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ABSTR.?-\CT 

This study is an evaluation of the relationships between the stones-in

current fauna of a river system and variaticns in water quality influencing 

it. rrhi? value of the biota in indicating short term and subtle changes j_n 

water quality when the reactions of ~"'·hole communities and not just single 

taxa a::ce examined is shown by the results. These results suggest that 

misrepresentation of conditions can result from the more rigid methods of 

biological classification found in many biotic and diversity indices. This 

is shown by examples of unsuspected contamination of water resulting in 

misleading faunal associations. 

Th~ system derived in this study requires the definition of regionally and 

locaJ.iy co11trolled taxa and their division into dominant and sub-dominant 

associations. No single taxon jas a rigidly defined indicator function. 

These results are applicable to this ri.ver system only but further studies 

should show their applicability to other systems. 
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It/rRODGC'.i.' I CN 

A r j_ver is a complex ecosyst.e1~ in \-vLic:h the shape, size and cornposi·tion of 

the ca.tchme:.1t, the .--iver bi.~d, ~.:.:i--1e v.r&t(.:r ::,nd t.he riverine biota nre inter-

related, often in cciruplex and ,;ubtl'.' ways. Si01.i ( l 97 5) indicated this 

when he stated ;.:hat strea.ms and rivcTs are related to and J.ependant ou 

their terrestrial surroundings becaus8, through rivers, the landscapes 

eliminate the end produ.ctn of their whole metabolism, thus acting as the 

"kidney sy::;tenJ.3 of the J.c1ndscape 11
• In ar:-u tion to the natural end products 

referred to by S10:'c..5. one must bear L1 uind th~t a river system draining a 

highly urbanized area also receives the en~ pro~u~ts of civilization, both 

industrial and domestic. As a result, the quc-:lity of a rive1 's water 

gene.cally reflects U1e range of human activities with i.n its catchment. L-n ... ea. 

Hynes (1975) came to the same conclusion after a lengthy discussion of the 

influence of "the valley" on "the stream" \·:he.re he showed the complete 

dependance of streom water quality on the type of catchment it drains. 

11,his leads to the axiomatic statement, "that every strea.1n is likely tu be 

an individual and thus not really very easily cl.assifiable". 

There are two ba.sic objectives in the field of water pollution control 

(Ed,¥3.rds, 1975) . The first is to establish quality standards the imposi

tion of which will prevent or at leasL minilliize t~e harmful effects of 

chemicals and other waste products released into the system. In addition 

to this imposing these standards mu.st maximize the potential of such watec 

with ·regard to its utilization and its aesthetic value. The second 

objective requires the adoption of technical and regulatory procedures 

which facilitate the maintenance of tbesP- standards. The attainment of 

these goals requires sound river manager.1cnt pro::::ed.ures based on a compl.ete 

knowledge of the biotic ,rnd ab:i.oti.c characterist:L<..:s ctnd relaU.onsr1ips 

within a system. 
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As both thE-~ hyd.rolo9y 2,.nt1 wc1.te~: chemist.ry cf rivers tend to approach steady 

state conditions i.e. natural conditions, a typical Liota may be expected 

to develop in the systi::m or perts thereo-r- {Curry, 197;~). Natu:r.&l or man-

·made perturbations of a ri.ver may result in changes int.he abiotic and thus 

the biotic char~cterist~cs of ciIB Eystem. It is these changes, which ma.y 

have an adverse effect on the uses of the river system, that make river 

system man,.::..gement policy necessary. This i.s particularly pert.L1ent where 

the river syst.;;m flews in.~.o a large impow1dment, the uses of which vary 

considerably, sucli as is the case in tl1e river subject to the study 

reported here. 

In order to establi::.,h standards -u~,e effects of p'.)llutant.s on tbe environ-

mental conditions in the river and on the utiU.zation of the water fnr 

human activities, must be determined. Edwards (1975) separated the 

determi:1ation of such e£fects into two broad 2.pproaches: "'I'he first relies 

on simulating pollutant behaviour and its c3cticm on resources in experi-

mental systems. 'I'he S~(.!ond relies on an examination of pollutant 

distributions and their pattern of effects 0:1 actt,al resources 11
• Both 

approaches have their c_:1:i..sadvantages but t.he fact that the experiment.al 

simulation cannot include all the factors whicb can influence pollutant 

behaviour and action, t.ends to make th:i..s method more usefu]. as a. rw~ans of 

confirming field results rather tr1an for thE? generation of hypotheses. •rhe 

study of the ef fee ts o~ tlH" environment on a.ny part of the biota is thus 
/' 

better conducted by means of the observation~.l approach, if this is able to 

include the establishment of a spatial or temporal network of sites with a 

range.or gradient of pollutant levels an.cl effects. 

JdeaJ.ly, a complE:te river simulation model incorporating all possible 

interrelationships is rwed.ed to imJ?1emcnt river management techniques. 
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Eoweve.r, j_n practice, t.he problems involved in obt.c:dn:ing thi., amount or 

data and quantifying pnrticularly the nc~-consArvative elements of a syst2m 

would be virtually :i_nsur;n.ountable. Thus i.n orde:;:- to obt.:::tin a.dequat:.e 

theories on the ecological in~:ei:rcle.t.ionships within a. system whic.h c;:;_n be-~ 

a0 velopE:d aad tested for policy - making the most pra\ ·t::.ica.l methoci seer::.s to 

be a complete evahJ.at.i.on of t.~1e 1.ela.tionsi1ips o~ one: part of tlw ecosystem 

·vv i th as many major influencing factors as possible. This approach, 

although seldom aimed specifically at water rn.anagement nolicy, has in 

recent years been adcpted in a number of fie2-ds. Examples a.re seen in 

studies of di.a.toms (Patrick, 1965, Schoeman, 1973) > mc::.r::roinverteb"t'.'ates 

Gaufin and Tarzwell, 1956, Chutter, 1963, Dills an3 Rogers, 1974, Hawkes, 

1974), protozoan£5 (Cairns, Kaesler, Kuhn, Plafkin ;,_nd Yongue, 1976) and 

ma~1y others. 

However, most studies of tbis ndture have been conducted in the northf~rn 

hemisphere where environmental condit:ions differ from ttose found in South 

l\frica. 

In this study the stones·-in··current fa1..i.na of a r.j_ver system is compared 

wit.h the abiotic factors of the environment, both physical and chemical 

whi~h may have an irn~ortant_influence on it~ 

With the resuJ.ts of such an evaluation complet.G, hypotheses based 011 these 

relationships, together with ecological theories bas~d on other aspects of 

the system can be used to formulate a predictive theory for the purposes of 

system management. 
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The interpn~tat.ion of stre.:::.rn cond.:Lti<.mr:: based on the plar:t 2'!1'i e.nirna). 

populations in the ct:r~earr1 r1<.JH been m:--: c:J .for more than 70 years (Wu-r tz: 19 55) . 

This interpretation is bascJ on an analysis of tli2 organisms present, sa□e 

species bclng tolerant of sp~cific conditions while others are intolerant. 

Early workers in this field ter.ded to base their conclusions on a simple 

presc-ncE:/ a.bsenca theo::y. Kolkwi.tz and Marsson (1908, 1909) propmmdsd. the 

well kr:own sapr0bieasystem •vhi,::h wa.s ba .. sed on the presen,....0 or absence of 

organisms. This conc<:!pi: ,-,as u.dhered to for mctny years as is seen .:i.n a 

statement by Campbe1.l (1939), ''It is a well est:JLlish2d fact that 

.. ,., 
organisms occur in, or ar2 absent from, a. given locality in proportion to 

the extent. to which the sur::.:-oundings are favourabl,.:: or unfavou.~able to 

thE!m 11
• Even current workers still ::::-ef 2r to this presence/absenr:-:c rnr.:;thod ~)f 

classifying water (Resh and Unzicker, 1975) as a viable mei.:hod. 

'rhere have been several usef.uJ. revim"'s of the literature on the '.JSP. of 

indicator. organisms (Gaufin and T2.rzwelJ., 1952, Patric\:., l962r B;:irtsh and 

Ingram, 1966) but th~ most comprehensive recent revievrs have been in 

Chutter {1972) , Sladecek (1973) and Al.:iliaster (1977). 

However, it is now becoming generally accepted that the mere presen~e ,x. 

aiJsence of a species cannot be considered indicative of a particular 

condition because the presence of mo(1,~rate or sm2_ll nnmbers of a spe~if ir. 

species in a population could be due to any of a varic:~ty 0f unpredictable 

factors other than, for example, organic pollution. Chutt.er (1972) points 

out that all indicator organisms, including those associated with the 

most seve:cely polluted wate~s 1 occur in natural wat.ers. :Cd.wards (3975) 

warns of the danger of ad0ptL1g · th2 ir:dica_tor species approach too rigirUy 

when one is concerned in a p~ospective way with the possible future e[fccts 
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of pc•llutior. becaus<.='! there is u:-:> guarantt:::e U1at the choscu ind.Lcator 

species wilJ }Je particularly sensitive to p0llutants with different. mod.es 

of action. 

'I'hus the P1ore recent trGnd is to de:Lincate ir.Jicator com..'11unities, thereby 

ma.king use 0f the maximum amount of infm:mation tha.t can be derived from 

the L .. 1.xa present and their abundance relative to one anothe.-..: i.e.. commun.:i.

ties not species reflect stream conditions (Richardson; 1929, Wurtz, 1955, 

Gaufin a:id Taro;,,welJ., 1956, Erinkhurst, 1966a, 1966b, Chandl.er, J 970 and 

Chutter, 1972j. 

The tendency to ha.se river classifications on the relative i:.bund:.-.i.nce of 

specific taxa led to the formulation of a number cf biotic and divercd.ty 

indices. Re:views of t.he::e are extensively covered in Chutter (1972) a.nd 

Sladecek (1973) • Most of these indices are subject to one of two shc:r-t

comings. They may be highly technical, requiring specialized studies which 

result in findings which cannot be expressed in a way that is easily 

understandable to worke.r s in other discipliP.9S. S1.1ch systems of bioloqical 

classification of water quality are those of Patrick (1950, 1951) and Wurtz 

( 1955) . Al terna ti vely there are a number of simple indices in th(~ 

literature which do consider the whole macroinvertebra.te fauna and not j"t.1st 

indicator species, but. these tend to impose a certain rigidi t~/ on the 

classification. This results in the indices being applicable under limited 

conditions only or els8 they are only indicative of a single parar,~eter such 

as those of Woodiwiss (1964), C'airns, Albaugh, Busey and Chnrnay (1968) c:.nd 

Chutter (19./ 2) . 

Although diversity indices are being widely applied in stream 1:~ollution 

research some doubt has recently been cast on the validity of such methods 
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~f steam classification (Eberhardt, 1969, aurlbert, l971, Godfrey, 1978). 

Godfrey (1_978) concluded. thnt although diwffs.i.ty is not ecologically 

rneaningles c;, it may not JJe possible to use diversity j_ndices as a d:i.rec::t 

measure of pollut:ion' s effects on a segment of <l natu:r.a.l str.eam community. 

Dr~nonr:=ourt and l?olk (197~)) warr.1 that although diversity and bi.ot.ic indices 

are useful tools, they should no~ be applied too rigidly and must be used 

in conjunction with a .Know1ed,:re c~ the species involve,;:,d as wGJ.l as t.he-: r 

relative abundance. IIynes ( 1963) sumn!a.rizes this when !Je states i.:ha. t; "tc 

adhere to a rigj_d s_v3tcm of this kind is to bemus,:::: oneself with l:he idea 

tha ;: r::omplex ecological changes can be ~ubjected to simple .::lassi.ficatirn1.s 11
• 

This rigidity results in a tendency for users of indices to make the 

ass-..lIBption that each group of species is a unit in that these species which 

are grouped together see:m to benave in the same way u.nde:i::· the effects of 

pollutj_on, prov.ided tr_e otl:i.er environmental conditions are com.parable. 

This could lead to a mj_srepresentation of results as each part of the group 

is reacting ind.ependantly and its variations mu:.·.t be viewed in tl1e light of 

kno~ledge of the species. 

It must therefore ulways be bo1.-ne in mind when working with faunal 

communities that just as oversimplification can lead to a rnis::cepresentat.ion 

of results, care must be taken when analysing ccm1Jlex results. As with all 

continuous variates borderline cases exist and it is still of the utmost:. 

importance to recognize environment.al influences that have a bearing on 

community structure but are unrelated to any form of .pollution. 

In addi tj_01-i to these cnvironmtmtal factors the type of pollution being 

investigated sh0 11ld also be definE:d. Brinkhurst (1966a) stated that 

pollution i.s a general term coveI:-ing a ·.dde variety cf p:rublcms and th9 

' term should always be prfJf ix.ed with a suitable adj ect.ive (organic pollutioc, 

toxic pollution, thermal pollution etc.}. l ,, . 
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The value of usi!1g the ma.c:rc,inve;rtebraU-.: fauna as a basic factor in 

assessing water quality lws beGn ex-t:ensively debated in the literature 

(Wurtzr 1955, Hyn0s, 1958, Brinklm::cst, 1966a, Cha:ndler, 1970, Kaesler ...... nd 

Cairns, 1972, Denoncourt and Polk, 1975). ~rinkhurst (1966a) felt that 

while fish are frequently uppermost in the mi.:uds of those s":!el::ing help with 

pollution problep::s, i:hey are not particGlarly easy to use as pollution 

i.nd1.cators. They are relatively d.ifficulc to sample and their mobility 

makes it. possible for them to avoid those parts of the environment \'•.'hich 

become intolerable for short p:~riods. Alternati·v-ely the microflora and 

microfauna can only he identified by specialisrs 2nd may only rcf;ect 

temporary or localized conditions owing to the rapldi ty with whicb comrnunj_--

ties of micro-organisms can develop. T~1cy can also disappear frc~ the 

habitat \dthin a matter of hours. 

The macrobenthos have a less rapid rate of reprodustion than the mic~obiot.a. 

and a relative 1.&ck of mobility when compared with fish. Ingram (1966) 

points out that some macroinvertebrates have delicate respiratoz·y 

mechanisms and may be among the first organisms tu respond to the change 

due to industrial, agricultural or municipal effluents. They a.re thus 

readily affected by stress and therefore 1.:.end to reflect the general 

condition of the environment. 

Confirm:i.ng· this opinion Kaesler and Cairns ( 197 2) shuwed that. l .imnological 

l., 

surveys typically include a great deal of redundancy. By mf!ans of a Q-·mode 

cluster analysis using several groups of organisms t.hey showed that the 

inforr.1ation gained from the sm::w~y is best shovm by the distribution of 

aquatic insects and, to a lesser extent, diatoms. 
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'1ne ma.croinvert2brate fauna of a rivc1· ca.n DC- very c0;~1r,lex -...,•:~th b::_.:;topcs 

ranging frc-.11 barf! rock, v.:La sld.r~gle to sand, mud and beds of wut.e:c v;ced. 

Chandler (: 970) fo~:1d t.h~t t.he ''riffle" or .sto'.1cs-in--cu:-rcmt biotope, wbe~e 

broken water flo·-'·s rapidly over a bed cf J.oosc stones is the !::.'lest for 

pollu~iona1 st.rnJ.ies, since it is here that th8 animals most sensitive to 

pollution ar~ likely to be found. In addi ti.on to this irn1-;ortant. charcJ.c-

teristic of the ston.es-in-cur.r-.!nt biotope there is also the fact tha.t w1e 

faunal comrnunit.ies occupying it are the easiest to analyse, which 

recommends .Lt. Thi~ is int.imated by Chuttel:" (1972) when he statec1., with 

refe:,rt•nce to foi.'lnulating biotic indices, t.ha.t; iraa-::.a for tb~.:se o-c.her 

biotopes indicates t~ac this will not be easy, mainly because th~ir faunal 

communities c.a.rc ra'l.,her variable even in clear streams and r5..vers''. 

The fact that the faumi of a river system can be determined by b:>th 

regional and local effects is often nsglectcd when comp::n:isrn1s tetwer::!n 

rivers are made. 'l'hese effects on the patterns l)f species richness have 

beei.1 emphasized in the liter3.ture (Levin, 1970, Levins and Culver, 1971, 

Segel and Jack.:3on, 1972, Horn and iV:.acArthur, 1972, Vandemeer, 1973 and 

Slatkin, 1974). MacArthur (1960) divides corumuniti'3s subjected tc these 

effects into "equilibrium communities" and "opportunistic crnrn.n· .. :mities". 'l'he 

former maintain structure thro'...l.gh local factor.s (population interactions 

such as compet~:__ tion and predation) which in turn are influenced by 

prevailing conditions, a11d the latter through regional factors (migration 

and population extinction). Stout and Vandermeer (1975} 3howed, in u study 

based on the cDmulative sampling !'."ecords of seven mid-latitude and nine 

tropical streams, that in general mid-latitude streams contairi more 

regionally controlled species while tropical stremns have 1!lore l0cally 

controlled species. Some ~crk~rs have fc1md that species ric~ncss ~etween 

different latit.ud_;_nal zor~es is similar ifl. "ecologically similar" streams 
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(Patrich., 1964, 1:JG6). Stout antl Vo.nd<:~nuem: (1915) £eel tllat. these results 

were due to irn..1der1uate sa.mpling & 

·The streams covered in t:.'1.e above studie:; lie between 6° and 10° latitude 

(tropical) and 35° and 45° latitude (mid--Jat:itude). The Juk~lrni-Crocodile 

River systt:::n lieE: between 25 ° 45' and 26 ° l O' latitude and is thus exactly 

between the zones compared by Stou-c and Vand~rrneer (.1975). 

Apart from a c'3rtain amount of incidental. informa+-.ion that became available 

in taxonomic pape::::s little was knm-m eJY:mt th8 b:i ology of South African 

rivers prior to 1950. Most studies in this field had been developed in 

Europe and North }\mer ica (Harri non and Elsworth, 195fl) . As a c.Urect result 

of the African Regional Scientific Conference held in Johannesburg in 1949 

Harrison Qnd Elsworth began a survey of the Great Berg River in the Western 

Cape. Their ultimate aim was to determine tha biological effects and 

indicators of pollutio11 but they reali.zed that the first essential was to 

study the biota a.nd conditions of life in an tmpolluted South Afrj_can river 

in order to provide a s~anda1~ of reference against which a polluted river 

could be compared. '!'his basic work was admirable but it was left to others 

to progress towards the ultimate aim. 

Shortly after this a study modelled on that of Harrison and Elsworth (1958) 

was initiated o~ the Tugcla River syatem in Natal (Oliff, 1960a). This 

study included an invc:stigation of one polluted tributary, the Bushrnans 

River, which was hm1ever not severely po~luted (Oliff, 1960b) . 

Chutter (1963) followed with a similar study ou the Vaal Rjver in the 

Vereenjging area. 
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These studies werG ba sicc:J.J y h~·jrubj ol ()g.i.ca.l and the fauna of spc-;cif:i.c 

river zones, as classifj_ed by Harriso:1 and Elsworth (.195B), were listed. 

Bawevc:r., th~ tendency in t.h2s2 studies \r•s to place thf: emphasis on a 

·comparison bet.ween zones rather tha:a on the variations in relative abm~-

du.nee within ch1.racteri.;;.;t.ic aJ:'eas. 'I'hese zon~s often covere6. a wide 

variety of conditions. This was necessary due to the fact that t.he vast 

amounts of 1.ata covered by these surveys hc:.d to be analysed sul.jf.?Ctively 

and sp~cific v.:1riability :,f ccnditions and its effects ·.,ould have !:-e'2n 

difficult to determine. 

In a later study on the Vaal Darn catch..rnent area, Cbutter (1970) dif sbow 

the relationships }x~tween the re:;.at.i ve abundances of the dominant taxa 

found at different stations. hi though the emphasis wa.s principally c~11 

comparisons between different zones in the river thi::, study also includes 

some discussion on the variations of these dordnant taxa within a zone. 

This va.1:iatio:..1 was mainly based on seasonal changes in physical fa.cto:rs 

such as temperature, n.2.t.ure of the river hcd and siltiness which affect the 

availability of food. ri·here were no apparen.,-::. relat.ionships between tl:cse 

variations in the fauna and river chemistry or effluent sources due t.o the 

fa.ct that there was probably no severe polluticn from the mainly agricul

tural areas of this catchment. 

'These .studies all prov-i_ded a thorough backgrou!ld on which further Soi.1th 

African studies could be based. The Jukskei-r::rocodj_lE: Rj_ver system as 

covered in this study includes both clean water and enriched tributaries. 

Amongst the latter enrichment by both the con!.,ervative mineral E' .. dem~nts a.nd 

the non-conservative plant nutrients (combined nitrogen and p:wsphates) 
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occur with thE.: possibili 1.~y of t~hE:rmi:!l und/o.r toxic ccmt.arnination in one 

tributary. Th~ system thus }!roviaes a range of condlt:io11r; \vhich c.llm•!S an 

evaluation of corriJI:.1.1Pi ty typE.s for a wide s12.lection of ,.:mvi1·onmental 

changes. 

Prior to this study the system was thoroughly monitored by Allanson t-1961) 

as a study uf a polluted river to extend ~.he work of Rarr ison ( 1958) . 

Allanson's three basic obJectives were: 

1. The determi11;1ti0n of: present cri8mical and biological conc:ii tions of the 

streems forming the Jukskei.-Crocod.ile River system. 

2. The J.eterruination of sources of pollution in the system and the 

ef fec;ts of these pollutants on the b:;.ological conditions of the 

system. 

The ,1:>rcsent survey was undertaken notwithst.nnding the existence of thi!3 

survey for a number of reasons. Firstly, the chemical and h.i. olcgical 

status of the river and the sources of pollution havo changed considerably 

during the last decade due to extensive industrial and urban expansion and 

the relocation of sewage treatment plants in t.Le areas dra.ined by this 

sys1:em .. More ~odern sewage treatment processes hc1.ve also replacP.d those 

used at the treatment. plants in existence during the Allanson study. With 

reg~rd to the effect of pollutants on the bi0l.ogicr1l conditions of the 

system many of the basi~ principles of Allanson (1961) were, of necessity 1 

indicative of general polJ.uticnal conditions only. This does not allow for 

the uriderstc'lnding of borderline conditions or the effects of specific types 

of pollution. 
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With reference to hi.s thi~d cb~ective AlJanson concJ.uded that no U8eful 

info~mati.on would be gained by describing indicator sped es, but that f::~r 

~ 

more valuabie intor~ation could Le obtai0ed using the clssaciation of 

·species. This agrees ,d th t.he literature survey alreacly discussed. Hov,-

ever he then fonnd :Lt a.dequate to divide the species 1r,al:ing up trie associa-

tions into five categories: 

1. Polluted 

2. Recovery ,vi th V3.ria1:.,J.e oxygen 

3. Recove~y wi~li consi~tcnt oxyg~~ 

,L Clean 

5. Ubiquitous. 

This is however a very general classification giving no indication of the 

t.ype of pollution present nor the effects of e.ny othei:- type of pollution. 

For instance, would the fau.,'""lal association he affecte0. differently if 

subjected to mineral en~.icl1me:nt instead of organic pollution~> Furth8rmo.re 

no account appears to have been taken of var.l.ati.on in comrmmity structure 

due to ca.uses such as intermittent flooding,. periods of adult emEffgence 

and other natural factors. 

Hynes (1958) criticized t.he type of app)_·oach used by Allcrnson in the work 

of Pat.rick (1951j and Wurtz (1955). Hyr.es (1963) states that: "it is a 

great mistake 1~o try and evol ue forr1:ial methods of classification. In 

nature little is simple and straightforward ar1d a rig-id system can lE_::,ad 

only to rigidity of thought and approach". E.:i.c'i1 river or stream a.nd each 

effluent is different so the pattern of pollution and its effects varies 

from pl~ce to place. He goas on to say ~hat there is neither need of, nor 

advantage in, a formal classiiicat.i..on into saprobic or pollutional zc•nes, 
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which in any c~ent arc not cls~rly defin~a. Each river, or even section uf 

river, must be cla~;sified on it.:~ m·m in .relc:..t.ion to :L ts own type of 

conditions. This i.s probably~ a li.tt:le sevf::ti::-~ as ger.e:i:·al. pher1cna~na cc:.n be 

.defined but it is correc~ in ~0t this type of study does not t~ke varying 

types of pollution int:c a.cco:...nt. 

AllaL.son ha.3 jus'lified his approach hy sta.ting thnt Sholnoky (lY58) had 

shown the value of: an exactly similar approach du!:'ing his investigation of 

t:he diatom pop11lations of the Jukske.l-·CrocodiJ.e Ri.ver system. Hm•,·ever, 

this justification. ha.s certain shorLcomings i.11 thqt an unpublished study on 

the diatom populati..0ns which ran concurrently w1.th t.he present one !5l!ows 

that the diatom reaction to con01.ti0ns is not alway£" sim5.lar to that of the 

mac:coinverteb:.rate populations. Also, the taxonomy of the di.atom flora in 

South Afric&, without which indicator groups tend to be s-..1spect, is in ~~ome 

confusion as is being show11 in a current study by Schoeman and Archibald 

( 1976-) . 

Chulnoky (19:)8) also pl.-:..ced more emphasis on the rE:J.ati ve abundance of b.is 

indicato:i::- groups than uid Allanson who listed the species charact.erJstic of 

his broad pollutional zones but did not examine their relation in 

proportion to each other. His appl:i.cation of relative abundance was based 

on the number of species present as compared t.o t:he total. nw.'Il!::er of 

indi v.i duals ra.th,~r than the number of individual£ of a particular .species 

in relation to that of other species under particular conditions. 

A more rece11t study on tl-)e cf fee ts of po] l ution on the flora of this river 

system (Barlow, J 97 4) df-..:als only with the upper reaches of tbe river anu 

due to th\:! relatively superfici.J.l data on the chemical and -physjcc.l 

parameters of the system it did not reach any conclusions which can be of 

much pred.ictive value in water r.w.nagemc-nt polici2s. 
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'i'he 1.u:~e of computers for analysing large quantities of biol.o:;ic.:11 data is a 

reasonably recent innovation. It h~s become particularly popular in 

analysing veqctational data U\1.".st.i.11 imd qrcig-Smi t-.h, .1968, GrigaJ. and 

Goldstein, 1971, Swan, 1970, Walker, 1974) hut has also been used in a 

n 1lmber of other disciplines sucb as microbiol0gy (Sunjman and Gyl.1.enberg, 

1967) , ecological st.udies (Williamson, .1961, Goodall, 1S)70) and marine 

t::c:ology (Field, 1968, 1969, .1971, Stepher'3on, 1972). This type of analysis 

has also been used su(~ces~ful.ly on date-:. from l.hnnologi.c::-..1 survey::; 

(Kaesler ar.d Cairns, 1972, Fahy, 1975). 

The purpose of the present survey is to attempt an evaluation of the 

relationships between the stones-in-currei1t fauna of the Jukske:i.-Crococ1iJ.e 

River system and the environr:1erita.l factors, both natural and man-made, 

influencing it. Tl1ese relationships can lead to a correlation between the 

distribution a.nd relative a.btindance of 11 indi.cator cornraunities" and the 

characteristics of various water typ2s. Based on these correlations, 

relatively specific varirr tions in water quality can pCJssibly be d.c~ter

mined. The logical extension of these results will be the ability t.o 

predict the effects of changing water quality on the fauna. 'I'hese result~ 

will at this stage be applicable to this river system only but further 

studies should indic~tc their applicability· in other river systems wii.:.hout: 

imposing too much ri9idity on the classificaLiun. 
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GEI,:EHAL DESCRIPTION 01., TEE STUDY APEA 

The catchment are3. of the Jukskei-·Crocodilc~ River system (F:i.g. 1) covers 

anproximate.1.y 2 500 km2 clnd lies di::. an alt.itude of Lc-:tween J. 850 1:12t.res :i.r1 

-!:he south and 1 2JO metr:.::s _;_n the Porth. 

'rhis area lies in the centre of the Transvaal: to t.h2 north of the Wit-

watersrand, a watershec~ which divides the Vc-.al Ri·ver basin in the south 

from the Limpopo River basin in the north. 

The n~tural vegetation of the area varies fro.:11 the typical savanna plains 

of the Highveld to mixed bushv::-ld on the parallel :ridges j_n the i-1orth of 

the survey area. However, most of the northern sJ ope of ,_he W:i. l:v..·ai.:e1·m-:·anci., 

which forms the southt~rn part of the Ci.-•tchment, is a de:nsely pop1..:;.J_at("'l'J 

urban area. 'l'his region is also heaviJ.y industrialized but the mu.in 

concentration of indust-xy f,'j_lls i.n i:he sou·'.:.11-eastern region of the 

catchment. To the north of this urbunizcd regio•-i and most of th2 easter;1 

part of the catchment are areas of intensive' agricu.J tu:r:e. r11h2 north-

western area is relatively undeveloped consisting mainly of small farms, 

where land is used for grazing and agriculture, arid recreational areas such 

as picnic resorts, "weekend cottages" and small nature reservE:s. 

'I1he geology oi" the catchment area has been well reviewed by AlLmson ( 1961) 

so that only a summary of this is necessary here. The \·Ji.twatersrand divide 

is built up of ·white quart.zi tes, conglomerates, shales and igneous rocks. 

To the north of the W.:i.twatersrand a denuded g:i::anite dome~ forms undulating 

c:ountry with fairly deep vaileys througl·i which the rive.rs and streams run. 

'I1he northern edge of the catchment j s bounded by a belt of dolomite through 

which the Crocodile River passes before cutting through the y_uart.zit.es, 

shales and diabase of u~e ridges which form the Pretoria series. ThE~ soils 
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c~vcring th•.! greater part of t.he Cb t.chrnent. ,'lre derived fr0m olc1 granite. 

'I'he climate in tlw area can L1.~ c1.esc:i::jbed as cold o.nd dry .during winter and 

alt.hcugh Allar.son (1961) :.nd Barl:::,\-; (1974) [;tate t!1at it is characterized 

by ocra.sional snowfalls on the \Id twatersra.::1d the last occurrence of snow 

was experienced in 1964. 'I'he summers are warm to hot a.nd rainfall tends to 

be confined to this period. R:=iinrc=tll between May and August is negligi:'.Jle 

but although Allanson ( 1961) found that 85 to 90 per ce11t. of the rainfall 

during his study pe{·iod occurred between November u.nd April, the years 

covE-r~d by the present survey e:.·,xpr~rienceJ. a large propor.tio,~ of the 2mo~1er 

rainfall in the late SE;ptember/October period. =rable 1 summarizP.s the 

climatic condition9 prevailing during this study period. 

Allanson (1961) divided the river into three reaches according to contour 

lines: 

(i) Upper Reach -- 5 300 to Li 800 ft ( 1 600 - 1 450 m) co:1t.ours from 

the source of the Jukskei River in I3ezuide:ihout Valley to just 

above the confluence of the Modderf ont.<::in stream with the 

J·ukskei. 

(ii) Middle Reach - 4 800 to 4 300 ft (1 450 - 1 300 m) cont.ours from 

the a.bove confluence to that of the Jukskei with the Klein 

(iii) 

Jukskei River. This reach includes the conf luenct::: of the Braam-· 

fontein and Sandfontein streams with the Jukskei. 

Lower Reach - 4 300 to 3 800 ft (1 300 - 1 150 m) contours from 

tl,e end of the middle reach to the entry of the river into 

Hartbeespoort Dam. rrhe ccinf luence of the two rnai.n streams of the 

system, the Crocodile River a.:1d the Jukskei River, as well as the 

confluence of the HPnnops R.i.vcr with the Croc:odiJ.e shortly before 

the dam, dre in this reach. 
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r;a.ble l: CJ.imatic cornh ti0ns in t11,.~ c;e.t.dm1.ont o.:.·Pa <lv.rinc; the peT:J.od 

r-------------------------------·-----
;,Tonth 

Apri: 

May 

Jun& 

July 

Augusi 

September 

October 

Novem1:er 

.December 

.Ja~uary 

Feb-ruary 

1972.h 

Mean 

Tempera:"J.re 
roe, ' ) 

16, '~ 

16,l 

11,3 

9,2 

10,7 

12,7 

15,6 

17 ,9 

16,2 

19,4 

20,3 

21,2 

rtcd nfall 

( tm1) 

5: 

72 

35 

12 

~ 

rt 

88 

250 

150 

195 

172 

107 

,---
19n~/t1 I • {.., + 

I ·r··-
; Mean 

Tempera h,.re Rainfall 

(oc) (mm) 

18,2 23 

15,9 67 

13,3 15 

10,7 6 

9,6 0 

14,8 8 

16,1 79 

18,7 175 

18,2 97 

19,3 220 

22, 6 I i.82 20,4J_ 74 _J 
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The pn~sent study v,as mGi:n1.y concerned with tlle middle and lower reaches 

of the above di.vision of the system. 

