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PREFACE

This dissertation has been bound in two partes to facilitate
reference to the Plates and Tables while the text is being read. The
Figures have been bound in with the text as near as possible to the
pages on which reference is first made to them.

As readers of this dissertation may not be familiar with the
South African aguatic invertebrate fauna a systematic list of the
animals menticned has been prepared to supplement the list given by
Chutter (1963). The supplement is given in an Appendix on taxonomy
at the end of the text.

In terms of the University regulations collateral evidence
has been handed in with this dissertation for the cxamniners' consideration.
It is in the form of the following published papers:-

Chutter, F.HM. (1961) Certain aspects of the morphology and ecoclogy
of the nymphs of severzl species of Pseudagrion Selys
(Odonata). Arch. Hydrobiol. 57 (4) : 430 - 463

Chutter, P.M. {1963) Bydrobiological studies on the Vaal River in
the Vereeniging area. Part 1. Hydrobiologia g;_(l—2):1~65
(Note. Part 2 of this paper has alsc been handed in,
though it is not the candidate's work, because the
publisher printed two of the tables belonging to Part 1
with Part 2).

Chutter, F.M. & Noble, R.G. (1966) The reliability of a method of

sanpling stream invertebrates.  Arch. Hydrobiol.
62 (1) : 95 - 103


































insecticide on the Simulium larvae and also on the other invertebrates

may be assessed. The planning of the work was very much influenced

by this first aim, as will be described leter. However faunal changes
mzy be ascribed to insecticides more reliably if the major factors

which influence the composition and density of the fauna under natural
conditions are known. The studies in the Warrenton area were therefore
expanded by the measurement of important environmental variables and the
relationship between the animals collected and these has been investigated.
Naturally one of the most important considerations was whether there

was any factor with which the occurrence of such unusually large

nuehers of Simulium larvae could be associated.

Methods and apparatus

Planning the study

A preliminary survey of the area showed that the main sites
of larval attachment of 5. chutteri were in thc stones in tha current.
There was seldom vegetation trailing in the current, whnich in other
Simuliidae is often the main larval habitat. The stones in current
fauna weos studiled at several sampling points spaced out between Warrenton
and Barkly West, so that when insecticides are applied to the river it
night be possible to establish how far downstream the faurna is affected.
A marginal vegetation community was studied in the river near Warrenton,
and it is hoped that these data will be useful when the insccticide
programme is in full operation.

As thé first aim of the study was to obtain quantitative
data on the fauna, several small samples from each selected sampling
point were taken. The fauna collected in each sample was compared
and an estimate of‘the faunsl density arrived at. The alternative
would have been to take fewer large samples which sinzly would yield an

estimate of the faunel density meore reliable than single small samples,
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Nrtional Institute for Water Research, o recent description of which

is given by Hillwig and Koble (1965).

A gencral description of the Vazl River in the Warrenton area

A for miles above the villige of Warrenton z major part of
the flow of the V:al River is diverted, by wmeans of a weir and & crnal
systew, into a large irrigntion scheme in the valley of the adjacent
Hartz River (Fig. 1). Above the Vaal Hartz Diversion Weir the country-
side and rate of fall of the river arc extremely flat with the result
that the relutively low wall of the weir holds the rater of the Vaal
River back some 35 km (Fig. 2). From the Weir to Windsorton the river
bed is mainly stony and the river falls ropidly, cutting through an
escarpment. From Windsorton to Barkly West the countryside is again
flrt and the bed of the river is mainly enndy. 4t Barkly West its
rate of fall again incrcases as the river cuts through another escarpment.
The steeper folls below the Weir cnd below Brrkly West are cnalogous to
the Rejuvanetion Zone in the Tugela River (01iff, 1960.).

A1luvial diamonds zre found in this part of the Vaszl River,
with the result that the river bed has in the past been considerably
disturbed by diamond digging. Rocks and boulders have becn lifted
frow holes in the river and left in huge heaps wherever convenient,
thet is most often in the bed of the river where they form artificial
islands. During the period of study disturbance of the river bed on a
larze scale took place only at Windsorton, where a coffer dam was built

through a stony run which had been & sampling point.

The sampling programme and sampling points

An cxploratory visit to the area was carried out in May,
196%, On the bosis of results obtained during this visit and of the

objuctivea of this study the following sampling points where chosen and
















¢) thore was little difference in the meximum average doily

temperatures per month or the highest temper:tures recorded
each month.

This means that air temperatures probably did not f.11 quite 2s low

at Station 56 =s they did at Station 51 and the other stations close

to Warrenton. However maximum air temperitures were probably about

the same alony the vhele cf this stretch of the river. This small

difference in air temperatures indicates that water temperature

differences, if they are present, are unlikely to be large.

Rainf: 11

The seosonal distribution of the rainfall at the Kimberley
and Vaal Hartz weather stations is the same, though the Kimberley
normal annual roinfall is cbout 20 mm less thrn the Vaal Hartaz. The
crea is one of summer rainfall (Fig. 3) and during the study period
there were hecvy roins in April and November 196% and in March 1964.

e rainfall data and 2lso the eir temperature data which
have been prescntcd here were obt ined from the 'Monthly Weather

Reports' issued by the South african Department of Transport.

Flow

The flow of th» river (Fig. 4) followad the rainfall cycle,
the greatest flors being recorded in the summer.  However local rain-
fall is not responsible for the mnjor flow fluctuations in this part
of the river. They are largely governed by the rzote at which water
is relexsed from Vaol Dan, ibout 580 kilometres upstream. There is
however an import:nt local influence on the rate of flow of the river.
The Vual Hartz irrigotion fariers do not us:z water on Sundoys, and the
unwantced water is wlloved to flow down the Vaal instead of being

diverted to the irrigztion scheme. The water takes about a day to
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mat-like growths were again found., Trailing or conspicuous green
algae were not observed at Stations 52 and 55a, but they were present
at Station 54a and werc zbundant nt Stiotion 56, The brown mat-like
growths at Stations 52, 54a and 56 'rere wade up largely of the diatoms

Cywbella and Synhedra, while Stigeoclonium sp. was zlso found at all

threc stations. At Station 56 there wes o lot of Cladophors and

some Spirogyra. Cocconegis pediculus, a diatom seldom recordsd in

South Africa, was sbundant ..t Station 56 where it was groring
epiphytically on the Cladophora.  Cyanorhyta, meinly Oscillatoria sp.,
were present at all three sawpling points but were not abundant.
Cholnoky's comment on the algal flora was that it indicated an unpolluted
water with a high pH, which zgrees well with the chemical data reported

above.

The fauna of ths stornes in current

General remurks

At the beginning of the study the fauna of ten stones at
eich sampling point - 1s counted. However when the January samples
came to be analysed it became apparent that there was not tiwe to
count the animals on so many stones. In that month and thereafter
the fauna of only five stones from each sanpling point was analysed.
However hbecausce the surface aree of the stones collected at Station
54 in January was unknown ond had to be estimated from the volume/
surface arc. relitionships of the stones collected in October (see
above) the animals from ten stones were counted in January at this
station, as having more counts for this sample series would help to
cancel out the cffect of having to ecstimate surface areas. (EQQ

term 'sample scries' has been used here to describe the faunal sauples

collected during any one of the field trips from anv one of the

sampling points and subscguently analysed. It is used with the
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same meaning on seversl occasions in the pages which follow.)

The mean numbers of individuals per 1000 sg cms stone
surfece, together with the numbers of stones cn which they were found,
for the commonest stones in current animels are shown in Table €.

The densities of animals in sample serias were often highly variable
and there was then a consider:.ble overlapping of single sample
densities in different sai.ple series, whosce nean dengities differcd
by fairly large smounts., In view cf this it was necessary to use a
statistical comparison of density data in pairs of sample series to
test whether they come from populations likely to be of thz same or of
differing sizes.  However the numbers of animals recorded in single
sample serics could not be fitted te a theoretical distribution and this
had two important statisticzl conscquences,  Firstly it meant that
non-paramotric statistics hed to be used instead of parametric
statistics. Secondly it meant that thoe reliability of sample means
could not be calculated and cxpressed in the usual forms such as the
standard error or the standard deviation.

The (linn-Whitney U Test (Siegel 1956 for theory, Cwen 1962
for significance tablcs) was used to compare sample serics. The
probability of the samples being drawn from populations with the sane
density had to be C.05 or less before it wos accepted that the sample
means represented populations of different sizes. The Spearman Rank
Correlation Coefficicnt wns calculated when correlations were investigated.
Correlations were rcgarded zs significant only if their probobility was
0.95 or greater. There are of course two kinds of correlations.

The first kind is positive, meaning that higher and lower numbers of
the quantities being investigated are found together. The second
kind is negative, meaning that higher numbers of one quintity are

found where lower numbers of the other 2re found and vice versa.
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contents were mainly algnl filaments and diatoms. There were however
also fragments of Orthoclad head copsules, 7 Entomostraca ond ? Baetid
cerci, (£, thomasseti was therefore slso sn ormivore, probably cating
rore plant food than animnl food,

It wos therefore concluded thot, given thoe oppertunity, the
large lorvae of 21l these Hydropsychidae would eat Sinulium larvee.
This is confirmed by nore detciled studies of the feeding habits of
Hydropsychidae carried out in other parts of the world., Slack (1936)
and Scott (1958) showed that net building Hydropsychidas are omnivorous.
Kaiser (1965) found that the younger Hvdropsyche larvce are plankton
feeders, and that the older are predaéors with o prefer.nce for larger
proy. Frow: Kaiser's description of the feeding habit of the young
larvae it is obvious that their diet is microplankton. Both the

Cheumntopsyche and the Hydropsyche larvae recorded by Hynes and

Williams (1962) in Uganda hed eaten Simuliuwm larvac. Peterson and

Davies (1960) obscrved Hydropsyche and Chewtopsyche larvee actively

preying on Simuliuez larvae snd concluded thet the larvas of Hydropsyvche
were the most iupertant predators of Simuliws larvae in Alsonguin Pork,
Canada. Ussova (196;, T 217) found thzt there wore few Simuliwg
larvoe where there wns a lerye number of Tricheptera.

It is perhaps at first difficult to undorstand how an
wnimal which builds & net and then p.ssively waits for food materizl to
be swept into the not, can be put forwsrd as o predator of Simulium
larvane which, when scen in the field, arce usually firmly attached to
stones cor other substrata. Hewever, Simulium lervae do move about a
lot in the stones in current, one of the most frequently erployed
methods being to attach a thread onto the substratu and then to drift
downstream on the end of the thread. Such drifting larvac would
easily be carried into a Eydropsychid nct. The extent to which

Sirmuliid larvae wmove about mry be seen from the success with which
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sanpl. series from the margin~l vegetotion was not as great s it weas
in the stones in current sample series, with the result thot chonges
in mean nusbers werc ususlly a nore relisble guide to changes in
abundnee than they were in the stones in current. This may be
beecause the sanpled vegetation biotope wos more uniform than the
stones in current biotorss. Moreover the marginal vegetatlon samples
werc teken in such o woy that if thers cre microhzbitats in the
narginal vegetation due to distcnce from the bank or from the outer
fringe of the vegetation they were eampled by ?ach SUTeCp. This wes
certainly not the cose in the two microhsbitats recognised in the
gtones in current, the cavitices and the tufty algal growths.

The mean nuw.bers of th. animals found at all regelarly in
the marginal vegetation are shown in Table 10, the rarer animals are
listed in Toble 7 with the rarer stones in current animals.‘ The

comnongst animals in the marginal vegetation were Sivoc.pholus vetulus,

Cyclops sip., Caridine nilotica, P ctis bellus, Centroptilun excisum

and the Orthocladiinaz. Insof~r as identifications at the spoecies
level were possible, the svecices recorded at Station 53 were all,
except for Camptocercus sp. (Table 7) found in the Vasl River in thc

Verceniging zrea {(Chutter 1963).

Environment.l factors and the marginal vegctation fauna

The fauna collectcd in both Jenurry ond April showed the
cffect of the high summer flows, Nunbers of the Cladocera, Ostracoda,
C. excisum and the Chirononmidae were low as in the catchment of Vaal
Dan {Part 2, Tables 39 & 40). Of these animals only S. vetulus and
the Orthocladiinae occurred in large nuwbers in both October and
August when the dead and decaying vegetntion was fournd in large
quantitiss. However, the overall changes in sbundance of these

animnls were more probably due to the chonges in the flow of the
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river thon to the changes in the orount of dead vegotation.

Nurbers of Prostowr sp., Niis sp., Chactogagter sp. and

Chironcizini were hishest in Jugust and thesce aninmels appeared to be
closely nsscociated with the diztonm clumps, for they werc found painly
inside them in the samples,. Cther animals whose nunbers may have becn
iuflusnced by the growths of diatc.s in August were lesocyclops sp.

and Cyclops spp., for they wer. unusunrlly abund wt in August (Table 10).

Thz nunbers of Caridina anilotica woere highest in J-nuary

because this onimnl breeds in mid-sunmer and the ropuletion included
large numbers of Jjuvenilos. Young Buarbus were prcsent in the vegetation
in Jonuary and thoy mey bave preyed rather hcavily on scre invertebrates,
In particular the Barbus may have accounted for the unusually low
nunbers of Bopetis bellug found then. In the cotehment of Vaal Dan

i
(Port 2, Table 40) Baetis bellus numbers were clearly highest in the

sumuer, but at Station 53 3. bellus was far more abundant in October
and April than it was in Jrnuwary. If B, bellus were being affected
by Barbus predsticn it would be the very sm2ll B. bellus which would bhe
the most likely to be eaten nd numbers of Zaetid juveniles gere
certainly unusuzlly low in Jznuary.  However, this is renlly ono of
several hypotheses which could be put forword to explain tho low
nunbers of B. bellus in January. It is possible thot mid-surmer
tonporatures in the YUerrenton arc. were too high for thu species.
The minimum temperoture ot Werrenton (Table 1) in January was higher
than the mean summer temperature in the cotchuent of Veal Dam (Pnrt 2,
Table 12).

Although thers wore many changes in the abundance of animals
in the marginal vegetation which were not explicable, the fauna as a
whole was typical of a marginal wegotation fauna in an unosnriched or
unpolluted river.  A4n interesting point is that Siruliun larvae were

present in October, January and april, cven thouzh there was no visible













The sanpling method employed in the stones in current at
arrenton was unusual end yiclded highly varicble gstimates of the
faunnl density. The rcnsons for this vari bility must 1is in the
very grect varinbility of stony runs os h.bitats, They are 1
maltiplicity of habit-ts, soue, such as the cavities occupied by

Gomphocythers, Cnencdes and Choroterpes (Euthraulus) or thc algal

"eufwuchs", rerdily recognised by the humon observer.  Others,
dependent perhaps on frctors such as the thickness of the bound~ry
l-~yer (Ambuhl 1959} ,are impossible to recognise in the turbid waters
g0 frequently c¢ncountered in the field. Even where it was possible
to recognise hobitats such s the covitics, the size of these habit:its
wis not clogely rolated to the surface zren of the stones s the ronge
of stone sizes wns restricted. These physical factors contribute to
the very great voriability of the fauna from cton> to stone and
doubtluss biotic rol-ationships do =so toc. However, in spite of
this v-riability of densitics from stone to stone, and th: conscegquence
that it was not possible to conpare dafe from differont sciple series
by msans of the procise methods available in pararetric statistics,
the sampling m:thod his booan justificed by the cconsidercble contribution
the data it yielded newve mode to our undorst-nueing of the weys in
wnich the frunz in South Africnn rivers is rol-ted to environmontal
and biotic factors.

Among the -nip~ls recorded in the stones in current ot

Worrenton, Baetis glaucus stood out ~s the specics whose numbers

were least varisble froo stone to stonc in single sawpls serics.

It was the -wnim:l whose numbers voricd leust in Chutter and Noble's
(1966) Surber saupler study. It is en ~irly re-invader of scnd-
permanent biotopes. Woters (1965} found that a large part of the

invertebrote 'drift' in Avorican streans was pade up of a Boetis







PART 2

OTUDIES ON TH. STREANS AJWL RIVERS OF THE CATCHAMENT Of VAAL DAM

The background to the studies

Vaal Dam is a2 large storagc reservoir which has been built
across the Vaal River to ensure that, in spite of the seasonal nature
of the rainfsll and the conseguent highly variable flow of water in
the Vaal River, there is always an adegquste supply of water [{or the
large areas of the country which use the Vaal River as & source of
supply. These includc the Witwatersrand complex, that is Johannesburg,
Preteria and the mining towns of the couthern Transveal, Kimberley and
the Vaal Hartz irrig tion area. The studics which are presented here
were pert of a comprehensive study of the quality of the raters, and
of the factors which affect the quality, in the stroaus and rivers
which flor into Vaal Dam, These studies included not only the
chemistry of thie water but also the flora and fauna of the rivers.

The investigations into the purely chemical zspects of the water
guality have lLecen published (ilalan, 1960); Mr. R.E.4, Archibeld is

at present makinem a study of the dictoms and the results of the
zoological studies are presented here. In order to be able to relate
changes in the fauna to changes in the quality of the vater it is
necessary, except where there is gross organic pollution or poisoning
of the water, to have a background knowledge of the major factors,

in addition to water quality,which may bring about changes in the
fauna. This study is therefore an attempt to relite changes in the
fauna to changes in the environment, one of the many facets of which

is the chemicel quality of the water.











































at the noext s-wmpling point downstream, Stotion 21, deposition had
started to toke place and fThere were now zrowths of semi-agu.tic

plants, predeoninetely Cyperus fastigintus Kottb. on the binks of the

stre~m (Plate VIII). Where rud or gravel occurred in the stream bed

thure was Potamoepston thunbergii Cham. & Schlzchadl. irn the flowing

weter, and Nit.11la, Crussula natons Thunb. nd Lagarcsiphon in the

quieter parts. A noss, figsodens capensis (C.M.) Broth., grew on

wuy stones in the current. There were still stony bettomed pools,
but the stones on the bottom of the pools were covered by o thin
layer of fine silt.  4s at Station 21 the dry ssason flow ot Station
21 was sufficiont te £i11 th: river bed. Betlwoen Stations €1 and 3
the river changed considerably -nd frow Station 3 downstream large
sand and oud banks, devold of higher plants, were prescnt. Fringing
truly seui-aquatic plants wer: very few and limited mainly to Scirpus,
2 tough plant which was moot often found srowing on ntony islands
(Plate IX). The dry ascascn flow tus not sufficicnt to £ill the
river bed and s .nd bsnks wers exposed, while there was usually a
fringe of .md ot the watuer's ede. Plate X illustrates dry secson
cenditions in the lower re~ches of Vacl Dam Cotchment rivers rather
mere clearly than Plate IX, as 1t shows the exposed frings of mud.

Stones in current occurred .11 the woy dorm the Vaal River
tc Vol Dan, though they were for mors widely seperated in the lower
reaches of the river than in the upper. Strictly speaking the
river from 3t..tion 21 downetrieam thercfore falls inte Heon's zon
where erosion and depeosition alternite. However, depcsition
predorintted to so great an xtont in this area that it will be
c2lled tho depositing zone.

The depoéiting zon. in the Kloin V:al/Vazl River was then

divided into wwo distinet purts, an upper zonc where plont growth was










typical Stable Depositing Zone copditions (Plate VIII) to typical
Unstible Dopositing Zone conditions (Plate X).

