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Abstract. Matita TP, Addo-Bediako A, Luus-Powell W. 2024. Impact of intermittent stream flow on water quality and structural 
composition of macroinvertebrates in a semi-arid region of South Africa. Biodiversitas 25: 5074-5082. This study investigated the 
impact of varying flow regimes on water quality and the structural composition of macroinvertebrates in the Moopitse River, South 
Africa. Samples were collected during three distinct flow conditions: high flow, low flow, and intermittent flow. Water quality parameters 

were measured in situ, and water samples were collected for nutrient analysis before macroinvertebrate sampling. A total of 4,094 
individuals, representing seven orders and 22 families, were recorded. The assessment, based on water quality and macroinvertebrate 
structure, revealed that intermittent flow (cessation of flow) negatively affected both water quality and the distribution of 
macroinvertebrates. There was a decline in both taxa richness and abundance in response to flow intermittency. The observed low taxa 
richness and abundance, particularly during high flow and intermittent regimes, align with expectations for such hydrologically extreme 
habitats. Compared to the perennial rivers in the Olifants River Basin, the Moopitse River is less diverse, as the intermittent environment 
favors generalist and stress-tolerant taxa rather than sensitive taxa. Water parameters such as turbidity, conductivity, total dissolved 
solids (TDS), and nutrient levels were significantly higher during intermittent flow, while dissolved oxygen levels were notably lower. 
Overall, water quality was best during low flow, which also supported greater macroinvertebrate richness and abundance. These 

findings suggest that river discontinuity may lead to habitat degradation, thereby altering the structural distribution of macroinvertebrate 
communities. Understanding the effects of flow variation and habitat changes is crucial for environmental and biodiversity conservation. 
Therefore, conservation strategies should incorporate innovative approaches to mitigate the impacts of flow discontinuities and habitat 
degradation. 
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INTRODUCTION 

Freshwater ecosystems are threatened by various global 

change stressors, including alterations to water quality and 

flow regimes (Milly et al. 2005; Larned et al. 2010; Di 

Sabatino et al. 2024), habitat fragmentation caused by dams 

(Bohada-Murillo et al. 2021), and increasing instances of 

river drying (Schinegger et al. 2012; Fuller et al. 2015; 

Tonkin et al. 2019). The River Continuum Concept (RCC) 
emphasizes the importance of river connectivity and the 

continuous flow of water (Vannote et al. 1980). This concept 

describes how interconnected river segments contribute 

uniquely to the movement of energy, matter, and organisms 

throughout the ecosystem, which is essential for supporting 

ecological processes and biodiversity (Doretto et al. 2020). 

However, many rivers in arid and semi-arid regions are 

intermittent or temporary, experiencing periods without 

flow at certain times and locations (De Girolamo et al. 

2017; López 2020). The transition from perennial to non-

perennial flow regimes may signify an ecological shift, 
resulting in significant and potentially irreversible changes 

to community and ecosystem dynamics (Aspin et al. 2018). 

Intermittent rivers undergo distinct hydrological phases: a 

flowing phase characterized by continuous water flow, a 

cessation phase where flow stops and may lead to the 

formation of connected or isolated pools, and a dry phase 

(Zimmer et al. 2020). Changes in hydrological regimes 

significantly influence physicochemical parameters and can 

affect biotic communities (Magand et al. 2020). These 

changes obstruct the movement of aquatic life and disrupt 

sediment transport, leading to alterations in water quality 

and fragmented habitats (Grill et al. 2019; Jones et al. 

2021).  

In semi-arid regions, intermittent rivers are common 

freshwater habitats and are an important environment for 
many organisms (Leigh et al. 2016). The combined effects 

of climate change and rising water demand are causing many 

perennial rivers and streams to change to an intermittent 

flow (Ionita et al. 2017; Straka et al. 2021). Climate 

change, especially alterations in the frequency and intensity 

of extreme events such as temperatures and rainfall, is 

expected to intensify these challenges (IPCC 2014). The 

loss of river connectivity has compromised riverine 

functions, such as providing diverse habitats and 

maintaining ecosystem integrity (Reid et al. 2019). 

Unfortunately, intermittent rivers often receive less 
attention compared to perennial streams (Ruhí et al. 2016; 

Acuña et al. 2017).  

Macroinvertebrates are commonly used to monitor 

running water ecosystems (Masese and Raburu 2017; 

Krajenbrink et al. 2019) and water flow is an important 

driver of aquatic macroinvertebrate diversity (Rosser et al. 

