and N is the number of individuals, and was found to be significantly lower (D=1.53) under
water hyacinth mats at 5% level. The Shannon-Weiner Diversity Index was calculated according to the
equation H' = ―∑i pi Inpi, where ‘p’ is the proportion of the sample belonging to the taxon ‘i’. The index was
significantly lower (p<0.05) in the water hyacinth infested areas (H' = 0.65) when compared to shoreline
without water hyacinth (H' = 0.84). The total number of individual species of zooplankton caught in water
hyacinth infested (8 species) area was also significantly lower (p<0.05) in water hyacinth infested area when
compared to shoreline without water hyacinth (15 species).
The results indicate that abundance of zooplankton were lower in water hyacinth infested area when
compared to shoreline without water hyacinth in Lake Naivasha during the study period. The reason could
be due to the formation of the dense mats of water hyacinth on the water surface, thus a reduction of
dissolved oxygen content of the infested area. The implication of this is that water hyacinth infestation did
not support zooplankton abundance and diversity in the lake.
ISDS www.isdsnet.com
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4. Discussion
It was established from the interviewees and existing documentary evidence that water hyacinth invaded
Lake Naivasha in 1986 and that by 1992 water hyacinth had established itself tremendously, becoming the
most dominant floating species in the lake. This was also the time when Salvinia molesta had declined rapidly
in response to the introduction of a bioagent, Salvinia weevil, Cyrtobagus salviniae. However, the water
hyacinth out-competed Salvinia molesta in Lake Naivasha in the late 1990s (Adams et al. 2002), probably due
to its elaborate root system. Research on the lake (Kitaka, 2000; Adams et al., 2002; Mireri, 2005) observed
significant increases in the nutrient concentrations and this is likely to have accelerated water hyacinth
infestation on the lake. Onywere (1997) observed that the depletion of the forests on the Kinangop, Mau and
Eburru escarpments were the main cause of such increased nutrient loads to the lake. Twongo (1993) made
similar observations in Lake Victoria as water hyacinth out-competed other water plants. In contrast, Mitsch
(1975) noted that in water bodies with low nutrient levels the probability of the water hyacinth growth being
out-competed by other aquatic species exists.
Surveys aimed to establish the distribution and abundance of water hyacinth in Lake Naivasha were
carried out between January and April 2005. It was established that water hyacinth was present around the
lake and around the shore in shallow water, in varying densities (34.3  5.35 and 33.0  6.21 plants per m2).
The northern shore, from Marula to Loldia Farm, incorporating the mouths of both Malewa and Gilgil Rivers
had the largest cover of water hyacinth (taking 70% of the total cover of water hyacinth in the lake). This
could be explained by the fact that these rivers transport suspended sediments from upstream during flood
events and therefore bring nutrients that favour the proliferation of water hyacinth at these points. Similar
observations were made by Hubble and Harper (2002) that Lake Naivasha showed a seasonal shift between
diatom and cyanobacterial dominance, which are indicators of high nutrient levels on the lake surface and at
the shores; this explained the observed proliferation of water hyacinth in this study. In Lake Victoria, Twongo
(1993) identified sheltered mouths of rivers and streams flowing into lake, and sheltered bays especially
Murchison, Entebbe and Macdonald Bays as those sections that contained large expanses of the water
hyacinth and established that these bays served as major recipients of industrial and municipal effluents.
Along the Lake Naivasha shore from Loldia Farm to Kibokoni, there was water hyacinth in a fairly
constant width of 5 - 30m and covering approximately 75 - 80 % of the shoreline. The other sections with
significant water hyacinth growth were the shoreline between Fisherman’s Camp and Sanctuary
Farm/Crescent Island boundary, and from the central fish landing channel towards Malewa. The convoluted
formation of Lake Naivasha’s shores on these sections enabled the water hyacinth to easily establish itself as
these provided shelters for growth with minimal interruption from strong winds and thus the observed
constant width coverage. This is comparable to the study findings of Willoughby et al., (1993) that concluded
that the shores of Lake Victoria in Uganda were the most severely infested with water hyacinth due to the
large numbers of shallow, sheltered, and mostly papyrus-fringed bays and inlets.
Although water hyacinth had colonized 32% of Lake Naivasha shoreline during the study period, the rate
of its growth was slow, for instance, water hyacinth plant with 450cm 2 basal area was observed to grow into
a coverage equal to 1.0827m2 after 40 days compared with its invasion and persistence in other water bodies
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like Lake Victoria where Twongo (1993) estimated its intrinsic rate of growth to be in the range of 0.04 to
0.08m2 per day. Another important feature of water hyacinth in Lake Naivasha was that individual plant
biomass was generally low and that the plant did not colonize the open lake in large mats. High exposure to
winds and relatively low water temperature (21 0C) constrained its spreading in the lake. Water hyacinth is at
its most productive at water temperatures of around 280C (Bock, 1969). The annual mean water temperature
in Lake Naivasha (at an altitude of 1890 m) is around 210C (Muthuri et al., 1989) and is thus rather low for
rapid growth of water hyacinth. A genetic basis for differences between productivity of particular clones of
water hyacinth may also exist (Gerber et al., 2009). The observed slow growth rates of water hyacinth in
Lake Naivasha indicate that control measures are likely to succeed within a short period of time.
This study further shows that the presence of water hyacinth mats has a detrimental effect on both the
abundance and diversity of benthic invertebrates in Lake Naivasha. The decrease in biodiversity affects the
ability of the ecosystem to function normally. Reduced diversity in an ecosystem also makes it vulnerable to
disturbance as the average number of interspecific interactions is decreased (Hurlbert, 1971; Fullick, 2002).
Although Pfisterer and Schmid (2002) argue that decreased diversity does not decrease stability, the
extremely low abundance of macrobenthos under water hyacinth mats and the fact that more than half the
samples from under water hyacinth mats had no interspecific interactions (number of taxa < 2), can only
result in decreased stability (Hurlbert, 1971). Six taxa collected from under water hyacinth mats had such
low abundances (U=796.5, P<0.001), that they would have influenced the ecosystem functioning significantly.
While the minimum number of individuals needed for a species to be ecologically significant is in most cases
unknown, a 243-fold decrease in the mean abundance of the major detritivore, the Chironomidae, below
water hyacinth mats will influence the system dramatically. This reduction is also unexpected, for two
reasons: firstly, Chironomidae are known to survive anoxic conditions, which are typical of water hyacinth
infested systems; and, secondly, water hyacinth mats produce large quantities of detritus. For these reasons,
a reduction in detritivores was not expected.
This study concurs with the assertion by Luken and Thieret (1997) that despite the onslaught of nonindigenous species worldwide, it is often difficult to determine what the congruent ecological effects are of
such invasions. Oftentimes, sufficient monitoring is not available to document changes caused by a specific
invading organism. Water hyacinth was characterized by distinctly different invertebrates. Therefore,
presence of water hyacinth in Lake Naivasha is associated with minor to major shifts in invertebrate
assemblages depending on the site. Such community level effects are typical of habitat-altering invaders like
the case of water hyacinth (Bertness, 1984) which is not only widely abundant, but also provides structurally
complex substrate to other organisms in both the aquatic and terrestrial zones of Lake Naivasha.