Thess Unstable Depositing Zonus which cecurred where strean
profiles indicated thnt EBroding or 3table Depesiting Zoncs should

have beon vinected hove becn cnlled the hish-lyving Unstable Depositing

Zoncs to distinguish them from the other Unstoble Dupositing Zones,

which have been simply colled by this name or huve becn cnlled the

norr.l or the low-lving Unstable Doepositing Zoncs.

Stable Depositing Zones with pliont growths -s profuse nd
varied ~s those at Stotion 21 were found nowhere clse in the streauns
amd rivers of the Vainl Dom Catehment. Howcver, Station 2a (on the
Va-l River) ~nd Stotion 10 (on the Wilge River) c.n be considered os
belonging to the zone. At both these points there was raither more
deposition then ot Stotion 21, but there was frinzing semi-zguotic
vegetation and some fully agustic pl:nts.

Within the Unstble Depositing Zone, dams, weirs ~nd in
some instances dolerite sills resulted in sox: stability in the river
bods and nbove such obstructions the banks of the rivers supported a
growth of friugin- scmi-oquotic plants, The chunge brought about
by 2 welr waos particularly worked in the Wilge River ot Hurrdismith.
At Statiqn 11le. the river was crnnl-lik., fringed +rith willow (§Q;;§
bﬁbelOnica) troes, Phragoites snd Cyperus. This cansl-like streteh
was the reosult of . weir ~bout 300 metres =bove Station 11b,
Liodintely below the woir the river bl becane . stucp-bonked,
sandy chrnnel about 5 wetres boelow the level of the surrounding
country. There were a few willows immediztely below the weir but
thoen nonc to where the river passed ocut of sight.

There is rn ownom-ly in the succcession of zonoes down tho

Klein Veal/Vaal River. There is first of .11 an Eroding Zone of




ceonparatively steep profile, then a Stable Depositing Zone of less
stoep profile and finnlly -on Unstable Depositing Zono where tho
rrofile is least steep. It mizht be expected that the stability of
the river bottom would inereass as the profile became flatter. The
Stable Lupositing Zone should on the basic of river profile therafore
be found below, and not above, the Unstable Depositing Zonc. However,
the st:bility of river beds in the Vool Dom Catchmont is intimetely
bound te soil types, agricultural practice and the extent of soil
erosion. The more hilly areas in the southern -nd south castern

part of the Catch.ent, from the Klein Vool River o the 4s River

(Fig. 9) are primorily stock rmising areas, whilce the remainder of

the Crtchment is mostly given over to arable faruing, particularly in
the river villey.s. Tho soils ar. sondy in the southern pirt of the
catchiont (Mig. 12), :md fron the occurrence of Unstoble Depositing
Zonug in this part of the Cotchient {sce sbove) it is obvious that
thuse scils crode easily no wetter chot typ. of farming is carried out
on ther:. Th: scdimonts found ~t Stiticn 3 show thet considernble
s0il erosion takes place above this staticn, which is zbove the
conflucace of sny nojor tributary of the Vool River from thoe srean

of szndy scils. This suggests that arable f rming in the are:. of

the less sondy soils r~lsc lecds to 1 rge sc.le scediment depesition

in the river beds. Hewever, the combinp -tion of agriculturce and

soil type in the Klein Vaal River coatchment is unique - predominately
stock farming on less sandy soile.  Soil crosion is liss severe than
Llsewhere with the result that (s scon ce the river bed flattens out
profuse growths of semi-aguatic and fully agurtic plants appear.

It might wiell be thht, were the cmount of scil erosion in the remainder
of the Vaal Dam Catchront ciwmilar fto thet taking place in the Kledin

Vaal River catchiont, then there would be no division of the Depositing













The. highest raxinus winter teaperature (20.500) was rzcorded
in the bource Zonu, prob.bly duc to the f:ct thot the flow cezsed
there in this seaoson. In the other zoncs the wint.r mnxins incronsed
the further dewnstronn the zone, In other scascns w xioun temperaturer
were very sizil.r in the Ercding nd Unstable Depositing Zoncs, the
Stzble Deopesiting Zone r xina werc rother low, In 211 sensons
minitue tewsperatures were low in the Stablc Depoasiting Zone. Generally
speaking the differences between the caxinum and miniman tempers tures
in the Eroding -nd Unstr:ble Depositing Zone were not large. The
low sunnier terperature nfter o hailstorm shows the rapid ond extro.e
temperature fluctuntions to which the river fauna is exposcd. If
tenporature is an important facter governing the distributicen of
aguatic animnls it therzfere doos not seow lik.ly that anicnls re
restricted to the upper or lower ports of the river by their tolerances
to high cr lo! teoperatures., The influence of tempernturc is far
more likely to act through the speed with which the life cycle can be
completed at a givon wewm tempersture.

On two cccasions writer tonperaturss were meacured nt hourly
intervals for twenty—four hours, and these records indicazte the deily
renge of torperature veri-tion. At Stotion 4 in mid-April the
tetper (ture ranged fronalB.d%}to 21.6°C and at Station 17 in early

September it ranged frou 13.500 to 18.200.

Water chendstry

Malen's (1960) work on the chemistry of the surface waters
of the Vanl Daw C-tchricnt shored thot they were well-buffered and
clkaline with a lerge port of the diisolved solids mnde up of the
bicarbonntes of crlciun =nd oagnoesiun, Scediun, chloridoes and

sulphites urually oceurred in arnll conecatrations. A represcntative



















Kafferspruit ond Stations 3 to Sa and 17 in the noroal Unstable
Depositing Zone, the turbidity rerained high right through the sum.cr,

In parts of the catchment area other than those wherc
sanpling was undertaken regularly, there was only one opportunity to
undertake wator cnalyses to oxtond Malon's work,  This was in August
1961 and the roesults arc shown in Table 16,  Weather conditions were
unusual in that it rained for nearly the whole four days of the fiela
trip and turbidities wcore consequently often hizh for the winter
{Table 16). When the turbidity ennlyses shown in Table 16 are
plotted against'the 4 nour Oxygen Absorbed valuus (Fig. 16) it is
immediately obvious that thgy tended to rise together.

Several of the sanpling points shown in Table 16 were below
potential sources of strean contanmination. At Harrismith Station 1lla
was below some ponds next to the river in which a nilk processing
factory offluent wis treated, while Stations 11b and 1lx were below
ponds in which textile foctory coffluents were treated.  Analysis
results from these three sanpling points suggest thnt there was
seepage of wators rich in nitrogencus compcounds and chlorides into
the river, most notably at Stcticns 11b and 11x. The fauna at these
sampling points strongly suggested that the chenical gquality of the
water was not nernal, During the preliminary biclogical survey when
no water sauples werc collected for chemical znnlysis the textile
effluent drained straight into the river above Stzticn 11b.

Bethlchem straddles the upper Licbenborgsvlel River and all
woaters leaving the wunicipal arca drain down into o large shalleow dan
zbout 3 km below the town. Station 42 wes below this dam, and the
chleride, sulphate, sodium aond totzl dissclved solids concentrations
of the water there werc rather high. However this was ancther

sanpling point where the strean fauna indicated that there wzs a change










sanples in a season (thcre were three samples per

season).
Criteria vory similar tu these are arrived at here to rocognise the
species likely to be cellioctcd in o repetition of saupling,

All:nson called the species he sclected 'cowmmon'.  Basing
his annlysis on an nassur:d binominl distribution of the proportion,
p, that n spceies weuld constitute of the fauna collected in a single
sanple in a s¢t of replicate samples, he showed that as the size of
samples increases the confidence limits of c¢astim.tes of p becone
narrover. In senples containing more than 587 individusls, spccies
constituting 1 pur cent or more of the founa could reascrably be
expected to be found 19 times out of 20 in replicat: sampling,

Since his sanplus were always larger than this he defined compon
specics as those specles whose porcentage in individucl samples was

1l or =1 for nt least three consscutive months in 3 scason, The
stipulation of =t lcost three consecutive uonths was tade especially
to omit those species "which bloom rapidly sand die down equally rapidly®.
Since Harrison -nd Elsworth used a nct of wider nesh thon Allanson,
thelir snmples usually centained less than 578 individuals. For

these sisller samples Allonson was able to suggest that aniuwals
constituting 5 or uiere per cent of the fauns were those likely, in

19 cnises out of 20, to be collected in replicate sumpling. This then
appzrently ~dded 2 further zeaning to Harrison and Elsworth's choice
of 5 per cent in their definition of siznificant aniisls.

It is unfortunate thot Allanson did not have a set of
suiteble sized replicate samples with which to test the validity of
his findings. Chutter -nd Noble (1966) took ten separate square
foot sanples from o stony run in the Vaal River ot Standerton in

order to test the roliability of their sampling mothed. Since the










The outher intsnds to follow Horrison mnd Elsworth in noming his
sclected species "significant", because Allanseon's “comuon" specics
were sclected on rather o different basis, cand zlso because it is
useful to bs able to usce the adjective "comaon", vhen describing the
relrtive rbundéance of the different kinds of animals,

Nmy of the saxpling points in the present study were
visited only once or twice in 1 seaxson. In thes. cases species have
been considired significant if they:

1. constituted nerc than 5 per cunt of the fauna in a
s mple, cor,

2. occurred in both s-uples where two sanples were
collected, or,

3. occurred in only one sunple but were significent =t
another cowparable sempling point where there was

more int.onsive sunjling.,

Presentation of results

While it is olucys sntisfactory to denl with quantitative
deta, th.t is dnta in which the numbers of anirrls cre directly
corparable becouse they rre gilven as nuabors found per unit arec or
per unit collecting time, it is not 2lw~ys rossible to achieve this.
In the stones in current bictopss 2 hwnd net, which doss not yield
munbers of animals por unit arca, had to be uscd when the woator was
too deep for the Surbter saupler, ond it wos L lways used in thoe stcenes
out of the curromnt. Sciapling for 2 specificd time is not suitable
when general collections of the fauno nre being wde, for either the
clinzing aninals hove to be ignored, or removing them from the stoncs
upsets the coupar<bility of the data, s thiy are not cqu-lly nbundant

at 21l saunpling points or on 2ll sconpling occasions. Even whore




there cre quantitotive datz avoilable it usuzlly has to be usaed with
considerable caution, as it is, as for o is known, not very relicble
(Necdhar & Usinger 1956, Chutter & FNoble 1966).

For thesce »_.nscons nony workors (for exomple Hynes 1961,
Harrison & Elsworth 1958, #Allanson 1961) hove found it convenicnt to
trongform thelr raw dato of numbers of ~nimals in samples into percentages
of the totsl nwbers of oniu-ls in s-uples. This transformrtion has
bcen used here and the quantitative data, whire they arce avoilable,
hove becn considercd in crder to Linimise artificinl effects duc to
the percent.ge transfory.tion. In the Vaal Dan Cotchient data a
reTked nrtifieinl offoct whs due to the Cladocers and the Copepods,
which occurrcd in large nunbers in the winter and dry enrly sua o
and in sm-1l nwibcrs in the surmer. This rosulted in the percentagus
of all othcr greoups tiing very low in the winter ond dry <zrly summer
and then suddenly rising in the suriesr with the dis-~pzpearmnce of the
Cladocera and Coyapod~., To Jliminate this cffect the Cledocera and
Cor.voda have boen censidored separately, ~nd p.reentcges of the
rewrinder of the founn c-lculnted omitting these twe groups. However,
in order to consider these twe groups s port of the whole comrmunity
their percentages hive been caleculated ineluding 211 the ninals
found in saxzplcs.

In order to rcduce the amount of data to be presented and
to meke it pocsible to recesnise the principal famal chonges taking
rlace, percentnge deta for coch rnonth hove not been given axcept
vhoere f=aunal change is elssrer throu-h piving the detriled figurss.
Instead the wiean scasonal percentage has been used. This is the
mean Oof the porcenteges of o~ species in 2ll the samples collected at
= 8inglc sampling point in any season. It should ke noted that the

mean seasonal percentage 1s not arrived at by peoling the untransforred







current speed, mensured cs it was in this study.

Ditediled fisid nnd labor:tory studies of the offeet of
current specd on thoe micro-distribution of the rgurtic fauna { fwbiinl
1959, Scott 1958) hve supzeated thot current specd is extreuely
inportant. anbihl's ficld investigeticas showcd thnt, where s.iples
wer: drawn within o few retres of cach other, the current spoed
rrofoundly iniluenced the quwmtit:tive cowposition of the fiwunz, but
that the qualit-tive composition was very _uch luss influcnced by the
currcnt, Macan (1963, P 120), in discussing thesc field chservations,
suggested that awbithl's attribution of thoe quantitative faunal ch.nge
to currunt spesd alone sy have becn an oversimplification, bociuse
Ambiinl rade no allowwmce for possible biotic offects snd because he
(Macan) hrd never seen such cloarcut Jifferences in nnture. On the
other hand Zinmer: ain (1961) found that there woere considarable diffor.onces
in the faunc and yo.rticularly in the flora, which developed in three
sxperimental furrows, which wore initinlly siwilar in wll respects
other than current speed.

There e at prescent no studics of the ffects of current
specd on tho stones in current fuaune in South sfrican rivoers. Both
Hnrrison mnd Blsworth (1958) and 01iff (1960a) wmeasurcd current spzcds
in the rivers they studied, but did nct attenpt to relate founal
differences to currcnt sjpoed difforences, excert in the brondest
terus. In their study of d.ta obt:ined with & Surber sampler Chutter
and Woble (1966) _casur.d th. curr_at speed in cach squere foct.

They did not attewpt te correl-te the nuisbors of znimmls found with
thz current speed, but this h.s been done here for two reasons.
Firstly to sco vhether Ambiihl's field datz can be substantiated or
whether Macan's scepticism is justified. Secondly, if sny species

were significantly correlated with curreat speed, to recognise those













woter. This is not At 211 unlikely in a river, where light roeduction
duc tc turbidity incre.saes r-pldly with depth, reducing the light
assential for 2lgnl growth.

Turniig now tc the significont correl.tions betwooen percentages
and currcnt specd and depth (columns ¢ and d, Tabls 19) 311 the species
whose numbsrs were significantly correl=ted with current speed, with
the single exception of 4. scottae, hod percentages which were -lso
significantly correlzted with current speed. Likowise all the species
whose nuibers were signific-ntly correlated with depth, with the
single cxcention of Nais spp., hed pircentages ~hich were significontly
correlatad with depth. Most of the simmificant correl:tions were
tharafory still spparent in the transformcd dita, thoupsh there were
2 coaparativaly lrrge nw.ber of other significant correlations between

percentnges end current speed (Orthotrichia, Pentancurs, Burnupia) and

betwaon percentaze and depth (é. Laxin:, C. tha.eascti, M. capensc,

Siiml i larvae) vhich were not found betwoen numb.rs and depth sand
current spacl g which must be regarded s spurious ~nd due t. the
tr.nsformation.

sxmumination of Chutter & Noble's data for species other thon
those discussed absve fniled to reveal any species whese j2ak densities
appered teo be in the iddle of the ran.. of spzeds rec5rded from the
10 sarples. Anong the species found in c¢nly a fow of the 10 soaples

the Glossipheniidac, Ecnoius sp. and Siuumlium nigritarsis pupne wers

found rininly in the challowor, slower flowing water, while a lirge
nunber of Elrid lurvae "type 7" (which 2re probably Stenclmis larvae)
were in the samplc where the current speed was ~reatest (see Chutter
& Noblc's Teble 1).

The range of current spesds in Chutter & Noble's data was

rather nirrower thon that in ambiithl's fiold studics. Howoever this







anclysis of the 10 SBurt.r sziple data deovs lond support to Ambithl's
finding that, ovel in field s .omples, the nuubers of .t least somc
sreeics eon be shown to bo rel -tcd to current sieed. This finding
had two consequencec, Firstly, it become necessory to exaiiine the
density of the founa fror ronth to month ot single s-mpling points to
see whether there were specics present whose density chonges followed
currant speed chmges., Secondly it was necessary to ox .dne the
density of the founz and the current speed frow station to strtion in
crder to see whother currcnt speed -~lone was likely to bring about
station to stmtion diffcerences in the density of species or groups of
anitals,

Only at Staticns 22 and 21 was there a suitcble number of
successive ronthly quantitative sawpl.s and current spced measurcuents
te investizote vhother the density of species or groups of nnin ls was
relrtzd to the current speed from nmonth to nvonth., At Station 21
C., gxcisud and &. scottoe were too rore in the quantitative samples to
coupre their densitics ~nd porcontazes with current speed. Of the
coluwCn animnls found ot this sz2opling point (Toble 20) the nuubers of
only C. thowiss.ti ond the clescly relited C. afra followed current
speed fluctu~tions (Fig. 172). Trking 211 quentitative data for thesc
species ot this soupling poeint, and net only the successive monthly
drta shown in Figure 172, intc consider-tion (Fig. 17b) shors that
in both specics there was little increase in the nuwbors of individuals
=g the current ress frow 20 to 50 cm/sec, but that the density ineressed
sharply at specds cbove 50 cm/sec. In C. 2fra, jpercentage peaks
followed current spoed pecks fairly closely, but in C. thorasseti
they did nct do so (Fig. 17c). In both species the highest percentages
were found at the highest current speeds (Fig. 17d). In ncne cf the

other com.on significant 'ninels at Station 21 was thore any obvious













the stones in current bictopus s-wunled in the catchuent of Vaal Dam
(Table 18). In vizw of this, and beciuse not ev.n in those specics
whose deusity wis rel.ted to current specd at single sanpling points
wes thore « scnrling peint to sampling point variation in density
following: the current spoeed wvaris tion, current spred wmay be regarded
8 one of the less inportant facters likely to bring about station to

station varintions in the stoncs in current fauna.

Thi zonstion and se.sonal variation of the stones in current fauno

Thers are two whys in which the brosd trends of the zonation
and scasonal varintion of the faun-~ ay be viewed. Firstly there is
the zonstion and seasensl vaoriation in the prescnce or abscnce of
animals, and secondly there is vari - tion in the abundance of kinds of
anirls from zone tu zone or from seascon toc season, Both these types
of viri.ticn have becen investigated in the stones in currun£ fauna, and
also in the frune ¢f the othoer bictopes,

In this secticn the procedurce ndopted in describing the
segasonnl chantes ond zonation of the faunz has been first of all to
describe the changes toking place in the founa of the Klein Va:l/Vaal
River, becmuse this river includec 21l zones, oxcept the high-lying
Unstable Depceiting Zone, snd slso beccuse these sampling points in
this river were nll studied intensively. The changes are then
discussed rnd at this point data frow other, mostly loss intensively
studied, st~tions in other rivers is brou~ht into consideration in
order to sec how representative the type of change found in the Xlein
Vaal/Vasl River is of the streams ond rivers in the area @8 a whole.

In the subsequent section the fauna of the high-lying
Unstable Depositing Zone is compared with that of the other zcnes

and then chanves in the founs brought about by the .ddition of effluents



















sulier in other zones (Table 20, Nuis, Cypridopsis, Chironomini)

wer: still Found in this zone.

Th2 comoacer zninzls found 2t thesce sempling points are
shown in Toble 20, which shows sone of the species or zroups which
wore responsible for the chongos in the £-unal diversity along the
course of the rivor. Importont wiong these were the Bactidas, in

which Pietis gloucus wos an Unstable Depositing Zone species and

Centroptilun sp. nove I and €. sudafricanun were upper river specics,
and the Trichoptera in which therc were more significant Hydropsychid
sp2cics in the Unstable Depesiting Zone thoan in the other two zones.

