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ABSTRACT
Background: Despite their key ecological functions and application in biomonitoring, little is 
known about the algal flora in Uganda, especially those of lotic systems.
Aim: This study related the community composition of the epipelic diatoms to environmental 
variables to establish the influence of rural and urban activities on water quality and on the 
biota on spatial and seasonal scales along River Aturukuku in Eastern Uganda.
Methods: Epipelic diatoms and selected environmental variables were compared among sites: 
two urban, a reference site upstream, and a site downstream from the urban area, spanning the 
dry and wet seasons from February to October, 2018.
Results: Total phosphorus and nitrogen concentrations were above the natural threshold in 
the river. The diatom species such as Gyrosigma attenuatum and Placoneis gastrum, tolerant of 
pollution, dominated in the river. Total phosphorus, pH, temperature, and bottom substrates 
were most related to the composition of the diatom communities. The abundances of 
P. gastrum and Sellaphora nyassensis correlated with increased pH at the urban sewage 
effluent, suggesting that they are potential indicators of this kind of polluted environment.
Conclusions:: The study provides baseline information on diatom community, and is relevant 
for biomonitoring and biodiversity conservation in Uganda and other tropical countries.
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Introduction

Diatoms are photosynthetic eukaryotic micro- 
organisms (Lund 1949; Crawford 1975; Round 
et al. 1990). They are the most ubiquitous group 
among the microscopic algae, inhabiting almost all 
types of aquatic habitats (Stevenson et al. 2010; 
Zimmermann et al. 2014). They are either free- 
living as plankton or attached to the benthic sur
faces of both lotic and lentic ecosystems (Patrick 
1977; Round 1981; Sabater 2009). Epipelic diatoms 
are those that are attached to sediments (e.g. mud, 
silt, and sand) (Stevenson et al. 1996; Çiçek and 
Ertan 2016). Freshwater diatoms have numerous 
key ecological functions. As primary producers, 
they contribute much to the production of oxygen, 
play important roles in nutrient cycling, energy 
flow, and supply of energy to higher trophic levels 
(Mann 1999; Poulíčková and Manoylov 2019). They 
are part of the first trophic level in the ecosystem 
pyramid and are involved in the production of 
organic matter using nitrogen and phosphorus 
compounds. The concentrations of these nutrients 
are related to both the abundance and species com
position of diatom communities and thus forming 

a feedback loop in natural as well as anthropogeni
cally impacted aquatic ecosystems (Kelly 1998; 
Barinova 2017).

Diatoms respond rapidly to environmental 
degradation and therefore their community struc
ture provides a measure of river ecosystem health. 
As a result, especially in the developed countries, 
diatoms have gained importance for their use as 
alternatives to physico-chemical water quality 
assessment methods, which offer limited holistic 
interpretation of aquatic ecosystem health and 
integrity (Bere 2015; Park and Hwang 2016). 
Epipelic diatoms are of particular interest in the 
context of environmental bioindication because of 
their varying sensitivity and response to pollution. 
Their diversity and community composition adapt 
rapidly to the disturbance arising from chemical, 
physical, and biological factors (Stevenson and 
Smol 2003; Chonova et al. 2019). Diatoms have 
been used as bioindicators for different environ
mental disturbances related to acidification, nutri
ent loading, climate, water temperatures and 
hydrological alterations (Tornés et al. 2018; 
Soininen and Teittinen 2019), given their high 
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sensitivity (Tornés et al. 2018) and faster response 
than organisms such as macroinvertebrates and fish 
(Wang et al. 2014). Diatoms tend to react quickly to 
changes in water quality because of their short life 
cycle, which allows them to adapt rapidly to water 
physico-chemistry (Solak et al. 2020). The faster 
response and strong relation to physico-chemical 
variables make diatoms good bioindicators of eutro
phication and point and non-point source impacts, 
and their occurrence in a wide variety of environ
ments, including heavily polluted ecosystems, 
allows monitoring where other types of organisms 
are absent (Beyene et al. 2009).

