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This paper provides a description of the zooplankton and epiphytic diatom communities of
permanent and temporary freshwater pans in the Mpumalanga Highveld region of South
Africa. Few studies have investigated the biota of pans in this area, which is seriously
threatened by mining and agricultural development. Nineteen pan sites within a 20 km radius
covering a wide range of water chemistries were sampled once for zooplankton, epiphytic
diatoms and water physico-chemical data in 2009. Collected zooplankton and diatom samples
were identified to species or genus level. Many of the zooplankton taxa reported in this study
were not recorded in similar pan studies in South Africa and southern Africa. The study
revealed a difference among the compositions of zooplankton and diatom communities
between temporary pans and permanent pans. Zooplankton found exclusively in freshwater
temporary pans included cladocerans (Megafenestra aurita and Scapholeberis kingi),
calanoids (Mesocyclops major and Thermodiaptomus mixtus), a cyclopoid (Acanthocyclops
vernalis) and a rotifer (Platyias quadricornis). Permanent pans were characterized by taxa
such as cladocerans (Ceriodaphnia rigaudi and Dunhevedia crassa), a calanoid (Metadia-
ptomus transvaalensis), cyclopoids (Paracyclops fimbriatus and Eucyclops gibsoni) and rotifers
(Brachionus dimidiatus and Brachionus plicatilis). The most commonly occurring diatom taxa
in temporary pans included taxa indicative of slightly acidic to circumneutral, dystrophic and
nutrient-poor waters such as Nitzschia acidoclinata, Gomphonema gracile and Eunotia
bilunaris. Permanent pan assemblages were characterized by taxa typical of saline waters,
including Nitzschia frustulum, Amphora veneta and Planothidium engelbrechtii. Species of the

genera Pinnularia and Eunotia were almost totally absent from permanent pans.
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INTRODUCTION
There hasbeen a growing awareness of the ecolog-
ical and socioeconomical importance of isolated
depressional wetland systems, particularly in
Europe, where isolated wetlands have become a
priority habitat under the EU Habitats Directive
due to their vulnerability to human activities and
climate changes (Céréghino et al. 2008). Yet in
South Africa, isolated wetlands, which face similar
pressures, have largely been ignored. The South
African National Water Act (Act No. 36 of 1998)
describes the framework which allows for water
resource protection and use in a sustainable manner.
Within this protection framework provision is
made for the assessment of the current ecological
integrity or health of a water resource. However
the ecological condition of an aquatic habitat
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needs to be ascertained for effective implementa-
tion of the National Water Act.

Research activity focusing on isolated depres-
sional wetlands particularly on the topic of bio-
diversity, has mostly been developed in Europe
(Oertli et al. 2009) and North America (Tiner 2003;
Lane et al. 2009). In South Africa, such as the
Mpumalanga Highveld region, isolated wetlands,
locally referred to as pans (the term ‘pan’ is used
hereafter) are exceptionally numerous. However,
limnological knowledge of these systems is limited,
which is surprising considering their uniqueness
in terms of water chemistry, flora and fauna
(Hutchinson ef al. 1932). For this reason the aim of
the present study is to investigate the biological
communities of pans in the Mpumalanga High-
veld area which are increasingly under threat
from mining and agricultural activities.
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Various characteristics of pans in South Africa,
including their chemistry and biotic features, have
been reviewed (Hutchinson et al. 1932; Seaman
etal. 1991; Meintjes et al. 1994; Allan et al. 1995). Few
studies have focused on macroinvertebrate com-
munities (Day et al. 2010; Ferreira 2012; Bird 2013)
and zooplankton taxa (De Roeck et al. 2007;
Ferreira 2012) as a tool for biological assessments in
temporary and permanent pans in the Western
Cape and the Mpumalanga Highveld. Seaman
et al. (1991) reported on the ecological characteris-
tics of zooplankton in salt pans in the central and
western regions of South Africa as well as the
Mpumalanga Highveld. However, there is still
little known about the zooplankton communities
of pans in South Africa and considerably less
information available on diatom distribution and
diversity in these systems.

Diatoms have a long history of use in the assess-
ment of inland waters internationally as they
account for the highest number of species among
the primary producers in aquatic systems and
respond rapidly to a wide range of toxicants (Pan
et al. 1999; U.S. EPA 2001). Zooplankton taxa have
different preferences for trophic state and water
clarity and are known to vary predictably with
wetland quality and respond quickly to changesin
the environment (Lougheed & Chow-Fraser 2002).

The only comprehensive investigation of
depressional wetlands in the Mpumalanga
Highveld area, including zooplankton and diatom
species, is that by Hutchinson et al. (1932) who pro-
vided an ecological study of a variety of temporary
and permanent pans in the area. Taxonomic iden-
tification of diatoms was mostly undetermined.
Nevertheless the study highlighted the diversity
and complexity of temporary pans, which previ-
ous studies have shown to be partly attributable to
the variability in length of hydroperiod (Gaiser &
Johansen 2000; Dimitriou et al. 2009). It is therefore
essential to examine the characteristics that define
these highly variable systems in order to distin-
guish changes in biological communities caused
by human disturbances from natural variations.
This is particularly vital in an area such as the
Mpumalanga Highveld where pans are under se-
vere pressure as a result of land cover conversion.

This study has largely been driven by the need
for ecological information on South African inland
pans in order to assess the ecological status of this
type of water body more effectively in accordance
with the National Water Act and perhaps provide
insight into similar waterbodies internationally.
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The main purpose of this paper is to report on
species of diatoms and zooplankton from pans in
the Mpumalanga Highveld region since very little
previous taxonomic or ecological records are avail-
able on such flora and fauna.

