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Abstract

Rwizi River, often called the life-line river, supports over five million people in Western Uganda and
is a major contributor of freshwater to Lake Victoria. Surrounded by a large and rapidly growing
population, the river has suffered anthropogenic disturbances whose impact on the integrity of the
system is a subject of concern. Aquatic macroinvertebrates, used globally to monitor both short- and
long-term environmental conditions, were thus used to assess the biological integrity of streams and
channels draining into the river system. Macroinvertebrates were sampled for six months in 2017
encompassing the wet and dry seasons using the kick net sampling method. The macroinvertebrates
were identified morphologically using peer reviewed identification keys and their pollution sensitivity
scored using the Tanzanian River Scoring System (TARISS). The Shannon diversity index was
computed per site and related to average score per taxon (ASPT). We collected a total of 5442
macroinvertebrates belonging to 54 families dominated by Chironomidae (29.1%). Macroinvertebrate
diversity increased with ASPT (r = 0.57; N = 131; P = 0.000). The water quality was generally poor and
was not affected by the season (t = 1.03; df = 64; P = 0.303) though sites had different water quality (F =
11.32; df = 20; P = 0.000) attributed the degree of anthropogenic disturbance. We concluded that river
Rwizi system is highly degraded and thus recommend restoration of the entire catchment. Aquatic
macroinvertebrates are good indicators of long-term conditions but less sensitive to short-term changes.
Multiple approaches, biological and chemical, are encouraged during the restoration process.
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Introduction for rapid economic development and social
transformation. To ensure the desired water
The task of  preserving the integrity of quality, states have invested in constant

freshwater reserves is today’s greatest challenge monitoring as a prerequisite for timely

for mankind (Hermoso, et al., 2016). This is
majorly due to the anthropogenic related
impacts on the quality of freshwater bodies.
Access to safe water is a global priority (UNDP,
2015) and is a key point of discussion at several
national and international platforms (Fagan, et
al., 2015). Water and sanitation services
contribute to sustainable development and cater

management interventions (Kaaya, Day, &
Dallas, 2015).

Rwizi river, a major contributor to the waters of
L. Victoria, is an important freshwater reserve
and supports a large and rapidly growing
population in Western Uganda. It is the major
source of water for people in South Western
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Uganda and their livestock (Atwebembeire et al.,
2018, 2019). It is also the main source of water
for Uganda National Water and Sewerage
Cooperation (NWSC) that supplies piped water
to the urban centers in the region. Like other
lotic ecosystems, Rwizi river provides not only
water but also habitat to a range of ecologically
and economically significant organisms such as
vertebrates, insects, macrophytes, planktons
and molluscs. In the recent past, Rwizi river has
suffered increased anthropogenic disturbances
whose impact on the quality of the water is a
subject of inquiry in the region. Some
information on the quality of Rwizi river is
available (Atwebembeire et al., 2018, 2019; Egor
& Mbabazi, 2014; Ojok, et al., 2017). However,
previous assessments were largely based on the
water chemistry and in the main river only. This
study used benthic macroinvertebrates, a
biological assessment method, to establish the
ecological integrity of the Rwizi river system
including the streams and channels that pour
into the river. The diversity and abundance of
macroinvertebrate taxa was established and
ecological health at particular sites (streams,
channels and the main river) established based
on the sensitivities of macroinvertebrate
communities to disturbance.

Benthic macroinvertebrates inhabit the bottom
substrate for most of their life time. Their ability
to change water quality and low energy detritus
into good quantities of food for higher
organisms in the food web makes them
significant in the aquatic food chain (Sharma, &
Vyas, 2013). They have been widely used for the
assessment of the ecological status of water
bodies (Dickens et al, 2018). Their limited
mobility means that they can be used to evaluate
localized environment stressors. Consequently,
their distribution and abundance have been
largely used as biomonitoring tool for fresh
water pollution (Doberstein et al., 2000; Johnson
et al., 1993; Musonge et al., 2019; Sreeja, 2018).
Information on benthic river macroinvertebrate
is very useful for evaluating not only the overall
condition of the river but also its stream
environments because these organisms are
affected for a long period by different
environmental stressors (Takashi et al., 2011).
The sessile nature of macroinvertebrates reflects
the condition of the water body they inhibit.
However, different families have varying
sensitivities towards different types of
pollutants and provide vital information for
water management (Muhazar et al., 2013).

