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Abstract Excessive delivery of fine sediment has been
implicated as the main water quality stressor in the
Tsitsa River catchment. This study evaluates the re-
sponses of the taxa Ephemeroptera, Plecoptera and
Trichoptera (EPT) to suspended sediment and grain size
distribution in eight selected study sites in the Tsitsa
River catchment. The sampling of macroinvertebrates
took place seasonally from August 2016 to April 2017
and EPT identified to either genus or species level. To
avoid site redundancy, the sites were clustered into four
groups, with groups 1 and 2 being more impacted when
compared to groups 3 and 4. The results of the sediment
grain size analysis revealed that sediment grain size
distribution ranged from 0.121 to 5.61 um; percent clay
and percent silt were the most dominant sediment frac-
tions across all groups. Among the EPT metrics exam-
ined, Shannon index, Simpson’s index, evenness,
Ephemeroptera abundance, EPT abundance and
Trichoptera abundance were sensitive, differentiating
between sediment groups 3 and 4 (less impacted groups)
from 1 and 2 (highly impacted groups). Site groups 3
and 4 supported more EPT species, in terms of the
number of individuals and diversity. Species such as
Caenis sp., Pseudocloeon glaucum, Oligoneuropsis
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lawrencei and Baetis sp. were considered sediment-tol-
erant, displaying strong positive association with influ-
enced groups. Taxa such as Hydropsyche sp.,
Pseudocloeon sp., Cheumatopsyche sp. and Afronurus
sp. were considered sediment-sensitive. Overall, the
present study revealed that genera/species within the
order EPT were differentially sensitive to fine sediment
stress and grain sizes, proving to be useful bioindicators.

Keywords EPT metrics - Macroinvertebrates - Fine
sediment grain sizes - Sediment-tolerant - South Africa -
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Introduction

Sedimentation of freshwater ecosystems remains a ma-
jor water quality stressor of concern globally (Wilkes
etal. 2017). Excessive delivery of fine sediments (grain
size | < 2000 um in diameter) into freshwater ecosys-
tems may negatively influence ecosystem structure and
function through various biophysical processes such as
clogging of biological organs, filling of interstitial
spaces, smothering and deterioration of the quality of
food and habitats (Von Bertrab et al. 2013). The severity
of fine sediment effects on aquatic organisms can be
influenced by a range of factors including geochemical
composition, the distribution of grain sizes, the sensitiv-
ity of the receiving environment, exposure duration,
intensity and rate of deposition (Bilotta and Brazier
2008; Jones et al. 2012). For example, smaller grain size
fractions (< 63 pm) are known to be more detrimental to
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macroinvertebrates than larger fractions (> 63 um) be-
cause of their capacity to accumulate high concentra-
tions of contaminants and clog fine biological structures
(Bilotta and Brazier 2008; Leitner et al. 2015).

Over 70% of the land surface area in South Africa has
been reported to be affected by various degrees of soil
erosion (Le Roux et al. 2007; Le Roux et al. 2008;
Collins et al. 2016), making most riverine systems
draining such catchments prone to sedimentation.
Stream sedimentation in South Africa has been aggra-
vated by various interacting factors such as soil erosiv-
ity, steepness of slopes, flow and rainfall variabilities
(Grenfell and Ellery 2009; Basson et al. 2010). The
influence of elevated sediment delivery in the riverine
ecosystem is more pronounced in the northern part of
the Eastern Cape, where the Tsitsa River and its tribu-
taries are situated. The river systems are composed
mainly of dispersive soils that can be eroded easily
during high flow and exacerbated by inappropriately
managed communal livestock grazing practices, making
sedimentation an important water quality stressor in the
catchment (Gordon et al. 2013; Odume et al. 2018).
However, little is known about how macroinvertebrates
are affected by excessive sedimentation of the Tsitsa
River systems.

Macroinvertebrates of the orders Ephemeroptera,
Plecoptera and Trichoptera (EPT) are commonly used
in biomonitoring studies because they are perceived to
be sensitive to a range of aquatic stressors, and their
taxonomic and functional diversities (Akamagwuna
et al. 2019; Siegloch et al. 2017). Taxa within the EPT
taxa have been used specifically in previous studies to
assess fine sediment stress on aquatic biota, but field-
based responses have been inconsistent in terms of
sediment effects on taxa richness, abundance, diversities
and responses of specific species (Pollard and Yuan
2010; Sutherland et al. 2012; Descloux et al. 2014).
For example, taxa such as Baetis sp. have been reported
in previous studies to display both negative and positive
correlations to fine sediment load (Conroy et al. 2016).
The inconsistent responses reported in the literature may
be due to the co-occurrence of sediment stress with other
aquatic stressors, thus requiring field-based studies
where sedimentation is the primary stressor of water
quality. In the Tsitsa River catchment, despite the fact
that elevated fine sediment delivery is the primary water
quality stressor and the EPT are good biological indica-
tors, no study has characterised the responses of the EPT
taxa to sediment stress, with particular emphasis on
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grain size distribution. The objectives of this study,
therefore, are to (i) assess the responses of the EPT taxa
to sediment stress and grain size distribution and (ii)
identify sensitive EPT metrics to sediment stress, useful
for routine biomonitoring.

