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The Ruzizi River, the outlet of Lake Kivu in the Albertine Rift, flows into Lake Tanganyika and
is important for hydropower generation and irrigation. The impacts of 2 dams in the Ruzizi
River on macroinvertebrate community composition and diversity were surveyed every
3 months from December 2015 to October 2017. Macroinvertebrate samples were
collected at sites upstream and downstream and additionally at two sites further
downstream of the dams, in both comparatively pristine and highly disturbed areas.
Several indices (Shannon-Wiener index, Simpson index, Pielou’s evenness, Rare Family
Prevalence, and Average Score Per Taxa) were used to determine the alpha diversity and
evenness of macroinvertebrates at the family level. Our results showed little to no
immediate effect of the dams on macroinvertebrate diversity. Macroinvertebrate
composition differed slightly below the dams compared to upstream. Communities
near Dam Il had slightly higher diversity compared to Dam |, probably because the
vicinity to Lake Kivu has an immediate effect on diversity upstream of the first dam and likely
because Dam Il is 30 years younger than Dam |. This study suggests the importance of
using species-level indices to better understand the ecological impacts of dams on
macroinvertebrate diversity of tropical rivers with low species diversity.

Keywords: Ruzizi River dams, macroinvertebrates, biodiversity indices, pollution, environmental flows, hydropower

INTRODUCTION

Increasing demand for electricity creates an urgent need to build hydropower plants for
renewable energy and as a valuable source of revenue (IEA: International Energy Agency,
2019), especially in tropical regions where the world’s largest rivers are located (Latrubesse et al.,
2005; Sinha et al., 2012). The demand for hydropower in such regions has even led to a global
“megadam mania” (Gross, 2016). In addition to hydropower, dams provide many benefits to
societies such as flood control, irrigation, and water level regulation (Altinbilek, 2002). Despite
the great importance of dams, they alter rivers and their ecosystems significantly (Poff and
Matthews, 2013; Zarfl et al., 2015; Couto and Olden, 2018; Grill et al., 2019) by changing the flow
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FIGURE 1 | Location of the Ruzizi River, the dams, and collecting sites. See Table 1 for detailed information on the localities. (A) Ruzizi River with Dam | and Dam Il
and further downstream sites. (B, C) Sampling site locations downstream and upstream of Dam | (between Mururu and Bukavu) and Dam Il (in Mumosho). The map in (A)
was created with the R package ggmap 3.0.0 (Kahle et al., 2019). (B, C) were created in Google Earth Pro 7.3.4.8248, map data © 2022 Google/Maxar Technologies.

regime, e.g., reducing river connectivity, altering temperature
and nutrient status (Bunn and Arthington, 2002; Renofilt
et al., 2010; Reid et al., 2019; Kuriqi et al., 2019, 2020).
These hydrological changes and habitat fragmentation are
mainly related to loss of sediment connectivity, resulting in
significant changes in downstream sections and affecting
macroinvertebrate communities (Mueller et al., 2011;
Martinez et al., 2013). In addition to the mentioned threats,
dams can facilitate the establishment of invasive species that
could further drive the loss of other aquatic organisms (Dick
et al., 2002; Johnson et al., 2008).

Aquatic macroinvertebrates are the most popular organisms
used to assess freshwater biological quality (Wright, 2010; Kaaya
etal, 2015; Wronski et al., 2015; Dusabe et al., 2019), especially in
the stream and river assessments (Dallas, 2021).
Macroinvertebrates are recognized as good indicators for
monitoring habitat quality (Greenwood et al., 1999; Carter
et al., 2017) as well as many different anthropogenic stressors,
including changes in flow regime, pollution, eutrophication, and

biological invasions (Bonada et al., 2006; Fornaroli et al., 2018;
Guareschi and Wood, 2019; Mellado-Diaz et al., 2019).