At the time tnis survey was urdertaken there w~=e three ~~jor point 

sources of ef fl 1.;.ent in this ~cctior. of tLe river system (Fig. 1) as 

follows:-

(i) that from a dyn.::imite and chemic..al factory enters the Modderfon-

tejn stream which ~nen passes ~~rough three small dams before 

flowinrr i1i':.o the Jukskei l<i ver. 

(i.i.) a large sewage treatment plant situated in the luw~r reach of 

(j_ii) 

the river. Effluent from this plant. enters the Jukskei River by 

means of an outfall $tream, which passe~ through a ~eric~s nf 

maturation ponds, at a point a few miles upstream of tr1e con-

fluence with the Crocodile River. E0wever during peak flow 

periods excess treated effluent bypassed these pends by means of 

a stream which entered the Jukskei River immediately upstream of 

the conf luenu with the K:Lein Juks'kei River. 

treated sewage effluent. pumped from the above works to a 

power station for use as cooling \vatcr in the cooling towers. 

The effluent. from this power station entered the Mod.de.cfontein 

stream upstrea.m of the point source described in ( i) above. The 

effj_uent leauing the pov1er station is probably more concentrated 

due to evapcration in the cooling towers and is also warmer than 

the river water. 
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CLI,,SSIFICATION Ol? 1l'fiE LUrIC m,.}:HTJVr 

'Ihe cli:.~ss if i.ca tion of \•.1c1ter type :based on sul)i:;tra t.e composition, steepness 

of profile and type of flow has been described by Allanson (1961) after ~h~ 

rnet~·1od adopted h::_, Ha.rrison a.nc1 Elf;worth (1958) ~ ':::'he~e a:i.:-c a wide variP.t:· 

of mc+.:hods of cl.assify:Lng rivers which have. been extensively reviewed by 

Illies and Botosaneanu (1963). They have created a system of nomenclature 

for the general classificatio;: oi lim:nological zones which are typific-1 by 

ct. characteristic fauna. Acc0:i::ding to this system the Jukskei-Crocodile 

Rive:c system would l:":e classified in the rhi thron .c.one. However, as they 

hav,:.' ora.i tted all works on polluted waters from their survey, the falAna of 

this system wil1 not b2 typical of their rhithron zone. 

Pen~ak (1971) djscusses this variety of classi.fication systems and, 

altho~gh he does not take the extreme view of authors who reject all 

efforts at clas..;;ificati.on and division as e,rbitrary and sl~bject}:ve 

(Badcock, 1953, Armitage, 1961). he feels that u:an.y are unceli2bJ.P-. Few 

have h~d anything more than l0cal acceptance ~articularly where they are 

highly speciHc. 

\Ji th the i.ncr0as_:_ng amount of work being done in the \vorld on the ecology 

of r.iver.:ine communities a lot of confusion is occurring through inadequate 

descriptior:s ~·f the type of habitat involved. Rivers are often simply 

classified as being eutrophic ,· oligotrophic I m2sutrophic etc. and yet two 

rivers classif:i..2d similarly may support entirely different faunas due to 

a.ny one of a number of other characteristics of the habitat. 'l'his 1r1akes 

compari.sons between studies of rivers in different parts of the world 

difficult and Pennak (1971) feels that the most significant system for 

classifying lotic habitats is one which should be applicable on a. wor.ld 

wide basis using chemical, ~lysical and biological features of the environ-
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ment. which give a general p:i cture of the type of- stream being dcc-:i."i -t wi.th. 

He suggests a clasr.dficatj on sy:::;tem based on thirteen _parameters and the 

criteria for t.his classif:;_cat.ion together with the characteristics of t..11.e 

Jukskei-Crocodile Ri v0r system arc given in J\:1blc 2. It must. be bon1e i:i 

mind that this is a general r.lassification bast:!d on the ri v;_,r sysi.t'ffi i.1.s a 

whole so that .:Lt .can he compared with systems elsewhere in the wo:cld. More 

C:ctailed descriptions of individual stations or sect:tons of the river w::.11 

be dealt with in the results of this Sl1rvey. 

Two parameters, turbidity a.nd percentage sa turat.:.ion of dissolved nxygcn, 

were not available so that an indication of turbidity i~..; given by the 

amount of solids in suspensJon anc. the Cegrce of organic pollution is given 

by the c=ivr:rage chemical oxygen demand (COD) va.lnes mci:.:..sured. 
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Tnble 2 Criteri~ for classifi~~tion of lotic hnbitats and th~ classificntion of the Jukskci-Crocodile River syetem 
( categories vhich a.re u:1dcr ~iried apply to this riYu system). ft.fter Penno.k (1971) 

Pa?-ar.iet.ers C n t e g o r i e s 

-
' ! Mean width (m) <l 1 - 5 5 - 20 20 - 50 50 - 200 

i 

I Flew Temporary Permane'lt 
! i 

! I 

Mean current (km/hr) 

I 
I 

<0,5 025 - 2,5 2,5 - 5,0 5 - 10 >LO 
I -
I ! I c-~a~se DominE.J~t 'subr.tr9.te Rubble & Ort:anic & fr.or- o .\;a1.ic ----- Gravel 

I 
Sand I boulders gaaic f':ilt I ~ - . ..... eor1s 

I 
Sur..:ner maxirnu:n tempera- I 

tu.,t.· ~0 c) >30 20 - 30 

! 
10 - 20 5 - .n <5 

I 
~inte~ oi~i~u.m tempe- >20 ' 10 - 20 .2-=- 10 <5 :.a.tu.re (0 c) 

I Mean l:'.•)li.ds in suspension 
80 - 100 I (r.ig/i) 

I 

r-Total dissolved inorgnnic very small small oediUI!l !_as~ I content (TJlfJl) · <30 30 - lvO i 100 - 300 _:JOO 
I i 

I 

I 

Total d.issolved organic very small s!!:all I r.iedium large 
conte:1t (mg/Q.) <30 30 - 100 I 100 - 300 _>30Q_ 

! - - -
Wll.ter hardness (ppm Caco3) so1··~ medii;m I hard very h~~.£ 

0 - 10 10 - 40 liO - 100 >100 

Organic pollution (COI' fo. l_0_-_40 
:r.g/9.) 

Maximu;n rooted a~uatic absent or restricted moderate dense 
cover ner;lii;,;ible <10% 10 - 50% >~0% 

I ; --
I 

Do:t:'.inant strea.mside absent or herbs & I brush with s,:,:~e wood.1a.nd vesetation negligible grasses I herb:, & grasses 

----- -

I 
I 

i 
i 
I 

! 
I 
I 

I 
I 
! 

l 

>200 
_j 

; 
I 
i 

' I 
I 
I 

-7 
~ 

! 
~ 

i·) 
j-! 
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M:f:'l'f]ODS AND .MA'l'ERIALS 

SAtv'iPL ING PROCEDUPJC: (D,"':l ta Col_lect.ion) 

EJ.<Jhteen s.:-1.mpJ.j_fig st.e. tions w2rc selected. •rhese were si tua i.ed i.n ore.er to 

obtain the maximum poss1bJ.e informu.tion on the ::-:ources of ccntaminatcd and 

r:J.ec1.n waters no that where c1 ·!.:.l:'ibnt::-.;.ry o:::.. effluent:. inflow entered i.:he :ri1ain 

stream a sampling station was establ.:i.shed on either s.idc. of this point and 

a thil:d cne was piac-2d on the 'i.:ributar.y i tse.1.f. 

These st.at.ions started on the Hodclerfontein strea1u in tbs Edenvale arec1. ar.d 

on the ,Jukskei River Jn the nortl12r.:-1most suburbs uf JohannesL,.1:i:g before 

irs confluence with the Modder..Conc.ein stream. They c:.mded on the Crocodile 

River between its confluence w.i.th the H(-'-;nnops River and the Hartbeesp8ort 

Dam. 

A schematic presentat.ion of t.De sit.es of the samplinc; stations :;:ii ver:i .:i..n 

Figure 2 and summarizea in Table 3. 

Samples were taken at montr.ly int:ervals fr0m March 1972 Ui.ltil February 

1974. 

Determination of chemfcal stc1tus 

During the normal monthly sampling trips water sampJ.es were taken for 

chemical analyses. All chemical analyses, done on filtered samples and 

based on Standard Methods for the Examination of Water and Waste Water (1971), 

were carried out by the Division of Water Quality and Pollution Criteria of 

the Na tiorial I!.s li t.ute for hater Research. .Most of these analyses we:a~ 

done by automated procedure~. 
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'l'ABI,E 3 

Station 
nunl.ber 

lA 

l 

2 

3 

4 

5 

6 

6A 

6B 

I 

'/A 

8 

9 

10 

-.11 

llA 

12 

13 

14 

Sites of the samplinq E'..:ations Gn the main st.ream of the 
Jukskei-Crocodlle kivc~r system a!1,J its tributaries 

River on whi.ch 
station i3 situated 

Modderfontein str~a~ 

Modderfontein stre~m 

Mud.J.2:cfontein strea::n 

Juksk~i 

Jukskei 

Jukskei 

Jukskei 

Bra2_mfontein 
stream 

Sandfontein stream 

Jukskei 

Northern Sewag~ 
Works stream 

Klein Jukskei 

Jukskei 

Jukskei 

Crocodile 

Crocodile 

Crocodile 

Hennops 

Site of station 

--- - ----------·· 1 

I 
AL,::>ve 011tfl0w from Kelvin p,v!ler Station 
a·:-. Ed.envale 

Below outflow from Kelvin Power Station 

Below ModderfontP.Jr.. factory dams 

Immediai;ely above Modderfontein stream 
confluence in Buccleugh. 

A hundred yards ilm•mstrE:am of stu. tion 3 
below Modder~ontein stream confluence 

Weir opposite Kyalami Ranch, Kyalami on 
the old Joha~n~sLurg-Pretoria road 

Weir A2M42 * ~elow Leeukop rrison, 
Wi~koppen after the confluence with the 
Braamfontein acd Sandfontein streams 

On the Witkoppen road above its con
fluence with the Sandfont.ein stream 

On the Witkoppen rodd above its con
fluence with the Braa.mfontein stream 

Below the outfall stream from Northern 
Sewage Works maturation ponds 

On the outfall st."'.:"eam below the 
maturation ponds 

At the road bridge on the road between 
Broederstroom and Four Ways approx.:i.
mat.ely 3 J<..;n from the confluence with 
the LTukskei 

Below the Klein Jukskei confluenc~ at 
Woodmead school 

Weir A2M44* below stati0n 7 

Approximately 3 km above Jukskei 
confluence and about 50 metres above 
WGir A2M45,i.•. 

At Muldersdrift-Krugersdorp-Pretoria 
cross.roads 

Betwesn Jukskei confluence and Hennops 
confluence 

Above (100 metres) confluence with the 
Crocodile. 

Crocodile 
_____ --~I-mmediately below Hennops cor1fl~en~-~--- __ _I 

* Numbers of Department of Water Affairs measuring weirs 
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•~be follow3.ng c.m2.J.ysee wPr.e _::::ierformed on the fi.1 tered water samples: 

tota~ a.lk.J.lini.ty (Et;J Cc.iCf.::\), Kjel~L.Ll n:i.trogen, a.rri.monio. nitrogen, 

nitrate nitrogen, 11:Lt.ritc nit.rogen, total phosphorus, orthophospllorus, 

chemical oxygen derr•and '(COD) , methylene blue active substances (IvlBAS} , 

chlor ~de, sulphate, tot.a 1 i.nor.9a.~)ic carbon (TIC) , total organic carbon 

("l10C) 1 sodium, potassium, calciun:, magnesium and conductivity. 

For the pu~poses of cc:.-nparing these parameters with the f a.unal communi des 

the values of three samples over a two month period wer8 averaged s0 that:. 

the fauna were rela::.ed to :r,::::-evailing co:10.itions rather t.han to the value!:> 

of :.i "snap" sample taken at the time of sampling. For example, analysis 

values of sampJes taken on 20 March, 20 April and 20 May were averaged to 

be :::omparec1 with ~O May san-1ple of die fauua. 

Determi.nation of other envirorunental factors 

A value for ::.:;01ids in suspension was o:Ot.ained for each sample by filtering 

a litre of sampJo water through a cellulose filter of pore si1/.e 25 µ, which 

was then oven dried and weighed. The difference between this weight and 

that of the filter is the value given for solids in suspension in mg/litre. 

This was done as excessive silt and sand can affect the invertebrate fauna 

{Chutter, 1969) • 

Ri.ver flow da.t:a were obtained from the Department of Water Affairs for the 

m.c?_i.nstream and tributaries and from AECI Ltd for the Modderfontein stream. 

In order to be able to compare variations in flow in the main st-:.ream with 

those of tl1e smaller tributaries these flow figures were standardized. 

This was done as follows: 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

where 

- 25 -

XX lGO 
y 

no::::-ma:Lized flow 

X tataJ flow for ·d specifi6 month and station 

y ... total flow fo.r :.:.:1e whole survey pe1.iod (24 months) at tha'i.: 

stat.ion. 

thus the average ilow for a specific station can be given as 

1 
24 =-< 100 4,17 

normalized flav:s 'JL·Eat.er th.::.:.n 4, 17 iudicate ru.gh £lm-:s conditions while 

those le.:::s than this show that :!:low was diminisl.ed. 

Determination of ti1e fauna 

The stone!.-;-in-current fmma wc.s sampled using a Surher s&mpler (Sux.ber, 

1936) fitted with a 250 micron pore size net. 

All samples were immediately pres0.rveri. in formalin before being rf~turned to 

the laboratory for anal~·sis. 

The macrc,invertebrate organisms were identified a11d counted with the aid of 

a s·tereo-microscope momlted on a scanning stand as described by Allanson 

(1961). Fifty-nine ta.xa we::..:-e identified, most of these to tht> level of 

genus or species. A few taxa were only classified to family due to small 

numbers or where appar:-ently similar ecological requirements in a group th.at 

were difficult to sep~rate made the effort required for further classi--

ficaticn of dubious value. Th.i.s helped limit the numb8r of taxa suffi-

cienU.y to be dealt with by the necessarily 1.L'1lited capacity of the 

computer in the cluster analyses (see below}. 
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The planktu!lic Cladocera and Copepoda were omitted from this study bec?uss 

mcst of those: fo\ind .in stones-in-current samples drift .into the sampling 

appa:r:atus and the r:.umbers collect.eu are therefore greatly inflvenced b::.r 

curreat speed and th<; tiJ.ue ta.ken i.a samp!.in0 (Chutter, 1972). 

ANALY'J1 ICl-\L PROCED(JR"t: (Data :Reduction) --..,-------·--------

Numerical techniques are now used extensively in descriptive ecology. 

According to Irnstin ( J 97 2) they have t:1ree main purposes: 

(i) Simplification of multivariate data. 

(ii) Assistence i.n hypot.:.hesis-generation. 

(iii) Docain defini.t.:Lon and the probable limits of m:trap,.:ilat.i.on fer tr:~ 

experimental resu.l ts 0Jyr:2d.ned. 

He then states that the justifj_cat.ion for using numeric2.l techniques is 

twofold: 

( . ' , l., Reduction .in su}::.,ject:ivi.ty; mnr!ericvl re.3ult.s are z·epeatab.le and 

internally consistent, while the subjective decision3 are 

expli.cit .cather than implicit. 

(ii) Compatibility wit!1 computers allows the rapid analysis of very 

large sets of data. 

Biotic index values 

A quality index for South African rivers, making usE of the stones-in-

ct1r:,,::ent invert:.ebrat.e fauna, was developed by Chutter (1972). It is a 

measure of the pollution of flowing water by allochthonous, readily 

oxidi.zable, organic matter and its breakdown products c::.nd summarizes the 

deviation of the observed co1-nmuT1i ty oi ar.imals from the com.rm.mi ty whi.ch 

would be expected where the water is in an unenriched natural st&te. 
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'I'hc biotic ind2x va lue.s rnnqe ;_·rom O to 10. An iHdex vall~e of 10 

indicates seven~ organic pollution whereas an index '\.,.alue close to ze.ro 

indicates a clean river (Table 4). 

Biotic Index V.:= .. ~•.ues were calrulatec: for Pver:l sample i.n order to analyse 

the trophic st.atus of all sections of the main stre2.m as well a..s the 

t.ributarie;:,. 

'?he limitations of the. index are discussE:!d by Chu-1:.ter (1972) • Chief among 

these, a.s far af, thi.s study i3 con~erned, is the fact that aquatic 

communities are not only i:nfluenced by organic pollution. Due to the fact 

thc:t this i.ndcx is based 011 biological oxygen do;'.'~&nd (BOD) , other form~.3 cf 

pollution e.g. toxic, mineral or thermal pollu::ion which may impai~ v'ater 

qualj_ty and kill some, bat not necessarily all, stream animals may thus 

result in misleading Biotic Index Values. 

The limitations of this index mad~ it necessary to carry out further data 

reduction processes in order to obtain an overall view of all the inter

relationships in the system from which predictive theories ca~ be produced. 

Furthermore the considerable instability of flow and of the river b.~ds in 

the rainy season make some comparison betwe.:.:..n river flow and its E.ffects 

on the biota necessary before one is able to ascertain how much of the 

deviation in an observed comn 1·.mity 0f animal:; is a result of pollutar.t.s. 

CJuster analyses 

The first stage in any clustering technique involves the choice of a 

suitable coefficient of similarity. Sev~ral such coefficients have bePn 

described in the literatrn~·c: ~Sr.leatl1 and Sokal, j'J73), but a numbE!t of these 

have been proposed for ta.xonoinica.l studies and are untenable for an 

ecological survey. 
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TABI.,E l1 Interr,:-·etr:..tiori or' Biotic .Ir..dex Values • fn,m Ch:.itter (1972) 

.. ------.,.-----------·-------------·--·------·----·---------------------·7 
t--'v-' a_.l_u_e_t ______________________ I_n_t_er~r-· e-~~t i o~ ________ J 

0-2 

2-4 

Clean, unpoJ.luted water. 

SJ.igb.tly enri che2. ·\7aters, tbe slight enrichment ~g,y be due 

ci ther to tt2 natu.raJ occurrence of organic matt..e:c or to high 

qualj_ty effl1.~P-nts eontaining a. 1 it-tle organic: matter or its 

breakdown products. Cheinical changes in the water may be ha,rdly 

detectable. 

Enriched water3~ the high~r the Biotic Index Value, the greater 

the enric1'.Jnent. Obvious increases in the BOD and ni trogenou~1 

compounds in the -water and rather wide diurnal fh1c~uations in 

the dissolved oxygen a.re to be expected.. 

7-10 Polluted ,raters in which there wi2.l be great increaseD in the 

chemical parameteTs a.ssociated with orgmiic pol] ution. 

--- ------------ ----------~---~--- ----··--~---------
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•~•t!e cof~fficient of ~~Li1ila:r.i ty necessary for this study must recognize three 

criteria. Firs~ly, it m~st employ pr0sence-absence or binary data. Allen 

and Koonce (1974) _J..E__: Cr...:,::;mrktn, KaesJer and Cairns, 1974 have demonstrated 

the usefulness of p[esence.-,;1bsence data. in comparisons of ecosystems. In 

this study the binary data may ~arcy a considerable amount of useful 

information because it :Ls dealing with the tolerances of organisms Lo 

pollutant:s. This will be part.1.ct,1., .. tr:ly pertinent u:-1der extreme conditi0r1s 

or in cnses where specif:~c animals are susceptible to e1.ren the smallest 

concentrations of a particular pollutant. However: in a case where the 

pol]ut:a.nt. only affects the dominance status of a taxon this will be rnaskeJ. 

by the binary analysis of the data.. 

Thus, the second criterion to bb considered is that the relative abundance 

of the taxa in relation to one another must be tak~n into account. Kaesler 

and Cairns (1972) stated that consideraLion of relative ab1.1.ndance in 

clustering tech;1iques was untenable because metb0ds of sa.."11pling different 

groups uf organisms riecessarily d.:i.ffered. However, as this study is only 

concerned with one group of organisms (the stones-in-current benthic fauna) 

and sampling methods were standard throughout the survey this conclusion 

does not. apply to this study. Notwithstandi.ng the importance of presence

absence d3ta an essential part of the aims of this survey is to ascertain 

how the relative abundance of a. taxon in a commun:L ty is affected by 

environmental. conditions. This is of the utmost importance because a 

pollutant that does not have a direct effect on an organism may affect its 

food supply, bi.otope or sorns other part of its erlvironmental niche. T:i1is 

may not res1.1lt in the eradication of the taxon concerned but will affect 

its dominance status by making its biotope less suitable. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

'l'ht.~ thin~ crite~:-ion to be ccnsider(d :if;, whether negative matches shoul<l 

be :i.ncorrorat12cJ. 'This b . .:.u~ occasiorit:>.d a con3i.derr1bl.l~. amc,unt of a:r9ument in 

the litGrciture {Sok~l an Sneat~, 1963). Kaesler ~~a Cairns (1972) fAl~ that 

it is essE:ntial that. negat.tve ~11at·.:-:hes be excluded from this ·cype cf st.1.iy 

because samplin9 methods may m:,,t p:r\)d·,we every ~l;)ecies present, sc.., that it 

is j nRppropriate· for twD ~d:-,ations c: .. : comrnunl ties t.o b1:~ considered si..rnilar 

to each other on the basis of the absence of .J. species from both of the::-.1. 

rt bas therP-fo.rc been decided that the coeft3cient of similarity used 

should exclude such negative matches. 

'I'here 2re indices of similarity in the 1:L tera.ture which simul t-aneously take 

ac~ount of both the taxa present and their abundance relative to one 

another (Kemp, Chutter and CoP.tzee, 1970). However, following t.he example 

of these aut,hors this type of index has not been considered because it iB 

not possible to distinguish the role of ei-cher the variety of taxa common 

in a 2air of sarr.ples, or of the d(Jmir.a:nt ta.xc., in the index value. 

Comparison of samples w:Lth each other has therefore been based on two 

indices of si~ilarity. 

Much confusion exists in the literature regarding the terminology of 

coefficients of similarity. :Kemp et aZ,, { 1976) discuss these discrepancies 

in nomenclature and for the purposes of this paper their ncmenrolature has 

been followed. 

The first index of similarity is the Czeckanowski Index which takes only the 

presence or absence of taxa into 0.ccc,unt and their abundance relative to one 

another is ignored. Rare anim2 1 s ca1ry as much \:eight in the calculat.:,on 

of th0. index v21lue as do corrmon ;-.mi.mi:-:.:. ls. 
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rrhe Czcckanm·~sk:l. Ind2x ~neasu!'."C!S l-.he s.im.i12rity bet.,,een two samples on the 

basis of t~xa prcscr.t (normal &i.1alys Ls) &s follows: 

Czeckanowsti Index 

where a is the J1umbe·,·· of 

b i.s the number of 

C i.S the nureber of 

1-3.Xa 

La.Xo. 

taxa. 

2c 
a+b 

in 

in 

sample 

sample 

corn.m.on to 

A 

B 

samples 'A and B 

When the simila.ri ty between the occurrence of two ta.xa in a number of 

sc:.mples is measurE:!a, :...he sd.mc index m.:i.y be use(:., but the mea.nings of a, b 

and c change so that: 

a. :i.s the nur.:JJer of sam1~l0s in which tax0n b occurs 

b is the number of samples in which taxon B occurs 

C is the number of samples in which both taxa ]\ and B occur. 

For conve:lience the Czeckanowski Ind.ex v2.J.ues are multiplied by 100 rather 

than to present them as their absol'.....te values. 

The second. index of similarity used, in which the abundant animal.s are of 

maximum importance, is known as the Bray-Curtj s ;.1easure of simil-3.rity. 

For the normal analysis the samples were reduced to uniform size by 

p2rcentage transformation. 1~1rns the formula :for Bray-Curtis simil.ari ty, 

where 

I 
2w 

u+v 

u is the sum of the numbers of animals of all t.axa found 

in sample l' .. 

vis thG sum of the numbers of animals of all taxa found 

in sample B 

w is the sum of -the le~ser values of those taxa common to 

both samples A c1nd D 
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i.s changed 

and 100 

or 100 

where x1 

to 

I 

the=) form 

2,:1 
200 

- 32 --

I -- w 

I I:min (x1 , x2 • • • • • • • • • • • • x.) 
J 

........... x are th8 percentages of the taxa because u and v 
j 

have each beccme equal to 100. 

This modified versi0r1 of the. Bray-Curtis simil&r 1 .ty is called the 

Percentage of Sim.ila~~ity (Southwood, 1966). 

In the inverse analysis the. Bray-(....,_1rtis measure of similarity 't!as nsed in 

its original form: 

where 

I 

u 

2w 
--· X 100 
u+v 

the sum of the percent.ages of species A j n a.11 the sarnph-!S 

being c::>mpared 

v = t:he swn of the percentages of species Bin all the same 

samples 

w - the sum of the lm-ver peccentages represented by species A or 

B where they occurred in the same sample. 

r.rhe combination of these two indices of simil~·:.:-it:.y was found by Ke::1p et aZ.. 

(1976) to be suitable for ecological surveys of this nature. 

The second stage in this analysis is the computation of a matrix of 

similarity coefficients ir1 ~he Q-mode (the correlation between OTU's as 

defined by Sokal and Sneath [ 196JJ) • rrhe results may be presented as 

triangular matrices of sin,ilarity Vdlues, but the information contained in 

such matrices is not easily discernible, particularly for large sets of 
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u;1ta, a:t1d :rt-~quin~s iurLh0.t. r2duct:.:i.o.1·~ (Kei.:ip et al., 1976}. A nilinber.- of 

clustering strategies a~c avai.lablc (Sokal and Sneath, 1963) for sorting 

infonnation in such rnat:f .. i.c8s JD'i.::o an easily understandable form. 

Thus Lhe t~ird stage of i~ clus~er analysis is the clustering itself. Lance 

and Willi0.:ns ( 1967) have ar.1&.lyscd the various classificato::y programs .-i·hich 

t:hey have discussed at le:-1gth. 'J'hei.r 11 agglomcrati.vei! methods are subdivided 

Jnto two categories, hierarchical strategies which optimize the. routes by 

which groups are attained and clustering strategie3 which optimize some 

pro2)e:t cy of a group of elements. The st.ratcgy used here is a hierarchicc:..l 

strategy known as group-average sortins (Lance and Williams, 1967) and is 

dt·scr ibed by Sneath an0. Sokal ( 197 3) who call it. the unweighted pair 9:!:'oup 

method using drithmctic avera9ec (UPGMA). This method of cl'..lst.ering has 

been found empirically to produce clusters with less distortion than other 

commonly used clustering methods (Kr1esler and Cairns, 1972). Moreover, 

Farris (1969) has shown on theoretical grounds why UPGMA should produce 

lesci dL3tortion. 

The adrnission of a given parameter into a cluster is based on the average 

of the similarities of that individual parameter with the rnemhers of the 

cluster. As the clust.er grows, and more distantly associated members a:ce 

considered as prospective members, the value of the average similarity is 

lo-.verec:1. 

Such a group method is a class of clustering technjque suggested by Sokal 

and Michener (1958) for the analysis of correlation coefficient matrices 

but can be applied to most methods of similarity coefficient matrices 

(Sokal and Sneath, 1963). 
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Sokul c .. nd .Miciwncr (1958) sug~; .... st that w~~sn. 2..ny one prospective ru,2mber 

lowerf3 the average sim:Llari ty va] Uf~ by mure than O, 03, t.11:Ls prm,pecti ve 

member sboul.J not. be inc l~ded." This -.1a.lue of O, 03 war crnpj_rJcally a:rrtvE:d 

· at for co1.relclt:ion coeff.i.cient analysis and needs slight adjustment with 

different similarity cc_-:~fficj_ents. 'l1he size 0£ clusters in t:his met.hod 

may vary at any J,:;v1::!l and the nmrber cf parameters join.:l ng a new clu:.ter 

are ~lso variable. 

Th~ fourth sta']1;.":! in the cluster analysis is the gv-aph.ic display of the 

clusters. DendrcYJrams are ·cised for this purpose. 

The computPr program used in th.:i.s st1.1dy was compiled by the Natal Regional 

Laboratory of the National Institute for Water Research for K"c:!rnp C't al. 

(1976) ana. modified by the National Research Institute for Mathematical 

Sciences of the CSIR for use on~ IBM 360 com:t::uter and to include 9-reate~ 

numbers of operational units than was ailcwed for the original program. 

This progrc.m accepts t.he raw data sa~pling point by sampling point., 

transforms the number of individuals of eacr. taxon in c:;a.ch sample ir.r:o 

percenta.ges, computes the ir.1.dices of similar.i ty, clusters the resulting 

sinilarity matrices by group average sorting and plots the resulting 

den.drograms. The flow diagram for this program :i.s given in Figure 3. 

The final stage of the cluster analysis, not included in the computer 

program, is tbe assessment of the amount of distortion in the dendrogram. 

A dendrogram is a two dimensional representation of 2. multir-dirnensional 

configuration. During the clusteiing prucedure the similarities of the 

matrix of sj_milarity coefficients are distorted by averaging. This happens 

because, as with most agglomerative clustering methods, group average 

sorting forms hyperspheroidal clusters regardlE~ss of the actual configura-
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ti.on of the associations in hypcrspdce (S!1eath and Sokal, J 973). It is 

imperative that the amouut of distortio11 be measured .. 'J.1l1is is best done 

by the use of the copheEet.ic correlation c0efficie1.-t:. (SoJ~al aL:1 Roh.lf, 

1962) • This coefficient, .:Ls· c01Lputed betw2en correspondir.g (:;!:_emen-:s of tht..=: 

original matrix of similarity coeff~_::;icnt.s ond a mat.rix of cophene~ic 

vaJues taken from·the d~ndrogram. T~e nearc= the value of the coefficient 

is to unity, the le:3s the amount of distor~·-ion. If the cophenetic corx-E"la.

tion ~oefficients arc great.er than 0,8 (Kaesi0r and Cairns, i972), one c~n 

assume that averag-ing similarities, forci11t] openl-Li:.1nal ·units int.a a. 

hie~archy and clustering hyperspheroidaJly have not introduced too great a. 

distortion of the information content of the original matrix oi sim.i.lari t.y 

coefficients. 

The fauna.l commun:i_ ties defined by the clustering strategies and changes 

within them we re compared with the env ircnmental condi t.ions under v.1hi ch th~~ 

community existed, Ior tLe proceeding two months (.=\s previously descri_beo. 

under DeteJ.:-ritlP.ation of ~hemical status) . 
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HESU.L'l1S 

CHEMIClU,-FHYSICriL STATm3 OF' 1J1l-IE SYS'.t'EM 

The chernicaL-physica.l da ca obtained fJ:-orr.. the monthly sa;nples are tabulated 

"iS running avera~,-;s (descri:)ed earlier) in the app".mdix (rrablc J',.1) . These 

data are summarized in Table 5, showing the mean, minimum, ma-xii:11 1!n a.!1d 

standard deviation of each parameter, in order to present a general 

picture of the differe11ces between stations and/or sections of the river 

system. Tcblc 6 shows the c1nnnal mean values for the tt:"o yec'.:rs to 

facilitate reco~nit.ion of lurge changes in chemical concentration from 

one y•.!ar to another. The annual means include all changes due to seasonal 

influences so t~at a marked difference suggests a consistent in~rease or 

decrease in a par21..~~et8r. Such an increase could indicate an ove~all =hange 

in the quantity or quality of a poin::. source effluent. 

Mineralizaticn 

rrhe IViodr:lerfcmtein stream was the most highly mineralized sc-i:;tion of the 

river system (Table 5). This was reflected by the conductivity 1 sodi1~, 

potassium, calc~um, magnesium, chloride, sulphate and alka.linity concentra-

tions. 