2017). Many macroinvertebrates serve as bioindicators of 

water quality due to their high sensitivity to changes in 



MATITA et al. – Stream flow impact on macroinvertebrate composition 

 

5075 

water conditions (Makgoalie et al. 2022). They respond to 

various hydrological conditions due to their ecological 

tolerance and requirements. Their high taxonomic diversity 

also allows them to offer a wide range of responses, 

making them effective in detecting various changes in the 

environment (Edegbene et al. 2021). Furthermore, their 

sedentary or benthic nature and their extended life cycle 

compared to other freshwater aquatic organisms such as 

algae and plankton, make them valuable indicators of 

freshwater ecosystems (Makgoale et al. 2022).  
In the Olifants River Basin, South Africa, many rivers 

have become intermittent due to construction of dams and 

weirs, intensive mining, agriculture and urbanization, 

coupled with low rainfall and high evaporation rates. 

Recent studies in the area have assessed water and 

sediment quality, and their impact on aquatic biota. These 

studies affirm that freshwater systems in the basin are 

impacted by anthropogenic activities (Mmako et al. 2021; 

Nukeri et al. 2021). However, little is known about the 

impact of flow cessation on aquatic biota distribution and 

diversity, even though research interest in intermittent 
freshwater habitats is increasing globally (Magand et al. 

2020), a better understanding of how flow interruption 

affects freshwater ecosystems is very important for river 

management and conservation efforts (Asmamaw et al. 

2021). The Moopitse River in the Olifants River Basin 

experiences flow interruptions during the dry season, 

sometimes leading to complete flow cessation. However, 

no studies have assessed the aquatic biota's structural 

composition during flow cessation in this river. Therefore, 

the aims of this study were: i) to access the water quality at 

different streamflow regimes and ii) to determine the impact 
of different flow regimes on the structural composition of 

macroinvertebrates in the river. 

MATERIALS AND METHODS 

Study area 

The Moopitsi River is in the Steelpoort River sub-

catchment of the Olifants River Basin in South Africa 

(Figure 1).  

 

 

 

 
 

Figure 1. Map showing the seven sampling sites along the Moopitse River and the locations of different rivers in the Olifants River 
Basin, Sekhukhune, Limpopo, South Africa 
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Table 1. Description and geo-reference of the sampling sites of the Moopitse River, South Africa 
 

Site Description of location Coordinates 

1 Situated at the upstream of the river, the site is rocky and characterized by low density of 
vegetation and there are little anthropogenic activities taking place. The water is clear and fast 
flowing. 

24°37'41.0"S, 
30°11'00.5"E 

2 The site is near a settlement, the riparian area alongside this site is characterized by low density. 
The site is mainly rocky both in the river and surrounding area. The water is clear and fast 

flowing during high flow and low flow. 

24°37'39.2"S, 
30°11'07.7"E 

3 Situated midstream of the river and rocky, the riparian area consists of scattered grasses and a 
few shrubs. This site is used for spiritual cleansing and serves as source of drinking water for 
cattle. The water is slightly turbid during high flow and a lot of algae during low flow and 
intermittent flow. 

24°37'39.0"S, 
30°11'10.0"E 

4 Situated under a bridge, the riparian vegetation is less dense with severe bank erosion. This site 
is used for car washing and serves as source of drinking water for cattle. The water is slow 
moving and it is usually turbid throughout the year. 

24°37'39.6"S, 
30°11'11.2"E 

5 Situated under a bridge with dispersed vegetation and severe bank erosion. The site is adjacent to 

a small human settlement, with human disturbance. The water is slow moving and turbid with a 
lot of algae during low flow and intermittent flow.  

24°37'42.3"S, 

30°11'16.5"E 

6 Situated in the downstream surrounded by a mountain with a few scattered grasses and shrubs. 
The site also experiences high soil erosion. The water is deeper than in the midstream and 
upstream and clearer than in the midstream of the river. 

24°37'43.8"S, 
30°11'25.6"E 

7 Situated in the downstream and it is surrounded by a mountain, with the riparian zone consisting 
mainly a few grasses and shrubs. The water is deeper and clearer than in the midstream of the 
river.  

