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ABSTRACT 

Reed pans are a very uncommon type of endorheic wetland, and as such the amount of information available is very 
limited. Thus, they are being impacted on by various agricultural, livestock and other anthropogenic activities. The ob- 
jectives of this study were to determine the spatial and temporal variations of macroinvertebrate community structures 
in reed pans and the environmental factors (i.e., water quality) responsible for the maintenance of these structures. Reed 
pans were studied over four different seasons, during which time subsurface water, sediment and macroinvertebrate 
samples were collected and analyzed. The reed pans studied showed that the macroinvertebrates were able to reflect 
various changes in reed pans with regard to seasonal variability and anthropogenic impacts on water quality. These an- 
thropogenic impacts caused the disappearance of sensitive macroinvertebrate taxa and the increase of tolerant macroin- 
vertebrate taxa. 
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1. Introduction 

Pans are found throughout the world and are predomi- 
nantly concentrated in arid regions. These areas include 
North America, Argentina, Brazil, southern and central 
Africa as well as southern and western Australia. Pans 
are also present in most of South Africa’s neighboring 
countries, including Namibia, Botswana and Zimbabwe 
[1]. In South Africa, most of the pans are situated in the 
arid north-western regions in areas with a mean annual 
rainfall of 500 mm [2]. However, in the eastern province 
of South Africa (Mpumalanga) is an area densely cov- 
ered with about 320 pans (of which ± 2.3% are reed pans) 
and known as the Mpumalanga Lakes District (MLD) 
[3,4]. Unlike other pan fields in the country, the MLD is 
situated in a relatively humid area with a mean annual 
precipitation of between 800 and 1000 mm [5]. It is in 
this area that a different type of wetland is found in South 
Africa, namely reed pans. Reed pans, which are classi- 

fied as a type of pan [6], are usually defined as contain- 
ing dense colonies of reeds and sedges [7], as well as a 
floating reed-covered mat within the pan, with high water 
levels maintained throughout the year [4]. 

Aquatic ecosystems, for example reed pans, can be af- 
fected by a variety of human activities. These include 
point-source pollution (e.g., factories or sewage works), 
non-point source pollution (e.g., runoff from agriculture, 
urban or mining areas), changing characteristics (e.g., 
through sedimentation), the removal of riparian vegeta- 
tion or the introduction of exotic or alien species [8]. 
These activities are known to impact the integrity of 
these systems and as such scientific techniques are used 
to indicate environmental integrity. The use of biological 
indicators is known to supplement conventional chemical 
and physical monitoring and greatly improves the as- 
sessment of the ecological integrity of water resources 
[8,9]. The most commonly used aquatic organisms for 
biomonitoring are aquatic macroinvertebrates [10]. They 
can act as indicators of disturbance, because they are *Corresponding author. 

Copyright © 2013 SciRes.                                                                                  JEP 



Macroinvertebrate Assemblage Changes as an Indicator of Water Quality of Perennial Endorheic 
Reed Pans on the Mpumalanga Highveld, South Africa 

11

adapted to specific habitats, substrate types, temperature, 
dissolved oxygen, etc., and thus these disturbances are 
reflected in the changes of the types and abundances of 
aquatic macroinvertebrates [11,12]. These changes are 
able to indicate alterations as a result of human-induced 
disturbances [13]. Aquatic macroinvertebrates are par- 
ticularly sensitive to organic and various other com- 
pounds [14] and they have the ability to integrate these 
effects during their lifetime [9]. 

Most of the pans in South Africa are mainly shallow 
and temporary in nature. These temporary waters are 
usually host to diverse taxa, often mainly characterized 
by crustacean orders, where some might only be repre- 
sented by larval stages [15]. Due to the differences in the 
inundation period between the non-perrenial pans and 
their perennial counterparts we expected that the macro- 
invertebrate assemblages would also differ vastly. In 
contrast to the perennial pans in the MLD (especially 
reed pans), pans in the north-western regions of South 
Africa have been the focus of most studies conducted on 
pans in South Africa. Perennial pans are also very scarce 
in South Africa (especially reed pans).  

