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With water quality deteriorating rapidly at a global scale, river sections suited to serve as reference sites
are being increasingly lost. It thus becomes critical to develop rapid methods to confirm that previously
monitored sites continue meet the requirements of reliable reference sites. In the absence of pristine sites,
9 near-natural sites, as defined by the Kleynhans (1996) classification, were used as reference sites for the
Luvuvhu River catchment to compare the quality of physico-chemical factors against a biological metric.
Baetid mayfly community structure at a site was chosen as an index of water quality, since this family is
common in all types of freshwaters, highly diverse and adapted to unpolluted running water. Baetid larvae
were sampled monthly from stones-in-current biotopes across 9 sites for over 1 year, between December
2016 and January 2018. A Spearman'’s correlation test was used to evaluate the relationship between physico-
chemical factors and identify redundant variables. Water quality standards were measured against the
national water quality guidelines for aquatic ecosystems. We used a generalized linear model to determine
the effect of physico-chemical variables on baetid species, and canonical correspondence analysis to show
the relationships between baetid species, sites, and physico-chemical variables. A total of 3 039 individuals
belonging to 12 mayfly species were recorded. Our findings indicated that while the physico-chemical
factors were highly variable, they were within favourable ranges to reflect reference site conditions. While
water temperature was the most important driver of baetid community structure in general, as it negatively
affected their abundances, a subset of species (Pseudoponnota sp., Pseudocloeon sp., Acanthiops varius and
Demoulinia crassi) showed clear responses to changes in TDS and stream width. We conclude that specific
baetid species show good potential as biological indicators of reference sites and chronic water temperature
stress, making assessment of reference sites easier.

INTRODUCTION

Despite the recognized importance of rivers in providing critical services to both humans and natural
organisms, their water quality is deteriorating at an alarming rate due to human activities (Tampo
etal.,2020). Worldwide, the quality of water in rivers is increasingly threatened (Dudgeon et al., 2006),
most specifically those in developing countries, due to industrialization, urbanization processes, and
constant changes in land uses (Lépez-Lépez and Sedefio-Diaz, 2015). The quality of river and stream
water is very sensitive to anthropogenic influences (urban, industrial and agricultural activities,
and increasing consumption of water resources), as well as natural processes like soil erosion and
weathering of the earth’s crustal material (Croijmans et al., 2020; Rashid and Romshoo, 2013; Hamid
et al., 2020). In South Africa, extensive efforts of monitoring both the ecological and water quality
conditions of rivers using nationally approved indices (e.g., River Eco-status Monitoring Programme
formerly known as the River Health Programme, also the Rapid Habitat Assessment Methods and
Models, etc.) is the responsibility of the Resource Quality Information Services Directorate of the
national Department of Water and Sanitation (DWS). In the 60-year long records, time-series data
show a growing deterioration of water quality that needs to be addressed more vigorously (Pitman,
2011). This is also reflected in the most recent national ecosystems and biodiversity status report,
which indicated that the condition of natural river ecosystems has declined by 11% between 1999
and 2011 (Skowno et al., 2019). From the 222 stream ecosystems assessed in South Africa, 64%
were found to be threatened and 43% among them were critically endangered. Similarly, in some
developed countries, such as Australia, the United States of America, and some European countries,
the monitoring of streams is a government obligation (Lépez-Lopez and Sedefo-Diaz, 2015;
Couceiro et al., 2012). Sustained action needs to be taken worldwide to prevent further deterioration
of rivers, failure of which might pose a health risk to aquatic life and people.