Materials and Methods

Study area

The study was conducted on River Rwizi and its
tributaries which are located in South Western
Uganda (Fig 1). The river originates from
Buhweju hills with various tributaries from the
Nkore hills including Ntungamo and Sheema all
comprising a catchment area of 2521 km?
(Mbarara District Local Government, 2013; Ojok
et al., 2017). The river eventually pours its
waters into Lake Victoria via the network of the
Kooki lakes (Mburo, Kachera, Nakivale, and
Kijanebarola) (Mukwaya & Mugabe, 2012).
Figure 1 shows the location of sampling sites in
the upstream (Kasharara, Karungu, Kibimba
and Nyakafumura) midstream (Nyakambu,
Bugongi, Rugando, Nyaruteme and Karama)
and downstream (Kafunjo, Kakyeka, Upper
Kakyeka, Kitutu, Katete, Rwentondo,
Rwentondo, Kiswahiri Nyamabare). Sampling
sites were purposively selected according to the
land use activities, source of pollution that is,
point and non-point sources. The upstream and
midstream sections of the river system were
characterized by intensive agriculture and
livestock production while the downstream area
was characterized by urbanization,
industrialization and farming activities.
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Figure 1 Map of Uganda showing the location
river Rwizi system and the sampled sites
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The South western region of Uganda
experiences a wet and a dry season, with a
bimodal precipitation pattern. The long rains
occur in March to May and the short rains in
November and December. The dry seasons
occur from December to February and June to
August (Bashemereirwe, 2009). The River Rwizi
basin receives a mean annual rainfall of about
987mm.

Research Design

The research design was both qualitative and
quantitative with the former involving
identification of all the microbenthic taxa,
human activities and vegetation type.
Quantitative data of the abundance of taxa was
collected and used to compute diversity indices.

Sampling Strategy

Sampling was done once a week for six months
in March to May during the wet season and June
to August in the dry season. Purposive sampling
was done from different river zones including
the upstream and midstream with intensive
agriculture and the downstream urbanization
areas. Each zone was sampled twelve times
between March to May and June to August
though the samples were not collected from
necessarily from the same points. Each site was
sampled for 60 minutes by one person and the
latitude, longitude and altitude recorded using
a Garmin GPS (Garmin GPSMAP 64). Human
impact at each sampling site and the
surrounding habitat was recorded according to
the nature of disturbance which was classified
according to the following criteria; no
disturbance, agricultural and industrial waste
water, sand mining, livestock watering point,
irrigation zone, road construction, urbanization,
natural forest, wetland, pasture/grassland,
agriculture zone, tree plantation and so on. The
sampling protocols was duly reviewed and
approved by the Research Ethical Committee
(REC) of Mbarara University of Science and
Technology.

Macroinvertebrate Sampling

Macroinvertebrates sampling was done using a
modified sampling protocol adopted from the
Tanzanian River Scoring System (TARISS)
approach (Kaaya et al., 2015). A scoop net with
diameter of 30cm and 1mm mesh attached to a
long metal handle was placed on the stream bed
against the flow and the substrate in front of the
net agitated by simple kicks steps. Samples were
collected from different biotopes including

stones, vegetation and gravel sand mud, leaf
pack, treeroots etc. A total of twenty jabs in each
of the various types of habitats were made
where one dip net “jab” involved forcing the dip
net against the stream bottom repeatedly,
starting close to sampler’s body and finishing
with arms fully outstretched. However,
sampling technique differed depending on
habitat conditions as explained below.

Vegetation on the edge of river banks and
aquatic vegetation (submerged vegetation in the
river channel e.g. filamentous algae, roots and
stems of floating vegetation) were considered
during sampling. Approximately two meters
length at any particular site was sampled. The
net was vigorously pushed back and forth along
the marginal vegetation while moving upstream
in order to catch dislodged organisms. When
sampling aquatic vegetation, the net was placed
below the overhanging vegetation and moved in
a bottom-up motion, jabbing at the bank several
times to loosen organisms with the whole
process taking five minutes. For the leaf packs,
the pack was shaken to release organisms in
water, and then quickly scooped up with the net
in order to capture both the organisms and the
leaves. In the case of tree roots, snags
(accumulations of debris) and submerged logs,
an area of approximately 3 x 3ft in size was used
in which the net was positioned downstream to
ensure that dislodged material floats into it.