Because of the limited information available on these 
wetlands and in the face of ever increasing land use ac- 
tivities, a study was deemed necessary to evaluate the 
macroinvertebrate assemblages present in reed pans and 
their seasonal changes. This study is a first attempt to 
gather sufficient information on macroinvertebrate as- 
semblages in reed pans so as to determine the use of 
these organisms as biological indicators of the environ- 
mental integrity (namely water quality) of reed pans. 
Thus, the aim of this study was to determine the temporal 
and spatial changes in the aquatic macroinvertebrate as- 
semblages within reed pans, over different seasons and 
hydrological extremes on the Mpumalanga Highveld in 
South Africa. 

2. Materials and Methods 

2.1. Study Area 

This study was conducted within the MLD near the town 
of Chrissiesmeer in the Mpumalanga Province, South 
Africa. Four reed pans were selected in the Chrissiesmeer 
area (Figure 1) that were sampled during four consecu- 
tive seasons, namely Autumn (AUT), Winter (WIN), 
Spring (SPR) and Summer (SUM). In so doing we were 
able to account for the different hydrological extremes 
experienced within these wetlands. The four selected 
reed pans, namely Klein Tevrede se Pan (KT), Groot 
Tevrede se Pan (GT), Goedverwachting se Pan (GO) and 
Swaeltjie Pan (SW) were selected due to ease of accessi- 
bility, as well as the fact that they are impacted upon by 
adjacent land use practices (which includes dryland ag-  

 

Figure 1. The four reed pans selected for the purpose of this 
study. Insert maps on the top left and right indicate the 
study area within South Africa and Mpumalanga, respec- 
tively. KT represents Klein Tevrede se Pan, GT (Groot 
Tevrede se Pan), GO (Goedverwachting se Pan) and SW 
(Swaeltjie Pan). 
 
riculture, intensive irrigation and livestock) to varying 
degrees. 

2.2. Water Quality 

During this study a detailed chemical assessment of the 
surface waters of the four selected reed pans was carried 
out and published in [16]. This included measuring in 
situ water quality parameters (pH, temperature, conduc- 
tivity as well as dissolved oxygen) using Eutech Instru- 
ment’s handheld water quality meters. Water samples 
were collected in triplicate using pre-cleaned polypro-  

pylene containers and analysed for ammonium ( 4NH ); 

nitrate ( 3NO ); nitrite ( ), phosphate (2NO 3
4PO  ), che- 

mical oxygen demand (COD) and turbidity using a Merck 
Spectroquant Photometer SQ 118.  

Chlorophyll a was analyzed within 24 hours of sam- 
pling according to the methods described in [17,18]. 
Chlorophyll a concentrations were calculated according 
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to the equations described by [19]. The concentrations of 
dissolved metals in the water samples were measured 
using an Inductively Coupled Plasma—Optical Emission 
Spectrometer (ICP-OES), as well as an Inductively Cou- 
pled Plasma—Mass Spectrometer (ICP-MS). The fol- 
lowing metals were analyzed, namely arsenic (As), cad- 
mium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead 
(Pb), manganese (Mn), molybdenum (Mo), nickel (Ni), 
selenium (Se), strontium (Sr), uranium (U) and zinc (Zn).  

For the purposes of this paper only the most influential 
variables of the selected abiotic variables mentioned 
above, as determined in [16], will be used. Quality con- 
trol and quality assurance protocols were followed with 
each batch of samples through the inclusion of blanks, 
certified reference materials and matrix spikes, as well as 
by doing a standard calibration run. 