24°37'45.5"S, 
30°11'32.0"E 

 
 
 

The size of the sub-catchment is about 7,139 km². The 

summer and autumn seasons are typically warm to hot, 

with average daytime temperatures ranging between 19°C 

and 22°C. Winters are mild, with average daytime 

temperatures ranging from 13°C to 19°C (mean daily 
temperature of 17.0°C in July). The area's average annual 

rainfall is between 600 mm and 1,000 mm, with most of 

the rainfall occurring during the warm seasons (December 

to April) (DWS 2016). The main activities in the Steelpoort 

River catchment are mining and agriculture. Mining 

activities in the upper sub-catchment include the extraction 

of chrome, coal, granite, magnesite, alluvial gold, platinum, 

and vanadium.  

This study was conducted during three different seasons 

in 2023: autumn (April), winter (July), and spring (October), 

representing high flow, low flow, and intermittent flow 

periods, respectively. Rainfall usually occurs in summer 
and autumn and almost dry in winter and spring. Water and 

macroinvertebrate samples were collected at seven selected 

sites along the stream. The description and the coordinates 

of the sites are in Table 1. All the sites are exposed to 

different forms of anthropogenic activities with little or no 

riparian vegetation. 

Water physicochemical variables 

Water samples were collected in 500 mL 10% nitric acid 

pre-treated plastic containers. Collected water samples were 

kept on ice and sent to the laboratory. The samples were 

kept at 4°C prior to chemical analysis. Water temperature, 
pH, dissolved oxygen, electrical conductivity and total 

dissolved solids (TDS) were measured in situ using a YSI 

Model 554 portable multi-parameter probe (YSI Inc. Yellow 

Springs, OH, USA). Nutrient (ammonium, nitrite, nitrate 

and orthophosphate) concentrations and turbidity in the 

water samples were analyzed using Merck Spectroquant™ 

Pharo 100 spectrophotometer (Germany) with Merck cell 

test kits at the University of Limpopo, Biodiversity 

Laboratory. The nutrients and turbidity were analyzed 

according to the standard methods for the water assessment 

(APHA 2017). 

Macroinvertebrate sampling 

Benthic macroinvertebrates were collected using a 30 

cm by 30 cm sampling net with a 500 μm mesh size. The 

substrate was disturbed by kicking to free macro-invertebrates 

from the substrate. At each site, different biotopes were 

sampled as outlined by Dickens and Graham (2002). 

Samples collected from the various heterogeneous habitats 

at each site were pooled to form a single composite sample. 

The samples were preserved in 70% ethanol in 1 L 

polypropylene containers and transported to the laboratory 

for identification. The macroinvertebrates were identified 

at the family level except for samples in the class 
Gastropoda, which were identified at the class level using 

the guides by Gerber and Gabriel (2002). The samples were 

identified with the aid of a stereomicroscope (Leica EZ4) 

and a magnifying glass. 

Data analysis 

Analysis of variance (ANOVA) was used to compare 

mean values of physicochemical variables among the flow 

regimes, after testing for homogeneity of variances (Levene's 

test, p>0.05) and normality of distribution (Shapiro-Wilk 

test, p>0.05). The same tests were used to assess for 

differences in macroinvertebrate abundance among sites 
and flow regimes. The analysis was carried out using 

Statistica version 10.0. The macroinvertebrate structural 

composition was determined for each sampling site and 

streamflow regime, using number of taxa (S), total number 
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of individuals and abundance of each taxon. 

Macroinvertebrate community metrics such as total number 

of taxa, total number of families, and EPT (total number of 

Ephemeroptera, Trichoptera and Plecoptera) were calculated 

for the flow regimes. Diversity and evenness of the 

community were described with the Shannon-Wiener 

diversity index (H) and Shannon evenness (E) (also called 

Pielou’s evenness, J) respectively (Bowman and Hacker 

2020; Gauthier and Derome 2021). 

 
H = −ΣPilnPi 

 

Where: 

H : Shannon Weiner species diversity index 

Pi : The relative proportion (n/N) of the individual of 

one particular species found 

lnPi : The natural logarithm (LN) of the value Pi 

Σ : Summation of the outputs with the final value 

multiplied by negative one (-1); and  

 

E (J) = H / ln(S) 
 

Where: 
H : The Shannon Weiner diversity index 

S : The total number of unique species 

This value ranges from 0 to 1 where 1 indicates complete 

evenness. 