Sampling of stones included stones in the river
current and stones out of current. While
sampling stones in current, the net was placed
close to and downstream of the kicked stones to
allow dislodged organisms to be carried into the
net by the water current. For the stones out of
current, the stones were turned over to dislodge
organisms. In bedrock-dominated areas, hands
and feet were used to rub off the attached
organisms, while the disturbed area was
continuously swept by the scope net for
approximately five minutes.

Sampling in gravel, sand and mud was
conducted for a about one-minute stirring and
shuffling one’s feet and continuously sweeping
the net to catch dislodged organisms. In stream
sections with slow water flow, the net was
jabbed into the bottom in a sweeping motion. In
sections with a faster flow, the sampler stood
upstream of the net and held it against the
stream bottom and then kicked it so that the
flow could wash the organisms into the net. The



scooping of sand and mud into the net was
avoided by sweeping it sufficiently far from the
feet and allowing few seconds for large
sediment particles to settle down.

The macroinvertebrates from the different
biotopes at each site were pooled together in a
container and preserved using 80% ethanol and
then transported to the Biology laboratory at
Mbarara University of Science and Technology
for further processing.

The macroinvertebrate samples were sorted and
identified to the required taxonomic level
according to the Tanzania River Scoring System
(Kaaya et al., 2015) using keys from East and
South Africa (Day & de Moor, 2002; Day et al.,
2001a, 2001b; Day, Harrison, & de Moor, 2002;
Stewart, & Louw, 1999; de Moor et al., 2003; Stals
& de Moor, 2007; Zwick, 2004). Clitellata were
identified to sub class level, while families
Baetidae and Hydropsychidae were identified
to species level and all other macroinvertebrates
to family level. The identified taxa were
assigned sensitivity scores and the average score
per taxon (ASPT) at each site computed
according to Dickens & Graham, (2002 and
Kaaya et al. (2015). Water quality index at a site
as indicated by ASPT values was computed
from total sum of sensitivities of taxa (Kaaya et
al., 2015) divided by the total number of taxa at
that site. Taxa with sensitivities of 0-5 were
considered as having high pollution tolerance,
6-10 as having moderate tolerance and 11-15 as
having low pollution tolerance (Gerber &
Gabriel, 2002). The proportions of the different
macroinvertebrate taxa present in River Rwizi
was obtained by summing up the total number
of each taxon during entire study period and the
relative abundance was computed.

Data analysis

The macroinvertebrate taxa abundance data was
entered in MS Excel ver. 2013 and used to
compute the relative abundancies of the
different taxa. Shannon’s diversity index of was
computed using PAST computer software
(Natural History Museum, Oslo) and site
differences in diversity were tested using one-
way ANOVA from SPSS statistical software
(SPSS Inc, Chicago, IL, USA). Taxa diversity was
correlated with water quality (inferred from
ASPT values) across sampling sites using
Pearson’s correlation coefficient to examine the
relationship between water quality and
ecological complexity. Seasonal variation in

macroinvertebrate diversity and water quality
was analysed using paired samples students’ t-
test. All analysis was done at 5% level of
significance.

Results

A total of 5442 macroinvertebrates belonging to
54 TARISS taxa (53 families and 1 sub class) were
collected from the river system (Table 1). The
most abundant families were Chironomidae
(29.71%) and Baetidae (11.67%) while the least
abundant  families @ were  Corydalidae,
Pschomayiidae, Chlorocyphidae and
Platycnemididae all with a relative abundance
of 0.02% each.

Table 1 The abundancies and relative
abundance of orders and families/classes and
sub classes of macroinvertebrates sampled
from River Rwizi system in the period March to
August 2017. Taxonomic level of classification
was as required by the Tanzanian River Scoring
System.