The effects of dams on downstream macroinvertebrate
diversity and abundance have been documented repeatedly
(Cortes et al., 1998; Santucci et al., 2005; Sharma et al., 2005;
Xiaocheng et al., 2008; Bredenhand and Samways, 2009; Vaikasas
et al, 2013; Serrana et al., 2018; Wang et al., 2019). Species
richness and abundance of sensitive and tolerant taxa have been
the most commonly used metrics to determine the ecological
impacts of macroinvertebrates below dams (Martinez et al,
2013). Using biotic indicators to detect the effects of dams on
the macroinvertebrate community requires a profound
knowledge of the species identities because even closely related
species may have different tolerances to environmental stressors
(Macher et al, 2016; Mezgebu, 2022). However, accurate
identification of freshwater macroinvertebrates to the species
level can be difficult, especially for larval or subadult
specimens, and often results in low taxonomic resolution or
misidentification (Haase et al., 2010; Sweeney et al, 2011).
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This in turn reduces the accuracy of the approach and can lead to
inaccurate biological assessments and eventually even misguided
management (Stein et al., 2014).

A promising alternative to morphological identification is
DNA-based identification (Elbrecht et al., 2017), which has
been shown to be reliable in non-tropical regions (Stein et al.,
2013; Elbrecht and Leese, 2015). Nevertheless, most available bio-
indication systems are nowadays based on the family taxonomic
level (Dallas, 2021; Mezgebu, 2022). The objective of this research
is to evaluate whether a family-level bio-indication can determine
the impact of dams on macroinvertebrates in a low-diversity
tropical river.

MATERIALS AND METHODS
Study Area

The Ruzizi River, also known as Rusizi, flows from Lake Kivu
into Lake Tanganyika (Figure 1). It is the only outlet of Lake
Kivu and one of the most important tributaries of Lake
Tanganyika in the Congo Basin and lies between the
Democratic Republic of Congo (DRC) and Rwanda on the
one hand and DRC and Burundi on the other (Descy et al,
2012). The Ruzizi River has an average long-term annual flow
of about 86 m*/s (Muvundja et al., 2014; ABAKIR, 2020). For
the first 50 km from Lake Kivu to the village of Kamanyola
(headwaters), the river lies between the steep, heavily
deforested, and barren watersheds (upper Ruzizi) of South
Kivu in the D.R. Congo and Rusizi District in Rwanda. After
crossing the escarpment, the river drops from an elevation of
1,450 m to 962 m (ABAKIR, 2020). Numerous waterfalls make
it a potential hydropower source. After the escarpments
(Ngomo in DRC and Nzahaha in Rwanda), the Ruzizi River
extends into a vast plain and gradually drops from an elevation
of 962-770 m with a low average gradient before entering Lake
Tanganyika. The river provides important habitat for a variety
of aquatic species (Hughes and Hughes, 1992). The Ruzizi
water at the first dam has a high salt concentration (~1.1 g/L or
1,200 uS/cm electrical conductivity), being as is as salty as the
surface waters of Lake Kivu due to dissolution of volcanic ashes
in most rivers of North Kivu and subaquatic discharge of
underground hydrothermal springs. Towards the Lower Ruzizi
in Kiliba, the river water freshens considerably (~0.5g/L or
650 uS/cm) due to further freshwater inputs from the
watershed (Muvundja et al., 2022). The Ruzizi River is of
outstanding importance to the African Great Lakes Region
(DRC, Rwanda, and Burundi) because of hydroelectric power
generation. There are two active hydropower dams on the
river: the first dam built in 1959 is located 3 km downstream of
the outlet of Lake Kivu at Mururu at an altitude of 1,460 m a.s.l.
It has an installed capacity of 28 MW (TRACTIONEL and RRI,
1980; Fichtner Gmbh und co, 2008). The second dam was built
in 1989 and is located about 16 km from Bukavu in Mumosho
at an altitude of 1,393 m a.s.l, with a capacity of 44 MW
(Figure 1) (TRACTIONEL and RRI, 1980; Fichtner Gmbh
und co, 2008; ABAKIR, 2020). Two more dams are planned:
Dam III (147 MW) and Dam IV, to be built downstream of

Impact of Dams on Macroinvertebrates

Dam II and between dams II and III, respectively (Fichtner
Gmbh und co, 2008; Dombrowsky et al., 2014; ONEC-BAD,
2015; ABAKIR, 2020).

