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Abstract

Presence (+) or absence (-) of planktonic species is the direct indication of differences in physicochemical 
characteristics of water because all living microorganisms appear, survive, develop and multiply in suitable specific 
habitats within an aquatic ecosystem. Planktonic species as indicators with relation to physicochemical parameters 
were studied to assess water quality of ten selected (S1-S10) sampling stations along Nyalenda swamp (S1), River 
Kisat (S2-S5) and part of Winam (Nyanza) Gulf (S6-S10) within Lake Victoria Catchment in Kisumu County, Kenya 
(East Africa). There are 14 genera (Amphora, Aulacoseira, Closterium, Cyclotella, Cymbella, Diatoma, Fragillaria, 
Gomphocymbella, Navicula, Nitzschia, Pinnularia, Stephomodiscus, Surillela and Synedra) composed of 28 
planktonic species. During the field study, Genera Nitzschia is represented by its five species but only four species N. 
lucastris; N. palea; N. recta and N. sub-acicularis together with other three genera and four species which are 
Cymbella cistula; Cymbella sp; Diatoma hiemiale; Navicula granatum are present with 100% frequency in all the ten 
sampling stations (S1-S10) and very well adapted within wide range of pH, dissolved oxygen, conductivity, turbidity, 
alkalinity, total nitrogen and phosphorus levels. Six species belong to five genera: Aulacoseira ambigua; Aulacoseira 
nyassensis; Cyclotella kutzinghiana; Diatoma elongatum; Navicula sp; and Surilella ovalis appeared with 80%
frequency. There are six genera: Amphora, Cyclotella, Cymbella, Fragillaria, Navicula and Synedra represented by 
two species each, while other five genera including Closterium, Gomphocymbella, Pinnularia, Stephomodiscus and 
Surillela are represented with one single species each. There are two species of genera Amphora but only one 
Amphora sp appeared with 70% frequency. Three planktonic species: Nitzschia dessipata, Synedra cunningtonii and 
Synedra ulna are with 60% frequency; three species: Amphora ovalis; Fragilaria aethiopica; and Stephomodiscus 
astraca appear with 50% frequency; two species: Aulacoseira schroidera and Cyclotella ocellata are with 30%
frequency; and three species: Closterium aciculare, Diatoma valgare and Pinnularia viridis appeared with 20%
frequency and lastly, other two remaining species: Fragillaria longissimi and Gomphocymbella beccari are present 
only in sampling station (S5) with 10% frequency. Each planktonic species is an indicator species of its own low or 
high levels of physicochemical parameters. Study revealed that mean monthly values of physicochemical levels of 
pH, dissolved oxygen, alkalinity and silicate show significant difference (p=0.001 ≤ 0.05) but electrical conductivity 
(381.25 µS/cm to 839.65 µS/cm), turbidity (32.37 NTU to 134.98 NTU), total nitrogen (388.56 µg/l to 908.88 µg/l), 
phosphorus (329.21 µg/l to 1246.38 µg/l) levels are higher than permissible standards of WHO, EU, KEBS and 
NEMA. Based on these results, these water bodies are polluted and not good source for drinking water. It is 
recommended that planktonic species should be used in the field as quick bio-indicator(s) to assess the water quality 
of any global aquatic ecosystem(s).

Keywords: Physicochemical parameters; Planktonic species;
Indicators; Water quality

Introduction
Mostly in East African countries, especially in Kenya, topography of

the land is uneven and human population mainly depends on surface
water for their requirements. Presence of planktonic species, their
growth, composition, distribution, densities and association depend on
qualitative and quantitative physicochemical parameters of the water
body, its volume, depth and flow rate within habitats; interactions
between biotic and abiotic components of the surrounding
environment; seasonal variations; types, frequency and quantities of
nutrients and sediments load; producers and consumers ratio within
the water of swamps/rivers/dams or lakes. Impacts of anthropogenic
activities due to human population explosion, rate of deforestation,

heavy industrialization, excessive use of agrochemicals, sediment load,
water runoff; flooding, decomposition of organic matter and discharge
of untreated industrial, municipal and household wastes are the main
causes of high pollution levels in water bodies within under-
developing countries of African and Asian continents. Normally, water
body supports all types of diverse microorganisms belong to
Prokaryotes and various forms of Eukaryotes but polluted water only
support specific species of microorganisms depending upon the quality
and quantity of contaminants.

All categories of hydrophytes play a significant role in an aquatic
ecosystem and their stratification (i) free floating, (ii) attached floating
(iii) submerged and (iv) emergent species depends on the interaction
of biological, physical, chemical characteristics of water and other
environmental variables such as light intensity, duration and quality,
temperature fluctuations, intensity of turbulent mixing, benthic feeds
and seasonal fluctuations [1]. Diversity of algal species and their high
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densities indicate warning signs of deteriorating water conditions [2].
Diatoms are useful in indicating specific water quality problems such
as organic pollution, eutrophication and heavy metal pollution [3].
Species composition or the communities of micro and macro-
hydrophytes are the best indicators to monitor and assess the water
quality of any natural or manmade wetlands [4]. Phytoplankton which
inhibit the upper eutrophic layer are the main causes of high turbidity
if density increases [5]. Nutrient enrichment has the direct impacts on
the composition of planktons, algal flora, aquatic angiosperms and
other organisms which influence and alter the structure and function
of any aquatic ecosystem [4,6].

