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In many countries, agriculture and urbanisation are 
recognised as the main sources of nutrient input and various 
contaminants in rivers, lakes and reservoirs (Nyenje et 
al. 2010; Carpenter et al. 2011). Agricultural runoff leads 
to suspended and colloidal matter, such as clay, silt, fine 
organic matter and pollutants, including fertilisers and 
pesticides, whereas urban land use may be characterised 
by a wide range of both organic and inorganic pollutants, 
including toxic heavy metals and hydrocarbons (Mangadze et 
al. 2015). In general, agricultural and urban land use lead to 
water quality problems, with potential impacts on the utilisa-
tion of stream and river resources, which necessitates a 
close monitoring of the limnology of these aquatic systems. 

In Zimbabwe, most studies on the effects of land use 
on water quality and phytoplankton communities have 
been carried out in the north of the country, most of these 
focused on the eutrophic Lake Chivero (Mhlanga et al. 
2006). This is despite similar land use pressures occurring 
in semi-arid regions of the country where freshwater is 
scarce, because of erratic rainfall patterns. Therefore, an 
understanding of factors affecting water quality and biota 
in rivers and reservoirs in these regions is important. 
Siwela et al. (2010) focused on the bioaccumulation of 

heavy metals in aquatic organisms such as snails, but our 
understanding of factors underlying the water quality and 
biotic communities of reservoirs in semi-arid southwest 
Zimbabwe remains limited. In the current study, water 
quality and phytoplankton community data were collected 
during March 2015 to test the hypothesis that water quality 
and phytoplankton community structure and composition 
would be different between urban and agricultural sites, 
because of the different characteristics of runoff emanating 
from these different land use types.

Surveys were conducted on the Khami River subcatch-
ment in southwest Zimbabwe (Figure 1) once a week 
during March 2015 equating to four samples (n = 4) at 
each sampling point. The dominant land use types along 
the river and streams flowing into it were examined 
using field observations and Google Earth satellite 
image system before sampling points were selected. 
Then we used a spatially balanced probabilistic design 
(Stevens and Olsen 1999; Mangadze et al. 2015) to 
select sampling points in the two main land use catego-
ries that were identified i.e. agriculture (n = 12) and 
urban (n = 16). Dissolved oxygen (DO; mg l–1), total 
dissolved solids (TDS), conductivity (µS cm–1) and pH 
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were measured on site using WTW meters (conduc-
tivity meter 330i, O2 meter 315i, pH meter 340; WTW, 
Weilheim, Germany) at each sampling point. Samples 
of water were collected in 750 ml polythene bottles 
and refrigerated at 4 °C before chemical analysis. 
Ammonia, nitrates, sulphates and phosphates were 
determined using standard methods (HACH 2000; 
APHA 1998). Water samples for phytoplankton analysis 
were collected from the surface (0–2 m) using a Ruttner 
sampler. Phytoplankton samples were collected by 
filtering 50 l of water through a 20 µm plankton net, and 
fixing the plankters on site with 10% formalin for later 
microscopic examination. Live and fixed samples were 
used to determine phytoplankton composition quantita-
tively by pouring a 1 ml sample into a counting chamber, 
identifying and counting under an inverted microscope 
(Prescott 1970). Phytoplankters were identified to species 
level using charts and keys by Komárek (2005) and 
through direct comparison with museum material.

Phytoplankton species diversity at each sampling 
point was calculated using the Shannon–Wiener index 
of diversity (Hʹ) (Krebs 1999). All abundance data were 
logarithmically transformed log10 (x + 1) prior to analysis 

(Zar 1984). An independent sample t-test was used 
to compare means of physical and chemical variables 
between the two land use categories. The difference 
in phytoplankton abundance and diversity between the 
land use type categories were also compared using an 
independent sample t-test. We used a cluster analysis 
with Wards method to determine the main differences 
and similarities in community composition among the 
sampling points. Canonical correspondence analysis (CCA) 
was used to investigate relationships between environ-
mental variables and phytoplankton communities from the 
different land use categories. The CCA considered the 
abundance (≥1) of phytoplankton present in at least four 
samples. We used CCA to detect and visualize similarities 
in phytoplankton samples because a preliminary detrended 
correspondence analysis (DCA) had shown that gradients 
of plankton composition were > three standard deviation 
units (3.8), and therefore justified the use of unimodal 
ordination techniques (TerBraak and Verdonschot 1995). 
CCA and DCA were performed using CANOCO version 
4.5 (TerBraak and Smilauer 2002). All other statistical tests 
were performed in SPSS 21 for Windows (SPSS Inc., 2007, 
Chicago, Illinois).