In tho BElmidag, Hydraenidac and Simuliidae, the species of which

have been groupee in Table 20, theres Jere large chenges in diversity
down the river. There were 5 significont Rlniid specics in the kroding
Zone, 9 in the Stable Depositing Zone and 2 in the Unstable Depositing
Zone. Thre > groups of Hydr.enidoe wore significant in the Eroding
Zome and only onc of thuse wos significant in the cother zones. of

the 8 Jimuliun specivs fomd 8. niwitorsis wos recorded in =11 zones,

S. ksquacrti, 8. medusaeforpe ané §. woll ondi in tixe Eroding Zong,

S. adersi -nd S

darnesun, in the Stoble Depositing and Unstable
Depositing Zones ond 3, chutteri wnd 8. riseicolle in th: Unstable
Depesiting Zone only.

In Figure 20 the faunn is further anolysed to shoiv how many
of the species or groups of ~nimrls signifiernt at cach station were
1o sijnificant at other stations, s.ison by scason. In 111 seasons
species or groups significant in the Eroain,; Zonc (Stoticn 21a) full
off down the coursc of the river. Likewls. species or xroups
chnroeteristic of the Unstable Depositing Zone (Staticns 3 -nd 5a.)
disappeared in the Stable Depcsiting qnd Broding Zon.s. In the dry

early surncr the frnuna of the Eroding Zon. (Statiun 2la) and of the




Stable Depositing Zone (Station 21) included nany species or groups
which were not significant at other sampling pcints, On the other
hand most of the species or groups found in the Unstable Depositing
Zone (Stations 3 and Sa) were found in the other zones. The faunas
of Stations 3 and 5a were similsar to one another, suggesting that

the fauna of the Unstable Depositing Zone is reascnably homogeneous.
The form of the graphs for the swmer fauna is similar to the form of
those for the dry early summer. However in the sumper the diversity
of the fauna in the Eroding and Unstable Depositing Zones was, as
already mentioned, much lower than in other seasons, so that the
diversity of the Stable Depositing Zcne fauna contrasted strongly
with that of the other two zones. However the winter fauna of the
river does not appear from Figure 20 to follow the type of change
from zone to zone that was apparent in the dry early summer and the
surper. At each sampling point the curves show a pronounced peak,
suggesting thzat the lfauna of each is distinctive and in particular
that there was no longer a great similarity between the fauna of the
two sampling points in the Unstable Depositing Zone. The animals
which were significant at each station in the winter, but not at any

other station were:-

Station 21a Station 21
Limmodrilus sp. Prostoma sp.*
Centroptilum sudafricanum Gomphocy there sp.™®
Pgeudocloeon maculosum* brgyractis periopis (Nymphulidae)*
Hydroptila cruciata Microdinodes transvaalicus
Hydraenid 'type C'* (Blmidac)*
Simlium bequaerti* Micro?éigggie?ilistriatus

Similiunm medusaeforme®

Pachyelmis rufomarginata (Elmidae)*
.* " » - - -
Lorynoneura spp Helminthopsis ciliata (Elmldae)*

Flmid larvae 'type 8'
Bezzia type larvae
Atherix sp. (Rhagionidae)*

Corbicula africana*







Bactis horriscni, Centroptilum sud: friconuii, ddenophlebia, Cheunatopsyche

afra and three Hydroptilids and five Eludids which .re listed when the
faoune of Stotion 21 is described. anirals which were sigmificont

only 2t Staticn 21a were Cyprills, Centrortilum sp. nov, I, Pseudoclocen

moculosun, deschna rileyi, Hydreenids "types & end C7, 3imuliun

bequaerti, S. mwdusaseforme wnd 5. wollronnd. Generslly speaking the

fwna of the other Brodin~ Zone samwpling peints {Table 22) was siuilnr
te that found ot Stati.on 21:, though at Station 26 which was a long
wey Trom the source of the Klip River (Fig. 9) certain species such

as B. plaucus, A. scottae and M. cupense which wers characteristic of

the Stable and Unstabls Depesiting Zones appenred, and C, sud-fricanum
was not recorded.  Although th: samplinge intensity ot these other
satpling points wos low, three of four Elidid species were recorded
from all of then except Stations 43 and 33. The voricety of Simuliidoe
recorded from these strtions wes greater thon at St-tion 213, but this
is to be expectod where so v ny ucre sarpling points are invelved.

The species rocorded were 8. begu.crti, S. dentulosws, S. 7hevis,

8. wedusacforre, S. nigrit.rsis 'nd 5. unicernutun f. rotundui, 2 list

which includes twc of the spocics recourded only from Staticn 21z in
the Klcin V.al/Vaal River and nonc cf the s;ecics reccrded frou other
zones, except for S. pilgritarsis, . ubiguitous species.

Tr: sirmificant animals ~t Statiin 21 could be divided into
four wuein groups, depending un their distribution in other prrts of
the river. The first of thes? was a ubiguitous crouj:, which censisted
Lainly of mniricls in which toxonomy is not far advanced in South Africn.
This su;gests rerhaps thnt, were the toxoneoy of these animals bettor
kncwn, the ubiguitous group would have been smaller and the differences
between the aniwals found in the differont zones -ruater. The

second group consistcd of animils which rere significant only at




























therafore be concluded thot B. glaucus should have tzen present in
large nurbers in the Erciing Zone in the swrser, but the fact thot it
Was very rnre there (Tablu 20) shows thnt 1t wos not terperature alone
which rmde the Eruding Zonc unsuitzble for it. Conp.tition with
B. harrisoni . .y have beea iuportant, and the outeous of it ruy have
deponded on the type of food swallable.

Generally swpezking the commonest aninals in othor rivers in
the crea studicd werce siuiler to those in the Klein V“ﬁl/Va:l River.
Thus in the Broding Zone of othor rivers (Table 22) percentages of

Tricladidn aetis horrisoni, Centrentilun sudalricanun, Chorcterpes
L b b

(Euthraulus), Caenidaee and Sirmdiidae were high. Hovever the
percentages of several groups or species which were nct high at
Stotion 2la were sometines high in other Erodin: Zone rivers, Thesa

aninals were Baetls zleiucus, Neurcceaenis, Cheur- topsyche afro,

C. thowzsgseti, Hydrcenidoe, Tanytarsini and Orthocladiinae, In some
instances the reasons for the hish percentnes of these anim:ls iere

foirly straishtforward. Thus Cheuwatopsyche porcaentages were high in

the Klip River ri nt down fron Stotion 24 cnd suitable filtersbls food
must have been unusually tbundant there. The percentage of B. zl.ucus
was hish in th: suroer ~t Stotion 26 where the Klip River wos lairger
than any of the other rivers in the Zroding Zone. Strea:. size Ly be
importont fer the ccecurrence of this species, or on the other hand
Staticn 26 being ot o lower ltitude then th. other Eroding Zone
sanpling peints (Fig. 10) it wes vresw.ably warner than ther, and this
1y hiove been the factor to which B. laucus rospondel. Hycraenidae,
Thich w.re unusually ~bundnt ot St:tion 43, were living anongst, and
~1sc probably feeding on, very profuse growths of Nostoc. Therc was
ne apparent reascn why Nostoc should hoive been so nbund-nt at Station

43, and it w5 secldor encountored at other campling points.







in the witer as uach sacple a8 coullected. Ecouever, the percentagss
of thise nniials (Tablc 20) Jo show consistent trends related to
chanwegs in ecologicsl conditions, suggosting thot the lack of
standardisation in the wethod bty which thoy were collected was not of
ovuerridin, iamportonee.  Limtificitions down to th2 specific level
wore curricd out only in Siwocephtius wheore they are corpnratively
CASY . In other Cl.dcceran generas it may be that the species arc
those fuund in the Vaal River by Harding (1961), but Harding's Veal
River material was collected in an artificial cansl-like stretch of
the Vaal (Chutter 1963) anl it is therefore pocsible that in the
river environment the sjpecics are different. Cladecera and Copepoda
from the Vanl River werc preserved ant ~woalt identificaticn.

Breadly specking the porcentages of the Chydorinae - 4lona,
Lovdigioa, Pluurcoxzus and Chydourus - declinoca down the course of the

river, while the porcentages of Meins, Bosming, Disptomus snd Cyeclops

increased down the river. Horevor the zon 1l differences found arong
the other wmacroinvertebrates were not apparcnt in the Cladocera and
Copepodn.

LE 211 saupling points the poreentages of all the Clc-docera
and Copcpodz trken together were cle-rly highest in the dry early
sumzer, when o greater variety of gensra was found thsn in cther

SCascns. The perccntages of Dayphnia, Cericdephnia, Mocrothrix, the

Chydorinae =nd frequently Diaptoms wnd Cyclons were highest in this

S5easoll. In the dry early sunwor there wers ne flocods to wash zwey

these aniucls, the water was warm and there were nore algae and

diatoms thon in other seasons., 411 these fuctors would pley a

part in bringing about th:z lorge populations of Cladocera and Copepoda.
4 Teature of the occurrence of the Clidocera and Comapoda in

sarples drawn from the stcones in current bictope was the very _reat
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chinges in the percentages of these animals from month to month.

Some examples of these changes, showing the rapidity with which

these animals built up to, or declined from, a high percentage of
fauna, zre given in Table 21. It was only seldom that these changes
could be readily asscciated with a change in the environment. In
the year for which results are shown in Table %0, the first heavy
flcods came between the November and December field trips, and as may
be seen from the table several species disappenred after November and
were not focund agsin until the middle of the winter of 1960. Moina
is essentielly a swmmer animal In the southern Transvazl (Chutter
196%, Fig. 4 and Teble 10). In January, 1960, the flow of the Vaal
River was very low and peak percentcges of Moina were found then.
Cyclops tended to be recorded rather more regularly then the other
genera, The percentages given for this genus for Steotion 3 represent
the greatest fluctuations found in this aninal. The percentages for
Station 5 are given ~s 2 more typlcal example of the occurrence of
Cyclops.

The Cladocera and Copepoda recorded from the sampling points
in the Eroding, Stable Depositing and Unstable Depositing Zones of
other rivers (Tﬂbles 22 and 23) showed the same trends of seasonal
change and zonation as did those in the Klein Vaal/Vaal River. The
fauna of Broding Zone was very sparse, but this was not unusual for
at most stations there were no dry early summer samples, which were
the only samples in which Cladocera and Copepoda were abundant in the

Eroding Zone of the Klein Vaal/Vaal River (Table 20).

The fauna of the high-lying Unstable Depositing Zone
The sampling points whose fauna is discussed in this section
are:-—

Station 19 - The biotope sampled was a stickle in which the stones
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scottae and Macronema capense were not recorded, but it is impossible

to tell whether this was duc to direct effescts of silt on them or on

their usual food. The absence of Adenophlebisn, C. sudafricanum and

C. sp. nov. I and the lack of variety in the Elmidac were because
these animals do not like silty conditions, possibly because the
nature of the food available is nec lcnger suitable for them. The
increase in the Tubificidae would be due to the silt and gravel
amcngst the stones in the current which would provide a suitable

biotcpe for them. Pisidium spp., Corbicula africana and Unio caffra

were also found &t Stetion 19, occupying the same micrchabitat as
the Tubificidae.

In yet other ways the fauna at Station 19 was unlike that
found anywhere else. Neurcgcaenis was not recorded, the Simuliidac
(ﬁ. nigritarsig) were only & smnll part of the community, but the
Tanytarsini were a very lzorge part. These may be due to the siltiness
of the biotope,; wut yot ti;‘f“et thrt it wos so silty does suggest
that the current speed may hove been lower than in less silty stones
in current bhictopes. However the current speed readings at this
station (Table 18), while lower thim at many saupling points, were not
as low as at some where Simuliidae were abundant and Tanytarsini rather
scarce (Station 12, Table 23), This suggests that the siltiness of
the envirenment, and not current speed, was of major importance in
bringing about these changes. Afronurus was not found at Station 19,
neither was it found at the other high-lying Unstable Depositing
Zone sampling points and this must have been due to the greater
instability of conditions in this zone, for it was found in all other
zones.

At the srndy high-lying Unstable Depositing Zone sampling

points the fauna was somewhat variable, though there were ways in




- 104 -

which it rescmbled the founa of sampling points in the normsal Unstable
Depogiting Zone, These were the very high summer porcentages of
Neurocaenis spp., and the low percentages of Tricladida, Elmidae,
Tanytirsini and, except at Station 39, of Coenidae and the low
percentages of Hydrachnellse at many sasmpling points. Similarities
tc the normal Unstable Dcpositing Zone fauna were greatest in the
summer, when not only were Neurocaecnis percentages high, but also

Baetis glaucus appearcd, It is to be expected that the high-lying

Unstable Depositing Zone fauna should resemble the norral Unstable
Depositing Zons fauna west in the summer, for this is the sesson when
the extremely important fuctors of bed instability, siltation and sand
abrasion would be similar in both zones. In other seascns the zones
differed in some important ways, for instance in their temperatures
(Table 12). In the winter typically Eroding Zone animsls such as

Bsetis harrisoni, Centroptilum sudsfricanum and adencphlebia were

found and this may be because conditicns in these high-lying Unstable
Depositing Zone sampling points were sandy rather than silty.

Ways in which the sandy high-lying Unstable Depositing Zone
stones in current commmities were unlike those of cther zones were
that Burnupia w=zs not rscorded 2t any of them, neithor were the

Pelecypoda Pisidium spp. and Corbiculz africana. In other zones

Ostracoda were recorded mainly in the dry carly summer (Tables 20,
22, 25) so their absence from the summer and wintcr samples in the
high-lying Unstable Depositing Zone is nct really remarkable.
However they were not recorded in the dry carly summer sumples from
this zone, nor in samples from other biotopes which are described
in the sections which fellow.  Afronurus was alsc entirely absent
from the high-lying Unstable Depositing Zone.  All these animals

were widespread in the other zones and their absence from this zone
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three square feet werc samplcd on vach scmpling visit.  Comparison

of Table 26 with Tazbles 20 and 22 to 25 shows thot the amount of
quantitetive dota was limited by comparison with the amcunt of data
avaeilable when non-gquintitotive date was brought into consideration
by using the percentuge tronsformation. The percentage data on wnich
the description of the stones in current fruns was based in the
rrevious section is in certoin coses prefeorable to untransformed
quantitative dnta. Fer instince when describing how the doninants
ch-ngsd down the course of the river the roduction of ~11 data to a
common scale (the percentage scule) greatly facilitated the comparison.
However uJensity chonges zre ofton highly informitive and while percentage
changes often coincide with density changes this is not always so.
Therefore, provided that it is rewcmbered that samplors such ns the
Surber samplcer yield estimctes of population wensities and not exact
figures, quantitative data about the fauna helps considerably in the
recognition of the important fretors governing the distribution ~nd
abundance of the faunr.

The quantitative data have heen condensed for presentation
here by trceating the £ una by major groups. Thus the Ostracoda,
Bactidze, Hydropsychidae and Chironomidi.e h.ave been trezted as single
groups, put where it is n00ussary.to know the species making up these
groups they wy be found by refercnce to Tables 20 and 22 to 25.

The qumtititive data (Table 27) shows some of the variaticns
in the sbundance of groups of aniin~ls from zone to zone, which werc
sugzested by the percentage data, particularly clearly. For instance
there was o decline in the density of the Bretidace and Siruliidae and
an increase in the density of the Chircnomidre as the rivers chonged
from the Eroding Zone to the Stable Depositing Zone, reflecting the

increased siltiness of the river. The density of Choroterpes
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(Buthroulus) was low at Staticn 21, because, os previously explained,
of the type cof stone making up the biotope. On the other hand the
donsity cf Ngurocgenisg woes clearly lowest In the Stable Depcsiting
Zone. The probable reason for this reguires a digression into the
sezsonal occurrence ..nd texcnony of the genus. As may be scon the
density of Hourocaenis tended to be highest in the sunmor in the
Unstable Depositing Zone and lowest in the winter, but at Station

2la the density in the summer wns lowest and there was little difference
between the densities found in the winter and dry ecrly summer.  There
is strong circumstuntinl cvidence that twe species of Nourccaenis

were involved in this. The first wes an Unstable Depositing Zone
species, whose nymphs were never found in the renths of July, August
and September. This was probably the species found at Warrenton

which was not recorded in the august samples there (Table 6).  The
second was an Eroding Zene spccies whose nymphs were found in July,
August ond Septenber -nd % other times ot Strtion 21~, the only
Eroding Zone sampling point to be visited on 2 monthly basis, This
would be the Neurocaenis which was found ot Staticns 24a, 24, 25 ond

26 in the single winter samples which were collected in August.
Unfortunately it was not possible to confirm, by rearing adult material,
thet thore were two species of Neurocavnis involved. More than one
species of Heurocaenis has becn described from South Africn, but the
nytiphs aiffer in difficult churactecrs and it is impessible to be
certain which specics is present without confirmntion of nymphoal
identifications with adult materizl. The Stable Depositing Zone may
be the zone where the two specics meet rnd where neither occurs in
large numbcrs. The Eroding Zonce type wis prescent at Stoations 21,

2a ~nd 10 for Neuroecaenis nymphs worc found at all three strnticns in

July, August or Scpterber. Horever for purpeses of ceonstructing
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Station 21. Here the biotope consisted of - stony bottom out of
the current and, =25 in the stonas in current biotops,
the stones were lat. The water was rather shallow,
sbout 25 cm deep. 311t was deposited in moderate
amounts in this backwater and in wintoer and dry early
summer there wore large growths of diatoms.

Station 3. Here there wos + truce stony backwater out of the
current. The -i1otzr wes sbout 50 cms deep and there
were often thick deposits of muddy silt on top of
the stones in the summer.

Station 5a. There was no truc stony becckwater here and the stones
sampled were exposed to a slow current.

There wzs only one sampls taken from the stony backwaters
at Station 2la in the dry early summer aand summer, .nd at the remsining
stations in the dry early sunmmer {Table 29). At stations where there
was only one sample teken in a season it is, of course, impossible to
know which species would be significant through heoving been found in
more than half the samples in o season. However, an analysis of the
zonution of the fauna, such as was made 1n Figures 19 and 20 for the
stoncs in current biotopes, depends on the recognition of significant
gpecies. Because winter was the only season in which more than one
sample: was taken 2t each sampling point in the stony backwaters, it is
the only season in which the significant species from all the sampling
points may be compared. Figure 22 shows that in this season there
wera mony more species or groups of enimrls significant at Station 2la,
in the Ercoding Zone, then at the other ngpling points. About half

these animals were significant at Station 21 and then fewer were found

3 -
5

further downstream. The fauna at cach of th: other sampling points
appeared to be fairly distinctive, but this was somewhat misleading
for ~t Station 3 there was only one kind of animal, Chaetogaster sp.,
which was not significant at one or other of the remaining sampling
roints. AS in the case of the stones in current fauns the kinds of
animals which werc significant ot cach sampling point but not at any

other sampling point help to reveal the importint factors bringing
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Stations 2la, 21 Stations 21la, 21, 3
igencophl _bia sp. Isocypris sp.
fenomus sp. Hydrachn.1lae
Hydreptila erucinta wicronects spp.
Elmid lurva 'type 2' Tenyt.rsini

Simulium larvae St.ticns 21z, 3, 5a

Bazzin type larvae
afronurus sp.