Order/class Family/sub class Abundance Relative abundance (%)
Amphipoda Corydalidae 1 0.02
Coleoptera Dytiscidae 186 3.42
Elmidae 11 0.20
Gyrinidae 143 2.63
Helodidae/scritidae 2 0.04
Hydraenidae 7 0.13
Hydrophilidae 66 1.21
Psephenidae 3 0.06
Diptera Ceratopogonidae 13 0.24
Chironomidae 1617 29.71
Culicidae 185 3.40
Dixidae 5 0.09
Ephydridae 9 0.17
Psychodidae 76 1.40
Simuliidae 4 0.07
Syrphidae 196 3.60
Tipulidae 26 0.48
Ephemeroptera Baetidae 635 11.67
Caenidae 48 0.88
Heptageniidae 86 1.58
Leptophlebiidae 24 0.44
Oligoneuridae 14 0.26
Parecnomina 4 0.07
Teloganodidae 67 1.23
Tricorythidae 32 0.59
Hemiptera Belostomatidae 36 0.66
Corixidae 84 1.54
Gerridae 23 0.42
Naucoridae 58 1.07
Nepidae 4 0.07
Notonectidae 16 0.29
Pleidae 10 0.18
Veliidae 35 0.64
Clitellata Hirudinae (sub class) 3 0.06
Mollusca Thiaridae 377 6.93
Corbiculiidae 2 0.04
Lymnaeidae 40 0.74
Physidae 84 1.54
Planorbidae 143 2.63

Kashanyarazi to H'= 0.11 at Nyakambu (Fig 2)
compared to the maximum expected (H'=4.5).
The Shannon index values showed significant
differences in macroinvertebrate diversity

There was low diversity of macroinvertebrates
across sites ranging from H'=217 at



across sites (P= 0.000; F= 4.573; df= 21) when
subjected to One-Way ANOVA test. However,
seasonal variation in diversity at sites was
insignificant (P = 0.558) with the wet season
having relatively higher diversity than the dry
season as shown in Fig 3.
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Figure 2 Shannon’s diversity of
macroinvertebrates sampled from different
sites in the River Rwizi system from March to
August 2017. All invertebrates collect from a
site for the entire study period were pooled
together to compute the diversity.

ASPT values correlated moderately and
positively with diversity (r = 0.57, N =131; P =
0.000) indicating that sites with good water
quality tend to have a higher macroinvertebrate
diversity (Fig 3). Hence Kashanyarazi with the
highest diversity (Fig 2) recorded the best water
quality than the other sites.

Figure 3 Scatter plot of Pearson’s correlation of
Shannon index of macroinvertebrate diversity
and TARISS Average Score Per Taxon (ASPT)
in River Rwizi system

Seasonal variation in water quality was not
significant though higher values of ASPT were
recorded in the wet season (4.29+1.58) than the
dry season (4.09+1.81; t = 1.03; df = 64; P = 0.303;
Fig 6). This also concurs with the seasonal
variation in the diversity of macroinvertebrates
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in the study sites where a slightly higher
diversity was recorded in the wet season (Fig 4).
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Figure 3 Seasonal variation in Shannon index of
diversity of macroinvertebrates sampled from
different sites in the River Rwizi system from in
the dry and wet seasons.

However, sites have different water quality
index (F = 11.32; df = 20; P = 0.000) with the
highest water quality index recorded at
Kashanyarazi and the lowest at Bus park with
ASPT values of 7.3 and 1.3 respectively. The
Rwizi system was generally polluted/disturbed
with only Kashanyarazi having “moderate
water quality” while other sites lie in the “poor
water quality” to “very poor water quality” (Fig
5). The cumulative effects of interacting
disturbance factors contribute to pollution at a
site (Dusabe et al., 2019). Hydro morphological
and limnological characteristics of river Rwizi
are greatly affected by the human activities
hence threatening the existence of sensitive
macroinvertebrates.