Materials and methods
Study area

The study was carried out in five streams in the Tsitsa
River catchment in the Eastern Cape Province, South
Africa (Fig. 1). The five streams include the Tsitsa,
millstream, Qurana, Pot and Little Pot Rivers. The
Tsitsa River catchment covers an area of about 4924
km®. Average annual precipitation in the area ranges
from 700 to 1000 mm, with the peak in precipitation
occurring during the summer months of November to
February (Midgeley et al. 1994). The landscape of the
area is highly erodible, consisting of erodible Beaufort
sandstones. The erodible nature of the area is exacerbat-
ed by poor land management and intensive agriculture
and livestock farming. The largely rural communities
that live in the catchment depend on the river for eco-
system service such as water for domestic use and for
ritual purposes.

Study sites

A total of eight sites in five river systems were selected
for sampling (Fig. 1). Site selection was done to reflect a
gradient of sediment stress on the bases of initial site
visual inspection and turbidity measurement. Sites in the
Tsitsa River were sites 1 and 2, and they were consid-
ered to be highly impacted sites. They receive sediments
from the surrounding area due to livestock grazing and
gully erosion that were evident within the river channels
and surrounding area. Site 3 was selected from the
Qurana River. This site was also degraded due to gullies
and cattle grazing and hence was selected as one of the
highly influenced sites.

Sites selected in the Pot and Little Pot rivers were
sites 4, 5 and 6. The three sites flow through a privately
owned land that is protected, limiting access for live-
stock grazing, making them not as degraded as sites 1, 2
and 3. The three sites were considered to be less influ-
enced; however, site 5 was considered more influenced
than site 4 because it is situated downstream of the Pot
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Fig. 1 Map of the study area showing the locations of the sam-
pling sites in the Tsitsa, Pot, Little Pot, Millstream, and Qurana
rivers. The location of the study area within South Africa is shaded

River and receives sediment delivery from the upstream
of the river. Sites 7 and 8 were situated in the up- and
downstream of Millstream; both sites were selected as
moderately influenced sites, due to less evidence of
gully erosion, with main sources of sediment coming
from livestock grazing and forestry. Macroinvertebrate
sampling habitats were adequately represented in
all sampling sites. Cluster analysis was performed
on the eight study sites based on fine sediment
grain sizes (Akamagwuna et al. 2019). The analy-
sis returned four groups; the four groups formed a
gradient of sediment impact from group 1 com-
prising sites 1 and 3 > group 2 (sites 2 and 7) >
group 3 (sites 4, 5 and 8) and > group 4 (site 6). All other
analyses in this paper were based on the four site groups
from cluster analysis.

Environmental variables
The physical and chemical variables measured on-site at

each of the sampling sites were conductivity in
millisiemens/metre, dissolved oxygen (DO) in

red on the map of South Aftica, and the relative position of South
Africa is indicated on the map of Africa

milligrams/litre, temperature (°C), turbidity in nephelo-
metric turbidity unit (NTU) and pH. Conductivity, tem-
perature, DO and pH were measured using the Hanna
multiparameter probe, model H198. Turbidity was mea-
sured in nephelometric turbidity unit (NTU) using the
portable turbidity meter, model 966. All variables were
measured once per season from winter, August 2016, to
autumn, April 2017.

The disturbance method was used to sample
suspended sediments from the sampling spot as inver-
tebrate according to Jones et al. (2015). Samples were
collected from riffles and pools with an open-ended
cylindrical polyethylene container (75 % 48.5 cm dimen-
sion). The open-ended container was gently inserted
into an undisturbed patch to a depth of 10 cm. A wooden
pole of 15 cm in length was used to vigorously agitate
the water column for about 1 min after which fine
sediment suspension was collected and filtered into a
250-ml bottle using a mesh net of 2 mm in size.
Collected samples were preserved in a cooler box con-
taining ice and taken to the laboratory for grain size
characterisation. The samples were analysed for grain
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size characteristics using the Mastersizer 3000, model
1040, in the water quality laboratory of the Geography
Department, Rhodes University (see Akamagwuna et al.
2019 for details of the grain size analysis). All samples
were analysed within 48 h after each season sam-
pling. The GRADISTAT version 8 (Blott and Pye
2012) was used to classify the output result from
the Mastersizer 3000 into different grain size pro-
portions, by applying the Folk and Ward (1957)
statistics (Table 1). Grain size statistics including mean,
mode, range and standard deviation were computed in
micrometres (pm).