A key issue in the management and biomonitoring of aquatic systems is the establishment of
reference conditions against which to assess change and ecological trends over time (McDowell
at al,, 2013). A practical definition of ‘reference condition’ is the chemical, physical and biological
conditions that can be expected in streams and rivers with minimal or no anthropogenic influence
(Soranno et al., 2011). Reference condition provides a baseline from which to compare changes in
water quality parameters and biological composition. There is a range of methods used to estimate
reference conditions, as mentioned in McDowell at al. (2013). However, in all the methods, the
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biological community of a stressed or disturbed ecosystem is
compared with that of relatively undisturbed reference sites
that have similar environmental conditions, when assessing the
impact of disturbance in multiple sites (Kaboré et al., 2018). If
the test-site community differs from the reference condition site,
the conclusion can be drawn that the site is impacted (Reece and
Reynoldson, 2001). Stream sections that are best suited to serve
as reference condition are increasingly challenging to locate
because of increasingly widespread anthropogenic impacts across
catchments (Soranno et al., 2011).

Many studies make ecological inferences based on the degree of
water quality as reflected by the presence or absence of aquatic
organisms (Aazami et al., 2015; Varnosfaderany et al., 2010;
Venkatesharaju et al., 2010; Beyene et al., 2009; Sharma and Rawat,
2009). There are several good reasons why macroinvertebrates are
useful as indicators of the reference conditions of rivers. These
reasons include their persistence across seasons, their species
diversity, and ubiquitous occurrence in almost all types of the
world’s freshwater ecosystems (Buss and Salles, 2007). Amongst
the macroinvertebrate taxa found in the tropics and the southern
hemisphere, baetidae are more endemic and show more important
adaptation traits to local afrotropical conditions than others
(Barber-James et al., 2008; Gattolliat and Nieto, 2009). Several
studies have demonstrated that baetid community structure
reflects the environmental state of rivers effectively (Kubendran
et al., 2017; Buss and Salles, 2007; Bauernfeind and Moog, 2000).
Mayflies are characterized by narrow habitat tolerance and
only occur in very clean freshwater, which makes them good
bioindicators for very good water quality (Alhejoj et al., 2023; Buss
and Salles, 2007; Kubendran et al., 2017).

The interactions between environmental factors and baetid
abundances is crucial since this nexus has potential to enhance
ecosystem services that baetid species provide. Available evidence
shows that they provide many essential services that maintain
and enhance ecosystem function, such as energy flow dynamics
(Boyero et al., 2011; Jacobus et al., 2019). Some baetid species are
good manipulators of organic matter like periphyton and sediment
(Buss and Salles, 2007; Baptista et al., 2006). Baetids process large
amounts of organic matter, allochthonous carbon and nutrients
from riparian vegetation and soil materials (Moulton et al., 2004),
which are used by organisms at higher trophic levels (Wallace and
Webster, 1996; Boyero et al., 2011). According to Wallace and
Webster (1996), most baetid species are generally primary prey
for invertebrate predators and they also contribute in various ways
to energy flow and nutrient cycling. Some filter feeders of mayflies
(including most baetid species) contribute to water purification
and are part of arguably the most important of these predator-
prey relationships — as the diet of fish — which is also a driver of
the domestic food and local economy (Jacobus et al., 2019).

To our knowledge, no exclusive studies have been undertaken on
the relationship between reference conditions based on physico-
chemical parameters and baetid community composition. The
similarities of baetid composition between reference condition
sites have not been explored and it is unknown if the physico-
chemical composition differs across these mountainous rivers.
Furthermore, despite the widespread occurrence of this mayfly
family, it is still unclear if this family is influenced by physico-
chemical parameters at these sites. We ask the question of whether
the value of sites to still act as reference sites can be quantified using
baetid species. In this survey, we used correlation models to assess
the degree of similarity between physico-chemical characteristics
and baetid species composition at reference sites. Our objective
was to quantify the relative role of physico-chemical factors in
structuring baetid species assemblages, using the Luvuvhu River
catchment as a case study.
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METHODOLOGY
Study area

