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Abstract. The Olifants River System and its catchment have been exposed to prolonged and cumulative 

ecosystem stress as a result of human settlements, mining, agricultural and industrial activities. The Blyde 

River is known to supply the Olifants River with water of good quality and quantity. However, 

theintensive farming and human settlements in the catchment could threaten the river. The aim of the 

study was to assess the water quality of the Blyde River in South Africa using aquatic macroinvertebrates 

as bioindicators. Seven sites along the river were selected for sampling. The family composition, based on 

abundance and diversity was evaluated in relation to environmental variables. The results of some 

measured physicochemical parameters revealed that water quality of the Blyde River is not significantly 

altered and the presence of ecologically sensitive macroinvertebrates was an indication of good water 

quality as this benthic fauna was well represented in all seasons and most parts of the river. The study 

therefore has indicated that the river was inhabited by a healthy macroinvertebrate community suggesting 

that the water is still of good quality. 

Keywords: anthropogenic activities, bioassessment, environmental factors, spatial distribution, water 

pollution 

Introduction 

Many river systems have been subjected to a range of disturbances due to the 

fastgrowing human population and increasing human activities, and leading to water 

quality degradation (Jun et al., 2016; Ferreira et al., 2017; Santos et al., 2017; Niba and 

Sakwe, 2018). The effluents from activities such as, industries, mining, agriculture, 

domestic and urban development contain various pollutants, which often end up in water 

bodies and may affect the ecological status of the river (Dalu and Froneman, 2016; Hunt 

et al., 2017). 

Benthic macroinvertebrates respond differentially to biotic and abiotic factors in their 

environment and therefore, the structure of macroinvertebrates has long been used as 

bio-indicators to assess the water quality of water bodies (Li et al., 2010; Wolmarans et 

al., 2014; Jun et al., 2016). Benthic macroinvertebrates are the most common faunal 

assemblages for bio-assessment and provide more reliable assessment of long-term 

ecological changes in the quality of aquatic systems compared to its rapidly changing 

physicochemical characteristics. Their multiple life stages, sedentary nature, and 

varying tolerance levels to environmental stressors render them useful in assessing 

temporal and spatial changes within an aquatic ecosystem (Rosenberg and Resh, 1993). 

However, specific preferences for certain ranges of abiotic and biotic characteristics, 

mean that changes in these factors often create large differences in benthic community 

structure even over small spatial scales (Grönroos and Heino, 2012). Different groups of 
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macroinvertebrates have different environmental requirements and respond to changes 

in environmental factors, such as temperature, dissolved oxygen, conductivity and 

salinity (Külköylüoğlu, 2004; Grab, 2014; Masese et al., 2014). Thus, the degree of 

tolerance of these factors vary among different organisms, and information gathered 

from such studies reflect the quality of water in the river. 

The Olifants River System provides water for industrial, mining, agricultural and 

domestic uses (Machete et al., 2004). Along the Olifants River, pollution arising from 

intensive and subsistence agriculture practices in all the sub-catchment and the 

numerous point- and non-point-sources (diffuse), including mining and industrial 

pollution in the Upper Olifants catchment area contain complex mixtures of chemicals, 

many of which may have deleterious effects on aquatic systems. Due to these various 

activities in its catchment, the river has become one of the most polluted rivers in South 

Africa (Grobler et al., 1994; Addo-Bediako et al., 2018). Many of the impoundments 

and tributaries of the Olifants River System are said to be contaminated with heavy 

metals, inorganic nutrients such as, sulphates and nitrates from agricultural areas, mine 

drainages and wastewater treatment (WWT) plant (Oberholster et al., 2013). The Blyde 

River is an important tributary of the Olifants River (Ashton et al., 2001). It is known 

for its continuous flow and good water quality (Raven, 2004). However, the recent 

human activities in the catchment may be impacting the quality of the water and the 

biota e.g. macroinvertebrates. Thus, the study assessed the water quality of the Blyde 

River using aquatic macroinvertebrate communities. The objectives of this study were: 

(i) to describe the spatial distribution and assemblage structures of macroinvertebrates; 

(ii) to determine major environmental variables that affect their distribution. We 

hypothesize that: environmental conditions play important role in the distribution and 

abundance of aquatic macroinvertebrates. 