Macroinvertebrate sampling and EPT identification

Benthic macroinvertebrate samples were sampled at
each study site in accordance with the South African
Scoring System version 5 protocol (SASSS) (Dickens
and Graham 2002). Macroinvertebrates were sampled
using a 30 x 30-cm, 1000-pum net from three different
habitats: stones, comprising stones in and out of current;
vegetation, comprising aquatic and marginal vegetation;
and sediments, comprising gravel, sand and mud. At
every sampling season, samples were collected in three
replicates from each of the three habitats per site.
Samples were preserved in 70% alcohol and then taken
to laboratory. The samples were sorted into different
families, and then EPT specimens were separated. EPT
specimens were further identified to their genus and,

Table 1 Particle size categories as used in this study (adapted
from Blott and Pye 2012)

Particle size description Size range (1m)

Sand
Very coarse sand > 1000-2000
Coarse sand < 2000-1000
Medium sand < 1000-500
Fine sand < 500-250
Very fine sand <250-125

Silt
Very coarse silt < 125-63
Coarse silt <63-31
Medium silt <31-16

Fine silt <16-8

Very fine silt <84

Clay <4
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where possible, species levels using regional identifica-
tion guides (De Moor et al. 2003a, 2003b).
Representative specimens of the identified EPT genus/
species were taken to the Albany Museum in
Grahamstown for specialist confirmation.

Statistical analysis

Difference between site groups based on sediment grain
size distribution

The differences between the four groups of sites in terms
of water quality variables were evaluated using
one-way analysis of variance (ANOVA). When
statistically significant difference was confirmed
by ANOVA, Tukey’s test was used to check the
groups that were different. The differences in sed-
iment grain size across the groups and seasons
were assessed with two-way permutational multi-
variate analysis of variance (PERMANOVA) using
the groups and seasons as statistical factors. Before
ANOVA and PERMANOVA, Shapiro-Wilk’s and
Levene’s tests were used to test the normality
and homogeneity of variance in the dataset. Data
were transformed logarithmically or normalised
when assumptions were violated. Groups and seasons
that were different when a significant difference was
revealed by PERMANOVA and ANOVA were identi-
fied using the Bonferroni comparison test.

Identifying sensitive EPT metrics to sediment stress
and grain size distribution

Twelve metrics in three classes: abundance (absolute
number of EPT individuals), richness (number of EPT
taxa observed) and composition and diversity (Table 2)
were screened in order to identify metrics that are sen-
sitive to sediment stress. Screening of metric sensitivity
follows a single criterion: the metric’s potential to dis-
criminate between groups differentially impacted
by sediment stress and grain size distribution.
The level of overlap of medians and inter-quartile
ranges (IQRs) between the groups, retrieved
through cluster analysis, was used as an indicator
of metric sensitivity (Jun et al. 2012; Wang et al.
2015). Metrics whose IQRs do not overlap be-
tween the less impacted groups 3 and 4 and the highly
impacted groups 1 and 2 were considered sensitive. In
addition, metrics whose IQRs overlap, but whose
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medians were outside the IQRs, were also considered
sensitive (Odume et al. 2012).

Relating EPT species and genera to grain size
distribution

The canonical correspondence analysis (CCA) was used
to assess the associations between sediment grain sizes
and EPT taxa. The detrended correspondence analysis
(DCA) was carried out to verify the gradient length of
the EPT dataset before conducting CCA. Determination
of the data gradient length was necessary to assess
whether the dataset met the unimodal distribution re-
quirement of a CCA. The DCA returned a gradient
length > 4 standard deviations (SD) indicating that
CCA was suitable. Multi-colinearity of the predictor
variables was assessed using variance inflation factors
(VIF). None of the VIFs tested were above 10, indicat-
ing the regression coefficients may have provided
reliable estimation of the effects of all the explan-
atory variable in the dataset. The statistical signif-
icance of the CCA axes and sediment grain sizes
was investigated using the Monte Carlo test, 1000
permutations at alpha = 0.05. CCA, DCA and VIF

were undertaken using the vegan package version 2.4.3
in R software version 3.4.1 (Oksanen 2017; R
Development Core team 2019).