5. Conclusions
From this study we conclude that
 1) the presence of water hyacinth in Lake Naivasha affected invertebrate distribution and habitat use;
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 2) the presence of water hyacinth generally increased density of dominant invertebrates, with the
exception of rotifers;
 3) water hyacinth may have affected invertebrates in open water as well as those directly associated with
the plant;
 4) the density and size of water hyacinth mats appear to have played an important role in determining
invertebrate density, diversity, and assemblage composition, but additional sampling during times of
high water hyacinth cover is needed to validate this claim.
In general, the differences detected in density and species richness were during wet season when water
hyacinth density was still relatively high. During the wet and dry seasons, the physical differences among
habitat types were clearly defined. As the percent cover decreased, mat size decreased and patches were
interspersed with greater open water areas. The fragmentation and decreased size of mats likely contributed
the study’s results, but these factors were not explicitly measured. Furthermore, water hyacinth mats were
extremely mobile. Patches of water hyacinth often joined shoreline mats, making it difficult to decipher
among habitat types. In this study we assumed an immediate invertebrate response to the presence of water
hyacinth but expect the persistence of water hyacinth at a given site may have contributed to invertebrate
density and assemblage composition. We used seasonal water hyacinth means to try to account for the effect
of water hyacinth persistence. Future studies should try to explicitly incorporate site-level water hyacinth
persistence as a potential factor influencing invertebrate assemblages by sampling each site more than once
a season.
This study is relevant on a worldwide scale, particularly in aquatic systems outside of water hyacinth’s
native range where the plant poses a threat. Water hyacinth never covered the entire surface of Lake
Naivasha like it has in smaller waterbodies worldwide (Navarro and Phiri, 2000; Mangas-Ramirez and EliasGutierrez, 2004); therefore, the results of this study are most applicable to similar systems that experience
moderate coverage.