The degree of mineralization tended to decrease s~eadily down the main-

stream of the system resulting in chemical concentrations cf most parameters 

b~:::_ng considerably less than half at station 14, of what they were in the 

Modderfontsin stream. This was proba.bly mainly due to dilution by the 

tributaries and to a lesser extent, to plant uptoke of mineral e1ements. 

The only exception to th5-s trend there was an i:r!.crease in the concentration 

of most of the chemical ceinstitucnt:s measured between stations and 2, 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021

TA:lLE 5 S\!!:!:l~rized chemical data for the ~yste~ showing the ~ean (X), ma:inum (X ), and minimum (x. ) and ~t~rd~r1 

l ~1."npl~ 

1 

2 

3 

4 

5 

6 

max · min 
dev:.a\ion (S ) fo-::- all parai::eters. n = 24 for all stations except s'~ations 6A and 6B 't.here n = 8. (TTnits are X 

mg/1 except conductivity (mS/1:i) and pH. 

Condu.!-
tivity 

::t • 160 
Y.l!!:in 1100~0 
~·~a~'{ I 473, 4 
.:x i?l,82 

I 

- 193,6 
:Xl':!in 130,0 
;reax ?37,9 
""'X 2-~. 78 

i 78,3 
x~in 46,8 

~'.lX 
102,6 

"-x 18,ll 

i 140,0 
xnin '67,6 
Xcax 200,5 
S:::: 37~39 

i i 139,3 

""in I 44,2 
Xi.ax 219,6 
sx 46,68 

i 103,1 
x...nin 32,5 

172.5 

Na 

' 160,7 
108,0 
220,0 
';8,96 

164,9 
102,0 
240,0 
.32,66 

54,9 
17,0 
98,0 

22,57 

119,4 
52,0 

205,0 
29,,i.2 

119,8 
28,0 

215,0 
50,22 

J: 

30,85 
18,0 
40,0 
5,07 

25,8 
19,e 
34, 1) 

3,63 

8,4 
5,0 

J3,0 
2,12 

18,2 
7,4 
23,0 
4,73 

18,8 
7,0 

33,0 
5,99 

Ca 

i 100,9 

I 
50 

450 
, 7l,38 

111.5 
87,0 

200,0 
24,43 

55,2 
2,50 
68,0 

11, ?2 

86,8 
48,0 

125,0 
19,01 

86,8 
34,0 

130,0 
22,38 

!•:g I Cl 

I - I 
22,3, 1,0,8 

1 I 94 

37 I 17'5 9,06 23,07 

35,9 I 160,8 
28,0 121,0 
44,0 230,0 
4,49 27,19 

23,6 
11,0 
35,0 
7,45 

31,0 
17,0 
40,5 
7,23 

80,4 
29,0 

185,0 
28,06 

127,2 
56,0 

187,0 

i 36~03 
i 
I 

so
4 

I Tot. 
an. -

222,8 :102,9 

97 I 
500 

88,71 

3S'9,7 
300,0 
540,0 
64,95 

95,9 
46,0 

145,0 
24,52 

29 
554 

104,4 

143,3 
132,0 

208~0 
38,05 

150,5 
92,0 

219,0 
34,02 

274,1 I 130,0 
106,0 I 90,0 
470,0 I 180,0 
91,05 I 3~.s9 

29,7 123,51 278,7 
12,0 31,0 '1

1 

60,0 
43,O 200,0 476,0 
8,17 48,35 1103,01 

111,0 
61,0 

155,0 
30,96 

'7. 
)_,/ 85r3 l 13,5 I 68,3 1 24,6 I 95 

22,0 I 6,o I 21,0 i s,o I 31, 0 
190,0 
52,0 

.o 

co:> 

43.5 
25 
65 

111,87 
' 51,5 

37,0 
69,0 

IIBAS I Inorg. I o-::-g~ni; ~ ~N IINO,,-N '1rrc. -!; I ~issol ·.r •• I Disso~ v. 
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TABLE 5 Ccnti~ued 

.. -- .. . 

6A ':t 42,4 28,3 4 ,4 35,0 12, 1 44,5 4ls0 94,0 18,0 - - - 0:5 0,08 2,0 - - I O, J. 0,2 8,2 
¾.in 23, 3 14,0 3,7 25r0 6,0 15,0 25,0 68,C 12,0 - - - O~l 0,1 0 ,5 - - l 0, 2 o , ~ 7 , 7 

~mc.x 60,4 42 , 0 5,6 48,0 13,0 72,0 57,0 140,0 27,0 - - - 1 , 5 0,2 3,5 - - 0,2 0,2 8 ,7 

Sx 12,52 11, 16 0,61 9,03 5,29 19,84 10,47 20,95 7,14 - - - 0 , 41 0,03 0,93 - - O, O 0, 0

1 

Os35 f 

6B i 35 t 2 21 , 0 5,3 32,6 7,5 28,1 35,9 96 ,0 125,0 - - - 0 , 4 0, 06 0,5 - - 0,1 0, 1 I 8,0 ! 
xmin 19 ,5 9,0 3, 4 22 ~0 4 , 0 11,0 26, 0 60 , 0 16 0 - - - 0,1 0,1 0 , 2 - - 0 ,1 0 ,1 7, 4 I 
xmn.~ 47,2 35, 0 7 , 6 43 ,0 11 ,0 45, 0 58 ,0 134 ,0 32, 0 - - - 0 ,9 0, 1 1,5 - - 0 , 2 0 1 4 9 , 0 i 
s x 10, 16 25, 92 1, 56 7,41 3,21 . 12,45 9,34 26,75 6 ,76 _ . _ _ 0,26 o ,o 0,42 __ _ 0, 03 0,07 o . ~-0 I 

7 A 77, 4 ?5,8 13,7 44,4 15,4 67,9 107,6 104 ,2 36,8 0,6 20,6 15.2 4,3 1,1 14,7 21,21 1,65 j 3, 4 4v l 7 , 8 
-=m.;_n 43 ,~ 27,0 7,1 ~7,J 9,0 27,0 49,0 ~5,0 22,0 0,19 . 13,0 _1,0 o,~ ~,: 4,~ l~,? -~, l I o,J: ~, l I 7, ~ j 
! ma:. I 109~v 110,0 26,0 62,0 22,~ 100,0 ::;95 ,~ ~'.)8,0 51_, o 0,9? I ~6,0 ~2 ~_0 9,b c..,8 26 , f 3.1, 2 _ , ,4 _ 6 , ~ ., 1 :5 

1 
_e!_"J ! " :x 1 19 ,_,1 21, 13 3: 5: 9,67 

1
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,A. 'X 74 ,8 , ~7 ,0_ :),) 36 ,0 11,9 44 ,9 77,0 l .13,7 47,8 ,...0!71 2!,9 ~9,9 7, 8 .i..,2 11,1 1 1'3,67 l p29 , 6,G . 7, 9 \ ~r O ! 
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1
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1
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10 x 75,4 68,3 12,6 42,a 15,4 68,9 106,1 93,7 35 , 4 0,5 17,3 14,8 2, e 1,0 l ·-...7 , 1 22 , 10 1,44 3 ,2 I 3 ~8 7 -S 1

1
· 

xmi n 35,0 26,4 6,5 14,0 8,0 38PO 47,0 70 , 0 18,0 0,15 13,0 7,0 0,1 0,3 I 5t8 11, 40 0,3 0 ,2 I 0 , 4 7 , 1 . 
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TABLE 5 Continued 

! 

I 
! 0,4 ! 3,3 1 

11 X 42 ,6 10,7 1 ,6 39,8 I 24,0 18,0 38,4 14,70 11,4 0,2 33,8 5,0 i 0,3 0,1 2, 1 2, 58 Or;iO (.,' -, ' ,c.. I 

~i!l 21,4 6,4 0,9 15,0 8, 0 8 , 0 11,0 35 ,0 1,0 0,05 15,0 1,0 O,C5 0,03 0,5 0,95 0,2 0,05 0,05 '7; J. 

Xmax 41, 5 14 ~0 5,7 52,0 I 30,0 27,0 49,0 189,0 18,0 0,4 41,0 15,0 1,0 0,2 3,9 4,03 0,5 0,7 0,8 e,7 
sx 9,51 1,95 · 1,03 9,18 5, 38 5,10 8,61 37,64 3,92 0,::.1 7,52 3,41 0,21 0,04 0,83 0 .93 0,12 0,18 0,36 0 ? t:. ,_,., 

12 i 68 ,7 57,3 10 , 4 44,1 1'7,9 59,4 92,6 103,2 29 ,5 0,5 19,3 13,6 J , 6 0 ,6 13,1 15,79 1,24 2 t:; 2: 9 6 ,1 I , _, 

X . 25,4 13,0 6,8 20,0 7,0 17,0 40,0 55,0 21,0 0,20 11,0 5 ,0 0, 1 O, l 5, 4 54, 0, 0 0,1 0,2 7 ,5 
mn 

93,8 100,0 15,5 ·60 ,0 25,0 90, 0 160,0 148,0 43,0 0,74 "'26,0 21,0 9, 3 1, 5 26, 2 2.7 , ;. 1,9 A,O r: ,- e"' , 
Xmux :J' :> , ::; 

sx 17 , 05 20,59 1,99 10,12 4,45 18,28 30,23 23,29 70,45 0,18 3,64 4,06 2, 47 0, 36 5 ,55 7 : 30 0 ,5,1. 1 ,, 10 1,30 1, 00 

13 X 57,8 13,8 1,5 55 ,4 34,9 I 26,1 ·.18,8 245 ,7 11,2 0,2 56,6 9,3 0 , 3 I 0,1 1,9 2,62 0,28 0 ,2 0, 4 8,3 
X • 41 , 6 9,0 0,6 36,0 19,0 I 21,0 12,0 139 , 0 5,0 0 ,05 38, 0 3,0 0,1, 0,1 0,7 1 ,1 o,o Or2 0,2 7 ,, l f .J 

r:an 
2 ,51 X!J£U. '/6 , 7 22,0 3,4 70,0 42,0 I 55,0 44,0 294,0 19 ,0 O,,+l 67,0 ;O,O o,e· 0,7 4,1,5 0, 5 0 , 5 J.,o 3!7 \ 

sx '?,05 3,21 0,67 7,46 5, 84 6 ,84 6,18 4J., 13 3 , 04 0,11 7,22 7,24 0, 18 0,13 0,77 l 0, 82 0,15 0,12 0, 27 0,191 
1,. 1 I ' 

, l4 i 65,6 51,6 9~2 45 , 3 55,9 77,5 117 , 5 25,6 0,4 24_.·5 12,2 1,1 0 ;5 12. 5 12 ~94 l,2:5 ~' 2~ 2, 6 8 , 1 l 

I ·r . 41, 0 28,0 6,0 33,0 14 ,0 34,C 25 ,0 85,0 12,0 0,20 . 15,0 7,0 0 ,1 0 ,1 611 8,6 0,3 0,2 0 , 2 •7 Ii I -·rn.n 

I 

.. .) 

57,8 82,0 13t8 56,0 26, 0 80,0 130 158,0 38,0 0,65 30,0 2.lrO 5,3 0,9 2; 1 C 23, 93 1, ·:3 :5 : B 5,2 a r 
I x,..i.ax ,_. • ~1 l 

l Sx 13138 15,9). 1 () ,1 7 ,93 4,01 13,59 25, 34 20 ,91 7 , 4.0 0,16 3,19 3,71 1 ,35 0,22 4 , 6; 5 ,72 0 , 1.2 1,0,6 1,:..e C,25 j i , ~ f 
i 

! --- I ·- I .,L___ I 
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TABLE 6 Mca.n concentro.tions of the chemicru. constituents of the water rit ea.ch st:l.tion !or ench of the two years of the survey in r:ig/'l 
( 1JpJJer value io for 1972 /73 anu the lover value for 1973/74). 
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- 4.7. ·-

po.rticul.:1rly chlor id.e and suJ p:i:;a. t(:! v;,,7.h1es. 1rhe diiut.ion ;ind ior removal of 

thf~se conservr.1.tiv,= elf:'.)roEmts do1.,m tlie course of the nainstream remo.ined 

relatively consistent. as caE be se8:i:1. from Table 7, ·wh.i.ch shovJs the 

relationship .between the concentrations of these elements at the bc9inning 

a:1d end of the river. r.r.1h~s an increaf:'e in the conceni~rati.on of, tor 

example, sulphate at station 2 will result . .i.n a p:copo.1ti.ona.tE:: i11crease at 

bta+-ion 14. 

The ::mmmarized chemi.•:al data j_n Tabl2 5 shm;.:::; that the tribut.a.ries were 

considerably less minen.-1..lizec~ t:han tbr:: ma.iri.stn:,.:im of the system ( stations 

3 , 8 , 11 and 1 3) . 

Tl,e Jukskei R.i ver above the corifl-c.ence with the Modderfontein stream vms 

more mineralized than the Klein Jukskei, Crocodile and Hennops Rivers. Thus 

the section of the river immediately below this confl:1ence was not app:re

ciably diluted and shows high concentrations of all the mineral parameters 

meas11red. 

The Braamfontein and Sa.ndfoutein streai:ns were not heavily minera.li.zed 

al though the mean chlor.i_de value of th€ former ( station 6A) was higher than 

that of the other tributaries. These two streams tended to dilute tr:r7, 

mineral concentrut.i.ons of the main stream at their confluence with it:, as 

is clearly evident from a comparisori of the data for sLations 5 and 6. 

The mineral concentrations in the effluent disch~rged by the Northern 

Sewage Works (station 7A) did not differ greatly £rom t.hat o!: the 

Jukske.i River at the point where these effluents entered it. Thus little 

change occurred i.n the mineral. concent::.rations in this rev ch of the river. 
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I 
I 

Tcble 7: Relatio~'"Jbip 1etween tY.1e co11cent:rsticns of conservative minerals 

Parameter 

-· 

Ua 

-

K 

C& 

Mg 

Cl 

so 
4 

in the upper and lower reaches of tho system shown by the percentage 

of the s~ation 2 conc~ntrationc found at station 14. Values are 

given for the upper, middlB and lower ranges of concentrations of 

ea(' 1.1 parameter mec.SUrE: 1. ~ t s ~a.ti on 2 (mg/ l) . 

(n = the number of saJGples in a range of concentrations) 

·----- ---1 
Conce!1trB-tion Range Concent:r·a tion R&nge n Mean 

statj_on 2 at station 14 Per.cont.age at I 
---- I 

200-2-to 69-82 5 35,..Ar 

lG0-200 38-'71 7 30,9 

100-160 32-50 9 2$,2 
-

29-34 8-13 6 31,6 

25-28 

I 
8-13 6 37,6 

20-25 6--11 8 36,3 I 

120-200 :53-62 6 35,0 

100-110 36-54 10 45,1 

89-99 33-47 i; 41,0 ./ 

-

40-44 15-26 6 49,1 

36-40 17-26 7 58,4 

28-33 10-22 8 59,7 

180-230 54-76 7 34,3 I 

140-180 37-67 9 32,9 

125-140 34-56 4 33,6 
----------

410-540 67-130 9 19,0 

350-400 30-100 7 18,9 

300-340 25-100 5 18,9 
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mineralized ;_u~c] diluted tl:,~ 111a:Ln 3t.:r:c;1m. This re~mlted in a prog:cessi~.e 

improvement ir. mineral co:1d.1 .. t.:i.c)ns as the main stream· approached the 

HartbeP.spoort Dam. The:~ 011ly E~xceptJon to t.:1is V!er.c magnesiuc. concer1tra-

ti ons which tended 'Lo be rcJ..:::..t::L vely high in these tri!)utari8s, pa::ticularly 

the Hennops River. This explained why a. decrea c_:<~ in the me1.t;:inesium 

~u11centrations in the M.odde1.fo1.lt.ei.r. strea.ltl was not. necessarily accompc:micd 

hy lower concentration levels at t.he lower end of the river ('I'able 8) . 

Hmvever the fact thaT. incre<J.sed may-ne::d.um cor.c.:entrations i.n the upper 

reaches lower the station 2: station 14 rc:1.tio suggc~sted thC1.t these .sources 

(the tri~utaries) are relatively constant. 

There were no apparent significant differences in any of the mineral 

parameters measured between the two years of study (Table 6) • 'I'hus 

although monthly or seasonal variations occurred there was no marked cnang8 

in the addition of mineral elements tu the system d~ring the su£vey. 

Trophic status 

Concentrations of the various nitrogen forms lrave been extracted from the 

raw data to show the summer and winter means for the rua:i.nstream station:..:: 

(Table 9) . 

'l'he Moddertontein stream showed the highest concentr~tions of all the 

nitrogen :torms in the river system. ~rhere was a massive increase i.n the 

total dissolved nitrogen concentration between station 1A and station 1 dm.~ 

to nitrate nitrogen only. This was dt:.e to the power station effluent. ~,hi.ch 

entered tlie stream at thi.s poj_nt. 'l'he total dissolved nitrogen con cen-

t rations increased by a.bmJt half as ru'.1ch again between stations l and 2 but 

in this case the increase wus mostly due to mmnonia and nitrite nitrogen 
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'l'AgLE 8 Magnesium ccr1~errLraticns in the l\fodderfonteir.. stremn at 
station 2 &.ml tbe J.owt;'r rt?ac.:h of the system at stf.Ltion 11-1-, 
showing tbat concentration enter~11g Hartbeesp0ort Dam are 
not er:U rely d21:-,enda.11i:. ~m tt10:.;·,e j n tbe upp•.=r reach of the 
syste1u. (rng/1). 

-
Month s t a t J. 0 n 

....._, r--- -
2 14 

---- --
19'{~: /73 1973/74 19'72/73 l9'rJ/7Li 

- ------ -----------
March - 28 22 14 

April 37 28 22 -

May 37 31 23 22 

June !10 33 26 21 

July I 39 33 26 2? 

August 44 37 23 22 

Sel;)tcmber i\O 32 24 18 

October 38 38 1'7 21 

November 36 41 22 15 

December 33 40 ' 10 16 

January 30 42 l'{ 1'7 

Feb::::-uary 30 38 16 -
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TABLE 9 Mean concentrations ( mg/Q.) of the vario11S forms of nitrogen for the summer and winter periods 
at all the mainstream stations in downst~ea.~ ord~r. 

Station Total dissolved 
NH

3
-N NO -N I 

N02-N nitrogen 3 I 
I 

-! I I I 

s w s w s w s w I 

I l 
I 

I I lA 5,20 2,26 0,94 I o,4o 3,68 l,0€ I 0,12 o ,06 . ! I 

43,65 I I 
1 63,88 C,33 0,38 40,61 60,90 I O,q.2 0 ,L!.7 

I 
! I 

! 
2 76,5 88,77 32,33 

I 
38,4 30,80 45,43 5 ,79 3,38 

4 , 38, 73 
I 

58,69 15,66 19,81 18,08 I 3 ,08 

I I 32,? 2,23 
5 35,67 I 56,07 11,20 I 17,64 17,23 I 37 ,13 I 2,66 

I 
1,91 

6 1+0 ,88 l+ ,61+ 8,17 24,58 j 1,28 
I l 19,22 r JJ. ,07 I 1,27 i 

I 
( I I I 9 14,13 31,62 4,14 8,74 8,58 20,91 o,85 

I 
. , ('\'' l i .J.., l,~ 

' i 7 13,58 25, 1~3 2,27 

I 
6 ,27 · 10,29 16,83 I 1,12 0,99 I l 10 16,07 25,51 1,38 4,27 12,39 19,09 I 0,98 i 0,92. i t i I ' ! 12 13,68 17,88 1,03 

l 
2,05 10.61 14~h4 0,53 i 0,55 I 

' I l i I 

i 
j 

I 14 11,28 17,03 0,79 1,41 9,05 14,29 o,41 0,36 I 

I I 

~ 
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- '17 ·-

::rom an ind1.wtrj.a l efflc.ent.. ':'hns the'! total nitrogen concentration rose 

from between 2 and f, mg/t ~t station 1A to betw1:::en 7C and 90 mg/lat 

station 2. 

'l'he influence c£ this additior! of pi_trogenous compounds to the system 

carri.ed on into the Jukskei River and the total dissolv~d nitrogen concen

tration rer.ained very high as fa.r as sta~ion 5 in the sum.'1ier. -:i.'lierea.fter the 

diluting effect of the tz:butaries became noticeable. In winter ,-,hen there 

was n~turally less dilution this decrease in concencrallon was not as marked. 

The total ni trog~n conce ... trations c..t. station 14 w~re between two and ten 

times greater than they were in the "natural" tributaries or· prior to the 

addition of n.ttrogE!r1 rich efflue11ts~ ·rlrns, notwithstanding t.he d.ilutjon 

factor, the r .. igh concentrations in the upper reaches result in 11 ab0vP. 

normal" concentrations oz nitrogenous compounds in t:ie whole main stream. 

rrhis is sliown by the fa.ct that the total nitrogen concentrations at 

station 14 were between two and ten tin:es greater than they were int.he 

"natural" tributaries 0r prior tc the addition of nitrogen rich effl,.wnts. 

It appears that the NH3. and N02 nitrogen ccmpounds were nitrified and 

mineralized do~1 the Jukskei River as nitrate concentrations were higher at 

station 5 than at station 4. 

Between stations 6 and 10 there was an increase in the concentration of 

some of the nitrogenous compounds, particularly ni.trate.s, in the river. 

rrhis .shows that the sewage effluent, entering the river system immediately 

above station 7, was nitrogen rich. The concentration in this effluent was 

very much lower than that in the Nodderfontein stream. The fact that 

this increased concentration was v~ry much greater in s~~er and that 

during this season it became apparent at station 9 suggests that the 
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i=:s~.vage bypa.ss st.ream, which joim~d the river im-rnecii."rl-ely above this sta-c.i.on, 

was operational during p.:..:ak flow pe:-:::iods. Th.i.s effluent. also appeared. to 

be richer tn n.1. trogenou:.:. compounds thdn that of the main sewnge m:.t:faJ.l at 

station 7. 

rrhe other streams in the system i.e. the Jukskei River above the ModdE:r

fon tein stream, the Sa.11d fcnt.ein end Braarnfontein streams, the KJ.cj n Juk-skei 

River, the Croco~ile River above its confluence with th0 Jukskei River an~ 

the Ben!1aps River, ·.:ere rel a t:Lvely unpolluted by ni tr: ogenous compounds. 

The basic patterns of n.itrogen en::.::-ichment remained similar in bo,th years 

c~:: '::he survey with one exception. The ammonia concentrations in the Uj?per 

reaches of the system (stations 2, 4 and 5) apparently increasE::3. consider.-

ably during 1973/74 as can be seen in the NH 3 -N and Kjeldahl nitrogen data 

.in 'I'able 6. '.J.'able 9 shows that t.hj_s apparent increase was due to 

unnaturally low concentrations (particularly at stations 4 and 5) between 

SepLemLer 1972 and February 1973 which lowered the 1972/73 annual mean. 

'I'he imm.ediate inference is that. dilution by floodwaters was fcl.r greater 

during this period. However 'I'able 16 shows that flow exceeded the normal 

at these stationc:; to a far great:er degree in th~ second year of the 

survey. This plus the fact that stations further downstream did not show 

such dilution makes flow an unlikely cause of this change in conditions. 

The high concentrations at station 2 relative to the other two stations 

during this period (Table 10) indicate that tl1is condition was not caused 

by a decreasE: jn the addit..ion of ammonia rich effluent. The reason for 

this exception to the normal nitrogenous pattern is thus not obvious from 

the available data. 
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TABLE 10 Annnonia eoneentr2tio:-:1s o.•;::, st.at.i..on::> ~~, 4 and. 5 over the whole 
fn,ud.y period shc-win0 the '.:iVerage concentration f'or eacb year 
· lo l h ID[';/ 1,., • 

Month ~ ,..., t a t 1 0 11 

·----- ___ T ___ 
2 li 5 

March 1972 N/D 19,0 6,o 

April 38.,5 17,2 11,2 

May 36,o 15,0 15 ,0 

-June 29,6 15,2 12,5 

July N/D N/D N/D 

Augu:.·t N/D 26,0 MD 
September 43,5 0,1 0,1 

Oct;ober !1-2 ,o 2,5 2,5 

Novenber 31,0 21,0 17-,2 

Decer:1ber 25,0 4,1 1,2 

c.TUY!Uet.ry 1973 23,0 8,1 !1 ,1 

February 26)6 6,0 6,o 

Mean 33,l 12,2 7,6 

March 30,0 8,8 16,0 

April 37,0 21,5 16,6 

May 35,0 20,6 18,4 

June 30,0 27,5 29,0 

July. 46)0 33,0 32,0 

August N/D N/D N/D 

September 45,0 22,0 24,o 

October 40,0 19,9 9,8 

Nov~mber 48,0 31,0 20,0 

:i')ecember 36,o 21,0 17,0 

January 1974 25,0 26,5 12,6 

February 29,0 20,0 18 ,l-1-

Mean _L 1,0,2 1 23,0 19 ,5 

---·---- ----· ----·------- -
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Ther.e were three point sonrcc-s ,)f phor-;phate rich effluent i.n th0 system1 

all.hough all ultimately deriv0cd £1.om the sewa<Je t.reat,/1ent plant. Firstly, 

there was a nktrked increu.se in P01,·-l) and total phosphor-us concentrations 

between station 11\ and station 1 shm:ir1g the power station effluent, which 

was basically t~eated Sl:!Wage P.ffluc'"'1.: used in the cooling towers, to be 

rich in phosphates. This was however largely removed frcrn the system in 

the dams bE.::.ween stations 1 and 2 as can be seen in rrables 5 anJ. 6. 

However, at stc1t.ion 2 whi~h was immediately below these dams th8 phosphate 

concentration was still hi9her than it was prior to tbe addition of this 

effluent. Bioloyical puiification 0nd dilution reduced this concentration 

to levels similar to those of station 1A further dvwnstream. · Thus before 

the fl.ddition of the 11ext source of phosphate ri.d.1 effluent., conceatrations 

were once aga.in in the region of 0,3 mg/l. 

The second source of phosphate in this system occurred between stations 6 

and 9 where the sewage works bypass stream entered i:he Ju.kskei River. Tl1e 

concentrations for this stat.ion sh0w ":hat use of t~nis bypass was not 

constant and peak flows from it appearred to occur in the summer months 

(Table 11). 

The main outfall stream from the sewage works entered just above station 7. 

Thus peak phosphate concentratJ.ons in the ma.in stream were c.t station 7. 

'!"'he highest values reccrded occurred in the outfall stream itself a.t 

station 7A. '!'he main stream from this point to the Hartbeespoort Darn 

showed the influence of this source of pt-osphorus. Thus, although dilution 

and biological removal of phosphates reduced the concentration by approxi

mately half, the concentx-ations of phosphorus entering the dam were 

C(msiderably higher than the "na tu:cal co~"lcentra ti.ons" of t.he tributaries. 
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rrABLE 11 

March 

April 

Me.y 

.Tune 

July 

August 

Septembe:r 

October 

November 

December 

January 

F'ebruary 

Pbosr;horus concr.ntrations at stations 6 a.nd 9 to 2how the vr..rying 
ii1fJ.uenee of the lJyp::_H:s s t,ream_ ·from thE: sewage wurks Qj:1 tbe 
J"ttlrn k e i Riv'= r . ( ;ng/ l )" 

0,1 

0,5 

0,5 

0,9 

0,2 

0,1 

0,2 

4,1 

2,6 

3,0 

3,9 

3,1 

0,2 

0,2 

o,4 

0,2 

0,5 

0,5 

O,l 

0,3 

0,2 

3,7 

1,0 

3,1 

4,3 

5,5 

5,6 

1,7 

2,3 

4,1 

2,2 

l 
o,4 

- -~---------
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None of the tributaries coutributed significant ~onc2ntraticnc of phosphorils 

to the syste1D.. 

In 9eneral the !·JoddeJ.:-fontci n stream and the P.ff:1..uent. out.fall stJ:eam at 

station 7A were the most eutrophied regions in the sys~em. Their influence 

was seen in the mainstremn belm•1 t11::-':i r pofnts of confluence with it. 

Organic status 

The degree of o:cga.nic pollution wa.s indicatE!d :t~7 die a.mount of r.ee.cHly 

oxidizable material present in the stream. The CC~ value is relared to 

o . .cganic pollution but is al8O affected by inorganic oxygen derna.nd (van 

Steenderen, 19'/5). However van Steenderen (i975) shm-,ed that. the total 

orgru1ic carbon values, taken in conjunctlon with COD, ind5.cates the degree 

of pollution due to organic material. 

Table 12 givE!s the CUD a.nd rroc values for all stations in the syster!l whi.le 

the average values for each station can be seen in Table S. 

The fact that stations 3, 8, 11 and 13 were characterized by consistently 

low 'I'OC values (an average of 9, 2 mg/.l), in c?onjunction with rela:l:.iVE:ly low 

COD values when compared with the mainstream stations which showed mean TOC 

values of between 12 and 20 mg/l ~-:.uggef:t.ed that th2 mainstream was subject_ 

to some organic pollution. 

The highest values for bol.h COD and TOC were apparently associated wi tl1 

effluents entering the system between stations 1A and 2 and at station 7A. 

The COD values at station 2 however fiuctuated considerably although toth 

TOC and TIC remained relatively stable (Fig. 4). Van Steenderen (pers. 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021

Table 12: Total Organic Carbon ~ TCC) and Cliemfcn.l O:xyg13n Deman.a ,c-onrvalues l1:1g-1")iln-') for all stefion~rom March 1972 "..o I'elru!lry 1974, 

i ; I 
--, 

~ S'.;ntion I Paramct~r Month I 

1 

2 

·• ; 

4 

5 

6 

ll< 
EA 

613 
il-

!'I, 

s 

9 

7 

• 7A 

COD 

TOC 

COD 

TOC 

COD 

TOC 

CCD 

TUC 

COD 

TOG 

G0D 

'IOC 

COD 

TOC 

CCD 

TOC 

con 
TOC 

COD 

':i'OC 

COD 

'i'OC 

--+· ----r---,----,-----r-----r---·-'-r----r-----r---r---r----r--- __ ,, 
1 1 

Ji.1J1. I Jul. Aug. • Sep. Oct. Nov. :Jee. Jnn. L.~e;:i,_J 
1 

Mar. 

29 

12 

, ... 
··.I 

6 

22 

9 

Apr. 

30 
12 

37 
, ') ... .:; 

17 
0 

2'7 

12 

May 

32 

17 I 
! 

,1~ I ,t::. 

..I._, • t; I 

17 
lJ. 

2:5 
15 

28 I 26 I. 26 

6 I 10 ! 
I I 

15 

! 
"Q ! 20 c;~ i . 
a I s 

8 

7 

J.6 

7 

I 
I 

i 1: 
i 8 

31 
16 

22 

13 

i - . 
- ! 

13 

8 

36 

16 

28 

16 

Jun. 

31 

42 l 
29 

20 

39 

27 

26 

27 

26 

14 I 
20 I 

- I 
I 

- i 

29 
14 

33 

19 

33 
22 

Jul. 

65 
15 

69 

27 

29 

16 

60 

23 

62 

23 

48 

17 

18 

9 

49 

15 

49 

Aug. 

15 

19 

9 

12 

15 

:..1 

- I 

5 

15 

18 i 15 

Sep. 

25 
16 

48 
18 

51 
12 

2S 

20 

48 
19 

42 

16 

i 
- I 

- I 

- I 

22 

12 

42 

19 

45 
19 

Oct. 

46 

18 

58 
20 

30 

12 

31 
13 

30 

16 

36 

16 

24 

11 

.,,, .... 
,,,'-

16 

39 

17 

I 

No·!. 

48 
11 

56 
13 

29 

9 

50 
12 

51 
1~ 

42 

12 

21 

10 

43 
14 

43 
14 

Dec. 

64 

17 

52 

15 

31 
e 

37 

9 

31 

I 13 

; 32 

n 

32 
1: 

'.)0 

12 

33 
13 

Jan. 

44 
16 

43 
14 

18 

10 

30 

13 

31 

15 

28 

14-' 

15 
13 

r.;2 

15 

3-5 

17 

Feb. 

40 

50 

21 

10 

29 

33 

25 

16 

2:; 

32 

Ifar. 