Results
Environmental variables

The mean, standard deviation and range values of
physico-chemical variables that were recorded for this
study over the four seasons (winter, spring, summer and
autumn) were generally low and are presented in
Table 3. Conductivity was the only variable that showed
a significant difference between the groups and seasons.
The sediment grain size distribution recorded in this
study ranged from ~ 0.121 to 5.375 um. Grain size
statistics computed, including grain size mean and
range, standard deviation and proportions of each grain
size within the groups, are presented in Table 4. Other
grain size statistics such as standard deviation and per-
cent fractions of each sediment class are presented in
Table 4. Among the percentage fractions recorded, sand
fractions were the lowest sizes recorded, with most of

Table 2 Metrics screened for sensitivity to different sediment stress intensities and grain size distributions

Metric categories EPOT metrics Definition Reference
Abundance EPT abundance Number of individuals belonging to (Conroy et al. 2016;
Ephemeroptera, Plecoptera and Trichoptera Turley et al. 2014)
Ephemeroptera abundance ~ Number of individuals belonging to (Jun et al. 2012)
Ephemeroptera
Trichoptera abundance Number of individuals belonging to Trichoptera ~ (Jun et al. 2012)
Richness Margalef’s index Accounts for both number of taxa and (Odume et al. 2012; Jun et al. 2012)
individuals and is independent of sample size
EPT richness Number of species and genera belonging (Kaller and Hartman 2004;
to Ephemeroptera, Plecoptera and Trichoptera Buendia et al. 2013)
Trichoptera richness Number of species and genera belonging (Cho et al. 2011
to Trichoptera )
Ephemeroptera richness Number of species and genera belonging Sutherland et al. 2012
to Ephemeroptera
Diversity Shannon’s index Accounts for density and evenness of (Buendia et al. 2013)
species in a sample
Simpson’s index Weighted towards the abundance of the (Odume et al. 2012;
commonest taxa Sutherland et al. 2012)
Evenness Uniformity in the distribution of individuals (Buendia et al. 2013)
among species
Composition Ephemeroptera Percent relative abundance of Ephemeroptera (Jun et al. 2012)
individuals in EPT
Trichoptera Percent relative abundance of Trichoptera (Larsen et al. 2009, 2011)

individuals in EPT
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the site groups having less than 0.006% of this fraction.
Clay was the highest grain size fraction recorded in this
study, consistently high at all site groups (Table 4). The
sediment grain sizes and turbidity were significantly
different between the site groups and seasons (P <
0.05) (Table 4). The dry and wet seasons were signifi-
cantly different (P < 0.05). Post hoc test showed that
group 1 was significantly different from groups 2, 3 and
4 (P < 0.05). The dry (winter and spring) seasons
differed from the wet (summer and autumn) seasons
(P < 0.05) (Table 5).

EPT assemblage structure

Twenty (genera and species) of EPT were recorded
during the study period (Table 6). Ephemeroptera taxa
were the most abundant across all site groups, followed
by Trichoptera taxa, and the least abundant taxa record-
ed was Plecoptera taxa. Of the 20 species and genera
recorded in this study, 18 belong to the order
Ephemeroptera, one genus in Plecoptera and two genera
belong to the order Trichoptera. Euthraulus sp. was the
most abundant genus recorded at all site groups, follow-
ed by Caenis sp. Site group 3 supported the highest
number of taxa, with a total number of 30 genera/spe-
cies, which were mostly observed during the dry season,
whereas the least taxa richness observed was at site
group 2 with a total number of 22 species and genera.

EPT taxa individuals varied temporally and spatially.
A total number of 2001 taxa individuals were observed
at all site groups during the study period. Of this density,
site group 3 had the highest number of individuals, 697,
which were mostly recorded during the wet season
(443). The least number of individuals was recorded at
site 2 with a total of 309 individuals. Overall, site groups
3 and 4 supported more taxa and number of richness of
individuals compared to site groups 1 and 2. During the
study period, the wet season seems to have supported
more EPT abundance and richness species and genera
than the dry season (Table 6).

EPT metrics

Of'the 12 metrics examined, 6 were considered to have a
satisfactory discriminatory ability, differentiating be-
tween groups 3 and 4 (less sediment-impacted site
groups) and groups 1 and 2 (Fig. 2). The 6 metrics
include Shannon’s and Simpson’s indexes,
Ephemeroptera abundance, EPT abundance, evenness
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and Trichoptera abundance. Conversely, Margalef’s in-
dex, EPT richness, Ephemeroptera richness, the relative
abundance of Trichoptera, Trichoptera richness and rel-
ative abundance of Ephemeroptera were considered not
sensitive to fine sediment grain sizes (Fig. 3). Except for
the evenness index and Ephemeroptera richness, EPT
metrics that discriminated between site group 4 and the
other site groups showed significant differences be-
tween the groups. Bonferroni’s post hoc tests revealed
that site group 4 was different from site group 2 in terms
of Shannon and Simpson’s indexes, EPT abundance and
Ephemeroptera abundance and further differed from site
group 3 in terms of Ephemeroptera abundance.

