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Introduction
Phytoplanktons inhabit the upper euphotic layer of water body and 

cause considerable turbidity if density increases [1]. Diversity of algal 
species and their high densities indicate warning signs of deteriorating 
water conditions [2]. 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 depend on 
the interaction of biological, physical, chemical characteristic of water 
and other environmental variables such as light intensity, duration and 
quality; temperature fluctuations, intensity of turbulent mixing, benthic 
feeders and seasonal fluctuations [3]. Nutrient enrichment also affects 
the composition and productivity of phytoplankton and other aquatic 
angiosperms which alter the ecosystems function and structure [4,5]. 
Phytoplankton succession depends particularly on light, temperature 
and nutrient availability [4]. 

In an eutrophic lake or dam, there is an increase in productivity 
of cynobacteria which strongly aggravate water quality and out flowing 
river because of the potential threat from toxins to aquatic environment, 
human health and life [6]. Freshwater micro plankton comprise of 
species with short life cycles, strongly affected by seasonal fluctuations 
and mortality factors through parasitism and by zooplankton. 
Microalgae significantly contribute to assessing eutrophication levels in 
aquatic habitats [7]. Hydrophytes are important in food chain, provide 
microhabitats, protection against predators, substrates for aquatic 
organisms including invertebrates, algae and bacteria which contribute 
to nutrient cycling [8]. In tropical countries, eutrophication is 
taking place as a result of nutrient inflows from human activities in 
watersheds [9]. Urban reservoirs with increasing eutrophication of 
water bodies often results in high number of macrophytes [10]. The 
nutrient level and the size affect the level of composition and extent 
of occurrence of macrophytes [11].

Materials and Methods
Study area

The study was carried out at Chemususu Dam which is located 
within Lembus forest (Figure 1) in Baringo County, Kenya. The dam is 
situated at a latitude of 0 °05' 16.34'' north; Longitude of 35 °37' 59.00'' 
east and at an altitude of 2480 meters above the sea level. The capacity 
of this dam is 10.94 cubic meters of water and covers approximately 95 
hectares.

Data collection and analysis

Macrophytes were collected from three sampling stations D1, 
D2 and D3 of the dam. To keep track of macrophytes along the dam, 
field notes corresponding to each plant was recorded including date, 
location, flower colour, plant size and habitat information. Whole 
plant or shoots of macrophytes along the periphery of the dam were 
randomly collected at each sampling point and placed in clear polythene 
bags. Water samples for phytoplankton identification were scoped 20 
cm below the surface of water using a 2 litre water sampler, passed 
through plankton net and transferred into 50 ml plastic containers. The 
samples were preserved using 4% formalin [2] and then transported 
to the laboratory. The water samples for phytoplankton identification 
were mixed and a drop was placed in the slide for observation using 
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an Optica compound microscope at x10 magnification. Phytoplankton 
species were confirmed using taxonomic keys [12-14].

Water samples for measuring the physic-chemical parameters were 
collected from six sampling points made up of two inflowing river (C1 
and C2), dam (C3) and out flowing river (C4). Sawich and Barain rivers 
were purposely selected because they are the main rivers flowing into 
the dam. Sampling points were randomly selected at approximately 
100 m to the inlet in Sawich river (C1) and 40 m (C2) in Barain river in 
accessible areas closest to the dam inlets to get a representative sample 
of the water getting into the dam. Within the dam, two points were 
randomly selected along the accessible periphery. Sampling point D1 
was between the two inlets in the Northward side while D2 was far 
from the inlets towards the Eastern side. Sampling point D3 was along 
the dam wall on the Southern part and this point was far from influence 
of inlets, animals and bank erosion (Figure 2). 

Physical parameters were determined in the field during 
sample collection using instruments which were calibrated before 

each sampling trip [2]. Dissolved oxygen and temperature were 
measured using a dissolved oxygen probe (model Q628721 M.R.C) 
with a temperature compensation at 25 °C, pH using a pH meter 
probe (model Q640629 HANNA), Conductivity was measured with 
a conductivity meter probe (HI 9033 HANNA) with temperature 
compensation at 25 °C and turbidity meter model number (2100P 
HACH) was used to measure turbidity. Water samples were 
collected 20 cm below the water surface using a water scooper and 
transferred to clean labelled plastic bottles at each sampling station. 
Water samples for chemical analysis were then fixed using 0.2 
M H2SO4 and firmly corked. They were kept in an ice box ready 
to be transported to the laboratory. Nitrates, Phosphates and 
Sulphates were determined by calorimetric method using UV/VIS 
spectroscopy machine T80+ [2]. Titration method was used to get 
the concentration of Carbonates and Chlorides [2]. Carbonates were 
determined using 0.02 N sulphuric acid and mixed bromocressol 
green indicator and calculated as mg L-1 CaCO3 [2].