RESULTS AND DISCUSSION 

Physicochemical variables 

The mean physicochemical variables and guideline 
values are shown in Table 2. All the pH values were within 

the guideline range of 6.5 and 9.0 (CCME 2012). The mean 

temperature readings across all sites during different flow 

conditions ranged from 18.9°C to 19.1°C, with the highest 

temperature recorded during high flow (autumn) and the 

lowest during low flow (winter). There was a significant 

difference in temperature between the flow regimes (p<0.05). 

The mean dissolved oxygen levels varied significantly among 

the flow regimes (p<0.001) and ranged from 98.34% 

during low flow to 50.14% during intermittent flow. The 

mean dissolved oxygen was below the guideline value 

(DWAF 1996). The mean electrical conductivity ranged 

from 963.7 µS/cm to 1114 µS/cm, with the highest mean 

conductivity observed during intermittent flow (1114 

µS/cm) and the lowest during low flow (963.7 µS/cm) and 
the mean TDS ranged from 664.9 mg/L to 724.4 mg/L 

during low flow and intermittent flow respectively. The 

mean turbidity ranged from 5.99 to 6.14 NTU, with the 

lowest recorded during low flow and the highest during 

intermittent flow and the difference among the flow 

regimes was significant (p<0.001). During the intermittent 

flow, the highest conductivity and TDS and the lowest 

dissolved oxygen were recorded. The high levels of 

conductivity and TDS during intermittent flow were due to 

a decrease in water volume, which reduces dilution of 

dissolved substances. As water evaporates or is absorbed 
into the ground, the remaining water becomes more 

concentrated, increasing conductivity and TDS. Furthermore, 

during periods of no flow, the concentration of dissolved 

ions in the water increases as salts and minerals from the 

surrounding soil and rocks accumulate. Intermittent streams 

often have periods where the flow is sustained by 

groundwater inputs. Because groundwater can have 

prolonged contact with mineral-rich substrates, it can have 

a higher concentration of dissolved ions compared to 

surface water and can lead to increased conductivity and 

TDS when it feeds into streams. The increased temperature 
during high flow and intermittent flow could be due to 

autumn temperature and flow cessation respectively. On 

the contrary, temperature, conductivity, TDS and turbidity 

were lower during the low flow, but higher dissolved oxygen. 

The low flow condition was in winter hence the low 

temperature and high dissolved oxygen were not unexpected. 

 

 

 
Table 2. Water quality parameter levels (±) recorded during the different flow regimes in the Moopitse River, South Africa (mean and 

standard deviation) and guidelines 
 

Parameters 
High flow Low flow Intermittent flow 

F p TWQR 
Mean Mean Mean 

pH 8.73-8.94 8.06-9.25 8.72-9.14 46.9 0.001 6.5-9.02 
Temperature (°C) 19.10 ± 2.39 18.90 ± 0.41 19.07 ± 0.18 29.12 0.001  

EC (µS/cm) 1014 ± 206 963.7 ± 116 1114 ± 112 1.12 0.34  
TDS (mg/L) 714.87 ± 116 664.9 ± 106 724.4 ± 77 12.47 0.01  
DO (%) 82.0 ± 19 98.34 ± 14.8 50.14 ± 4.61 12.70 0.001 80-1201 
Turbidity (NTU) 6.18 ± 0.58 5.99 ± 0.75 6.14 ± 0.7 73.5 0.001  
Nitrate (mg/L) 1.83 ± 1.28 1.31 ± 0.5 1.96 ± 1.35 63.50 0.0001 132 
Nitrite (mg/L) 0.03 ± 0.01 0.05 ± 0.02 0.103 ± 0.01 76.42 0.001 0.062 
Ammonium (mg/L) 0.05 ± 0.06 0.03 ± 0.01 0.27 ± 0.05 25.55 0.0001 0.0071 
Orthophosphate (mg/L) 0.12 ± 0.01 0.12 ± 0.01 0.13 ± 0.02 1.50 0.22 0.13 