MATERIALS & METHODS

Study area

The study was carried out in the Highveld region
of the Mpumalanga Province, host to one of the
densest clusters of pans in South Africa. The region
is at an altitude of approximately 1700 m with
minimum temperatures below 0°C in the winter
and average annual rainfall of c. 706 mm. Geology
generally consists of weakly cemented sandstones
and fissile shales of the Karoo Supergroup with
some intrusion by highly resistant dolerite sills
and dykes (Tooth & McCarthy 2007). In the grass-
lands of Mpumalanga, pans typically receive
direct rainfall as well as generally diffuse flow
entering the pans through seepage through the
surrounding soil mass, and/or groundwater
(Tooth & McCarthy 2007).These depressions are
shallow, and even when fully inundated, are
usually less than 3 m deep. These are usually circu-
lar to oval in shape (Goudie & Thomas 1985), and
where two or more depressions have spread and
combined, they form characteristically kid-
ney-shaped or lobed wetlands. These systems are
highly variable in terms of vegetation, size and
above all water chemistry whilst being in close
proximity to one another. The pans vary from per-
manently inundated reed pans characterized by a
central, emergent Phragmites australis reedbed,
surrounded by a ring of open water underlain
with submergent macrophytes, such as Lagarosiphon
sp. and Potamogeton sp., to temporarily inundated
grass pans covered by grasses and sedges, often
dominated by floating mats of Leersia hexandra
(Allan et al. 1995). Typically found on the outer-
most margins are crops of maize and occasionally
a few alien tree species (Eucalyptus sp., Salix sp.,
Acacia sp.).

Over a period of two days in May 2009, 11
temporary and eight permanent pans (range =
6-213 ha, Fig. 1) were sampled in a 20 km radius
once for zooplankton, epiphytic diatoms and
water chemistry where feasible. Further site infor-
mation is given in Table 1. All sites are situated ina
heavily transformed landscape which has been
subject to strong alterations due to land use con-
versions, namely mining and agriculture. Sites
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Fig. 1. Study area and location of sampling sites.

were randomly selected using 1:50 000 scale South
African topographical maps and GIS software,
and later ground-truthed to establish the wetland
type in terms of hydrological regime (temporary
or permanently inundated wetlands).

Sample collection, preparation and analysis
Zooplankton samples were collected using a
plankton net (150 um mesh size) to make horizon-
tal tows of 10 m length from the margin of the pan
to the centre. Captured zooplankton were pre-
served in 70% ethanol and identified using the
highest taxonomic resolution possible (usually
species or genus). The cladocerans were identified
to species level according to Day et al. (1999).
Ostracods and copepods were identified using
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Day et al. (2001), and the rotifers according to
Ahlstrom (1940), Pennak (1978), Thorp &
Covich (1991) and Day & de Moor (2002).

Epiphytic diatoms were sampled by randomly
selecting submersed plants from the wetland
(water depth <1 m) according to methods
described by Lane & Brown (2007). Samples were
preserved in ethanol and kept at 4°C until analy-
ses. Water samples were obtained simultaneously
with the diatom samples and analysed for conduc-
tivity, pH, CO3~, HCOs7, Ca 2+ PO4, Mg2+, NOs,
NO,, K*, Na*, SO4*, CI” at the Agricultural
Research Council’s laboratory in Pretoria follow-
ing standard procedures (APHA 1998).

Diatoms were prepared by oxidizing organic
material in samples with hydrochloric acid and
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Fig. 2. Durov diagram showing ionic composition, pH and total dissolved solids for the Mpumalanga Highveld pan

dataset.

potassium permanganate. Clean diatom frustules
were mounted in a synthetic resin with high
refraction index (1.73) and at least 400 valves were
counted and identified to the lowest taxonomic
level possible (usually species) using a light micro-
scope with X1000 magnification. The main diatom
floras used for taxonomic identification were
Archibald (1966), Gasse (1986) and Krammer &
Lange-Bertalot (1986-1991). All diatom materials
are housed in the South African Diatom Collection
(SADC) of the Research Unit for Environmental
Sciences and Management, North-West Univer-
sity, South Africa. Zooplankton voucher speci-
mens are deposited in the Life Sciences Museum
and Biodiversity Centre, University of the
Witwatersrand.

RESULTS & DISCUSSION

Environmental characteristics of sites

The 18 pan sites analysed for water chemistry
cover a large environmental gradient. Results are
summarized in Table 1. At the time of sampling
there was less than 1 cm of water at Site 15, there-

fore it was not feasible to collect a water sample for
chemical analysis. Fig. 2 shows the distribution of
pans based on their ionic composition, pH and
total dissolved solids. With the exception
of sites 11 and 12, the pan dataset are of either
sodium-chloride or sodium-bicarbonate composi-
tion, ranging in conductivity from 10 mS/m
to 931 mS/m. High sodium and chloride
concentrations may reflect the marine origins of
the bedrocks. The pans are composed of almost
equal amounts of calcium and magnesium, reflect-
ing the dolomitic origin of the water with pH
ranges from 6.0 to 9.7. High pH values may reflect
the dolomitic character of the groundwater. Low
pH values may reflect acidic impacts of anthro-
pogenic origin. Clear outliers in the dataset are
Site 11 dominated by sulphate ions and Site 12 by
potassium ions whose chemical composition is
clearly different from the other pans in the dataset
and are thought to reflect impacts from mining
and intensive agricultural practices.