2.3. Macroinvertebrates 

Aquatic macroinvertebrates were sampled in each of the 
selected reed pans from all of the available invertebrate 
biotopes which were identified according to [20]. Vari- 
ous invertebrate sampling techniques were used to de- 
termine which would provide a representative sample of 
aquatic macroinvertebrates within reed pans and the re- 
sults were published in [21]. The methods used, included 
the use of aquatic light traps, benthic sampling, emergent 
traps, plankton nets, sweep nets, as well as terrestrial 
light traps. All of the macroinvertebrate specimens sam- 
pled were identified to the lowest taxonomic level possi- 
ble using a dissection microscope and guides to the Fresh 
Water Invertebrates of Southern Africa [22-30]. Most of 
the collected specimens were identified to genus level, 
some to species level, and the remainder to family or 
higher levels. 

2.4. Statistical Analysis 

To determine the changes in macroinvertebrate commu- 
nity compositions on a temporal and spatial scale, the 
most appropriate univariate and multivariate statistical 
analysis methods were used. Univariate analysis (i.e., di- 
versity and richness indices) was used to describe macro- 
invertebrate species-abundance relations with the help of 
the software program PRIMER Version 6.0 [31]. These 
indices included Margalef’s species richness index (d) 
[32] and the Shannon’s diversity index (H’) [33]. Analy- 
sis of variance (ANOVA) was used to determine any sig- 
nificant differences with significance assumed as a proba- 
bility level of p ≤ 0.05. A K-dominance plot was con- 
structed to determine any increased dominance of one fami- 
ly relative to other sites and seasons. For this purpose the 
software program PRIMER Version 6.0 was used and the 
data were log-transformed. Multivariate statistics, namely 

redundancy analysis (RDA) plots were used to determine 
the relationship between macroinvertebrate community 
structures and selected water quality variables with the 
help of the software program CANOCO version 4.5 [34]. 
The data were log-transformed and the significance of 
the RDA axes was tested using Monte Carlo permutation 
tests (499 permutations). The different sites presented on 
these two-dimensional plots reflect their relative similar- 
ity or dissimilarity to each other in terms of the macroin- 
vertebrate assemblages with the water quality variables 
overlain. The arrows in an ordination plot can indicate 
whether any correlation between variables exist depend- 
ing on whether the angles between them are acute or not. 

3. Results 

The results of the most influential water quality data ob- 
tained within the four selected reed pans are summarized 
and presented in Figure 2. The seasonal trend of nutrient 
enrichment at the four reed pans is presented and indi-  

cated as relative concentrations of ; 4NH
3NO  and 

2NO , as well as 3
4PO  . A few seasonal trends can be  

observed with regard to nutrient levels (Figure 2(c)) 
although a general increase in concentrations were meas- 
ured during SUM. The maximum concentrations of 

4NH  measured during SUM was 0.083 mg/l, 3NO  = 

7.483 mg/l, 2NO  = 0.075 mg/l and 3
4PO   = 0.088 

mg/l. The conductivity values (Figure 2(a)) remained 
relatively similar during AUT, WIN and SPR (~1415.6 
mS/cm) after which it decreased during SUM (~564.5 
mS/cm). An increase in pH levels was noticed during 
WIN and SPR (~7.99), when compared to AUT and 
SUM (~6.87). Turbidity and chlorophyll a levels in- 
creased during SUM, whilst COD concentrations were 
variable between the different seasons. From Figure 

2(d), it can be seen that an increase in ; 4NH
3NO  and 

2NO , as well as 3
4PO   was noticed at GO where the 

highest concentrations were measured, when compared 
to the other sites (approximately 0.053 mg/l, 8.833 mg/l, 
0.050 mg/l and 0.217 mg/l, respectively). As with the 
nutrients, the COD, turbidity and chlorophyll a concen- 
trations were also high at GO (approximately 32 mg/l, 29 
NTU and 29.857 µg/l, respectively). The pH levels re- 
mained relatively similar between the different sites 
(~7.44), while conductivity levels were lower at GO and 
SW (988.5 mS/cm and 819 mS/cm, respectively) when 
compared to GT and KT (2273 mS/cm and 1614.5 
mS/cm, respectively). 