Stotions 21, 3, ba Orthotrichia sp

austrocloven sfriconum Chironomini
Stations 21, 3 Staticons 21, 3

Pisidium Tubifuz sp.
Stations 21, 5a Lypridepsls sp.

Centroptilunm pulchrum

Surnupi.:

Ubiquitous - Tricledida, dcmatoda, Centroptilum exeisw., Choroterpes

(Euthraulus) sp., Cacnidae, Pentancuar-, Orthocladiinae.

Some of these distributions are explicable in torms of whrt is known
about the blotopes at the various snmpline points in relation to the
habitat of the cnimlls.  For instance it is not surprising thaet the
Corixids liicron.cta spp. should not hnve been significant at Station Sa
where there was -~ current throush the biotope.  However in general
terms the most importsznt puint ubout the kinds of animols significant
st croups of sampling points was th t no animsls were exclusively
significent at Stations 3 ond 5., the Unst. ble Depositing Zons sampling
points. Except where stones in current specics were found because
the steones were not in true brckwoters, the winter fauns of the
Unstatle Depositing Zone was therefore nade up of species found in
other zones nd wis not distinctive becausce of the presonce of specics
or rroups exclusive to 1t.

In the swamer more than one cample w..s analysed from Stations
21, 3 and 5n (Table 29) ¢nd 1t is thorefore possible to rocognise the

significant species or groups of anin-ls. There were 32 of thesc at
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Station 21, 13 at Stotion 3 and only 9 £t 3tation 5a. However the
single sample collected from Station 2la contained 36 kinds of anim ls,
showing that the fauna in the Eroding Zonz was the most varied in

this se¢ason as well as in the winter. This was :lso the case in the
dry early summer vhen the numbors of :nimcls rcecgnised in single

samples from cach of the four stations was as follows:-

Station 21a (Eroding Zone) %8
Station 21 {Stable Depositing Zona) 31
St.tion 3 {Unst.ble Dopositing Zone) 29
Station 5a {Unstable Depositing Zone) 22

In the swmer therc was one significant species (Clocon Sp. NOV.,
Table 29) exclusive to the Unstable Depositing Zone.

As in the stones in current, somc animnls, which were
gignificant at all or nearly all sampling points in thc winter or dry
early summer, were significant only at Staticn 21 in the Stable
Dopositing Zone in the summer.  These werc Nais, Tanytarsini and
Orthocladiinac (Table 29) and thieir presence in the summer at this
stition shows that it was more sheltered from the scouring effects of
summer floods thaon were the other sampling points.

The only stony backwaters sampled in the EBroding Zone of
other rivers were in the Klip River (Tnblo 30). The fauna at these
sampling points wus more like that at Station 2la than that at the

other Vaal River sampling points in that Eaetis harrisoni, Centroptilum

sp. nov. II, Adenophlebiz and Bubrianax wers recorded. In addition to

these species which are shown in Table 30, Centroptilum sp. nov. I,
another typically Eroding Fone species wos recorded from Stations 25
and 26. No Ostracod: were rocorded but it is impossible to know
whether this was o seasonal effect or whether these animcls were

permanently absent from this river. The Stable Depositing Zone
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frune in other rivers (T<ble 30, Stations 2a and 10) was similar to
the fauns at Station 21, except th.t there were fewsr kinds of Elwmids
at Stzticns 2o end 10, The founs of Staticn 12 end 13 in thoe Unstable
Depositing Zone of the Wilge River was similar to thot found at
Station 3. (Station 19, alsc shown in Table 30, wes in the high-
lying Unstable Dopositing Zone as is described in the next section).
In Pigure 23 the percentages of the commonest animals found
in the stony backweaters arc compared in the same way as the stones in
current animels were compired in Figure 21. Cemparisen of Figures 21
md 23 shows that where.s In the stones in current there were mirked
changes in the percentiges of the commonest animnls freom zone to zone,
the changes in the stony backwator fauna were not straightforward.
In winter and summer the faunw ot Station 21 was distinctive und the
commonest animals at this sampling point nzde up only : am:-ll part
of the fauna in the other two zones. In the winter the EBroding Zone
feuna wos distinctive and so too was the fauna at Station 5, because
the curves for the data from these stotions showed sharp peaks. The
percentages of the animsls significant .t Station 5a were very low nt
Strtione 212 and 21. On the cthor hand, because the Caenidae just
exqeeded 5 percent of the frun:. ot Station 3 oand bhecause they made up
very large porcentages of the fauna at Stations 2la and 21 {Table 29)
the curve for Station 3 did not fall away shhrply to Stations 21 and
2la. In the summer the curves for Ststions 21a and 3 followed each
other closely, which was unusual for they were in different zones.
From Table 29 it may be seen that the dominoant anim:ls or species or
groups making up more than 5 percent of the fauna in any ssason ot

each sampling point were .5 fellows:-
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baged on several samples, differcnces in the percentage composition
of the fauna are to be expected and they should not be regarded as
being too important.

The fauna of the Stable Depositing Zonc of other rivers was
similar to that of the Stable Depositing Zone in the Klein Vaal River.
Thus at Stations 21 (Table 29), 2a and 10 (Table 30) the percentages

of the Ostraccda, Choroterpes (Euthraulus), Caenidae, Microngeta spp.

and Chironomidae were similar. There were however some differcnces
between the fauna of the three sampling points. At Station 22 the

percentages of Centroptilum excisum and of €. pulchrum were high, at

Station 10 the percentoge of Afrgnurus was high and at both these
sampling points the percentages of Hydrachnellae and Blmidace were
lower than at Station 21. The backwoters ot both Stations 2a and 10
did not contain 2s much dctritus as that at Station 21 and in addition
there were often large growths of Spirogyra in the buckwater at Station
2e. Factors such as these moy help to account for the differences
between the feuna of these threce sampling points.

The Unstable Dupositing Zone faunrm in the Vaal and the Wilge
River wos very homogensous, when allowance is made for the effect of
current at 3tation 5. The dominant winter animals, Centroptilum

excisum, Choroterpes (Buthraulus) and Caenidae, were similar in the

two rivers.

The Cl.docera nnd Copepodt were most numerous in the Klein
Vaal/Vhal River stony backwaters ot Stitions 21 and 3 in the dry early
sSunmer (Table 29), when temperatures were foirly high and flow

conditicons were stablc. Percentages of Ilvocryptus, Macrothrix and

Diaptomus were higher in thc Unstable Depositing Zone, while percentages

of Alona and Chydorus were higher in the Eroding and Stable Depositing

Zones. As in the stones in current Moina was mainly a suwnmer animal,
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of the leaves of bank grasses which tra led in the
water. In summer the stream flowed along a grassy
fTurrow to the next pool, but in winter the water level
fell so that pools were nc longer comnecteld by o
surface flow. Sheep rnd cattle frequently drenk from
the pool. Thu water was inveriably turbid.

Station 2la. The Broding Zonc. The bictops sampled consisted

. wmainly of the leaves of non-agquatic grasses tr iling
in the water. There was a gentle current through
these treiling leaves.

Station 21. Stablz Depositing Zone. The bictope saupled
consisted of Cyperus fastigi.tus Rottb. This plant
dies off in the winter. Decay takes place in this
scascen and in the dry esrly summer too. The new
seascn's growth starts in the spring wnd by swawer
the remains of the pruvicus year's growth hove
discppenred and boon completely reploced.

Station 3. Unst-.ble Depositing Zonc. Th: vegetation was a
sparse fringe of Scirpus and grosses, growing on a
steep bank. There was some current through the
vegetition, porticularly in the sunnsr.

Station 5a. Unstable Depositing Zone. A fringe of Scirpus
round a smill island in the ropids (Plate IK; was
sampled. There wis some current through the
Scirpus. In the summer the river rose and it was
no longer possible to reach the island to toke
sanples.

At all these sampling peints there were lirge :nmounts of filamentous

zlgae in the wargincl vegetation in the dry e:rly sumer. These

zlgal growths were not found in the suum r and {irst appeared during
the later poart of thoe winter.

The nunmbcrs of signifiernt animals recorded at these
sumpling points are shown in Figure 24, which shows that the greatest
varlety of animals over the whole year was found in the Stable
Depositing Zone (Staticn 21). Data for Station 5a were not complete
because the marginal vegotation there was not sampled in the sum.er
(see above). In the Source Zone there was no seasonal variation in
the diversity of the funa, rnd this was due to the sheltered nature

of Station 1, which was below o marsh and thercfore not subject to

scouring sur.er floods. In the other zones the summer fauna was







less diverse than in other seasons ond this wais probably due to
surier flooding, but it is interesting that the summer diversity at
Station 21 wos greater then at the other riverine sampling points,
enphasizing once again the sheltered n:ture of the Stable Depositing
Zone, In this zone rether more significant specivs or groups of
animals were recorded in the winter then in the dry enrly summer, but
in the Ercding (Station 21a) and Unstable Depositing (Stations 3, 5&)
Zones there was very little difference between the diversity cof the
winter and the dry early summer faunsa.

The distribution of the significant animals is :nalysed in
further detail in Figure 25. 45 the bilotope at Station 5a was in o

streng current and thait at Station 3 was not, it should be expected

that the kinds of significont animels found at these two sampling points

would differ, although they were in the came zone.  The difference
between them is shown in Figure 25, which also shows that the variety
of anim:ls found at each scmpling point wrs distinctive, as would be
expected because they were all, part from Stations 3 and 5a, in
differcent zones.  Flow conditicns at Station 1 wore always stable.
Seasonal chunges in the shape cof the curves for St.tiun 1 species or
groups are interesting for they reflect the season.l changes in the
8t-bility of the river cnvironment. In the suurer when conditions in
the river were nest unstable cue to floods, few of the significant
~nimals at Stetion 1 were significsnt in the river and the curve for
the Station 1 species or groups fell away sharply te Station 21z,

In the dry early sumrper, when cenditions wer. nost stable in the
river, rost of the Station 1 specics or groups were significint in the
river too and the curve for Station 1 cninals fell away gradually to
Station 3, but then sherply to Station 5a where there was always a

current through the biotope. Because the beginning of winter is
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o pericd when conditions in the river settle down after the summor

floods and the fauno gradually recovers, the shape of the curve for

the nnmimnls significant at Stuticon 1 was intormediate in this season,

Many of the significant morgincl vegetation animals always

made up too small 2 part of the fauna to be included in Table %1 and

the table therefore gives a very inccaplete picture of which species

were significant ot the v .rious sampling points in the different

seasons . However in order tc show that it was still water forms from

Station 1 which made up 2 large part of the dry early sumer significant

cnimals at the river saupling points, the species or groups of animels

aignificant at Stations 2la and 1 and at Stations 3 and 1 are given

below season by seasoni—

Spacies or graips significant at Staticns 2la znd 1

Winter

Nematoda
Nais spp.
Stenocypris spp.

Isocypris spp.
Hydrachnellae

Hydraenid 'type 4!
Culex spp.
Chironcmini
Tanytarsini
Pentancura spp.
Orthocladiinae

Berziea type larvae

Dry cuorly suimer

Nematodn

Nais spe.
Cypridcpsis spp.
Stenocypris spp.
Hydr achncllac
Austrocloeon spp.
Caenidae
Oxyethira sp.
Plea pullula

Ple. piccaning

Dytiscid larvee
Chironomini
Tanytarsini
Pentancura spp.

Corvnoncurs Spp.

Orthocladiinae

Bezzia type larvae

Pisidiuw spp.

Summer

Hematoda

Nais spp.
Isocypris spp.
Hydrachnellae
Chirononini

Pentancura spp.




Species or groups significant <t Stotions 3 and

Winter

Chaetogaster spp.
Isocypris spp.

Chironomini
Tanytarsini
Pentansura spp.

Orthocladiinae

Dry exrly sulner

Nerntoda

Nais spp.
Cypridopsis spp.
Hydrachnellze
Uribatoides spp.

Caenid=e

Sumner

Newnztoda
Stenocypris spp.
Plea pullula

Dytiscid lnrvae

Simuliuc: lurvae

Chironcrini

Bezzia type larvae Plea pullula Pentaneura spr.

Hydrnenid ‘type A'
Chironomini
Fentaneura spp.
Corvnonsures spp.
Orthocladiinae

Bezzis type larvae
The important points about these lists are that very few ¢f the
animals could be identified toc species and had this been possible
these liste wight heve been shorter. A sccond point is that the
only one of those groups to be a specificrlly flowing water type was
the Siwulium reccrded from Staticns 3 and 1 in the summer, and meny of
the rnimals included in them are definitely standing water types, such
as the two Plea species, dustrocloccn spp., Dytiscid larvae and Culex
SpP- These lists therefore show that at Stations 21a and 3 there
were nore stoble condition species and groups in the dry early swmer
than in the other seasons. Datz for Staticns 21 and 52 arc not given
as the types of animals significant at these staticns and at Stztion 1
were very much the same as those listed above.

However, the seasonal change of the founa in response to
changing conditions of stability is by n¢ neans the only relationship
tetween the diversity of the fauna nnd the environument shown by the
narginal vegetmaticn faunc. Other relationships wore mostly not as

directly related to seasonnl changes, and the significant animals
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found at the various sampling points in the three seasons have there-

fore been combined to make the following lists of species significant

at the various sampling points, but as Station 5a was not sampled in

the summer it has been omitted:

Significant at Station 1 only

Hydra sp.

Dero (Dero) sp.
Eucxgris 5P,
fnallagmrs sp.

Sphaerodema capensis

Hydraenid type G’

Prociadius sp.

Significant at Station 21 only

Austrocloeon africanum

Anax sp.
Ranatra parvipes

? Nyctiophylax sp.
Laccophilus pellucidus

Lepvtelmis fragilis
Orectogyrus spp.
Hydraenid 'type D
Hydrophilid 'type N'

Significant at Stations 1, Z1=
and 21 only

dustrocloeon spp.

Pisidium spp.

Tadpoles

Significant at Station 2la only

Bactis harrisoni

Centroptilumn sudafricanum

Athripsodes herrisoni

Uvarus peringuevi

Hydrophilid 'type A'
Anopheles spp.

Significant at Station 3 only

Caridina nilotica

Neurocaenis sp.

Aulonogyrus sp.
Hydraenid 'type H'

Signifiecant at Stations 1, 2la
and 3 only

Limpodrilus spp.

Stenocypris spp.

Plea piccanina

Plea pullula
Dytiscid larvae

Significant at Stations 1
and 21 only

Rhabdocoelida
Pionocypris sp.
Haliplidae
Eydraenid 'type C!
Hydroghilid larvae




Significant at Stations 2la
and 21 only

Prostcma sp.

Laccocoris limigenus

Tropocorixa pectoralis

Orthetrichis sp.

Helminthopsis bifida

Gyraulus lamyil

Burnupia spp.

Significant at Stations 1, 21a,

21 and 3

Nematoda
Nais spp.
Cypridopsis spp.

Isocypris spp.
Hydrachnellce

Oribatoides spp.
Caenidae
Hydraenid 'type A°
Chironomini
Tanytarsini
Pentaneura spp.
Corynoneura spp.
Orthocladiinae

? Begzia spp.

Significant at Stations 1 and
3 only

Chaetogaster sp.
Hydrophilid 'type G

Simalium larvae

135 -

Gignificant at Stations 21a, 21
and 3 cnly

Cyprilla sp.
Bocetis bellus

Centroptilum gxcisum

Centroptilum pulchrum

Pseudocloson vinosum

Poeudaprion spp.
Nyvchia marshalli
Anisops sp.
Micrcnectz dimidiata

Hydraenid 'type B'

Hydraenid larvae

Significant at Stations 1 and

Zla only

Oxyethira sp.

Hydraenid 'type E'

Significant at Stations 21 and
3 only
Tricladida

Gomphocythere sp.

Bactis latus

Significant at Stations 2la and
3 only

Ilvocypris sp.

The important points shown by these lists of animals are firstly

that many animals were found everywhere except in the Source Zone

(animels significant at Stations 2la, 21 and 3), which is not at all
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(Harrison & Elsworth 1958, p. 221) were therefore similar.

Station 1 was the only Source Zone sampling point ind there
are therefore no other sampling points with rrhich its f:una mzay be
comp.red to see hos typicol the fauno thoere was of the Source Zone in
general. The commonest nanim 1ls occurring in the marinal vegetation
biotopes of the Eroding Zone of rivers other than the Klein Vaal are
shown in Tablc 33. At Stutions 22 and 26 the vegetstion was 2 thin
fringe of Scirpus in the current, -t Station 9a it was Polygonum
rather sheltered from the current, but at all the other stations the
biotope szmpled was the lewves of buink grosses trailing in the current.
Of the :nimals found only in the Eroding Zone of the Xlein Vaal/Vaal

River only Boetis harrisoni and Ceatroptilum sudafricanum were recorded

from somz, but not 211, of thesz sampling points (Table 33). Generally
speaking the variety of cnimnls recorded from these szmpling points was
not s ,reat as it was at Stetion €1.., and a likely reason for this
i7as the greater currents through thes: biotopes, which are shown by
the large numbers of Simuliidce collected at some stotions. The
Ostr.codes werc poorly represented -t theso campling points, excopt
for Station 22.

The commonest anim:ls ot Stations 2~ ond 10, the other
Stable Depositing Zone scmpling points, are shown in Table 33. At
both thuse sampling points the vegetztion -ras sheltered from the
current and at both Cyperus vas the dominnnt pl.nt in th: vegetation
sampled. In thesc respects thoy were therefore similer to Staition 21.
The fauna recorded from Station 2a was very similar to th~t found ot
Station 21 and of the =nimals significznt only at St tion 21 in the

list shown on page 154, Austrocloeon africanum, Ranatra parvipes,

L-ccophilus pellucidus and Orectogyrus spp. were -lso significant 2t

Station 2a. So too were Pionocypris sp., Holiplidas -nd Hydrrenid
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larvae which are thruee of the Tive groups significant only at Stations
1 und 21, where conditions were more sneltered in the Klein Vi21/Vaal
River. There were, however, differcnces between the two faun.s,

Caridina nilotic., an Unstiblce Depositing Zonc anim:l in the Klein

Vaal/Vaal River, =nd Bucypris which was signific nt only in the Source
Zone werc both significant at Station 2a. The fauna 2t Station 10
was not as intensively studied as that at Stations 22 ond 21, and this
may be the reason why meny of the animals significant =t thasc two
st.tions were not significant at Stntion 10. However both the

percentage and the density, which are descrited below, of Baetis bellus

at this st.tion in the sumer suggest thoet the biotope was less
sheltered from the current than it was at Strtions 21 ~nd Za and this
may have been why thz diversity of the faunz from the three sampling
points wos not more uniform.