Eutrophication of water is often linked with increased productivity,
over simplification of the biotic communities, and a consequent
decrease in metabolism of bottom-dwelling species that are unable to
cope with the associated increase in nutrient loading [7]. In all global
aquatic ecosystems, species composition of micro and macro
organisms, abundance, growth, development and their distribution
depend on quantity of contaminants, types of contamination, levels of
chemical concentrations, sediments load; electrical conductivity,
turbidity, seasonal variations; depth, width, flow rate, number of inlets
and outlets with volume of water and also the impacts of
anthropogenic activities always reflect on the water quality of a
wetland [8]. Eutrophication leads to change the community structure,
devastating impacts on food web, and alterations in biogeochemical
cycles [9,10]. Eutrophic lowland reservoir leads in shaping the
composition of river phytoplankton [11].

Variations in environmental factors have direct influence on the
Phytoplankton composition [12]. Seasonal variations and
physicochemical concentrations has been used to monitor the water
quality of urban River Ala in South-western-Nigeria [13].
Physicochemical characteristics in the Filling Phase of Bakun
Hydroelectric Reservoir, Sarawak, Malaysia, were used to assess the
water quality [14]. Physicochemical factors were used to monitor water
quality of Malaprabha River [15]. There is a direct link between
physicochemical and microbial status [16]. Physicochemical
parameters are the indicators to determine the water quality with its
index [17].

There is strong correlation between pH, dissolved oxygen, alkalinity,
conductivity, substratum conditions, structure of the diatom
community and concluded that diatoms and soft algae are the
indicators of environmental determinants in the Lahontan Basin, USA
[18], changes in diatom community structures are the indicators of
water quality in urban and agriculturally stressed rivers [19]. Diatoms
and Macroinvertebrate assemblages are biological indicators of water
quality [20]. Diatoms, macroinvertebrates and chemical parameters are
good indicators for comparative monitoring of water quality [21].
Diatoms are the indicators for comparable habitats of the European
Inland Waters [22]. Periphyton index of biotic Integrity are good
indicators for the assessment of streams of the eastern United States
[23].

Diatoms are bio-monitoring tool and indicative of the effects of
specific water quality problems and changes in water chemistry [24].
Diffuse pollution from acid mine drainage inhibit the multiplication of
some species of diatoms are the added value bio-monitoring tool [25].
High concentrations of heavy metals show negative impacts on the
diatom community, causing frustule deformities and loss of their
diversity [24,26]. Diatom community structures in urban and
agriculturally stressed rivers [19], macroinvertebrate assemblages [20]
and phytoplankton community structure [27] were studied as

biological indicators of water quality and concluded that domestic
wastes, industrial inputs, agricultural runoff and sewage disposal are
the main causes of high nutrient levels in surface waters daily activities
of local people and their livestock reflects on poor water quality
[19,20,27].

Algal communities, their taxonomic composition and growth are
strongly influenced by water chemistry and respond predictably and
sensitively to nutrient enrichment, organic contamination, pesticides,
changes in pH and conductivity [28]. There is strong link between
nutrient availability and diatom community structure [23].
Phytoplankton species depend mainly on the availability of nutrients,
light and temperature [12]. Variations in diatom community depend
directly on the nutrient presence [21]. Water pollution associated with
agricultural systems, industrial, household and municipal wastes,
animal dung/manure, nitrates, phosphates and other chemical
fertilizers, heavy metals, pathogens and sediment load cause serious
ecological ramifications that pass through food chains to humans [24].
Water quality of the lake depends on the growth of planktonic diatoms
and level of pollution within fresh water rivers [29]. Effect of
urbanization has the direct impact on surface water chemistry in
south-central Texas, USA [30], hematological and biochemical
parameters were studied in common carp (Cyprinus carpio L.1758) in
Munzur River of Turkey [31] and concluded that some hazardous
substances or products that contain harmful elements which are not
degradable in the environment and may cause deleterious effects to the
health [30,31].

Materials and Methods

Study area
Study was carried out at Nyalenda Swamp, the origin of river Kisat

and merges in Winam (Nyanza) Gulf of Lake Victoria catchment
within Kisumu County which is about 500 km on western side from
Nairobi, the capital city of Kenya (Figure 1). It is situated at the latitude
of 00 18’ S to 00 04’ north and longitude of 340 43’ 350 30’east and at
an altitude of 1133 m above the sea level. Annual average rainfall is
about 1250 mm, temperature 25°C and wind velocity is 15 Km/h.
Geology of the area is volcanic in origin and soil types are the mixture
of clay, loam and sand. Some common species of angiosperms around
the periphery of the wetland are Ipomea aquatica, Vigna luteola and
Sesbania goetzei; attached emergent amphibious hydrophytes
(Polygonum salicifolium; Typha domingensis, Cyprus papyrus); but
free-floating species are Pistia stratiotes, Salvinia auriculata and
Eichhornia crassipes.

The human population is approximately 410,200 people in Kisumu
area and main socio-economic activities are fishing, farming, labors
and small business. Mostly low-income group people stay in Obunga
slum under poor infrastructure, no sanitation, no awareness of any
type of waste management, no assistance from the local government,
and no enforcement of environmental laws by Kisumu County
officials. Therefore, dumping/discharging/disposal of all types of
wastes are common practice by local communities along the swamp
and allover surrounding areas of river basin and Winam (Nyanza)
Gulf.
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Figure 1: Map of East African countries sharing Lake Victoria with
emphasis on the portion of Winam (Nyanza) Gulf with its enlarged
satellite image within Kenyan territory.