When determining the changes in diversity of the 
aquatic macroinvertebrates in the selected reed pans (Fig- 
ure 3), it was found that the highest total number of  
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(a)                                                   (b) 

 
(c)                                                   (d) 

 
(e)                                                   (f) 

Figure 2. Temporal and spatial fluctuations in pH, electrical conductivity, dissolved oxygen, nitrate, nitrite, phosphate, am- 
monium, chlorophyll a, chemical oxygen demand and turbidity for the four selected reed pans. KT represents Klein Tevrede 
se Pan, GT (Groot Tevrede se Pan), GO (Goedverwachting se Pan), SW (Swaeltjie Pan), AUT (autumn), WIN (winter), SPR 
(spring) and SUM (summer). 
 
taxa was found during SPR (Figure 3(a)) and at Groot 
Tevrede se Pan (Figure 3(b)). The Shannon diversity in- 
dex (Figure 3(a)) also showed the highest diversity oc- 
curring during SPR, as well as a high diversity at Groot 
Tevrede se Pan (Figure 3(b)). Margalef’s species rich- 
ness index is used to indicate species diversity and abun- 
dance and was included to compliment the results ob- 
tained from Shannon’s diversity index. Margalef’s spe- 
cies richness index also indicated that the highest level of 
diversity and abundance of macroinvertebrates was 
found in Groot Tevrede se Pan and during SPR (Figure 
3), with a significant difference (p < 0.05) between the 
scores obtained between this pan and Goedverwachting 
se Pan. Spatially, both Klein Tevrede se Pan and Swaelt- 
jie Pan scores showed a slightly lower macroinvertebrate 

abundance, richness and diversity than those of Groot 
Tevrede se Pan, while Goedverwachting se Pan consis- 
tently had the lowest scores. These diversity results are 
based on the list of aquatic macroinvertebrates sampled 
and identified from the respective reed pans (Table 1). 

The K-dominance curves presented in Figure 4 are in 
the form of ranked species abundance curves. From the 
data it can be seen that the K-dominance curve from the 
different reed pans during the different seasons all have a 
typical sigmoidal curve. This indicates a balanced com- 
munity of aquatic macroinvertebrates in all four reed 
pans studied throughout the four different seasons. Thus, 
no dominance of a single species can be observed which 
means that as the abundance of the macroinvertebrates 
increased, the diversity also increased. 
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Table 1. A list of the aquatic macroinvertebrate taxa found at the selected reed pans from four seasonal sampling trips. 