Macroinvertebrates Sampling

We sampled the macroinvertebrate community at eight stations
from December 2015 to August 2017 (Supplementary Table S1).
Samples were collected every 3 months to cover both wet and dry
seasons. Each collection site was sampled eight times to account
for a potential variation in community composition over time.
Samples were collected at sites upstream and downstream of Dam
I and Dam II. Additional samples were collected further
downstream of Dam II at Manda/Ngomo and Kamanyola as
reference sites that are unlikely to be impacted by the dams. We
collected macroinvertebrates in various habitats by kicking, hand
picking, or hand scooping samples for leaf litter and sapropel
(Dusabe et al., 2019). We collected the samples on the banks of
the Ruzizi River in different substrates (sand, stones, rocks, and
macrophytes) by using hand tweezers on stones and rocks and
scoop nets (diameter: 20 cm, mesh size: 1 mm) in sands and
macrophytes and on the water surface as well as in the water
column. Organisms were separated by taxonomic groups, sorted
using featherweight tweezers.

At each sampling site, the samples were collected within 50 m
along the river shoreline. Some sites were accessible by foot,
others by boat. Latitude, longitude, and elevation were recorded at
each sampling site using a Garmin GPS IV (Table 1). Sampling
lasted 60 min and was conducted by three individuals. Samples
were preserved with 70% ethanol. All macroinvertebrates were
identified to family level using predominantly keys developed for
the southern African sub-region (Cape Province to northern
Zambia; Day et al, 1999, 2001a, 2001b, 2002; Day and de
Moor, 2002; de Moor and Day, 2002; Stals and de Moor,
2007; de Moor et al,, 2003). Oligochaeta and Polychaeta were
determined to order level due to the lack of identification keys for
the region.

Data Analyses

We calculated five different diversity indices: Shannon-Wiener
index, Simpson index, Pielou’s Evenness, Rare Family Prevalence
(RFP) index, which indicates the proportion of families at each
station represented by single individuals (Emberton et al., 1997),
and Average Score Per Taxa (ASPT) based on TARISS (Tanzania
Rivers Scoring System; Kaaya et al., 2015) to categorize the
sensitive and tolerant taxa (Kaaya et al, 2015). The ASPT
scores of macroinvertebrate groups were categorized as
follows: Low sensitivity (1-5), moderate sensitivity (6-10), and
high sensitivity (11-15) (Gerber and Gabriel, 2002).

In order to test for an effect of the sampling position with
respect to dams (upstream vs. downstream) on each of the five
diversity indices we ran linear mixed effects models. We divided
the analyses into two batches, one including only the samples
upstream and downstream of Dams I and II, respectively, the
second one including the samples taken further downstream at
Ngomo and Kamanyola (Figure 1) as a separate category. The
rationale behind the second approach was to compare upstream/
downstream samples to communities less impacted by dam
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TABLE 1 | Locality information with the villages where Dam | and Dam |l are located and coordinates of sampling sites upstream and downstream of the dams.

Village Dams Loc. #
Mururu/Bukavu Dam | 1

2

3

4
Mumosho Dam I 5

6
Ngomo Planned Dam Il 7
Kamanyola 8

building. The communities at Ngomo and Kamanyola are located
several kilometers downstream of Dam II and are distinct from
the communities downstream and upstream of Dam I and Dam
II. This could be due to the streams that join the Ruzizi River
upstream of the Ngomo site and therefore bring new
macroinvertebrate communities. Kamanyola is disturbed by
several anthropogenic stressors because the site is located on
the Congo-Rwanda border in an area with a high population
density, causing the river to be used heavily for domestic purposes
and agriculture.