The study was conducted in the south-eastern streams of the
Soutpansberg Mountains, Limpopo Province, South Africa.
Nine sampling sites were selected along four streams (Dzindi,
Mutshundudi, Lutanandwa and Tshirovha), all of which are
major streams of the Luvuvhu River catchment. These sites are
located in the uppermost 5 km stream segment within their
respective streams, and they hold both an instream and riparian
zone habitat integrity of 60% and 90%, respectively (Kleynhans,
1996). These streams have continuous flow of water throughout
the year during both the dry and rainy seasons. All sites showed
high similarities in their physical characteristics and biotopes
and were in the foothill zone (Rowntree and Wadeson, 1999),
with stream orders of 1 and at elevations of 622-1 022 m amsl.
(Fig. 1). The catchment experiences wet summers from October
to April with peak rainfall in January and February. The mean
annual precipitation is 608 mm, while the mean annual air
temperatures are 17°C in mountainous areas and 24°C near
the Kruger National Park (Singo et al., 2012). The width of the
active channel of the sampled sites ranged from 3.45 m at Thathe
waterfall to 11.42 m at Tshirovha. These sites are near-natural,
with intact vegetation cover and very little to no human impact.
Based on the habitat integrity assessment of Kleynhans (1996),
these sites have limited indigenous vegetation removal, little
exotic vegetation encroachment and water abstraction. Sites were
chosen to represent a pristine gradient of physico-chemical and
environmental conditions and macroinvertebrate community
assemblages.

Biological and physico-chemical sampling

All biological samples were taken from the ‘stones-in-current’
hydraulic biotope because sub-imagos (nymphs) of many baetid
species inhabit this riffle section of streams and river (Bauernfeind
and Moog, 2000). These sites were all well aerated (Fig. 2) and
provide a home to a variety of macroinvertebrate organisms
(Ramulitho et al., 2020). Each site was sampled on a monthly basis
from December of 2016 to January of 2018. All sites were sampled
within the same single week at daylight during each sampling
month to allow for consistency in weather and flow conditions
across sites. Six stones containing organisms were sampled
at each site using a standard SASS net. All contents from a net
were emptied into a sample bottle and sorted in the laboratory,
and baetid larvae were then identified. Most of the material was
identified to species level, while some early instar larvae were only
identified to the genus or morpho-species level using taxonomic
keys (De Moor et al., 2003). Specimens were preserved in 70%
ethanol and are housed at the reference collection section of the
SARCHi offices, University of Venda.

At each site, one measurement of four physico-chemical
parameters (water temperature, conductivity, total dissolved
solids (TDS), pH) was taken using a portable pH/EC/TDS/
temperature multi-meter. Other variables (environmental) whose
single reading was measured include elevation, habitat area (stone
size), flow depth, stream width, and flow velocity rate using a Flow
Globe FP101 reader.

Data analysis

The baetid composition was analysed using species richness and
abundance metrics. Baetid species abundance data taken from 6
sampling stones at each site was pooled to then represent a single
monthly abundance sample at each site. Biological data were
tested for normality using the normal quantile-quantile (Q-Q)
test which showed that the data were normally distributed.

252



T -
i 30.20 31.10
N
Luvuvhu
2 2
A o
I South Africa '*.'
S
Lutanar; &*umnanda rid
N Legend
....... ® Sampling Sites
Rivers
{ Luvuvhu Catchment
10 0 10 20 30 40 50km
? | T T ] =]
[ hg
o o
30.20 31.10
n |

Figure 1. Location of sampling sites in the upstream sections of the south-western side of the Luvuvhu catchment in South Africa
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Figure 2. Natural reference sites at Tshirovha potholes (left)

Physico-chemical data was standardized using log,, (x + 1) to
achieve the assumed conditions of normality and homoscedasticity
(Buss and Salles, 2007), while no species in the biological data was
down-weighted. Standardization of physico-chemical data was
necessary to reduce the influence of large differences and double
zeros, to normalize and render data homoscedastic (Clarke and
Gorley, 2006).