The commonsest cnimals found 1t sampling points in the Unstable
Depositing Zones of rivers other thin the Vaal re shown in Table 34,
The vegatation 2t these sempling points was Scirpus, excapt at Station
41, where it was ths leaves of bank gr.sses hanging into the water.
Station 41 was on a small ftributary of the wmiddle rerches of the Wilge
River (Fig. 9) and the vegetstion 'ras hon_ing into a pool which was
rceally more like a pond than a pool in A stream, so small was the flow.
In addition to the animals shown in Tablc 34 a voriety of Hemiptern
and beetles of the fomilies Dytiscidee, Hydraenidae and Hydrophilidae
were found at Station 41, The Bactidze there, which in summer were
solely Austroclocon spp., vere similar to those of the Source Zone,
but on the other hand, =21though the presence of l-xgec purcentages
of Cstracoda wes £lso & Source Zone chiracteristic, the genera 2t

Station 41 were wither wvidespread (Cvpridopsis, Stenocvpris) or

riverine (Ilyocvpris, Cvprilla). This might suggest that Ostracoda

gceur in sheltered biotopes in the summer, but that some of them are
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zffected by other f ctors, vhich could include whether the biotope

is in 7 stream or a pond or th2 chemicnal nature of the water., At
Station 44 the Scirmpus wos in 2 strong current, but -t the remsining
stations the current wns mere guntle. The variety of znimrals recorded
at these sampling points was not great and there were few morce than
those shown in Trble 34. Conditions were not sufficiently sheltered

for Caridina niloticy to b2 found ot severl of these sampling peints.

Ostracoda wers found in large numbers in the only dry early summer
scmple from Station 12 -nd this .5 probably & scason-l effect,

Thkis description of th. diversity of the wmargincl vegotztion
fauna of the various zones hi.s shown that current is an important
factor bringing about fauntl changes from zone to zonc, In the Source
Zone whersz there is virtuclly no current the fauna is r.ally o pond
fruna. In the Eroding Zone the fringing vegitation biotopes arc
almost 211 cxposed to the current. Here few 2till watcer species cre

found ond the foun . includes species, such as €ontroptilum sudefricanum
P 3

and Psgudoclocon vinosum, which 2re not found in silty conditions.

Generally the merginal veget:tion in the Stable Depositing Zone is
sheltered from the current znd rany species not found in the other
zones arg present. .o matter how 1little the current in the river
the fauna wss not the s'm> as thet found in the pond-like Scurce Zone
of the Veal River. Margingl vegotstion biotopes sheltored from the
current are not oftcn encountered in the Unstable Depositing Zone.
The voriety of the -nimzls is not great and only fow 're found in
this zone but not in othecrs. The effects of current and the zonation
of th. Tauna .re clear too from the relative . bundance of the commonest
animzls which is cxamined in the following paragraphs,

Figure 26 shovis the way in which the percentazes of the

dowrinant animals (i.c. those whose mezn sensonal percent ge was = 5)
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ot each samplin~ point changed along the éourse of the river. In
all sczsons the percentoges of the Source Zone dowminents declined
sharply toc the Broding Zon., but then rose, slichtly in the winter,
but more sharply in the dry early sumer to Station 21 in the Stable
Depositing Zonc, reflecting once more th.t conditions were wore
sheltered in the Stable Depositing Zone th.n in the Eroding Zone.
However the peréentage data for the Stution 1 dominants arz interesting
in _nother way, for just as the diversity data (Fijure 25) showed

that the frunn of the Source Zone and the other zones was most similar
in the dry early summer -nd leust gimilar in the summer, so do the
percentaée dato (Fig. 26). Thi: is becouse conditions are most
stable in the river in the dry early summer. In the winter and the
dry ecrly summer the curves for the Strtion 1 dowinsnts rose from
Station 3 to Staticon 5z, This was cnomalous, but Table 31 shows that
this wrs due to Cypridopsis spp., which was o dominant at Station 1
and more 2bundunt ot 3totion S than at St tion 3. However so
different were wcologic:l conditions ot Stxtions 1 and 52 thet it is
likely that two species of Cypridopsis wer:z involwved.

The dominants at Station 21z were distinetive, for the
curves for this sampliny point showed clear cut peaks. In the dry
early summer znd in the summer the curves for thoe Stable Deéositing
Zone (Station 21) ¢id not fall way in the Onst-ble Depositing Zone.
In the winter the percentages of the dominsnts at Stations 3 and Sa
differcd markedly from esch other and also from the dominants at
other sawpling points, in the dry e.rly summsr they w re similar to
each othur and very different from the dominants in other zones, and
in the summer the dominants 2t Statlon 3 form2d £ small part of the
fauna at other st-tiecns.

These are the broad trends of differences or similarities
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between the deminnnt animals at the vorious sampling points. The
percentages of the specics or groups brinzing about these faunal
differences ~rv shom in Toble 31. A consideration of the rnimals
concernad in more detail helps to show vhich factors wure rosponsible
for those faunnl differences betuveen stations. In the winter tha
spacies or groups making up morc fthan 5 per cent of the faunc at the

various sampling points wore as follows:—

Station 1 St.tion 21a Station 21
Nematoda Pseudoclozon vinosum I'emztoda
Nais Cacnidae Pionocypris
Cypridopsis Orthocladiinaa Cacnid-e
Ejdrachacllae Hydracnidae
sustrocloeon Spp. ‘ Orthocladiinae

Station 3 Station ba
Ivocypris Cypridonsis
Gomphocyth. re Isocypris
Bagtis bellus Bactis »slaucus
Centroptilum oxcisum Centroptilum excisum
Crienidae Eydraenidae
Chironomini Simuliidse
urthocladiinae

The groups at Stetion 1 were wbiquitous (dematoda, Jais, Cypridopsis)

still water forms (Austroclocon spp.) or forus found mainiy in the
Source, broding and Stable Depositing Zone (Hydrachn;llae). At
Station 21z th. dominants included two riverinc groups (Caenidze,

Psgudocloeon vinosum) of which P, vinosum was found by Harrison &

Elsvorth (1958) to be & specice preferring vegetation with a little
current but -rithout silt, These animals thersfore roflzet the

currvnt und the lack of silt in the vegetotion at Stotion 2la. The
dominants in the Stably Depositing Zone (Stition 21) included Pionocypris
which wns essontially 2 quiet water form, Ceonildac, ~rhich were riverine

and reached very high percentages in 711 bictopes in the Eroding and
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Stablc Depositing Zones (TﬁbluS 20, 29, 31), and othir groups which
were widcepread. At Station 3 the Caenidac waore still among the

dominants, but the percenteg. of them v.s not as hish as at Stotions
2la and 21, Two species very charactoristic of marginal vegetation

tothed in gentle currents, Baetis bullus ond Centroptilum excisum

made up a large port of the fruna.  The high percentazes of Baetlis
glaucus and Simuliidae in the marginel vegetation ot Station 5Sa were
cuc tc the strong current therc,

In the quict stable flow conditions of the dry carly summer

the dominant animals chang.d :t some sampling points. In this seascn

they werei-—

Station 1 Station 21a Sttion 21
Homatoda Hois Nais
Wais Cypridopsis Cypridopsis
Cyprideopsis Cyprilla Centroptilum excigum
Stenccypris Pscudoecleoeon vinosum Cacnid.e
Hydrachnellas Caenideaw Corynoneurz
Chironomini Tropocorixa
Stztdion 3 St.tion 5a
Centroptilum sxeisum Cypridopsis
Bactid Juveniles Tlyocypris

Controptilum excisum

Sinmliidae
The main changes in the dominant anim:ls from the winter tce the dry
cerly summer were that several cnimcls which live in more sheltered
conditions appeared in the Eroding Zone, even thougn the curront-

loving Pscudoclogon vinosum wns still present. In the Unstable

Depcsiting Zone fthe only domin.nt Boetid was Centroptilum cxcisum

and the low percentzges of Bactis bellus =nd B. glaucus sugrest that

currents were not as strong as they were in the winter. At Station

52 there was still a stronger current than at most samplinc points for
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the percentage of Simuliidae were higher than lscwhere.
In the swrmer there w.s a shorp chonge in the environment

as flows incrgased nnd currunts appeared more strongly in the mer,inal

vegetotion biotopes of the river. The dominents in this season wero:-—
Stution 1 Station 21

Nematoda N.is
Naeig Cyprill-
Bucypris Bactis bellus
austroclozon spp. Psvudoclocon vinosum
Oxyethira sp. Cienidac
Orthocladiin:e

Station 21 Strtion 3
Ilem .toda Bocotis bellus
Fionocrpris Controptiluw excisun
Baetis bellus Baatid juveniles
Czenidae

Micronccta spp.
The dominants in the Scurce Zone were still quiet weotcr groups, but
in thz Eroding Zone th. dominants, with the czception of Hais, were
animals which arc found only in rivers ond not in the Source Zone.
B. bellus and P. winosum prefer veget tion through which there is 2
current, while Caenidae .nd Cyprilla arce tolegrant of a wide ronge of
currcent conditions.  B. bzllue percentsages incrensed down the course
of the river in this sczson, and P. vinosum was not a dominint in any
other zon. because it is unible to tolernic silty conditions.  The
sheltered envircnment at Stotion 21 is shown by the presence of

Picnocypris ard Micronceto .wong the dominants, while the dominants

at St..tion 3 were typical of murginsl vegetation biotoras exposed 1o
gentle currents in the Unstoble Depositing Zone,

The percentage composition of the Erodins Zone fauna in
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percentages of no other Buetidae were high at either s:mpling point.
Cypridopsis percentages were high st both sempling points, but whoreas
Pionocvpris (- shelterdd bictoypa Ustracod) woas a dominint at Station
21, .nother sheltered biotope Ostrocoed, Hucypris, wos a dowincnt at
Station 2a. The reascn for this difference is unimown, so too is

the reason why Couridina niloticz should have been a dominnnt at St.tion

2a and very seldom recorded at Station 21, However the main point of
gimilarity botwaen Stations 21 and 2a is that the faunc at both
sampling points roflocted thut conditions were sheltered from strong
currents. at Station 10 in the summer the percentage of B. bellus
was very high and the percentiges of the Ostracoda were not as high
zs at Stotions 22 and 21, showing that the bictope at Stotion 10 was
luss sheltered in this seasen than those at Stations 2a and 21.
Moereover the high proportion of hematoda in the winter and dry early
summer and the rather low proportion of Caenidae in all scasons were
probably due to thore buing wore silt at Stotion 10 than there w s at
the cther two stations. The comparison of the diversity of the fauna
at these threc sampling points (p. 138) ulsg showed thot Station 10
was not quite like Stations 2a and 21. Hewever there arc aspects
of the fauna found at Station 10, such as the proportion of Ustracoda
in the summer, which show that conditicns there were more sheltered
than in the normel Unstnble Depositing Zone.

The fauna of the Unstable Doepositing Zone sampling points
other than those in the Klein Vaal/Vaal River is shown in Table 34.
As was the case when the varicty of animals found was described, the
fauno at Staticon 41 stands cut as being very differont from that
found at the other saupling points in this zono. The dominant
animals in the summor included groups vhich do not ususnlly stand

summer conditions (Ostracoda, Nais) and Austrocloson spp. and Culex




- lie -

spp. which are typicnlly standing water animsls. As expluined
carlier this sompling peint was locoted cn 2 small strecm which hod
not flooded for some time prior to the collection of the summar

sample, and this accounts for the typc of dominant animals. It also
suggests that the disappearance cf the Ostracods from the Unstable
Depositing Zone in the summer is not dus to life-cycle or temperaturs
offects, but happens because the biotopes in this zonc are not suitable
for them in the summer. In the winter the dominants were more typical

of the Unstable Depositing Zone and included Nais, C. cxcisum and the

Orthocladiinag. Lt St.tions 27, 29, 12 and 36 the fauna was very
similar to that found at Station 3, with high summer percentzges of
B. bellus and, in other seasons, high percentages of C. excisum.
anisels which do not tolerate silty conditions, such as B. harrisoni,
C. sudafricunum and P. vinosum were not rucorded or wwre present .8
only a very small percentage of the fauna. Caenid percentages were
not high and this is =nother --ay in which tha fruns of these sampling
points ressmbled that at Station 3 ~nd differed from that in the
othor riverine zones. At Station 44, where there was o strong current
through the vegetztion, large numbers of Simuliidae were collected in
both seasons, and the summer percentage of B. bellus was not high,
possibly becouse the current was toc fast for it. Mayflies which
appeared there in the summer were Neurocoenis and the Caenidoe. (1t
should be noted that nomencleture is confusing here. Heurocasnis

ig a Tricorythid and not a Caenid). The high summer purcentage of
the Caenidae was exceptional as this was the only sampling point
where large numbers of this group were recorded in the Unstable
Depositing Zone. It is impossible to say whether this was typical
of vegetetion fringes in fist current in this zone, as no others

were sampled in the summer. However it was not oxceptional to find

Caenidae where there wes a fast current, for they werce often found iIn
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stones'in current biotones (Tablc 20, Stations 21z and 21).

Ag wus the case in the other biotopes the Cladocora of the
marginal vegetation (Table 31) changed down the course of the riwver.
In the Scurce, Broding and Stable Depositing Zones the dominrnt
genera were the Chydoridae, Alons and Chydorus, and these were not
found in large percentages in the Unstable Depositing Zone.  ancther
Chyderid, sacroperus, w.s fomd only in the Eroding and Stable Depositing
Zone, but Plcuroxus was recerded in large percentages in all zones.

Purcentages of the Dapuniideie (Daphnia, Simocephilus, CeriodaDhnia)

tended to be higher in th. Unstable Dupesiting Zone than in the other
zones, but Moina which also belongs to the Dophniidac wos widespread.

Of the Copepoda, tho Horpacticidae wore found moinly in the Source,
Eroding anu Stable Depositing Zones, Mesocyclops was found most often

in the Scurce Zone, Diaptomus was found m.inly in the Unstable Depositing
Zone and the other gonera were videspread. So strong was the water
currunt at Station 5& thit the Clndocera and Copepoda found there

were probably being swept through the biotope by the current, rather

than actually living there.

The scasonal dhangus in the Cladocora and Ccpepoda followed
the amount of shelter from the current in the bictopes. In «©11 zones
the percentages of these animals and nlso the varicty of them was
greatest in the dry early summer, which is the season when conditions
arce most stable. Then, ~s in other South african rivers {01iff,
1960b, 4llanscn 1961, Chutter 1963), the sumz:r floods washed LWAY
most members of these groups .nd during the winter, populations
built up to their dry carly sum..r levels. However, at Stations 1
and 21, where conditions were most stable the Cladocera and Copepoda
wors, as would be expected, not ms adversely affected during the suamer
as they uere at other sampling peints. Meoine sp. was, as in the other

biotopes, the only member of these groups te be found in large numbers
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in the sumacr. Tho sudden large chenges in thz percentages of the
Cladocerc and Copepod which werce found in the stones in current

(Table 21) were .lso found in the mzrginal vegetation.,  An interestiﬁg
peint about these is that while many sudden decrcases in percentages
tock place with the first floods and are therefore readily undorstood,
some: populations built up very rapidly. The rousons for the ropid
inerease in the numbers of animals found were never obvicus but they may
sometimes have been due to rising temperatures during the dry early

summer (Tablu 21, Bosuina, Pleuroxus osnd Dicpiomus percentages in

September and Dctobcr).

The Cladocera and Copepoda found in the other streams and
rivers followed the patterns of seasonal occurrence and variation
from zone to zone found in the Klein Vaal/Vaal River, confirming
that the changes taking place in the Klein Vaal/Vaal River were
charactoristic of the virious sersons and zoncs, Thuse were the
declining importanc: of thc Chydoridas, Alont ~nd Chydorus,down the
course of the river rnd the inereising importance of Daphniaz,

Simocephalus and Ceriodaphnia down the river. As in the Klein Vaal/

Vaal River Harpacticidne and jcroperus (Chydoridae) were not found in
the Unstable Depositing Zone. The Clzdocera and Copepodse found at
Station 41 in the summer (Teble 34) were a good excmple of how meny of
these animals could be found in this season provided thoe bilotope was

not subjected to floods.

The fauna of an artificially stable sampling point and of the high-
lying Unstable Depositing Zone

The sawmpling points whose fauna is doscribed in this section
ares-
Stotion 8. Cyperus and Potamggwton were sampled. At this sampling

point tho Sandspruit was dammed up and this resulted in
artificially stable conditions in which there were
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luxurisnt srcowths of frin~ing mecrophyteos and also
some fully aquatic plants.

Station 19. The marginal vegetation sawplod was mostly Cyperus
amongst which there was some Gomphostigmsz virentum
(Linn. f.) Boill, and Polygonum. The bictope wais
not in the current, but neithor vas it particularly
well shoelterced.

Steticn 30, The sumper sample was collected from non-zquatic grasses
hanging from th. bank intc the stream, The winter
sample was collceted from the roots of o bank of
Phragmites which was being wndermined by the stream.
Thise biotopes were exposed to gentle currents.

Station 31. The sample wis ccllected from a variety of nom-aguatic
plants h mging over the bank into the stream where
there was no obvicus current.

Station 34. as for Station 31 .xcept thet the vegetation we.s grass
leaves.

Staticn 14. Leegrsia hexandra Sw., a grass which floats out on the
wter from the bank, was sampled. Some was in the
currcnt.

Stutions 38 end 39. At both these sewmpling points roots of shrubs
on the stream bank wihich had been eroded by the current
were sampled. Both biotopes were in the current.

Stotion 40, Lewves of b mk grasses trailing in the current were
sampled.

The drmming of the Sandspruit at Station 8 led to the
appearance of a standing water fauna.,  Aninnls such as Rhabdocoelida,

Enallagmi, Sphacrodoms capensis and Procledius which occurred at

St-~tion 1 in the Klein Vonl/Vaal River were significant at Stoticn 8,

However Nymphul: circeilis and Bulinus sp., which were assoclated with

the large growths of agquatic vegetntion as well aos with the sheltered
conditions, were significant a2t Station 8 but not at Stoticn 1. The

other Mollusce rccorded at Strtion 8 were Gyroulus lemyi, Burnupic

sp. and Fisidium sp., but these were not often encountered at
Station 1, possibly con zecount of the peorly buffured water there.
The commonest onimals ot Station 8 were Nematodsn, Limmodrilus,

Neois, Cypridopsis, Piongeypris, Stenocyuris, Oribztoides, Hychia

marshalli, Micronecta spp., Chironomini ~nd Orthocladiinne (Table 35).
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the indicated stztions {(or sroups of stations) were clso significant

at Station 19:-

Groups significant only at Groups significant only at
Staticn 2ia Strticn 21
none Austroclocon fricunum

Lnhccophilus pellucidus

Groups significrnt only at

Station 3 Groups significant only at

Coridinz nilotica Stations 2la, 21

Orthotrichir sp.

Helminthopsis bifida

G ignifice o
roups significant only ot Gyroulus lomyi

Stations 21, 21, 3 Burnupia sp.
All significent nt Station 19, (i.e. all except 5 groups)
except for P. vinosum

Groups significant ot Stations

1, 21a, 21, 3

£11 significant at Station 19,

except Tor Oribrtoides sp.
It is interesting that P. vingsum was not significent at Station 19,
for this confirms that this animnl deoes not tolerote siliy river
conditions, which was found in the cther zomes and r2lsc by Harriscon
and flsworth {1958). The nain point shown by the cbove lists is,
however, thot there was not a large reduction in the variety of the
fauna at Station 19 due to the silt. Indecd two cnimals, Micronecta

scutwllaris and Laccophilus cyclopis were significant at Station 19

but not at the sampling points in the Klein Vaql/Vaal River.