Acknowledgements
The work was supported by Egerton University, Division of Research and Extension Internal Research Funds.
The authors are also grateful to the Government of Kenya for the permission to carry out this work.

References
Adams, C.S. Boar, R.R., Hubble D.S., Gikungu, M. Harper, D.M. Hickley H. and Tarras-Wahlberg, N. (2002), “The
dynamics and ecology of exotic tropical species in floating plant mats: Lake Naivasha, Kenya”, Hydrobiologia,
Vol. 488 No. 168, pp. 115-122.
Aoyagui, G.A. (2003), “The Phytoplankton of Awba Reservoir, Nigeria”, Rev. Biol. Trop., Vol. 51, pp. 99-106.

1984

ISDS www.isdsnet.com

International Journal of Development and Sustainability

Vol.3 No.10 (2014): 1971-1987

Arora, J. and Mehra, N. K. (2003), “Species diversity of planktonic and epiphytic rotifers in the backwaters of
the Delhi segment of the Yamuna River, with remarks on new records from India”, Zoological Studies, Vol. 42,
pp. 239-247.
Bertness, M.D. (1984), Habitat and community modification by an introduced herbivorous snail, Ecology
Vol.65, pp370-381.
Bock, J.H. (1969), An ecological study of Eichhornia crassipes (Mart.) with special emphasis on its
reproductive biology. Ph.D, Univ. of California, Berkeley.
Dejen, E.J., Vijverberg, L. and Sibbling, F. (2004), “Temporal and spatial distribution of microcrustacean
zooplankton in relation to turbidity and other environmental factors in large tropical water (L. tana,
Ethiopia)”, Hydrobiologia, Vol. 513, pp. 39-39.
Donia, N.S. (1998), Integration of GIS and computer modelling to study the water quality of Lake Navaisha,
Central Rift Valley, Kenya. MSc thesis, International Institute of Aerospace Survey and Earth Sciences—ITC,
Enschede, The Netherlands: 116 pp.
FAO (1993), Water hyacinth control. Lake Victoria Environment Management Project
Report.

TCP/RAF/2371.