Note: 1 DWAF (1996)-South African Water Quality Guidelines: Volume 7: Aquatic Ecosystems; 2 CCME (2012): Canadian Council of 
Ministers of the Environment: Water Quality Guidelines-Aquatic Life; 3 USEPA (2012): United States Environmental Protection 
Agency: Water Quality Guidelines-Aquatic Life 
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Nutrients were found to vary significantly (ANOVA, 

p<0.05) among the three flow regimes, except orthophosphate, 

with intermittent flow having the highest concentrations 

(Table 1). The mean ammonium concentration ranged from 

0.03 mg/L to 0.27 mg/L, with the highest recorded during 

intermittent flow and the lowest during low flow. The mean 

ammonium concentration exceeded the guideline value 

during the stream flow regimes (DWAF 1996). The mean 

nitrate concentration varied between 1.96 mg/L and 1.31 

mg/L, with the highest level during intermittent flow and 
the lowest level during low flow. The mean concentration 

of nitrite ranged from 0.03 mg/L to 0.010 mg/L, with the 

highest during intermittent flow and the lowest during high 

flow. The mean nitrite concentration exceeded the guideline 

value during intermittent flow (CCME 2012). The mean 

orthophosphate concentrations were between 0.12 mg/L 

and 0.13 mg/L, with the highest values during intermittent 

flow and the lowest during both low flow and high flow. 

The mean orthophosphate concentrations during the three 

flow regimes exceeded the guideline value (USEPA 2012). 

Generally, nutrient levels were lowest during low flow, 
except for nitrite, and highest during intermittent flow. 

Agricultural fertilizers and urban sewage contribute to 

increased nitrogen compounds and orthophosphate in 

water, particularly in the absence of freshwater plants.  

Macroinvertebrate structural composition 

A total of 4094 individual macroinvertebrates from 6 

orders, 1 class and 22 families were collected during the 

different flows in the Moopetsi River (Table 3). The 

highest number of families were recorded from Diptera (7 

families), Odonata, Hemiptera and Trichoptera had 4 

families each. Taxa richness among the flow regimes were 

12, 17 and 15 during high flow, low flow and intermittent 

flow respectively. The 22 families recorded in this study 

represent relatively low taxa richness compared to perennial 

rivers in the basin, with a decrease of more than 50% of the 

EPT taxa. The difference observed was expected due to the 

extreme hydrological characteristics and significant land 

degradation occurring near the river. Numerous studies 

support the idea that macroinvertebrate communities in 
intermittent rivers and streams typically exhibit lower 

diversity compared to those in perennial lotic habitats, 

primarily because of variations in environmental conditions 

(Soria et al. 2017; White et al. 2017; Sarremejane et al. 

2020; Bozóki et al. 2024). However, changes in diversity 

can be influenced by the timing, frequency, and periodicity 

of drying (Crabot et al. 2020, 2021). The communities 

found in such environments are typically dominated by 

generalist species (Armitage and Bass 2013). This assertion 

was observed in the current study, with Baetidae accounting 

for more than 34% of the total abundance in the Moopitse 
River. 

The highest number of macroinvertebrates were recorded 

at S1 followed by S2, both in the upstream, then at S7 

(downstream), and the lowest at S4 (midstream) of the river 

(Figure 2). The low numbers of macroinvertebrates in the 

midstream sites could be attributed to human activities such 

as mining and construction leading to changes in 

microhabitats. Such habitat changes can reduce 

macroinvertebrate diversity across different habitats (Do 

Amaral et al. 2015). 
 

 

 
Table 3. List of benthic macroinvertebrates collected during different flows at Moopetsi River, South Africa 

 

Order Family Abbreviation HF LF IF Total 

Diptera Tabanidae TAB 20 14 8 42 

Ceratopogonidae CER 67 145 57 269 
Chironomidae CHI 0 158 102 260 
Muscidae MUS 3 49 16 68 
Psychodidae PSYC 0 14 3 17 
Culicidae CUL 0 0 2 2 
Simulidae SIM 0 9 0 9 

Odonata Libellulidae LIB 116 121 18 255 
Gomphidae GOM 80 131 12 223 
Aeshnidae AES 0 7 3 10 
Coenagrionidae COE 0 15 0 15 

Ephemeroptera Baetidae BAE 130 1202 89 1421 

Hemiptera Naucoridae NAU 3 29 42 74 

Notonectidae NOT 0 4 4 8 
Veliidae VEL 1 0 0 1 
Nepidae NEP 1 0 0 1 

Trichoptera 

(Cased caddis) 

Hydropsychidae HYDS 39 59 0 98 

Psychomyiidae PSY 18 0 0 18 
Hydroptilidae HYDT 0 1124 165 1289 
Leptoceridae LEP 1 0 0 1 