  
APPROXIMATE LOCATION OF THE DAM 

Figure 1: Map of Kenya showing Chemususu Dam in Baringo County, Eldama-Ravine Constituency, LembsKwen ward [29].
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Results and Discussion
Physico-chemical parameters

Water quality was determined by measuring the temperature, 
pH, conductivity, turbidity, dissolved oxygen, nitrates, phosphates, 
sulphates, chlorides and carbonates on a monthly basis for six months.

Variations in water temperature are influenced by meteorological 
aspects such as humidity, solar radiation and rainfall [15]. The mean 
temperatures ranged from 17.02 ± 1.10 °C in station C1 to 21.48 ± 
0.61 °C in C3 (Table 1). Using paired t-test, the mean temperature 
recorded was significantly different between temperature in upstream 
rivers and the dam; and between upstream rivers and out flowing 
river with C1 and C3 (P=0.001, T=-7.889); C2 and C3 (P=0.001, 
T=-7.613); C1 and C4 (P=0.002, T=-5.665), and between C2 and 
C4 (P=0.004, T=-5.013). The interaction of the calm water with 
ambient temperature due to solar radiation could also have led to 
the increase in temperature in the dam.

The pH values were within the normal range during the study 
period. These values ranged from 6.2 to 7.71 in C1, 6.4 to 7.54 in C2, 
6.47 to 7.34 in C3 and 6.54 to 7.67 in C4. pH levels within the dam may 
be due to deposition of organic matter into water due to surface runoff 
from forest and farmlands as well as the submerged vegetation during 
infilling of the dam. The partial decomposition by bacteria and fungi of 
this organic matter produce various organic acids that are capable of 
lowering the pH.

Turbidity exhibited wide variation during the study period. Paired 
t-test showed a significant difference between turbidity of inflowing 

rivers; C1 and C2 (P=0.007, T=4.401), inflowing rivers and dam; C1 and 
C3 (P=0.003, T=5.518), C2 and C3 (P=0.001, T=6.626), and between 
inflowing rivers and out flowing river; C1 and C4 (P=0.003, T=5.489), 
and C2 and C4 (P=0.001, T=6.814). The low levels of turbidity in dam 
could be attributed to the slow movement of water which allows for the 
settling of suspended particles and silt. The forest surrounding the dam 
could also have contributed to reduced shoreline erosion by binding 
the soil particles.

The highest mean conductivity recorded was 81.16 ± 4.13 μS/cm 
in C3 and the lowest was 63.67 ± 4.60 μS/cm in C2 (Table 1). Using 
paired t-test, significant difference in conductivity was found between 
upstream rivers and dam; C1 and C3 (P=0.003, T=-5.596), C2 and 
C3 (P=0.000, T=-8.443), and between upstream river and out flowing 
river; C1 and C4 (P=0.005, T=-4.677), C2 and C4 (P=0.002, T=-6.277). 
Variations in conductivity are due to duration of standing water, 
dissolved solids from catchment area, dilution with rainfall and ion 
exchange between sediments and water in dam [4], internal loadings of 
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Figure 2: Shows sampling stations for dam, upstream and downstream rivers during sampling period August 2014 to January 2015.

Parameter C1 C2 C3 (D1, D2, 
D3) C4

Temperature (°C)
pH

Turbidity (mg L-1)
Conductivity ( μS/cm )

Dissolved Oxygen 
(mg L-1)

17.02 ± 1.10
6.88 ± 0.24

94.82 ± 16.78
67.48 ± 4.10
6.09 ± 0.33

17.05 ± 
1.15

6.89 ± 0.22
44.28 ± 

6.34
63.67 ± 

4.60
6.1 ± 0.12

21.48 ± 0.61
6.77 ± 0.12
3.12 ± 0.17 

81.16 ± 4.13
4.2 ± 0.76

20.48 ± 
0.50

6.87 ± 0.16
4.15 ± 0.63
79.2 ± 3.66
4.73 ± 0.76

Table 1: Mean values of physical parameters recorded in Chemususu Dam, inlet 
and outlet of rivers during the study period (August 2014 to January 2015).
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vegetation and soil [16] and the geology of the catchment area [17,18]. 
The conductivity in C3 could be as a result of residence time which 
leads to ion exchange between sediments and water. The submerged 
vegetation and soil could also have led to the increase in conductivity.