Relating EPT genera/species to sediment grain size
distribution and turbidity

The CCA ordination results of EPT assemblage compo-
sition and the percent grain size fractions of suspended
sediments and turbidity showed that the first three axes
of the CCA model explained 49.69% variation in the
EPT grain size relationship. Axes 1 and 2 with eigen-
values 0.23 and 0.12 explained 26.57% and 12.38%
variations, respectively, and the third axis with an eigen-
value of 0.09 explained 10.73% (Table 7). The Monte
Carlo unrestricted test revealed that the CCA model was
statistically significant (P < 0.05) and the first CCA axis
was statistically significant (¥ = 1.6145; P < 0.05).

The CCA result revealed that the proportions of very
fine sand (F'=2.79; P < 0.05) and fine silt (F=2.49; P<
0.05) were the statistically significant grain sizes
explaining the responses of EPT taxa to suspended
sediment in the CCA model. The CCA ordination plot
showed that except for the proportion of very fine silt
and clay, all suspended sediment grain size fractions and
turbidity were negatively associated with axis 1 (Fig. 4).
This axis enabled the clear separation of the dry seasons
from the wet seasons, with wet seasons (summer and
autumn) displaying negative associations with axis 1,
with taxa such as Baetis sp., Prosopistoma
amamzamanya, Pseudocloeon glaucum, Pseudocloeon
vinosum, Caenis sp. and Adenophlebia auriculata indi-
cating a strong negative association.

Hydropsyche sp., Cheumatopsyche sp.,
Pseudocloeon sp., Acanthiops sp. and Adenophlebia
sp. were related with groups 3 and 4, especially during
the dry season (winter and spring), indicating a positive
association with axis 1. Grain sizes that favoured the
assemblage distribution of these taxa towards the
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Table 3 Means, standard deviations and ranges (in brackets) of physico-chemical variables across the four site groups during the study
period (August 2016—April 2017). P value is indicated for EC and turbidity, being the only significant variables

Variables Site group 1 Site group 2 Site group 3 Site group 4 P value
EC (mS/m) 81.6 +29.9 (46.0-175) 68.13 +20.57 (46-106)" 543 +17.8 (15-79)° 47.00 £ 7.4 (38-54)° 0.004
DO (mg/l) 15.0 +24.1 (12.0-109) 9.88 £5.67 (3.88-21) 9.6 £3.2 (4.0-8.2) 9.76 £3.6 (5.6-13.4)

pH 7.3£0.7 (6.4-8.6) 7.55 £ 0.75 (6.50-8.6) 7.1£1.1(4.5-8.2) 6.93+1.5(5.1-8.2)

Temp (°C) 19.3 £6.3 (5.8-28.0) 19.21 £7.29 (5.82 (28) 17.6 £ 7.7 (6.3-25) 17.73 £ 6.7 (8.3-23.4)

TUR (NTU) 41.1 +£23.7 (5.9-72.0) 32.89 £27.55 (5.87-72"  20.9 £21.4 (6.3-70)° 7.69£2.3 (5.4-10.6)° 0.01

Superscript letters per variable indicate significant differences between site groups, established using Tukey’s HSD test

positive side of axis 1 were very fine silt and clay.
Group 1 was mostly negatively associated with
axis 2 and was negatively associated with all frac-
tions of suspended sediment grain sizes except clay and
turbidity. Taxa that indicated a negative association with
axis 2 include Acanthiops sp., Adenophlebia auriculata
and Afronurus bernardi.

Discussion
Sediment grain size characteristics

Sediment particle sizes are a critical aspect of stream
substrates that can influence the assemblage distribution
of macroinvertebrates (Wood and Armitage 1997;
Bilotta and Brazier 2008). The results of the suspended
sediment grain size distribution obtained in this study
indicated that the predominant grain sizes in the Tsitsa
River catchment were clay and silt grain size fractions,

consistently higher than other grain sizes across the four
study sites and seasons. However, percent clay and silt
fractions were predominantly higher at site groups 2 and
4 than at site groups 1 and 3. The soil in the Tsitsa River
erodes easily in the presence of running water, especial-
ly in the upper catchment, which may represent a sig-
nificant cause of sediment input into these river systems
(Pretorius and Le Roux 2016). Previous studies in the
catchment have implicated suspended sediment as the
main water quality stressor affecting the Tsitsa River and
its tributaries (Gordon et al. 2013). For example,
Madikizela and Dye (2003) who investigated the assem-
blage structure and distribution of macroinvertebrates in
the Umzimvubu River, which the Tstsa River and its
tributaries form the major sub-catchment, showed vari-
able and high concentrations of suspended sediments in
the sites investigated. The study further found that water
quality variable values were largely low except for
suspended solids, which are similar to the low values
of water physico-chemical variables observed in this