Data collection and analysis
In total 10 sampling stations were selected but each station is at the

distance of about 2 km from each other along Nyalenda swamp, river
Kisat basin and Winam/Nyanza Gulf. Sampling station S1 is located
within swamp; station S2 and S3 are located before and after slum
respectively; station S4 is located after sewerage treatment plant;
sampling station S5 is after discharge of industrial and municipal
wastes; sampling station S6 is at the downstream junction where River
Kisat joins Winam (Nyanza) Gulf which have four (S7 to S10) sampling
stations (Figure 2).

Figure 2: Map of study area shows ten selected data sampling
stations (S1-S10) along Nyalenda Swamp(S1), River Kisat (S2-S5)
and Winam (Nyanza) Gulf (S6-S10) part of Lake Victoria, Kisumu
County, Kenya (February-July 2017).

To study planktonic species, water samples were collected once in a
month between 7.00 am and 10.00 am for six months (February-July
2017) from all the ten (S1-S10) sampling stations (Figure 2) by
scooping water at the depth of 15-30 cm below the water surface and
filtered through a plankton net with pore size of 64 µm, transferred
into 100 ml glass bottles and fixed with acidic Lugol’s Iodine solution
before transporting to laboratory for identification of species and water
analysis. To study planktonic species /diatoms, one drop or 0.2 ml of

water from each sample was placed in an Utermohl sampling chamber
and kept at least for three hours to get settled [2]. Species were studied
using a Zeiss Axioinvert 35 inverted microscope at 40X magnification,
identified and confirmed with taxonomic keys [22,32-38].

Selected physical parameters were recorded in the field by using
instruments which were calibrated before each data collection during
sampling trip [2]. Water temperature and electrical conductivity were
measured by using portable multi-electrode water testing kit (Portable
OakTon 510 series), dissolved oxygen, pH and turbidity were measured
using a portable CX-401 multifunctional data logger and Turbidity
meter. Current meter was used to record flow rate of water during field
study period. For chemical analysis, all plastic sampling bottles of 500
ml were soaked in 10% HCl, cleaned and rinsed with distilled water.
Samples were collected once in a month from February-July 2017
between 07 am and 10 am from all the ten sampling sites (S1-S10) by
scooping water below the surface at the of depth of 15-30 cm and fixed
with 0.2 M H2SO4, firmly corked, kept in an ice box at 4°C and
transported to the laboratory of Kenya Marine and Fisheries Research
Institute, Kisumu. All these 60 water samples were collected and
analyzed following the standard methods [2]. Total alkalinity was
determined by titration method; total phosphorus, total nitrogen and
silicates were analyzed by Calorimetric method using UV/VIS
spectroscopy machine T80+ [2]. Chlorophyll-a was extracted by using
90% acetone [7].

Results and Discussion

Physico-chemical parameters
Water quality was determined by measuring the temperature °C,

flow rate, pH, dissolved oxygen, conductivity, turbidity and also by
analyzing alkalinity, total nitrogen, total phosphate, silicate and
chlorophyll-a on monthly basis for six months from February to July
2017.

Mean monthly minimum (24.82 ± 0.78°C) and maximum (27.87 ±
0.54°C) temperature of the water was recorded at sampling station S2
and S5 respectively but the average temperature is 26.21 ± 0.55°C of all
the ten (S1-S10) sampling stations (Table 1). ANOVA test revealed that
the recorded p-value of temperature at all the ten sampling sites is not
significantly different (p=0.427˃0.05). Water temperature of the
wetlands always depends on altitude, topography, changes in weather
patterns, seasonal fluctuations; duration, quality and intensity of solar
radiation; cloud cover, humidity; width, depth, flow rate of water;
sediments load, presence or absence of type of organisms and their
stratification; suspended solids within the water body of an area/
region.

Flow rate of water varies between 1.2 ± 0.03 km/h and 1.7 ± 0.06
km/h within all ten sampling stations (Table 1). The lowest flow rate
(1.2 ± 0.03 km/h) was recorded at sampling station (S1) due to even
topography and excessive growth of attached emergent amphibious
angiosperms Typha domingensis mixed with Cyprus papyrus along the
periphery; free floating Pistia sp, submerged angiosperms, algae,
zooplanktons and planktonic diatoms suspended within all (S1-S10)
sampling stations (Figure 2). High flow rate is (1.7 ± 0.06 km/h) at
station S5 mainly due to heavy discharge of effluents from Obunga
slum, sewage treatment plant and also from industries. ANOVA test
shows no significant difference (p=0.376˃0.05) in flow rate within all
sampling stations. Normally, flow rate depends on gravity; frequency,
intensity, quantity of rain and its volume; number of inlets and outlets,
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depth and width; growth, distribution and stratification of hydrophytes
within the water body [8]. Nyalenda swamp (S1) is the main source of
water for River Kisat and is a small water body flows on even
topography, covers short distance of about 12 km

with its width between 0.7 m at upstream and 4.6 m at the river
mouth (S6) with maximum depth of 0.5 m with low water volume
drains in Winam Gulf (Figure 2).