Fullick, A. (2002), “The spice of life”, New Scientist, Vol. 176, pp. 1–4.
Gaudet, J. and Melack, J.M. (1981), “Major ion chemistry in a tropical African lake basin”, Freshwater Biology,
Vol. 11, pp. 309-333.
Gaudet, J.J. (1977), “Natural drawdown on Lake Naivasha, Kenya and the formation of papyrus swamps”,
Aquatic Botany, Vol. 3, pp. 1-47.
Gerber, E., Cortat, G., Hinz, H.L., Blossey, B., Katovich, E. and Skinner, L. (2009), Biology and host specificity of
Ceutorhynchus scrobicollis (Curculionidae; Coleoptera), a root -crown mining weevil proposed as biological
control agent against Alliaria petiolatain North America, Biocontrol Science and Technology, Vol.19, No. 2, pp.
117-138.
Gonzalez, S. (2004), “The effect of water hyacinth, Eichhornia crassipes, infestation on phytoplankton
productivity in Lake Atawapaskat, East Africa”, Journal of Atawapaskat Research, Vol. 2, pp. 7-11.
Gopal, B. (1987), Water Hyacinth. Elsevier, Amsterdam. p146.
Guzman-Arroyo, M. and La Pesca, L. (1995), Naivasha: Hacia su ordenamiento y explotacion racional.
Universidad de Guadalajara, Guadalajara, MX.
Harper, D. (1992), “The ecological relationships of aquatic plants at Lake Naivasha, Kenya”, Hydrobiologia
Vol. 232, pp. 65–71.
Heard, T.A. and Winterton, L. (2000), “Interactions between nutrient status and weevil herbivory in the
biological control of water hyacinth”, Journal of Applied Ecology, Vol. 37, pp. 117-127.
Hill, M.P., Center, T.D., Stanley, J.N., Cordo, H.A., Coetzee, J. and Byrne, M. (1999), The performance of the
water hyacinth mirid, Eccritotarsus catarinensis, on water hyacinth and pickerelweed: a comparison of
laboratory and field results, pp. 357-366. In Spencer, N. R. (Ed.). Proceedings of the Xth International
ISDS www.isdsnet.com

1985

International Journal of Development and Sustainability

Vol.3 No.10 (2014): 1971-1987

Symposium on the Biological Control of Weeds, Bozeman, Montana, USA, July 4-9, 1999. Montana State
University, Bozeman, Montana.
Hubble, S. and Harper, D.M. (2002), Phytoplankton community structure and succession in the water column
of a shallow tropical lake (Lake Naivasha, Kenya). Hydrobiologia 488 (Developments in Hydrobiology 168):
Hubble and Harper, 2002b Bottom-up” productivity controls in Lake Naivasha phytoplankton. Hydrobiologia
488 (Developments in Hydrobiology 168): International Lake Holm, L.G. 1969. The world’s worst weeds.
Proc. 2nd Asian-pacific Weed Control Interchange, 1-14.
Hurlbert, S.H. (1971), “The nonconcept of species diversity: a critique and alternative parameters”, Ecology
Vol. 52, pp. 577-586.
Jeje, Y. and Fernando, C.H. (1986), A practical guide to the identification of zooplankton, Kainji Lake Research
Institute, 142 pp.
Kiorboe, T. and Saiz, E. (1995), “Planktivorous feeding in calm and turbulent environments, with emphasis on
copepods”, Marine Ecology-Progress Series, Vol. 122 No. 1995, pp.135-145.
Kitaka, N. (2000), Phosphorus supply to a shallow tropical lake and its consequences Lake Naivasha, Kenya.
PhD, University of Leicester.
Lampert, W. (1977), Studies on the carbon balance of Daphnia pulex as related to environmental conditions.
Arch. Hydrobiol. Suppl. Vol.48, pp287-309.
Lewin, W.C., Okun, N. and Mehner, T. (2004), “Determinants of the distribution of juvenile fish in the littoral
area of a shallow lake”, Freshwater Biology, Vol. 49, pp. 410-424.
Little, E.C.S. (1969), “The floating islands of Rawa Pening” Pesticide News Summary, Vol. 15, pp. 146-153.
LNROA (Lake Naivasha Riparian Association) (1996), Lake Naivasha Management Plan. Lake Naivasha
Riparian Association, Naivasha, Kenya. 22 pp.
Luken, J.O. and Thieret, J.W. (1997), Assessment and management of plant invasions. Springer, NewYork, USA.
Maceina, M.J., Cichra, M. Betsill, R. and Bettoli, P. (1992), “Limnological changes in a large reservoir following
vegetation removal by grass carp”, Journal of Freshwater Ecology, Vol. 7, pp. 81-93.
Mangas-Ramirez, E. and Elias-Gutierrez, M. (2004), “Effect of mechanical removal of water hyacinth
(Eichhornia crassipes) on the water quality and biological communities in a Mexican reservoir”, Journal of
Aquatic Health and Management, Vol.7, pp161-168.
Mireri, E. (2005), DAAD Summer School. Topics of integrated watershed management. Siegen University, 8998.
Mironga J.M., Mathooko, J.M., Onywere, S.M. (2011), “The Effect of Water Hyacinth (Eichhornia Crassipes)
Infestation on Phytoplankton Productivity in Lake Naivasha and the Status of Control” Journal of
Environmental Science and Engineering, Vol. 5 No. 2, pp. 101-121.
Mitchell, D.S. (1985), Surface-floating aquatic macrophytes. Pages 109-124 In Denny, P. (eds), The Ecology
and Management of African Wetland Vegetation. Dr. W. Junk Publishers, Dordrecht.