Species composition of zooplankton
Zooplankton was sampled from 12 pan sites.
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Of these sites five are temporary water bodies,
while seven are permanent systems. A total of
34 zooplankton species belonging to 21 genera
were identified (Appendix 1). The highest diver-
sity recorded amongst pans in the current study
was found at Site 17 (17 taxa) and 18 (15) which are
both freshwater temporary pans (conductivities
<100 mS/m) of sodium-bicarbonate type. The
lowest diversity was found at sites 1 (3) and 10 (4)
which are highly saline, permanent pans of
sodium-chloride type impacted by nutrients from
intensive agriculture in the area as shown in
Table 1. Species tolerant of such high salinities
included Lovenula falcifera and Metadiaptomus
transvaalensis. These taxa have previously been
described as the most common copepods in
southern African salt pans (up to ~7800 mg/l Na,
~ 9000 mg/1 Cl) but have also been reported in a
variety of only slightly saline to quite fresh water-
bodies (Seaman et al. 1991).

Taxa that were found exclusively in temporary
freshwater pans were the Cladocera species
Megafenestra aurita, Scapholeberis kingi, Daphnia
laevis and Daphnia pulex, the Calanoida species
Mesocyclops major and Thermodiaptomus mixtus, the
Cyclopoida Acanthocyclops vernalis, Type A and G
Cyprididae and the Rotifera Platyias quadricornis
and a Mytilina sp.

A large number of the species present were
found in a range of freshwater to very saline con-
ditions. The cosmopolitan Cyclopoida species
Ectocyclops phaleratus was found most commonly
at 10 of the 12 sites. It occurs in small pans, is acid-
sensitive and does not occur in waters with pH
below 6 (Haney 2013). The most common of the
Calanoida species was Metadiaptomus transvaalensis
found at 9 of the 12 sites and the Cladocera species
which occurred most frequently was Simocephalus
vetulus, a cosmopolitan species known from littoral
habitats.

Species that can tolerate highly saline conditions,
as were found at Site 12, are the Cladocera species,
Ceriodaphnia rigaudi, an Alona sp., Dunhevedia crassa
and Macrothrix spinosa, the Calanoida, Metadiap-
tomus transvaalensis and the Cyclopoida, Para-
cyclops fimbriatus, Eucyclops gibsoni and Ectocyclops
phaleratus. The Rotifera found under very saline
conditions were Brachionus dimidiatus and Brachio-
nus plicatilis. B. plicatilis was reported in salt pansin
the Free State and Tswaing Crater (formerly
known as Pretoria Salt Pan) as well as inland saline
waters across southern Africa (Seaman et al. 1991).

Many of the zooplankton taxa reported in this
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study were not recorded in similar pan studies in
southern Africa. There was little compositional
overlap between the zooplankton species recorded
in the permanent pans in this study and that of
various permanent pans sampled in the same
region by Hutchinson et al. (1932) and Ferreira et al.
(2012). The species which were comparable
included Ceriodaphnia reticulate, Ceriodaphnia
rigaudi, Daphnia laevis, Lovenula falcifera, Meta-
diaptomus transvaalensis, Platyias quadricornis,
Pseudocypris expansa, Pseudocypris spinosa and
Simocephalus vetulus. Platyias quadricornis, Cerio-
daphnia rigaudi, Lovenula falcifera and Pseudocypris
expansa were also recorded in temporary pans
located east of the Mpumalanga Highveld area in
the Gauteng Province (Hutchinson et al. 1932).
Other similar species present in the temporary
pans in this study and those studied by Hutchin-
son et al. (1932) included Brachionus quadridentatus,
Chydoris sphaericus and Daphnia barbata.

Few species overlapped with the zooplankton
taxa recorded from various saline waters in South
Africa and southern Africa reported by Seaman
et al. (1991), those being Lovenula falcifera, Metadia-
ptomus transvaalensis and Brachionus plicatilis.
These results highlight the large variation of zoo-
plankton communities amongst temporary and
permanent pans and underline the need for fur-
ther studies on the diversity and distribution of
pan zooplankton communities locally and
throughout southern Africa.

Diatom distribution

A total of 140 species of epiphytic diatoms belong-
ing to 37 main zoological groups were identified
(Appendix 2). Of these, 61 taxa were unique to one
site and 24 taxa found at only two sites. The genus
Nitzschia contained the rarest taxa (19). Genera
represented by the greatest number of taxa were
Nitzschia (32), Navicula (17), Gomphonema (11) and
Eunotia (11). Some of the taxa were widespread
(7 taxa were found in >50% of sites) namely
Gomphonema parvulum (16 sites), Nitzschia
frustulum (12 sites), Nitzschia palea (12 sites),
Gomphonema gracile (11 sites), Eunotia bilunaris
(11 sites), Nitzschia acidoclinata (11 sites) and
Nitzschia palea var. debilis (10 sites). The diatom
assemblages resemble those in a study by Lane
and Brown (2007) who investigated the epiphytic
assemblage composition in numerous pans in
Florida, U.S.A. Gomphonema parvulum and
Nitzschia palea are considered eutrophic indicators
(Van Dam et al. 1994; McCormick & Stevenson
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1998) and it is therefore not surprising that these
taxa were prevalent throughout the study pans
which receive high nutrient and organic inputs as
a result of intensive agricultural practices.

The most commonly occurring taxa in tempo-
rary pans (except for Site 11 which was sulphate-
contaminated), included taxa indicative of slightly
acidic to circumneutral, dystrophic and nutrient-
poor waters such as Nitzschia acidoclinata, Gompho-
nema gracile and Eunotia bilunaris. These seasonally
inundated systems prone to episodic drying also
contained a diverse assemblage of aerophilic taxa
such as Pinnularia borealis, Pinnularia subcapitata,
Luticola mutica and Hantzschia amphioxys. Such taxa
can grow in, or endure drought-prone, low-mois-
ture environments (Lowe & Collins 1973). In con-
trast, frequent taxa occurring in permanent pans
comprised Nitzschia frustulum, Amphora veneta and
Planothidium engelbrechtii, taxa often associated
with saline waterbodies (Cholnoky 1955; Krammer
& Lange-Bertalot 1986; 1988). Species of the genera
Pinnularia and Eunotia were almost totally absent
from permanent pans.