 Sampling Physical Parameters Chemical Parameters

Stations Temperature
(°C)

Flow
rate
(Km/h)

pH
Dissolved
oxygen
(mg/ l)

Electrical
Conductivity
(µS/cm)

Turbidity
(NTU)

Alkalinity
(mg/l)

Total
nitrogen
(µg/l)

Total
phosphorus
(µg/l)

Silicate
(mg/l)

Chlorophyll-
a (mg/l)

S1 25.29 ± 0.65 1.2 ±
0.03

6.96 ±
0.38 5.98 ± 0.54 381.25 ±

20.45
32.37 ±
5.21

96.28 ±
45.24

388.56 ±
68.25

329.21 ±
102.54

4.10 ±
0.76 93.57 ± 20.26

S2 24.82 ± 0.78 1.4 ±
0.05

7.24 ±
0.16 5.32 ± 0.75 390.75 ±

28.40
62.35 ±
10.22

98.58 ±
22.27

400.77 ±
124.50

342.17 ±
112.48

4.12 ±
0.65 97.82 ± 21.15

S3 25.78 ± 0.67 1.5 ±
0.06

8.21 ±
0.17 4.11 ± 0.71 802.64 ±

33.17
98.14 ±
8.85

114.36 ±
25.54

629.71 ±
185.14

776.14 ±
122.81

4.14 ±
0.75

105.86 ±
24.59

S4 25.85 ± 0.71 1.3 ±
0.03

8.52 ±
0.48 3.32 ± 0.69 796.45 ±

23.32
107.73 ±
17.15

164.51 ±
28.93

720.87 ±
287.87

1028.77 ±
361.48

4.46 ±
1.02

153.98 ±
33.46

S5 27.87 ± 0.54 1.7 ±
0.06

9.98 ±
0.36 3.19 ± 0.42 839.65 ±

39.15
134.98 ±
18.97

199.32 ±
29.58

908.88 ±
363.96

1246.38 ±
424.28

4.58 ±
1.65

186.88 ±
35.15

S6 27.63 ± 0.42 1.3 ±
0.04

8.83 ±
0.25 3.12 ± 0.40 799.43 ±

33.11
108.35 ±
21.55

171.16 ±
28.18

877.14 ±
208.78

1164.24 ±
346.31

3.8 ±
0.37

223.14 ±
74.30

S7 27.58 ± 0.52 1.4 ±
0.05

8.65 ±
0.38 3.34 ± 0.56 569.15 ±

25.46
78.14 ±
12.18

114.38 ±
19.27

804.89 ±
133.25

885.24 ±
133.25

4.05 ±
0.54

182.89 ±
88.38

S8 25.69 ± 0.43 1.5 ±
0.06

8.21 ±
0.16 4.35 ± 0.37 541.57 ±

20.52
72.43 ±
16.28

99.23 ±
20.37

600.35 ±
129.14

641.35 ±
113.36

4.42 ±
1.56

122.46 ±
86.27

S9 25.95 ± 0.35 1.4 ±
0.04

8.85 ±
0.24 3.31 ± 0.19 665.91 ±

35.53
85.37 ±
17.59

112.33 ±
26.52

768.46 ±
138.38

895.45 ±
136.06

4.51 ±
1.60

165.48 ±
90.56

S10 25.61 ± 0.34 1.4 ±
0.04

8.34 ±
0.48 4.23 ± 0.27 657.31 ±

25.65
80.42 ±
24.13

104.45 ±
68.19

611.38 ±
130.58

657.56 ±
118.56

4.49 ±
1.59

138.45 ±
90.23

Average
values 26.21 ± 0.55 1.41 ±

0.05
8.38 ±
0.31 4.03 ± 0.49 644.42 ±

28.48
86.03 ±
15.22

127.46 ±
31.41

671.11 ±
176.99

796.66 ±
197.12

4.27 ±
1.05

147.06 ±
56.44

p-values (p
≤ 0.05) p=0.427 p=0.376 p=0.001 p=0.001 p=0.327 p=0.128 p=0.001 p=0.421 p=0.419 p=0.004 p=0.446

Table 1: Mean monthly values of physical & chemical parameters of all water samples collected from selected ten (S1-S10) sampling stations: i.e.,
Nyalenda swamp (S1) River Kisat (S2 to S5), and Winam Gulf (S6 to S10) part of Lake Victoria Catchment in Kisumu County, Kenya, East Africa
(February to July 2017).

Mean monthly pH varies between (6.96 ± 0.38) and (9.98 ± 0.36) at
station S1 and S5 respectively and overall average value of pH is 8.38 ±
0.31 (Table 1). Using ANOVA test, p-value (p=0.001 ≤ 0.05) of the
water is significantly different. In water bodies, pH depends on the
quality, quantity and types of discharged chemicals and wastes; death
and decay of organic matter of plants, animals and their products; flow
rate, volume, depth of water; and its interaction with lithosphere and
atmosphere. Based on average pH (8.38 ± 0.31) value, water is slightly
alkaline from S3 to S10 sampling stations due to lots of discharge of
untreated wastes from the slum, sewerage and industries.

Levels of dissolved oxygen varies between (3.12 ± 0.4 mg/l) and
(5.98 ± 0.5 mg/l) at sampling station S6 and S1 respectively. The overall
average value (4.03 ± 0.49 mg/l) of dissolved oxygen is low but the
lowest level (3.12 ± 0.4 mg/l) of dissolved oxygen is at sampling station
S6 (Figure 2). Water flow rate is slow due to even topography of the
study area and no turbulence to do aeration. Using ANOVA test, p-
value (p=0.001 ≤ 0.05) of dissolved oxygen in water samples collected

from S1-S10 sampling stations is significantly different. Even at 1st
sampling station (S1) within the swamp, level of dissolved oxygen is
(5.98 ± 0.5 mg/l) less than recommended International Standards
[34,35]. The main reason of low dissolved oxygen is shallow water, slow
flow rate, high temperature (25°C), presence of many micro and
macroscopic plants and animal species, contamination of dead organic
matter, all types of suspended pollutants, sediments load, and very
slow water movement on flat land surface [8]. Rate of metabolic
activity, diffusion, atmospheric pressure, temperature, flow rate, and
proximity to the atmosphere effects volume of dissolved oxygen in
water [28]. Low levels of dissolved oxygen in the water body is due to
its low volume, high evapotranspiration, high density of micro and
macro-organisms, slow flow rate, low turbulence, low aeration, slow
wind velocity, and longer exposure to solar radiation [6].