AFRICA

SOUTHERN
AFRICA

SOUTHERN
AFRICA

Angola

Namibia
Botswana

Zambia

South Africa

Moza
mbique

Zimbabwe

Zimbabwe

20° S

20°15′ S

28°30′ S28° E

KHAMI RIVER SUB-CATCHMENT 

LEGEND

Agricultural sampling points

Urban sampling points

River

Dam

Sub-catchment
25 km

A8

A6

Bulawayo

Figtree

A5

A7

Main Road

Figure 1: Map of the study area showing sampling points in the Khami River subcatchment 



African Journal of Aquatic Science 2017, 42(1): 83–89 85

There was a significant difference in conductivity, 
turbidity, TDS, salinity and sulphates between the agricul-
tural and urban sampling points (p < 0.05; Table 1). 
Conductivity, sulphates, TDS and salinity were generally 
higher at the urban sampling points than at the agricultural 
sampling points. In contrast, the agricultural sampling points 
were more turbid with a greater content of nitrates than the 
urban sampling points. There were no differences in pH, 
DO, ammonia and phosphates between the sampling sites 
(p > 0.05).

Twenty-four species of phytoplankton belonging to six 
classes were identified, and of these, seven species were 
unique to urban sampling points, whereas eight species 
were unique to agricultural sampling points (Table 2). 
Nine species were common to both agricultural and urban 
sampling points. The most diverse taxonomic class was 
Chlorophyta (11 species) followed by Bacillariophyta (5 

species) and Cyanophyta (5 species). The abundance of 
Eudorina elegans, Microcystis aeruginosa, Pediastrum 
duplex, Scenedesmus opoliensis, Spyrogyra sp. and 
Volvox aureus was higher at urban sampling points than at 
agricultural sampling points (Table 2). However, Anabaena 
viguieri, Tabellaria flocculosa and Melosira varians were 
more abundant at agricultural than the urban sampling 
points. Overall, phytoplankton abundance (t = 9.63, df = 8, 
p < 0.001) and species diversity (t = 4.53, df = 8, p = 0.003) 
were greater by a factor of 1.6 and 7.9 at urban than at 
agricultural sampling points (Figures 2a, b). The dendro-
gram depicts the similarity of sites in terms of phytoplankton 
assemblage composition between the sampled sites. The 
sampling points separated into urban and agricultural groups 
based on the phytoplankton community structure (Figure 3). 

The first two axes of the CCA species-environmental 
variables plot accounted for 86.2% of the total variance 

Variable Agriculture Urban t p-value
pH  7.96 ± 0.04 7.94 ± 0.37 −0.04 0.966
Conductivity (µS cm−1) 120.2 ± 3.89 328.5 ± 65.3 2.81 0.026
Turbidity 22.0 ± 2.38 13.2 ± 1.77 −3.03 0.019
TDS (mg l−1) 86.1 ± 3.14 274.0 ± 25.3 6.51 0.001
DO (mg l−1) 5.02 ± 0.36 4.44 ± 0.27 −1.29 0.237
Salinity (ppt) 69.4 ± 1.88 197.0 ± 19.5 5.75 0.001
Nitrates (mg l−1) 0.05 ± 0.001 0.02 ± 0.002 −1.93 0.035
Ammonia (mg l−1) 0.04 ± 0.01 0.05 ± 0.01 −0.77 0.463
Phosphates (mg l−1) 0.03 ± 0.02 0.01 ± 0.003 −0.25 0.804
Sulphates (mg l−1) 0.01 ± 0.002 0.05 ± 0.01 2.78 0.027

Table 1: Mean ± standard error of physical and chemical variables recorded at agricultural and urban land use sites in the Khami River 
subcatchment in March 2015. ppt: parts per thousand

Class Species Taxon code Agriculture (± SE) Urban (± SE)
Cyanophyta Anabaena viguieri Avig 16.8 (6.99) 4.5 (0.23)
Bacillariophyta Asterionella formosa Afor 5.25 (0.22) 0 (0)
Chlorophyta Zygenema sp. Zyge 11.1 (0.26) 0 (0)
Dinophyta Ceratium hirundinella Chir 0 (0) 3.16 (0.84)
Chlorophyta Coelastrum microporum Cmic 0 (0) 8.33 (3.30)
Chlorophyta Cosmarium dalinum Cdal 0 (0) 13.4 (7.83)
Bacillariophyta Cyclotella meneghiniana Cmen 1.75 (0.92) 0 (0)
Chrysophyta Dinobryon crenulatum Dcre 0 (0) 2.24 (0.92)
Chlorophyta Eudorina elegans Eele 13.4 (0.47) 73.6 (18.6)
Euglenophyta Euglena viridis Evir 0 (0) 24.2 (6.45)
Bacillariophyta Fragilaria crotonensis Fcro 2.45 (0.52) 0 (0)
Bacillariophyta Tabellaria flocculosa Tflo 12.0 (2.60) 8.02 (3.18)
Chlorophyta Chlorella sp. Chlo 4.35 (0.67) 0 (0)
Bacillariophyta Melosira varians Mvar 12.2 (0.26) 1.62 (0.11)
Cyanophyta Merismopedia glauca Mgla 0 (0) 67.8 (20.5)
Cyanophyta Microcystis aeruginosa Maur 19.5 (3.94) 401.6 (93.1)
Chlorophyta Pediastrum duplex Pdup 11.5 (3.61) 107.2 (23.9)
Cyanophyta Synechocystis aquatilis Saqu 9.82 (0.43) 0 (0)
Chlorophyta Scenedesmus opoliensis Sopo 3.51 (0.52) 49.8 (17.4)
Chlorophyta Selenastrum capricornutum Scap 5.61 (0.26) 0 (0)
Chlorophyta Spirogyra sp. Spyr 8.75 (4.53) 60.4 (12.3)
Chlorophyta Spirogyra rhizobrachiales Srhi 0 (0) 19.8 (8.09)
Cyanophyta Synechocystis sp. Syne 34.0 (1.67) 0 (0)
Chlorophyta Volvox aureus Vaur 28.5 (7.22) 152.4 (16.3)