FILUM CLASS ORDER FAMILY 
SUBFAMILY/ 

GENUS & SPECIES 
KT GT GO SW

ANNELIDA Oligochaeta    x x x x

 Hirudinea   Glossiphoniidae 
Alboglossiphonia 

macrorhyncha 
x x x x

    
Batracobdelloides 

tricarinata 
x x  x

    Helobdella stagnalis x x x x

    
Oosthuizobdella 

stuhlmanni 
 x   

    Theromyzon cooperi x x x x

ARTHROPODA Arachnida Acari Hydraphantidae   x x x x

   Hydrovolziidae  x x  x

   Pontarachnidae   x x x x

  Aranae Lycosidae (Wolf Spiders)  x x x x

   Pisauridae (Fish Eating Spiders)  x x x x

   Tetragnathidae (Long-Jawed Spiders)  x x x  

 Copepoda CALANOIDA Diaptomidae  x x x x

  CLADOCERA Chydoridae Eurycercus sp. x x x x

   Daphniidae Simocephallus sp. x x x x

  CYCLOPOIDA Cyclopidae 
Thermocyclops 

oblongatus 
x x x x

 Insecta COLEOPTERA Curculionidae (Weevils) larvae x    

    Pseudobagous longulus x x x  

   Dytiscidae (Diving beetles) larvae x x x x

    Hydroglyphus sp. (adult) x x x x

    Laccophilus sp. (adult) x x x x

    
Metheles 

cribratellus (adult) 
x x x x

    
Philaccoclus 

lineatoguttatus  
x x x x

    Rhantus sp. x x x x

   Elmidae (Riffle beetles) Stenelmis sp.(adult) x x   

   Haliplidae (Crawling water beetles) Haliplus natalensis x    

   Hydraenidae (Minute moss beetles) Ochthebius andronius   x x

    Parhydraena seriata? x x x x

   Hydrophilidae (Water scavenger beetles) larvae x x x x

    Berosus sp.(adult) x x x x

    Chasmogenus patrizii x x x x

    Enochrus circumductus x x x x

    Helochares skalei  x   

    Paracymus sp. x x  x

    Regimbartia sp.  x   
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Continued 

   Scirtidae (Marsh Beetles) larvae x    

  DIPTERA Ceratopogonidae (Biting midges) Adult x x x  

    Ceratopogonae (larvae) x x  x

    Ceratopogonae (pupae) x x x x

   Chaoboridae (Phantom Midges/Lake Flies) larvae x   x

   Chironomidae (Midges) Adult x x x x

    Chironominae (larvae) x x x x

    Chironominae (pupae) x x x x

    Orthocladinae (larvae) x x  x

    Orthocladinae (pupae) x x x x

    Tanypodinae (larvae) x x  x

    Tanypodinae (pupae) x x x x

   Culicidae (Mosquitoes) Adult x x x x

    Aedeomyia sp. (pupae)  x x  

    Anopheles sp. (larvae) x x x x

    Anopheles sp. (pupae) x x x x

    Culiseta sp. (larvae) x x x x

    Culiseta sp. (pupae) x x   

ARTHROPOD Insecta DIPTERA Dixidae (Dixid midge) larvae x x x x

   Empididae (Dance flies) Adult   x x

    pupae  x   

   Ephydridae (Shore flies) pupae x  x x

   Muscidae (House flies, Stable flies) Adult x x x x

    Musca domestica (pupae) x x x x

   Ptychopteridae (Phantom Crane Flies) larvae x   x

   Sciomyzidae (Marsh Flies) larvae x    

   Stratiomyidae (Soldier Flies) larvae x x x  

    pupae x  x  

   Syrphidae (Rat tailed maggots) Adult x x x x

    larvae   x x

    pupae   x  

   Tabanidae (Horse flies) larvae x x x  

    pupae x x   

   Tipulidae (Crane flies) Adult x x x x

    larvae    x

  EPHEMEROPTERA Baetidae (Small Minnow Mayflies) Adult x x x x

    Cloeon & Procloeon sp. x x x x

Copyright © 2013 SciRes.                                                                                  JEP 



Macroinvertebrate Assemblage Changes as an Indicator of Water Quality of Perennial Endorheic 
Reed Pans on the Mpumalanga Highveld, South Africa 