Table 4 Metrics for grain particle distribution for suspended sediments across the four site groups and during the study period (August

2016-April 2017)

Sediment grain size statistics ~ Site group 1

Site group 2

Site group 3 Site group 4

Very fine sand (%)
Very coarse silt (%)
Coarse silt (%)

0.36 + 0.4 (0.0-1.0)
3.64+2.3(0.9-8.3)
597 +£3.4(2.0-13.1)

Medium silt (%) 9.16 £4.7 (4.8-18.7)

Fine silt (%) 13.05 + 5.1 (8.422.0)

Very fine silt (%) 16.87 +4.5 (10.9-23.5)

Clay (%) 50.95 +17.9 (16.6-68.8)

Mean grain size (pm) 2.024 1.964
Standard deviation (pm) 1.25 1.707

Grain size range (1m) 0.160-4.020 0.121-5.614

0.13 0.2 (0.0-0.5)

1.57 + 1.3 (0.4-1.6)
2.78 2.0 (1.0-6.9)
470 +3.0 (1.6-11.0)
7.13+3.5 (2.1-14.2)
11.16 + 4.6 (3.7-17.8)
72.52+13.3 (45.9-91.1)

0.09 +0.1 (0.0-0.4)
234+13(0.9-4.1)
432+2.1(1.9-7.3)
721432 (3.5-11.8)
10.75 +3.7 (7.0-17.7)
1542 £3.0 (12.3-21.3)
59.87 + 13.1 (38.3-73.5)

0.06 = 0.1 (0.0-0.2)
1.60 + 0.6 (1.0-2.2)
323+1.1 (2447
6.17+1.0 (5.5-7.6)
10.15 + 1.3 (8.2-10.8)
1528 £33 (10.9-17.8)
63.52 + 3.7 (60.2-68.9)

2.153 2.108
1.4 1.499
0.127-4.527 0.130-4.978
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Table 5 Permutational multivariate analysis of variance
(PERMANOVA) results for suspended sediment grain size distri-
bution, and turbidity, indicating a significant difference between the
sites and seasons during the study period (August 2016—April 2017)

Effect PERMANOVA table of results

Suspended sediment particles and turbidity

df SS MS Pseudo-F
Site 3 3767.4 1255.8 5.6784%*
Season 3 2798.5 932.83 4.218%*
##P < 0.01

study. The low concentrations of water physico-
chemical variables and varying distribution of
suspended fine sediments provided a basis for assessing

differences in assemblage distribution of EPT in relation
to fine sediment. The high proportions of clay and silt
fractions recorded in this study may have ecological
implication for the distribution of EPT species as smaller
grain sizes can easily penetrate and clog sensitive bio-
logical structures related to gills and filter-feeding nets
(Jones et al. 2012).

Turbidity was highest at site groups 1 and 2, which
may have led to the low abundance and species richness
of EPT at these two site groups. Turbidity is an impor-
tant water quality variable that affects all macroinverte-
brate communities. Elevated turbidity levels recorded at
site groups 1 and 2 could be detrimental to taxa feeding
on periphyton and macrophytes, and visual impairment
through elevated turbidity (Waters 1995). The re-
sults are consistent with those of a previous study

Table 6 Percent relative abundance and distribution of EPT taxa collected seasonally during the study period (August 2016—April 2017)

across the site groups

Taxon Site group 1 Site group 2 Site group 3 Site group 4
Dry Wet Dry Wet Dry Wet Dry Wet
Ephemeroptera
Acanthiops tsitsa 1.0 21.2 0.0 1.3 55.3 21.1 0.0 0.0
Acanthiops sp. 10.0 0.0 0.0 0.0 7.0 20.0 14.7 483
Adenophlebia auriculata 36.3 8.3 0.0 0.0 0.0 10.5 134 315
Adenophlebia sp. 11.1 14.3 0.0 0.0 0.0 0.0 74.7 0.0
Afronurus bernardi 0.0 0.0 0.0 0.0 0.0 4.1 83.4 12.4
Afronurus sp. 2.8 5.6 1.4 1.9 31.8 7.8 28.1 20.6
Baetis sp. 15.1 17.3 0.0 16.9 0.6 18.3 1.2 30.5
Caenis sp. 0.0 0.1 20.9 33 30.3 5.6 36.4 3.4
Euthraulus sp. 17.4 12.9 0.6 2.6 23.1 4.1 33.7 5.5
Oligoneuria lawrencei 0.0 0.0 0.0 27.3 0.0 72.7 0.0 0.0
Oligoneuropsis sp. 0.0 44.4 0.0 55.6 0.0 0.0 0.0 0.0
Prosopistoma amamzamanya 0.0 0.0 0.0 0.0 0.0 99.4 0.0 0.6
Pseudocloeon piscis 13.8 0.2 17.4 2.7 243 6.2 19.5 15.8
Pseudocloeon glaucum 0.5 21.5 0.0 21.5 0.0 49.0 0.9 6.6
Pseudocloeon sp. 23.8 12.8 11.4 1.9 229 4.6 15.4 7.3
Pseudocloeon vinosum 4.6 4.6 33 19.2 0.0 21.7 1.3 45.1
Tricorythus sp. 0.2 0.2 0.0 2.6 12.9 223 385 234
Plecoptera
Aphenicera sp. 0.0 52 0.0 70.4 1.7 22.6 0.0 0.0
Trichoptera
Cheumatopsyche sp. 6.1 16.1 0.0 6.4 14.8 344 0.0 222
Hydropsyche sp. 34 3.8 9.6 10.7 29.4 18.1 144 10.5
Number of species/genera 14.0 16.0 7.0 15.0 12.0 18.0 14.0 15.0
Number of individuals 146 189 65 244 254 443 376 284
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by Gordon et al. (2013) who investigated the
effects of sediment as a physical water quality
stressor on macroinvertebrates in the Tsitsa River. The
study showed that sites with high turbidity had low
diversity of macroinvertebrates.