We tested for the influence of two different types of random
effect structures, one including the sampling period (month/
year), the other including sampling period and sampling area
(Dam I, Dam II, and Ngomo/Kamanyola). In all cases we applied
random intercept models. Preliminary analyses with more
complex random effect designs yielded distinctly less
supported or singular models.

We used Akaike Information Criterion (AIC) to select the best
model, in each case comparing a candidate model with the
corresponding null model lacking fixed effects but having the
same random structure. Following Harrison et al. (2018) we used
maximum likelihood estimation to compare models with the
same random structure, but restricted maximum likelihood to
estimate variance components of random effects and model
parameters as well as to compare models with different
random structure. We applied the classical AAIC cutoff of 2
after Burnham and Anderson (2004) to evaluate significant
difference among models, but we are aware of the problems
associated with such an assumption (compare Harrison et al,
2018) and critically discuss this issue below.

Models that were found significantly better than the
corresponding null models were further examined for model
adequacy and model fit. We assessed model residuals through
simulations that transform them to a standardized scale, tested
for potential dispersion issues, and inspected autocorrelation
function plots to detect a possible influence of temporal
autocorrelation. Marginal R®> and adjusted intraclass
correlation coefficient (ICC) were calculated to assess the
variances explained by the fixed and random effects,
respectively (Nakagawa et al., 2017; Harrison et al., 2018).

Finally, to compare communities among sampling sites and
periods, we ran a nonmetric multidimensional scaling based on a
Bray-Curtis dissimilarity matrix for each sampling period. To
account for strong variation in abundances, both Wisconsin

Localities Latitude N Longitude E
Ruzizi | upstream site 1 —-2.507755 28.878461
Ruzizi | upstream site 2 —2.491257 28.892775
Ruzizi | downstream site 1 —2.510530 28.873312
Ruzizi | downstream site 2 -2.515492 28.867921
Ruzizi Il upstream —2.628099 28.901870
Ruzizi Il downstream —-2.633562 28.902669
Planned Ruzizi Il upstream —2.700285 28.964059
Planned Ruzizi Ill downstream —2.709655 29.009136

double standardization and square-root transformation were
applied.

All analyses were carried out in R vs. 4.0.3 (R Core Team,
2020) using the packages DHARMa 0.3.3.0 (Hartig and Lohse,
2020), ggeffects 1.0.1 (Liidecke et al., 2020a), Ime4 1.1-26 (Bates
etal., 2020), performance 0.6.1 (Liidecke et al., 2020b), and vegan
2.5-7 (Oksanen et al., 2020).

RESULTS

A total of 4,439 individuals from 13 macroinvertebrate orders
were detected across all sampling sites and periods
(Supplementary Table S1). Mollusca formed the dominant
group (40.9%), followed by Odonata (17.8%) and Diptera
(13.4%). Other groups found in this study were Trichoptera
(7.7%), Ephemeroptera (5.9%), Heteroptera (5.5%), Decapoda
(3.9%), Coleoptera (2.2%), Hirudinea (1.2%), Plecoptera (0.72%),
and Oligochaeta (0.2%). The composition of the
macroinvertebrate community slightly varied across sites.
Almost all groups were represented at all sites, but
Trichoptera, Ephemeroptera, and Plecoptera dominated at the
control site (Ngomo) of the Ruzizi River.

In general, the Shannon-Wiener index was very low, ranging
from 0.63 to 2.39. Most families at the sites were represented by
more than one individual. The Rare Family Prevalence (RFP)
score was low at most sites before and after the dams. At one site
from Dam I downstream (loc. 4), a very low RFP value of 0.8 was
recorded in December 2015. The highest RFP value (60) was
recorded in October 2016 at Kamanyola, where most of the taxa
collected were represented by single individuals. The evenness
was high when RFP increased, meaning that the number of
individuals in a community was fairly constant when many
families were represented by single individuals. The ASPT
ranged from 2.5 to 6.8, and almost all sites were represented
by tolerant and moderately tolerant taxa, except for the Ngomo
site, which had more sensitive taxa.