Figure 4 Variation in Average Score per Taxon
(ASPT) at different sites upstream to
downstream of River Rwizi using the
Tanzanian River Scoring system (TARISS).
Water quality classification follows Aquilina
(2013), whereby light shading indicates ‘very
poor’ quality, moderate shading ‘poor” quality,
and dark shading “‘moderate” water quality
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Figure 5 Seasonal variation of water quality in
river Rwizi indicated by TARISS ASPT

Discussion

The Rwizi river system sampled for six months
in the wet and dry seasons had a somewhat rich
but simple community of macroinvertebrate
comprising of 54 families highly dominated by
chironomids constituting 29.71% of the 5442
individuals collected and 11 rare families with
abundance < 5 (Table 1). The Chironomid
dominance could be due to the very high
colonization potential (Radkova et al., 2014) and
adaptability to a variety of habitats given their
high diversity. Many Chironomid larvae are
also known to be highly tolerant to polluted
aquatic environments (Radkova et al., 2014) and
thus their sensitivity scores to poor water
quality are often low in various bioassessment
systems (Dickens & Graham, 2002; Hawkes, 1998;
Kaaya et al., 2015). Population pressure and
unsustainable agricultural practices greatly
degrade the Rwizi catchment to an extent that in
many sites, the riparian vegetation is cleared

and cultivated to the banks. Consequently, a lot
of organic matter and inorganic nutrients
(Atwebembeire et al., 2018) are eroded into the
river creating conditions that are suitable for the
tolerant groups of organisms like Chironomids
(and other dipterans) at the same time reducing
the survival of sensitive taxa.

The diversity of macroinvertebrates in the Rwizi
system was generally low (H'= 1.42+0.56; Fig 2)
across sites. H' was used to represent
community structures in River Rwizi since rare
and abundant species are expected to be equally
important (Morris et al., 2014) in the
computation of the water quality equivalent
ASPT using TARISS (bioassessment system
based on presence of taxa with no regard to
abundance). The Shannon’s diversity index
increased as water quality (represented by
ASPT) increased across the sites (Fig 3)
suggesting that less polluted aquatic habitats
support a more complex community of
organisms compared to few dominant tolerant
organisms in polluted water. Studies have
shown that diversity and ecological functioning
of stream communities are strongly controlled
by variation in the hydrological processes (Biggs
et al., 2005; Rawi et al., 2014). Some species are
very sensitive to alteration in ecohydrological
conditions given their substantial requirements
for feeding, reproduction and growth while
others are tolerant to temporary and/or
persistent changes of hydrological, thermal,
physical or chemical conditions (Rawi et al.,
2014). Our findings thus emphasize that the
highly disturbed/polluted sites on River Rwizi
due to practices like urbanization, poor waste
treatment and disposal, and encroachment on
the river buffer zones (Atwebembeire et al., 2018,
2019) offer limited chances for survival of highly
diverse microbenthic communities of sensitive
taxa but support few water pollution tolerant
species. ~However, site differences in
microbenthic diversity (p= 0.000; F= 4.573; df=
21) are due to the differences in site
characteristics given the fact that benthic
macroinvertebrates communities adapt to long-
term prevailing conditions at a site, the very
basis of bioassessment of ecological integrity.

River Rwizi system is greatly disturbed with
generally poor to very poor water quality save
for few isolated cases with moderate water
quality (e.g. Kashanyarazi; Fig 5). The drainage
streams/channels from Mbarara Municipality
were found to have the poorest water quality.



However, despite being in the Mbarara
Municipality, Kashanyarazi site had the best
water quality in the entire system.

The Rwizi catchment is characterised by a
number of small-holder famers who practice
unsustainable farming methods. Studies have
shown that 55% of the small holder farmers in
the Rwizi catchment do not practice soil and
water conservation et al., 2013) which could
subsequently lead to a lot of soil erosion into the
river. Site differences in water quality exist (F =
11.32; df = 20; P = 0.000. The very poor water
quality (ASPT 1-4; Aquilina, 2013; Dusabe et al.,
2019) was found at sites with very high levels of
anthropogenic impact. Kasharara site (believed
by local residents to be the source of river of
River Rwizi), for example, was cultivated. The
small volume of water for a river in its early
stages (i.e. at Kasharara site) is very susceptible
to pollution by agricultural inputs which could
result in survival of only tolerant taxa of
macroinvertebrates. At Nyakambu site, brick
laying, heavy papyrus harvesting, deforestation,
mud fishing and a lot of garbage damping into
the river and a bridge were observed. At
Rugando site, a lot of sand mining was taking
place along the river course combined with
cattle drinking directly from the river, human
and livestock waste dumping, agricultural
waste and vegetation litter all leading to
negative impact in and around the banks of
River Rwizi.