Electrical conductivity fluctuates between (839.65 ± 39.15 µ/cm)
and (381.25 ± 20.45 µ/cm) but an overall average value of conductivity
is 644.42 ± 28.48 µ/cm (Table 1). ANOVA test shows that p-value is not
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significantly different (p=0.327˃0.05). Conductivity levels in water
bodies are influenced by total dissolved chemicals, suspended solids,
submerged, attached and floating organisms; growth, density, death
and decay of aquatic organisms in water body; sediment load due to
run off and soil erosion from the catchment areas and impacts of
human activities. Variations in conductivity may be due to duration of
standing water, presence of dissolved solids from catchment areas, ion
exchange between sediments and water in reservoirs [12] and
conductivity also changes due to internal filling of water reservoir [14].
Ecological factors also influence the conductivity of water body due to
high rate of evapotranspiration, poor light penetration due to closed
cover of free floating, attached and submerged hydrophytes; soil
erosion and deposition; depth, flow rate and volume of water; number
of inlets and outlets [4]. Conductivity levels are high in most of the
sampling stations (S3 to S10) because every day unexpected, untreated
large quantities and volumes of industrial effluents, municipal wastes
from fish processing, slaughter houses; match box, cotton and food
processing; automobile service stations, disposal of Lead batteries; and
detergent industries are discharging wastes in or near by these water
bodies within study area. In addition to all this, erosion of
agrochemicals from farms, washing of many cars, trucks, tankers,
buses, containers of chemicals, petroleum, milk, meat, cooking oils and
washing soaps are daily routine along the sampling points from S3 to
S6. Similar activities are also common along sampling stations S9 and
S10 (Figure 2).

Turbidity exhibited wide variations and fluctuates between (32.37 ±
5.21 NTU) and (134.98 ± 18.97 NTU) at sampling stations S1 and S5
respectively (Table 1) but overall average value of turbidity is (86.03 ±
15.22 NTU). Sampling station S1 has the lowest turbidity (32.37 ± 5.21
NTU) that can be attributed to clean water due to filtering efficiency of
Nyalenda swamp. Sampling station S5 has highest turbidity (134.98 ±
18.97 NTU) due to lots of discharge of untreated sewerage; poor
sanitation, wastes from industries and Obunga slum around sampling
stations S3, S4 and S5 (Figure 2). Based on ANOVA test turbidity
shows no significant difference (p=0.128˃0.05) in sampling stations.
Turbidity of these water bodies depends on the composition, growth,
distribution; stratification of all types of micro and macro aquatic
organisms; number of inlets and outlets; sediment load due to soil
erosion; impacts of rain intensity, runoff, rate of infiltration, light
intensity and wind velocity; re-suspended sediments from the bottom
of the water bodies, quantity and quality of discharged wastes,
decomposition of organic matter; emergence and submergence of
wetland and also on seral stage(s) during aquatic succession from
sampling stations S1 to S5 within the river basin, and from sampling
stations S6 to S10 within Winam/Nyanza Gulf (Figure 2).
Phytoplankton which inhibit the upper eutrophic layer are the main
causes of high turbidity if density increases [5]. Turbidity effects on
chlorination efficiency and bacterial persistence in water [33].

Chemical parameters
Mean monthly alkalinity levels fluctuate between (96.28 ± 45.24

mg/l) and (199.32 ± 29.58 mg/l) at sampling stations S1 and S5
respectively but an average value of alkalinity of all the ten (S1-S10)
sampling stations is (127.46 ± 31.41). ANOVA test revealed that mean
p-value of alkalinity is significantly different (p=0.001 ≤ 0.05).
Alkalinity levels depend on the concentration of dissolved carbonates,
bicarbonates and hydroxyl ions present in water due to death and
decay of aquatic flora and fauna; amount of carbon dioxide generated
in the water body; types of paternal rocks on the basement and within
surroundings; interactions between atmosphere, water body and

human activities. Highest alkalinity level is (199.32 ± 29.58 mg/l) at
sampling station S5 due to slow water flow; continuous discharge of
wastes from slum, untreated sewerage from industries and
surrounding areas. Alkalinity levels have decreased in sampling
stations S8 and S10 (Table 1) within Winam Gulf (Figure 2) which is
huge waterbody the source of dilution; absorption of nutrients by
floating (Pistia sp., Eichhornia crassipes) and submerged
(Ceretophyllum sp.) angiosperms, phytoplanktons, growth of algal
species and other micro and macro hydrophytes/organisms within this
water body.