Table 2: Mean abundance (ind. l−1) of phytoplankton species at sampling points in agricultural and urban land use areas in the Khami River 
subcatchment in March 2015. SE: standard error of the mean
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in the community, because of measured environmental 
variables (Figure 4a). The Monte Carlo unrestricted 
permutation test (499 permutations) indicated that axis 
1 and axis 2 were statistically significant (p < 0.05). 
Phosphate, nitrate and pH were positively associated with 
the first axis whereas DO, turbidity, ammonia, sulphate, 
TDS, salinity and conductivity were negatively associ-
ated with the first axis (Figure 4a). Sulphate, TDS, salinity, 
conductivity and pH were negatively associated with the 
second axis whereas DO, turbidity, ammonia, phosphate 
and nitrate were positively associated with the second axis 
(Figure 4a). The CCA separated the sampling points into 
two communities (Figure 4b). The first group consisted 

of sampling points in agricultural land use sites that were 
positively correlated to the first axis in the upper and bottom 
right-hand quadrant (Figure 4b). Phytoplankton species 
characterising these sampling points included Anabaena 
viguieri, Asterrionella formosa, Zygenema sp., Chlorella sp., 
Cyclotella meneghiniana, Fragilaria crotonensis, Tabellaria 
flocculosa, Selenastrum capricornutum, Synechocystis 
aquatilis, Synechocystis sp. and Volvox aureus. The second 
group consisted of the more polluted sampling points in 
urban areas that were negatively correlated to the first axis 
in the upper and lower left-hand quadrant (Figure 4b). The 
phytoplankton community characterising these sampling 
points included species, such as Cosmarium dalinum, 
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Figure 2: Comparison of mean phytoplankton a) abundance (ind. l−1), b) species diversity (Shannon–Wiener: Hʹ) between agricultural and 
urban sampling points in the Khami River subcatchment. Error bars show the standard error of the mean
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Ceratium hirundinella, Coelastrum microporum, Dinobryon 
crenulatum, Eudorina elegans, Euglena viridis, Melosira 
varians, Merismopedia glauca, Microcystis aeruginosa, 
Scenedesmus opoliensis, Spirogyra sp., Spirogyra rhizobra-
chiales and Pediastrum duplex.

In support of our initial hypothesis, we detected shifts 
in water quality and phytoplankton community structure 
and composition with change in land use consistent with 
the findings of Katsiapi et al. (2012) and Mangadze et al. 
(2015). Urban sampling points had higher conductivity, 
sulphates, TDS and salinity than agricultural sampling 
points (Table 1) reflecting the chemical composition of 
runoff from urban activities that contains large quantities of 
nutrients, free ions, such as Ca2+ and Mg2+ and solid waste 
from treated and untreated domestic and industrial effluents 
(Mangadze et al. 2015). On the other hand, agricul-
tural sampling points were more turbid and had a higher 
content of nitrates than the urban sampling points (Table 1), 
possibly because of the high organic nutrients and 
sediments associated with agricultural runoff (Carpenter 
et al. 1998, 2011). Surprisingly, pH, DO, ammonia and 
phosphates did not differ between the sampling sites, 
probably because the point sampling used here may have 
missed the dynamics of these parameters over time, or 
effects on these parameters are possibly similar between 
land use types. Nevertheless, land use has an influence 
on water quality, with major implications on the community 
composition of this aquatic system. 