39 

14 

48 

16 

38 

18 

.,, ... 

.;I 

15 

4'J 

16 

2:?. 
,, 
;.. 

Apr. 

35 

12 

41 

24 

21 j 

9 

31 

13 

29 

11 

2? 

10 

May 

56 
19 

41 

23 

23 

11 

34 

20 

35 
14 

26 

12 

I I I 
- I 47 Go 53 36 5e . 36 3c 1 ~7 1 

· I . l I 

- j J.6 I 24 :a 12 20 l 14 12 i 11 

54 
19 

, 24 

11 ! 

t,6 

19 

I 

47 l 

21 . 

33 
20 

71. 

24 

34 I 
16 I 

63 

26 

~3 

22 I 
I 

., 
~ -
2.l. 

68 

26 

32 I 
16 I 

64 

25 

66 
' 28 i 

50 
30 

64 

28 

27 

12 

5~ 
16 

34 

13 I 
29 l 
J.2 

I 

I 

49 j 37 37 I c~5 
17 I 18 

23 

14 

43 
18 

L3i 

17 I 
! 

37 I 
15 I 

. lf.' 

7 

30 

l2 

27 

L' .. 

21 

(; 

18 

::o . 
I 

0 ! 
; i , 

32 I 
.\'.') 
-~. 1· 

~o 
,-;_.,J 

11 

2C 

3 I 

22 

28 

13 

~./) 

24 

C:.'7 
.,/f 

15 

:2 
16 

- I 17 I 12 19 21 

10 

25 
21 

25 I - 0 I ... J' 22 ·- l .l) ; 2·'( 

14 

7 

36 

15 

36 
16 

• I 

15 

24 

10 

1.8 

10 

24 

15 

17 
10 

8 

1:5 

32 

16 

19 
8 

16 

'7 

31 

15 

l8 

9 

132 

16 

25 
, ~ 
..1. ... 

<C 

28 
~..., 
J.1 

26 ·1 

12 

20 

22 

8 

20 

9 

,~ 
J~ i 

37 

15 

16 

171 
! 

1 r, I 
•- / I 

10 

15 

10 1 I 
I I 

4? 

2 

5 
2S 

36 

18 

39 I 49 54 I 36 31 I 26 22 ! 
o 1s I J.9 2s 18 1s . 10 a : 

! I I - I i 

13 

23 
Jl 

3J 
15 

45 
It3 

! i I I 1· 

32 I 32 I - 3s 4s· 5r j 32- 3:5 26 22 ! 45 
, ·I ' 

14 I· 12 1 - 1'7 21 ill24 14. 14 11 10 I ?.0 

I l 

COD I - i - I 32 I 40 5o I - 47 I - 5,1 - : 35 36 ~-I 40 - 44 54 54 - 45 I 35 29 ! 50 I TOC - I - 10 I 28 20 ! 16 20 ! - 13 - I 16 - - - 19 - 22 26 25 - 20 17 14 I 2-1 ' 
l I I ' i _,_ __________ J_ _ ___._ _ _..._ _____ ,j 

-/ 'i'a.blt➔ 12 cont. 
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Tabl~ 12 continued: 

Station 1 Parni.,nter 
.for.th I i Mar. Apr. !lay Jun. Jul. Aug. Sep. Oct. Jkv. Dec. Jon. I ~eb. r.ar. Apr. May Jun. Jul. Aug. ! Sep. I Oct. r.ov, ' Dec. I Jan, I ~e; 

l 38 \ ~7 ! 28 . 28 29 j 34 41 41 53 49 l 34 38 25 I 23 
10 

* 11 

12 

~ 

13 

COD 

TOC 

COD 

TOC 

COD 

TOC 

COD 

TOC 

21 

7 

7 
.. .... 

5 
4 

25 
14 

8 

7 

25 
5 

6 

12 

26 

16 

7 
5 

21 

13 

7 

7 

18 

22 

17 

15 

23 
21 

9 

30 

47 

14 ! 17 

8 

4 

41 
14 

10 

7 

5 

15 

... 3 

43 I 37 
18 16 

13 I 8 
6 7 

37 II 3C 
17 14 

11 

9 

s 
11 

41 
12 

11 

4 

15 

16 

5 

18 

8 

7 

9 

7 

3 

11 

.8 

2 

ll j 14 19 19 22 20 I 14 I 12 10 I 
I I 

~ 3 I ·,, 22 

10 

8 

6 

8 

7 

10 I 12 

7 8 

.I. J.~ 

a I 1 
I 
I 

lC 14 

6 8 

4 
j 

9 l 12 
j -

1() ! lC 

8 i 
37 I 28 I 25 22 26 I 24 30 37 32 37 I 43 '1 38 25 I 2). I ZJ i 31 12 I 1o 16 13 12 10 12 15 13 , 1a I ?o 20 10 

1 

9 I a i l' 
11 I ::..1 7 9 8 14 8 8 10 I 14 114 I 13 :.c i 11 ! 10 l ' j 

8 I 3 5 12 7 . 11 6 lO 8 I 8 10 15 8 : 9 ! ) ! L' 

14 I con \ 12 \ 16 I :1:e I 21 I 33 - 33 I 32 31 Jo 21 19 22 - 32 34 32 I 20 l 3s 29 : n I :;.9 J ia I I TCC I 7 9 l.:_J 21 111 15 14 I 14 9 10 1) 10 10 .____:_t~ - :_ :._1._9 - _:__l_~_ : g : 8 !_ 
*·= St~':ione situated on trib':ltnriee. 
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Concentration ., 
t . 1-1 1n mg · 

Months 

K ~y. \ '- . 
ror-\ \,.... ) !_I 

1 
...... • • • • • • • • i r. .... 

80 ----··-- TOC 

60i /\ . ~ 
I . / v--/\_ / . \\ / 

401 ~ \,/ -----, / \ / 
t.~ .. ·. ". / , I 

I 
·. ... . . . ·--· \ i ·. \ I 

I • •• •• • • \ _J 
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Fig. 4: A compcrison of COD, TiC and TOC concmHrations ·frorn April 1972 to 
February 1 S7lt at station 2. 
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·- 55 -

,---omm.) su90ested that this wa 3 p:t~obah.ly ,jue ·r.o some S!Jbstance such as 

halides, p_la.sti cs, heavy w2ta.lf.; ei .c. wh.ich had no effect on ei the1.· 'rIC or 

TOC but aff:ected CC;D anc1.J.ysis valn<.;s. 

Table 12 s~ggests that ci1ar~ Wb3 a considerable deterioration in water 

quality due to organic matt.e:r: at al.L st.~o.tions in the main stream during the 

winter month3. The fact that 1.::he trib:...-:ta:r-ies did not show this winter 

.increase in organic pollutj on to the sEJme degree indica~ed that the 

effluents entering Lhe main stream wer8 probably more responsiblE for thib 

sta:P than were nat~ral factors~ 

'J•he mean COD and TOC values in the rr..ainstren.m tended to be very consist .. ent 

(except at the effluent pui.nt sources mcntio:1ed above) so there was no 

apparent improvement in the st.ate of organic pollution down the length of 

the river. 

In 0eneral the COD values did not suggest excessive organic pollution any

where in the system. 'I'his i.mpressi.on is gained from the fact that the 

highest values for the system were a.pproximately 50 mg/t~ as cornpareu with 

values of between 10 and 20 mg/l in the tributaries (Fig. 5). Howev~r, the 

fact that. the TOC in the tribut_aries was very much lower than in the 

mainstream (Table 5) and that t~1e TOC somet..irnes exceeded the COD ~1aluPs 

indicated a considerable amount of readily oxi.dizable. matter in tbe system. 

This suggested that the state of organic pollution, althouqh not severe, 

was worse than is suggestE•d by the COD values. 

'!'he mean pH values are bei.sed on the: mcetn hydrogen ion conceni:.:ratiofl and 

normally varied between 7,5 and 8,5 units with the highest values measured in 
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the upper reg :Lon 0f the i~c.1ddcrfon.t12in strer-tm. Ho acid pullu-:,___:_on occu:.:-1.0..:i 

- ::: 
in this system clu.ring tbe study pcrio3.. 'I'he CO:: -HC03 -C03 buffer system 

operated in thi~3 river syst:ern as indjca:t.ed by pH, alkalinity and calcium 

valu8s. 

The pH values for the system are sho~1 in Table 13. 

water temperatu~e 

Table 14 reflects the:: mean day-time temperatures for the summer and winter 

periods. 

-The seasonal variation in tcmperat:.ure 1-;3.s not. great relative to that seen 

in nori.:h-temparate zones where extrem8s are experienced nor was it 

constantly extreme such as in the tropical or sub-arctic zones. Inf 2.uences 

on the environment caused by tempe!:-atur.e changes Sl,ch as incr'=!ased 

viscosity at low t~mperatures and increased pollutional effects at high 

ternperatur-9s (Hynes, 1970) , were minimal in this system. rrhis i.s pu.rti-

cularly pertinent where, a . .s in the case here, temperature changes occur 

slowly. Sudden changes in temperature are far more detrimental to the 

biota. 

An exception to these conditions occurred at station 1 where a heated 

effluent raised the mean temperature by about 3 °Ci~ both summer and 

winter (Table 14). However Table 15 shows that the differences i.n 

temperature between stations 1 and 2 VaJ~ied considerably suggesting that 

the temperature of the effluent was variable. Tht;s th8re was sometimes 

little difference in temperature and sometimes as much as 10 °c difference. 

It is therefo:ce likely that the Modik~_rfontein stream at station 1 was 

subjected to sudden and large fluctuations in temperature. 
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TP.BLE 13 Mer-1.n pH ( l:af;E.:d un mean [Ji.;]) a.t the different sam_pling 
stations in the system 

Station 

1 

2 

3 

5 

6 

6A 

6B 

7 

7A 

8 

9 

10 

11 

12 

13 

14 

9,1 

7,8 

e,1 

·r ,B 

7,8 

'7 ,9 

8,0 

8,2 

7,7 

8,o 

8,3 

8,3 

8,2 

---- ----•-------·---·-

a n ll H 

1973/74 

'{,6 

3,3 

L7 

7,9 

8,2 

8,0 

7,8 

8,0 

7,5 

7,7 

8,0 

1,9 

8,3 

8,0 
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TABLE J.l~. .. ,, ,.:i ,.._,,,._ "'X'a.l-'1"'("''~ ( 0 ~•) f ,.···L "'t ,_. -l'.'Jsan s111mncr an, .... w·J.".lteJ:' l,t:,v.pt..:: , l,, _ .. L, , c or u_,__ ,:;, a1,1on:::. 
during tbc t~+~ vly pr;riod, ';)ased on day-time rf·adings taken 
on each samp:.:.. ins. date. 

1 Station Mean Mccm winter I sunm,c;r 

,-- ----------·-- ·-··•·--·--- -·· 

1 2~ lJ J.6,3 - > . 
I 

lA 20,4 13,4 

~! 21,3 12,5 

3 19:.5 ... 10 ,4 

4 19~8 11,4 

c- 19,l 10,6 ,J 

6 20,3 12,3 

6A 19,8 11,1 

6B 19,6 9,7 

7 21,5 13,2 

7A 21,9 l~ ,'7 

8 21,5 12,2 

9 20,8 13 ,o 

10 21,0 12,9 

11 21,0 11,7 

llA 20,7 10,7 

12 2.1,2 12,7 

13 20,1 11,7 

14 21,2 12,6 
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TABLE J5 

P-Month 
March 1974 

April 

May 

June 

July 

August 

Sept err·ber 

October 

November 

December 

Differences ::n 1.'73.ter temperatures between stations l and 2 
fo~ March 19·r4 tc February 1075, as an exampJ.e of the 
influence of heated effluent. 

T e m p e r a t u. r e ( oc ) l 
I 

~~ -~--·---·-----... --
Station 1 Station 2 Dii'i\~rence 

26,9 22,8 + 4:)1 

23,8 17,9 + 5,9 

21,9 1h,3 + 7,6 

20,8 10,2 +10,6 

21!,2 10,9 +10,3 

19,1 lli7 + 7,4 

2!~ ,o 19,4 + 1+ ,6 

2~ ;r 19,9 + 11 ,8 

2·r ,4 21,6 + 5,8 

2S,2 24,2 + 1,0 

January 1975 23 ;r 22~3 + 1, !t 

February 2J~ ,o 21,8 + 2,2 

_l 
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Ri ve1.· flc,w 

The flow contribnticm of t.he varicu:; tril:mt~ries is g·ivE:~n in TabJ.e 16. 

'!'!le norrnalized flow data. ( see mctLods) for each stationr for which flv:; 

figures we:ce available, are presented in Tat.le 17. The data in th.is 

table allow the deviations of the flm,1 at eacl: station away from -:.1-w mean 

(4, :i 7 - see Met.hods F· 25) to be compared in a sta.ndard manner. 

Although flows in the whol~ system were below average LL~ween June and 

September of both yea.rs, at no time did flow cease resulting in a break 

in fl.ow and subf::equent recolor..ization ·.dlich would temporarily ctia~1ge the 

faunal composition (Hynes, 1958, IL::1n:-ison, 1966). 

liliove average flows were recorded in mo:::;t of the system du.ring the summer 

months, particularly from October to February, although March 1972 was 

also a high flow period. Flc,ws in the second summer of thP. study 

(October 1973 to F2bruary 1974) we:r:e very much greater than in the first.:. 

Station 13 on the Hennops River appeared to be more subject to flood 

conditions than any other section of t:he river as this was the only 

station where the deviation from the normal frequently exceeded 10 units. 

The greatest single increase in f~ow above normal was recorded at 

station 4 in Decewber 1973. 

Slightly above normal flow is unlikely to impose stress conditions on a 

biological community. Those parts of the river which normally carried tb.e 

greatest quantity of water e.g. stations 10 and 14, seldom experienced 

excessj ve deviations from the n·nrmal. Al t.ernatively the smaller tribu

taries were far more subject to flooding. This is showL by the fact that 

all values above eight units occurred in the upper reach of the mainstream 

or in the tributaries. 
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TABLE 16 

J 
I 

I 

Period 

I 
! 
I 
I 

I 
1972/73 

! 

I 1973/7 

. 
I 
I 

Flow contri butio!l ( 109 9.Jyr) to the Jukskei-Crocodile River system by various rivers ( bottom , alu.e 
represents the percentage contribution to the total flow in the river system) 

I 
Jukskei River Eraarnfontein 

Total flow above 
Modderforrtein arid Klein JukGkei I Northern Sewag·" CrocoJ:i.l 

Modderfontein 
Spruit Sandfontein River I Works** Ri7er 

I streams* i 
I 

I I ! 

66,632 plus 
I 

I I I 
flow of I 8,539 6,402 8,609 I 6,486 23,46 13,672 

l ! 
Her.nons Riveri 

I 

.;. j I : I 
I I 

. 
i I i 
I 

I 
i 

I 

I 
I 

ll,921 8,451 11,272 7,114 27,83 14,995 I 

(12,6) ( 9 ,o) (12,0) ( 7 r.; \ 1 .-·,9 5' i (15,9) 
I '/ / \.:::: ' / 

! 

E; I U,,-r "O"'<i I, Yo'( 010-v;+ c,:i 

I lJ..··.---·J.J.. '})'-' ,~~J.·--.·•- - V_i". ,•\_. . .l 

T)i· "'"e...... 1 c '"'u~~c ,-c, -, .L\ V .l. , 1.J\...J .I... .,.\~0 

I i 
1 

liD -1-----
1 

i 
I 

12 r:_r I 
~· x:. J 

(13,Li 
I 

o,oG 
( 0 ~J) L 1 __ 94,265 

I ---- I - -----------··-··--

~- Differe::2ce in ·r1ow between stations 6 and 5. These strea.ms a1--e the mai.n tributa::."'ies in this a.rea. 

** Estimated by the flow at 3t&tion. 10 minus the :flows at statio1.L3 8 and 6. 
i--l 
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.-,on ... 

?,:arch 

April 

lhJ 

June 

July 

A:.iguot-

September 

October 

November 

:;)ecez::ber 

.Te.r1uary 

Feb:::-•.1acy 

Norm.1lized flow Jtttn for- the Jui{::,he~-Crnc:odi:J.C: ~fr•:.,:r oyste:~. (t'.pper figure rt::pl'e.Jcnts 197?./73 
o.nd lc.,.·wer figure 1973/7 ~) 

1 2 

5,31 -
~,lj 4,04 

4,23 2,75 

4,13 I! ,76 

4,12 2,95 

3,38 6,21 

4,04 3,03 

1, ,09 3,73 

2,43 2,95 

4,22 3,31 I 
3,58 3,13 

3,58 2,95 

3,46 5,75 

4,26 3,18 

4,22 4,91 

6,53 9,92 

- -
6,03 5,84 

- -
8,23 9;{8 

4,22 4,87 

6,81 4,90 

3 .2~ 3,01 

4 ,77 4,72 

---------------··--·------- -------
----··--

!! 6 
-

?,78 8,o: 

3,17 4,48 

2,61 2,96 

4,09 5 ~?~ 

1,34 2,18 

1,51 l,46 

1,95 1,e~ 

1,46 1,l.13 

1,94 2,02 

2,03 1 9 70 

1,96 1,98 

2,18 2,54 

l,51 1,39 

2,90 3,09 

2,P.7 3,86 

5,57 6,39 

5,02 5,97 

7,42 8,75 

5,24 4,72 

18,52 7,83 

3,88 3,28 

8,89 6,66 

2,97 4,24 

4,68 7,27 

-

..:; 

9 

7, 01 

55 

2, 80 

29 

'{ 

81 

2,0 

1, 

1, 92 

0 

1,8 9 

1, 99 

2,0 0 

3 

1,5 0 

19 

•2 3,4 

--,'.', 

5,9 

7 ,3 

7,2 

6,8 

3,1 

9 

0 

6 

6 

4 

3 

7 

6,2 

3,4 

7,: ·) 

J. o n 

7A 10 
·--

6,1n 6,69 

4,9b 5,49 

4 ,'.;2 3~23 

7165 I 6,48 
I 

5,20 I 2,75 

4,36 .2,60 

5,0Cl 2,41 

3,91 2,4'( 

4,48 2,55 

J.,69 2,41 

4,09 2,40 

2,50 2,60 

3,15 1,95 

6,94 3,35 

- 3,64 

- 5,26 

4 ,81 5,80 

2 ,3"( 5,99 

- 5,85 

2,65 6,35 
. 

4,18 3,48 

2,98 5,50 

3,97 3,45 

3,08 7,2::S 

I 

-
11 

7.17 

4,5'( 

~.43 

·,- ,73 

2,91 

3,35 

5,00 

3,31 

5,03 

3,68 

11,07 

3,10 

2/16 

2,08 

2,58 

3,70 

3,35 

2,82 

1,34 

6,86 

2,34' 

8,59 

2,08 

8,40 

. . 
·-· -•··----

lj 14 

l~,00 1 ,2a_-
14,l~ 6,33 

6,lio 3,79 

11,08 -
5 ,37 3,11 

3$19 2,48 

~.55 2,81 

2,73 I 2,41 

3,42 2,83 

- 2,45 

2,58 2,53 

- 2,47 

2,61 1,91 

- 3,05 

5,13 3,34 

- 5,B 

10,08 5,116 

- 5,13 

5,92 3,40 

- 6,59 

5,08 2,;3 

- 6,03 

4,52 2,9() 

- 6,e1 

--
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'rhc flow in the lower re,Jion~"5 nf ~-~he MoCtaerfom.:.ein stream (station 2) and 

t.he out.£ull st.ream at stat.ior.'. '?A wa::.~ no:r.maJ.Jy relativ-2ly constant. due t.o 

stabiliza'L.Lon by m.:=1:L..uration dams on these: streams. '?la normali2ed flow 

· figures at these two stations n~ve:c dropped uelow 2 uni.ts and seldc,m rose 

above G uni ts i.e. an a~::,proximat.e var ia t.:.:.on of 2 uni ts from the normal. 

However exceptioLs to the above average flows, particularly at station 2 

suggest t:.h;:it under extreme flood conditions completE. flow cuntrol by these 

dams was not possible. r:rhus under these conditions the re·~.ention times of 

these ponds m~3t have Leen decreased. 

Solids in suspension 

Chutter (1968) showed that sand and s.ilt ca.n ha';,~ a great .infh12n.ce on the 

inverteb:i:ate fauna e._s they tend to smother bictopes. 

The maxim'..lIIl, minimum arid. mec::.n values for the !:>Olids in suspension a.re given 

in Table 18. From this data it ic apparent that the mainstream stations 

below station 6 are sul:Jject. to the h.::..ghest loc:ds while the td.butarie:;, 

particularly the Hennops and Crocodile rivei::s tended to be very clear. In 

general the quantities of solids in suspension weze greater in the 1973/74 

y~ar, particularly in the tributaries. 1I'his correlates with the fact that 

flows exceeded average levels to a 9re2.ter degree in this yec1r ('I'u>")le 17) . 

The effects of the inc.l'."eased flows were most obvious in the tributaries. 

This corn~lati.on agrees with the personally obsE!rved fact that only during 

flood periods was the rjver excessively turbid. 

•rhe mainstream stations L1 the middle and lov1er reaches of tl1e river show 

~n app0rcnt c1nomaly as the values w~re higher in the first year. However 
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TABLE 18 Solias lll suspension ( ,,. ,'Q ·, de.ta for thP Jukskei-Crocodile _____ ,. ___ T!l{,j •-') 

Ri.ver system. (1.97::,/7h data :i.n brac.k f'.ts) 

Station Aver~1ge - Minir~~~ Maximum -7 
--·-·---------~--- .. 

1 77,5 (182,6) 18,0 (;!4,6) 
I 
I· 132,C) (451,8) 

2 51,9 (40,3) 11,0 (G,o) I 11~8 ,0 (102,5) 

I 3 66,l (23:1) 1,0 (2,1) 231,0 '109, 5) 

4 69,2 (?9,3) 6,o (1,6) 330,0 (89,3) 

5 122,2 (66,1) 6,o (3,2) )3'{ ,o (188,9) 

6 98,9 (57,8) 19,0 ( j ,o) 380,0 (194,7) 

6A (11,0) (0,9) ( 57 ,1) 

6B (39~3) (3,0) (107,1) 

1 170,9 (260,3) 36,o (13,5) 1051,0 (1408,1) 

7A 37,6 (282,9) 25,0 (5,5) 49,0 (1515,7) 

e J.i-6 ,1 (111!,3) 1,0 (0 ,'7) 117,0 (411,7) 

0 179,.6 (125.,9) 41,0 ( 21 ,3) 674,o (365:;l) 
./ 

10 153J! (106,9) 18,0 (5,3) 1031,0 (285,9) 

11 18 ,J+ (100,1) 5,0 (o,6) 82,0 (555,0) 

12 179,5 (107,2) 25,0 ( 3 !io) 1206,0 ( 259 ,'7) 

13 17,6 ( 3'7 , 8) 0,0 (1~7) 41,0 (.1J2,0) 

14 110,8 (69,7) 15,0 (12,1) 621,0 (186,5) 
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·iable 19 si:wws the mc.,nt .. h.l.::_' valUQS tcr tl:tese stat.ions which .i.ndicat.e t..hat 

these high values were due t.o a ,:.j nqle x0&din9 j_n Der:.:emoer 1.972. r1•be 

averages for these stat::_ons \'i.lthct·d:. t.llib figure \·Jere ver.y r!luch lowe:c than 

t:.hose for the 1973/74 period· wh:Lch thu~: agrees with b:.e observations r;1ade 

in the tril)utai-ies. 

These high values for solids in suspension in DecPmbe:r 19'/2 were first 2eei1 

at stat.ion 9 and reached a peak at st.at.ion 7 further downstream. 'J1his does 

not appear, from th~ flow d~ta., tc coincide with a flood period. 'rt1e :Fac+

tha ':. Lhis increctse wa.s not ,?.vident at s1:ations 71.I~ or 8 sugc;csts that neither 

the sewage treatment plant nor the Kle.i.n J·ukskei River brought this lc.,ad 

i:..1to the river. 

On the other hand, in Septe.11ber 197 3 there was a simil&:r. massive increase 

in the load of solids in suspension at stations 7 and 7A. This coincided 

with the highest flow recorded on this outfall stream i.e. well above 

nor .. ::ial flow. This tvas a period when no other part of the system exhi.b.i ted 

flood conditions (Te.ble 17) . It may be inferred from this that the normal 

pract5_ce of the' sewage works management to stabilize flows through the 

maturation dams failed for some or other reason. Exclusion of this figure 

from the mean gives an average value 0f 36,4 mg/l for station 7A in 

1973/74 which was similar to th~ ave~:a9e of 37,6 ing/lthe pr0vious year. 

'I'he chemical constituents associated with sewage effluent hnd the fauna 

present at this time will be examined under station 7A the section on 

the faunal associations of i.ndividual stations (p .. 18~. 

CHEMICAL CHARACTERIZATION OF STATIONS 

Each of the parameters measured have beep divided into five rategorles as 

follows: 
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I 
I 

- t,b ·-

Monthly so.1.ids ir, suspe:ir.~ion V-8.lues (rng/t) for tbe maj n 
strerun stations of the middle and lower reaches of the 
system. 

--·----- -· ·---
.., _____ 

Month s t, 

------ --------------·7 
.. 

·-------- T--9--6 
,_ 

Mai.'Ch. 19'(2 NiD N/D 

April NiD N/D 

May 2J. 48 

June ]3 ln 

July 31 60 

August 24 109 

September 19 44 
Octobel" 207 391 

November 62 93 

December 380 674 

t.Tanuary 1973 90 156 

February 122 .1.80 

March 88 156 

April 133 172 

May 7 'T3 

June ..... 
.) 36 

July 6 27 

August 10 22 

September 8 I 57 

October 1?5 365 

November 72 229 

:December N/D N/D 

January 1974 N/D N/D 

February N/D N/D 

a, t l 

+- rr 

N/v 
N/D 

52 

39 

3~., I 

' 46 I 

I 54 I 
I 162 

36 

}051 

59 

64 

153 

177 

43 

14 

18 

29 

1408 

299 

203 

I'J/D 

N/D 

N/D 

o n 
------------ - ~----_i 
10. 

N /D 

l 

10 

1 

1 

2 

2 

N 

N 

N 

34 

27 
I ~3 

70 

39 

07 

91 

31 

74 

18 

58 

94 

29 

10 

14 

6 

41 

86 

26 

/D 

/D 

/D 

12 1).: 

N/D N/D 

N/D N,'D 

50 36 

26 .:_5 

25 c'.5 

52 38 

35 N/D 

212 4-0 

50 35 
1206 621 

99 130 

40 5'! 

12)-1- 100 

204 N/D 

20 1.i.9 

3 16 

12 26 

19 12 

N/D 53 
260 116 

216 187 

N/D N/D 

N/D N/D 

N/D N/D 
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A ·- very hi~Jh for U1(:! :::.ys tc·m 

J3 -· high 

C - average for the syste:.1 

D - low 

E. - very low 

'T'hi~ has been done t...> a.voi.d placing too 11rncr1 signi.f ica.nce on small chunges 

in a parameter. For instance, nsi1:g sodium a.s an examplP., if a valne 

appeared to be excessLvely high com_l)ar8d t.o ctl!er values at the same 

station, undue importance may be p.lacl~d on this 7alue even if it ~s low 

compared to other stations in the system~ The val....::es i:r.dicated by 

tne symbol for each parameter c:~re given in 'rab1 e 20. Note mus .. .: be taken 

of maxima and minima for the system because a value that is low for this 

system may be high when compared \·:ith another river. 

The categorization of environment.al parameters facilitates the classifi-

cation of each station b~/ showing immediateJ.y wh.i.ch stc-1.tions wen~ suDjected 

to high concentrat.ions of specific pollut:ants. For e:x.t.U:iple, station 11\. 

showed a very high degree of mineral e:::idchment wii:h low nitrogen and 

phosphorus concentra·r.ions as opposed to station 2 which showed a high 

degree of enrichi.11ent i)y both mineral substances and nitrogenous compor:n-;ls 

but. relatively low phosphorus concent~ati.ons. 

The characterization of all stations or1 this basis is given in Table 21. 

This table is based on the running averages for these stations (seep. 24) 

but note has been taken of the maxima and minima in table 5 so that the 

occurrence of extreme conditions was not neglected. 
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TAB~1E 20 Con~entrations of cherr..ical constituents :representative of categories A to E for the 
characterization of statior.s. (n1.g/l) except for co~d.1lctivity a.ncl pH) 

Fa:~ameter Catcgcry 
----

I I A B C D 
; I i 

! I pH 9,1+ 8,1-9,0 7 .. 5-8,0 7 ,3-7,5 
I 
i 

Conduct i vi t:,·· ( mSm -l ) I 1881-2300 1461-1880 1041-1460 (;21 .. 1040 

Na 177-220 J.33-176 89-132 45-88 

24,1-30,0 18,1-24,o I K 12,1-16,0 6,1-12,0 I 
I 

108,1-135,0 81,l-108,0 54,1-81,0 2'T ,l-54 ,0 
I 

' Ca I 
! 

I 
I ; 

! M~; 34,1-40,l 27 ,1-3~,o 20,1-27,0 13,1-20,0 

I Cl 165-205 

I 

12~-16l~ 83-123 42-82 
I 

soi 401-500 301-400 201-300 101-200 
I 

I 
I 

I .!.!. 

i 
I i Alks.linity I 145-172 11·r-~·J14 89-116 ! 173-200 i 

I l 

MEAS I 0,81-1,00 I 0,,61-0,80 I 0 ,J-1-1-0 ,60 0,21-0 .. 40 I 

COD 

I 
56,1-70,0 42,1-56,0 I 28,1-42,0 14,1-28,0 

Inorganic carbon 56.,1-70,0 42,1-56 .. o 
I 

28 ,1-1 12 ,0 14~1-28,CJ ' I 

Organic carbon I 32,1-40,0 24,1-32,0 16 ,1-21+ ,G 8,1-16,0 I 
NH....,-N 1+0 ,1-50 ,o 

~) 
30 ,1-l+O ,0 20,1-30,0 10,1-20,0 

N03-N 48.,1-61,0 I 36,1-48,0 24,1-36,o .12 ,1-24 ,0 

NO -N 8,1-lO,O 6,1-8,0 4 ,J.-6 ,o 2,1-4,o I 2 
Dissolved inorganic N 80,1-100,0 60,1-80,0 40 ,1--fO.,O 20 ,1--11-0 ,o I 
Dissolved o~ganic N 10,1-12,5 7 ,6-10,0 5,1-7 ,5 I 2,6-5:0 

P0 1 -P 8 ,l--10 ,O 6,1-8,0 4,1-6,0 
I 

2,1-4,o ! 

4 I Total P I 8,l-10,0 6,1-8,0 f !+ ,1-6 ,o I 2 ,l-1~ ,0 
• i 

-·-~ 
E ! 

I 
; 

I 

1:-0-7,2 
l 
j 

I 
200-620 I 

I 
0-44 i 

I 

I 
o-6,o 

I 0 ""'7 ,.., -c:. I ,V 

I 
6,C-13,0 • ! 
o,41 ! 
0-100 

60-88 : 
O-U~2 

0-14 

0-J..h 

0-8,0 

0-10,0 

0-12,() 

0-2,0 

0-20 

0-2,5 

0-2~ 
0-2,0 
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BIO'I'.IC IND::'.X 

Biotic Index Values (Brv: for all stat_j_ons ·throughout th0 period cf the 

;::\1rvey d.re presented. graphically in the l'.ppendix (Figures Al - A8) . 

.Figur:::s l:..1 to A 5 · show t::e ,nonLnly change in BIV for each sta t.i.on and. 

t, f 
FigurP.s A 6 to A 8 show the ch&nge in BIV down the mainstream of the rJ.ver, 

and lndicate incoming tributctri~s, for each month. 

Tables shm.lng the pe1:centage c.:omposition of the ft::.una at each stat1.on a1.~ 

A g2n.eral picture of c.:mditions at the different sampling points on the 

basis of BIV is show~ by the average values for each station pr~sented in 

Table 22. The average vah::.ss for each month for the whole river syst.t:~m 

showing seasonaJ BIV variation, are presented in Tab.le 23. 