This study provides a checklist of freshwater
zooplankton and diatoms sampled within a variety
of pans which encompass a broad range of hydro-
logic characteristics. The results contribute to a
better knowledge of the richness and composition
of zooplankton and epiphytic diatom species in
pans in the Mpumalanga Highveld region. This is
particularly vital in an area where pans are little
studied and under serious threat as a result of
environmental modifications and land cover con-
version. Future research is required to identify
zooplankton and diatom community indicators
useful to evaluate the effect of anthropogenic
impacts on freshwater pans in the Mpumalanga
Highveld region.

ACKNOWLEDGEMENTS

The collection and analysis of the diatom dataset
used in this study has been supported by Mafube
Mining (Pty) Ltd. Our thanks go to Scott Driskill of
Wetland Consulting Services (Pty) Ltd who
provided logistical and field support. We are most
grateful to Marie Watson at the University of the
Free State for her help in zooplankton identifica-
tion and James du G. Harrison at the Life Sciences
Museum and Biodiversity Centre, University of
Witwatersrand, for cataloging the zooplankton
specimens. We also thank Peter Wade of Enviro-
dyn Strategies CC and Gina Walsh from Ecotone
Freshwater Consultants for their valuable advice.

119

REFERENCES

ARCHIBALD, R.E.M. 1966. Some new and rare diatoms
from South Africa. In: Nova Hedwigia, (eds) J. Gerloff,
EMattick & J. Poelt, 1st edn, pp. 253-269. J. Cramer,
Lehre, Germany.

AHLSTROM, E.H. 1940. A revision of the Rotatorian
genera Brachionus and Platyias with descriptions of
one new species and two new varieties. Bulletin of the
American Museum of Natural History 77(3): 143-184.

ALLAN, D.G., SEAMAN, M.T. & KALETJA. B. 1995. The
endoheric depression wetlands of South Africa. In:
Wetlands of South Africa, (ed.) G.I. Cowan, 1st edn,
pp. 75-101. South African Wetlands Conservation
Programme Series, Department of Environmental
Affairs and Tourism, Pretoria.

AMERICAN PUBLIC HEALTH ASSOCIATION (APHA).
1998. Standard Methods for the Examination of Water and
Wastewater. American Public Health Association,
Washington, DC.

BIRD, M.S., MLAMBO, M.C. & DAY, J.A. 2013. Macro-
invertebrates as unreliable indicators of human dis-
turbance in temporary depression wetlands of the
south-western Cape, South Africa. Hydrobiologia 720:
19-37.

CEREGHINO, R., BIGGS, ], OERTLI, B. & DECLERCK, S.
2008. The ecology of European ponds: defining the
characteristics of a neglected freshwater habitat.
Hydrobiologia 597: 1-6.

CHOLNOKY, B.J. 1955. Diatomeen aus salzhaltigen
Binnen-gewiéssern der westlichen Kaap-Provinz in
Stidafrika. Sonderabdruck aus den Berichten der
Deutschen Botanischen Gesellschaft 68(1): 11-23.

DAY, J.A., STEWART, B.A.,, DE MOOR, L]. & LOUW, A.E.
1999. Guides to the Freshwater Invertebrates of Southern
Africa. Volume 2: Crustacea I. Notostraca, Anostraca,
Conchostraca and Cladocera. Water Research Commis-
sion Report TT121/00, Water Research Commission,
Pretoria.

DAY, J.A., STEWART, B.A.,, DE MOOR, L]. & LOUW, A.E.
2001. Guides to the Freshwater Invertebrates of Southern
Africa. Volume 4: Crustacea III. Bathynellacea,
Amphipoda, Isopoda, Spelaeogriphacea, Tanaidacea and
Decapoda. Water Research Commission Report
TT141/01, Water Research Commission, Pretoria.

DAY, J.A. & DEMOOR, L.]. 2002. Guides to the Freshwater In-
vertebrates of Southern Africa. Volume 5: Non-Arthropods.
The Protozoans, Porifera, Cnidaria, Platyhelminthes,
Nemertea, Rotifera, Nematoda, Nematomorpha,
Gastrotrichia, Bryozoa, Tardigrada, Polychaeta,
Oligochaeta and Hirudinea. Water Research Commis-
sion Report TT167/02, Water Research Commission,
Pretoria.

DAY, ]., DAY, E.,ROSS-GILLESPIE, V. & KETLEY, A. 2010.
The Assessment of Temporary Wetlands during Dry Con-
ditions. Water Research Commission Report TT434/
09, Water Research Commission, Pretoria.

DEROECK, E.R., VANSCHOENWINKEL, B.J., DAY, ] A.,
XU, Y., RAITT, L. & BRENDONCK, L. 2007.
Conservation status of large branchipods in the West-
ern Cape, South Africa. Wetlands 27: 162-173.

DIMITRIOU, E., MOUSSOULIS, E., STAMATI, E &
NIKOLAIDIS, N. 2009. Modelling hydrological
characteristics of Mediterranean temporary pans and



120

potential impacts from climate change. Hydrobiologia
634: 195-208.