The dominant aniinls recorded at Station 19 (Tablo 35) wore not
typicel of sny particular zone, nor were they typical of the communities
recorded in sheltered margin:l vegetation bictopes. Of the most common

aniwals at this ssmpling point, Chaetogaster, Caenidae, Chironomini




znd Orthocl-4iinte occurred in percentnges which could not he said

to be typical of any zone, The dry ecrly swmnmer poercentoge of iais
was high but this may slso not be associnted with any single zone,
However the low winter und sumler percenicges of Nais are more typie-l
of sampling pceints exposed to the current thin of sheltered sanpling
peints. The same m:y be said of the fact thuat only one Ostracod
genus wag significant in the sunmer, However, the Bretid Ephemeroptera
were fairly typical of the Stable Depcsiting Zone communities at
Stations 21 and Za. The proportion of B. bellus in the summer was
only moderctely high, that of C., excisum was low and the proportion
of Austroclocon spp. was higher than in the bilotopes exposed to the
currcnt. Othur features of the Station 19 comimmity indicative of
some shelter were the high Micronecta =nd C. nilotice percentonges.

The remeining animals which made up a large part of the Station 19
fauns were Ilvocypris (mainly an Unstable Depositing Zone animal),
Hydraenidae (percentagcs highest in the Unstable Dopositing Zone) ,
Corynoneurs (percentages highest in the Ereding Zone) mnd Burnupia
(percentages higher in the Eroding cnd Stable Depositing Zeones than in
the Source and Unstable Depositing Zonse). The most important

Cledocera at Stotion 19 were Simocepholus vetulus and representatives

of the genera Plourcxus and Chydgrus, with Pleuroxus spp. forming

lirger part of the commnity thon Chydorus spp. In th:se respects

the Cladocern zond Copepod. =t Station 19 were like those recorded from
the Eroding .nd Stable Depositing Zones of the Klein Vﬁal/Vaal River,
However .croperus snd the Hirpacticidee, groups which were not recorded
from the Unstable Depositing Zone of the Klein Vaql/V:‘l River, were
not recorded .t Stotion 19, which indicetes thet highly silty
conditions m.y not suit them.

The marginzl vegctation founa 2t Station 19 28 2 whole was
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direct offects of the curront. There were tany significant Animals,
in zdditicn to thos¢ shown in T.ble 36, prescnt and they were nostly
st1ll woter Hemiptera and Coloopterz.  The percentage composition

of the £fumc was also cof the type found in still waters.  Nematoda,

Nais and sustrocloeon spp. percentages tended to be high and B. bellus,

C. excisum and Coenid percentages were low. However rather .typically
for this type of biotope, Ustrocods were not recorded in the summer,
Chirononid percentages sore low in the suwmer and the percentage of
Pionocygfis was never high.  The absence of C. niloticz and A. africznum
from Staticn 1l was prebubly duc te factors associanted with the
zgonation of the fauna, because these spucies were rlso not recorded
from Station 10, tho next scupling point upstrean. They were mainly
found in the Unstable Depositing Zon. and less coften in the Stable
Depositing Zone. The percentoge of Choetogastor was high in seascns
other than the suwmmer. The summer faun: wi.s dominated by Nematodes,
austroclovon spp. and Micronecta, whose percentagos werce highest in
shel tered biotopes, and alsc by Pscudagricn ond Hydrachnollae which
were not as uarkedly influenced by the current conditions in the
bictopes.

The fauna at Station 11b (Tablc 36) consisted of rather a
few species or grouvps of animnls, rnd only two groups (? Prostoms and
Chironcmus) in addition to those shown in Teble 36 gignificant. No
Ostracoda were found but this may heve been o seasoncl effect. The
pcrcentage composition of the fauno was peculiar as it consisted mainly

of Nzis, Dero, Chactogaster and Chirononidne. This was the sampling

point where the stones in current fauns wis very lmpcoverished and it
was suggested that there might have becn toxic substances in the
textile mill efflu.nt which entered the river hore. The w-rginal

vegetation faouna was more varied than the stones in current founa but




it is possible thxt this wos due to reinvasion from upstrean. This
would not have been possible for the stones in current anipsls because
there was not a biotope frow which they night re-invade for zbout 3
kilometres upstrean.  Furthermore the quantitative marginel vegetation
dnta (sce below) shows that the density of the fiune at Stution 11b

was not high.

The marginal vegetaticn fauna at Station 42 was sunpled only
once, but the fauna contained within this single sanple was fairly
normzl for a sampling point sheltered from the current. Bactidze
were very scarce and the fauns was very larpgely made up of Tricladida,

Nematoda, :dais, Chactogaster, Cypridopsis, Isocypris end Caenidee.

The percentazes of the Cladocera and the Copepods taken
together were usuelly highor at the sampling points where the chemical
quality of the water was not normal thrn ot other sampling points
(Tables 31 and 36), Groups whosc percentages were higher than at

normal sampling points wer: Daphnia and Ceriodaphnia and, in the

summer, Moinc. — The percentage of Pleuroxus also was oftcn high at
these saupling points. At Stotions 17 znd 1le the sheltered conditions
resulted in the percentages and variety of the Cladocera bzing grzater
in the sunmer thzn 2t the other sampling peints. Parccyclops, which
has been found in other studies (Allanson 1961, Harrison 1958b) to ke
closely wssocicted with orgunic pollution, vas found in large numbers
only at Statien 1l.., The Meina spp. found at Station 11b probably
originated in the waters above the weir between Stzations 1llz and 1lb
and were carried by the current down to Station 1lb.

#t most of these sampling points wher.: the chemical quality
of the water ~as not norral the lurgest chunges in the percentage
composition of the marginzl veretation fauna were found in the
Cladocera and Copepoda.  The cowposition of the dry carly summer fauns

at Station 4 znd the reason vhy certain spocies made up = large
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percentage of the faung there, that is the recent covering of the
biotope by .n increase in the amount of the water in the river, are
interesting. It would have been easy to conclude that the water was
deoxygenated since nearly two-thirds of the animals recorded were air
breathing Hemiptera (Table 31). However the large proporticn of the

mayfly Centroptilum excisum clearly shows that this was nct the case.

Quantitetive data on the stones in current founa
A note on sanmpling

Rough estinntes of the amount of vegetatiorn sampled were rade
in the field and have been used to estimate the numbers of animals per
0.3 m {1 foot) of the vegetnation., No great accuracy is claimed for
these estimates, |

As has already beon described in the section on sampling
methods (p. 45 above) the hand net was swept backwards and forwards
through the vegetation in sampling., This sampling method differed
from that used by OLiff (1960a,b) who nade single sustaingd undirectional
sweeps through the vegetotion (01iff 1960., p. 295). A sinmple
investigation of the effect of sweeping the net twice through the
vegetation in opposite directions was mede during the course of the
work on the Klein thl/Vaal River. Two individuals, each with a hand
net, stood side by side in the river facing the vegetation to be
sampled. The first worker swept his net through the vegetation for
about two feet, lifted it out of the water, and the second worker
innediztely swept his net in the opposite direction through the sanme
vegetation. The process was repeated until 8 or 10 feet had been
sampled.  fnalysis of the samples collected in this way showed that
the second sweep tended to collect more animels thon the first (Table
7). The proportion of the catch from both sweeps, yielded by the

first sweep, for the most important groups of animals varied greatly
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(Table 38, range). Horever the mean proportions (Table 38) showed
that the first sweep usually collected fewer individuals than the
gecond, though for the Chircnomiuse there was little difference
between the numbers csught by the two sweeps. It could be thit the
current set up by the first sweep carrics animnls into the area it
has szmpled ind that, asg the second sweep travels against this current,
more water passes through the net on the second sweep thin on the
first sweep. Alsc =ttiched mimels might be disledged by the
disturbance caused by the first sweep and collected by the second
sweep. The mest important point about the seccond sweep is, however,
that it does collect lurge numbers of animals. The numbers of
individusls per 0.3 m of the vegetation sampled in both directions
which are presented in the following sections are comparable only
with data collectecd using 2 hnd net of the s=~me opening, fitted with
the same type of bolting silk -nd used in the same way 18 was done in

this study.

The nuz.bers of cnimsls found

The purposc of this section is to 2dd to the inferm-tion
obtained from the porcent-ge data. However the qurntitotive data is
not as complete s the psrcentage data a2s there were many sauples for
which there wwas no record of the length of the fringe scmpled.

The numbers of Cladocera and Copepoda and of .nimals other
than these two groups are shown in Table 39, At those sampling
points where cuantitative data for 211 threc seasons may be compared
the lorgest numbers of Cladocera ond Copepcda were collected in the
dry ezrly sum.r. The most importint environmental factors allowing
for the development of thuse lar;z dry early sumncr populations were
the stable flow conditions, the low turbidities (which allowed for

greater alg:l growths) and the warner temperatures. This is shcwn
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by the way in which densities of thesc animals doeclined sharply in

the summer, oxcept where the vegatation wms sheltered fron floods,
that is =zt Stotions 1 and 41,  Morcover the highest sumaer densities
of these animals after those rzcorded rt Stations 1 and 41 were
recorded from the soupling points where therce waes sone shelter from
tho current, that is Stations 2a, 21, 112 cnd 17. The summer density
of these groups at Steotion 10 is misleading o2s it is based on a single
samplc token shortly -fter a flood. There were other summer scoples
from this station which did include fairly 1.rge numbers of Cladocoera
and Copepoda (Table 25). Very l.rge nuubers of Cladocsra and Copepoda
were found ot some of the scmpling peints (Stotions 17, 1la, 42) where
the chemical quality of the watir wes not normal.

Many of thc changes toking place in the numt.rs of the
animals other than Cladecora nnd Copepodo (Table 39) tere similar to
these desceribed in the previous paragraph. Thus where there were
guaples from 211 thre2 sessons the dunsity was usually highest in the
dry ¢arly sunser nd densities were usullly very low in thoe sum.er,
cxecept where there was some sheltsr from the current or from flocds.
The density of those animals w. s very high ot Station 30 in the
winter. However the incroase in the density of the other fauna at
Staticns 17, 1llz nnd 42 was not as great -s it wos in the Cladocera
ond Copepoda.

The densitics of the rost important species ond groups +re
shown in Tables 40 ond 41, Sgver:l of th. mest clear-cut responses
to chhnges in the environment were rocognised in the Bactid Ephemeroptera.
For the most part percuntage ch nges (Tables 31, 33 to 36) in these
ani. 1ls followed density changes.  For cxarple the density of B. bellus
(Table 40) was highest in the suncer ot sampling points where there was
some current through the veget-tion, In the summer its density could

not be sz2id to be higher or lower in sny prrticul=zr zone. Here the
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density deta do lesnd te an inteorpretation different from that arrived
at from the percentage data, which showed that B. bellus percentages
were very high at Stations 12, 29, 36 and 31 (Tables 33, 34). Fow
B. bellus were found at Stotion 5, where the vegetation looked as
though it should be suitable for this species. It may be that it was
adverscly ffected by the very mild enrichment of the water there

(Table 15). Centroptilum excisum numbers were highest in the Unstable

Depositing Zone in the winter and the dry early summcr. Its density
w:s always low at sampling points in s%ill water (Stotions 1, 8, 1lla,
17 and 41 in the summer). Densities of this animnl were often fairly
high in the sandy high-lying Unstable Depositing Zone. It was not
adversely affected by conditicns at Station 5. The density of
austroclovon spp. was usually not particularly high and they were
still water animals. The dunsities of the other Boetidas is shown
in less detail in Table 41, but the density data, for all species other
than 2. vingsum, follow the percentage dato and nothing further need
be szid about them.  The density of P. vincsur in the summer shown
in Table 41 is misleading as veory large numbers of this animnl were
found in another, non-quantitotive savple. The densities of Baetid
Juveniles (Tabla 40) were varlable and they could not be sald to be
most abundant at any particuler sewcscon. This was probably because
they consisted of so wany species.

Caenid densitices were always low in the Unstable Depositing
Zone. In the high-lying Unstable Depositing Zone few Caenids were
collected in the summer, the season when this szone would most resemble
the normzl Unstable Depositing Zone, but otherwise densitics of
Caenids were higher there than in the normal Unstable Depositing Zone.
Caepnids were numercus in the Stablz Depositing Zone, particularly in
the dry early summer but the density of them was rather variable in

the Eroding Zone.  They were nover found in largoe nuubers at the
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being a common and widespread species in the Vaal Dam Catchment,
there would appear to be no wore significance in the fact thot

these high Pseudagrion densitios were found at Stations 41 and 34
than that at these points collecticn of the samples coincided with
a recent Pseudagrion hatch. The noxt highest Pscudagrion densities
were reccrded at Station 17 and were far lower than at Stations 41

and 34. fychia marshalli nuwbers were highest at Station 4.

This and the high number at Stzticn 7 was largely due to juveniles.
Micrenazcta spp. nunbers werc higher in the dry early sucier and the
suriner, the seasons when Jjuveniles may be collected, than in the
winter. The highest densities of this genus were -1l at sampling
points sheltered from the current. Hydraenids were nost abundant
in winter, when the larvae were found. Large numbers were found
at sampling points both sheltered from the current (Stations 43,
19) and expesed to the current (Stations 5a, 39). The greatest
densities of Silwliidee were recorded in the winter ot sanpling
points whore there was o strong current through the vegetstion.
Surmer numbers were never high. Burnupias was never an abundant
animal.

The quantitative data show, as did tiz percentage data,
that in the marginal vegetation biotopes the mest important factor
to which faunnl changes are related is the apount of shelter from
the current where the sampled vegetation grows,  The Epnemeroptera,
in which Austrocloeon spp. end 4. africeznum were sheltered condition
specics and in which the remaining Baetid gonera were found wmainly

in more expesed condiltions, illustrated the luportance of current
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particularly clearly. In other important groups such as the
Ostrocods and the Chironomidae current could not as clearly be shown
to be important, but this is gquite probobly due mainly to the poor
state of the taxonomy of thuse groups. Zonal changes in the

fauna were very closely related to the ~mount of shelter from the
current in the marsinal vegetation of the different zones, Thus
the fauna of the Source and Stable Depositing Zones was distinetive
mainly becsuse the vegetation wos sheltered from the current in
thuse zones and usually exposed to the current in the other zones.
There was, however, a zonation of some animals in the faun-.

Thus Caridina nilotica wos a shultered vegetation animal, but was

not recorded in the Source or Eroding Zone. Pscudoclocon vinosun,

Boetis harrisoni and Centroptilum sudafricanun were exposcd

vegetntion animals and were found mainly in the froding Zone,
because conditions were less silty there than clsewhere, As night
be predicted frow its distribution in stones in current biotopes,
B. glaucus wos found mainly in thoe merginal vegetrotion oxposed

to strong currents in the Unstable Depositing Zone. The szndy
high=-lying Unstable Depositing Zone fauna was similar to that of
the Eroding Zone faunz in the winter and dry early summer as large
nunbers of Caenids and typically Eroding Zene Baetidac, such as

Centroptilum sudafricanum and Pseudoclocon vwinosum were found.

However densities of C. excisumr were often higher at these sampling
points th-n they were in the Eroding Zone. Caenid densities were

low in the summer. Bactis glaucus w.s found at Station 39. In

these ways the sandy high-lying Unstable Depositing Zone fauna
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was similar to the normnl Unstable Depositing Zone fauns.
However at Station 19, the silty high-lying Unstable Depositing
Zone sawnpling point, the silty conditions would not be shown to
be affecting the fauna, which was ncrmel for a bictope moder~tely
sheltered from the current.

The numbers of most aninels were higher in the winter
and dry early swmner than in the sumner. However the numbers

of B. bellus, Pscudsgrion, Micronects and Caridina nilotica were

highest in the sumrmer, At sampling points (8tations 4, 5, 17,
11b, 42) where there were narked changes in the composition of
gtones in current colaumities due to organic enrichment, changes
were very mch less obvious in the marginal vegetation communitics,
Chonges in the diversity and percentage couposition of the fauna
were Ooften minor. So too were chongss in the density of the
animals, except for the Cladocera and Copepodz, the density of
which rose sharply. This shows that the effect of the changes
in the chemical quality of the water on the environment was te
increase the amount of fine, suspended, food particles. The
most unusual communities were recorded from Station 4, where the
temporary nature of the morginal vegetation was the most
important factor, at Station 1lb, where mainly Oligochactes and
Chironomidae were found and where thure was evidence of toxic
effects and at Staticn 42, where the numbers of Triclads,
Nematcdes, Chaetogaster, Ostraceds and Caenidae were unusually
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groups, particularly when the samples were analysed. 0f the
animals shown in Tables 42 to 46, it was possible to identify only

one, Branchiura sgwerbyi, down to the species level, Recently

Brinkhurst {in press) has reported cn the Uligochaeta from Vaal Dam
catchment sediments. He found that the animals recorded here as
Limnedriltus spp. are actually a mixture of up to three species

(L. hoffmeisteri Claparede, L. udekemiznus Claparede and L. claparedeanus

Ratzel), which indicates how very much greater the spccies diversity

of th. sediment fauna really is.

Thz sediments

Physical characteristics

Morgans (1956) suggested thot the median Phi value, the
silt content, the Phi quartile deviation and the Phi quartile
skewncss are the most important measurements which may be used to
define the physical chcracteristics of sediments. The median Phi
value is the particle diameter, expressed as a logarithm, corresponding
to that particle size wherc half the sediment is composed of larger
particles and half is composcd of smaller particles. Morgans gives
g chart for converting £hi values inte the corresponding particle
diameters in millimetres, and it has often Lzen convenient to do this
and then to describe sediments in terms of the Wentworth Scale
nomenclature.

Most of the sediments in the streams and rivers of tho
Vaal Dam catchment were Coarse %o rine Sands {Table 47). In the
Source Zone the small nedilan particle diameter reflects the quiet
flow conditions in which small particles could settle out. The
median particle sizo of Eroding Zone sediments was higher due to the
stronger currents there. Indeed at Stations 2la and 24a therc ﬁas

no expanse of sediment large enough to be sampled by the methods
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used in this study. 3Stable Depositing Zone sediments werc sometimes
finer than Eroding Zone sc¢diments. In the normel (as opposed to the
high—lying) Unstable Depositing Zone, sediments were very veriable,
not only from sampling point to sampling point (fable 47) but also
at ecach sampling point. At Stations 3 and 5a two types of sediment
were sampled, but more usually only one type of sediment was studied
at each station. The division of the high-lying Unstable Depositing
Zone streams and rivers into sandy and silty, which was mede in
connection with the fauna of other biotopes, is clear in the
sediment, wherce the sediment at Station 19 on the Kafferspruit was
very much finer than the other sediments (Table 47).

The silt and clay content or subsicve fraction of the
sediments (Table 48) followed the median particle size very closely,
the finer sediments containing the larger amounts of silt and clay.
There was, with the exception of Station 19, very little silt and
clay in Eroding and high-lying Unstable Depositing Zone sediments:

The Phi quartile deviation of a sediment is a measure of
the spread of the particle sige distribution about the median Phi
value. The smaller the spread of the distribution about the median
the lower the Phi quartile deviation., Morgens termed sediments
with a low Phi quartile deviation "well sorted". In the streams
and rivers of.the Vaal Dam catchment many of the sediments were
well sorted (Table 49). The poorly sorted sediments were found
mainly among the very fine, high subsieve fraction sediments, the
coarser sediments being more uniform. Well sorted sediments are
those which are exposed to stronger currents for at least part of
the year.

The Phi guartile skewness of a sediment is a measure of the
skewness of the particles size distribution about the median. In
most sediments it lay between -0.10 and 0,10 which means that the

particles larger and smaller thon the median size were nearly
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equally well sorted. The Phi guertilc skewness of the sediments
was not obviously related to any of their other measured physical
cheractzristics. It could not, as was shown by Allanson (1961) be
shown to vary seasonally (see wvelow) neither could the occurrence of

any animals be shown to be related to this parameter.