Urbanisation contributes the greatest damage to
the water quality of river Rwizi. Inlets from the
municipality had very poor water quality (Fig 5)
due to damping of untreated domestic solid and
liquid waste industrial effluent, runoffs from
washing bays, garages, agricultural fields with
tree nursery beds and crop farming sometimes
taking place up to the river bank as was similar
to (Atwebembeire et al., 2019; Dusabe et al.,
2019). These activities increase nutrient loading
and  sedimentation creating conditions
intolerable to many pollution sensitive taxa.
Contrary to the trend, however, Kashanyarazi is
a site in an urban setting but with moderate
water quality higher than any other site in the
Rwizi system. This site is located on the greatly
meandering section of the river with reduced
flow velocity and colonized by dense mats of the
water hyacinth (Eichhornia crassipes). The water
weed is reported to proliferate in highly
eutrophic waterbodies (Balirwa et al., 2009)

which supports the findings that River Rwizi is
enriched with nutrients (Atwebembeire et al.,
2018). The water hyacinth is known for
phytoremediation by removing large quantities
of dissolved nutrients like nitrogen from the
water (Priya & Selvan, 2017; Wang & Yan, 2017)
while at the same time reducing dissolved
oxygen concentration for lentic waterbodies.
Since river Rwizi is a lotic system with water
hyacinth at the edges of the stream. The result is
that sites like Kashanyarazi have higher water
quality despite being close to areas with high
levels of degradation. This thus confirms the
argument that bioassessment protocols based on
aquatic macroinvertebrates depict conditions
prevailing in a relatively short stretch of the
river as was similar to (Dusabe et al., 2019) where
conditions are somewhat similar and is less
affected by conditions upstream.

In Africa, bioassessment indices based on
aquatic macroinvertebrates such as the Tanzania
Rivers Scoring System (TARISS) in Tanzania
(Kaaya ef al., 2015) and the South African
Scoring System (SASS) in South Africa (Dickens
& Graham, 2002) have been developed. These
systems are based on the presence or absence of
taxa without considering abundance which
makes them less sensitive to seasonal changes,
especially when the season affects abundance.
As a result, the River Rwizi system showed no
seasonal  changes in  water  quality.
Macroinvertebrate communities take a time lag
in responding to changes in water quality (Leps
et al., 2016) and this is the basis for their use in
evaluation of sustained ecological conditions at
a site. Thus, rapid bioassessment systems are
very reliable cost-effective methods for studying
ecological integrity at a site for a relatively long
period of time.

Despite the great ecological and economic value
of River Rwizi, the poor water quality associated
to anthropogenic disturbance could be
attributed to poor enforcement of existing laws
as the main cause for the deterioration of lotic
ecosystems

Mukwaya and Mugabe (2012) noted that
“There is a lack of effective policy framework
and implementation mechanisms in place at
district level. There is also the lack of effective
implementation of existing legislation and
regulatory mechanisms”.

Conclusion



The water quality status of River Rwizi and its
streams was assessed using macro-invertebrate
as indicator organism with the help of Tanzania
River Scoring System. River Rwizi and its
streams were having poor water quality, with
many downstream streams and channels as the
most polluted, followed by midstream and
upstream channels. Mbarara municipality
contributes the greatest damage to water quality
of river Rwizi majorly through
untreated/poorly treated municipal effluent
draining through the streams and channels to
the main river.

Our findings indicate that river Rwizi system
has poor to very poor water quality. We
therefore suggest to refrain human activities
especially farming away from riparian zone to
buffer zone in order to restore the river. The
community need to be continuously educated
about the value of the river for the greater good
of the communities and the country as a whole
and the impending danger of the complete
‘death’ of the river with the rapidly growing
population and associated pressure to the river
resource. We therefore advocate for swamp
restoration, proper waste disposal and
protection of the catchment area. Continuous
monitoring using multiple ecosystem health
assessment approaches (physicochemical & bio-
monitoring methods) would give a complete
picture of the Rwizi catchment area with time
and thus inform local governments on the next
steps. More research could be done to quantify
the extent of damage caused by various human
activities and the degree to which they harm the
ecological and economic value of river Rwizi.
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