To avoid multi-colinearity between physicochemical variables, we
calculated the non-parametric rank-based Spearman correlation
between these variables. The departure from reference condition
of physicochemical variables was made by comparison with the
corresponding standards prescribed for aquatic ecosystems in
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and Thathe waterfalls (right) (Photos: Pfananani Ramulifho)

A .'1

South Africa (DWAF, 1996). Water temperature should not vary
(standard deviate) from the mean temperature for that specific site
by > 2°C, while the mean TDS should not vary (standard deviate)
by > 15% (DWAE 1996). Most freshwaters in South Africa are
relatively well buffered and more or less neutral, with pH ranges
between 6 and 8, and pH should not vary (standard deviate)
from the mean values for a specific site by > 0.5 (DWAF, 1996).
Where no specific reference condition criteria were prescribed by
national water quality guidelines (e.g. EC concentrations), peer-
reviewed reports and articles published from areas of similar
geographic or climatic region to this study with such specification
were used.
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We used generalized linear mixed model (GLMM) with negative
binomial regression from the ‘MASS package and ‘glmer.nb’
function (Nakagawa and Schielzeth, 2013; Jamil and Ter Braak,
2013) to evaluate the relative importance of each physico-chemical
variable on the abundance of baetidae species from all nine sites
combined. GLMM is an extension to the generalized linear
model (GLM) in which the linear predictor contains random
effects in addition to the usual fixed effects (Venables and Ripley,
2002). Since no collinearity existed between physico-chemical
variables, we ran one full model of GLMM with all physico-
chemical variables. During the analyses, sites were used as a
random factor to account for temporal pseudo-replication, while
all physico-chemical variables were included as fixed variables
(Li et al., 2018). The goodness-of-fit of the models was assessed
using the relations between the residuals (the differences between
observations and predictions by the retained model) and physico-
chemical variables. We also determined the correspondence of
physico-chemical variables, sites and baetid species during the
sampling period, using the forward addition of correspondence
variables technique in canonical correspondence analysis (CCA)
(Ter Braak and Verdonschot, 1995). The statistical significance of
each variable selected in CCA was judged using a Monte-Carlo
permutation test (Klonowska-Olejnik and Skalski, 2014). All the
statistical analyses were performed in R (R Core Team, 2022).

RESULTS

Sites condition and correlation between
physico-chemical variables

The sampling sites (Table 1) had a mean elevation of 781.09 m,
with the highest at 1 022.94 m and the lowest at 622.38 m.
Conductivity ranged from 1.9 to 42 pscm’, averaging at
21.30 ps-cm™. Water temperatures ranged from 13.7 to 26.3°C,
with a mean of 18.84°C. TDS ranged from 2.96 to 31.9 mg-L" with
6 of the 9 sites fluctuating by over 15% of a mean of 13.57 mg-L".
The mean pH value of these sites ranged between 6.50 and 7.56,
with some (55% of sites) having a change (standard deviation) of
> 0.5 over time. Stream flow velocities ranged from 0.2 to 6.4 m-s™,
with a mean of 1.76 m-s'. Mean stream flow depth was 13.93 cm
and was highly variable, ranging between 2 and 48.5 cm. Stream
width varied between 2.1 and 20 m, with a mean of 8.03 m. Stones
had a mean size of 12.69 cm and ranged from 4.66 to 46 cm.

No correlation between physico-chemical variables was > 0.7
(Table 2). More than 85% of these variables were positively
correlated. As expected, highest positive correlation was found
between conductivity and TDS (R* = 0.63), since these two
water quality parameters are related and are used to describe
salinity levels in water. There were highly significant correlations

Table 1. Mean values and standard deviation (+) of physico-chemical parameters, total abundance, number of genus and species richness at the

sampling sites during the period of sampling

Name Upper Tshirovha Tshirovha Tshirovha Thathe Tea Lwamondo Lutanandwa Lutanandwa Average
Lutanandwa potholes  forest waterfall estate bridge