Dissolved oxygen levels measured during the study period showed 
wide variations. In C1 the levels in mg/l ranged from 5.3 to 7.34; 5.7 to 
6.4 in C2; 1.7 to 6.46 in C3 and 2.2 to 6.9 in C4 was recorded during 
the study period. Using paired t-test, there was significant difference in 
dissolved oxygen between sites C3 and C4 (P=0.001, T=-6.944). Low 
levels of DO in Chemususu dam were recorded during the entire study 
period. This could be attributed to reduced flow rate which reduces 
turbulence causing aeration. In addition, the low dissolved oxygen may 
be as a result of decomposition of submerged vegetation which was not 
deforested during construction of the dam. Low levels of macrophytes 
along the periphery of the dam mean less photosynthesis which could 
also have contributed to low dissolved oxygen levels (Table 2).

A wide variation in nitrate nitrogen (NO2-N) levels was recorded 
during the study period and ranged from 2.12 mg L-1 to 8.71 mg L-1 in 
C1; 1.17 mg L-1 to 9.25 mg L-1 in C2; 4.24 mg L-1 to 4.60 mg L-1 in C3 and 
4.01 mg L-1 to 4.84 mg L-1 in C4. The mean concentration of nitrates at 
different sites showed no significant difference between sites (P>0.05). 
Changes in the levels of nitrate in water are caused by phytoplankton 
uptake and de nitrification by bacteria [19,20], discharge of sewerage 
[21], agricultural activities [20], metabolic waste, excretory products 
and decaying organic matter [22]. The high mean concentration 
recorded at C1 (5.26 ± 1.16 mg L-1) may be due to use of fertilizers 
which get leached and eroded to streams. It was also observed that high 
concentrations occurred during rainy months. The low levels in C4 
compared to inflowing rivers; C1 and C2 may be as a result of uptake 
by phytoplankton in the dam. 

Total phosphate (TP) levels varied from 1.35 mg L-1 to 5.39 mg L-1 

in C1; 1.69 mg L-1 to 7.78 mg L-1 in C2, 1.45 mg L-1 to 8.79 mg L-1 in C3 
and 0.72 mg L-1 to 7.73 mg L-1 in C4. Paired t-test showed that there was 
significant difference in phosphate levels of both upstream rivers Sawich 
(C1) and Barain (C2) (P=0.025, T=-3.16), and between dam (C3) and 
out flowing river (C4) (P=0.014, T=3.718). Phosphates in surface water 
arise from run-off from agricultural farms [23,24], municipal sewage in 
which mostly phosphate will be as a result of domestic detergent and 
silage effluents [19,25]. However, a reduced level of phosphate in dam 
is as a result of uptake by phytoplankton and adsorption to particulate 
matter and subsequent sedimentation [19].

Sulphates level ranged from 4.42 mg L-1 to 8.43 mg L-1 in C1, 4.51 
mg L-1 to 8.51 mg L-1 in C2, 2.93 mg L-1 to 4.48 mg L-1 in C3 and 2.72 
mg L-1 to 3.97 mg L-1 in C4. The paired t-test results showed that there 
was significant difference in sulphates between upstream rivers and 
dam; C1 and C3 (P=0.001, T=2.14), C2 and C3 (P=0.002, T=6.79), and 
between upstream rivers and out flowing river; C1 and C4 (P=0.001, 
T=7.46) and between C2 and C4 (P=0.004, T=5.04). Sources of sulphate 
in water include leaching from soil, industrial discharge, decaying 
animal and plant matter, chemical products including ammonium 
sulphate fertilizers and treatment of water with aluminium sulphate 
(alum) also introduces sulphate into a water supply [26]. The mean 
chloride level was 2.33 ± 0.42 mg L-1 in C1, 2.50 ± 0.34 mg L-1 in C2, 
2.73 ± 0.57 mg L-1 in C3 and 2.17 ± 0.3 mg L-1 in C4. Paired t-test results 
showed no significant difference in chloride levels between different 
sites (P>0.05). Increased levels of chloride in water are as a result of 
fertilizer, municipal and domestic sewage [21,27]. Water softeners, 
animal feed additives, pesticides, concentration and dissolution of salts 
resulting from irrigation with deep groundwater also contribute to 
increase in chloride levels of surface water [28].