Bast=!d on the assumption that the empirical biotic ind~!X retl.ect.s the 

biological oxygen demand (BOD) of a sampling site (Chutter, 1972), these 

results suggest·a clearly defined picture of contamination by orga11ic 

material in the sys'Lem. The Crocodile River was very sl.:i.ghtly en.cicl~ed, 

probably as a result of the natural occurrences of organ:Lc matter while tl1e 

Klein Jukskei and Hennops river~ were, as indicat12d by Table 22, more 

enriched but not to a significant degree. The fact that the average TOC 

values (see chemical analysis) also indi.catr~d that there is far less readily 

oxidizable material in the Crocodile River than in the Hcnnops or Klein 

Jukskei rivers confirms the degree of difference in these 11 clean water" 

tributaries. 

Reference to Table 11 shows that these three rivers were all subjected to 

occasional anamol011s incrcase3 in t.hs TOC values although these never 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021

TABLE 21 Characterization of stations according to the catego~ies shown in Teble 20. 

----
Partun~ter s t. a. t. i 0 n i 

I 

1A 2 3 4 5 6 6A 6B 7 7A 6 9 I 10 11 llJ 
-

CDE I Conductivity C AB D A-D A-D CD E E DE D E DE E E 

rH CD BC BC C C C B :a BC BC BC C 1 ·· C B CD 

1A 
1 

12 I 13 i 
141 

tE I DE I ltE 

BC I B I BC 
i 

Na DE AB D BC A-D CD E E DE D E CDE DE E E 

K D AB D A-D A-D CD E E CDE 

' 
C E CDE CD E E 

c~ C AB CD BC BC CD :>E DE DE D DE CD CDE DE E 

CDE I E I DE I 

I 
CD 

I 
E CD I 

j 
I 

CDE CD CD 
l I 

11.g A+ AB E-CD ABC A-D BCD DE E DE DE DE CDE j.)f: BCD ...: cu; ABC CDE 

Cl CD AB BCD AB A--D BCD DE E D D E CDE CE E E CDE DE DE 

soh DE AB DE BC A-D CD B E DE E E cm: DE E E DE E D:S 

Alka.linity A+ BCD A-D BC B-E DE CD CDE D BCD CDE DE DE P_-E I DE CDZ ABC BCJ 
I 
I 

COD Ci.) ABC CD BC BCD CD D D BC BC DE CD B~D E I DE 

MHAS - \EC DE BC BCD BCD - I - BC ft.B DE I BCD ECD DE DE 
I 
I 

Inorge.nic carbon - CD CD CD D D - - D D CDE I r: D C DE 
I 

Organic CPrbon - CD ~DE CD DE D - - BC C DE I C CDP. j DE DE 

• c~ 
I 

E I CD 

BCD I BCD 

I c:: I l 
DE 1;· .-: 

I ? 
DE DE I CDF 

mr
3
-N E ABC E CDE CDE DE E E E E E I E E E E 

I 
N0

3 
E A-E E APC BCD CDE E E I DE DE E E CDE E E 

E 

I 
E _; 

DE E DE 

N0
2

-N E CDE CDE DE DE DE E :E 
1 

E E E CDE E I E :s f 

Toto.l dis~olved ! 
inorganic N 

E A-E E CD CD CD E E DE DE E ~))~ DE ( 
E E 

Total dissolved 
E CDE E E A-E E E E DE DE I J<~ E E I E E organic N i 

P04-P E E E E E E E E CD BC I E I CDE 
CDE E E 

i 
Total F E DE COE DE I E E E E BCD AB I i BCD E -, j .cnE A.• 

l I 

E ~ E 

E E DE 

E E 1 

DE I 

~ CDE I I 
I 

.J 
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'l'lil-f!:..E 27.: The~ itV~:r-'.°1';J/::' B:i.oi~ic I r.,dP·_),: Va.ll1F.>S for each '"'.tat_:_on in 

rlovmstrt::;2i1! c.cdu::.'. 

ft;~ic~~---....----bv':.:.::i.:c:iqc Bl\T 1-:;·;2;·13 -,--I Average BIV 1973/7;------i 
t-··· i ·----·-·----· -, 

1A 8,73 I 

3* 

4 

5 

61''\* 

6B* 

6 

9 

7 

7A.* 

10 

11B* 

12 

6. a· 
I~ l 

5,73 

:_: t 13 

5,89 

5,53 

2, 71 

5,56 

s, '/7 

.5, 11 

1, 60 

4,60 

3,88 

3,75 

6,94 

::;,s4 

~,81 

6,31 

6,08 

6,84 

5,66 

4,33 

6,35 

5,93 

5, 11 

5,97 

2,64 

4,53 

4,54 

4,84 

I 
i 
1 

I 

--------------
* Trib'J.tFiries of milin s1::r.eam 

'J.'ABLE 23: Monthly average Biotic Ir!dex Value:,, ca.lcuiated 
from the values of all stations sampled 

Month P.vt~rage BIV 197 2/7 3 Average BIV 1973/74 
- ·-

March 4,97 3,82 

April 4,90 -
May 4, 50 5,86 

LTune 5,25 I 
5,71 I 

July 5, 56 G,05 

August 6,64 6,08 

September 5,85 6,00 

October 5,61 -
November 5,79 4,76 

December - 5,28 

January S,42 

I 

4,48 

F'ebruary 5,11 4,S4 
-

I 
i 

I 

I 
I 
I 
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reached the extreme values ~eer. in the main stream. For instance j_n June 

1972 the COD and TOC values in the Klein Jukskei Rive~ showed a marked 

increase in relation t.o the May and July values. This is shown in Figure 

~11 by a suddPn peak in BIV values caused by a marked change frcm ~n 

Ephemeropteran rominateC: community t-o one domjnated by the Si:illuliidae (st:?e 

fa:nual composition in the Appendix). From August onwards this station 

showed stea:.7.ily increasing BIV' s from an average prior to thi.s cf 1, 5 uni ts 

to one of apprcximatcly 4 ~r.its. This too was the result of a decline in 

numbers and variety of the Ephemeropteran species which were usually 

replaced by the S.irnuliida~ altho"J.gh increased numLers of Chironom:i.dae and 

Oligochaet.es occurred at ti.mes. rrhis coincided with a slight increase in 

the COD a:nd TOC values and thus suggests more sis-nifi.cant enrichment than 

in the early months of this survey whE:::n bot.h the chemical results &nd the 

DIV were similar to those in the upper Crocodile River. 

The upper C:rocudile River showed a fluctuation in index values (Appendix 

Fig. A17) which is not ~eflected by the appai:-ent :relatively co~stant state 

of organic pollution in this river. Huwever. the fact that this fluc

tuation occurred mainl~ below 4 units agrees with the low COD and TOC 

v&lues. 

The BIV for the Hennops River (station 13) fluctuated between 2,5 and 6,2 

units. Peak values were mainly due to increasing percent~ges of Chirono

r.iidae and Simuliidae at the expense of Baetis harrisoni and the Trichop

tera. Figure 5 shcus the influence of organic material (as rroc values) on 

the fauna. suaden increase:s in the organic carbon coincided with peaks in 

the BIV graph for this station but it is interesting to note that increase 

iri the BIV tended to follow a deter iora t.Lon in the organic status of the 

river rather than to occur simultaneously. 
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1.'he Brau.mfontcin and Sandfontr!L1 st.r2ams, the Jukske.i Rj_ver above i-r.s 

confluence with the .Modderfontein stream and the effl,1ent outfall stream at 

station 7A were more enriched than the ot~1cr tributarii=>s. At times, 

particularly ruring low flow periods, all these streams showed a BIV 

indicating very enrichec~ or p0llutec: waters (c}.bove 7 units). In general 

the fauna of these tributaries indicated more enriched conditions than in 

the Hennops, Crocodile and Klein Jukskei rivers. 'rh:i ~; indic::.tiun of more 

severe nutrient enrichmen;_ is a result of the fact that the Ephemeroptera 

were represented oP-ly by Baet-l-s har1,isoni while the Chironomidae and 

Oligochaeta tendE:d. to fm:.1n dominant parts of the coimnuni ties. 

The Simuliidae were considerably less significant than in the "cl.ean 11 

tributaries and the Trichoptera were virtually absent. The amount of 

organic material in these streams was apparently greQter than in the 

Crocodile; Hennops and Klein Jukskei rivers, although they were all less 

enriched than the main stream ('rable 11) • 

In these enriched tributaries the TOC values were highest in the effluent 

outfall at station 7A, but biotic index values were much higher in the 

upper reaches of the system. Station 7A COD a~d TOC values suggest 

quantities of readily oxidizable matter comparable with those in the upper 

reach of the main stream which wc:.s shm•m by -1-:he BIV to be the most enriched 

region in the river. 

In most cases sudden increases in BIV at any of these stations were 

associated with chemical evidence of increased oxidizable organic material. 

However in September 1972 station 3 showed an increased BIV cf almost 4 

u11its which was associated with an increased COD but low •roe values 

indicating that the COD change was caused by inorganic matter. Similarly 
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at st.a.ti.on 7A an increase in 3JV over the SepterrJJer-Novetnber 1972 per:iuJ. 

was also characterized by ir:crea:3t~ci COD values w.i. thout an increase in 'l'OC. 

r.,inally, with regard to the mainst.!-'eam of this study, the BIV data 

i~dicated a steady improvement in condition from statJon 1A to station \4. 

The river 1 s ''polluted" (according t,.:) Chutter, ~.972) in the upper reaches 

o:i: the system and only just qu.alifit~d as "em::i_ched" when it reached the 

Hartbeespoort Dam. This qeneral trend did not agree with the chemical 

evidence of the amouet of organic matter in this river. The COD and •roe 

concentrations indicated very li.ttlc change in the organic content of the 

river down the main stream. 

ThG monthly average BIV (Table 23) indicated that overall, the system can 

be considered to be enriched but net severely so, and there is a definite 

suggestion that nutrients reach~d a peak in concentration in August while 

the March-April p8riod was characterized by the cleanest waters. 

No BIV could be calculat~d for station 1 ~iliich was characterized by a 

complete lack of permanent fauna at any st.age during the stuciy period. 

Although some isolated individual anima.Ls were occasionally found, their 

occurrence was probably incidental and could have been the result of ririft 

from further upstream. 

There was an appa.rent anomaly in the biotic classification when reference 

is made to the chemica.l results of station 1A and 2. According to the BIV 

station 1A was very much more severely enriched than station 2 even tho1.1gh 

their mineral content was similar and station 2 showed very much higher 

concentrations of all forr.-:.s 0f .nitcogr-n. Phosphate concentrations were low 

at both stations and the rr~lr:.tionship between COD and rroc indicates more 

organic material at station 2 than at station 1A. 
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This difference in the typ0 nf ,,:ater quality indicated by the biotic: index 

and the chemical d,"i.ta respectively is cue to the abnm-mally restricted 

fauna preE~ent at statio0. 2. The fauna at stat.ion 2 cousisted of a limited 

hw1iber of insect larva and nymphs only, whereas the degree of enrichment 

indicated by the chemici.~l data would lead one to expect the predominance of 

Oligochaete worms usually associated with polluted ccmditions. This 

situation cl.early demonstrates one of the limitations of this index. 

Chutter (1972) has stated in his discussion cf the index that, "Aquatic 

biocoenoscs arc not only influenced by organic pollution, but also by 

poisons such us pesticides, heavy metals and phenols." 

The unexpected faunal commurd.ty at station 2 suggests some such influence. 

It has been shown that insecticides kill insects a.nd crustacect but not 

worms and snails whereas metals will eliminate the worms and snails but not 

affect the insects (Hynes, 1963, Brinkhurst anc.1 Jamieson, 1971). Thus the 

complete absence cf Oligoch2.ete worms at station 2 (see appendix) (no 

snails were found eithe~) indicates tl,at pollution by heavy metals is a 

possibility in this part. of the river. Wi tt1an and Forstner (1976) shm-:ed 

that the sediments of the maturation dams immediately above station 2 

contained extremely high qu2.ntities, in reiation to the rest of the system 

(Table 24), of a variety of heavy metals. 

The marked fluctuation in COD values at this station in relation to 

relatively stable 'I'IC -:..nd TOC values also suggests the possibility of heavi.1 

metal contamination which is one of the few causes of such a relationship 

(see section on organic status). 

The fact. that the insect fauna found at. stat.ion 2 was almost entirely 

limited to the Chironomidae whi.le the mere sensitive insect groups such as 

the Ephemeroptera other t.lian B. ho.:r.?risoni and the Trichoptera, were 
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T/\J3LE 24: Metal concentrations in the sediments of the dams oi. the 
Modderfontein stream - from Wfttman and ¥~rstner (1976). 
(Concentratior~s .. i_n m9/k9; Fe in %) 

·-·- -·-----· ------
Station n.umber 

Metal -----
I 

2 J ~----· 

Cr 880 

Ni 550 

Co 9G 

Fe 6,60% I 

Cu 904 

Mn 1 -100 

H,.... 
::, 2,87 

Pb 282 

Cd 1,99 

Zn 1 90~ 

(Wittman f, Forstner 
--

3 

360 

428 

196 

3,60 

1 88') 

1 340 

10,8 

1 538 .J. 

4,90 

6,902 

, 

I 

1976) 

4 

24'1 

530 

416 

7,28 

4 ')40 

~ 000 .J. 

6,71 

1 921 

4,58 

9 ~,oo 

----

completely absent ind~.cates th:it the dissolved oxygen levels were at times 

too low for these sensitive ta.xa. Therefore it is very probable that if 

the Oligochaeta were not absent, the BIV for station 2 would have shown a 

greater degree of pollution than would station 1A. 

The second major limi.tation of this index according to Chutter (1972) is 

the fact that seasonal instability of flows and r..i.ver beds causes a 

deviation of the observed fauna from that which would normally uccur. 

Although Table 23 does show a seasonal effect on the BIV, this could be as 

much due to natural life cycle occurrences in ':he fauna or their response 

to increased nutrient concent.rati0ns as to flow instability. It appears 

that flow instability does ha•-_re some effect on the fauna of the smaller 

tributa.ri.es ,.)f this system when ~xcessive floods shown in Table 16 are 
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C'Oropared with the BIV for these monttls. In general the BIV un thest~ 

occassions :i.nd.icated e <1eteriorat:ion in water quality due to the fa.ct that 

thos~ taxa most sensitiv.J to pollution appear to be less able to withstand 

flood conditions. This i.s indicated by the fact that the Ephemeropteran 

percentage tended to be reduced on these occasions (for example: station 13 

in November 1972). However apart from these extreme cases in the smaller 

tributaries flows were relativ~Ly stable through most of this syscem (Table 

16) • 

Hynes (1970) sites ?. number of stud:i.cs v;hich have shm-v>n tha."'.: the disruptive 

effect of floods on the fauna of a river is least obvious in the.stony 

b:iotoJ.,2 except under extreme condition::;. This is shown here by the fact 

that the BIV after a flood pericd did not usually differ grec-.tly from that 

observed prior to the flood. Thus although the number of individuals were 

sometimes reduced after a flood the composition of thE: community was not 

usually affected as can be seen by the relatively constant BIV at most of 

the stac.ions in this system during the Septem."ber-December 1973 period 

during which time two floods occurred. 

This empirical biotic index clearly indicates the general polJ.~tional 

pattern in a river but care must be taken, partic~larly in a river 

receiving a nurn.ber of types o[ effluent, that the true situation j s not 

masked by pollutants not associated with organic matter. J.\ comparison must 

be made between the BIV and the known environmental conditions so that 

spurious results can be checked for the cause of anomalous effects. 

Although the index neglects planktonic Copcpoda and Cladocera only 

(Cbutter, 1972) it wa.s decided to ignore the occurrence of Collembola in 

samples as well because strictly spPaking, none of the Collembola are 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

aquatic. 'rhe few specierj associated. \•:ith water remcti.n suspended on the 

surface filr.i and subr11er0e only acci:-1ento.1ly (PP.nnak, 1953). It is however 

j_nteresting to note that. Cr)1J.Bwbolan occurrence was strongly linked with 

t.hat of indicator~°' of very 0nriched conJ.itions. 

CLUS'l'ER ANALYSIS 

Cophenetic correlations 

All dcridro1;rams based on large quantities of data such dS those represen

ting i.:.ll the da_-'.:.a, or all the data for one season have cophenetic correla

tion ·.;alues close to unity (0: 951-0, 998) showing that there is virtually no 

distortion caus~~d by the clust.E:ring strategy. The dendrograms based on th£~ 

data. for single stations show slightly more distortion a~ the v&lues are as 

low as 0,785. This is however not so great as to introduce any significant 

distortion in the two-dimensional presentation of the data (Kaesler and 

Cairns, 1972) and all the dendrograms preEented here are thus repiesenta

tive of the data matrices. 

The cophenetic correlation coefficient {ccc) value is shown with each 

dendrogram. 

Interpretation of cluster a.naJy~es 

In defining the associations of specific taxa, relationships unrelated to 

the chemical environment i.e. the water quality, may ha.ve occurred due to 

the natural seasonal va.riadon in the fauna which may be related to such 

par';meters as temperature and flow instability. The life cycles 

of the various taxa may also result in seasonal changes i~i communities. 
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'J'he "months" or samples were c):..1stered to see if they grouped into seasons 

bused on the ta.xa present in each sample. 

'l'hereafter, before the actual seasonal faunal composition could be 

analysed, it was deemed desirable to eliruinate some species f.i:"om the 

computation of associations. This will prevent the indiscriminate 

inch1sion c-: these taxa fr.om the interpretation. This was done by a single 

clustering of :!.ll the da.t?. from al 1 seasons and stations. Those taxa whi.ch 

showed a very poor relationship to all at.her -Laxa both on the basis of 

their presence anu. their relative armndance could then be excluded from 

further analyses. 

Once the seasonal variation in the faunal coII1IBun.ities had been established 

the interpretation of ch~nge.s at and between stations was attempted. From 

these results the influence of physical factors and seasonality of life 

cycles could be defined enabling the recognition of variations due to 

changes in the chemical environment. 

Following the example of Stephenson, Williams and Cook (1972) the terms 

"association" and "community'' are used in this paper &s synonyms. Mills 

(1969) definition cf a community as "a group of organisms occurring in a 

particular environrnent" is accepted with slight modification. For the 

purposes of this discussion the definition of a commur.ity is: "a community 

is a group of organisrr.s occurring simultaneously in a particular environ-

ment". 

{a) Composition of seasons based of faun.al variation 

A iiormal analysis of the monthly data for four stations was used to 

establish whether there was a seasonal variation in the faunal 
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connm .. nities in lhe system. 'I'his resulted in the clustering 0f 

individual san1ples, Each of which represents a month of the b·.:o yea .. ':. 

sampling period. The four stutions chosen i e. stations 3, 10, 1 • .::, 
~.L anu 

14 are represcn::.ative of the vario'..ls \.,·..1ter quality types in the 

system, based on t.he chemical and biotic index rest:.lt!:. ThE-. Moddf'r-

fontein str_eam anC! the Jukskei RiveL immediately below it were 

excluded from consideration because of the unnatural and extremel:: 

limited fauna. Thus trends of seasonal variation l~vident at stations 

3, 10, 11 and 14 a.re probably representa t ;_v,2 of trends tl:rou9hout. the 

river system. 

'l'he data was analysed by both the 2zeckanowski technique based on the 

mutual presence of taxa only and by the Percentage Similarity 

technique which is Lased on the relative abundance of individual taxa 

in the association. 

'fhese analyses showed which samples were most closely related cmd 

grouped them into classes which could be plotted as dendrograms. This 

suggested the relationship between samples, i.e. months, and thus 

indicated whether there was a seasonal grouping of months based on t~G 

variation in the faunal cornID.unities. 

For this purpose the Czeckanowski technique was unsatisfactory because 

the presence of a single individual of a taxon is \vei.ghted equally 

with a dominant taxon. 'I'he result would be that a station with a 

constant population composition but variable abundances of particular 

species at different ti.mes of the year would show all the months to be 

very closely related. Siiilarly, in a less extreme case, two months 

w.i. th a similar faunal composition but cc,mpletely different dominance 
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pat.terns would be closely asso--:i.ated by '!::.he Czeckanowski similarity 

index. Im example of this is shown in the dendrogran.1 of Czeckanrywski. 

similarity for station 3 (Fig. 6). In t:~is dendrograrn the auly 1973 

and August 1973 samples are closely linked aL r1 percentage similarity 

coefficient val:1e r ::: 88, yet- when :~he relative abundances of the ta.xa 

forming the association are taken into account (Fig. 7) these two 

samples do not show a close relationship (r = 22). v.Jith twc 

exceptions exactly the sc .... ,.i.E: taxa occurred in both samples. However, 

in July four taxa (B. harrisoni, Orthocladinae, Na.is sp. and Chaeto

gaster) shared d0minance status on a percentage basis whereas in 

August Nais sp. comi;letely dominated the association. 'I'hus in the 

Percentage similarity dendrograrn the August sample ter..ded to cluster 

with other s&mples showing a complete dominance by Nais sp. as wou1d 

be expected. 

Thus thE::: definition of the survey period irito specific seasons is 

based on t.he Percentage Similarity de:1drogreJns ratner than on the 

Czeckanowski Similarity dendrograms. 

It. can be expected that tbe less polluted regi<?ns of the river will 

show a more clearly defined division of the samples into seasons. As 

water quality deteriorates so the influence 0f the chemical environ

ment will tend to domi!"!ate natural seasonal variation in faunal 

communities. Stations 11 and 14 are representative of the "cleaner" 

tributaries and lower reach of the system while station 3 represents a 

relatively enriched tributary and station 10 the highly enriched 

mainstream (according to the che;nical and biotic index results). 

These ldttcr results shov.recl the upper rec::ches of the mainstream 

(stations 2 and 4) to be representative of the poorest water quality 
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nut these stations were ignored i.n the analysis of seasons as chemical 

influence was so great as to make such an analysis useless. 

'J.'he dendrogram of perceni:age· similarity for station 14 shows the 

clearest definition of sumples into seasons due to the variation in 

the faunal community (Fig. 7). This dendrogram is divided into three 

clusters which incl~dc all the sc~ples taken over the two year period. 

Cluster A comprises all samples taken from October to F'~bruary in both 

years, cluster Bis composeu of all the March to June samples while 

clu,ter C represents the period July to September. Althou9:1 May and 

June 1973 and July 1973 are less closely associated with cluster~ B 

and C respectively than are the other scunples within these clusters, 

these samples are still more closely related to their expected 

groupings than to any other cluster. Figure 8 shows the variation in 

the dominant taxa underlying this definition of seasons. Ouriug the 

summer period the faunal association was dominated by the Ortho

claJina~ and Cheumai;opsyc:he thomasseti, the late summer/early ':.·Tinter 

period was dorr..i.nated by B. harrisoni and the Simuliidae and the 

winter/spring period showed Nais sp. domination. 

,-

Thus this station shows three seasonal periods bas2d on variation in 

the faunal composition and defir~es the extent. of these sec1.sons. 

It would be exp~cted that the dendrogram of percentage similarity 

between species for station 11 on the Crocodile River (Fig. 7) should 

show a similar clear definition of natural seasonal variation as this 

river has been shown to be the clean2st tributary. However the clear 

definition into seasonal groups seen at station 14 has beEn masked in 

this dcndrogram by the fact that the two years of this study seem to 
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have diff~red markedly. 1i1is statiou shu~s the first eight month's 

samples i.e. March 1972 until Gctober 1972, all g1·ouped together in 

cluster C. Thus th;; effect of the chanqe in the fuuna late in the 

first year of the study tender:~ to mask the poss.ible sea serial effects. 

Due t-o the fact that this clusterir .. 0 of Lhe first eight. months samples 

is not seen in the dendrogram of Czec..:kanowski similarity (Fig. 6), 

Lhis change does not appear to have been 8aused by a variation in the taxa 

present, but rather in the relative domiPan..:-e of the taxa. However 

clusters A and B (J.o'ig. 7) do show a tendency t-o g.ten.:i.p the summer n:onths 

because it was m:..in.:;.y the winter p0.-::- iod ch1ster which was split by 

the occurrence of cluster C. Cluster D shows no seasonal affinitj_es 

whil8 cluster E consists of two s&11.ples trom the late winter/spring 

period of the second year. Thus there is some confirmation of the 

season2l variation in the fauna suggested at station 14 in this 

aendro0ram. 

The change after October 1972 will be further refer:ced to in the 

discussion of the characteristics of this sta.tion where the cause for 

this change is considered. 

The dendrogram of percentage similarity betv:een species at station 3 

(Fig. 7) shows the influence of the WE!.ter qt1 -1lity more than at 

stations 11 and 14. This was paL·ticularly noticeable in winter and 

late summer (cluster A) because although ti:1er,2 is a tendency for 

samples to group as seen previously, most clusters contain one or 

mere unexpected mE:mbers. In su111IDer the tendency for the October to 

February samples to cluster is greater as there are no unexpected. 

relationships in cluster B althouqh some of its expected members are 

outside this cluster. The spring p~riod shows a highly correlatea 
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group in cluster C but this tends to be centred a::-cund the Sc->9tember 

samples as both July samples and one August sample occur in other 

clusters. 

The tendency seen in this dcndrogrcun indicates the effect of water 

quality as opposed to natural seasonal variati01. on the fauna because 

i..he t1.finter months were characterized by the poorest quality water. 

The analysis of data for station 10 also sho~;s some confusion which was 

probably due to the effects or water quality OP the fa1111a (F'ig. 7). 

However t.hree well defir1ed clusters are shown in tl:.is dendrogram. 

Cluster Al consists of some of the mid-su~JITier samples and cluster rl2 

which links to it consists of a mixture of summer- and late summer/early 

winter samples. With the exception of November 1973, cluster B groups 

the winter/spring samples. There is however a tendency to separate 

the three cluster B months into separate sub-clusters which suggests 

a defined pattern cf environm~ntal influence during these dry montlrn. 

The fact that the fauna of this station was divided into summer and 

winter associations only, rather than two winter and a summer community may 

have been due to water quality effects or it may be expla.ined by the fn.ct 

that one April sample and both October samples, all intermediate period 

samples, were missing from the data. Thus the September samples linked to 

the winter months while the April and May samples either joined the summer 

cluster or in the case of May 1973 did not join either group. Thus this 

station still suggests a difference in the summer and winter compositions 

of the fauna but a split into two winter periods may be masked by the fact 

that some samples were missing. 
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'!'he expectection that natural seasonal va1.·iat.i.on in c;o1raum1ities wiLL be more 

clearly de_fined where p.-Jo.r water quo.l.ity is not exerting an influence 

appears to he correct. ·.rhus based on tbe cleaner Wdter stations but with 

some confirmation in the rest of the system, three seasonal periods h3.ve 

been P.stablisheri on the l,asis 0[ farmal variation. 

A second point that can be ascert:i.ined from these analyses is any signi-

ficant difference in the faunal p0pulhtions between the first and second 

yea.rs oft.be survey. Firstly, the possibility exists t.:hat one or more taxa. 

occ-1rring at a particular stat.ion may hc..ve been totally abc.,2nt in one ye&r 

due to a change in the environmental conditions. Secondly, the relatj_ve 

almndance of a taxon might have changed so that, for itst.ance, a species 

which dominated a population in one year may have lost its dominance st.at.us 

in favour of one or mo:i::-e of the subdorainant taxa in the following year 

because conditions may have become less favourable for it. 

In order to see if such a change in conditions did occur the data for 

stations 2 and. 4 in the upper reaches were also subjected to the analyses 

done above. Even though the fauna was limited these stations were still 

subject to changes in the environment.al conditions of the system. 

With regard to the presence or dbsence of taxa, the dendrograms of 

Czeckanowski similarity for all six representative stations (Figs 6 and 9) 

show no signif~cant clustering of samples taken in one particular year. 

In cases where two or three consecutive months are joined to form a small 

cluster they are invariably joined at significantly high r values by months 

from the same seasonal period in the other year of the survey. All these 

dendrograms indicate a remarkable degree of community hom0geneity in that 

all samples are linked at 1. values above 50 per cent. However it is 
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relavant that station 10 ~na station 2 show the greatest homogeneity 

indicating that deteriorating wa➔.:.er quality tends to suppress seasonal 

varic.tion in t:he fauna. 

Other than station 11, which has already been shown to s2pan:ite the 

first eight months' data from the rest on the basis of the rela.ti.ve 

abundcir1ce of taxa forming the population, the de.ndrograms 0f 

percenta.gP. similarity for these six stations (Figs 7 & 9) also show no 

significa:-it differences between the two years. Here too one can see 

in the dcndrogram f/"'lr station 2 (Fig. 9) tha-:. water quality restricts 

population diversity. The remarkable correlation between all samples 

suggests that e"t1en variatir:ns in dominance patt2rns which occu!:" 

seasonally were restricted by ei1vironmental conditions. 

(b) The analysis of the fauna of the whole system for the 
identification of rare species and the most co1runon 
associati.o!1s 

By subjecting the fauna of tlie system as a whole to a clustering 

analysis the rare species in this catchment area can be identified 

and removed from further analyses. The smaller quantities of data 

used in ascertaining the similarity ind~x between species at a 

particular staticn could result in misleading conclusj_ons. For 

instance, a taxon rare in the system wi~.l be given the same weight as 

a taxon common in the system but rare at this particular st3tion. 

Whereas the former occurrence is probably of no significance the 

latter is an important observati.on. 

'rhe dendrograms of Bray-Curtis si.rr,ilarity between samples and of 

Czeckanowski similarity between samples for all stations from March 

1972 until February 1974 are shawn in Figures 10 and 11 respectively. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

Perccntc.~1c 
0 10 20 30 40 50 60 70 80 90 
'--'- _ _._ _ _..___L_ __ l __ ..L..;_ ~----L--...L.:....__J 

-----r--··---------·- ··---
-----------------------

r_J .._ ____________ _ 

-----------------

~-{.-----

N~---------------~ 

r-----------------·----

Cc c = 0, 99.~8 __________ _ 

Anlsopt era 
Physopsi s 
Biomphaloria __ 
Zygoptera 
HyJrnenid ndutt 

Pelecypoca 
B.latus 
Ceratopogonidae 

Centroptilum 
Tcnypc.dinc.e 
Hydroptila 
Chorot erpes 

Afronurus 
r ~ e:Jroc aeni s 

Caenido.e 

B.latus A 
Hydrachn el I ue 

Tanytarsini 
Hydrac-nid tarn. 
0s tracoda 

Rhagionidae 
Gyrini d lar·,a 
8urnupi<1 
Stenelmis larva 

Stenelmis adult 

Amphipsyche 
Ecnomus 
Simuliidae 
B.harrisoni 
Orthocladinae 

Chironomi r.i 
Pla~1aria 
C.afra 
C.thornasscti 

Naididae-
Nais B 
Chaetogoste.r 
Cypri dopsis 
Hydra 
Chironomus 
llyodrilus 
Limnodrilus 
Branchiuru 
Hirudinea 
Tabanidae 
Chrysomelid f,dult 
Dytisci d adult 

Eristaiis 
Psychodi da~ 
Dytisci d larva 
Culici dCie 

Hydrophilid adult 
Gyrini d adult 

Prostoma 
Tiputi dae 
Tet anoceridae 
Chaoborus 

Figure 10: Dendrogram of Broy-Curtis Similarity 

bttween Taxc for March 1972-F':bruary 1974, 
from all data for ail sampling points. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

t. f't!f'CH:to.ge 
0 H~ ,r, _30 40 ~O 60 70 80 YO . :,. __ , __ ._,&...'.:._ __ ., ____ ,.._ ___ J. ____ .:..__...1--.J...._-...1...---J An1 sopt!"rc 

r-··•-[_ _____________ 8iomphalt:ria 
. ,--~ _____ Physopsis 

_______________ Zygopt tra 

1 ----~- Pl!'lccypcda 

I ______ Hydrachn"'llc~ 

rl' 

rl'------ Hydroptila 

~ 
'--------- Chorot erpes 

'---------- Caenidae 
F---------- 8.lctus 
..._ _________ Ceratopogonidc.c-

11-___________ Tunypodinae 
_________ Rhagionidae 

_______ Neurocaenis r, Lo----- Arronurus 1 l-r·· _________ Centroptilum 
... _____________ 8.Guintus 

-[ 
5tenelmis !arva 

.___ ________ Stenelrrais adu:i: 

Ec:nomus 
Sirr-ulii dae 
c~.i ror.~mi ni r-e=- Orthocladin::ie 

. L B.hor!'"i soni • 

'------ Nai s 

A 

'------- Nai didae B 
____ Picna;ia 

. C.thomass eti ---c=: C.ofra 
'--------- Chcctogaster 

'---------- Tanytarsini 
_______ llyod:-ilus 

____ Limnodrilus 

1 
~-------~---~~~~~:~~~1~i:opsis 

r- L------------ Burnui.>ia 
L-------------- Ost raced a 

rfL--------- _____ Branchi ura 

I 
Hirudiriea 

L-------------- Chironomu s 

l 
r Hydrc.t?ni d larva 
1-L ____________ Hydraenid adult 

...-------------- Tabanidae 

[ --f Chrysomc-lid adult 
L _________________ Dytisci d adult 

Prostoma 
Eristolis = Dytiscid lan·a 

: Hydrophi lid adul: 
_________________ Amphipsychc 

..-------------------- Tipulidae 
______ Psychodidae '------~r _____________ Culici dae 

.__ __________________ Gyrinid adult 
_____________________ Tetanoctridae 

__________ Chanbonrs 

Figure 11; Drndrogram of Czeckar.owski Similarity 

between Taxa fer Morch 1972-February 197~, 

tor a!l data from ell sampling points. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

•rhese dendrograms arise f~om an inverse analysis of the data resulting 

in clusters of taxa based 011 their joint occurrence in individual. 

sa.mplE::s. For the purposes of def in i_ng species rare in this system as 

a whole i..t ·was unnecessary to extract the sampling points with 

unusual fa1ma (stations 2, 4 arid 5) because all the Oligochaeta, the 

taxon not recorded at these sampling points were common at stations 

elsew~ere in the system. 