Elevation (m) 745.26 934.02 665.26 622.38 102294 876.59 796.01 651.19 716.14 781.09

Stone size (cm) 12.93 11.46 11.04 13.35 13.67 13.46 15.30 10.87 12.16 12.69
+3.24 +3.16 +3.16 +3.74 +1.94 +3.74 +3.68 +3.24 +3.64

Stream flow (m*s™) 112 1.31 1.1 1.95 2.25 21 2.03 2.10 1.84 1.76
+0.61 +0.81 +0.83 +1.02 +1.03 +1.03 +1.00 +0.85 +0.99

Stream depth (cm) 15.33 14.93 10.80 15.18 10.00 15.88 15.26 13.62 14.33 13.93
+4.50 +4.62 + 4.50 +5.75 +3.16 +5.74 +5.61 +4.58 +5.47

Stream width (m) 5.39 10.49 1013 11.42 3.05 8.42 8.00 9.45 5.94 8.03
+193 +2.12 +2.12 +2.21 +2.16 +2.21 +2.22 +2.12 +2.25

Water temperature (°C) 18.04 17.78 18.96 18.11 21.80 18.26 17.81 19.57 19.20 18.84
+3.36 +3.11 +3.00 +2.91 +1.61 +2.90 +2.79 +3.12 +2.84

TDS (mg-L™") 14.40 14.71 1.93 14.57 717 13.74 13.30 15.24 16.33 13.75
+ 1.15 +1.62 +1.61 +3.57 +9.03 +3.58 +3.59 +1.74 +3.60

pH 7.36 6.76 6.55 7.14 6.50 6.96 715 7.56 7.34 7.04
+0.45 +0.48 +0.46 +0.51 +0.52 +0.51 +0.51 +0.46 +0.51

Conductivity (ps-cm™) 26.97 22.95 22.71 21.90 9.83 19.27 20.53 22.44 25.09 21.30
+3.03 +2.70 +2.71 +6.17 +12.86 +6.13 +6.16 +2.96 +6.17

Abundance (N) 233.00 211.00 31.00 129.00 4.00 791.00 620.00 494.00 526.00 337.67
+4.09 +4.48 +4.49 +4.53 +236 +4.53 +4.55 +4.48 +4.56

Genera (N) 4 7 5 7 2 6 6 6 7 5.56

Species (N) 5 8 6 9 2 7 7 7 9 6.67

Table 2. Correlation coefficients (R?) among physico-chemical parameters during the period of sampling. Significance: *p < .05, **p < .01,

and ***p < .001.

TDS Stone Stream Stream Stream Water pH Conductivity Elevation

(mg-L") size(cm) flow (m*s") depth(cm) width (m) temperature (°C) (Ms:cm™) (m)
TDS (mg-L") 1.00 -0.24 —0.11** -0.27 -0.07 -0.27 0.32 0.63 0.14***
Stone size (cm) -0.24 1.00 0.24 0.10** 0.01 0.04 0.18 0.23 0.12%**
Stream flow (m*s™) —0.11** 0.24 1.00 0.03 0.12%** 0.21 0.06 0.19 0.04
Stream depth (cm) -0.27 0.10%** 0.03 1.00 0.23 0.20 0.05 0.25 0.07
Stream width (m) -0.07 0.01 0.12%** 0.23 1.00 0.21 0.20 0.10%* 0.04
Water temperature (°C) -0.27 0.04 0.21 0.20 0.21 1.00 0.28 0.21 0.14***
pH 0.32 0.18 0.06 0.05 0.20 0.28 1.00 0.25 0.36
Conductivity (ps'cm'1) 0.63 0.23 0.19 0.25 0.10** 0.21 0.25 1.00 0.18
Elevation (m) 0.14%** 0.12%** 0.04 0.07 0.04 0.14*** 0.36 0.18 1.00
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(p < 0.001) between elevation and three variables (TDS, stone
size and water temperature; R? < 0.15). Similarly, stream flow and
stream width were significantly correlated with R* < 0.15. Some
significant correlations (p < 0.01) that were also observed included
those between stream flow and TDS, stream depth and stone size,
and between conductivity and stream width. The lowest negative
correlation had a coefficient of —0.27 and was between TDS and
stream depth, and between TDS and water temperature.