Coleoptera Gyrinidae GYR 0 4 7 11 

Gastropoda Thiaridae THI 0 1 1 2 

  Total  479 3086 529 4094 
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Figure 2. Abundance of macroinvertebrates recorded at the 
different flow regimes at each sampling site 

 

 

The dominant families were Baetidae, Hydroptilidae, 

Ceratopogonidae and Chironomidae, accounting for 32.65%, 

28.42%, 8.73% and 8.64% respectively. Approximately, 

75.4% of the total abundance was collected during the low 

flow, 12.9% during the intermittent flow, and 11.7% during 

the high flow. During the high flow, Baitidae and 

Libellulidae were the dominant families with 130 and 116 

individuals respectively, during low flow, the dominant 

families were Baitidae and Hydroptilidae with 1202 and 
1124 individuals respectively, and during the intermittent 

flow, the dominant families were Hydroptilidae and 

Simuliidae, with 165 and 102 respectively. Only seven 

families were recorded during the three flow regimes: 

Tabanidae, Ceratopogonidae, Muscidae, Libellulidae, 

Gomphidae, Baetidae and Naucoridae. Figure 3 shows 

some of the macroinvertebrates identified during the study. 

There were differences in abundance, richness, and 

diversity observed among the different flow regimes, 

suggesting a strong influence of hydrological and habitat 

characteristics on the flow regimes. A higher taxa richness 

and diversity of macroinvertebrates were recorded during 
low flow compared to the high and intermittent flows. This 

is likely due to increased habitat heterogeneity and improved 

water quality. The lowest abundance and richness in 

macroinvertebrate structural composition occurred during 

high flow, likely due to the comparatively harsher 

environmental conditions and destruction of microhabitats 

caused by flooding. Although, some members of Baetidae 

are generalist in nature and can tolerate a wide range of 

conditions (Vilenica et al. 2017, 2022), the low number of 

Baetidae during the intermittent flow supports the fact that 

most members of the family are sensitive to pollution 
(Kubendran et al. 2017). The absence of Hydropsychidae, 

which is an early indicator of heightened anthropogenic 

waste influx into aquatic environments (Akyildiz and Duran 

2021), during the intermittent flow also affirmed the 

deteriorating water quality. 

 

 

 

 
 
Figure 3. Photographs of some of the macroinvertebrates collected during the high flow, low flow and intermittent flow in the Moopitse 
River. A. Libellulidae; B. Chironomidae; C. Naucoridae; D. Tabanidae; E. Ceratopogonidae; F. Hydroptilidae; G. Simuliidae; H. 
Hydropsychidae; I. Thiaridae; J. Gomphidae; K. Baetidae; L. Psychodidae 
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The predominance of some true flies (Diptera: 

Ceratopogonidae, Chironomidae), mayflies (Ephemeroptera: 

Baetidae), Hemiptera (Naucoridae), and damselflies 

(Trichoptera: Hydroptilidae) during intermittent flow could 

be attributed to availability of habitats such as pools, stones 

and backwaters, their possession of resistance traits, 

opportunistic feeding habits, and flexible life cycles (Bogan 

et al. 2017). Conditions such as slow or non-flowing water 

and the presence of sand or mud during intermittent flow 

have been found to create refugia that protect some 
macroinvertebrates during hydrological disturbances and 

provide sources for post-disturbance recolonization (Rosser 

and Pearson 2018). Conditions such as these could have 

contributed to relatively higher abundance and taxa richness 

during the intermittent flow than high flow. Chironomidae, 

for example, possess traits that allow them to resist elevated 

temperatures, low dissolved oxygen, and desiccation, 

enabling them to survive the stressed environment during 

intermittent regime (Rosser and Pearson 2018).  

During high flow, six tolerant taxa, five moderately 

tolerant taxa and one sensitive taxon were collected. During 
low flow, 11 tolerant taxa, five moderately tolerant taxa 

and one sensitive taxon were collected. During intermittent 

flow, 10 tolerant taxa, five moderately tolerant taxa and no 

sensitive taxa were collected (Figure 4). 

The highest Shannon Weiner’s diversity index (H’) of 

1.98 was recorded during intermittent, followed by high 

flow (1.83) and then low flow (1.60). Similarly, the Shannon 

Evenness Index was highest during intermittent flow (0.73), 

followed by high flow (0.69) and then low flow (0.57), 

however, the index values dropped below the normal 

metric value of 1, an indication that the proportions of all 
taxa in the system are similar (Figure 5). The lower 

diversity and evenness indices during the low flow despite 

higher taxa richness and abundance could be attributed to 

high number of two taxa, Baetidae (1202) and Hydroptilidae 

(1124) and low number of taxa such as Thiaridae (1), 

Notonectidae (4) and Gyrinidae (4), thus, individuals in the 

community are distributed less equitably among the taxa 

during low flow. 