EPT assemblage structure

The result of this study showed that EPT communities
were largely affected by differences in the intensity of
sediment load and distribution of grain sizes in the
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Fig. 2 Medians (small squares) and 25-75% quartiles (boxes) for
the six EPT metrics that showed satisfactory discriminatory ability
between site groups 3 and 4, and site groups 1 and 2 at four site

groups in the Tsitsa River and its tributaries between August 2016
and April 2017
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non-sensitive EPT metrics measured seasonally at the four site
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studied river systems. Groups classified to be highly
impacted by suspended sediment stress were seen to
have a lower taxonomic richness and diversity. The
findings of the present study are in accordance with those
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and April 2017. Range bars = maximum and minimum non-outlier
numbers, circles = outliers, asterisks = extremes

of previous studies by Murphy et al. (2017) and Mathers
et al. (2017) who have also documented changes in the
taxonomic composition of macroinvertebrate communities
between sites with different intensities of sediment stress.
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Table 7 Summary statistics from CCA ordination of EPT species and genera, and suspended sediment grain size

CCA properties/grain size fraction

Suspended sediment and turbidity

Axis 1 Axis 2 Axis 3 F score
Eigenvalues 0.23 0.11 0.09
Variation explained (%) 26.57%** 12.38 10.73
Cumulative variation explained (%) 26.57 38.95 49.69
Eigenvectors
Very fine sand (%) -0.729 0.0105 -0.30212 2.429%*
Very coarse silt (%) —0.809 0.0474 -0.13126 1.393
Coarse silt (%) -0.771 0.1495 —0.04290 1.045
Medium silt (%) -0.711 0.1495 —0.05032 1.182
Fine silt (%) —0.443 0.3333 —0.13433 1.997%*
Very fine silt (%) 0.1337 0.4983 —0.21602 1.3816
Clay (%) 0.528 -0.231 0.14436 1.931
Turbidity (NTU) —0.143 -0.234 0.4347 1.3167
##P < 0.01; ***P < 0.001
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Fig. 4 CCA triplot showing the correlation between suspended
sediment grain size fractions including turbidity and EPT taxa
during the study period (August 2016—April 2017) across site
groups. Abbreviations: Acanth_sp (Acanthiops sp.), Acanth tsi
(Acanthiops tsitsa), Adeno_sp (Adenophlebia sp.), Adeno aur
(Adenophlebia auriculata), Afro_sp (Afronurus sp.), Afro_ber
(Afronurus bernardi), Baet sp (Baetis sp.), Caen_sp (Caenis
sp.), Pseudo_pisc (Pseudocloeon piscis), Pseudo_glau
(Pseudocloeon glaucum), Pseudo_sp (Pseudocloeon sp.),

Pseudo vin (Pseudocloeon vinosum), Apheni_sp (Aphenicera
sp.), Cheum_sp (Cheumatopsyche sp.), Proso_amamz
(Prosopistoma amamzamanya) and Hydrop sp (Hydropsyche
sp.). Site groups: SG1 (site group 1), SG2 (site group 2), SG3 (site
group 3) and SG4 (site group 4). Seasons: wi (winter), sp (spring),
su (summer) and au (autumn). Suspended sediment grain size
fractions: V_fine sand (very fine sand), V_ coarse silt (very coarse
silt), C_coarse silt (coarse silt), M_silt (medium silt) and F_silt
(fine silt)
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Spatial and temporal changes associated with
hydrological regimes form a key factor in structur-
ing the assemblages of biological communities in
streams and river ecosystems (Larsen et al. 2009;
Mathers et al. 2017). The results of the present
study provided evidence to support the temporal
assemblage variability of macroinvertebrate com-
munities in response to fine sediments. The find-
ings of this study revealed that fine sediment and
turbidity stress had severe negative effects on the
taxonomic richness and diversity of EPT taxa in
the studied river systems across the study period.
Kosnicki and Sites (2011) also reported temporal
variability in the assemblages of macroinvertebrate
communities due to fine sediment stress. Temporal
responses of EPT to suspended sediments may be
attributed to the seasonal changes in hydrological
and rainfall regimes, with wet summer and autumn
seasons having high sediment input from erosion.
The Tsitsa River catchment has its peak rainfall
during the summer months, which may have im-
plications on the amount of sediments delivered
into the river channel due to erosion and the
consequent effect on biological communities.