Abundance of baetids and effect of physico-chemical
factors

A total of 3 039 individuals of baetidae belonging to 9 genera
and 12 species were recorded in this study. The highest number
of individuals caught was 28 specimens at Lwamondo (during
low-flow period), while the average catch across the sites was 6
specimens. The highest number of baetid species was recorded
at mid-Lutanandwa and the Tshirovha confluence, with 9 species
(Table 1). The tea estate site had the highest number of individuals
(791), and together with Lutanandwa bridge and Lwamondo sites

had the third highest diversity, with 7 species after Tshirovha
potholes (Table 1). The lowest number of species was recorded at
Thathe waterfall, with only 2 species. The most abundant species
in the streams were Baetis Harissoni and Dabulamanzia media,
and these were also the most widespread species, occurring at
8 of the 9 sites. Centroptiloides bifasciata and Demoulinia crassi
were each limited to 1 site, with low numbers of individuals at
Lwamondo and Upper Lutanandwa (3 and 4, respectively).

The results suggest that, overall, the most significant drivers
of baetid species abundance were water temperature (GLMM:
estimate = —0.26, p < 0.001), followed by conductivity (GLMM:
estimate = 0.12, p < 0.01) and stone size (GLMM: estimate = 0.08,
p < 0.05) (Table 3). An increase in water temperature negatively
affected the abundance of baetid species, as opposed to an increase
of both conductivity and stone size, which had a positive population
effect (Fig. 3). Non-significant drivers of baetid abundance
included stream flow, stream width, stream depth, TDS, pH, and
elevation. Amongst all these drivers, only stream width increased
with a decrease in baetid species abundance (Fig. 3).
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Figure 3. Regression plots of baetid species abundance in relation to various physico-chemical gradients during the period of sampling

Table 3. Generalized linear mixed model analyses between Baetidae species and physico-chemical variables at the sampling sites during the

period of survey (significance: *p < 0.05, **p < 0.01, and ***p < 0.001)

Variables Estimate Std. error z-value p-value
Temperature (°C) —0.26709 0.04201 —-6.357 2.06 x 10710***
Conductivity (uscm™) 0.12966 0.04073 3.184 0.00145**
Stone size (cm) 0.08074 0.03367 2.398 0.01647*
TDS (mg-L™) 0.08446 0.04465 -1.892 0.05853
Stream flow (m*s™) 0.01838 0.03483 0.528 0.59779
Stream depth (m) 0.01206 0.03614 0.334 0.73861
Stream width (m) —0.02987 0.06085 0.491 0.62357
Elevation (m) 0.07218 0.13275 0.544 0.58665
pH 0.05846 0.04446 1.315 0.18861
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Site preference of baetid species

The percentage of variance explained by Axes 1-4 of the canonical
correspondence analysis amounted to 76.88%, with the 1*t and 2™
axes explaining 32.4% and 28%, while only a small variation of
9.56% and 6.92% of the total variance was explained by the 3* and
4™ axes, respectively. According to the canonical correspondence
analysis, there are two distinct patterns of baetid species
preferences for sites. The first correspondence component (CA1)
represented a gradient where most physico-chemical variables
(temperature, elevation, stone size, stream flow) load strongly
positively on this component, while TDS and stream flow depth
load negatively. This positive trend of physico-chemical variables
is associated with the Tshirovha site, and Pseudocloeon sp. CA1l
is also associated with a decrease in TDS which is closely linked
to the decline in abundance of Pseudoponnota sp. at Tshirovha
forest site. CA2 showed a prominent negative loading of physico-
chemical variables such as TDS, stream width, stream flow and
stone size, associated with Tshirovha, Thathe waterfall, Tshirovha
potholes, and Tshirovha forest. Further observation showed that
Acanthiops varius is negatively affected, while Demoulinia crassi
abundance increases with an increase in temperature, elevation
and stream depth, and is more closely related to the Upper
Lutanandwa site. The majority of baetid species (8 of 12 species or
66.66%) showed no clear response to changes in physico-chemical
parameters in the study area (Figure 4). These species are clustered
between the nine sampling sites.