Materials and methods 

Study area 

The Blyde River rises on the western slopes of the Drakensberg Mountains 

(Mpumalanga) and flows northwards to join the Olifants River in Limpopo Province, 

South Africa (Raven, 2004). The catchment is approximately 2000 km2 in size. The 

mean annual precipitation is about 1000 mm and it is considerably higher than the other 

sub-catchment areas in the Olifants River Basin (Raven, 2004). Seven sampling sites 

were selected along the river (Fig. 1). S1 (24°30’59.46”S 30°47’56.14”E), S2 

(24°30’14.42”S 30°50’08.49”E). S3 (24°25’52.45”S 30°50’03.59”E), S4 

(24°24’19.03”S 30°47’54.19”E), S5 (24°19’30.90”S 30°49’52.00”S), S6 

(24°23’04.94”S 30°48’22.09”E) and S7 (24°15’30.38”S 30°50’13.22”E). The sites 

represent four different groups of land use; domestic (S1 & S2), agriculture (S3 & S5), 

industrial (S4) and nature reserves (S6 & S7). 

 

Physicochemical parameters 

This study was conducted in winter (July) and spring (October) of 2017, summer 

(January) and autumn (April) of 2018. Seasonal water samples were collected in 

1000 ml polyethylene bottles (acid pre-treated) and stored at 4°C prior to analysis. 

Seasonal environmental variables, such as pH, water temperature, dissolved oxygen, 

(DO), total dissolved solids (TDS) and electrical conductivity were recorded at the 
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sampling sites using a YSI Model 554 Data logger, for the characterization of each 

sample point. Water current (flow velocity) was measured using a portable flowmeter 

Model 2000 (Marsh McBirney, Maryland, US). Channel width and water depth were 

measured using a tape measure and graduated measuring rod, respectively. Laboratory 

analysis was conducted to determine the nutrients (NH4, NO2, NO3 and PO4), turbidity, 

sulphates using a spectrophotometer (Merck Pharo 100 Spectroquant™) with Merck 

cell test kits in the Biodiversity Water Laboratory, University of Limpopo. 

 

 

Figure 1. Map of the study area, showing the locations of the seven sampling sites of the Blyde 

River 

 

 

Sampling of macroinvertebrates 

Seasonal benthic macroinvertebrate samples were collected at seven sites (S1, S2, 

S3, S4, S5,  S6 and S7) of the river. The samples were collected within a 100-m stretch 

of the study sites, with substrata of biotypes consisting mainly of mud, sand, gravel or 

stones. Samples were collected using a 30 cm by 30 cm sampling net with a 500 μm 

mesh size. Benthic macroinvertebrates were collected using the kick sampling method 

described by Dickens and Graham (2002), whereby the substrate was disturbed by 

kicking for a period of 5 min to free macroinvertebrates. The samples were collected per 

site from all aquatic habitats (i.e. riffles, pools and vegetated margins). For the 

vegetation biotopes, macroinvertebrates were sampled by scraping the net back and 

forth through vegetation (approximately 2 m). The macroinvertebrates were then 

separated from organic and mineral matter, counted, after identification to the family 
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level using Gerber and Gabriel’s field guide manual (2002)), and released back into the 

river. Where specimens could not be identified in the field, the samples were preserved 

in 70% ethanol and transported to the University of Limpopo’s Biodiversity laboratory 

for further identification, with an aid of a stereomicroscope (Leica EZ4) and a 

magnifying glass. The South African Scoring System (SASS 5) were further used to 

classify the macroinvertebrates collected into three groups, namely tolerant (scores 1–

5), moderately tolerant (scores 6–10) and sensitive (scores 11–15) to pollution (Dickens 

and Graham, 2002). 

 

Statistical analysis 

The mean and standard deviation of the respective water variables were calculated. 