16 

Continued 

   Caenidae (Squaregills/Cainfles) Adult  x x x

    Afrocaenis browni/major x x x x

  HEMIPTERA Belostomatidae (Giant water bugs) Appasus sp. x x x x

   Corixidae (Water boatmen) Micronecta sp. x x x x

    Sigara sp. x x x x

   Gerridae (Pond skaters/Water striders) Aquarius distanti  x  x

    
Rhagadotarsus 

hutchinsonii 
x x x x

   Mesoveliidae Mesovelia vittigera x x x x

   Naucoridae (Creeping water bugs) Naucoris obscuratus x x x x

   Nepidae (Water scorpions) Ranatra sp. x    

   Notonectidae (Backswimmers) Anisops sp. x x x x

   Pleidae (Pygmy backswimmers) Plea piccanina x x x x

    Plea pullula x x x x

  LEPIDOPTERA Crambidae (Pyralidae) Adult x x x x

    Nymphula sp. x x  x

    Schoenibinae  x x x

  ODONATA Aeshnidae (Hawkers & Emperors) Anax imperator x x x x

    Aeshna minuscula x x x x

   Coenagrionidae (Sprites and blues) Adult x    

    Ceriagrion glabrum x x x x

   Libellulidae (Darters/Skimmers) Tetrathemis polleni x x  x

  TRICHOPTERA Ecnomidae Ecnomus sp.  x   

   Hydroptilidae Oxyethira velocipes x x x x

    Tricholeiochiton sp.  x   

   Leptoceridae     x

 Malacostraca OSTRACODA   x x x x

MOLLUSCA GASTROPODA  Ancylidae (Limpets)  x    

   Lymnaeidae (Pond snails) Lymnaea natalensis x x  x

   Physidae (Pouch snails) Physa acuta  x  x

   Planorbidae (Orb snails) Ceratophallus natalensis x x x x

    Bulinus africanus x x   

    Bulinus depressuss x x x x

    Bulinus tropicus x x x x

    Bulinus natalensis x x x x

NEMATODA     x x x x
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Based on the RDA triplot (Figure 5), it can be seen 

that reed pans differ temporally with regard to their ma- 
croinvertebrate assemblages with a distinction between 
the warmer spring (blue indication) and summer (green 
indication) and the colder autumn and winter seasons 
(red indication). As with the diversity indices studied in 
Figure 3, the highest diversity was also found to occur 
during the warmer seasons (Figure 5). In addition to this, 
a difference was also observed between spring and sum- 
mer seasons, with more tolerant macroinvertebrates (e.g., 
Culicidae and Oligochaeta) present during summer 
which coincides with an increase in nutrient enrichment 
during this period (thus a decrease in water quality). 

 
(a) 

 

4. Discussion 

According to [35], multivariate similarity measures can 
be used successfully to indicate biodiversity changes 
using ordination. Ordination plots using species compo- 
sition are particularly effective in detecting diversity 
changes, seeing that the first macroinvertebrate biodiver- 
sity changes usually occur as a result of species replacing 
one another, rather than resulting from a reduction in 
richness [36]. Ordination plots can also be used to char- 
acterize a wetland, produce stable patterns, detect turn- 
over and predict changes likely to occur as a result of 
anthropogenic activities [37]. It was evident from the re- 
sults (Figure 5) that the macroinvertebrate abundance data 
in reed pans show a distinct difference between cold and 
warm seasons. This difference may be due to the increase 
in productivity during the warmer seasons, which leads 
to a regeneration of plants and animals during this period 
[38]. Thus, the abundance and diversity of aquatic ma- 
croinvertebrates were greatest during the warmer (spring/ 
summer) seasons. This was also evident from the uni- 
variate diversity indices (Figure 3(a)), which showed an 
increase in macroinvertebrate abundance, richness and 
diversity during the warmer seasons. 

(b) 

Figure 3. The scores obtained for the total number of ma- 
croinvertebrate taxa present, Margalef’s species richness 
index, Shannon’s diversity index during the different sea- 
sons (a) and at the various sites (b). KT represents (Klein 
Tevrede se Pan), GT (Groot Tevrede se Pan), GO (Goed-
verwachting se Pan) and SW (Swaeltjie Pan). 

 

 

A variance in macroinvertebrate taxa, richness and di- 
versity was also observed between the spring and sum- 
mer seasons (Figure 5), which may be attributed to the 
deteriorating water quality which occurs during summer. 
This is the result of increased rainfall which transports 
enhanced levels of silt and soil, as well as associated nu- 
trients, salts and pollutants into these pans [39]. This may 
be due to the agricultural practices occurring within the 
catchments of these pans which have the ability to in- 
crease nutrient inputs [40] or by increasing sedimentation 
which results in a reduction of primary productivity [41]. 
This corresponds to the water quality assessment done 
within these pans (Figure 2) where an increase in nutria- 
ents and turbidity was observed during SUM. The active- 
ity of these practices also corresponds to the higher rain- 
fall periods. 