1986

ISDS www.isdsnet.com

International Journal of Development and Sustainability

Vol.3 No.10 (2014): 1971-1987

Mitsch, W.J. (1975), “Ecosystem modeling of water hyacinth in Lake Alice Florida”, Ecological Modelling, Vol.
2, pp. 69-89.
Muthuri, F.M., Jones, M.B. and Imbamba, S.K. (1989), “Primary productivity of papyrus (Cyperus papyrus) in a
tropical swamp, Lake Naivasha, Kenya”, Biomass, Vol. 18, pp. 1-14.
Navarro, L. and Phiri, G. (2000), Water hyacinth in Africa and the Middle East. A survey of problems and
solutions. International Development Research Centre, Canada, 120 pp.
Njuguna, S. (1992), Studies on phytoplankton and nutrients in lakes of the Naivasha basin. PhD, Univ. of
Nairobi, Kenya.
Ogutu-Ohwayo, R., Hecky, R.E., Cohen, A.S. and Kaufman, L. (1996), “Human impacts on the African Great
Lakes”, Environmental Biology of Fishes, Vol. 50, pp. 117-131.
Onywere, S.M. (1997), Structural analysis of the drainage basin of Kenyan Rift Valley Lakes within the
Aberdare Detachment using satellite data, GIS and field observations. PhD., University of Nairobi, Nairobi,
Kenya, pp. 200.
Pfisterer, A.B. and Schmid, B. (2002), “Diversity-dependant production can decrease the stability of
ecosystem functioning”,Nature, Vol. 416, pp. 84–86.
Pieterse, A.H. (1990), Introduction of aquatic weeds, In: Aquatic A.H. Piertese and K.J. Murphy, editors. Aquatic
weeds. Oxford University Press, Cary, North Carolina.
Richards, D.I., Small, J and Osborne, J. (1985), “Response of zooplankton to the reduction and elimination of
submerged vegetation by grass carp and herbicides in four Florida lakes”, Hydrobiologia, Vol. 123, pp. 97-108.
Rupasingha, R.A.P. (2002), Use of Geographic Information Systems and Remote Sensing assessing lake
sedimentation processes, Masters’ Thesis. ITC: Enschede, the Netherlands.
Twongo, T. (1993), “Status of the water hyacinth in Uganda.” In: Greathead A and P de Groot (ed) control of
Africa’s water weeds. Series Number CSC (93) AGR-18 Proceedings 295.
Wetzel, R. (1993), Limnology, Sauders College Publishing, Orlando, Florida.
Willoughby, N. G., Watson, I., Lauer, S. and Grant, I. F. (1993), The effects of water hyacinth in the biodiversity
and abundance of fish and invertebrates in Lake Victoria, Uganda. Final Technical Report. NRI Project No.
10066 and A038, Natural Resources Institute, Overseas Development Administration. United Kingdom.

ISDS www.isdsnet.com

1987