Both denci.cograms include two clearly defined clusters. Cluster Bin 

Figure 11 b~sed on ~requency 0f occurrence (presence-absence 

analysis), had a nucleus of ten closely associated taxa~ These were 

Simuliidae, Orthocladinae, Chironomini, E. harr·isoni_, Nais sp., 

Naididae, Planaria, Cheumatopsyche afra, Chewnatopsyahe -choma2set-z:, 

and Chaetogaster. 

Part of cluster Bin Figure 10 shows t.hat this group was similarly 

related although .::t lower r values, as is to be expected, when 

compared on the basis of their abundance relative to each other in 

associations. The high degree of similarity of occurrence and 

abundance between these taxa suggested th2.t they were the most common 

in the system and that their prese::nce was probably not dependant on 

local conditions. This is confirmed in •rable 25 which shows that they 

occurred, usually in large percentages, at all stations. These are what 

Stout and Vandermeer (1975) caJ_l region2.l controlled species. 

On both dendrograms there were sever~ taxa forming the remainder of 

cluster Band common to both clustering strategies. These were 

LimnodriZus sp., IlyodriZus templetoni, Cypridopsis, Hydra, Branchiura 

sp., Hirudinea and Chir1onomus sp. 'l'hree other taxa (Tarytarsini, 
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TABLE 25: The mean.percentage contribution of each of the taxa shown in figures 10 and 11 to be the most 
comr.1on in the system £°or all stations plus the average percentage contribution,of the whole 
group to the populations 

T a x o n 
.....--------,.--------.-----------------------------------.------,-------r--------1' Average % 

Station I . , I 7 1 contribution 
. 1 .. d Ortho- . . . BaGt-is N . Otner .. . ,,.., Af .C. t,wmas- Chae to-· 1 

Simu ii ae 1 d' Chironomiru .h . . a·is sp. . a· d P.1..anari~. j. ra I t. t : 

1A 

2 

3 

4 

5 

0 

7,6 

0,7 

6,0 
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ca inae arr-ison-i 
I 
nai i ae · fe -i caa er I 

18,0 

54,5 

27,S 

37,7 
I 

7,7 

34,0 

3,3 

27,1 

0 

0,5 

30,6 

18,0 

- ' 
0, 5 I 4, 3 1, 0 I O O 46, 2 77, 7 

o I J o o o 0 96,7 

22 r 5 I 4, 4 I 0 I 0 I 0 6,8 

i,3 

95,8 

94,1 1,3 ! 2,7 I O I O I 0 

o 0,1 I o 42,1 24,1 27,1 1,2 1,1 96,2 

i 

I 
I 
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Os tracoda other then Cyp1-i-(Jops-Z:s and. 8u1?nupia) were:- shm,.,'Il to be a:n 

intergral part of this &ssociation on t.he basis uf presence-absence 

data (e.:l.g. 11) but v:ere mDre closel:T associated wi.t:h cluster. A when 

their re~_ative abundance was taken into consideration (Fig. 10). This 

means that they conunonly occur':'.."ed in association with the cluster B taxa 

but only occurred in significant numbers with t,he members of the cluster 

A asse,.;iation. 

Figure 11 shm•1s that, purely on the basis of presence or absence in 

the association, cl~ster A hac a core of five taxa - Hydrachnellae, 

Hydropti la_, Cho1~oterpeB_, Caenida2 and Pelecypoda. Linked to this core 

wer~ B. latus, Ceratopogonidae, Zygoptera a.:n.d Tanypodinae followed by 

three sub-clusters: 

(a) Rhagionidae, Afronurus and Neurocaer:,is. 

(b) Centroptitwn and B. quintus. 

(c) Stenelmis lar11a.e and ad1.:lts and Ecmomus. 

All these taxa (with the exception of 7.ygopte!'."a) are also found in 

cluster A of the dendrogram of Bray-Curtis similarity (Fig. 10) 

showing tha.t they are similarly related on the basis of their relative 

abundance in associations. In additioP to this there are five taxa 

which are related to this group on the basis of their percentage 

contribution to specific communities but are not related on a. 

presence-absence basis. This suggests that these taxa are not oft·.en 

pxesent in such associations but that when they do occur in large 

numbe:cs it is i.n asso~iation wjth the members of cluster A rather than 

wi~h those of cluster B. Three of these taxa (Tanytarsini, Ostracoda 

and Burnupia) are discussed above while the remaining two, the 
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Hycin=-,enid larvae and Anrph/psyche sp. showed little :r::elati.om:;rdp 011 a 

presence-absence b.:1.t.:d::3 with f:,i t.her asrwciat.::..on. 'l1hese two species did 

not the ref ore, OCC'.,;..J~ comm1..1nly in the syste1,; bat when they did it was 

in association ·with a cluster ·A type community. 

The remaining taxa :i.n these dendi:ograrns form a few small groups o.f two 

or three mem.ce::::-s at r val1..1es which are as significant as many of the 

associations i.n the t·,m major clusters. Nevcrthel~ss the majority 

show very poor relatlo11ships to any of the ot.!1ar taxa and were mostl~/ 

rare occurrences in the system. There are three of tL.ese small 

clust.ers which are grouped on the basis of both presence-ab.sence data 

and relative abu.r.dance data. 'I1his suggests that their groupings are 

of some significance even though they may be linked at relatively low 

r values to the rest of the associations~ These groups are firstly, 

Physops·Z:S.:, B--Z:omphalaria. and Anisoptera, secondly Dyt.isc.i.d adults, 

Chrysomelid adults and Tabanidae and thirdly Eri.st:alis, 

Psychodidae, C11licidae 1 Dytisc.id larvae, Hydrophilid ci.dults and 

Gyrinid u.jults. This last group fcrr.1s one cluster on the basis of 

their relative abundance in associations (Fig. 10). However, on the 

basis of th8j_r occurrence only they showed interrelationships w1.th 

some but not all members of this group. The most significant part of 

this group with regard t0 their linkage appear to be the first three. 

It must bP. bor:ie in mind that these denurograr.is present an overall 

picture of all stations ove:r all seasc..ns so these clusters only give a 

broad summary which can serve as a point of reference for the analysis 

of individual stations and periods. 
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Two conclusicns can be c.h:uwn from t~~is analysis. Fi.rstly those 

associations charact.erif;tic of the sys-Lem as a whole are defined and 

secondly those taxu. \vhicn show no pertinent relatio:1Ships to these 

associations and are possibly rare occurrences may be isolated. 

Two large we~l defined c1.usters of taxa in both analyses (Bray-Curtis 

a.nd Czec.:kanowski) suggest that the rivE;r syste1r as a wr.0l.e is 

character1.zed by two basic types of communities. From earlier works 

on South ~frican river ecology (Allanson, 19~1, Chutter, 1970 1 1971, 

1.972) and refer.ence to the taxa. which we..:e members of these associa

tions the system may be divided into regions of poor water quality and 

regions of "clean" water. Cluster A is composcc1 of taxa representa

tive of "clean water" while the taxa in cluster Bare more common in 

the regions of poor water quality. It is interestiug that those taxa 

which showed the greatest simil&rity of cccurrence over thG whole 

river system (Simuliidae, Chironomini, Orthocladinae, Chewnatopsyche 

and the three Naid species) :ire more closely associated with cluster 

B. This suggests that the region of poor wat.er qt:ality is g-reater 

than that characterized by clean water or else that these taxa, 

altl1ough common throughout the system (see species compositj_on in the 

appendix), tended to dominance in poor quality water only. 

Psychodidae, Eris-talis and Culicidae, which are taxa most commonly 

found in badly polluted water do not necessarily form a well defined 

cluster nor are they closely relat.ed tot.he two characteristic 

associations described abc>Ve. This is probably because the stones-in

current biotope is only subjected to the very low dissolved oxygen 

levels, of which these taxa are typically indicative, under conditions 

of extremely severe polluLion, due to the physical aeration of this 
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biotcpc (Char;dler, 1970} . Hm;evc:i:- t:ie D.ssociati.on of these taxa 

albeit at low r values, in these an.:....lyses indicates the pos~,ibility of 

one or ~ore occurrences 6f such conditions durin~r this survey. 

'11axa which were p~)0rly r8lated to either of these cl,J.racteristic 

communities ;:,_nd were thus rare occurences in the system are arbitrarily 

.Jefineu as these which show a linkage to any other taxor;. oL· cluster at 

a lower r-value than that at which clusters A and B a!:"e linked in both 

dendrograms (Figs 10 and 11). These are the following: 

Prostcma, Hydrophilid adults, Gyrinid adults, Tipulidae, 

Tetanoceridae, Chaoborus and Baetis gZaucus. 

The species composition tables in the appendix conf.i:r.m the r.arity of 

these taxa and these taxa are omitted frc.!ll further considera·cion. 

(c) Seasonal v2.ri2.tior1 in the fa'.:!nal associations 

An inv2rse analysis of the data for each of e-1e three seasons ( as 

defined by the normal analysis i.n section (a) above) shows which taxa 

in the two broadly defL.1ed associations d1.scussed in (b) above are 

affected by seasonal changes. This leads to the identification of 

associations for specific seasons a.nd j ndicates taxa ·whose presence 

or absence in the association was related to season. In a.ddi tion 

taxa rare in the system for one or more seasons which were not 

identified in the previous section could be identified here. 

In this section the ana:i.yses of each seasons data is discussed 

follmmd by a summary of variations in the most common association 

and the identificat.ion of rare taxa which must be excluded from 

further analyses. 
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Dendrograms compiled froill the data for autumn Uviaxch to J·une) only, 

sh0wed th~.t the bas.~c asr..:;,Jcia.tions (!e::-;;cribed in the previous section 

have been divided i.nto smaller, more clearly defined clusters. 

Cluster C1 of the C.~eckan0wski similarity dendrogram (Fig. 12) and 

cluster F of the Bray-Curtis similarity dendrog-ram (Fig. 13) comprise 

the taxa shown ir.. the prcvi0us section to be the most comm011 in the 

system oveY the whole period. Subdivision within these clusters 

shows that this dominant assoc5.ation was divijed into three main gro1 -:.ps 

so that al c.hm1 gh all of these taxa were corn.'Tion througr.out the three 

associations suggested, they tended to dominate separately., 'I'hese 

~hree groups are: 

(a) Simuliidae, B. hr._rrisom:, Orthocladinae and Chironomini 

(b) PlanaL·ia, C. afra and -l~homasseti 

(c) Nais sp., Chaetogaster and the other i~aididae. 

The rest of cluster C in Figure 12 consists of taxa which were apparently 

common in the system (Table 24) during this period but were widely 

separated in their occurrence as is shown by the fact that they occur 

in different clusters when linked on the basis of their relative 

abundanco (Fig. 13). 

These two dendrograms show that during the autumn season an association 

is defined which tends to be intermediate between the most ubiquitous 

species and the clean water association (cluster Din both dendrogra~s 

is cornposed of taxa shown in the previous section to be charactt~risti.c 

of cl2an water) . 'l'his intermediate association is shown as cluster B 
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in the de:r.drogram of Czeckanowski sim:Llarity and cluster C in the 

dencJrs>gram of Bray-··Cu:rt.is similarity. Both these clusters, al though 

entit5es in their own rig-ht, are 1.i.nked to associations which include 

oligochaetes, Limncdrilus sp., IZyodriZus tenr;_>letoni and Branchiura 

!='_p. before the Ephen::.eropteran dominated association joins the 

cluster. 

Cluster P.. on both figures is composed of taxa indic'it.ive of 

organically po.1.luted water. The p:r·esence of ~ygoptera in this clustE:..: 

is possibly anumolous as it is not a true stones-i.n-cui:-rent. 

inhabitant. It is included here due to what is probably a coincidental 

relationship with the Hirudinea, as reference to the species 

composition for this period (sec appendix) shows that tl1e Zygoptera 

only occurred three times in the autumn period in negligible numbers 

and two of these occurrences were together with similarly negligible 

numbers of Hirudinea although these latter occurred more frequently. 

The low r-value at which this group is linked to the associations 

discussed above suggests that extreme organic pollution of a 

magnitude which results in almost total deoxygenation of the waler is 

not a characteristic'of this system during the autumn period. 

Table 16 shows that tliis period was characterized by above average 

flows during both 1972 and 1973 without the more extreme floods 

usually experienced earlier i.n the summer. This confirms the above 

conclusion because dilution will be more effective under these 

condiLions than during the low flow periods but the increased 

quantities of organic material usually associated with the scouring 

action of early floods would be missing. The relatively poor 

interrelationships between individual members of thi~ cluster shows 

tha.t it is unlikely that they ever dominated any association. 
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. Cki1"orto1m1..s sp. vJe:r.e a.ppar8L.tly present throughout the system during 

,::n1tun:m as they arc closely correlated to cluster C in Figv.re 12 wl;ere 

link~1e is on the oasis of presence-absence. However Ll1is occurrence 

was limited to small proportions of the tota1. communities because ·when 

clustt::red with resp;?ct to their relative abundance (Fig. 13) they 

formed part of cluster A and showed little correlation to the most 

ubiquitous taxa. TaLle )6 ::hows that this was true for the upper and 

middle reaches of the system whereas the lower re&.::h showed a lack 

of Chlx1onomus ::;p. in this period. This coincides \·1ith a similar 

absence of th~ other cluster A taxa in this reach. 

'Ihe clean water association shown in cluster D in both dendrograms 

indicate that the llydr•optiZ,a an~ the water mites, Hydrachnellae; are 

closely associateQ with the Ephemeropteran fauna. This association 

was also s~en by Chutte~ (1968). 

The dendrograms of Czeckanowski similarity and Bray-Curtis similarity 

for the l-:iuly to September period {spring) are given in Figures 14 and 

15 respectively. 'I'his is the dry weather period when river flow tends 

to remain constant and thus the effects of effluents entering the 

system will b~ most apparent. 

On the basis of the mutual presence or absence of taxa there are two 

basic clusters (Fig. 14) which are similar i.n structure to those in 

the dendrograms (Figs 10 and 11) which incorporat.ed all the data for 

this study. This similarity at a time when river flow conditions we:re 

at their most stable and the effects of poor quality effluents were 

chemically most appar0nt is a clearer illustration of the earlier 

conclusion tl1at the areas of the system affected by effluents in this 
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TABLE 26: The mean pe~centage contribution of Chirononrus sp. to the populations at all stations 
for both autumn periods ,---
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study w~s great.er L½an th.At ch;~:;:-actcrized by "clean" water. Based on 

the chemical analyses ('.ruble 51 one can see that the "clean" water. 

occurs in some tributaries while th:: :mainstream, 0n which most 

statio:is are situated, is characterized by poorer qu.a.lity water. This 

shows that the dry weatP'3r var~ation in faunal a_"ssociations between 

different parts of the system was largely controlled by the chemical 

quali'Ly of the environment. 

The percentagc-s of the ta.xa in relation to e?.ch other (Fig. 15) shows 

that the Oligochaetes formed a.n integral group with the most commonly 

occurring specias (.cluster C) with the Naididae more closely related 

to the B. ha~risoni - Simuliidae - Chironomidae group, that is the 

most common taxa., while the Tubifi.cids appeared to be more closely 

related in terms of their relative abundance to the Chewnatopsyohe 

sp. - Planaria group. 'I'his suggests that. this latter group and the 

Tubificids tended to form subdominant associations although not 

necessarily at the same time. Table 26 confirms this latter 

deduction in that both these groups tended tc be c1. part of all 

populations in th.ts season hut never increased to a level where they 

dominated the more ubiquitous species grouped separately in cluster C 

which are those sho~~ in Table 27 to be the most common. 

Cluster A (Fig. 1S) which includes all the clean water indicators is 

subdivided into three clusters (A1, A2 di.1d A3} which might indicate 

.degrees of good quality water or alternatively slight pollution by 

different factors. Based on the autumn results, cluster A1 indicates 

very slight pollution whi_le groups A2 and A3 indicate very clec:.n 

water. The distinction between these latter two groups is at this 

stage not apparent. 
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Table 27: Averag2 monthly pc:rc.:.mto..ye c0;1position of the.: LimnodriluD 
sp. - Flyodr,·il.us templeLor-~i an0 Ch;mma:lcp;-;yohe - Planaria 

groups for the July to September periods at all stations 

·--.. ------·-·-··-·-· . 
G r 0 u p 

--, 
I 
I 

Station ---- ·-·--- --·-·- I 
--~----~ 

2 

3 

4 

5 

6 

6A 

6B 

., 
7A 

8 

9 

10 

11 

12 

13 

14 

Limnodr1ilus - Ilyoc?r--Z:Z.us Planaria - ChewnatopByahe 
·-

0 0 

0,.25 1,J 

0,9 0 

2,25 0, 15 

0,5 2 35 

0,25 0,3 

0,65 0,4 

1,5 8,8 

3,15 1,0 

0 16,4 

0,35 7,5 

0,65 419 

0,15 4,5 

2,8 12,0 

0,15 3,0 

0,25 3,65 

An interestir .. g feature of the d~mdrograms fer this season we..s thC1.t the 

association related to severe pollution a.s indicated earlier i.e. 

taxa such as Psychcd.Ldae, Culicidae, Chironomus sp., EristaUs etc. 

were either totally absent or poorly interrelated suggesting no clear 

occurrence of this c:'.~ssociation du.ring this period. Due ,to the f2.ct 

that rainfall and Urns flow were low one would expect poorer cor!Ji tions 

in this season than in ar..y oU:.er. However the absence of these taxa 

may be related to a period of spring ernergt!nce of the adult stages 

of Dipteran larvae. 

l 
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Cluster Bl and B2 (.,Fig. 151 are linked in the dendro9ram between 

clusters A and C. i..\s tr1c~se clush~rs contain t.axa which have bE'.en 

shown previously t,:., be a.ssoci.atc-:d with known indicators of poor 

quality water (Hirudinea, Brancld.urcr. sp.} it is possible th2..t these 

qroups are indica.ti1e of conditions intermediate between average and 

very polluted. 

The dendrogram of Czeckanowski s:;.milarit.y for the summer period 

(October to Fe~ruary} is presGnted in Figure 16 and shows the two 

groupings of taxa, shovm in the pj~8vious section to bE: characteristic 

of the whole system, with cluster A representing the clean ,water 

associations and cluster B showing a closely correlated group of ::he 

most ubiquitous taxa linked to -:.axa representing i.ndicator3 of poor 

quality water. Cluster C, although poorly related to the rest of 

the fauna, does show the existence of the association characteristic 

of severe pollution during this season. 

The dend1:ogram of Bray-Curtis similarity for this period (Fig. 17) 

shows both the above major groupings divided into smaller, clectrly 

defined subJ.roups. The cleaner water association (cluster A) i.s 

divid2d into two associations (A1 a.nd A2} whi.ch appear to !:"epresent 

the communities indicative of slight pollution and clean water 

respectively. However, during this period these two associai:.ions were 

closely correlated and show an equal linkage at a very low r-value to 

other clusters in the dendrogram. This was different to the other 

seasor..s where the group representing slight pollution showed a chain 

type linkage to the clean water association and then to the cluster 

indicativ2 of polluted conditions. Thus although th~s qroup is 

separate here its intccrr,ediate position is not appare:nt. 
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f
,--l1.r-------_·-_-_··-_____ Zygoptero. 

__ _ _ _____ Hydraenid adult__ 

Pet c-cypoda 
Hydr~chnetl ae 

t_ __ . _______ ic.r.ytar!;ini 
________ cr.rctopogcnidm~ 
________ Coenidae 

Tany;:,odinae 
_______ Hyd, optil~ 
...,_ _____ Chorotcrpes 

_____________ Centroptit um 
_______ 9.quintus A 

_________ 8.latus 

..------ Stenelmis lnrva 

.__ _____ Stenclmis adult 
____________ Ecnomus 

.------------- Rha9ionidae 
Gyrini d larva 
Ncurocaenis 
Afronun.!s 
DytisciC: adult 

.--- Simuliidae 
Orthocladinae 
Chironomini 
B.harrisoni 

_____ Piar.aria L,---- C.thomasseti 
..__ ___ C.ofra 

_________ Naidiclce 8 
________ Nais 

____ Burnupia 
________ llyodrilus 

-------- Limnodrilus 
,__ _______ Cypridopsis 

Lo-.--~ Hydra 

~---------- Chaetogasttr 
----------- Hirudinea 

,------------- Ostracod a 
-------------- Branchiura 

I 
______________ Chiron-:>mus 

Amphipsyche 
Tabanid1Je ________ __j 

..,___ ______ Chrysomelid adult 
________________ Physopsis 

Hydracnid \arv_a_ 
Eris tat is 

.__ _____________ Dytiscid larva 

r--------- Psychodidae C 
----L Culicidae 

ccc=0,9~7 ___________ _ 

Figure lG: Dendrogram cf Czeckanow~ki Similarity 
betv,ecn Tnxa for October-February 
at ali sampling points. 
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Figure 17 : De nd rog ram of Bray-Curtis Similarity 

b e t we- e n To. x a. fo r O c to be r - Fe b r u a ry 

at all sampling poitits. 
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A thiL"d group (A3) links the 8-tenelm-is larvae and adults with the 

r.rrichoptera.ns, Amphlp.syohe sp. a.~1d L'c--:wmus sp., but due to the 

relatlvely infrequfnt occurrence of the latter there is no clear 

indication nf significance in this at this s-~age. 

Cluster B shows three sub-clusters. Firstly, cluster Bl which is the 

basic grouping of the most ubiquitous species. An interesting pc..:.nt 

to note is that the C. thomasse-!;i is a member of ti1is group instead 

of occurring i!1 the B2 cluster with C. afra c:1.nd Planaria. as occurred 

in the other seasons. The closer link between clusters B2 and B3 

suggests that C. thomasseti do not ha.VG the same affinitie3 ·with the 

Oligochaetes as do the other members of cluster B2. The ;;,:!'.'esence of 

Burnupia in cluster B2 also suggests this link because in the autumn 

period it was significantly linked to the Tubificids, although the 

spring perlod showed them to be relatively rare. However the 

significance of this split in the Cheu.matOJJS7Jahe into connections with 

the dominant taxa of the river system and the Oligochaetes respec

tively m&y be fortuitous in this because on the basis of mutual 

presence-absence the Cheu~atopsyche are still closely linked. Thus 

the possibility of such a split will be considered further as more 

specific situations are analysed. 

Chironomus~ Branchiura sp. and Hi::::-udinea formed a small group 

(cluster C) which was linked to cluster B before the whole group 

linked to the rest of the fauna. This group, by virt'l1e of its 

inclusion into the main cluster when compared on the basis of mutual 

presence-abse!1ce (Fig. 16) 2_nd the fact that its members are sometimes 

included with the indicators of severe pollution (Figs 13 and 15), 

suggests that they form an indicator connnunity intermediate between 
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the uLiquH()u::- OligoC;1-.:.aetes/a.ssociateJ. ta.xa. .:md. tb.e com.111m1.H:y 

representative of e.½·i:"re.me pollution as T,vas concluded in the winter/ 

spring period a.s w21.1. 

Iiased on these dend1.09rams! taxa which a~ce linked at similarity 

-c7alues below that at which the two main clusters of each dendrogrc..ra 

join are classifi~d as ra=0 occurrences for the season concb~ned. 

'I'his applies only to taxa. thus classified in both Czeckauowski and 

Bray-Curtis siwilarity indices for a particul~r season. In addition, 

a .. 1y taxon vvhich wa.s completely absEnt during a pa.rticul.ar season 

(sef; species co!nposition tables in a.ppendix) are included in the list 

of rare occurrences for that season. Table 28 lists all taxa which 

are thus classifierl. as rar~ occurrences in one, two or nll three 

seasons and includes those shown earlier to be rare in the system as 

a whole for all seasons. Thus th,~ bvel ve taxa shown in this table to 

be rare and negligible in all seasons are rE:moved from further 

am:lyses as being of no significance. However taxa wl:ich were rare 

in one or two season.sonly are included Jn the other analyses as they 

are import~bt in some seasons but note is taken not to place any 

significance on their presence in associations during seasons for 

· which they are rare. 

The Psychodidae, Culicidae and Eristalis, which are the indicators of 

severe pollution were only present in si.gn.ificant numbers in the 

autumn period. However their clearly defined grouping in the dendro

grams of other periods and the whole study period suggests that even 

when present in relatively s-mall numbers these taxa do occur together 

so that the likelihood of the influence being purely seasonal is not 

great. 
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TABLE 28: Showing taxa which occur rarely or are f,bsent in one 
season only, in two seaso:us or in all three seasons based 
on their poor linl~a.ge to the character is-cic fauna of the 
river system iri the dc:mdrogra:ms 

·-
All seas .. :::ms Tw,) seasons One sec1son 

-
Dytiscid adults /J1rphipsych9 B. C['J...inti,s 

Chryscmelid r1.dults ErJistalis Ecnonm.s 

-.:?rostuma Culicidae 

Chaoborus Psychodidae 

'J.1ipulidae PhysopBis 

Ta.banidae 

Biompha Zaria 

Anisoptera 

Dytiscid larvae 

Gyrinid adults 

Hydrophilid adults 

Tetanoceridae 

Amphipsyche sp. were not recorded from the system during the spring 

and autumn. Their significance in the summer was based on their 

frequency of occurrence rather than on high numbers. 

Physopsis occurred in spring only and is shown on a presence-absence 

basis to be cf no significance. This )S due to the fact that it was 

limited to three 0ccurrenceso Thus its significance by_ the above 

definition was numerical and it is not therefore seasonally con-

·trolled. Its occurrence must be due to favourable environmental 

conditions on these occasions. 

_.._J 

I 
I 

I 
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Bae-tis quintu.s and F:cnomus sp. \..iere ran~ or r1.bsent in s~.d.ng only. 

•rhis suggests a period c,f eiPErgenc2 of the adult st:agl?. 

As was seen in the analysi.s of the syst:em c.1.s a whole, all three 

seasons showed two basic groups of taxa. The first comprises tho~e 

taxa which are domi.nant throughout the system e.g. Baet-is h0.1"1':rv1.:soni, 

Orthocladinae, Chironomini, Si.muliic3.e, Nais sp. Naididae etc., 

(the ubiquitous taxa) which are closely linked wit:-.. indicators of 

more enriched conditions e.g. tbe Tubificidae. 'l'his associatio1J. is 

composed of 22 taxa of w.11ich only fo'J.r (Hi.rudinea, Ostracod2., 

Tanytarsini and Tanypodinae) do not occur in this cluster in all. 

seasons. 

'I'hese four taxa are all members of what could be terme::J. intermediate 

associations. These arc shown in the dendrograms to vacillate 

between the above association of dominant species and the groups 

indicating more extreme conditions, when they de not form a cluster on 

their own. One of these taxa, Hirudinea appears to belong to the 

association indicating conditions between "polluted" and "severely 

polluted", while the other three taxa, Ostracoda, Tanytarsini and 

Tanypodinae are members of an association which could be definee;. ctS 

indicating "slightly polluted" conditions. 

The other major group i.e. the one that appears to be composed of 

taxa which are indicative of clean water conditions, consists of ten 

taxa which occur in this cluster in all three seasons and six tax.a. 

which either form part of the same cluster or form a closely linked 

intermediate group. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

The Chiro:mjnids, TariyLan,J_ni. .. ii.l1d 1ra:i.1ypodin,:.e, did not always form a 

part of this "clean wat.er association". 'I'hese two t.axa alternate 

between the gr8ups o.f ubi .. q·uitou.s ta,xa described r1bove and this 

"clean .vJater 11 associ.atio:n. Th.is ccuJ.d indicate an intermediate 

position. 

Based on the Bray-Curtis similarity index the C'luster or ub.iquitou.s 

taxa plus pollution indicators show eleven taxa common to thi.s group 

in all three seasons. r.che remaining taxa occur as a sub-cluster of 

this assoctc1tion or a. completeiy separai. .. 3 cluster. This suggests an 

intermediate p0sition between the association of ubiquitous t2xa and 

severe pollution indicators. 

'I'he March-June season particularly is characterized by definition 

into separate associa.t.:.ons 'i.dth the cluster of ubiquitous ta.xa and 

pullution indicators separated as discussed earlier a.nd the severe 

pollution indicators forming a separate cluster i.e. the Eristalis, 

Psychodidae, Hirud-inea and Chix~onomus sp. Also tlie "clean water 

association 11 is split into an association characterized by most of 

the Ephemeropteran taxa and another characterized by the fellowing 

taxa: Centroptilurn, Ceratopcgonidae, Ostracnda, Tanytarsini, 

'I'anypodinae, Hydrachncllae; Ecmomus and Pelecypoda. 

Thus the general indication from the seasonal data is that there are 

five basi.c associations in the river system other than the taxa which 

dominate the entire system. These latter taxa do tend to be more 

closely associated with relatively polluted conditions than with the 

clean wc1ter associations. This is possibly due to the fact. that fa.r 

more of the sampling sites in the river system represented some 
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degree of pollution tban clean \vater. These associations axe given in 

Tabl.e 29 based on tac dcgraes of pollut.:Lon they =',ppear to represent. 

Thus the indication is that any 2.ssociation d.omina.ted (_80-90% of the 

total fauna) by one of ·these groups together with the taxa shown to 

be do111inant throughot:.t the system is indicative of one of these 

degrees of poll11t:Lon. 'I'he greater the propo!.'tion of this group i!l 

relation to the system dnmicants the more clearly defined this s~~te 

is, particularly in the cc1.se of polluted conditiori.3. 

At this stage these indicator associations are generaJ_ and are based 

only on the mode of clustering of these taxa. Indication of more 

::;peci.fic types of pollution and the limits of these categories J:·emai:ri 

to be defined by more specific analysis of the data. However, an 

advantage of thes9 sug-gested associations is that they are based on 

the objective grouping of taxa without placing any emphasis on a 

particular taxon within the association th~s evading the rigid.tty of 

thought which so often arises from single species evaluation. 