FERREIRA, M., WEPENER, V. & VAN VUREN, J.H.J.
2012. Aquatic invertebrate communities of perennial
pans in Mpumalanga, South Africa: a diversity and
functional approach. African Invertebrates 53(2): 751
768.

GAISER, E.E. & JOHANSEN, J. 2000. Freshwater diatoms
from Carolina Bays and other isolated wetlands on
the Atlantic coastal plain of South Carolina, U.S.A.,
with descriptions of seven taxa new to science.
Diatom Research 15(1): 75-130.

GASSE, E 1986. East African Diatoms. Taxonomy, ecolog-
ical distribution. Bibliotheca Diatomologica, Vol. 11.
J. Cramer, Stuttgart.

GOUDIE, A.S. & THOMAS, D.S.G. 1985. Pans in south-
ern Africa with particular reference to South Africa
and Zimbabwe. Zeitschrift fiir Geomorphologie 29: 1-19.

HANEY, J.E 2013. An image-based key to the zooplank-
ton of North America. Version 5.0. University of New
Hampshire Center for Freshwater Biology. Electronic
database Online at: http:/cfb.unh.edu/cfbkey/html/
index.html (accessed 3 June 2013).

HUTCHINSON, G.E., PICKFORD, G.E. & SCHUUR-
MAN, J.EM. 1932. A contribution to the Hydro-
biology of depression wetlands and other inland
waters of South Africa. Archive fiir Hydrobiologie 24:
1-154.

KRAMMER, K. & LANGE-BERTALOT, H. 1986-1991.
Siiffwasserflora von Mitteleuropa. Bacillariophyceae.
2/1-2/4. Fischer, Stuttgart.

LANE, C.R. & BROWN, M.T. 2007. Diatoms as indicators
of isolated herbaceous wetland condition in Florida,
U.S.A. Ecological Indicators 7: 521-540.

LANE, C.R., REISS,K.C., DE CELLES, S. &« BROWN, M.T.
2009. Benthic diatom composition in isolated for-
ested wetlands subject to drying: implications for
monitoring and assessment. Ecological Indicators 9(6):
1121-1128.

LOUGHEED, VL. & CHOW-FRASER, P. 2002. Develop-
ment and use of a zooplankton index of wetland
quality in the Laurentian Great Lakes basin. Ecological
Applications 12(2): 474-486.

LOWE, R. L. & COLLINS, G.B. 1973. An aerophilous dia-

African Zoology Vol. 49, No. 1, April 2014

tom community from Hocking County, Ohio. Trans-
actions of the American Microscopical Society 92: 492-496.

McCORMICK, PV. & STEVENSON, R.J. 1998. Peri-
phyton as a tool for ecological assessment and man-
agement in the Florida Everglades. Journal of
Phycology 34: 726-733.

MEINTJES, S., SEAMAN, M.T. & KOK, D.J. 1994. Dura-
tion of inundation and change in physical and chemi-
cal characteristics of small temporary depression
wetlands in South Africa. Hydrobiologia 281(2): 79-90.

OERTLI, B., CEREGHINO, R., HULL, A. & MIRACLE, R.
2009. Pan conservation: From science to practice.
Hydrobiologia 634: 1-9.

PAN, Y.D.,STEVENSON, R J., HILL, B.H., KAUFMANN,
PR. & HERLIHY, A.T. 1999. Spatial patterns and
ecological determinants of benthic algal assemblages
in Mid-Atlantic streams, U.S.A. Journal of Phycology 35:
460-468.

PENNAK, R.W. 1978. Freshwater Invertebrates of the United
States. Johan Wiley and Sons, New York.

RSA. 1998. National Water Act No. 36 of 1998. Government
Gazette. No. 19182. Government Printer, Pretoria.
SEAMAN, M.T.,, ASHTON, PJ. & WILLIAMS, W.D. 1991.
Inland salt waters of southern Africa. Hydrobiologia

210: 75-91.

THORP J.H. & COVICH A.P. 1991. Ecology and Classifica-
tion of North American Freshwater Invertebrates. Aca-
demic Press, London.

TINER, R.W. 2003. Geographically isolated wetlands of
the United States. Wetlands 23(3): 494-516.

TOOTH, S. & McCARTHY, T.S. 2007. Wetlands in
drylands: geomorphological and sedimentological
characteristics, with emphasis on examples from
southern Africa. Progress in Physical Geography 31(1):
3-41.

U.S. ENVIRONMENTAL PROTECTION AGENCY
(EPA). 2001. Indicators for monitoring biological
integrity of inland, freshwater wetlands.
EPA-843-R-01. Office of Water Wetlands Division,
Washington, DC.

VAN DAM, H., MERTENS, A. & SINKELDAM, J. 1994. A
coded checklist and ecological indicator values of
freshwater diatoms from the Netherlands. Nether-
lands Journal of Aquatic Ecology 28(1): 117-133.