Water analysis showed that carbonates levels in upstream rivers 
ranged from 6 mg L-1 to 8 mg L-1 and 4 mg L-1 to 5 mg L-1 in C1 and C2 
respectively; 5.3 mg L-1 to 11.7 mg L-1 in C3 and 5 mg L-1 to 11 mg L-1 in 
C4. Paired t-test showed that there was significant difference in carbonates 
between upstream rivers; C1 and C2 (P=0.001, T=6.325); upstream river 
Barain and dam; C2 and C3 (P=0.006, T=-4.57) and between C2 and C4 
(P=0.002, -5.70). Levels of carbonates in water depends on weathering 
process in catchments, rate of photosynthesis, respiration [4] and organic 
decomposition [25] in water. The carbonates at 8.7 mg L-1 and pH of 6.77 
could be due to respiration and the decomposition of several acres of forest 
cover which was submerged during construction since it was not cleared.

Comparison with drinking water standards

The level of turbidity, conductivity, nitrates, sulphates, pH 
and chlorides in all the sites are within the required drinking water 
standards according to [19,20]. However, phosphate levels in all the 
sites are higher than the recommended 2.2 mg/l by [19].

Plant species composition 

During the study period, a total of 19 phytoplankton species 
were identified within Chemususu Dam belonging to three divisions: 
Chlorophyta, Bacillariophyta, and Dinophyta (Table 1). There were 
2 sp, 4 sp and 13 sp belonging to Dinophyta, Bacilariophyta and 
Chlorophyta respectively. It was observed that the frequency of species 
was less than five from the month of August to October 2014 but the 
frequency increased from the month of November 2014 to January 
2015 which recorded 14 species in D1; 13 species in D2 and 9 species 
in D3. Phytoplankton composition depends on seasonal dynamics 
regulated by changes in nutrient availability, temperature, light, intensity 
of turbulent mixing, benthic feeders, altitude and seasons and impact of 
rain [6]. According to [11], increase in water temperature influence algal 
succession progression from Bacillariophyceae to Chlorophyceae to 
Cynophyceae. Ref. [7] recorded a decrease in the number of phytoplankton 
species and their growth during rainy season (Table 3). 

During the study, it was observed that in the rainy periods the 
phytoplankton species were low in numbers during August, September 
and October. This could be attributed the disturbances by rainfall 
and may be the low levels of dissolved oxygen whose averages were 
3.4 mg/l, 2.9 mg/l and 3.2 mg/l for sampling stations D1, D2 and D3 
respectively. An increase in the number of species from November 
to January could be due to increase in temperature and slightly high 
dissolved oxygen levels [7]. Nutrients also are ending in this water 
reservoir due to runoff from agricultural farms, surrounding forest and 
its decomposing organic matter during short and long rainy seasons. 
There were three species of aquatic macrophytes along the periphery 
of Chemususu Dam. Typha latifolia is emergent and present along 
sampling station D1 and D2. Aponogetona froviolaceus is attached 
submerged hydrophyte found in sampling point D2 and Portulaca 
oleracea was present in sampling station D1 and D2 respectively. 

Typha latifolia is a dominant swamp plant which covered 
small sections along the periphery of the dam except the dam wall. 
Aponogetona froviolaceusis a perennial plant that inhabits running and 
stagnant water. It leaves can either be submerged or float depending on 
the depth of water. It grows close or in areas sediment accumulates and 
withstands dry spells due to its dormant tubers [29]. Portulaca oleracea, 
is a low growing succulent plant which was found along the periphery 
of the dam. It grows along streams, flood plains and swamps. The 
frequency of macrophytes is low within the dam due to its 1 year old 
establishment. It is expected that with time, there will be an increase in 
the number of species of angiosperms and algal flora (Table 4).
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Parameter C1 C2 C3 (D1, D2, D3) C4 
Nitrate nitrogen (mg L-1)

Total phosphates (mg L1)
Sulphates (mg L-1)
Chlorides (mg L-1)

Carbonates (mg L-1)

5.26 ± 1.16
3.34 ± 0.72
7.2 ± 0.66

2.33 ± 0.42
6.8 ± 0.4

5.20 ± 1.26
4.5 ± 0.96

6.21 ± 0.62
2.5 ± 0.34

4.17 ± 0.17

4.42 ± 0.07
4.23 ± 1.17
3.48 ± 0.22
2.73 ± 0.57

8.6 ± 0.7

4.39 ± 0.14
3.58 ± 1.15
3.3 ± 0.20
2.17 ± 0.3
8.5 ± 0.89

Table 2: Mean values of chemical parameters recorded in Chemususu Dam and rivers during the study period (August 2014 to January 2015).