DISCUSSION

Physico-chemical variables and baetid community
composition

Strong positive correlations between physico-chemical variables
which were highly significant (e.g., elevation to TDS, stone size
and water temperature) were observed in this study at numerous
sites (Table 2). This was expected from sampling sites which
are seemingly influenced by both closely related sources (the
Soutpansberg mountains) and land uses, as shown in Abowei
(2010). This low variation within physico-chemical variables
was characteristic of all sampling sites. The absence of industrial
activities at these sites is evident by pH levels for sampled sites which
were all within the recommended South African aquatic system
pH range of 6-8 (DWAEF, 1996), and also as observed by Monyai
et al. (2016). Acidic effluents from industrial activities are known

to cause low pH levels in rivers (e.g., mine drainage, paper, tanning
and leather industries). The visual evidence from stream water
showed no black or brown (tea-coloured) water or any filamentous
algae (Fig. 2), which is usually caused by changing pH levels. The
water temperature standard for sustaining aquatic life is 20-30°C
(Weldemariam, 2013). This study was dominated by sites with
relatively lower temperature range within the accepted thresholds
(Table 1). This could be due to forest cover at the sites, which reduces
light incidence keeping the stream water temperature at low values
(Siegloch et al., 2014; Klonowska-Olejnik and Skalski, 2014), and
the effect of altitude The concentration of TDS and EC at the nine
sites was well within the WHO standard for inland surface water of
1 000 mgL"' and 300 ps-cm™ (WHO, 2011). This was expected at
all these sites due to the absence of practices such as enrichment by
soaps and detergents from people washing or bathing in streams,
which would result in high levels of TDS and EC, placing stress
on aquatic species (Monyai et al., 2016). This might also mean the
absence of land-use practices such as overgrazing, non-contour
ploughing, removal of riparian vegetation and forestry operations
adjacent to these sites. These practices accelerate erosion or result
in increased loads of suspended solids in rivers (Monyai et al.,
2016; Adu and Oyeniyi, 2019). Most of the environmental variables
recorded in this study were within levels prescribed by DWAF and
WHO and should be able to support aquatic life (DWAE, 1996;
WHO, 2011; Weldemariam, 2013).

It is evident from this study that not all species have the same
response to environmental parameters (Table 3 and Fig. 4).
Water temperature explained the most significant amount of
variation in relative abundance, as has been reported in other
studies (Ramulifho et al., 2020; Buss and Salles, 2007; Jacobus
etal,, 2019; Adu and Oyeniyi, 2019; Bauernfeind and Moog, 2000).
Water temperature in these sites is driven by riparian vegetation.
Riparian vegetation is vital for maintaining and ensuring suitable
water temperature and the amount of light available as it also
forms a buffer area for the stream. A similar study of undisturbed
sites by Klonowska-Olejnik and Skalski (2014) found that the
intactness of riparian vegetation is one of the most important
factors structuring communities. Another similar study of upper
catchment sites by Svitok (2006) concluded that mayfly abundance
was most strongly related to elevation, which also relates to the
climatic variable of air temperature. The findings of this signal
important concerns regarding potential species movement and
survival in the face of climate change predictions.