It is interesting to note that in general the division of the 

component members of these associations agrees with the biotic index 

valuation placed on each by Chutter (1972). Also the ubiquitous taxa 

in the above analysis are mostly those which this biotic index places 

on a sliding scale dependant on which taxa comprise the balance of the 

association. The only difference lies in the fact that in the biotic 

index these values are dependant on the Baetid Ephemeroptera 

representation while in the above analysis these are not as all

important resulting in less rig.:i_dity. 
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'rABLE 29: Pollutional categories and their indicator associations 

Categories 

! 
Clean Slight Moderate 

'O 
LJ. Zat-us (0) Centroptil:uil (0) IZ.yodrilus (8 - 10) 

B. quintus (0) Ceratopogonidae (0) Limnodrilus (8 - 10) 

Caeni.dae (1) Tany-:arsini (0) Bu:rnupia (4) 

Choroterpes ( 1) 'l'anypodinae (0} Hydrd (6) 

Af-:._,-;onurus (0) Ostracoda (0l Cypr-idopsis (1 - 7} 

Neurocaenis (0) Ecmomus (0l 

Hydroptita (2) Pelecypoda (0) 

Hydrachnellae (C) 

Rhagionidae (0) 

(x) = the biotic index value given to these taxa by Chutter (1972). 

r· 

ConsideraDle I 
I 
! 

Chironomu.s (1)) I 

! 

Branchiura (8 - 10) 

Hirundinea (7) 

Sever~ 

Psychcdia,9 (10) 

Eristai1:s (10) 

Cu1ici.dc.e (10) I 
i 

i 

I 
I 
t 

I 

I 
I 
I 

I-> 
;.... 
',.!.) 
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(d) Faunal associations of :i uc.~j_vidua.l stations 

The fauna characteristic of conditions at (;ach station are used to 

show either th--" typical a<:soc.iat~on throughout the study or the type 

of variation within the fauna. In the la+-t.er case 'i...:i1ese variations 

could be 1_;_nked to seasonal ch::..nges in the fauna shown above or to 

~hanges in the chemical or physical characteristics of t:ic station 

during thJA period. 

The stations ·.,./rich have bE:en dc~inc:d as ;::einq characteristic cf 

clean water in the earlier sec.cions are discnssed first in order to 

ascertain what can be termed the characb-!ristic fauna in most nearly 

natural conditions. '11hcreafter by progressing to increasingly 

abnormal conditions the changes in the faunal associations can be 

compared with the chemical characteristics of eutrophied water. 'Thus 

ti1e value of tr ... ese COllli-rllmities as indicators of water quality may :t:e 

shown. 

(i) The tributaries 

The Klein Jukskei, Crocodile and Hennops rivers (stati.ons 

8, 11 and 13) are chemically the •:cleanest" water in the 

system and can therefore be considered to most nearly 

represent natural conditions. 

The Bra.arnfontein Stream, the Sandfontein Stream a.nd the 

upper Jukskei River (stations 6A, 6B and 3) show signs of 

enriclunent but still dilute the mainstream at their 

confluences. 
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Stat.ioP.. 8: The K.1eir! Jukskei RJ.ver entex:s t.he 1nain st.ream 

.:bnrnediately above st;:1tion 9. According to the chemical 

analyses. the water in this t.ribut~.ry was the "cleanest" in 

the system L·e. aJ 1 nutrie::i.ts showed the lowest values of 

category ~ concentrations experienced in the system (_rrable 

21). Only alkalinity and carbon concentrations tended to 

reach category u levels although these two paramecers 

showed a significant. increase to C category levels during 

the 1:vinter months. 

The dendrogram of Czeckanm•;ski sirnilari ty (Fig. 1,8) is 

characterized by one cluster of twenty-one taxa which show 

a significant d€gree of similarity (cluster A where r = >50%) 

and a number of smaller clusters. The taxa which represent 

these smaller clusters are showa in Table 30 to be negligible 

in terms of their frequency cf occurrence. This table also 

shows that with the exception of Bae tis quiatus and AfronUi?US 

these taxa are present in insignificant numbers when they 

cio occur. Thus the most frequently occurring taxa at this 

station are those grouped in cluster A. 

'11he taxa in cluster C of the dendrogram of Bray-Cu.rtis 

similarity (Fig. 19), which all occurred significantly 

(r = >50%) in the presence-absence analysis, are shown in 

Table 31 to completely dominate the fauna of this st.J.tion. 

'I'his cluster is divided into three separate associations, 

of which cluster C1 lthe Simuliidae) dominated at all times 

except the winter of 1972. '!'he taxa represented in cluster 

C3 usually formed a sub-dominant associati0n but dominated 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

Pe~ecypodn 

I L r - Chaetogaster 
Nais 

Simulii dae 

Orthocladina~ 

1rl Chironcmini 
1~ 8.harrisoni 

Pl-:-.naria 

C.afra 
Tcrnytarsi ni 

Ostracod= 

C.thomasse!i 
B.latus 

A 

Cera topogoni dae 
Centroptilum 

1--:_c __ 

-1 _______ . __ _ 

Caeni dae 
Chorotcrpes 

Burnupia 
Nai di ct.le 

Cypri dopsis 

Hydra 
Tanypodi nae 

Hydropti la 
Gyri n id larva 8 

Stenelmis larvu 
Branc.hiura 

8.quintus 
Psychodidae 

Afronurus 

C 

D 

Hyd rnchnell ae E 
Rhagionidoe 

llyodrilus 
Hydroeni d adult 

Ecnomus F 

Stenetrnis adult 

Limnodrilus 
Hydraenid larva 

Figure 18: Dr.ndrogram of Czeckanowski Similarity 

between Taxa for Station 8. 
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}-'\? r ,; en t cg e 

L_ ,10 ,20 2o ·--~o ___ ?_~-J~Q_ _ _z.9 __ .~o 
1
90 

Pel~cypoda ____ . ___ _r-·-1 ... ______ Caeni doe 
A 

--------.-------- Lirnnodrilus 
________ Hydrachnel l ae 

____ Hydroptila Bi 

Ceratopogrmidae 

Centroptilum 82 

Tanypo dinae 

Choroteq:es 

8.quintu:; 83 
8. tatus 

Afronurus 
Burnupia 

1 r1._ ______ Stenetmis larva 

L '. _____ i ________ Branchiura B4 L Gyrini d larva 

-c 

Simut ii r1ae Cl 
Ostracoda 

Nai didae 
Nais 

Cypridopsis C2 

Chaetogaster 

Hydra 
Planaria 

C.thomasseti 

C.afra 
B.har ri soni C 3 -

'------------ Orthocladinae 
Chironomini 

___ Tanytarsini 

llyodrilus 

Hydraenid adult 
Stenelmi~ adult 

_______ Ecnomus 

Rhagioni doe 
,.__ ____________________ Psychodidae 

Hydraeni d larva 

ccc=0,853 

Figure 19: Dendrogram of Brny-Curtis Similarity 

between Taxa fo;- StatiC'n 8. 
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TABLE 30: •rhe number of 0c(:11rr:-?.ncc~s a.nu the 1naxim11m number o:: individu;::i.ls 
per occurrence of t.axa recorded at station 8, other than tho:::.:e 
ta.xa. fo:nning r,J.uster.s A <Ctr.d B. in Figure 1 B 

Taxon 
Nnmbsr of 
occurr2nces 

1-·:a.x. numl>er of individuaJ s pe:r 
o::curence 

'------------1--------·----···-
I1-yodri Zus 

Hydraenid 

Ecm~Jmus 

Stenelmis a 

LimnodriZ.us 

Hydrachnellae 

Rhagionidae 

Psychodidac 

Afr•onu.ru.~ 

Branchiura 

B. quintus 

1 

1 1 

2 1 

2 1 

4 5 

2 2 

1 1 

1 4 

4 100 

4 8 

5 30 

in winter 1972 c:1.nd co-d-:>minated ir1 early winter i973. 

Cluster C2 cor!sists of taxa which usually formed 5 ?._nd 10 

per cent of this association except fo~ t.he Augv.st to 

October period when they moved into a dominant position. 

The only exception to this pattern of events occurred in 

February 1974 when the whole cluster C association wa.s at 

its lowest (80,2%) and in th.is case the C3 taza dominated 

and the Simuliidae were totally abse~t. 

The taxa in cluster B, sorue of which are very signifi.ca1itly 

related to the common taxa on the basis of frequency of 

occurrence, 9cnerally formed a small but relatively 

constant pl:l.rt of the faunal population. It was these taxa 
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'l'AhLE 3.1: Pex.centage cornpos.H:.ion e;f t2..xa grouped in ~luster C of tb.e 
de:1drogJ.·am o.t B:cay-Cu.rtis _si.mjl_arity · CFig. 191 fo:r, stat.i.on 8 

r 
1Mont:h 

i 
IMarch 1972 

F .. pril 

May 

L1une 

July 

August 

September 

October 

NOV~C:mber 

Dece:.:nber 

January 1973 

Februa.ry 

!!arch 

April 

May 

,June 

July 

August 

Sept.ember 

October 

NOVE:mber 

December 

January 1974 

February 

Ci 
-----

36,9 

3,b 

56,4 

3,9 

6,0 

18,6 

55,9 

77 ,9 

73,8 

25,8 

93,9 

86,3 

42,7 

33,1 

8,5 

43,4 

90,7 

62,() 

0 

C2 

5,1 

0,4 

0 

6,4 

.! 0, 1 

45,2 

9,4 

2,6 

17 IQ 

9,6 

0,1 

4,2 

6,6 

51, 6 

75,C 

6,7 

0,5 

0,9 

12i0 

---·--,----·-··-------
I 

I 
C3 

4~,2 

83 t j 

40,7 

86,4 

77 ,5 

32,6 

27,6 

19,6 

9,3 

60,0 

5,7 

9,1 

43,9 

14,0 

J1 ,0 

36,4 

8,3 

32,6J 
68,2 

-, 

r_rotal 

84,2 

87,1 

97,1 

96,7 

93,6 

96,4 

92,9 

100,0 

100,0 

99,7 

99,6 

93,2 

98,7 

95,3 

86,5 

99,5 

95,5 

80,2 

I 
I 

' 
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which increased their pe:ccenta.ge contribution to the 

populat:i.or ln the four months (Ap.dl and May 1972), 

Nove~ber -1973 anJ February 19741 in which the dominant 

population formed less than 90 per cent of the total 

:r,;opulatior;. There are three groups within this cluster and 

the percentages of each of these for the above four months 

show that clust~:".'.' :31 and B2 dominat2 the increasec. 

representation of this association (B) in April and May 1972 

(forming approximately 10 per cent of t.l1e total population:; 

~-:hile cluster B3 dominates it in February 1974. The fact 

that clusters B1 and B2 include the Ephemercpteran t.axa 

while BJ includes significant numbers of BranahiU:fla sp. 

suggest that these indica.te chan9es in water quality towc..rds 

and away from clean conditions resp~ctively. 

Cluster A of the dendrogra.m of Bray Curtis siriiilari ty- :i.s 

formed by taxa which occurred in small n'lLinbers only 

throughout the survey except .i..n November 1973 when they 

formed 13,8 per cent of the total population (see appendix, 

TablE: 11} . 

The remaining t.ar.:a in this dendrog!."am were found to occur in 

no more than three months i.n numbers of one to six (<0,3% of 

the total population) and are thus irrelevant in this 

discussion. 

The characteristic population at this station consists of 

more than twenty taxa normally dominated by the Simuliidae 

with the Ephemeropteran nymphs and Chewnatcpsyahe species 
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formi.n•J L"'T!pcrt:ant parts of it. Of the Oligoc~1aete taxa 

only the Naididae form a part of this assocj_ation ar.d then 

o!lly during t.h.3 winter months (.Table 3.:1.) when the concc~1-

trations of most parameters increased slightly and the 

carbon concentrations (.and tht.:.3 possibly ors-a.nic n-.atter) 

in~reased to C category levels (Table 21). Cypridopsis~ 

Hydra and the Ostracoda w1:-.re associated with the period of 

Naid dominc:1.nce while the five Ephemeropt.eran taxa, 

Tanyp0dinae and Ceratopogonidae i!l clusters B1 and B2 

(Fig. 19) forrr.~d a subdominant Qssociation during periods of 

dominance by B. harrisoni and the Simuliidae. These latter 

were of pv.rticular sign:tficar.ce in the April to May 1972 

period which is characterized by a drop in the already 

relatively low COD and organic carbon Vctlues while all other 

values were i11crea8ing and the biotic index values for this 

period indicated that BOD was at its lowest. 

Station 11: This station was situated on the Crocodile Rive.c 

before its confluence with the Jukskei River, which joins 

the main st.ream between stations 10 and 12. 

Water quality, with respect to the chemical constituents, 

at this station was similar to that at. station 8, except in 

three respects. Firstly, magnesium concentr;.1tions at 

station 11 were very much higher and were in fact high i!l 

comparison to the rest of the system being in category B or 

C (Table 21} for most of the year. Secondly, alkalinity 

levels wh1ch we.r~ main r.y in category D at station 8 but 

vary at station 11 between categories A and C thus showing 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- l 28 -· 

some of thz highest. levels in the system. Thirdly, the 

inorganic carbon values were high.er at station 11 than at 

station band were approximately averagB for the system. 

It must howev·er be noted that al thnugh all other parameters 

fell into category Eat both these stations the values in 

the Crocodile tP.nded to be even lower than they were in the 

Klein Ju.kskei .River. 

The J.endrogram of Czeckanowski similarity for this station 

(Fig. 20~ shows the most commonly occurring taxa grouped 

at an r-value greater than 50 per cent (cluster R). There 

are twenty-five taxa in this group indicating a large d~gree 

of diversity. 'I'l1.e fo·..1r tax.a grouped in cluster A 

(Pelecypoda, Stene Zmis adults, CentropU Zwn and B. quintus) 

are linked due to a short concurrent period of occurrence 

(Table 32) while the rest of the taxa found at this station 

occurred rarely, (a maximwn cf four occurrences) and formed 

negligible proportions of the populations (Table 33). One 

exception to this latter is the occurrence of the Os\:.racoda 

in August/September 1972 which was significant relative ~o 

the rest of these taxa. 

The cluster B taxa (Fig. 20) are shown in the dendrogram of 

Bray-Curtis similarity (Fig. 21.) to be d.ivi.ded into two 

clusters each of which shows a degree of subdivision 

(clusters A and B}. However, the percentage contribution of 

each of these clusters CTable 341 shows that the association 

indicated by cluster A only formed between 1 and J per cent 

of the total population in any one sample. The association 
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'I'A!~~~ 32_: The occurrence of the fom.- taxa grouped in cluster i\ of the 
dendrograrn of Czeckanowski similarity fox: station .11 (.Fig. 2C) 
and t.hei.r per:centaye. contribution to the-: populations 

l:'elecypoda 

SteneZmis 

j 
I 

I 
I 

C:entropti Zwn l 
B. quintus 
_,___,__ __ _ 

P = less than 1 per cent. 

--
M 0 n t h 

1 9 n -·-- _,_I____ ___ 19 7 3 
Jv!3:r I Apr Aug I Nov Dec Jan jFeb 1.r-Iar Sept Dec 

! --J 

p I p 2 p 

I p p p 1 p 

p 1 1 1 

__ l_:__ -----1 p 2 9 7 '") ~. 
I 

T.?\BLE 33: Occurrence of taxa which link tu the group of most c.:01DIDon taxa 
at station 11 at r:::: <SC% in Figurf.: 20 to show whether they are 
significant with regard to either frequency of occurrence or 
relative abundance 

Taxon 
Number of Maximum munber of Maximu.il % con tr ibutioriJ 

individuals the population i occurrence per tc l 

occurrence 

Hydra 3 4 p 

Amphipsyahe 2 2 1 

Ecnomus 4 2 1 

Ostracoda 3 45 3 

Burnupia 3 2 p 

DirnnodriZus j j 1 
.I. 

Branchiu:ra 3 2 1 

Hydrachnellael 2 12 p 

-
P = less than one per cent. 
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0 10 20 30 40 ,50 60 70 80 90 L--- t,___J._ __ ...J ______ j ____ . ___ _J _____ .l __ ___,__ ___ J __ _J 

_ _r-· ·•-----·--·-
l ________ ----~ 

~-------

Burnupia 

Branchiura 
Limnodril us 
Petecypoda 
Stenclmi s adult A 
Ce;, t r opt i l um 
8.quintus 
Hydrachnel la~ 

Simuliidae 
Orthocladino e 
C.thomasseti 

Churoterpes 
B.harr i soni 
Hydroptila 
Caenidae 

Afronurus 
C.af ra 

Planaria 
Neurocaeni s B 
Chironomini 
Tanytarsini 
Nais 

I 
'---·--- _ Rhagioni da~· 

Tanypoc!inae 

ccc=0945 ---~- -----· 

8.latu!: 

Gyri ni d larva 
Ceratopogoni dne 
Cypri dopsi s 

Stenclmi s larva 

Nai didae 
Chaetogaster 
Hydraeni d larva 

Hydra 
Hydraeni d adult 
Ostracoda 

Amphipsyche 
Ecnomus 

Figure 20: Dendrogrnrn of Czeckanowski Similarity 

between Taxa for Station 11. 
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90 

Burnupia 

8ranchiura 
· Limnodril us 
Petecypor4a 

----.;r 

-~---] -
Stenelmi s adult A 
Centrop!ilum 
8.quint:.is 
Hydrachnell ae 

Simuliidac 
Orthocladince 
C.tl,omasseti 

Chor ot crp es 
B.r.arr i soni 

[ H"druot i la J • 

Caenidae 

Afronuru s 
C.af ra 

Planaria 
Neurocaeni s 

Chironomini 
Tcnytarsini 
Nais 
Rhagioni dae 
Tanypodinae 

8.latus 

Gyri ni d larva 
Ceratopogoni doe 
Cypri dopsi s 

Stenelmi s larva 

Naididae 
Chaetogaster 
Hydracni d larva 
Hydra 
Hydracni d adult 
Ostracoda 

Amphipsyche 
Ecnomus 

CCC= 0, 94_? __________ _ 

Figure 20: Dt:ndrogram of Czeckanowski Similarity 

between Taxa ior Station 11. 

8 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

p 
f' e r c c n t r.i g i:! 
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8urnupia 
Branchiura 
Limnodrilus 
Peiecypoda 

Ceratopogonidae 
Stenetmi!:i lar '/0 

Rhagioni dae 
Tanypodinae A __ _ l ___ --1 Stenelmis adult 

&.--------- Ce11troptilum 
Gyr in i cl larva 
B.latus 
Hydiachnellae 
Tanytarsini 81 

L 
B.quintus 

------ Plan aria 

Caeni dae 
Chironomini 
Hydropt ila 

rl-=------- C.afra 
C.thornasset i 

_________ Choroter~e~ 
__________ Afronurus 

'--~-------- Neurocoenis 
Simuliidae 

82 

----------1 .... ________ B.harrisoni 83 

&....-.--------------
Orthocladinae 
Nais 

..------- Ostracodc 
Cypri dopsis 

~------------ Naidi dae· 
Chaetogaster 

'---------------- Hydra~ni d larva 
_____ Amphipsyche 
1 Ecnornus 

~--- Hydra 
------{ ._ _____________ Hydrueni d adult 

.c_c c= 0, 9.l_ 0 

Figure 21: Dendrograrn of Bray-Curtis Similarity 

between Taxa. for Station 11. 
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!~~I-_~ 34; Percentagr. contr.Lbution of taxa. in ciusters A and H from the 
den3rog:cam of Bray--Curt.is simiJ.ari.ty .for station 1-1 (Fig. 2-1 ~ 
to the pop uh~ t.i 011 

·-- - . 

Month Cluster li. 

March 1972 

April 

Nay 

June 

July 

August 

September 

October 

November 

December 

January 1973 

F'ebruary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

January 1974 

February 
-

I 
! 
I 

I 
~ 
I 
I 

I 
I 
I 

I 

' I 
I 

I 

BJ. 

o, 1 

3,0 

0 

0,9 

0,2 

0,6 

0,8 

-

1 !' 8 

0,8 

4,4 

10,1 

13, 2 

-

0, 

o, 

0, 

o, 

0, 

1, 

o, 

7, 

4 

1 

3 

3 

3 

6 

9 

l 

0 

0 

I 

I 

I 
I 

I 

I 

CJ.ust.er 

B2 

20,7 

25,2 

23 ,6 

46,4 

'7,3 

24,3 

10,0 

-

30,1 

22,9 

65,3 

24,5 

59 2 

28,8 

16,3 

13,6 

10,2 

12,7 

26,4 

18,2 

21, 4 

54,3 

74,1 

B 

I 

l 

B3 

71,4 

64,1 

74,1 

49,8 

91,3 

62,6 

86,.l 

-

64,6 

73,9 

13,6 

62,5 

25 a 

56,5 

81,6 

77, 1 

86,9 

83,3 

69,6 

80,1 

68,7 

44,0 

21,4 

I 

1 

'l'otal 

92,2 

92,3 

97,7 

97,2 

98,8 

87,5 

96,9 

96,5 

97,8 

83,3 

97,1 

98,3 

85,7 

97,9 

91,0 

97,4 

96,3 

97,6 

99,3 

97,2 

98,3 

95,5 

--. 
B I 

! 
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represented in ~lnster B always fonned more than 95 per cent 

of the popufo.tion (~able 311 so t.:.hat tlie fanna of this 

stati.on can be ·said to h~ve been c,:xnplc::.ely characterized by 

this group. 

Cl~ster Bis subdivided intc three clusters (131, B2 2nd BJ) 

with cluster B2 further grouped into t.hree su.ucl 11sters. 

Cluster B1 tended to b3 the least significant in this 

associat5.on as it seldom formed mo:::-~ the 5 per cent of the 

pnpulat.ioP. The oth8r two cluster'.J (B2 and. B3) both formed 

impo:rtant parts of the association (Table 34) ·. The cluster 

B3 ta~:a (Sirnuliidae, Orthocladinae, B. harrisoni and Nais 

sp.) tended to dominate throughout the survey t::xcept for the 

last two months (January and February 1974) but the B2 taxa 

always formed between a third and a half of this assoc:i.ation 

thus being either co-·dominant or significantly subdominant. 

There were changes in each of these groups (B2 and B3) which 

may account for the change seen after the first eight months 

in the seasonal analysj_s of the data (p. 85). 

In the cluster B3 taxa the Nais sp. only fonued a signifi·

cant part of the association during the winter months, July 

to September, while during the rest of the year the 

association was dominated by the other three taxa. However, 

there was a change in the dominance status of this group in 

that the first four months of the survey showed a B. 

harr,{soni - Simuli idae dominance which changed after the 

first winter period to an association dominated by Ortho-
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cJ.adJ nr1.'? and S:L:uli:Ldae. This la tte~c type of assoc.iation 

continued to dominate trffrn1gh the sunnr,,,?Y.' of 1972/73 and 

resumed domi.n.J.nce in sum1I.nr 197.3/74 aftf.!r the dee] ine in 

Nais sp. 

The association represented by cluster B2 initially showed an 

equal spread of dominance amongst its members b1.. •. t with the 

decline in B. 7mrrisorti domina:ice thr~ Trichopteran t:~a 

dominated other taxa in Cluster B2. 

From September 1972 the concentrations of a few parameters_. 

_ particularly MBAS, both inorganic and organic carbon and 

total phosphorus, increased (Table 35). There were also 

slightly increased concentrations of COD and sodium. In 

view of the fact that the Maret to September results in 

Table 35 represented mainly winter data while the rest 

includec.l two summers, ~-,hen dilutiori. might be expected, makes 

this increase even more significant-. The effects of these 

changes_on the environment a?pears to have caused the shift 

in dominance from B. h.arrisoni to Orthocladinae as co-

dominants with the Simuliidae. 

TABLE 35: Mean concent~ations (mg/l) of those chemical parameters.which 
showed a change after September 1972 and October 1972 to 
February 1974 at station 11 

C o n c e n t r a t i o n s 

March 1972-September 1972 
I 

October J972-February 1974 
-

MBAS 0,10 0,20 

COD 9,3 11,28 

Inorganic carbon 32,2 35,2 

Organic carbon 5,75 7,31 

Total P 0,09 0,43 

Sodium I 8,97 11,17 
I 

I 
I 
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'I'his station showed a. degree of fau11a.l dhrers_;_ty on the 

basis of frequ~ncy of ocr:u:rrer .. ce siluilar to that at stacion 

8. However there was not a tote.l. dolidnance by a single 

ta.xon as was evidenced by the::: Simuliidae at sLation 8, but 

rather a sba.red dominance between the Simuliidae, J. 

ho,rr/sonl, Orthocladinat: &nd Nai:; sp. The dominance sta tu.s 

of these four taxa -vdried during the year and as at station 

8 the Naididae, together with the Ostracoda and Cypridopsls, 

incre2.sed i.n. sj_gnif i.cance duri.n9 the dry season. 

The association dominated by the Ephemeroptera and Trichop

tera formed a far more significant part of th£ population at 

this station throughout the year tha.n they did at station 8. 

However, the Tr ichopte:i.:a (_C. afra, C. thomasse t-i and Hydriop

ti Za) tended to dominate this association after the above

mentioned decline in B. ha~risoni signifi.cance. The B. 

quintus -- Tanytarsini. -- Hydrachnell.ae qroup of t~ds associa

tion made its most significant contrib~tion in the periods 

February to March 1973 3nd December 1973. 

Station 13: This station, on the Hennops River, was 

characterized (Table 21} by extremely low values of all 

forms of nitrcgen anc. phosphorus but HBAS and calcium values 

were average for the system (..category C} and magnesium and 

alkalinity were very high (..categories A a.nd B} with the 

latter sometimes reaching the highest values recorded in 

this survey L275 - 294 mg/l, Table 201. The values for the 

other rnineraI constituents of the water were low (catego.r:y 

E) • 
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There wc:,s n chb.nge :i.n the chernical characteristics of this 

station i.ii the second year of the survey in that the COD 

{_Table 12) showed incr2a.sed values, particularly after the: 

winter of 1973~ There was simJlarly a decrease in the values 

of the :mcst significant mineral parameters i.e. caJcium, 

magnesium ,md alkalinity ('rHble 6) in the second part of the 

study. 

On th.e basis of the presence or abP.ence of taxa only the 

dencrogram of Czeckanows.d similarity (Fig. 22) shows thE:! 

commonest taxa to be the twenty-two which are linked in 

cluster A at a similarity index value of above 50 pe:r- cent. 

The remainder of the taxa fouiJ.d at this station seldom 

occurred and then only in negligible numbers (Table 3G). 

TABLE 36: Occurrence of taxc at stat:ion 13 shown in the dendrogram of 
Czeckanowski similad ty (Fig. 22) t.o b'= of no sirynifica:1ce with 
regard to frequency of occurrence in order to show th~t they are 
also numerical l.y insignific-:1nt 

Mean No of I Maximum No. of Mean % 

Taxon No. of individuals I individuals contribution 
occurences per occurence per occurence to populations 

·chaetogaster I 5 12 45 2,8 

Hydra.enid a 10 5 15 1,1 

Limnodrilus 3 2 2 0,7 
I 

SteneZmis 1 I 3 5 13 0,5 

ECJn.omus 1 1 1 0,5 

·psychodidae 2 1 2 0,5 

Culicidae I 1 1 1 0,5 

CentroptiZi!171 5 ~ 5 0,7 I .J 

Rhagionidae I 1 4 4 0,8 

IZyodriZus 1 2 2 0,4 

Stenelrnis a 4 1 2 C,3 

Cyp1'1idopsis 
I 

2 5 8 1,9 

Amphipsyche 3 1 .1 .1, 0 --- ·---·-~-

I 
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Pe 1· c e n tag e 
'8 ____ ,~1o_~t_o_ ..... ,3_o _.i9__E ____ .G_o_' _1_r_, ___ _ 80 90 

Felecypoda 
Hyd rncnnell ue 
Si rn u l i id a e rl,c Orthoc!<tcli'lae 

J Planaria 
I --f 8.harrisoni 

_ Hydroptila 
C. thomasseti 

Nais 
Ceratopogoni dae 

·-- Chironomini 
Tanytarsi ni 
Tunypodina.e 

Naididae 
Caeni dee 

Gurnupia 

C.o.rra 

Ostracoda 

Hydrcenid adult 
Gyrini d larva 

--j ___ _ 
Chorcterpes 

8.latus 

Chaetogaster 

Hydraeni d larva 
Limnodr i l us 
Stenelmis larva 

_ Ecnomus 

Psychodidae 

Culicidoe 
Centroptilum 
Rhagionidae 

llyodrilus 
Stenelmis adult 
Cypri dopsis 

Amphi psyche 

ccc=0,90 3 

Figure 22: Dendrogrom of Czeckanowski Similarity 

between Taxa for Station 13. 

/J-_J 

s ri). 
\ 

' ' Ill G ;.-,~ 
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All the significantly occ11rring taxa i.e. those common at 

this station a.!"e sho\•m by the dendrograi"TI of Bray-Curtis 

similarit._/ (,Fig. 23} to be divided into four clusters 

(clusten, A to D) wt.Li.ch join to form a single group before 

linking tu taxa · . ..rhich occnr less often. '!'able 37 shows that 

these four clusters are Gomprised of taxa which form beLween 

98 and 100 per ceP.r. of the total pcpulation at all times 

thus indicating that the rest of the taxr'l are of little 

sign::..ficance. 

'l'he members of cluster D completely dominated the, population 

pf this station until April 1973 usually forming more t:tan 

90 pE::.r cent of eie population. From May 1973 until the end 

of the survey this association lost its dominance status and 

only constituted 30 to 60 per cent of the popula.tion. The 

Planaria - Hyd:Poptila - C. afra part of the cluster D 

association was comparatively small (usually <10%) but 

mainlained its proportion of the total population after the 

decline in dominance of this association. It was thlls the 

remainder of this cluster which changed in the second year 

of the study. 

Clusters A, B and C forrr.ed a small part of the COIDlimnity 

(<10%) during the first year of the survey. As from May 

1973 cluster C formed between 33 and 60 per cent of the 

total population, reaching its highest proportion towards 

the end of the survey, as compared with 1,5 to 2,5 per cent 

during the fir.st year. It was thus this gJ.:-oup which tended 

to replace the cluster D taxa. However the members of 
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~ABLE 37: Percentage co:1tributions of cluster A, B, C n,nd D in the 
lltndrogra.m of BJ:ay··Curt:Ls similarity ~}'ig. 2..31 to the 
populations at station 11 

f~~th C 1 u s t e :r T~tal~ 
-----

~A =·1 I 

-

B C D 

- -
I D1 D2 Total 

r 
March 1972 4,-3 0 1,5 

I 1,3 93,8 99,6 ,2,5 
l'~prfl 0:4 0,3 ') G,4 95,4 98,2 I .._. , ..1 

~9,0 
May 0,6 0,4 1,5 .. I"\ 4,7 95,7 98,2 ..1, u 

June 0,6 0,1 1,4 94,3 2,3 96,6 90,7 

Lluly I 0,7 0 1,2 96,0 2,1 98,1 100,0 
I I 

Aug·1st 3,9 2,3 1.-6 I 4 62,5 0:3 65,8 98,5 I 
I 

September 0,1 0,6 0,9 95,1 1,9 97,0 96,6 

Or::tober 0 0,4 I 2, 1 89,9 6,4 I 96,3 98,8 i 
Nov•~mber 0 3,0 1,5 84,9 9,4 I 94r3 98;8 

December 1,5 4,9 /, I 9 78,i 12,6 90,7 100,0 I 

January 1973 6,1 3,1 2,2 56,7 19,0 75,5 86,9 

February 1,5 1,5 2,9 89,7 4,4 94,1 100,0 

March 2,0 0,9 1,5 89,2 6,4 95,6 100:0 

April - - - - - - -
May 6,3 1,4 33,5 54,9 3,6 58,7 99,9 

June 40,8 1,0 24,8 32,4 

I 
1,0 33,4 100,0 

July 11,7 0,6 46,0 38,3 2,5 40,8 99,l 
I 

August - - - - - - -
September 9,4 2,8 36,2 43,5 6,4 49,9 98.3 

October 6,8 3,4 41,2 43,2 0,5 43,7 95, 1 

November 0,2 0,9 45,1 48,7 4,6 53,3 99,5 

December 1,0 2,6 5~,8 33,6 6,8 40,4 99,8 

January 1974 2,6 2,7,58,0 33,9 2,8 36,'7 100,0 

February 11; 6 9,6140,5 34,6 1,9 36,5 98, 2 
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Pet centaye 
0 i O 20 ,30 40 30 GO 70 80 90 1..... ____ j_ ___ ...1.... _ __.__ _____ L ___ , ___ ..,__,..L __ ..L._..J Pel ecyoo da 

f . -- .. 