PHYTOPLANKTONS (D1)  (D2)  (D3)

Bacillariophyta
Nitzchiasp

Diatomavulgare
Synedrasp
Naviculasp
Chlorophyta

Oedogoniumsp
Spirogyra sp
Closteriumsp
Chodatellasp
Chlorella sp

Crucigeniasp
Pleurotaeniumsp
Gonatozygonsp

Closteriumaciculare
Pediastrumsp

Scenedesmussp
Cosmariumsp
Geminellasp
Dinophyta

Ceratiumsp
Peridiniumsp

( + )
( + )
( + )
( + )

( + )
( + )
( + )
( + )
( + )
( + )
( + )
( + )
( + )
( - )
( - )
( - )
( - )

( + )
( + )

( + )
( + )
( + )
( + )

( + )
( + )
( - )
( + )
( + )
( + )
(+ )
( + )
( + )
( - )
( + )
( + )
( + )

( - )
( + )

( + )
( + )
( + )
( + )

( - )
( + )
( - )
( - )
( + )
( - )
(+ )
( + )
( - )
( + )
( + )
( - )
( + )

( + )
( + )

KEY: (+) Present (-) Absent
Table 3: List of phytoplankton species composition between August 2014 and January 2015 within Chemususu Dam, Baringo County, Kenya.

Sampling station D1 Sampling station D2 Sampling station D3
18th August 2014

• Naviculasp • Ceratiumsp
• Naviculasp

• Ceratiumsp
• Naviculasp

13th September 2014
• Naviculasp
• Synedrasp
• Ceratiumsp

• Ceratiumsp
• Naviculasp

• Spirogyra sp
• Ceratiumsp
• Naviculasp

18th October 2014
• Naviculasp
• Synedrasp
• Ceratiumsp
• Chodatellasp
• Chlorella sp

• Spirogyra sp
• Scenedesmussp
• Naviculasp
• Nitzschiasp

• Naviculasp
• Synedrasp
• Spirogyra sp

15th Nov 2014
• Closteriumsp
• Spirogyra sp
• Peridiniumsp
• Pediastrumsp
• Naviculasp
• Synedrasp

• Peridiniumsp
• Closteriumaciculare
• Crucigeniasp
• Spirogyra sp
• Scenedesmussp
• Naviculasp

• Peridiniumsp
• Spirogyra sp
• Gonatozygonsp
• Scenedesmussp
• Naviculasp

16th December 2014

• Crucigeniasp
• Spirogyra sp
• Pleuritaeniumsp
• Peridiniumsp
• Gonatozygonsp
• Scenedesmussp
• Diatomavulgare
• Naviculasp

• Spirogyra sp
• Oedogoniumsp
• Peridiniumsp
• Chlorella sp
• Geminellasp
• Cosmariumsp
• Ceratiumsp
• Nitzschiasp
• Synedrasp

• Chlorella sp
• Geminellasp
• Pediastrumsp
• Peridiniumsp
• Spirogyra sp
• Nitzchiasp
• Naviculasp

17th January 2015
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• Spirogyra sp
• Chodatellasp
• Gonatozygonsp
• Closteriumaciculare
• Scenedesmussp
• Pediastrumsp
• Crucigeniatetrapedia
• Closteriumsp
• Ceratiumsp
• Pleuritaeniumsp
• Diatomavulgare
• Naviculasp
• Synedrasp
• Nitzschiasp

• Closteriumsp
• Chlorella sp
• Spirogyra sp
• Cosmariumsp
• Peridiniumsp
• Chodatellasp
• Ceratiumsp
• Gonatozygonsp
• Pleuritaeniumsp
• Geminellasp
• Diatomavulgare
• Synedrasp
• Naviculasp

• Pediastrumsp
• Peridiniumsp
• Spirogyra sp
• Gonatozygonsp
• Ceratiumsp
• Naviculasp
• Geminellasp
• Nitzschiasp
• Synedrasp

Angiosperms

• Typhalatifolia
• Portulacaoleracea

• Typhalatifolia
• Portulacaoleracea
• Aponogetonafroviolaceus

Angiosperms were absent on this site due to 
constructed dam wall and rocky base/ platform.

Table 4: Aquatic plant species composition at three selected sampling sites along Chemususu Dam, Baringo County Kenya (August 2014 - January 2015).

Conclusion
There are 19 phytoplankton species identified during the study 

period. There are three emergent species of macrophytes Typha 
latifolia, Portulaca oleracea and Aponogetona froviolaceus present 
within the periphery of Chemususu Dam. Based on current species 
composition and physico-chemical parameters, the water quality of the 
dam can be used for domestic purposes and agricultural activities if 
chemical concentrations do not increase.
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