In terms of EPT taxa, the number ranged from two to 

four, with the lowest value during intermittent flow and the 

highest during high flow. Throughout the study, only a few 

EPT taxa were recorded in the Moopitse River, with no record 

of Plecoptera. This may be due to increased hydrological 

disturbances, which reduce stream stability and diminish 

the presence of flow-sensitive taxa (EPT) but promote 

resilient taxa such as Coleoptera, Hemiptera and Diptera 
(Belmar et al. 2013).  

Comparing the results with other rivers in the Olifants 

River Basin (Table 4), a total of 36 taxa were collected from 

Blyde River, 33 taxa were collected from Dwars River, 42 

taxa from Letaba, 40 from Selati and Spekboom, 63 from 

Mohlapitsi, 39 from Steelpoort and only 22 from Moopitsi 

River (current study). In terms of EPT taxa, the number 

ranged from 10 to 18 in the previous studies and only five 

in the current study. The variation in hydrological regimes 

strongly influences physicochemical parameters, including 

water temperature, dissolved oxygen, conductivity, total 
dissolved solids, and nutrient concentrations. These changes 

may significantly affect the biotic communities in intermittent 

rivers (Magand et al. 2020; Dong et al. 2024). 

Variations in the physiochemical parameters across 

different flow regimes altered the habitat and community 

structure of macroinvertebrates in the river. The 

physicochemical variables in the river induced a substantial 

decrease in the abundance, taxa richness and diversity 

during the high flow and intermittent flow. Furthermore, 

the absence of most of the EPT families and the presence 

of only a small number of Odonata during the intermittent 
flow suggest that the water quality deteriorated during flow 

cessation. The EPT and Odonata families are generally 

sensitive to changes in their environment, making them among 

the most effective indicators of water quality (Miguel et al. 

2017). 

 

 

 

 
 
Figure 4. Distribution of tolerant, moderate tolerant and sensitive 
taxa during the different flow regimes 

 

 
 
Figure 5. Shannon-Wirner diversity index and Shannon Evenness 
index for the three flow regimes 
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Table 4. Comparison of taxa richness of macroinvertebrates in different rivers in the Olifants River Basin with the current 
 

River Order Family EPT taxa Reference 

Blyde 11 36 10 Malakane et al. (2020) 
Dwars 11 33 12 Addo-Bediako (2021) 
Letaba  12 42 14 Kekana et al. (2022) 
Spekboom 11 40 12 Nukeri et al. (2001) 
Mohlapitsi 10 63 18 Raphahlelo et al. (2022) 

Selati 11 40 12 Rasifudi et al. (2018) 
Steelpoort 9 39 12 Makgoale et al. (2022) 
Moopitse  7 22 5 This study 

 
 

The study highlights the influence of hydrological 

regimes on the structural composition of macroinvertebrate 

communities in the Moopitse River, an intermittent river in 

a semi-arid region of South Africa. The observed low taxa 

richness and abundance, particularly during high flow and 

intermittent regimes, align with expectations for such 

hydrologically extreme habitats. The findings suggest that 

macroinvertebrate structural composition in intermittent 
rivers is typically less diverse compared to those in perennial 

rivers, as these environments favor generalist and stress-

tolerant taxa. Flooding during high flow likely caused 

habitat destruction and the loss of taxa, while the greater 

diversity and richness during low flow were attributed to a 

better water quality. The persistent low macroinvertebrate 

abundance and richness across all flow regimes indicate 

that altered habitats and degraded environmental conditions, 

such as eroded banks and low vegetation cover, negatively 

affect the river’s biota. In summary, this study reinforces 

the importance of understanding hydrological variability 
and habitat characteristics in shaping macroinvertebrate 

communities. Conservation efforts are essential to mitigate 

the impacts of hydrological disturbances and preserve the 

ecological integrity of intermittent rivers. The study also 

emphasizes the vulnerability of flow-sensitive taxa (EPT) 

to hydrological disturbances and the resilience of stress-

tolerant species in impaired environments. 
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