Sensitivities of EPT metrics to fine sediments

The majority of EPT metrics calculated for the
Tsitsa River and its tributaries differed in their
sensitivity to suspended fine sediment stress. All
EPT metrics in the abundance category and diver-
sity measures including Shannon index, Simpson’s
index and evenness were affected by increasing
fine sediment grain size distribution, distinguishing
between less sediment-impacted site groups 3 and
4 and other site groups. The majority of metrics in
the composition (i.e. relative abundance) and rich-
ness were not sensitive to suspended fine sediment
stress and grain size distribution. Previous studies
have also reported similar results, with a signifi-
cant decline in the density of certain macroinver-
tebrate taxa due to elevated delivery of sediment,
especially those of the EPT taxa (Angradi 1999;
Larsen et al. 2011). Pollard and Yuan (2010) have
noted that taxa of EPT are expected to decrease in
response to increased fine sediments and reduced
substrate stability. In this study, EPT abundance
was useful in discriminating between the site
groups.
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Macroinvertebrate metrics that use measures of
diversity or relative composition of taxa have pre-
viously been used to discriminate between affected
and unaffected sites (Buendia et al. 2013; Odume
et al. 2012). In this study, the Shannon diversity
index and Simpson’s index significantly decreased
with an increase in fine sediment load and grain
sizes. The results of the present study are in con-
gruence with Buendia et al. (2013), who also
found a significant decline of Shannon index as
fine sediment increased in the Isabena streams,
Central Pyrenees, UK. The low values for
Shannon index and Simpson index in the impacted
site groups may be an indication that fine sediment
can have severe effects on EPT, especially those
taxa such as Hydropsyche sp., Cheumatopsyche sp.
and Adenophlebia sp. that are well known to be
affected by fine sediment particles through clog-
ging of feeding nets and gills. Overall, some of
the EPT metrics proved useful in discriminating
between site groups impacted, providing more ev-
idence for their inclusion in developing a
sediment-specific biomonitoring index.

Responses of EPT taxa to suspended sediment stress

A number of previous studies have found deleterious
effects of sediment on macroinvertebrates, with sev-
eral taxa showing species-specific responses across
different sediment grain size classes (Jones et al.
2012; Wagenhoff et al. 2012). The CCA ordination
showed that EPT taxa displayed taxon-specific re-
sponses to fine sediment stress, with taxa within the
same order or genus showing varying responses to
sediment disturbances. For example, Baetis sp.,
Caenis sp. and Pseudocloeon glaucum belonging to
the order Ephemeroptera were positively related to
the highly influenced groups 1 and 2. These taxa
possess characteristics such as operculate gill and
burrowing abilities that may allow them to survive
in areas with increased sediment entrainment
(Akamagwuna et al. 2019). In contrast, less disturbed
site groups 3 and 4 were dominated with the presence
of Acanthiops sp., Adenophlebia sp. and
Pseudocloeon piscis including Cheumatopsyche sp.
The present study suggests that EPT species/genera
are differentially sensitive to sediment stress and
grain size distribution, and could, therefore, be useful
biological indicators.
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Conclusion

In the studied river systems, elevated sediments
appeared to be the primary water quality stressor.
The EPT species/genera responded differentially to
sediment stress and grain size distribution, and
these responses were seasonally mediated. Species
such as Caenis sp., Pseudocloeon glaucum,
Oligoneuropsis lawrencei and Baetis sp. were con-
sidered sediment-tolerant, displaying strong posi-
tive association with sediment-influenced site
groups, especially during the wet season, where
sediment delivery into the rivers was relatively
high, whereas EPT such as Hydropsyche sp,
Pseudocloeon sp., Cheumatopsyche sp. and
Afronurus sp. showed strong positive relationships
with less influenced groups during the dry season.
Overall, the findings of this study provided evi-
dence to support the growing body of knowledge
indicating sediment is a key water quality stressor
and the differential effects of grain size on biolog-
ical assemblages, particularly the EPT.
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