The nonmetric multidimensional scaling analyses for the eight
sampling periods yielded stress values between 0.016 and 0.097,
suggesting a good fit for each of the ordinations. The plots
indicate variation among communities as well as through time
(Supplementary Figure S1). The plots showed that the least
sensitive taxa were represented both upstream and downstream
of the 2 dams. Belostomatidae, Libellulidae, Lymnaeidae, and
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TABLE 2 | Linear mixed effects models that are better than their corresponding null models, with indication of random effects structure (random intercept) and model fit. See
Supplementary Table S2 for the complete list and Supplementary Results S1 for model diagnostics. AlC, Akaike Information Criterion; ASPT, average score per

taxon; ICC, intraclass correlation coefficient; RFP, rare family prevalence.

Index Ngomo/Kamanyola AAIC to Corresponding Random Effects Structure Model Fit
Null Model Sampling area Sampling period Marginal R? Adjusted ICC
Pielou’s Evenness excluded 4.225 X X 0.068 0.478
RFP excluded 2.936 - X 0.096 0.005
RFP excluded 3.195 X X 0.089 0.160
ASPT included 16.675 - X 0.268 0.032
ASPT included 3.191 X X 0.241 0.120
T 201 T 71
0.9 154
T 159 - °] 6
§ 08 T @ ? N
w & 104 o
) o 101 7] 54
T 0.7 ¢ = 51
o - [ ]
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0.6 51 4
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05 =5 04 -
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FIGURE 2 | Predicted values of the fixed effects of the five significant linear mixed effects models. The fixed effects of the ASPT models show that the variance in
both models is mostly contributed by the communities sampled further downstream of Dam Il. ASPT, average score per taxon; RFP, rare family prevalence.

Bithyniidae dominated upstream of Dam I, while Planorbidae,
Lymnaeidae, and  Atyidae  dominated  downstream
(Supplementary Figure S1). Sites at Dam II were more
represented with taxa moderately sensitive to pollution and
disturbance. Corduliidae and Chlorocyphidae dominated
upstream of Dam II, while Hydraenidae and Belostomatidae
dominated downstream of Dam II (Supplementary Figure
$1). Community composition differed at sites further
downstream. The Ngomo site was dominated by sensitive taxa
of Trichoptera (Hydropsychidae), Plecoptera (Perlidae), and
Ephemeroptera (Baetidae). The Kamanyola site, further
downstream, was dominated by taxa that are both tolerant
and moderately tolerant to pollution and disturbance, such as
Nepidae, Libellulidae, and Gomphidae.

For most of the linear mixed effects models between each of
the five diversity indices and sampling position (upstream vs.
downstream), a null model yielded a better or equally good (AAIC
<2) fit (Supplementary Table S2). Moreover, despite the
generally simple structures of the models, several of them had
a singular fit (Supplementary Table S2), suggesting an overfitting
of the model or insufficient data. Since the structure of the models
cannot be further reduced reasonably, these models will not be
further considered. Only five models were found better than their
corresponding null models (Table 2). However, AAIC values for
four out of the five model are below 5, suggesting only a weakly
better fit than a null model. Upstream/downstream position had
significant but weak effects on Pielou’s Evenness and Rare Family

Prevalence (RFP) when including only Dams I and II. However,
most of the variation detected by the models is due to the random
effects structure, particularly the sampling area. Conversely, a
moderate effect of upstream/downstream position on ASPT was
found when including the communities further downstream of
Dam II (Table 2; Figure 2). As in the other models, sampling area
contributed more to the variation of the models than sampling
period. Residual and dispersion checks found no violation of
model assumptions in any of the five models (Supplementary
Results S1). Only minor signs of temporal autocorrelation were
detected for the two models with ASPT (Supplementary
Results S1).