The phytoplankton community structure and composition 
followed the between-sampling-point differences in physical 
and chemical attributes. For example, because of agricul-
tural runoff laden with colloidal matter, such as clay, silt and 
fine organic matter, agricultural sampling points were more 
turbid, limiting the amount of light available to phytoplankton 

(Carpenter et al. 1998). As a result, the phytoplankton 
communities at agricultural sampling points were less 
abundant and diverse than at urban sampling points, 
possibly because of photo inhibition at the highly turbid 
agricultural sampling points. Another consequence of the 
high turbidity was that the phytoplankton species at agricul-
tural sampling points were predominantly diatoms resident 
for short periods, such as F. crotonensis, C. meneghiniana, 
A. formosa and T. flocculosa (Wetzel 2001; Anusa et al. 
2012) and green algae, such as Zygenema sp., Chlorella 
sp., S. capricornutum and V. aureus, which probably 
exploited the short periods of light availability in the turbid 
environment. Further, the turbid agricultural sampling points 
were also associated with species capable of growing 
in minimum light conditions, such as Synechocystis sp., 
which require a minimum of 5 to 15 minutes of light per day 
(Anderson and McIntosh 1991). 

Urban sampling points were dominated by Cyanobacteria 
and Chlorophyta. However, Chlorophyta was the most 
species-diverse taxonomic class at both urban and agricul-
tural sampling points (Table 1). This is probably because 
Chlorophyta dominate airborne phytoplankton and are early 
colonists in aquatic systems (Chrisostomou et al. 2009; 
Genitsaris et al. 2011), and consequently tend to have a 
ubiquitous distribution in freshwater systems. In contrast, 
Dinophyta, Chrysophyta and Euglenophyta were recorded 
only at nutrient-laden urban sampling points, despite 
previous research showing these groups to predominate 
in aquatic systems of low nutrient status (Reynolds 1984). 
Cyanobacteria at urban sampling points were largely 
dominated by Microcystis aeruginosa and Merismopedia 
glauca. The abundance of M. aeruginosa in urban sampling 
points was greater by up to 20 times than that at agricultural 
sampling points, possibly because of their cosmopolitan 

Maur Syne

Dcre
Srhi

Evir

Chir

Mgla Cmic

Fcro

Spyr

Scap
Chlo

Saqu

Eele

Avig

Cdal

Sopo

Afor

Mvar

Zyge

Tflo

Vaur

Cmen

Pdup

Nitrate

Ammonia

Phosphate

Sulphate

pH

Conductivity

TDS
Salinity

DO

Turbidity

−1.0 0.4
−0.6

−0.6−0.8

−0.4

−0.4

−0.2

−0.2

0.8

0.6

0.4

0.2

0.2

0.0

0.0 0.0

0.0

−0.5

−0.5

0.5

0.5

−1.0
1.0

Urban
Agricuture

(a) (b)

Figure 4: Ordination diagram based on canonical correspondence analysis (CCA) of a) phytoplankton species composition with respect to 
six environmental variables (pH, nitrate, phosphate, ammonia, turbidity, DO, sulphate, TDS, salinity and conductivity), b) the corresponding 
sampling locations in the Khami River subcatchment. Taxa codes are given in Table 2



Dzinomwa and Ndagurwa88

nature being able to exploit available nutrients better than 
other phytoplankton species (Harding 1997). Alternatively, 
the dominance of M. aeruginosa may be related to the high 
conductivity that was associated with urban sampling points 
(Shapiro 1990) or the colonial structure of these algae may 
enhance entrapment. 

The proliferation of Cyanobacteria, such as 
M. aeruginosa, M. glauca and A. viguieri has several 
consequences for humans and animals dependent on 
this aquatic system. For example, laboratory studies 
have shown Cyanobacteria to be a poor quality food 
for most zooplankton grazers (Tillmanns et al. 2008). 
Chlorophyta, which co-dominated with Cyanobacteria, 
are also considered poor quality food for zooplankton 
(Sterner 1989). Since Cyanobacteria and Chlorophyta 
are considered poor food quality, their dominance is 
likely to reduce material circulation, energy flow and the 
growth, reproductive capacity and population dynamics 
of zooplankton and other aquatic organisms, such as fish 
(Kuang et al. 2004; Tillmanns et al. 2008). Consequently, 
the ability of zooplankton to control algal population growth 
is reduced resulting in algal blooms. In addition to reduced 
water clarity, increase of anoxia and loss of some benthic 
lifeforms and fish (Harper 1992), these algal blooms 
may produce harmful secondary metabolites, such as 
microcystin (Mhlanga et al. 2006; Ndebele and Magadza 
2006) that have serious adverse effects on human and 
animal health. For example, incidences of gastroenteritis 
have been correlated to toxic Cyanobacteria blooms in 
Lake Chivero, Zimbabwe (Marshall 1991). However, levels 
of algal toxins were not examined in this study, suggesting 
a future research direction. 

In view of the short sampling period, the findings of this 
study point to the need for further research using more 
samples to ascertain these possibilities. Further, future 
studies should be long term, because they would reveal 
trends not clear from short-term studies. 
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