Responsible Editor: D. Pillay



121

Riato et al.: Zooplankton and diatoms of freshwater pans in Mpumalanga

2z d uo panunuo)

X< X X

< X X

< X<

X< X X

X< X X

X< X X

(umoug) g adA]

(uasub abueT) v adAL

0161 ‘Uanuiay\ esourds sudAaopnasd

7261 ‘Sieg esuedxa SLAA20pnasq

aepipudAig

YaoJvyLSo

X 8£81 ‘YooY snesgfeyd sdojofa03o3
061 ‘Apeig ruosqib sdojafon3

€681 48yasiq syeuian sdojafaoyueay

Yaiod0o19Ad

606} ‘SIS SniXIWw Snwojde|powLIay |

€681 48yasi{ snmeuquiy sdojoforsed

1261 ‘sies Jolew sdojofoosapy

X X 0LBL ‘Usnula|\ SiSusfeeASuel) SnL0jdeIpRIap
X X Gy8 | ‘UBAOT BJ8JIO[B) BINLBAOT
aepiwoydelq

VAIONYTY)

2681 ‘Bury esourds xuiyposoep

9ePIdLIYI0IoBIA

€691 ‘Bury esseso eiparsyung

X G/ 8|IN|A snauseyds sLopAy

|"ds euojy

aepuopAyg

0981 ‘BipAa xand viuydeq

9/8| ‘abug simags eluydeq

X 868 | Jauljap erequeq Bluydeq
9// 1 “48|IN\l SnimaA snjeydadows

888 ‘sies /bury s118qaj0ydeIs

6781 48Yasiq ejune essausjebay

681 ‘pJeyory jpnebl eiuydepos)

0281 ‘auunp eeinala eluydepolia?)

aepluydeq

v4320av1d

81-1d
S1IM
8l

L-1d
S1Im
Ll

91-1d
S1IM
9l

ri-1d
SLIM
14

¢k-1d
S1Im
4

0-1d
S1IM
0}

/-1d
S1Im
L

G-1d
SLIM
G

r—1d
S1ImM
14

€-1d
SLIM
€

¢d b-1d
S1IM SLIM
¢ 3

aweu uoxej

*Ajnuapl 01 ainjewwi 00}

10 M3} 00] Sa1RIIPUL, IaqUINU 18UdNOA aAlDadsal Jiayl yum uoibal pjaayBiH ebuepewnd|p ayi ul sauis ued e paloa)|0d sa1oads uopjue|dooz Jeremysaly jo 1si7°T Xipuaddy



African Zoology Vol. 49, No. 1, April 2014

122

X
X

X
X

X
X

| “ds eumAn

aepiulnAw

z£91 ‘Buaquaiy3 siuoaupenb seifield
98/ U8|INIA Syeoyd snuoyoelg

€8/ | ‘UUBWLIBY SnieluapLpenb Snuoiyorlg
LE6) ‘90hig Smeipiwip snuoyorlg
aepluoiyaeig

V4341104

(teingoy6 ayym punoy) 9 adAp .

X (quasedsuen anym |ews) 4 adAj .
(uaalb wnipaly) 3 adAL .

(ayym obire) Juasedsuel)) q adA] .

(8uum Jlews) 9 8dAL

81-1d
S1im
8l

L1-1d
S1Im
LI

91-1d
S1im
9l

v1-1d
S1im
148

¢k-1d
S1Im
4"

01-1d
S1im
0t

L-1d
S1Im
L

G-1d
SLim
G

v-1d
S1Im
14

€-1d
SLiM
€

¢1d
S1im

1-1d
SLIM alURU UOXB]

(panunuod) T xipuaddy



123

Riato et al.: Zooplankton and diatoms of freshwater pans in Mpumalanga

v "d uo penupuo)

X -

>

> X X

>

10[eUag-0bueT

(mounJn) ewyuw euLjo3
pJeyolay

R Jawwesy einuwqns sisdouofouz
Jawiwely

(mounun) ereydaaosonu sisdouofouz

Jowwey| ajrovsboau euwisuofoug
uuep '9°a

(8sH) wmnujw ewsuoAuz

UUR\ (Mounin) BlusL0d Siusapelq

Buiziny eueluybauaL ejjajojof)
10[eUag-0bue

(1paISnH) SiwLiojisajow einaes)
10[eU0g-0bueT

(¥aisnH) Lepnq einajes)
YainaH uep (Biaquaiy3) eresur

“IeA Bjnuade|d $19u02209)

Biaqualy3 gnjuaoeld $18u02209)

| "ds eugnuuidaewey)
10/enag-abue]

(9SSe1Y) Su0IpawW BLEnuUIdaBLRY)
8P{oNS @ UUBA

(9)SSRIY|) BIRLISOLIRA BINUINRD

| "ds srauore)

1paISNY euIeAY SIauofe)

10[eLIag-0bue Siyxa0au BAsSAyoRIg
uasuowis (‘|N°0) ewrssisnbue

“IeA Bjenueib e119s0einy
loziyd (B1aquaiy3)

vJoydosaryds SiauoaowoUy

Buiziny ejouan eioydwy

moun.g (Buiziny) snnaipad eioyduwy
Buizny

(ypaebYy) SuLI0jaEaY0I BIOYdLWY
ewehep
w9 1sefeqoy (Buiziny) gjydoides

“IeA BLUISS/INUILL SAYIUBLLYIY
Buiziny ewisspnuiw

“IeA BUWSSHNUILL SOYIUBULIY
1pa1sny (Buiziny) efeydaaosoew

“JeA BUISSHNUIL SAYIUBULIY

mounJg enbixa SayjueuyIy

L¢1-60 ¥¢l-60 <¢€L-60 L€L-60 0€L-60 8EL-60 LEL-60 9€1-60 GEL-60 vEL-60 6YI-60 8¥I-60 9¥L-60 G¥l-60 ¥¥I-60 EvI-60 ¢¥l-60 OFI-60 6EL-60
9l

6} 8l

L

4

LLBU LOXE|

"Jaguinu JayonoA aAndadsal Jiayl yum uoibal pjaaybiH ebuerewnd|y ayl ul saus ued 1e pa1da]|0d saloads worelp Jo 1si g Xipuaddy



African Zoology Vol. 49, No. 1, April 2014

124

Gz d uo panunuo)

X X X X - X X - X X - X X X X X X X X Buiziny wnynazed ewsuoydwoy
1pJeydiay %@ Jojelag