DISCUSSION

The studied river system provided an opportunity to examine
whether family-level biotic indices should be used to assess the
ecological impacts of dams, particularly in a low-diversity river.
We found low-diverse macroinvertebrate communities both
upstream and downstream of the dams. Our analyses
indicated general differences in the community compositions
through space and time (Supplementary Figure S1), but
upstream/downstream communities were found significantly
different only for few selected indices (Table 2; Figure 2).
There are potential causes for the
macroinvertebrate diversity in the Ruzizi River. Generally,

several low
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factors contributing to low taxon richness can be low habitat
diversity, unstable water levels, altered thermal regime, and
altered food supply (Munn and Brusven, 1991). Moreover,
macroinvertebrate assemblages below dams often have lower
taxon richness and are typically dominated by certain species
(Bona et al., 2008; Takao et al., 2008). In the specific case of the
Ruzizi River, the hydrological and geographical setting of the
dams is also relevant. The water predominantly comes from Lake
Kivu, which is a species-poor lake because of its geological history
and catastrophic volcanic events that affect also its current
limnology (Jones, 2021). The lake’s environmental condition
affects the Ruzizi River, especially at Dam I close to the outlet.
We found that the habitat is disturbed and degraded by high
water release and retention downstream of dams, leading to
hydropeaking events (Tonolla et al, 2017; Muvundja et al,
2022). Sometimes water is retained upstream, dramatically
altering the river’s habitat to the point of complete dry-up
downstream. This kills many small organisms such as
macroinvertebrates due to their low mobility (Bruder et al,
2016). Conversely, habitat alteration due to flooding is the
proposed cause of low macroinvertebrate diversity in the
Ruzizi River just upstream of the dams (Hyangya et al.,, 2014).

The slight difference in macroinvertebrate diversity between
sites near dams I and II could be due to the proximity of Dam I to
Lake Kivu, which carries the same saline water and therefore has
lower diversity than communities around Dam II, whose water is
diluted by tributaries (Muvundja et al., 2022). The age difference
in their existence could be another factor contributing to the
lower diversity at Dam I compared to Dam II, which was
constructed 30 years later. For the benthic macroinvertebrates,
the impacts may be more noticeable in the short and medium-
term due to their reduced capacity for movement and their
affinity for the bottom substrates that constitute their living
environment (Bhandari et al., 2018; Min and kong, 2020). Our
result, however, is consistent with a study that showed that dams
of different ages can affect downstream organisms differently,
with older dams having a greater impact than those recently built
along the same river (Wang et al., 2020).

Additionally to richness differences, we found differences in
the community compositions. This especially concerns the
relative abundance of sensitive and tolerant taxa. In general, at
the sites near Dam I and Dam II, between December 2015 and
October 2017, we observed an increase of families with low
TARISS scores (representing species that tolerate pollution and
disturbance), particularly ~Mollusca, Diptera  (strongly
represented by Chironomidae), and Heteroptera (compare
Kaaya et al., 2015), while species that are highly sensitive to
pollution (such as Trichoptera, Ephemeroptera, and Plecoptera;
Kaaya et al., 2015) were rare both upstream and downstream of
the dams. We observed considerable variation in flow rate and
water level over the studied time interval. Such hydropeaking and
drying events usually cause changes in macroinvertebrate
communities and decrease the number of sensitive taxa in
impacted areas (Wang et al,, 2013).