Pollution impacts such as increased water con
ductivity and eutrophication (e.g. orthophosphate 
and nitrite-nitrogen), can lead to a decreased diver
sity and species richness, and overall dominance by 
pollution tolerant taxa of diatoms (Kivrak and 
Uygun 2012). Similarly, a significant relationship 
between nutrient (e.g. nitrogen and phosphorus) 
enrichment and increase in density, or decrease in 
species richness and diversity of diatoms, have been 
reported (Licursi et al. 2015) and proposed for indi
cation of eutrophication in tropical streams (Wang 
et al. 2014). An association between a high concen
tration of total phosphorus and pollution tolerant 
diatom genera, such as Gomphonema, Navicula and 
Nitzschia, has been reported for river reaches 
impacted by organic pollution from sewage spil
lages in Zimbabwe (Nhiwatiwa et al. 2017). 
Likewise, Triest et al. (2012) have found that rela
tively clean waters of low organic loads, high dis
solved oxygen, and low total dissolved solids had 
communities of pollution-sensitive diatom taxa 
(e.g. Gomphonema angustum, Navicula exigua, 
N. schroeteri, Frustulia rhomboides, Staurosira sub
salina, and Nitzschia perminuta) within the 
upstream waters of some rivers in Kenya. 
Meanwhile, polluted waters of heavy organic loads, 
low dissolved oxygen and high trophic state had 
pollution-tolerant taxa (e.g. Nitzschia palea, 
N. umbonata, Gomphonema parvulum, and 
Stephanodiscus rotula) in the downstream waters 
of the same rivers (Triest et al. 2012).

Despite their key ecological functions and appli
cation in biomonitoring, little is known about the 
algal floral in Uganda, especially those within the 
lotic systems. Most previous work has concentrated 
on plankton groups within lentic systems (Okello 
et al. 2010; Haande et al. 2011; Nankabirwa et al. 
2019) compared with benthic groups especially in 
lotic systems (Pentecost et al. 1997). Globally, lotic 
systems such as rivers are among the most diverse 

ecosystems, with numerous ecological and socio- 
economic contributions but they are also the most 
impacted by anthropogenic activities (Sabater and 
Elosegi 2014). Lotic systems have experienced high 
rates of decline in biodiversity because of loss of 
habitats and catchment degradation associated with 
human activities such as land conversion for agri
culture, settlement, urban development, industrial 
establishments, dam construction and pollution 
(Munir et al. 2016; Dudgeon 2019). In particular, 
the lotic systems in many tropical countries (e.g. 
Uganda) suffer environmental degradation because 
of rapid growth of population, agricultural activities 
and urbanisation, and limited resources and infra
structure for advanced pollution controls (Kwok 
et al. 2007; Cantonati et al. 2020).

Benthic diatom communities are among the 
aquatic biota whose biodiversity is disturbed by 
changes in environmental conditions arising from 
human activities, including sewage and wastewater 
effluents (Bere and Mangadze 2014; Chonova et al. 
2019), river channelisation, the establishment of 
embankments across natural flow direction and 
agricultural run-off (Amutha and Muralidharan 
2017). In Uganda, human activities (e.g. industria
lisation, urbanisation, hydropower generation, 
mining and agriculture) affect the catchments of 
most rivers (Kasangaki et al. 2008; Atwebembeire 
et al. 2019; Musonge et al. 2020), including River 
Aturukuku, the subject of this study, causing dis
turbance to their environment and biota. As human 
populations and exploitation of water resources 
such as rivers expand, increase in the deterioration 
of water quality and decline in biodiversity are 
anticipated (Dudgeon 2019). This calls for an urgent 
need for monitoring and assessment of river health 
and biota for effective freshwater ecosystem man
agement (Bere 2015; Park and Hwang 2016).

Although some rivers and streams in Uganda 
have been ecologically assessed mainly by relat
ing their macroinvertebrate metrics to the phy
sico-chemical variables (e.g. Kasangaki et al. 
2008; Atwebembeire et al. 2019; Musonge et al. 
2020), such biological communities show a time 
lag to respond to changes in water quality (Leps 
et al. 2016; Atwebembeire et al. 2019) compared 
with the diatoms that display quick responses 
(Beyene et al. 2009). A diatom-based monitoring 
approach is particularly suitable for the manage
ment of rivers in Uganda and other developing 
countries, given the similarities in the physico- 
chemical and biological attributes and the envir
onmental threats associated with these 
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