_ X _ _ _ X — — - - - - - - - - - - - -abue snjnased ewsuoydwon

- - - - - - - - - - - - Buiziny ejnuabel ‘e ewauoyduion

Buiziny ejnuabey ewsuoydwon

- - - - X - X X - X - X Buaqualy3 ajroesb ewsuoydwon
1pJeyoIaY 3 J0jeniag-abueT

_ X _ - - X - - - - - - - - - - - - - (mounJg)wnuwissiixa ewauoydwon

_ - - - - - - - - - - X - - - - - - - Blaqualy3 wnpoupsuod ewauoyduion
Buiziny

X X - - - - - - - - - - - - - X - - - X8 Unelg 'y wnjune ewauoyduion

- - - - - - - - X - - - - - - - - - - 1uol 8 (Sauemyl) suebyna eynisni4
Jawiwesy| g j10[eyag-abue

- - - - X — - - - X X X - - - - X - - (uossiqaug) einsauISSRIO BIMSNI
10[eUag-0bueT

- - - - - - - - - - - - - - X - - - X (Buizyny)) snoe‘1en eujn eliejibel
jo[epag

- _ - - - - - - - - - - - - - - - - X -abue (‘yaszuN) eujn elejibeld
10[enag

- - - - - X - - - - - - - X X - - X - -abue (Ynws ‘M) esoua) eliejibeld

_ - - - - X - - - - - - - - - - - - - 10[e}Iag-abue eueueu eLejibel{
10[eLiag

_ _ - - - - - - - - - - X - - - - X X -abue (Buiziny) sdaarq elejibesd
lojepiag-abue (yiuog B

_ - - - - - - - - - - - X - - - - X - )ojepiag-abuen) ejydosdes eiajnistd

_ - - - - - - - - - - - - - X - - X - ¢ "ds egouny

— - - - - - - - - - X - - X - - - - - | “ds enoun3
1s104uaqey

- - - - - - - - - - - - - - - X - - —  (syey) ereinpun “rea sieuoad eipouny

- - - - - - - - mouniy esopnjed ejoun3

- - - - - X - - e[nbiyy /jabaeu ejouns

mounly (Buizny) Jourw enoung

foujoys euesaw epouny

_ - - - - - - - - - - - - X - - - - - Biaquaiy3 eojuLiof eiouny

_ _ - - - - - - - - - - - - - - X - - Buiziny (uossiqaig) esonxay ejouny
18I0yuaqey

— - - - - - - - - X - - - - - - - - - (Buiziny xa uossiqa.g) enbixa enouni

- X X - - - X X - X - - X X - S| (B1aquaiy3) Sweunyiq eouns

_ _ - - - - - - - - - X - - - Buiziny xa.0s eiwayydy
unjazia| g 1ojeuag-abue 8ol

- — - X - - - - - X - - X - - - - X X (uinBueyy) gnasnuiqns euwjog

>
|
>
|
|
>
> X X
|
|
|
|
|
|
|
|
|
|
|
|

|
>
|
|
|
|
|
|
|
|
I <X
|
|
>
|
|
|
|
|

I
I
>
I
I
I
|
I
I
I
I
I
I
I
I
I
|
I
I

> x<

L¢1-60 ¥¢l-60 <¢€L-60 L€L-60 O0€L-60 8EL-60 LEL-60 9€1-60 GEL-60 vEL-60 6YI-60 8vI-60 9¥I-60 G¥I-60 ¥vi-60 €¥L-60 <¥l-60 OI-60 6€I-60 dUEU UOXe |
61 8l Ll 9l Gl 145 €l al L 0L 6 8 L 9 G v € 4 b

(panunuod) g xipuaddy



125

Riato et al.: Zooplankton and diatoms of freshwater pans in Mpumalanga

92/ d uo panunuoy

X -

X< X< |

X< X X

> X X<

Jajeqes

10[e119g-abue /ue/de)iA BINJIABN

Buiziny erauan ginainey

9Y{SSRIY| BINIUBPLI BINJIABN

Youyed BOLJAWILIAS BInaineN

Buiziny e1ejj91S0. BINIINEN
youwny

1 J0[e}Jag-abue euelpaL BinaineN

Jo[e}Jag-abue suadas enainey

Buiziny esoipes ginainep

99B|[e\\ BYIOU BINJINBN

1pAISNH gjeydaaibuoy ginairen

mounJy gnpidaj inainep

urewnay ypneqnol einainey

Buiziny ereydadoidAio enainep
pJeydid

ul syjey (Buaquaiy3) erouro ginainey
10[euag-abue]

J0JBUI “JeA SISUBAIR BINJINBN
10193 R 00UB|g S1AUBAST

Jo|e] jueLIBOYS SNIBISO0I0IIIN
10[eHag-a0ueT (1poisnH)

Sijwuad “Jen snuwoje eaewefeyy
J0[elag

-abue (Buiziny) snwoje eaewweleyy
jo[eag

-abue (1paisnH) snsa.be eaewefeyy

uuey 9" (biaquaty3) Syeau gjoannT

(BafnLL *1ye) BONNW BIOINNT

uueyy 9°q (Buiziny) eoynw ejooniy
UOSSEg g punoy

(mounun) eauebuny ejoouwe]
mounig

(61aqualy3) sAxomydwe eyaszuey

10[e1I8g-abUBT SuBpUNGE BIYISZIUBH

Biaqualy3 sLum ewsuoyduwion
J0[elag

-abue unbneopnasd ewauoydwon
1pIeyalay B J0jepag
-abue wnyjiydoides *y wnjnaed

“IeA wnjnAJed ewauoydwon

L¢1-60 ¥¢l-60 <¢€L-60 L€L-60 O0€L-60 8EL-60 LEL-60 9€1-60 GEL-60 vEL-60 6YI-60 8vI-60 9¥I-60 G¥I-60 ¥vi-60 €¥L-60 <¥l-60 OI-60 6€I-60
Gl