Thi. sulphide and detritus content of the sediments

In most sediments the concuntrotion of sulphides was less
than $ ppm (Table 50). In general, high sulphide concentrations
were found only in fine scdiments with a high subsieve fraction
{cf Table 50 with Tables 47 and 48), but not all the fine sediments
had high sulphide concentrations. The amcunt of detritus in sediments
was assessed as large or smiall when the fauna in sediment samples was
counted. Apcrt from the sediment ot Station 35 on the Cornelius
River, 2ll the fine sediments contained large amounts of detritus.
The correlation between the sulphide concentration and dotritus was
close, 21l the sediments with more than 5 ppm sulphides containing
a lot of defritus.

The Vaal River at Standerton {Stations 4, 5) and the Wilge
River at Harrismith (St&tions 11b, llc) were contaminated by effluents
rich in organic mastter and the sulphide content of the sediments
(Table 50) was high, although there was no obvious detritus in them.
These high sulphides could have been due either to large amounts of
soluble organic matter or to detritus so fine that it was washed away
with the fing particles and thercfore not noticed when samples were
sorted.

In the Stable Depositing Zone 31l sedimenis had large amounts
of detritus, even though the sedimonts at Stations 21 and 2a weore not
particularly fine. This was due to th: more stable coanditions and

greater amounts of aquatic and semi-aguatic vegetation in this zone,
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regularly sampled stations is shom in Table 51.  Generally there
was 1ittlc seasonal variation 1n the concentration of sulphides in
sedimants. However, wherce thg chemical yuality of the water was
affected by ¢ffluents the concentr.tion in the swmmer was very much
lower than in the other two seasons (Table 51, Stations 4, 5 (Vaal

River, Standerton) Jnd 17 (Waterval River)).

The relationship between particle size distribution, sulphide

concentration and amount of detritus and the fauna

Density of all animals and sediment type

The total numbers of animals recorded per 0.1 sq. m. of
sediment arc shown at the foot of Tables 42 to 46,  The density of
the fauna is analysed scasonally in relation to sediment type in
Tsble 52, but because seasonnl changes in density at sampling points
where the chuemical quality of the water was affected by offluents,
were unusual, datas from such sampling pointa were omitted from the
analysis. In the summer the difference betweon the physical analysis
and sulphide content of sediments where the faunel density was high
(:> 1000 individuals/O.l 8q. m.) or low ( < 1000 individuals/O.l sq.
m.) was negligible (Table 52}, =nd nearly as many sediments with a lot
of detritus had low numbers of individuals as had high, In the
winter and more markedly in the dry carly summer high faunal densities
were rccorded in the less well sorted, fine sediments with a high
subsieve fraction, sulphide content and a lot of detritus. During
these two sessons the flows are stable und thuse sediments are found
in sheltered positions and support large populations of animals,
In the summer the density of the founs was not related to sediment
type, showing that sediment type no longer reflected how sheltered
were the conditions. Some of the scdiments would be heavily croded

and on sowe there would be excessive deposition of silt. Both these
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events would be detrimental te the founa and they would depend not
on the typc of sediment but on varianble patterns of flor and silt
load in the rivers.

The founa at Station 25 in the Klip River (Table 43)
provides & good examplc of the effect of stable conditions on the
faunal density.  When this coarse, well sorted sediment with - low
subsieve fraction, sulphide content and amount of detritus was
sampled in the summer there was a lot of algae and diatoms in the
river bed, indicating thnt flow conditicns had been stable for some
time. This was very unusual in the summer. 3o too was the density
of the fauns which was more than threc times as grest as the density
in the summer at any other sampling point (where the chemical quality
of the water wos not affected by effluents).

However a2s is implicit in the names given te the various
zones, codinent stobility and instebhility is closely related to zonation,
The denoity of the fount 2lso tonded to fellew this zonation
(Tables 53 and 54), and the zones where conditions were most stable
(the Source and the Stable Depositing) had the greatest faunal density
in summer when conditions .re generally most unstable. Table 54
is somewhat misleading hore for it shows that the Eroding Zone had a
mecn summer faunal density nearly as great as the Source and Stable
Depositing Zones. HHewever this was very largely dus to the
exceptionally dense founa found at Station 25, as described in the
previous paragraph. The high-lying Unstable Depositing Zone had the
highest proportion of low density faunas in all seasons (Table 53),
as would be cxpected in this very unstable zone where most scdiments
were coarse, well-sorted and had small amounts of sulphides and
detritus. In all zoncs the highest densities were usually recorded
in the dry carly summer and the lowest in the summcr, roflecting the

sgasonal change in the stability of the rivers.
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Dinsity of different kinds of animals ond sediment type

The physic.l state, sulphide content and detritus of
sediments wherc the density of the most numerous kinds of aznimals
was high are compared with the sediments where their densities
were low in Tables 55 and 56. For cach species or group of animszl
the boundary betwecn what should be regarded aos A high or low
density was arbitrarily chosen from an inspection of the mean seasconal
density data for the animil concermed.  The data on the physical
characteristics and sulphides and detritus of the sediments wcore
taken from Tables 47 to 50, For each variant the mid-value of the
tabulated range was taken as the value for a sampling point. This
analysis therefore shows the rel.tionships between sediment and fauna
in general terms. It masks the fact that large or small numbers of
individuals vere somgtimes found in sediments other than the type in
which large or smzll numbers were most often found., However the
rnalysis does facilitate the rucognition of such unusual numbers and
the factors which may play an important role in bringing thom about.

Nematoda, Limnodrilus, Branchiura sowerbyi, Ilvocryptus,

Chironomus, Procladius, Tanypus, Bezziz and Pisidium were found in

larger numbers in the loss well sorted, finer sediments with higher
subsieve fractions, sulphide concentrations =wnd gquantitics of detritus
(Tables 55 and 56).  This group of animals includes burrowing forms

(Limnodrilus, B. sowcrbyi, Chironomus, Pisidium), interstitial forms

(Nematoda) and 2n animal which lives mainly on tho surface of the

sediments (Ilyocryptus). Bezzia, Procladius cnd Tanypus are predators,

Chironomus ond Pisidiun are filter feeders, relying on food suspended
in the water above the sediment, and the rest ire probably detritus
feeders obtaining their food from within the sediment or possibly
from on top of it (Ilyocrvptus). The important features of the

sediments where these animals occurred in large numbers were that they
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were sheltered from the curreant, stable znd contained large amounts
of organic food material. Thesc three char. cteristics are of course
clesely interdependent. In most casces thoe relationship botween
organic fcod meterial and high density was even closer than is

apparent from Tables 55 and 56. Nematoda, Limnodrilus, B. sowerbyi,

Dlyocryptus, Chironomus, Procladius and Tanypus alsc occurred in large

numbers in the absence of large amounts of detritus (Table 56) at
Stations 4, 5, 1lb and llc, at which points the chemical quality of
the water was affectsd by organic effluents and consequently sulphides
were found in the absence of detritus {Table 50). The reasons why
these animals were not found in all the sedirents -7ith a lot of
detritus were sometimes rcadily apparent. For instance B. sowerbyi
was found in certain zones only and Limnodrilus w:s not found in wvery
soft sediments. Such fuctors are discussed in a later section,
Ostracoda of several genera were recorded from sediments but
they were usually all found tOgethef (Tables 42 to 46), which is why
they have beon treatcd in Tables 55 and 56 as a single group rather
than genus by genus.  Morecver excnination of the data for single
genera failed to show that their occurrence was different from that of
the whole grouﬁ. Even at sampling points where they were comparatively
abundant the Ostraccda showed a marked secasonnl variation of occurrence,
and wcre usually rare or absent in the summer. Results from sediments
sampled only in the summer have therefore been omitted from consideration
for purpesges cf detormining Ostracoed sediment preferences (Tables 55
and 56). The Ostracoda belonged to the group of animals occurring
at higher densitics in the finer sediments with high subsicve fractions
and sulphide concentraticns and large amounts of detritus. There are,
however, other factors with which Ostracod numbers appearcd to be
related (SGJ below, p.lBZ).

The comparison of sediments where Paracyclops was found in







- 178

larvee which live in tubes in fine sedimonts, but here the tube is
vertical, and is thorefore presumably easily extonded to the sediment
surface should this become necesairy.

Therse was very little diffcrence between the sediments
where Chironomini {other then Chironomus) and Pentaneura were found
in lérger or smzller mumbers.  This means either that factors other
than sediment type governcd their density, or that they were mixtures
of species with definite scdiment preferences. Hais numbers were
highor where the subsisve fraction and Phi quartile deviation of the
sediments were lower and on only a few sediments with o lot of
detritus. The mean median Phi valuces do not show the important
fact that Nais was net found in large numbers in sodiments finer than
Fine Sands., Nais was therefore clearly not a fine sediment animal.
This is perhaps somewhat surprising as it has frequently been found
in stoncs in current and margin.l vegetation biotopes when thore are
glgal or 'slimy' growths (Harrison 1958b, Chutter 1963 and p. 31
above). Such growths usually contain a lot of silt, 01iff (1960b),
Allanson (1961), and Harrison (1958&) all recorded large numbsrs of
Hais in sediment samples bui the sediments concerned were elthur
coorse or where the rivers were polluted.  However Nais was not among
the commoncr animals found by Harrison et al in the fine sediments of
the Vaal Barrage.

Among the cnimals which were found c¢ither in very low
numbers or at o« very fow sampling points there were some whose
occurrence was clearly related to sediment type. Parogomphus
cognatugs wes found only in Fine Sand or coarser sediments confirming
Kectch & Moran's (1966) finding that this species avoids fine scdiments.

Howover the other Gomphid found in the Vaal Dam catchment, Ceratogomphus

pictus. was record.d only from Fine Sond or finer sedimemts. The

two species were nuver recorded from the samc sediments.
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The respiratory siphon of both of them is szbout the same length so
they presumably burrow to about th: same depth in the sediments.

The flattencd abdomen of C. pictus way help it to maintain its depth
in soft, fine sediments. The abdomen of P. cognatug is more rounded.
This is, however, certainly but one of many differences between these
two species, habitat scliction being unlikely tc be based con this
single difference alone. Tubifex (possibly_i. templetoni according
to Dr. Brinkhurst) were found in large numbers only at Station 3 in
the granule, which was a type of sediment not often sampled (Table 47).
Harpacticidae were rcecorded in sediments finer than Coarse Sand, but
they werce not found where the subsieve fraction of the sediment was
less than 15 per cent, or in well sorted scdiments.  Dipscudopsis,

& burrowing caddis with legs adapted for digging and a highly modified
lakbium, occurred only in PFine Sand and finer sediments, It makes a
tube in the sediment and it is quite possible that it is a filter
fecder like the South American Macronema described by Sattler (1963).

The occurrence of Corbicula africana (Pelecypoda) was not related to

sediment type-

Percentage composition of the fauna and scdiment type

The relationship betweon the proportion of species or groups
of animals cxpressed as percontages of the total mumbers of 2ll kinds
of animals in samples (Tables 42 to 46) and sediment type (Table 57)
were usually similar to those botwecen density and sediment type
{Table 55). In other words the percentages of animals were usually
higher in the sediment type where the densities were higher.  Except
in the casc of Paracyclops,animals whose p:reentages were higher where
sulphides werc high als¢ had higher percentages where there was o lot

of detritus. A tabulation of the ~mount of detritus in sediments in
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of dotritus and at Stations 19 and 40. They were recorded in low
numbers, or not at all, from the sediments in the Source Zone (St-tion
1) and the Broding Zone and froa th» cosrser sediments in the high-
lying Unstable Depositing Zone, sxcept for that at Station 40. The
gituation at Steticns 1 and 8 was oxceptional since Ostracoda were
very common in the marginal vegetation (Tubles 31 and 35) but rore in
the sediment. It is unlikely that this was due to systematic differences
between the inhabitants of the two biotopes for Ostraceds are usually
tolerant of a wide range of ecological conditions (Pennak, 1953,

D 415) and the genera found in the sedimonts were all found in the
merginal vegetation., The factor limiting the numbeor of Ostracods to
a low level in the sediments was therefore likely to be some biotic
factor effective in the sediment biotope but less important in the
rarginal vegetation. At Station 1 this could have becen predation by

Procladius and Tanyvpus larvae which were found in large nurrbers in the

sediment but not in the marginal vegetition.

At other sampling points where the Ostracoda were abundent
in sediments they were found in large numbers in other biotopes too.
In 211 biotopes at most stations they became rare in the swmcr
"showing that they were unable to tolerate summer conditions.

However, their numbers did not decling in the summer in the Vazl

River Stable Depositing Zone (Table 43, Station 2a) or in the Russespruit
(Table 45, Station 41). Conditions hsad been stable for some tinme

before Stuation 41 wus sampled and Stotion 2a was of course in the zone
wher: conditions were least unstable in the summer. This suggests

that it was the instibility of river flow and not other factors such

as temperature which brought obout the decline in Ostracod densities

in all biotop-s. This is supported by the fact that in the most
unsizble zones, the Eroding =nd the high-lying Unstable Depositing,

there worc many sampling peints where Ostracodz were not found in




- 183 _

any biotopes even in the winter and dry esrly swmer, when flow
conditions are ususlly stable in all zonesa. Hore it would seem that
swmzmer conditions were so unstrble that the Ostruacoda disappenred
permanently.

Pisidium was rare at Stotion 1 (Table 42) possibly as =~
result of the poorly buffered, calcium poor water there, It was not
recorded from any cf the co:irser sediments in the high-lying Unstable
Depositing Zone (Table 44). This was unusual for while larger
densities of this anim:il were rssocliated with the finer sedinuents,
there were many cozrse sediments in other zones where it did occur,
albeit in low densities. The extreme instability (e.g. Plzte XII)
of sedimcnts in the high-lying Unstable Depositing Zone probably

accounted for the absence of Pisidiun.

Seasonsl variation

Pigidium densities were often as high in the summer -s they
were in the other seasons., At severnzl sampling points (Stations 2a,
3, 5, ba, 13) they were clearly highest in the summer, suggesting
th.t this is the2 season when reproduction tckes place.

All the other 2niwals found in the sedinents tended to
decline in density in the summer and the overall effect of this was
that the density of the fauna as a whole was lowest then (see above).
However, when the fauna is divided into predominately surface-dwelling

forms (Ilyocryptus, Paracvclops, Ostracoda, Tanytarsini and

Orthocladiinae) and burrowing or interstitial forms (the other
enimals) it is clcar that in the sumser there was o disproportionate
decrease in the density of.tho surface dwelling forms (Table 58) in
the Eroding Zone snd in both Unstable Depositing Zones. The surface

dwelling forms would of course be the rost exposed to washing awey.
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What is intercsting is that in the Source ond Stable Depositing Zones
and @lso at Station 41 Where sui er conditions were stable, the
proportion of the surface dwelling forms in the faunc as 2 whole did not
deecline,  However, this discussion his sc far been limited to sampling
points which werc sampled in more thon cone season.  Among the sampling
points sompled only in the summer there ware sonc (St;tions 25, 26, 33,
29, 44, 30 and 34) whers the percentages of the Tanytarsini or
Orthocladiinae or both were very high indeed {Tables 43,44,45 ).

Th.: sediments at these sawpling points were well sorted, coarse ond

had low subsieve fractions, sulphide concentrations anc smll anounts
of detritua. The density of the foauna wos exceptionnlly low at
Stations 26, 33, 29, 44 and 34. It was very high at Station 25 for
reasons which have already been explained. The results therefore

show that when conditions becoms moderately unstable the proportion

of surface dwelling nimals declines, but when they are very unstable
the proporticn of these mimals rises again. The mest likely
explanation for this is that when conditions are moderately unstable
currents over the sediment sweep ~woy the surface dwelling animnls,

and there may be some surface movenent (erosion or deposition) of the
sedimnt particles which could also be detriiental to the surface
dwelling forms. In these circumst-nces the proportion of burrowing
animals rises, for being buried in the sediment, they are protected
from events occurring on the seciment surface. When, however,
conditions are highly unstable as for instonce they must have bsen

at Station 14 (Plate XII) it scems that there is massive sediment
movemcnt. Here the sediments would be woved to great depths and
conditicons would be highly unfavourable for the burrowing forms.

These are the sediwments where the surface dwelling Chircnomid
proportions ros.. Rearing of larvae showed that species belonging

t0 the Tanytarsini and Orthocladiinae were often recorded from several
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bictopes and this is -n iwmportant cluc as to why they shculd be so
compsiratively successful ir sedivents wherc conditions were p-riicularly
severe in the swiwr. Sc wide is their larv:l bictope teleronce that
they seen to survive sonewhere in even the most severely ceroding or
unstable rivers and then gquickly re-invade the sediwents when
conditions nre less unfavourable. In this they would be at a grest
advantags in having & non-aquritic ~dult stage, so that not only would
& part of the population be vory likely to bl in this non-: qu=tic
st.ge when the aguatic conditions are temporarily highly unfavournble,
but lso dispersion and reinvasion would probably be achieved more
rapidly than in fully aguatic minals such s the Oligochaeta or the

Ostracoda.

The fauna of sediments where the chemical quality of the water was
affected by .fflusnts

The density of the sediment fauna at sampling points where
the chemical quality of the water was affected by cfflucnts varied
rather widely (Table 59) duv to the variability of conditions from
sampling point to sampling point. As ot sampling points where the
chemical quality of thoe water was normal the highest densities were
recorded in the dry early swmmer, and thoe summer densitics were much
lower. The lower sumier densities must ir part have been due to the
san. factors which brought about the sumaer reduction in density :t
other sawmpling points, but a greatér dilution of effluents and o nore
rapid transport of orgsnic food downstresr: iy also have been importent.
Sulphide concentrations fell in the summer At these sampling peints
(Table 51) which probsbly indicates an increase in the asration of
the water zbove the sediments.

Generally the greatest densities of anincls were at Stations

4, 5 (Vaal River, Standerton) and 1la (Wilge River, Harrismith), which
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a lot of organic detritus -nd a high sulphide concentration, Limmodrilus
was unusuclly sparse ~nd, in wintcr, Tenytorsini were unusu-lly
abundant. There is no obvious renson for the large nwibcrs of
T.nytersinil, unless the spccies concerncd differed from the specics
usu~lly found and hrd different sedinont proferences. In the casc of
Lirnodrilus it scems likely that nuubcrs werc low bocause the sedimont
was particulorly soft, os hns ~lready beon described (p. 53).  The
sediment ot Station 27 w2s .1so very soft rnd therc too Limnodrilus
numbers were low (Table 45). Harrison et al (1963) rccorded very
snall nuebers of Limmedrilus from the finest sedimonts in the Vaal
Barrage. (Brinkhurst's (in press) work has shown that Herriscen et al
Lisidentified Liinodrilus, recording it as Lumbriculus).

The high percentages of Linnodrilus from the couparatively
coarse sedinents At Stations 34 and 14 (Table 44) do not, as will be
seen from the tot.l nurbers of mmimals at the foot of the table,
indicate hish densities. At Station 39 (Plate XIII) two sauples were
taken on the s.ume dry, one from ssnd in the current and the other from
sand out of the currcnt. Sand particles could be secen to be moving
across the top of th. sedinent in the current.  Physiceally the two
sanples were practically identical.  Sulphiaces could not be detected
in the sedicent in the current, hich had 2 subsicve fraction of 1.1
per cent: the sediment out of the current had 0.5 ppm sulphides and
a subsieve fraction of 1.8 per cent. The founo of the moving sand
was extrecely iupoverished compared to the fauna of the sand out of
the curront (Tgble 44) showing the effcect of unstabls conditions.
The Klerkspruit at Station 40 hod very nearly stopped flowing when the
dry o.rly sui.ier su.ple was takan. A bloom of Bueypris was found
in these conditions (lele 44).