Mean monthly minimum and maximum levels of total nitrogen
(388.56 ± 68.25 µg/l), (908.88 ± 363.96 µg/l) and phosphorus (329.21 ±
102.54 µg/1), (1246.38 ± 424.28 µg/1) respectively at S1 and S5
sampling stations. Average values of total nitrogen and phosphorus are
(671.11 ± 176.99 µg/1) and (796.66 ± 197.12 µg/1) respectively (Table
1). ANOVA test shows no significant difference between the values of
total nitrogen (p=0.421>0.05) and total phosphorus (p=0.419>0.05).
The high nutrient levels of total nitrogen (908.88 ± 363.96 µg/l) and
phosphorus (1246.38 ± 424.28 µg/l) are at sampling station S5 due to
input of uncontrolled, untreated municipal, industrial waste disposal
and accumulation of these nutrients from upstream to down-stream.
Mean monthly levels of total nitrogen has decreased to (600.35 ±
129.14 µg/l) at Sampling Station S8 and (611.38 ± 130.58 µg/l) at
sampling S10 due to huge amount of water in Winam Gulf is the source
of dilution. Monthly average levels of total phosphorus has also
decreased from the maximum level (1246.38 µg/l) at S5 to
approximately half (641.35 µg/l) and (657.56 µg/l) at sampling stations
S8 and S10 respectively (Table 1). All organisms require and absorb
phosphorus as one of the most essential genetic material as
micronutrient from the water body or organic matter or from
sediments. High variations in total nitrogen and total phosphorus
concentrations are due to the impacts of domestic animals, industrial
waste disposal from slaughter houses, detergents, fish processing,
sewage disposal; natural death, decay and accumulation of organic
matter during succession within wetlands.

Silicate concentration varies between (3.8 ± 0.37 mg/l) and (4.58 ±
1.65 mg/l) within the study area. An overall average value of silicate is
(4.27 ± 1.05 mg/l). Using ANOVA test, p-value of silicate shows
significant difference (p=0.004 ≤ 0.05). The highest silicate level (4.58 ±
1.65 mg/l) is at sampling station S5 due to lots of anthropogenic
activities along the river before it merges with Winam/Nyanza Gulf.
The lowest level of silicate (3.8 ± 0.37 mg/l) is at sampling station S6
because silica is used by planktons/diatoms, absorbed by attached,
submerged and free floating angiosperms, algal species, and also by
other aquatic organisms. Silicate level is slightly more (4.58 ± 1.65
mg/l) in the water of river basin at sampling station (S5) in comparison
to sampling stations S8 and S10 (4.42 mg/l and 4.49 mg/l) respectively
within Nyanza Gulf (Table 1).

Chlorophyll-a levels fluctuate between (93.57 mg/l) and (223.14
mg/l) within all ten sampling stations. An average value of
Chlorophyll-a of all planktonic species collected from ten (S1 to S10)
sampling stations is (147.06 ± 56.44 mg/l). There is a gradual increase
in levels of Chlorophyll-a from (S1 to S6) sampling stations (93.57 ±
20.26 mg/l), (97.82. ± 21.15 mg/l), (105.86 ± 24.59 mg/l), (153.98 ±
33.46 mg/l), (186.88 ± 35.15 mg/l) and (213.14 ± 74.30 mg/l)
respectively but levels of Chlorophyll-a decreased from S7 to S10
sampling stations (Table 1). These variations are due to frequency,
density and coverage of planktonic species present in river basin and
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within Winam/Nyanza Gulf which is the source of huge water volume
being part of Lake Victoria.

The study revealed that pH, dissolved oxygen, alkalinity and silicate
show significant difference (p=0.001 ≤ 0.05) in all sampling stations
(Table 1) within the study area (Figure 2) along swamp (S1), river basin
(S2 to S5) and Winam Gulf (S6 to S10). Levels of conductivity,
turbidity, total nitrogen and total phosphorus are very high than
permissible levels according to WHO [34], EU [35], KEBS [36] and
NEMA [37] standards. Based on these International and Local
standards, the water quality of the river basin and Winam /Nyanza
Gulf section near Kisumu city is not good for human and animal
drinking.

Planktonic species composition
Out of these total 28 species collected, identi ied and recorded 

(Table 2), it has been noticed that the number of genera and their 
species composition are different in all the ten (S1-S10) sampling

stations with the presence (+) and or absence (-) of each species based
on their own specific adaptations within the levels of physicochemical
parameters (Table 1). Sampling station S1 has the presence (+) of 18
species but with absence (-) of 10 species. Sampling station S2 shows
the presence (+) of the highest number of 23 species and absence (-) of
5 species which is lowest. Sampling station S3 has the presence (+) of
the lowest number of 15 species but absence (-) of 13 species is the
highest. Sampling station S4 has the presence (+) of 17 species but 11
species are absent. Sampling station S5 is highly polluted, while S10 is
less polluted but both these sampling stations have the presence (+) of
19 species and absence (-) of 9 species with different species
composition. Within sampling station S6, there are 18 species present
(+) and has the absence (-) of 10 species. Sampling station S7 shows
the presence (+) of 16 species and absence (-) of 12 species. Sampling
station S8 has the presence (+) of 20 species and shows the absence (-)
of 8 species but in sampling station S9, there are 17 species present (+)
and 11 species are absent (-).