61 8l

L

€

b

LLBU LOXe|

(panunuod) g xipuaddy



/2| d uo panunuoy

||||X|
- - X X - X
- - I x - =
- x - -
- - - - - X
- - - x5 - =
- - - - - X
x - - - - =
X X X ox ox -
X X X X x -
S
<

S - - X - - X
N

g8 - - - x - -
5

- - - -
z - - = = ==
o - - = ===
4||||||
5 - - - - -
>

.
(2]

o

s - - - _  _
=]

Noo- - - - =X
< - - - - -
@

T T
< - - - x - -
Illel
- - - - - X
- X X - x X
- - - - - X
- - - - - X

X< X X X

> X<

PP

I <X

>

I < X X

XX X |

I X< X X

< X<

MOUNJIY) WnJeu|fes e BaJjiA BIJISZIN
1paISNH (UasJalad) SL1Sa.Lia) BIYISZIN
10[e1I8g-abuRT BAJORIANS BIYISZYN
1PBISNH S1/BIN2IoBQNS BIYISZIIN
yHWS M (Buiziny) ewibis eiyosziy
1P8ISNH BINIIPEI BIYISZIN
mounty (Buizny) gyisnd eiyasziy
PaISNH eJnd BIyoSziIN
1palSnH Bj0ajuojopnasd eiyaszin
mounJg) eadeajed BIYISZIN
mounJg
(Buiziny) stiqap 1en eajed eiyosziy
ynws ‘M (Buiziny) eayed eiyoszin
MounJY eueu BIyaSZiy
MOUNIY) Bfeyaao0JoIw BIYISZIN
YHWS "M
(upseBy) sieauy elyaSziN
1sioyuaqey 1yanAoqal| BIYISZIN
paeary
R 91509 /1j0[e)Iaq-abuel BIYISZIN
YHWS "M BIBj080UR] BIYISZHN
j0[e1Iag-abue wnnagy BIYISZIIN
YaszyueH eipauLLiajul eiyaszip
Yasziuey Sijroeib eiyasziy
mountg (Buizny) wnnisn.y BIYaSziiN
13110 3 8A8ID
Ul MounJy Bjoajuoy BIYoSZiy
pIedly R 81509 SISUS|[I8ARIP BIYISZIN
mounJtg (nouly) Siiqap BiyaSzuN
YaSZIURH /ISNBJI BIYISZIN
1paISNH BJeyja31dea BIyaSZinN
mounig g
AA3|9 Ul MouNJY) Bpiea elySziiN
10[e1I8g-06URT /p/RQIYIE BIYISZIN
mounJy eiqiydwe elyasziy
1paISNH eyjube elyosziy
10[e1I9g-86Ue" BIRUIIOPIJR BIYISZIN
| “ds wnipioy
1paISNH JuoueZ BIndineN
Biaquaiy3 (Buiziny) enpriA ginainey

L¢1-60 ¥¢l-60 <¢€L-60 L€L-60 O0€L-60 8EL-60 LEL-60 9€1-60 GEL-60 vEL-60 6YI-60 8vI-60 9¥I-60 G¥I-60 ¥vi-60 €¥L-60 <¥l-60 OI-60 6€I-60
61 8l Ll 9l Gl 145

0L

6

8

L

G

14

4

LLBU LOXe|

126

(panunuod) g xipuaddy



127

Riato et al.: Zooplankton and diatoms of freshwater pans in Mpumalanga

> >

>

X< X< |

> X<

>

X< X< |

< x|

x< X<

>x< X<

>

< X< X<

1eBUSId BISOND BJISO/SSE[RY]

U0SSIqa1g SI[BA0 BlfaILNS

| “ds eiqosaidous)s
uossIgalg

(s1ma) eLiISSHRIIBP BIGOIBIAOUS)S
Jawiwery|

(ynws "M) ginAIna eigossidouss

| “ds siauoinels

1paysiabe esniqo sieuoine)s

1PaISNH BUBU SIBUOINBIS

| “ds ejoydeyes
uuey '9'aq

(mounup) wnynujwas eioydejes
uossueyeH

(up.eBY) EIBR/N2IAdO BIpOJRdOYY

JolIn 0 (Biequaiy3) eqqib eipojedoyy
eAOIRANUNNG B punoy

(Astouoy9) myosuqrebus wnipiyjoueld

Buaquaiy3 (YoSzZUN) SipLIA eLgnUUI]
Jawwely (A10baig)

1R4)S0.GNS “JeA BJe}deaqns eLENUUIY

Ki06a19) eeydeaqns elenuuld

Jawiwely| JeL}sinaIqqns eLeinulld

B1aquaiy3 eqqib eueinuuld

UNWS “INM Suabisaip elLeinuuld

Blaquaiy3 syealoq eLenuUld

UNWS ‘M BLBYAS0I98 BlLIBINULIG

L¢1-60 ¥¢l-60 <¢€L-60 L€L-60 O0€L-60 8EL-60 LEL-60 9€1-60 GEL-60 vEL-60 6YI-60 8vI-60 9¥I-60 G¥I-60 ¥vi-60 €¥L-60 <¥l-60 OI-60 6€I-60

61

8l

Ll

9l

Gl

145

€l

al

L

0L

6

8

L

9

S

14

€

4

b

LLBU LOXe|

(panunuod) g xipuaddy




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