2 Upper Lutanandwa Jemp
Demoulinia crassi
<o
) ose Pseudocloeonspp | Score
g Pseudoponnota spp - sites
d
g Tshirovha .
8 L a species
5 Thathe pvaterfall Flow
TDS
Tshirovha forest Tshirovha potholes
Width
-4 T T T T T
4 2 0 2 4
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Figure 4. CCA plot with Axes 1 and 2 showing variation between sites, physico-chemical variables and Baetid species. The contribution of each
variable is proportional to the length of the arrow. Temp = water temperature; Elev = elevation; TDS = total dissolved solids; Width = stream flow

width; Depth = flow depth; Flow = stream flow.
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Eight species of baetid did not show any conclusive response to
physico-chemical variables and sites. Only a few species were
associated with specific sampling sites (Fig. 4). Pseudoponnota
sp., Pseudocloeon sp., and A. varius showed a considerable degree
of preference for TDS, temperature and stream width linked
to Tshirovha potholes, Tshirovha forest, and Thathe waterfall,
which are sites found in close proximity each other and on
the same stream. Ubiquitous species such as Baetis harissoni
and Dabulamanzia media showed no preference for measured
conditions in streams. These species are generalist in their nature
in the Luvuvhu catchment as they tolerate a range of conditions
(Ramulitho et al, 2020). Studies globally have largely used
different species of baetids as valid biological indicators of water
quality because they are highly sensitive to substrate changes
(Kubendran et al.,, 2017; Buss and Salles, 2007; Bauernfeind
and Moog, 2000). In this study, it is evident that baetids showed
varied tolerance levels to pollution, but generally are considered
intolerant organisms and require water of good quality to survive,
as also shown by Alhejoj et al. (2014).

Benefits of baetids in confirming reference site quality

Results from this study further enhance the use of baetid species
as a low-cost indicator for aquatic reference sites that allow
quick, widespread, long-term, routine monitoring and direct
comparison of sites, time periods and studies (Butana et al.,
2010). The use of natural variation of baetid species in reference
conditions also helps to avoid the setting of quantitative limits
or targets of physico-chemical factors (of reference sites) that
are either too restrictive or impossible to meet in the face of
changing land use and rapid industrialization (McDowell et al.,
2013). Thus, even in areas where there is a deficiency of physico-
chemical and environmental data, by using baetid species there is
still a possibility that reference conditions may well be established.
This biological approach to reference site selection enables the
measurement of a natural continuum of the substantial benefits
of baetid species ecosystem processes, such as nutrient cycling,
algal distribution, retention and distribution of organic matter,
and predator-prey interactions (Jacobus et al., 2019; Sartori and
Brittain, 2015; Wallace and Webster, 1996).

The usefulness of this research lies in its contribution towards
closing an existing gap on a biological index of baetids species in
referencesitesin South Africa. Thisresearch establishes preliminary
baseline biological characteristics of the potential reference sites in
mountain rivers, as opposed to widely used selection criteria like
chemical and physical (i.e., abiotic) factors as surrogates (Agboola
et al, 2020). The biological indices are widely recommended
and a valuable tool in monitoring macroinvertebrate response,
reference conditions and anthropogenic disturbances in rivers
in many regions including Europe (Lewin et al., 2013) and west
Africa (Kaboré et al., 2018). If this is adopted for local streams,
accurate estimation of reference conditions based on biological
indices will provide information on anthropogenic impacts and
stress for sites in upstream catchments and potential areas for
restoration of reference conditions (McDowell et al., 2013).

CONCLUSIONS

Our findings indicated that the physico-chemical factors at the
selected sites are highly variable but are still in a favourable range
for reference site conditions. Direct effects of measured physico-
chemical factors on the entire baetid community were evident
largely for Pseudoponnota sp., Pseudocloeon sp., Demoulinia crassi
and Acanthiops varius. Since the presence or absence of certain
mayflies was strongly influenced by water temperature, TDS, and
stream width (as observed from the models), this study confirmed
that these species are a powerful tool as descriptors of reference
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sites. These results are of relevance for protection of these species
and reference sites in catchments in South Africa.
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