Genera Planktonic species
Sampling Stations Frequency

( % )

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

1. Amphora
(i) Amphora ovalis (-) (+) (-) (+) (-) (-) (+) (+) (+) (-) 50

(ii) Amphora sp (-) (+) (-) (+) (-) (+) (+) (+) (+) (+) 70

2. Aulacoseira

(i) Aulacoseira ambigua (+) (+) (-) (+) (+) (+) (-) (+) (+) (+) 80

(ii) Aulacoseira nyassensis (+) (+) (+) (-) (+) (+) (-) (+) (+) (+) 80

(iii) Aulacoseira schroidera (-) (+) (+) (-) (-) (-) (-) (+) (-) (-) 30

3. Closterium (i). Closterium aciculare (+) (+) (-) (-) (-) (-) (-) (-) (-) (-) 20

4. Cyclotella
(i) Cyclotella ocellata (-) (-) (-) (+) (-) (+) (-) (-) (-) (+) 30

(ii) Cyclotella kutzinghiana (+) (+) (+) (-) (+) (+) (+) (+) (+) (-) 80

5. Cymbella
(i) Cymbella cistula (+) (+) (+) (+) (+) (+) (+) (+) (+) (+)

100

(ii) Cymbella sp (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

6. Diatoma

(i) Diatoma elongatum (+) (+) (-) (+) (-) (+) (+) (+) (+) (+) 80

(ii) Diatoma hiemiale (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

(iii) Diatoma valgare (+) (+) (-) (-) (-) (-) (-) (-) (-) (-) 20

7. Fragilaria
(i) Fragilaria aethiopica (+) (+) (-) (+) (-) (+) (-) (+) (-) (-) 50

(ii) Fragillaria longissimi (-) (-) (-) (-) (+) (-) (-) (-) (-) (-) 10

8.Gomphocymbella (i) Gomphocymbella beccari (-) (-) (-) (-) (+) (-) (-) (-) (-) (-) 10

9. Navicula
(i) Navicula sp (-) (+) (+) (+) (-) (+) (+) (+) (+) (+) 80

(ii) Navicula granatum (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

10. Nitzschia

(i) Nitzschia dessipata (-) (+) (+) (-) (+) (+) (+) (-) (-) (+) 60

(ii) Nitzschia lucastris (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

(iii) Nitzschia palea (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

(iv) Nitzchia recta (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100
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(v) Nitzschia sub-acicularis (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) 100

11. Pinnularia (i) Pinnularia viridis (-) (-) (-) (+) (+) (-) (-) (-) (-) (-) 20

12.Stephomodiscus (i) Stephomodiscus astraca (-) (+) (+) (-) (+) (-) (-) (-) (+) (+) 50

13. Surilella (i) Surilella ovalis (+) (+) (+) (-) (+) (+) (-) (+) (+) (+) 80

14. Synedra
(i) Synedra cunningtonii (+) (-) (-) (+) (+) (-) (+) (+) (-) (+) 60

(ii) Synedra ulna (+) (+) (-) (-) (+) (-) (+) (+) (-) (+) 60

Number of species present (+) 18 23 15 17 19 18 16 20 17 19

Number of species absent (-) 10 5 13 11 9 10 12 8 11 9

Table 2: Planktonic genera, their species composition and distribution with presence (+) or absence (-) within ten (S1-S10) sampling stations 
along wetlands of Nyalenda swamp (S1), River Kisat (S2-S5) and Winam Gulf (S6-S10) part of Lake Victoria Basin, Kisumu County, Kenya 
(February to July 2017).

Species with 100% frequency belong to four genera composed of 
eight species: Cymbella cistula, Cymbella sp, Diatoma hiemiale, 
Navicula granatum, Nitzschia lucastris, N. palea, N. recta and N. sub-
acicularis which are present (+) in all the ten (S1 to S10) sampling 
stations (Table 2) with high tolerance range of mean monthly levels of 
pH (6.96 to 9.98), dissolved oxygen (3.12 mg/l to 5.98 mg/l); 
conductivity (381.25 µS/cm to 839.65 µS/cm); turbidity (32.37 NTU to 
134.98 NTU); alkalinity (96.28 mg/l to 199.32 mg/l); total nitrogen 
(388.56 µg/1 to 908.88 µg/1); total phosphorus (329.21 µg/1 to 1246.38 
µg/1) and silicate (3.8 mg/l to 4.58 mg/1).

Only six planktonic species are with 80% frequency and belong to 
ive genera: Aulacoseira ambigua; Aulacoseira nyassensis; Cyclotella 

kutzinghiana; Diatoma elongatum; Navicula sp ; and Surilella ovalis . 
Out of these Navicula  sp. is absent in sampling station (S1) due to low 
turbidity (32.37 NTU) and in S5 due to high total phosphorus (1246.38 
µg/1) and Diatoma elongatum  is absent in sampling station S3 and S5 
due to very high levels of conductivity (839.65 µS/cm) and high total 
phosphorus (1246.38 µg/1) respectively. Aulacoseira ambigua  is absent 
in S3 and S7 due to the sewerage from the slum and other sources. 
Both species Aulacoseira nyassensis , and Surilella ovalis  are absent in 
S4 and S7; Cyclotella kutzinghiana , is absent in S4 and S10 sampling 
stations due to daily discharge of all types of untreated wastes from 
Obunga slum  and also from Kisumu sewerage treatment plant directly 
in this river basin (Figure 2, Table 2).

Only one Amphora sp. appeared with 70% frequency out of the total
28 planktonic species (Table 2). It is absent in S1, S3 and S5 sampling
stations due to low turbidity (32.37 NTU) in S1; very high levels of
conductivity (839.65 µS/cm), total phosphorus (1246.38 µg/1) in S5
(Table 1).