Data were first tested for normality and homogeneity of variance using the 

Kolmogorov- Smirnoff and Levene’s tests respectively. The analysis of variance 

(ANOVA) was performed to determine whether there were significant differences 

among the different sites and seasons (winter, spring, summer and autumn) in water 

variables. Canonical correspondence analysis (CCA) was used to relate 

macroinvertebrate assemblages to environmental variables and to identify which 

environmental variables could best differentiate them (Jun et al., 2016). Monte Carlo 

simulations were carried out to verify whether the variables exerted a significant effect 

(p < 0.05) on macroinvertebrate distributions. Taxa abundance data were transformed to 

log (x + 1) in both analyses to down-weight the effects of dominant taxa. Square-root-

transformation was used for the environmental parameters and were transformed to log 

(x + 1) except pH. CCA were conducted using CANOCO version 5.1 software (ter 

Braak and Šmilauer, 2002). Spearman correlation coefficients between 

macroinvertebrates and environmental variables were calculated to assist interpretation 

of changes in community profile using STATISTICA software (StatSoft, Inc., version 

10, Tulsa, OK, USA). 

Results 

Physicochemical parameters 

The physicochemical parameters of the water are summarised in Table 1. The lowest 

mean temperature (22.3 °C) was recorded at Site 1 and the highest mean temperature at 

S7 (24.90 °C). The highest mean dissolved oxygen (DO) was recorded at S2 

(11.85 mg/l) and the lowest was recorded at S5 (8.70 mg/l). The pH was slightly 

alkaline at all sites and showed little variation. The pH ranged from 8.3 at S5 to 8.7 at 

S1. The lowest mean EC (270.85 mS/m) was recorded at S1 and the highest 

(442.20 mS/m) was recorded at S5, while the lowest mean TDS (132.9 mg/l) was 

recorded at S1 and the highest (252.80 mg/l) was recorded at S7. The mean salinity 

ranged from 0.25‰ at S1 to 0.49‰ at S7. There was a very strong positive correlation 

between pH and DO (r = 0.92, p < 0.05). There were no significant differences in the 

above physicochemical parameters among the sites and seasons (p > 0.05), except 

seasonal variation in temperature and salinity (p < 0.05). However, S3 and S5 had the 

highest TDS and EC values but low DO values. Whilst S1, S2 and S6 exhibited low 

TDS and EC values but high DO values. Turbidity levels were within the recommended 

values. The nutrients levels were generally low except ortho-phosphate. 
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Table 1. Average values of physicochemical variables measured at different sites along the Blyde River 

Water quality 

parameters 
S1 S2 S3 S4 S5 S6 S7   

Water quality 

guidelines 

 AVE ±SD AVE ±SD AVE ±SD AVE ±SD AVE ±SD AVE ±SD AVE ±SD F p-value 

pH 8.4-9.0 ― 8.4-8.9 ― 8.3-8.7 ― 8.2-8.8 ― 8.1-8.5 ― 8.2-8.8 ― 8.2-8.8 ― 0.63 0. 372 6.5-9.02 

Temp (°C) 22.33 2.01 22.28 2.30 23.53 1.71 22.88 2.54 23.65 2.58 23.95 3.49 24.90 3.49 4.87 0.042  

EC (mS/m) 270.85 346.6 274.9 361.8 341.4  260.6 338.9  449.8 442.2 547.0 366.7 357.8 333.7 357.8 0.83 0.321 - 

TDS (mg/l) 132.9  32.2 138.5 35.4 147.2 43.7 250.9 158.0 241.2 79.4 158.6 76.64 252.8 76.64 0.46 0.315  

DO (mg/l) 11.045 1.35 11.85 2.45 9.93 2.45 10.7 1.33 8.70 1.85 9.38 1.31 10.63 0.15 0.742 0.156 - 

Salinity (‰) 0.25 0.34 0.27 0.37 0.35 0.47 0.38 0.51 0.46 0.59 0.38 0.51 0.49 0.63 18.29 <0.001 <0.5‰1 

NO2 (mg/l) 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.005 0.00 0.76 0.216 0.063 

NO3 (mg/l) 0.65 0.50 0.55 0.10 0.00 0.00 0.15 0.00 0.25 0.00 0.33 0.05 0.375 0.05 1.32 0.112 10.03 

NH3 (mg/l) 0.06 0.00 0.05 0.00 0.04 0.00 0.05 0.00 0.03 0.00 0.03 0.03 0.065 0.03 1.89 0.065 <0.0071  

Ortho-PO4 (mg/l) 0.22 0.0 0.16 0.32 0.40 0.00 0.25 0.00 0.03 0.00 0.18 0.20 0.13 0.20 5.24 0.421 - 