At Stotion 35 (Tdbl@ 45) ths scdicent sanpled was fine,

with a2 large subsicve fraction but & low sulphide concentration and
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very little org.nic destritus. The low frunul density was probzbly
duc to & leck of food material, which was unusual for so fine a

sedi.ont.

Summarizing romarks — the sediment fauna

The r in facter governing the distribution and relntive
abundance of sediment -nie-ls in the Vaal Dam C . fchrment was the
instability of conditions in the river beis. In the high~lying
Unstable Depositing Zone where conditions were most unstable, sediments
were usually coarse, woll sorted and containcd little fine materizl snd
detritus. Tue fauna of such szdiments was very poor md was of ten
lorgely mode up of surfuce dwelling Chironomids which probably occurred
in other bictopes too.  Burrowing 2nimnls were not abundsnt, probably
because sedirmts - oved 2 lot. Conditions were rost stable in the
Source nd St.ble Depositing Zones vhere oven in the sus «r, when
conditions were most unstcoble in 11 zones, the proportion of surfroce
dwelling to burrowing snimnls rei.aincd the s-ac 25 in the other
sensons. All cediments in these zones centoined 1 lot of detritus
and founsl densities were high. Howover, the fauna of sediuents in
the Eroding and norri-l Unstable Depositing Zones showed another type
of seasonal vari. tion. Her. th: surfl.cu-dwelling forms, which were
more varied than iu tho high-lying Unstablc Depositing Zone, tended to
dis.ppear.

There werc only twe groups c¢f ~2nirals in which the instability
of conditions in the river beds was not the moin factor governing their
se2asonzl cbundonco wnd distribution. These were Pigidium whose
greatest nunber tended to be recorded in the sumscr probably because

it breods then nnd Branchiursa scwerbyi which was not found in the

upper reaches of the rivers, possibly because teuperatures wore

unsuitable., However, toxonomic knowledge of sedirent animals is poor
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little orgonic matter, cxposed to merksd seasonn]l variations in flow,
current speed and stability, nor did he have as many sznalyses on

which to base his conclusions as were availcble from the Veal Dan
catchment. These two factors possibly explain why Kennedy did not
find any relationship between sediment typr and Limmodrilus density.
The variability of individuel rcsults from single sampling points was
high in the Vaal Dam catchment toc. In these thure was nc correlaticn
between scediment variability and Litncgdrilus nuwbers, This was also
true of all of the sediment animals. It was only when values were
averaged and then compar.d fronm sa;pliﬁg point to sampling pcint that
the trends described here becnme clearly apparent. This suggests,
perhaps, that the density of the faune in sediments is patchy.

However, it would be ilmprudent to ascribe such patchiness te abiotic

or to biotic factors alcne until a lot mere is known about the
variability of the sediments themselves. In this comnnection it is
important to remember that the sediment samples annlysed physically in
the Vaal Dam catchment were collected next to the sediment samples
exanined for animals. If, as might well often be the case in rivers,
the physical couoposition of the sedirents varies within small areas,
and if patchiness in density is due to sediment type a closc correlation
between fzuna and sediment type cannot be expected to be apparent in

a series of single wmonthly samples tuoken in this way.
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Discussion

Factors which contribute to the zonation of the fauna in the Vaal River
As a result of their studies in the Great Berg River, Harrison

and Elsworth (1958) concluded that the upper river fauna was limited

to the upper river by high swmer temperatures in the lower zones, by

increasing silt loads during floods and also by the deposition of

silt after floods. Species found in the lower river could tolerate

summer temperatures and silting and some of them were limited to the

lower regions by thelr food requirements. As cxamples of such znimals

they quoted Neurocaenis discolor (as Tricorvthus), Psoudocloeon

maculosum and Cheuwmatopsvehe thomcsgeti (as C. zuluensis). From his

study of the Tugecla River Oliff (19603) concluded thot it was mainly
temperature which was responsible for the zonation, though in his
study of the Mooi River (OLiff & King 1964) he placed greater emphasis
on the importance of other factors, in which he included silt, current
speed and chaznges in the nature of the substrztum.

The studies on the stresms and rivers of the Vazl Dam
catchment, taken together with the studics on the Vaal below the Vaal
Barr:ge (Chuttar, 1963) end at Warrenton, provide o large variety of
combinations of environmental variables.  However in the Vaal Dan
catchment these were set against & background which wes unusually
constant in respect of certiin verizbles. Current speeds in the
stony runs of the Klein Vaal/Vaal River were remarkably constant from
zone to zone, and temperctures differed little. In fact the Eroding
Zone was followed downstream by a zonz in which mewn temperatures
were lower in two of the three swasons (Table 12). These temperature
differences are of vital importance in the assessment of the relative
importance of temperature and other environmentzl factors which will be
made below and 1t will thercfore be as well to cxamince them in some

detail. Most of the temperature records from the Eroding and Stable
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Depositing Zone were mode 2t Stations 21z, 20, 21 and 2a. Unfortunately
there were never simultanecus readings at all four sampling peints, but
the times of the day when tcmperaturss wore read varied from month to
month and the sampling points were not visited in the same seoquence
from month to month. It is therefore consldered that the means shown
in Tabie 12 do show meaningful trends and that the temperatures at
Stations 2le and 20 {the Eroding Zone) were highcr than those at
dtations 21 and 2a (the Stable Depositing Zone). This is almost
undoubtedly due to the deeper pools and lesser insolation zssociated
with higher banks and, at Station 21, more shade cover duc to trees

in the Stable Depositing Zone,

Set ageinst this temperature background it is obvious that
the decline in the importonce of Eroding Zone animals‘from Station 2l1a
to Station 21 cannot be 2scribed to rising temperatures, and mist have
been due to other factors, of which the most likely were changes in
the nature of the river bed and an increase in the siltiness of the
envircnment. The high-lying Unstable Depositing Zone fauns is
important in this respect as it shows that many of the Eroding Zong
animals disappear where large amounts of silt and sand find their way
into the streoaws, The precise way in which the silt and sand affect
the fauma is not clear though it is reasonablc to assums that some
animals will be affected directly by an intorference with respiration
or by abrasion, but in others, and probaobly the majority, the effect
will be more indirect through the smothcring of microhabitats and the
alteration of the fecod resources of the environment, through the
genernlly higher turbidities and instability of the river bottom
affecting the growth of epiphytic algae.

However there remains the question of why the Stable and
Unst=able Depositing Zone ~nimals do not invade the Eroding Zone.

This would sgeem to be largely a guestion of the food availnhble in the
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coddis and Simliidae, and they were nssociated with the rich plonkton
being carried by the water from behind the Barrage. At Uarrenton
the disturbance w~s duc to the large numbsrs of Simuliidae. Between
the Unstable Dapositing Zone and Worrenton a fow groups or species

disappeared: Caenidac (P4ustrocacnis), Steneluis thusa and Simulium

grigeicolle, and o few appuared: 7Caenodes, Hydropsyvche sp.,

Helninthopsis slongota, Pechyelmis rufomarginata nisra wnd Simulium

gariepensis. Apzrt from 2 decrease in Choroterpes (Euthraulus) cnd

a very great increase in Sirulium chutteri, the stony run fauna at

Warrenton, which included large numbers of Boetis glaucus, Neurocacnis,

Amphipsyche scottae and Cheumstopsyche thomasseti, was sinilar to that

at sampling points such as 3tations 3, 52 and 13 in the Voal Dam
Catchment. The svailsble tomperature reccords show that the minimum
Warrenton tomperatures werz probably about 500 higher than in the
Unstable Depcsiting Aone above Vaal Dam, but that thore was little
difference in the meximn temperatures, showing how cold tolerant the
majority of the species found at Warrenton are. An important point to
be noted here, which is corgented on in the next section, ies thet at
Warrchnton the Vaal River enters o Rejuvenation Zonc from the point of
vigw of its profile. It is obvious, however, thot this is not =
distinctive faunal zone.

One of thz characteristics of the Stable Depositing Zone
is that it is a zone where thoere are not excoessive amounts of silt
and sand.  Floods ¢o not scour out the vegetaticn. In some respects
the effect of large impoundments across the Vazl Riveor h=as been to
alter the Unstable Dopositing Zone conditions towards Stable Depositing
Zone conditions. The flow is regulated below the Vanl Dam so that
floods arce a rare occurrence in the area iunpediately below the dam.
There is thus less silt nnd sand woving down the river. The waters

held brek by Vaol Dam .re, however, always turbid {(Chutter 1963,
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Fig. 3, suspended solids) and ~ltiough in certrin flow conditions the
water clerrs considerobly in the lower parts of the Vaal Barragze, it
is never as clenr ~s it is in the winter and dry early sumnmer in the
Stable Depositing Zone. The result of this is th.t there are not
particularly profuse growths of aquitic plonts in the river hbelow the
Barrage, but there is very much more fringing vegoetation then in the
Unstable Depositing Zene, The changes at Warrenton were different,
for hore there is on imposed instability of flow for the greater part
of the y.ar. Neverthelasss a reduction in the anmcunt of silt probably
still takes place, The effects of thesce changes have baen doscribed
in regard to Neurocconis.,  anothor specics in which chenges in
occurrence between the Unstable Depositing Zone and Lindeques Drift
might have been duc to chomges in tho environront associated with

the impoundments wns Pseudoclocon vinoswa. This margin~l vegetation

animnl was found in w1l threc seascns in the Ereding Zone, but not in
th. suummer in the othor zoncs in the catchment. Below the Vaal
Barrage, however, it wos pruyswnt in the sumner, which suggests that
above Vaal Den its summer distribution is limited by silt. However
this is o species which Harrison snd Elsirorth (1958) found in large
nunbers in the Groat Berg River in the winter even where the river
was very silty. It moy be that the animel's -bility to withstond

silty conditions is related to the water temperature.

General commcnts on river zonation

Harrison (1965a) sugmested that the stresms and rivers of
South Africa, including the Vanl, could b fitted into Illies' (1961)
classificetion of flowing waters. Inscfar as the Vazl River is
concerned Harrison suggested thet what has booen described here as the
Eroding Zone correspended to Illics' Rhithron end the Stable Depositing

and normal Unstable Depositing Zoncs corresponded te the Petamon.




- 201 -

However the importonce cf silt ond sand in the zonation of Vaal Dam
Cotchment streaws and rivers had not ot that time beon appreciated,

znd so Harrison made nc provision for the Stable Depositing ~nd the
high-lying Unstable Depcaiting Zones. In fact Harrison stated that

it would be difficult uscefully to divide the epipotamon. Nevertheless
the divisicn of the epipotamon or Depesiting Zone into Stable ond
Unstzble parts hms aided considerably in understanding the relationship
between the founs and the envircnment in the catchment of Vaol Dam.
This is surcly the "win peint of any river zonrtion., Nevertheless

it is not at all unlikcly that in most rivers the epipotamon is either
Stable or Unstable and, as indeed was the case in the Vaal Dam Catchment,
fow rivers have both types of conditions, In the Tugele systeu, the
Mooi (0liff and King 1964) was the only river which includaed a2 zone
(ibove the village cof Mooi River) in which conditions opproached those
of the Stable Depositing Zone.

It is clear that neither Harrison nor Illies had experience
of river systems in which silt and sand were such important environmental
fretors c.s thiy cre in the Vaal Dan Catchment, and for this reason they
both pinpoint temperature as being the main factor limiting the down-
stream distribution of the typical mountain fauna, The Vanl Dam
Catchment studies have shown the downatrean distribution of some of
these aninnls wos limited by silt and sond, before temperature became
liniting. This was particularly clear in the sandy high-lying Unstable
Dupositing Zones cnd dn the Kledin Vizl River.  However, in saying
that toemperature is not the main frctor governing the downstream
distribtution of the wountain animcls in the Vanl Dar Catchment, the
auther wishes to .void giving the impression that he dous not realize
thet in other rivors (including some of the Va:l Dam Catchment rivers
such as the Klip or the Elands which he did not huve an opportunity

to study in detail) temperature moy clearly boe the most inportant
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Little Bushwans {(01iff 1060b) or Jukskzi Rivers (41lanson 1961).
This wss because the amounts of orgrnic iatter entoring the streams
and rivers in the Vaal Dam Catchmont were not as great cs they wers
in the Little Bushions and the Jukskei, Most types of change taking
place in the founa of the Vaszl Dam Catchient streams have their
parzllsls in some other South African river. Thus the incrense in
the Siwwliidae and the Bydropsychid Trichoptera found at Station 17,
was similar to that found by 01iff (1963) in prrts of the Buffalo
River systei. Increrses in the density of Nais, Chironomidae and
Burnupii, such as were found in thoe stones in current at Stations 4
ond 5, wore similar to the changes taking placc in the same biotope
of the Greazt Berg River in the Paarl and Wellington section (Horrison
1958b), though in tho Grent Berg River the Anceylid snail wos Ferrissia
cnd not Burnupia. At no sanpling points in the Vanl River systed,
however, did the addition of effluents to the river result in the

large numbers of Baetis harrisoni which were found by allanson in the

Juicskel River.

The rain effect of offlucnts on the mergincl vegetation
fruna was that thoere was an increase in the percentages wnd alsc in
the density of the Ciadecora and Copepoda ot those s~upling points
where there was shelter from the current. Genernlly specking,
however, the changes in the torginal vegetation faun. associated with
effluents were slichter than were the changes in the stonses in curront
fauna, This has been previously reported (Harrison 1958b, p. 309),
while couparisons of the uargincl vegetation faunn from several rivers
(Chutter 1863, Discussion) or from different zoncs in the sawvc river
(01iff 1960a, Te 327) have shown that it varied less from river to
river or from zone to zone than did the stones in currcnt founa.

This all points to the fact that the animals from the marginal vegetotion

are tolirant of o —ider range of ecologicsl conditions than the nnimals
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frow the stones in currcent: sone pessiblc reasons for this have buen
discussed in on earlier poper (Chutter 1963).

The most merked changes in the fauna cof & sediment, due to
an ¢ffluent, vas found at Stotion 4. In this bictepe the chenges
brought about by effluwnts containing organic rottir were largely
guantitative and so at Station 4 the rain way in which the fruna
differed from that at other sampling points wis in the density of the
fauna, particularly Licpodrilus spp. 4t Stotion 17, which was in o
recovary zone and so.e way from the point whore the effluent enterad
the river the fquna of the sedimont was less affected by the changad
conditions than was the faunz of other biotopes.

The coffect of the offluent at Station 1lb, which resulted in
1 fauna made up of the kinds cof aninals usually associated with large
ariounts of orgenic .ztter and a decreasc in the =nount of oxyzen
availcble, clenrly showed the importionce of guantitotive data. It
w5 only becouse the nuntoers of -niv:ls could be related to the ares
frow which they were collucted, ond then conmpnred with normal sampling
points, that it was app-rent that the changes in the fauna at Station
11b wer:s more likely tc bz due to toxic substances thin to organic
ratter and dJdeoxygenation.

The 1rgest and most permanent chenges in the chewical
quality of the water in the catchment of Vaal Daw were seen in the
datervel River, where they were due te inercases in the mineral s.lts
in the water. Thezse could not, however, be shown te haive had ~ny
effect on the fauna. In 111 the other instuances of offluents resching
rivers in the Vaol Dan Catchment, the offwect they had on the founa
wrs local and they could not be tracced in the witer at the saapling
peints (Station 5a and 13) nenrest to Vaal Dam.

In the uajority of instances wherc offluents resulted in

ch:nges in the fruna, chemical changes in the river water could nct be
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dotected. This rust to = large cxtent be due to the fact that
unusuelly long field trips had to be undertaken and Hellwiz's (1964)
rathod for the prescrvaticon of water semplos hed not yct been
developoed. The 5-day Biochemical Oxyguen Derand test, which Harrison
snd Elsworth (1958) found most useful, could not be usced because of
the duration of the field trips. In these circumstances the fauna
was a better indicetion of the organic enrichment of the water than

were the woter samples for chemical analysis.
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APPENDIX ¢ TAXGICMY

The full names of mest of the animals mentioned here may be
found in the systematic ligt given by Chutter (1963, and many of the
publications used in the identification of material are also listed
there. The animaly listed here are firstly those whose names have
changed since the publication of the 1963 list and secondly animzls
which do not appear in the 1963 list. Finally a list of additicnal
%axonomic papers used in the identificaticn of the animals is presented,
together with papers which include descriptions ¢of animals from the

areas studied.

Animals whose names have changed since the publication of the 1963 list,

Name in Chutter 1963 Current name
Branchiura sp. Branchiura sowerbyi Beddard
Iloycythere sp. Ilyocypris sp.

Austroclogon sp. nov. Cloeon crassii Agnew

Baetis sp. T Baetis glaucus Agnew

Baetis sp. 2 Bactis latus Agnew

Tricorythus spp. Naurocaenis spp.

Futhraulus sp. Choroterpes (Euthraulus) s5p.
Notonurus 7?7 ceooperi Crass Compseoneuriella 7 cooperi (Crass)
Elmid 'type H' Stenelmis spp.

Haplechromis moffati Haplochromis philander Il. Weber

A systematic list of the animals not shown in Chutter 1963

Annelida Hirudinea Batracobdella nileotica

(Jchansson)
Batracobdells tricarinata

(Blanch.)

Salifa perspicax Blanchard

Crustacea Cladocera Chydoridae AcToperus sp.
Ostraccda Bucypris sp.
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Insecta Fphemeroptera

Baetidae

Leptophlebiidae
Odonata Coenagriidae

Gomphidae
Hemiptera Naucoridae
Trichoptera

Polycentropodidae

Leptoceridae

Hydroptilidae

Lepidoptera
Nymphulidae

Coleoptera Elmidae

Haliplidae

Psephenidae

Centroptilum sudafricanum

Lestage
Centreoptilum sp, nev. I
Centroptilum sp. ncv., II
Adenophlebia sp.

Psoudagrion vaalense Chutter

Paragemphus cognatus (Rambur)

Laccocoris limigenus (Stal)

? Nyctiophylax sp.

Athripsodes harriscni

Barnard
Oxvethira sp.

Hydroptilid sand grain case

Argyractis pericpis Hampscn

Micredinodes pilistriatus

Dgléve

Microdinodes transvaalicus

Grouvelle

Pachyelnis convexa Grouvelle

Pachyelmis rufomarginata
Deléve

delminthopsis bifida Deléve

Helminthopsis ciliatz Deléve

Leptelmis fragilis Deléve

Lobelmis harriscni Del&wve

Helminthocharis cristula

Delave

Stenelmis gades Hinton

Stenelmis thusa Hinton

? Bubrianax sp.
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Diptera Simuliidae Simulium beguaerii Gibbins

Sigulium ? bovis de Meillon

Simulium chutteri Lewis

Simulivm griseicolle Becker

Simulium medusaeforme Pomeroy

Simulium wellmanni Roubaud

Simulium unicornutum f.

touffeun Giboins
Simuliw, vorax f. rotundum

Gibbins

Rhagicnidae ? Atherix sp.
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