There are three planktonic species with 60% frequency (Table 2). All
these three species Nitzschia dessipata, Synedra cunningtonii and
Synedra ulna are present in sampling stations S5, S7 and S10 but in
addition, Nitzschia dessipata is also present in S2, S3, and S6 because it
is not adapted in low levels of turbidity (32.17 NTU) and total
phosphorus (329.21 µg/l); Synedra cunningtonii is present in S1, S4
and S8 but Synedra ulna is present in S1, S2 and S8. These three species
are well adapted in wide range of physicochemical levels of pH (6.96 to
9.98), conductivity (381.25 to 839.65 µS/cm), total nitrogen (388.56
µg/l to 908.88 µg/l) and all the three species are absent in S9 sampling
station (Table 2).

Three species with 50% frequency are: Amphora ovalis; Fragilaria
aethiopica and Stephomodiscus astraca and all the three species are
present (+) in sampling station S2. In addition, Amphora ovalis with
Fragilaria aethiopica is present in S4 and S8; Amphora ovalis and
Stephomodiscus astraca are present in sampling station S9. As an
individual species, Amphora ovalis is present in sampling station S7;
Fragilaria aethiopica is present in S1 and S6 and Stephomodiscus
astraca is present in S3 and S5, and S10 (Table 2) with their own
suitable range of physicochemical levels (Table 1).

Species with 30% frequency are only two: Aulacoseira schroidera
and Cyclotella ocellata (Table 2). Aulacoseira schroidera is present in
sampling stations S2, S3 and S8 (Table 2) due to its wide range of
adaptation of pH (7.24 to 8.21), conductivity (390.75 µS/cm to 802.64
µS/cm), total nitrogen (400.77 µg/1 to 629.71 µg/1) and total
phosphorus (342.17 µg/1 to 776.14 µg/1) but Cyclotella ocellata is
present in (S4, S6, and S10) sampling stations (Table 2) and well
adopted within levels of dissolved oxygen (3.32 mg/l to 4.23 mg/l),
high conductivity (657.31 µS/cm to 799.43 µS/cm), alkalinity (104.45
mg/l to 171.16 mg/l), total nitrogen (611.38 µg/1 to 877.14 µg/1), total
phosphorus (657.56 µg/1 to 1164.24 µg/1) and silicate (3.8 mg/l to 4.49
mg/l), (Table 1).

Species with 20% frequency are: Closterium aciculare, Diatoma
valgare and Pinnularia viridis (Table 2). Out of these three species, two
species namely C. aciculare, and D. valgare are present in S1 and S2
sampling stations and well adapted within low levels of pH (6.96 to
7.24), dissolved oxygen (5.32 mg/l to 5.98 mg/l), conductivity (381.25
µS/cm to 390.75 µS/cm), low turbidity (32.37 NTU to 62.35 NTU), low
alkalinity (96.28 mg/l to 98.58 mg/l), total nitrogen (388.56 µg/1 to
400.77 µg/1) and total phosphorus (329.21 µg/1 to 342.17 µg/1); but
Pinnularia viridis is present in different sampling stations S4 and S5
(Tables 1 and 2) within low levels of dissolved oxygen (3.19 to 3.32
mg/l), high conductivity (796.45 to 839.65 µS/cm), high alkalinity
(164.51 mg/l to 199.32 mg/l), total nitrogen (720.87 µg/1 to 908.88
µg/1) and high total phosphorus (1028.77 µg/1 to 1246.38 µg/1).

Species with 10% frequency are: Fragillaria longissimi and
Gomphocymbella beccari which are present only in sampling station
S5 (Table 2) within specific range of physicochemical levels (Table 1).
These both planktonic species Fragillaria longissimi and
Gomphocymbella beccari are the indicators of low dissolved oxygen
(3.19 mg/l), high pH (9.98), high conductivity (839.65 µS/cm), high
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turbidity (134.98 NTU), high alkalinity (199.32 mg/l) and very high
levels of total nitrogen (908.88 µg/l) and phosphorus (1246.38 µg/l).

Each planktonic species is an indicator species of its own habitats
and shows its presence in low or high levels of physicochemical
parameters, but some species are well adopted within wide range of
physicochemical levels. Therefore, planktonic species and
physicochemical parameters, both are good indicators depending upon
their levels of presence to take the correct judgement about good or
poor water quality of any wetland. The average values of pH (8.38);
dissolved oxygen (4.03 mg/l); conductivity (644.42 µS/cm), turbidity
(86.03 NTU), alkalinity (127.46 mg/l), total nitrogen (671.11 µg/cm)
and phosphorus (796.66 µg/l) are the indicators of poor water quality
within the study area (Table 1). Therefore, the presence of planktonic
species in such waterbodies with poor water quality is the direct
approach and practical evidence that species are also equally good
indicators as the physicochemical parameters are to assess the water
quality of any wetland.

Conclusion
Based on these results of our study, it is concluded that there is close

relationship and interaction between planktonic species and
physicochemical parameters. Therefore, composition, distribution or
frequency of the species should be considered and used as good
indicator(s) or bio-indicator(s) in the field for quick assessment of
water quality of any natural or man-made wetlands/aquatic ecosystems
for the present and future predictions about their performance(s) and
function(s). The presence of high diversity and frequency of planktonic
species; and or high levels of chemical contaminations within water
bodies of any area of any country is the direct signal of
mismanagement of their water resources and with time that polluted
water body will not support healthy life. Therefore, public awareness
should be created and strong enforcement of environmental laws must
be practiced to protect these waterbodies and to maintain healthy
aquatic ecosystem(s) for healthy environment.
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