SO4 (mg/l) 17.35 5.27 16.90 4.75 18.03 4.92 17.05 4.14 24.00 3.92 14.93 6.27 25.95 6.27 4.41 0.037 - 

Turbidity NTU 14.00 8.69 14.00 12.88 6.75 2.05 7.50 2.69 13.25 10.99 7.75 5.24 10.25 3.34 1.69 0.072 8 -<502 

1DWAF (1996) 
2BC-MECCS (2019) 
3CCME (2012) 
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Macroinvertebrates 

A total of 19 832 individuals belonging to 11 orders and 36 families were collected at 

the various sampling sites and seasons. The total number of specimens collected per site 

for the seasons ranged from 1 053 at S3 to 6 876 at S5 (Table 2a). The highest number 

of families (32) was found at S6 and the lowest (23) was found at S7. The dominant 

taxa were Hydropsychidae (3 683), followed by Caenidae (2 519), Baetidae (2 483), 

Simuliidae (2 218), Chironomidae (1 499), Elmidae (1 160) and Corbiculidae (1 079). 

S1 was dominated by generalist Caenidae, sensitive Hydropsychidae and Baetidae, S2 

by generalist Caenidae, sensitive Baetidae and Hydropsychidae, S3 by sensitive 

Hydropsychidae, Baetidae and Heptageniidae, S4 by sensitive Baetidae, Hydropsychida 

and Hydropsychidae, S5 by sensitive Hydropsychidae and tolerant Chironomidae and 

Simuliidae, S6 by tolerant Simuliidae, sensitive Hydropsychidae and generalist 

Caenidae, and S7 by tolerant Thiaridae, sensitive Hydropsychidae and sensitive 

Baetidae. The highest macroinvertebrate diversity (32 families) was recorded at S6 and 

the lowest (23 families) was recorded at S7. S7 had low diversity but high numbers of 

certain taxa e.g. Thiaridae. Taxa richness ranged between 24 during summer and 33 in 

spring (Table 2b). Taxa richness differed among seasons (p < 0.05). The lowest number 

of individual macroinvertebrates were recorded during summer and the highest during 

winter, about ten times higher than that of summer. 

Cluster analysis produced three main clusters of sites based on macroinvertebrate 

taxa (Fig. 2a). The first cluster was S5, the second was S6, and the third was a cluster of 

S1, S2, S3, S4 and S7. Spearman correlation was used to show the relationships among 

the sites (Table 3). The correlation yielded positive correlations among all the sites with 

respect to the macroinvertebrate families. The strongest correlations were between S1 

and S2 (r = 0.813), S3 and S4 (r = 0.812), and the weakest correlation was between S1 

and S5 (r = 0.431). Furthermore, even the seasonal variation across the sites rarely 

indicated any variation (Fig. 2b). 
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Figure 2. a Cluster analysis based on macroinvertebrates taxa collected at seven sampling sites 

along the Blyde River. b Seasonal macroinvertebrates distribution across the seven of the Blyde 

River (W = winter, Sp = spring, Su = summer and A = autumn) 

 

 

The number of tolerant families ranged from 10 at S7 to 13 at S6, while the number 

of moderately tolerant families ranged from 11 at S1 and S7 to 15 at S2 and S3, and the 

sensitive families ranged from two at S7 to five at S6 (Fig. 3). There were more 

numbers of tolerant, moderate tolerant and sensitive families collected in winter and 

spring (low flow seasons) than in summer and autumn (high flow seasons). The highest 

numbers of families were recorded in spring (32), followed by winter (27), autumn (25) 

and then summer (22). Thus, 12 more families were collected in the low-flow season 

than in the high-flow season. More than 7 tolerant families, 2 moderate tolerant families 

and 3 sensitive families were recorded at low-flow than high-flow seasons. 