Another factor causing the rarity of highly sensitive taxa could
be river bank disturbance and domestic pollution observed
upstream and downstream of the dams. Macroinvertebrates
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are known to be differentially sensitive to water quality
degradation (Bonada et al., 2006; Arimoro and Muller, 20105
Fouche and Vlok, 2010). Their presence is therefore considered
an indicator of the state of water quality and aquatic health of the
environment in which they live. The disturbance and domestic
utilization of water at the shores of sites of Dam II were minimal
compared to the sites of Dam I. Dam II sites contained more taxa
moderately sensitive to pollution and disturbance. Taxa tolerant
or moderately tolerant to disturbance dominated at sites further
downstream in Kamanyola on the Rwanda-Congo border. The
low abundance of sensitive taxa at this site, which is not directly
impacted by dams and related flow fluctuations, may have been
caused by further anthropogenic activities (such as swimming,
washing), agriculture, nearby irrigation, and pollution of the on-
site bank. In contrast, the Ngomo site is isolated, and we
witnessed little anthropogenic activities and no disturbance,
making it a suitable habitat for taxa that do not tolerate pollution.

The surprisingly little effect of the dams on upstream vs.
downstream community composition contrasts several previous
studies (Cortes et al., 1998; Santucci et al., 2005; Xiaocheng et al.,
2008; Bredenhand and Samways, 2009; Serrana et al., 2018; Wang
et al,, 2019). Recently, a global analysis of the ecological impacts
of small hydropower dams generally showed negative ecological
effects (Kurigi et al, 2021) affecting macroinvertebrate
communities downstream due to changes in flow velocity
(Mcintosh et al., 2002; Sharma et al., 2005; Martinez et al.,
2013). However, there are a number of studies that found
similarly weak or no immediate impact of dams on
macroinvertebrate communities (Ambers, 2007; Xiaocheng
et al., 2008; Vaikasas et al., 2013). A global review (Mbaka and
Wanjiru, 2015) reports that more than 70% of small dams have
either a positive or negative impact on macroinvertebrates by
causing either a decrease or an increase in macroinvertebrate
abundance and richness downstream of the dams (Mueller et al.,
2011; Martinez et al.,, 2013; Wang et al,, 2013).

The reason for this contrast could be the different methods
used (Wang et al., 2020). Some studies look at specific taxonomic
groups of macroinvertebrates, while others include the entire
community. Other factors include differences in the climatic and
geomorphological conditions at dam sites (Carr et al, 2019;
Turgeon et al, 2019), downstream distance from the dam
(Ruhi et al, 2018), and dam size (Poff and Hart, 2002).
Additionally, using family-level identifications  could
potentially obscure relevant information. Most rapid
assessment systems for impacts on rivers are based on family-
level data (Dallas, 2021; Mezgebu, 2022). However, different
macroinvertebrate species within the same family may have
very different pollution tolerances (Arimoro and Ikomi, 2008)
or ecosystem functions (Baulechner et al., 2020). Lumping them
in a single unit can severely bias assessments and eventually be the
result of the apparently lacking impact of dams on biodiversity in
the Ruzizi River.

Africa has a very high demand for energy supply and hydropower
facilities will play an important role in the near future, especially in
the Congo River system (Winemiller et al., 2016). At the same time,
there is still very litle knowledge about the impact of dams on
environmental flows and biodiversity in these drainage systems. The
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outlook for freshwater biodiversity near dams requires a more
organized assessment for predicting, restoring, and managing the
resulting changes in river ecosystems (Rolls et al., 2018; Turgeon
et al, 2019). Changes in the management of environmental flow
regimes can assist the protection and restoration of the aquatic fauna
and maintaining river ecosystems downstream of dams in order to
maintain ecosystem functioning (Poff and Schmidt, 2016; Kuriqi
et al, 2019). This could also help increase the poor
macroinvertebrate fauna of the Ruzizi River, and suggestions for
altering flow practices have already been made (Muvundja et al,
2022; see also Bruder et al, 2016). Our study examining the
macroinvertebrate communities in the low-diversity tropical
Ruzizi River shows a weak impact of dams on downstream
macroinvertebrates when using family-level bio-indications. We
recommend that future studies focus on species level
identifications to deliver more precise and ecologically relevant
assessment. For such an approach to work, we urgently require
more profound baseline studies on the species compositions of
freshwater macroinvertebrate communities in Africa.
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