Figure 4. A ranked species K-dominance curve for macro- 
invertebrate communities collected at the four pans during 
the different seasons. KT represents (Klein Tevrede se Pan), 
GT (Groot Tevrede se Pan), GO (Goedverwachting se Pan), 
SW (Swaeltjie Pan), AUT (autumn), WIN (winter), SPR 
(spring) and SUM (summer). 
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Figure 5. An RDA plot showing the similarity between sites and seasons based on macroinvertebrate abundance data with 
water quality variables superimposed. KT represents (Klein Tevrede se Pan), GT (Groot Tevrede se Pan), GO (Goedver- 
wachting se Pan), SW (Swaeltjie Pan), AUT (autumn), WIN (winter), SPR (spring) and SUM (summer). 
 

Pollution in aquatic systems may cause the community 
structure of organisms to change, as opportunistic species 
start to dominate [37,40,42]. From the results it was ob- 
served that there was an increase in more tolerant macro- 
invertebrate taxa, e.g. Chironomidae and Oligochaeta, 
during summer, which is characteristic of stressed aqua- 
tic systems [43]. Chironomidae can tolerate the effects of 
pollution, such as low oxygen levels, as it contains hae- 
moglobin in its blood [44] and may exploit stressed sys- 
tems when there is a lack of competitors [45], while Oli- 
gochaeta is generally linked with unfavourable condi- 
tions, for example nutrient enrichment and organic pollu- 
tion [42,46]. The extent of this exploitation by less sensi- 
tive taxa does not appear to have resulted in a complete 
community imbalance as yet, as from Figure 4 it can 
been seen that a balanced community of aquatic macro- 
invertebrates is mostly still present. 

The determination of macroinvertebrate taxa richness 
is known as a good indication of the water quality of an 
aquatic ecosystem [47]. Contamination of these systems 

results in intolerant species disappearing, which decrea- 
ses the macroinvertebrate taxa richness [42]. The results 
obtained from the various univariate and multivariate sta- 
tistical analysis during this study indicates that the great- 
est macroinvertebrate abundance, richness and diversity 
were found at Groot Tevrede se Pan. The opposite was 
found at Goedverwachting se Pan, which may be as a 
result of increased runoff as this reed pan had the most 
noticeable increase in nutrients and suspended material. 
The change in macroinvertebrate community structure 
found at Goeverwachting se Pan can also be used as an 
indication of the loss of riparian vegetation surrounding 
this pan [48]. The slightly lower macroinvertebrate abun- 
dance, richness and diversity found at Klein Tevrede se 
Pan and Swaeltjie Pan, when compared to Groot Tev- 
rede se Pan, may be as a result of the sheer size of Groot 
Tevrede se Pan relative to that of Klein Tevrede se Pan 
and Swaeltjie Pan. The many and varied taxa are sup- 
ported by different substrates. Thus, complex substrates 
(e.g., gravel, leaves, macrophytes, etc.) support more 
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taxa than simple substrates [49]. Groot Tevrede se Pan 
may therefore contain more complex substrates and is 
thus able to support a higher macroinvertebrate abun- 
dance, richness and diversity. 

Thus, through the findings mentioned in this article, it 
can be seen that aquatic macroinvertebrates have the po- 
tential to be used as biological indicators of water quality 
within reed pans and can be used for the better manage- 
ment and protection of these systems. 

5. Conclusion 

Based on the data collected from this study it is clear that 
macroinvertebrates reflect various changes in reed pans 
with regard to seasonal variability and anthropogenic im- 
pacts on water quality. The greatest macroinvertebrate 
abundance, richness and diversity occurred during the 
warm (spring/summer) seasons, while the impacts on wa- 
ter quality occurred mostly during summer. Thus, macro- 
invertebrates can be used as a biomonitoring tool in reed 
pans to monitor impacts on water quality within these 
systems and in so doing aid in the better management 
and protection of reed pans. 
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