 

 

Figure 3. Tolerant, moderate tolerant and sensitive macroinvertebrate taxa recorded at the 

different sampling sites 
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Table 2a. Taxonomic profile (order, family) and number of macroinvertebrate individuals 

recorded at different sites along the Blyde River 

Order Family Code S1 S2 S3 S4 S5 S6 S7 Total 

Ephemeroptera 

Baetidae BAE 227 594 138 417 501 330 276 2483 

Caenidae CAE 490 722 91 85 612 396 123 2519 

Heptageniidae HEP 7 123 95 272 103 267 40 907 

Teloganodidae TEL 139 98 23 30 139 151 95 675 

Leptophlebiidae LEP 1 3 20 3  53 76 156 

Tricorythidae TRI 104 103 25 77 182 124 128 743 

Trichoptera 

Hydropsychidae HYD 407 754 392 131 1108 631 260 3683 

Philopotamidae PHI  11 17 15 226 2 2 273 

Leptoceridae LEPC  3 3     6 

Coleoptera 

Gyrinidae GYR 1 8 1 3 1 8 1 23 

Elmidae ELM 23 72 31 52 917 52 13 1160 

Helodidae HEL   2  9 1  12 

Psephenidae PSE 24 12 38 21 1 17  113 

Hemiptera Naucoridae NAU  1     1 2 

Odonata 

Libellulidae LIB 10 12 6 5 50 4 10 97 

Aeshnidae AES 8 8  2 1 1  20 

Gomphidae GOM 68 21 3 2 2 1 15 112 

Zygoptera 

Chlorocyphidae CHL 50 192 53 89 1 75 3 463 

Platycnemididae PLA  3 2   1  6 

Coenagrionidae COE 1  1 4 5 3 3 17 

Protoneuridae PRO   1     1 

Diptera 

Athericidae ATH 4 79 7 25 13 40 1 169 

Blephariceridae BLE     2 8  10 

Tabanidae TAB 11 8 5 7 79 19 11 140 

Dixidae DIX   1 2 5 3  11 

Chironomidae CHI 59 65 36 57 974 246 62 1499 

Muscidae MUS  1   3 2  6 

Simuliidae SIM 11 26 11 80 1223 855 12 2218 

Plecoptera Perlidae PER 1 5 2 3 9 6  26 

Crustacea Potamonautidae POT 2 3  8 11 8  32 

Annelida 
Hirudinea HIR     36 57  93 

Oligochaeta OLI 18 7 3 2 4 32 42 108 

Mollusca Physidae PHY     1  2 3 

 Planorbidae PLA 1 3  2  17  23 

 Thiaridae THI 38 45 41 3 23 152 642 944 

 Corbiculidae COR 3 14 5 43 635 239 140 1079 

Total number of individuals 1708 2996 1053 1440 6876 3801 1958 19832 
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Table 2b. Abundance of macroinvertebrate families recorded over the four seasons in the 

Blyde River 

Order Family  Autumn Winter Spring Summer 

Ephemeroptera 

Baetidae BAE 727 1386 191 179 

Caenidae CAE 181 1708 587 43 

Heptageniidae HEP 299 432 72 104 

Teloganodidae TEL 0 669 6 0 

Leptophlebiidae LEP 0 0 35 121 

Tricorythidae TRI 584 0 5 154 

Trichoptera 

Hydropsychidae HYD 862 1740 666 415 

Philopotamidae PHI 273 0 0 0 

Leptoceridae LEPC 3 0 3 0 

Coleoptera 

Gyrinidae GYR 0 11 11 1 

Elmidae ELM 511 340 293 16 

Helodidae HEL 2 0 10 0 

Psephenidae PSE 43 6 41 23 

Hemiptera Naucoridae NAU 0 0 1 1 

Odonata 

Libellulidae LIB 35 40 7 15 

Aeshnidae AES 12 0 8 0 

Gomphidae GOM 32 42 31 7 

Zygoptera 

Chlorocyphidae CHL 67 166 222 8 

Platycnemididae PLA 0 6 0 0 

Coenagrionidae COE 1 1 6 9 

Protoneuridae PRO 0 1 0 0 

Diptera 

Athericidae ATH 16 53 95 5 

Blephariceridae BLE 1 3 5 1 

Tabanidae TAB 64 56 17 3 

Dixidae DIX 0 9 2 0 

Chironomidae CHI 299 1084 59 57 

Muscidae MUS 0 4 2 0 

Simuliidae SIM 82 1819 18 299 

Plecoptera Perlidae PER 13 6 7 0 

Crustacea Potamonautidae POT 16 5 4 7 

Annelida 
Hirudinea HIR 0 90 3 0 

Oligochaeta OLI 46 22 17 23 

Mollusca 

Physidae PHY 0 0 2 1 

Planorbidae PLA 0 5 18 0 

Thiaridae THI 18 111 585 230 

Corbiculidae COR 407 365 211 96 

Total number of individuals 4594 10180 3240 1818 
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Table 3. Spearman correlation of macroinvertebrate taxa at the sampling sites 

Site S1 S2 S3 S4 S5 S6 S7 

S1 1.000       

S2 0.813 1.000      

S3 0.639 0.768  1.000     

S4 0.603 0.804 0.812 1.000    

S5 0.405 0.519 0.431 0.624 1.000   

S6 0.608 0.674 0.640 0.781 0.576 1.000  

S7 0.705 0.593 0.544 0.554 0.515 0.697 1.000 

 

 

The Canonical correspondence analysis (CCA) showed a correlation between some 

of the taxa and environmental variables (Fig. 4). The families Aeshnidae, Caenidae, 

Chlorocyphidae, Leptoceridae, Platycnemididae, Protoneuridae and Psephenidae were 

associated with high pH and dissolved oxygen. The TDS, temperature, salinity and 

electrical conductivity, affected the families Coenagrionidae, Corbiculidae, 

Chironomidae, Physidae and Tricorythidae. The taxa-environment correlations for first 

and second axes were 0.99, and the cumulative percentage variance of taxa-environment 

relation for first and second axes combination was 65.5% (Table 4). 
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Figure 4. Canonical correspondence analysis (CCA) ordination of the macroinvertebrates 

collected at the sampling sites (arrows indicate environmental variables; circles denote sites; 

triangles denote family code names) 
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Table 4. Eigenvalues of the correlation matrix of the taxa-environment relation 

Macroinvertebrates and water parameters Axis 1 Axis 2 Axis 3 Axis 4 Total inertia 

Eigenvalues 0.084 0.056 0.033 0.025 0.250 

Taxa-environment correlations 0.994 0.990 0.993 0.923  

Cumulative percentage variance of       

- taxa data 33.5 56.1 69.5 79.6  

- taxa-environment relation 39.1 65.5 81.1 92.9  

Sum of all eigenvalues     0.250 

Sum of all canonical eigenvalues     0.214 

F-ratio 3.99     

p-value of CCA axis 1 0.002     

Discussion 

Physicochemical parameters 

The physicochemical parameters showed relatively little changes across sites and 

seasons. There was a strong positive correlation between pH and DO, and could be due 

to the fact that both pH and DO are affected by algal photosynthesis, respiration, 

temperature and oxidative decomposition of organic matter (Zang et al., 2011). Rivers 

in less disturbed areas are frequently characterised by low conductivity, turbidity and 

silt load, hence good water quality. In the Blyde River, the sites generally had moderate 

temperatures, TDS and conductivity values. However, TDS, salinity and sulphate were 

relatively high at S7 (the confluence of the Blyde and Olifants rivers), and could be due 

to increased runoff from human activities along the river to downstream or from the 

Olifants River. The DO levels were high throughout the sampling periods and the sites, 

with the highest level recorded in winter, as dissolved oxygen is temperature dependent. 

Nutrients levels were not too high despite the intensive agricultural activities in the 

catchment (DWAF, 1996; de Villiers and Thiart, 2007). 

 

Macroinvertebrates 

The macroinvertebrate assemblages in the Blyde River were rich in Ephemeroptera, 

Diptera and Trichoptera (Table 2a), and this trend is in support of other studies in both 

temperate and tropical rivers and streams (Al-Shami et al., 2013a, b; Jun et al., 2016). 

Taxa diversity is said to be variable in rivers in response to disturbance, suitable habitat 

availability and resource availability. Higher diversity is an indication of equal or close 

to equal opportunity of co-existence (Olomukoro and Ezemonye, 2007). A decreased 

diversity with corresponding increased abundance of few taxa is an indication of 

community disturbance and imbalance (Morphin-Kani and Murugesan, 2014). The low 

number of sensitive families at S7 and high numbers of tolerant species, could be due to 

poor water quality from the Olifants River. Furthermore, the low number of taxa at S3 

could be due to the high-water current throughout the sampling period, resulting in less 

favourable conditions for many macroinvertebrates to survive in such an environment. 

The high number of individuals and families of Ephemeroptera could be due to high 

oxygen concentration and fast flowing waters (Jun et al., 2016; Rasifudi et al., 2018). 

The presence of these taxa at all the sites indicates a high level of water quality at most 

parts of the river (Griffin et al., 2015). In addition, the high number of individuals from 
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the family Hydropsychidae (Tricoptera), at all the sites could further confirm the good 

quality of the water. The presence of sensitive taxa is an indication of good habitat 

structure and good water quality (Lopez-Doval et al., 2010; Matlou et al., 2017). The 

cluster analysis shows only three main groupings, an indication that the conditions of 

most of the sites are similar. This is confirmed by the Spearman correlation which 

shows positive relationship among all the sampling sites, with high correlation among 

the third cluster group (S1, S2, S3, S4 and S7). The seasonal macroinvertebrate 

distribution among the sites rarely showed any variation (Fig. 2b). While seasonality 

can be a driven force of river community dynamics, its effect is regulated by the 

likelihood of its recurrence (Tonkin et al., 2017). The lack of seasonality effect is an 

indication of the relative lack of a significant variability in environmental conditions of 

the river. The high number of macroinvertebrates recorded at S5 from different tolerant 

groups such as, Hydropsychidae, Simuliidae, Chironomidae and Elmidae could be 

attributed to good biotope diversity (higher habitat heterogeneity), as this site was 

characterised by bedrock, sand, areas of high current, pools and sparse vegetation. 

Furthermore, the high abundance of Simuliidae at S5 could be due to the presence of the 

Weir above the sampling site. High presence of Simuliidae has been reported below 

many impoundments, and their abundance is linked to reservoir outflows (Boon, 1998; 

Marchetti et al., 2014; Rasifudi et al., 2018). 

There was seasonal variation in the composition of macroinvertebrates in the Blyde 

River. The high number of taxa and abundance during winter could be due to relatively 

good water quality as a result of less discharge from the catchment. During raining 

season, which usually starts in spring through to autumn in the area of the study, the 

river receives a lot of discharge from the catchment which may destroy the microhabitat 

of the macroinvertebrates. Furthermore, high flows which normally occur in raining 

season are known to affect aquatic macroinvertebrates both directly and indirectly 

through changes to habitat. Substrates of macroinvertebrats can be moved down-stream 

(Piniewki et al., 2017). 

Most taxa sampled clumped at the centre of the CCA ordination plot, suggesting that 

no particular measured environmental variable defined the taxa distribution (Niba and 

Sakwe, 2018). It also confirms the fact that the conditions at most of the sites are similar 

and therefore may support similar macroinvertebrate communities. The taxa-

environmental correlation for both axes 1 and 2 was 0.99, which indicates high 

predictive power of the selected environmental variables. Many of the pollution 

intolerant taxa could live in areas with high DO and pH and many of the pollution 

tolerant taxa could group in areas with high EC, TDS, salinity and temperature. Thus, 

interactions of macroinvertebrate communities may be influenced by abiotic factors in 

the environment (Florencio et al., 2013; Heino, 2013). 

Conclusion 

Despite the active agricultural activities in the Blyde River catchment, the aquatic 

community was indicative of good water quality. The high diversity and the presence of 

high abundance of sensitive taxa confirm the good quality or/and habitat heterogeneity 

of most parts of the river. However, the water from the Olifants River might have 

affected the quality of the water at S7 (the confluence of the Blyde and the Olifants 

River), hence the distribution of the macroinvertebrate communities was characterised 

by high number of pollutant taxa, Mollusca, especially Thiaridae. Seasonal variation of 
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the distribution of macroinvertebrates was also observed. The results suggest that 

currently the human activities along the Blyde River has little impact on the integrity of 

the river system. Though the current activities may not pose a threat to the water quality 

and benthic macroinvertebrates in the river, further monitoring is necessary due to 

increasing human activities in the catchment of the river. The study revealed that 

combination of physicochemical and biological measures in water quality assessment 

provides positive and promising results as they show sensitivity to environmental 

changes hence, aquatic macroinvertebrates are good biological indicators of pollution. 
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