{
·-------~~--~------_-_- Ca~ni doe 

-·---. 8 l r-- --:-·--·---- . atus A 
[

---- ~. Chcroterpes 

__________ Choetogaster 

J Hycira~r,i d lar·;'1_~ 
________ Ceratopogonil!:ie 

C ____ Burnupia B 

-~~--~- -~-----· Tanypodinae 

---·------------- Ostracoda 
________ Hyorachnellae 

___ Tanytarsini 
_________ Naididae C 

-·------- Chironomini 

------------ Nais 
r-------------- Simulii dae 
------------ C.thomas.:;cti 
-------------- B.harrisoni D 

-------------- Orthocladinae 
Planaria 

_-[ ____________ Hydroptila 

-------- C. o.fru 
_______ Cypridopsis ----~r ----------- Hydraenid adult r------ !lyodrilus E 

.------~L- Stenelmis odult 
_____ Limnodrilus 

--i_ ____ Stenelmis larva 
-------___________ Amphipsych e 

n-------------------- Gyri ni d larva 

ccc=0.891 

_______ Psychodidae 
________ Cu\icidcte 

_____________ Centroptilum 
__________ Rhagioriidae 

_____ Ecnomus 

Figure 23: Dendrogram of Bray-Curtis Similarity 

between Taxc for Station 13. 
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cluster A were also positively affected by this changt; in 

population structure, as prior to April 1973 they us1.1ca1ly 

formed less tha.n 2 per ci:mt of the total population but 

during the second year of the stud:z· their percentage 

contribut.Lon i.ne;reased to between 6 and 12 per cent, with 

the exception of Jun8 1973 when they formed '10 per cent of 

the population tht:.3 co-dominating with tl1e clusters C ai~d D 

taxa. 

Clus~er B remained a small proportion of the fauna th~ough

out the survey (<5%): not changing in abundance a£ter April 

1973, e.~cept in February 1974 when it formed 10 per cent of 

the total population. This relatively significant occurrence 

of the association of Ceratopogonida.e, Bur,nupia, Ostracoda 

and Tanypodinae in February 1974, with the latter dominating 

it accompanied an j_ncrease in the Ephemeropteran assuci.ation 

(cluster A). This occurrence was at the expense of the 

Hydrachnellae - Nais sp. group and was associated with a 

marked drop in the concentrations of the significant 

pa:r:ameters, ca.lcillIIl, magnesium and alkalinity. 

The subdominant associations (clusters A and C) show 

different reactions at the time of this overall change in 

population structure. Cluster C, like Cluster D, indicated 

a slight deterioration in conditions which could be a 

reflection of the small increase in COD. Alternatively, 

cluster A comprisJng the Ephemcropteran taxa and Pelecypoda 

suggested an improvement in conditions coincidi=>nt wirh the 

decrease in. mineral concentrations shown in the appendix 
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tables for this sta t.i.on. J'~ shnLLar change wa.s al so shown 

al)()V8 in rebruary J.974 so that. it appeaxs that this cJ uster 

A type cH ... :::ociation may have been indirectly influenced by 

the effect:.s of tLe change in 1nineral status of the water. 

In general there was very little variation between the 

sUIIlIIler a.nd winter !?opulations although small variations 

occurred, such as the OrthocJ.ndinae incrna3ing in signi-

ficar..ce in the dominant population ~uring winter and all tL.2 

'J.'richoptera..'1. taxa increa~iir..g in summer. Sir:-1.ilarly in 

the subdominant group C Nais sp. and the other NaJdidae 

tended to dominate the Hydrachnellae and Tanytarsini during 

winter a~d vice versa. 

A second exc~ption to the above occurred in January 1973 

when the association shown to be characteristic of this 

station only formed 87 per cent of the total population, 

the remainder of the fauna consisting of taxa shown in 

cluster E (Limnodrilus sp., Ilyodrilus templetoni, Stenelmis~ 

Cypridopsis and the Hydraenids). This indicated a deterio

ration in water quality as the 'I'ubificidae ,;-,ere net common 

a.t any of t..he clean water stations and were usually 

associated with deteriorating water quality. The unly 

significant chemical change which coincided with this was an 

increase in the actual values (not. averages) of chloride 

concentration, MBAS and organic carbon (see Table 38}. 

These three paraTOeters are usually associated with sewage 

effluent. 
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2-.'.!\~,~- 38_: 1J'i.1e a c:tu~ J. concentrations (J.ng/ l} ±o~ c:blori.de .• 
MEAS and org0,11i.r-~ ca.rbon at .sta+.:ion J 3 in 
~Janue1.ry and }··ebruary 1973 

.Month Cl TOC 
------ --+--------------+------------+------
Jannary 

I<'ebruary 

20,0 

26,0 

o,os 6,0 

0,26 12,0 

In general there was a. great deal of similarity between the 

fauna of stations 8, 11 a:-id 13, the three "clean"water 

stations dealt with above whicb. can tbus be conside:r:ed to be 

most nearly approach.i..:1g cummm:~ ties likely to be found in 

natural streams in Lilis area. All three stations were 

characterized by a dominant association of over twenty taxa 

all of which were at times abunda11t. 

It can be seen from Table 39 that in addition to those taxa 

which have been shown previously to b1; common throughout the 

system except in severely polluted conditions, the taxa 

com.~only found in the most nearly natural conditions include 

a variety of Ephemeropterans, Trichopterans and Coleopteran 

la:rvae. · There is thus confirmation that station 11 shows 

the least deviation from natural conditions because it 

supported the greatest variety of abundant ta.-xa. 

Some d~uinance pat~erns within this association were 

common to all three stations. Firstly, the tendency over 

the whole system for the Oligochaetes to become more 

prevalent during winter i.s confined under more natural 

conditions to Bais sp. with Chaetogaster and the other 

Maododae showing a small ~£gree of dominance at the same 
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~7\BLE 39: 'J.1he degree of s.imil&~ity hetwei=m stations 8_. 11 a.nd 13 ~1ith 
respect to those taxa which w~.i.:e characteristic of these stations 
on ~he basis of presence-aLsence only 

. 
~]tation 8 Stat.ion 11 Station j .3 

----
B. ha:ririsoni B. ha:ririsoni D hm"'risoni LJ. 

Simuliid~e ~imulU.dae Simuli.idae 

urthocladi.nae vrthocladinae Orthocladinae 

Common at Chironomini Chirono:r.iini Chironomini 

all three Planaria Flanaria Plan~ri& 

stations Nais Nais Nais 

Naididae Naid.i.c.:iae Naidid&e 

C" afra c. afra C. af1"'a 

C. thomos::;eti c. thomosseti c. tlwmosseti 

Tany-i.:arsini Tanyta.rsini Tanyt,arsini 

Ceratopogonidae Ceratopogo:iidae Cera t,:)pcgonidae 

B. latu.s B. 'latus I B. latus 

Cacnidae C&enidae Caenidae 

Choroterr,;yes Choroterpes Clzoroterpes 

Pelecypoda Pelecypoda 

Chaetogaster Chae tog aster 

Common at Ostracoda Ostracoda 

two stations Cypridopais Cypridopsis 

Hydrachnellae Hydrachnellae 

Hydropti'la Hydropt;ila 

Tanypodinae Tanypodinae 

Gyrinid larvae Gyrinid larvae 

Hydraenid larvae Hydraenid lar.rae 
-

Centroptilum 

Hydra 

Only common I Afronurus 

at one Neurocaenis 

station Rhagionidae 

Stenetmis larvae 
-

I 
I 

"'r 
I 

I 
I 

l 
I 

I 
I 

I 
I 
I 

I 
I 
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time. fu)wevcr the Tubif:Lcid.ae were not. part of this 

associati')n al though. is0J_ated individuals may occur. The 

differenr2s in represf::ntatj_on by the three Naid taxa at 

these stations shows that the more natural the conditions 

(with reg:.trct to water quality} the more Nais sp. tended 

to dominate this group lea.ding t.0 the exclusion of the other 

two tax~. Thi.::: also resulted in a reduction in i.:i1e degree 

to which the dominance stat.us of Nais changes between summer 

and winter p~riods. 

Secondly, the more closely the various Ephemerop·~cra are 

related to those taxa shown to be the most common ir. the 

system with rega:-_·d to relative abundance, the cleaner the 

water. 

Thirdly, the whole association is dominated to a greater 

degnse by the Simuliidae a.nd B. harrisoni than :Oy the 

Chironomidae although both groups are part of the dominant 

association at all these stations. In addition the 

Chironomini tend to be less closely related to this 

association than are the Orthoclad~nae. In general, how-

ever, there is a tendency in this type of water for dominance 

to be split between a variety of ta,"'{a with no one taxon ever 

dominating to the virtual exclusion of others. 

Station 3: The abiotic characteristics of this station on 

the Jukskei River above the confluence with the Modder

fontein stream, are not comparable to thoso. of the clean 

water tributaries. r~i though most of the chemical parameters 
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show D to E .:Levels of, ccncentrati.on t.rable 21 ). some of the 

conserw1. ti ve minerr..l ele01H:mts LMg, Cl and AJ.ka1ini ty 

particul...:rly) are chnra'.:'terized by hi.gh to very high 

concentrations. Carbon and phosphorus other than ortho

phosphatf:: conce:1trations were sometimes average for the 

system (category C} . 

'!'he dendrogram of Czeckanowski siroilari +-y for this station 

(Pit;. 2-1) shows a cluster of eight taxa ·which join at r

valties 9.ceater than 50 r::er cent: (cluster A1). Of the 

remaining taxa found at this station 'I'able 40 shows that 

only tha association of Tlyod:t!ilus templetoni and Lirrmodi·i Z.us 

sp. occurred at all frc.:quently. As these two ta_'{a link to 

cluster Al at a little less than 50 per cent, the cluster of 

t.axa whose occurrence is characteristic of this stat.ion can 

TABLE 40: Frequency of occurrence of taxa at station 3 which a_re !1.ot 
closely r'7"~lated to cluster A in the dendrogram of Czeckanowski 
similarity (Fig. 24). 

Number of 
Maximum number Average number 

Taxon of individuals of individuals 
occurrences 

per occurrence per occurrence 

Planaria 1 1 1 

Tanypodi!1ae 1 9 9 

Hirudinea 6 6 2 

Chi1?oriomus 3 35 15 

Psychodidae 3 3 2 

Ilyod:t!iZus 8 40 8 

LimnodriZus 10 36 7 

Rhagionidae. 1 22 22 

:Burnupia 
,., 

4 2 ,t. 

Cypridop.sis 1 2 2 

B.r>anchiu.r>a 1 3 3 
-
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Pe re entage 

1
1 _o 

1
20 

1
30 140 __ _J~~--L~---Z_E_· _ l__?_ .. _a-..,

9_0_ 
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L_-r--·-
.,.... ________ ____. 

- -- . 
I 
I --~ r--l --
L_J 

-,-L~ - I 
I 

l - I 
l 

-·· --
I 

1--
! --

.. 

. ccc = 0, 881 

Planaria. 
Tanypodinae 

Hirudinea 

Chi ronornus 

Psyc:h0di dae 
Sim u l i i 'd a e 
Nai di dae 

Chaetogaster 

Nais Al 
Orthocladi nae 

B.harrisoni 

C hi r o no rn i n i 
Hydra 

llyodrilus A 2 
Lirnnodrilus 
Rhagionidae 

Burnupi a 

Cypridopsis 

Branchiura 

Figure 24: Dendrograrn of C:::eckanowski Sirr1ilarity 

between Taxa for Station 3. 
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prob::1.bly be exteno.eu to include them. .4.lthOl.HJh the 

Hlrudinea occurred in a quarter of the samples their 

occurrence was ahva.ys rcs-i·.ricted to less than 2 per cent of 

t.he population. It is however worth noting tnat these 

occurrences were restricted to the winter m0nths (ApriJ to 

September) . 

The clraracterjstic taxa of this station (cluster C) show 

varic·..1s interrelationships i:r the dendrogram of Bray

Curtis simila~ity (Fig. 25). CJ uster C of this dern:lrogram 

always formed bet.ween 80 and 95 peY. cent of the total 

population at this station (Table 41) except in October 

197 3. These taxa thus formed t!1e characteristic fauna of 

this station. The most closely related taxa within this 

cluster are the Orthoclacii.nae and B. harri;;oni which 

dominated this association except in the winter/spring 

period ~hen Nais sp. dolliinated (Table 41). 

Cluster B formed a sma.J_l but constant subdominant associa

tion which was numerically most significant in the mid

summPr months. Thue the low mineral, nitrogen and 

orthophosphate concentrations and higher (category C) con

centrations 0£ total alkalinity, total phosphorus and COD, 

characteristic of this station in summer are associated with 

a fauna dominated by B. har;risoni and Orthocladinae and two 

subdominant populations. Firstly one of Nais sp. and/o.r. 

Chaetogaster and secondly, an association of Simuliidae, 

HydY'a and Ch tronomini. 
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Percentarl e _, 

p ,10 
1
20 ,30 !¼ 0 ,50 §_Q___?O ~O _190 ...J 

c- - Planari o. 

----------·----- Ta nypodi nae 

Hirudinea 
f 
I - - - Chironomus 

Psychodidae 
'- Naididae 

- I . 

J lyodri l us 
Lirr,nodrilus 

- L-G-
1 

s. ' .. t ... 1n1udtaae 

Hydra 
Chironornini -
Cho.etogaster 
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... Ort hoc I adinue 
r 
I B.harrisoni 

Branchiura 

-I 
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,., Cypri dops:s 

CCC =0.872 

Figure 25: Denclrograrn of Bray-Curtis Similarity 

between Taxa for Station 3. 
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TABLE'. 4J.: P8rcenta.ge coP1pos5.t.i r,n showi:n9 variation in domj_nance stat.us 
between the cr:a~ucteristically occ:n::ring ta..,rn. at station 3 w.::i.t.h 
t.he assoc iatio;:1s based on thi~ d( . .mdrogra~ of:. Bi·ay-Curtis similarity 
(Fi9. 2~-,) 

Month 

Marcl, 1972 

I April 

Ma~l 

June 

._July 

August 

S<:!ptember 

October 

November 

DecerrJ)er 

January 1973 

r.,ebruary 

.March 

April 

May 

June 

July 

August 

September 

October 

November 

Dei.:ember 

January 1974 

February 

--------
I C l 
I-

P
.T 

A B 1 

--- _.,__i B-.-h_ar_r_i-_· s 

2,8 7,8 64,3 

1,7 1,71 71,3 

cai 

0 2,8 1 65,5 

7,8 1,0 71, 0 

-~ f 9 I 0 23,1 

s. 8 I 0,8 45,2 

o, 81 2,5 0,6 

- I 

11,5 8,3 1,6 

13,2 8,7 8,0 

6,4 (..' 11,5. 

11, 3 3,4 9,1 

13,4 2,0 13,1 

4,9 7,8 34,5 

5,4 7,9 13,2 

7,6 0,8 3,8 

9,0 7,1 o .. 2 

51,7 0 12,1 

0 6,51 54,7 

4,8 0 20,3 

0,5 ~,3 55,7 

0 l.8,7 61,0 
_j_ __ 

u 3 1.: e .J.. 

C 
---

vrthocladinae Nais Chae tog aster 'Total 
-

19,G 2,6 2,7 89,2 

8,4 J.6 ,2 I 0 95,9 

21, B 9, 71 0 97,0 

5,4 14,8 0 91,2 
I 

9,c 18,4 44,7 95,8 

12,'1 32,2 2,3 92,1 

s,G 186,8 0,1 96,3 

- I - - -
58,4 18,4 0 78,4 

68,1 0,8 I 0 75,9 

73,8 0 6,6 9119 

75,0 0 1,1 85,2 

- I - - -

18,4 3,5 47,5 82,7 

12,S 38,7 l,6 87,3 

16,5 32,2 24,8 86,7 

2,9 84 I 1 0,8 91,6 

0,8 79,4 3,4 83,4 

23,4 11,5 0 47,l 

25,9 12,9 0 93,5 

6_:i t 6 4,7 3,1 93,7 

38,6 0 1,4 95,7 

15,5 4,3 0 80,8 

I 

I 
I 
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An :i.nte:r:esting ,J.~viation f ram the normal pattern o:t 

environmentaJ. conditioris at this station occurred .in the 

period from Septembar to November 1972 when there was 

relatively little change in the concentrations of COD and Cl 

and .inc~eased. concentrations of MBAS while th~ rest of the 

ci1emical concentrations show the character is tic surr..;."1ler 

decrease (Table 42). These chemical parameters are usually 

associaterl with effluent from sewage treatment plants. 

This period shows a cor.tinuaticn of the typical winter 

_pupulati()n with a possible deteri')ration in water quality 

showi1 by the fact that the dominanting Nais -sp. were 

accc:npanied by an ii.creased percentage con tr ibuticn of the 

association represented by I. templetani., L-im;zodrllu3 sp. 

and the other Naididae. After this period the typical 

summer population reinstated 1..tself. This occurred notwith--

standing the fact that flood conditions occurred during 

these r3riods which would be expected to scour the river bed 

of algae and organic detritus usually linked with Oli-

gochaete dominance. 

TABLE 42: Conc2ntraticns of COD, MBAS and chloride (mg/l) at station 3 for 
the spring period of 1972 to show how these parameters deviate 

Parameter 

COD 

l-IBAS 

Chloride 

from the normal pattern of decreasing concentration3 characteristic 
of this p~riod during September tu November 

C Q n c e n t r a t i o n 

July August September October November December January 
) 

22,0 26,3 36,7 37,0 36,3 29,7 25,7 

0,32 0,30 0, 29 0,39 0,45 0,41 0,24 

62,0 69,0 93,0 93,0 95,0 61,0 62,0 
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The changed chemic;.11 environment of this station when 

compared with the more natur,.c.l streams in the system ha.s 

resulted in an obvious deviation from the •:normal II witb 

respect to the fc:.unal population. On the basis of mutual 

presence c11..J fl.equency of occurrence the characterisU.c 

fauna of this station were limited tot.en taxa. Other than 

Hyd:ra all these tclxa have been shewn to be commo:r to t!-:.e 

system as a whole. The winter population were characteriz0d 

by a dominance of Nais sp. as was seen in natural waters. 

However the degree of Neis dominance tended to be greater 

a1:.d there was a closer linkage to the other Naididae and the 

Tubifi..:::idae du.:cing this pe:r:iod than was seen previously. At 

no stage did the associ.ation of Ephemeropteran and 

Trichopteran taxa characteristic of natural waters occur 

here and the Simuli.i.dae only shared dominance with the 

Orthocladinae and B. harrisoni during the mi.d-su1mner periods 

whe1:. the water was most diluted. 

,stations 6A and 6B: These two stations show conditions on the 

two streams (Braamfontein stream and Sandfontein stream) 

which join immediately before thei.r confluence with the m&i.:n 

stream bet.ween ::;ta.ti.ans 5 and 6. These stations were both 

characterized by very low concentrations of all parameters 

measured throughout the survey (category E) except for the 

alkalinity and calcium concentrations which tended to rise 

to the category C or D concentration levels in winter. 

However, there is a possibility that both these stat.ions were 
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subject t.o some form of pollution by the i.ntermittent 

addition ~f doa1cstic or industrial waste (Barlow, 1974; 

Bc1-rlow anc~ Lee, 19'7 4) which co1_1ld have been missed by 

monthly sampling. 

The tax2. charac./.:.er .... sJcic of t.hese two stations on the ba~is 

of their frequency of occurrence are very similar (F'igs 26 

and 27) althnugh their n~lationships to one another differ. 

The characteristic associations consist of a group of 

twelve taxa linked at s~ation 6B at r = 61 per cent and 

thiLteen at -station 6A linked at r = 57 per cent. Other 

clusters linking at aomTe 50 per cent are shown in Table 43 

to be irrelevant on the basis of frequency of occurrence. 

TABLE 43: Frequency of occurrence of taxa at sto.tjon 6A and 6B, which are 
shown in the dendrograms of Czeckanowski si.nilar:;_ty to form close 
relationships, in order to show whether they are significant parts 
of the faunal populations 

-, 
Number of 

Maximum number 
Station Taxon of indivi.duals 

occurrences 
per occurrence 

6A Stenelmis a 1 1 

r, thomasceti 3 2 l,, • 

C. afra 3 7 

6B Cypr-idopsis 1 73 

Hydraenid l 2 15 

Chironomus 1 1 

Uwmasseti 
I 

C. 1 I 2 
; 
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Simuiiidc1e 

Naididae 

Oithodadinr..te 

8.h~rrisoni 

Hirudinea 

ChQerogaster 

---• Nais 
A 

-

-

[_----t·L_~-

Chironomini 

Li rrmo drilus 

Planaria 

Brurichiura 

!lyodrilus 

Tunypodinae __ 

Chironornus 

Hydra 

Hyd raenid larva 

Hydraeni d adult 

C.thomasseti 

Buinupia 

Stenelmis adult 

C. afra 

Fi gurA 26: Dend rogram of Czeckanov..1ski Sin1il ari ty 
between Taxa for Station 6A. 
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Simuliidce 

8urnupic1 

Hydi·a 

Ch! ton o;ni n i 

Naididae 
Chaetogaster 

llyodri!us 

r~a!s 
Planaria 

OrthoclJdinae 
8.harrisoni 

A 

Hi rud; n ca 
Limnodrilus 

Cypri dopsis 
Hydraenid larva 

Chironomus 

C.thomasseti 

Ostracoda 

Hydraenid adult 

ccc:: 0, 801 

Figure 27: Dendrogram of Czcckanowski Similarity 

between Taxa for Station 68. 
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aow.ever the only occ1.u:rance cf Cypridopais at stution GB. 

might be si.gnificant a~.1e to t.11.e high numbers found at this 

time al t'l::i.ough they formf.d less than 2 per cent of the total 

popula.tion. ·The association at. station 6B on the Sand-

fontein scream <..Fig. 27 cluster A} was very much more 

clearly defined than on the BraaJnfontein stream and 

include some o~ the O.LLgochaete taxa with the ubiy_ui.tous 

taxa. rrhe Simuliidae oci::-ur least often of this association. 

Station 6A (Fig. 26} differed from 6B in that the Sim11-

liidae were highly correlated with the most frequ1-3ntly 

occurring taxa (r = 95,2} whi.le most of the Oligoch.acte 

taxa f p~rticularly the Tubificids, were amcng the least 

frequently occurring members of this association. 

This suggests that the Sandfcntein stream was subject to a 

greater degree of enrichment than the Braamfontein stream. 

However the total la.ck of other Ephemeropte::::an taxa and 

'I'richopteran taxa in the fauna characteristic of these 

'stations showed a marked deviation from the fauna of natural 

streams which would not be expected from the chemical 

classification of these stations (Table 21). 

The dendrogram of Bray-Curtis similarity for station 6A 

(Fig. 28) shows the saJY1e taxa to be characteristic on the 

basis of relative abundance as were significant in the 

Czeckanowski analysis. This fauna is dominated by an 

association of five taxa, the Simuli.idae, Nais sp.; 

Naididae, Orthocladin~e and B. harrisoni (_cluster A}. This 

cluster formed more than 80 pe.r cent of the total population 
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of th.is station in all samples ('I'able 44 )_. HowevGr th.is 

t.able shows that the Naididae, Orth•,cladinae and B. 

har·r~.soni tended to dominate this association for most of 

the year. 'I'he former taxun was dominant i.n Jr1.te su.rmner and 

winter while the latter two taxa dominated t:1-ie surn1ner 

samples. The Simul~idae and Na--:,s sp. formed between 15 and 

40 per cent of the popul2_ti0n in August to November. Nal3 

sp. tended to exceed the Sir.mliidae con-!_:.r.ibution when the 

Naididae dominated the fauna and vice versa when the 

Orthocladi.nae and B. haririsoni .ver<? don:inant. 

TABLE 44: Percentage contribution of the associations shown ::.n the 
dendrogram cf 3ray-curtis si:c1.ila.r.:tty (Fig. 28) for station 6~, 
which comprise the characteristic taxa of this station 

Month 

March 1973 

April 

May 

June 

July 

August 

September 

October 

November 

December 

January 1974 

February 

. )·: ' 

C 1 u s t e r 

A B 

A1 A2 Total B1 B2 Total 

-
-- - - - - -

0 78,0 78,0 20,7 0 20,7 

2,9 87,7 90,6 6,8 0,8 7,G 

3,2 93,3 96,5 3,1 0,2 3,3 

6,6 91,3 97,4 0,6 1,8 2,4 

32,0 65,4 97,4 1,2 1,2 2,4 

40,9 53,4 94,3 1,5 0,4 1,9 

15,4 74,7 90,1 5,5 4,4 9,9 

20,3 76,3 96,6 1,1 1,4 2,5 

3,7 77, 5 81,2 7,0 12,2 I 19,2 

2,9 78,0 80,9 17,6 0 17,6 

1,5 88,0 89,5 3,1 0 3,1 

Cluster Bat station 6A (Fig. 28) consisted of two groups 

whose members appeared !·egularly in the population (see 

Table 44) but vicre ust1 ally present in very small numbers. 

The taxa grouped in cluster Bl tended to decrease in the 

! 

l 

l 
I 
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Simuliidae p I 

Nai s 
Nc1i di dae 

l ----------~~------1.----.ll--c·----- ·O ~· ,,. l..., "" r I a d ·, n a e '1 
.._ ! \II \J \.,, ... ,v ,.,; 

~[ .._ __ 

I 
I ----------
"-------a-•• 

a~ harri 3oni 
Branch! ura 
Hirudinea 

81 
Chae togaster 
Chi ronomi ni 
Li~nodrilus 

Planari.a 

Hydraenid adult 
.. ·-

llyodr?lUS 
Hydraenid larva 

Tanypodinae B2 r---·----·-----~-----
L__ _ __ Chironor!1us 

Hydra 

r· ---- St en el rn is ad u l t 
_______ __J_l -------- C.thon1asseti 

________ C.afra 

--------------------- Burn1..1 pi a 

CCC=0~,~8~1] _________ , _______ _ 

Figur·e 28~ Dendrogram of Bray-Curtis Similarity 

between Taxa fo( Station GA. 
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w;i.nter. months u~pril to Sep.tember) thus J.inki 119 them vd th 

the decline o:f: the Naididae and the dominance of B. ho.:r?.-iisoni, 

Orthocladinae and the Si1m1liidae. Cluster B2 ind iv J.cJ.1.:als 

showed no particular time related significancs althc-...1gh I. 

tenrpletoni increased to 11 per cent of the !_)0pulaticn in 

December 1973. 

The asscciation which dcminat2d the faur;..:::i at station 6B is 

shown in cluster B of Lhe d8i11.:1rogram of Bray-Curtis 

similarity (Fig. 29). Table 45 sh~ws t~at clusters Bl and 

B2 dominated the association from ;.Jovember to April forming 

more the 75 per cent of the populat.ion. Except for April 

1973 when all four Iuembers of this group formed a significant 

proportion of the population with B. harrisoni aad the 

Naididae dominating, the tendericy was for R. harrvisoni and 

the Orthocladinu.e to dominate the association wh.ile the 

Naididae and Burnupia formed less thar. 5 per cent of the 

fauna. Cluster B4 completely dominated the association Irom 

May to September (more than 90 per cent of the population) 

with a reduction in the cluster Bl and B2 association to less 

than 10 per cent of the population. 

The members of cluster A at station 6B (Fig. 29), although 

a constant presence (Fig. 27), seldom exceeded 5 per cent 

of the pcpulation. 

These two stations shmred a great deal of similarity on the 

basis of relative abundances of taxa. The characteristic 

taxa at thes2 stations were limited to fifteen taxa which 
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Sirnuliidae 
Chi ronornus 

C.thomcsscti 

Cypridcpsis 
Hydrae,-d d lnrva. 
Hyodrilus 

Hirudinec A 
Hydra 

Planaria 

Chironornini 

Ostracoda 

Burnupia 
Naididae 

81 

Orthocladi nae 82 
8.harrisoni 
Lirnnodrilus 83 
Chaetogaster 

84 
Nais 

Hydraenid adult 

Figure 29: Dendrograrn of Brc1y-Curtis Similarity 

between Taxa for Station 68. 
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TADL~--~~: Percentage contributions of the associations shmm .Ln the 
dendrogram of Bray-Curtis similarity fox: station 6B (Fig. 29) 
\'Jhich comprise the characteristic taxa of this station. 

---

Month 

March 1973 

AprH 

I•my 

June 

July 

August 

September 

October 

November 

December 

January 1974 

February 

·c 1 u s t. e :.r. 

A B 

·----·~ ·-
Bl B2 B3 B4 rr·otal 

. -- --· -
- - - - -

0 53,5 44,1 2,3 0 99,9 

2,3 2,2 ~,o 0 94,2 S3,4 

0,3 0,5 6,3 0 92,7 99,5 

4,1 0,6 1,4 0,3 93,4 9-S,7 

:i,O 0 8,7 I 
I 

0 90,1 I 98,8 
I 

4,0 1,0 2,9 I 0 91,8 95,7 

- - - - - -
4,3 1,4 73,7 0 19,6 94,7 

2,0 1,9 92,4 0 3,1 97,4 

7,2 4,2 83,'1 0 5,2 92,8 

- - - - - -

were similar to ~hose characteristic of station 3 but 

included Burnupia, Planaria and Hl.rudi:uea. The incl.t!sion 

of this latter taxon suggests a deterioration in conditions.

which is confirmed by a further deviation from the fauna of 

the natural streams in tl1at the winter population was 

dominated by the Naididae to.a greater degree than by Nais 

sp. In addition the Tubificidae, particularly I. templetoni 

were closely linked to the characteristic association here. 

'rhe position of the Sirnuliidae within the dominant faunal 

association indicates a difference between these two 

stations. Its occurrence and abundance was far more 

significant at station 6h thus showing less deviation from 

the natural population than at station 6B. The association 

I 
I 

I 
I 
I 

I 
I 
I 

I 

I 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

of Ephemeror<:eran .-rnd Trichoptex-ar. taxa typicc:.~. of clear: 

water ass(1ctati.ons 1,.;as l&..cking c:it. these stations ns they 

were at station 3. 

{ii) The main stream 

Stat.ion 14 

The main st.ream stations Le. frum station 1A on the 

Modde.r fo1~tei.n strea.m to st'1.tion 14 at the entrance to the 

dam, are de3.lt with here sta.rting with st3.tion 14 which is 

shov-m oy the chemical analyse~ and the biotic index (see 

appendix) to b':::: the cleanest of t..hese st.:itions~ B:, working 

upstream there is an increasingly g,.~eater deviation from 

the natural tributaries. 

Due to the iPfluence of the Hennop!-; River (see station 13) this station is 

characterized by h i.gh conccntr at.ions of magnesium and alkalinity (Table 21) . 

The other minaral parameters and the various forms of nitrogen and 

phosphorus all occurred at category D levels so that this water is more 

enriched than at stations 8, 11 and 13 but according to the biotic index 

values (see appendix and the chemical results) it is the least enriched of 

the mainstream stations. 

The organic carbon and COD concentrations show that the organic stat.us of 

the river at this point tended to be average for the system and unexpectedly 

appeared to be more organicaily polluted than either station 12 or station 

13. 
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The dc-mdrograi-n of Czeckanc\·1ski s:im.:l.1.ari ty (Fig. 31) for this .::tat.ion shows 

a group of fourteen taxa (ci.ust.er Al) linked together at above r = 50 per 

cent. There a.re however a nurr.ber of otLer s:nall clusters which show 

similarly close relationships and Table 46 suggests that the ~axa linked to 

these in cluster A2 can be considered with this grouping of cominob t.axa even 

though they l.ink to cluster Al below the 5G per 1.::ent criterion imposed on 

t:!-.a.~ natural stream. However for tht. purposes of comparison the cluster Al 

taxa must b£ considered the characteristic fauna of this station. 

TABLE 46: Frequency of occu.rrf>nce of taxa at station 14 which apper~r 
in the Czecka.nowski similarity dendrc~rwn (Fig. 31) but link to 
cluster Al at r = <50 per cent 

~axon 
Number of .Maximum number .Maxi.mun~ percentage 
occurrences per occurrence contribution 

Ceratopugonidae 1 1 0,1 
Ostracoda 4 6 1,0 
Hydraenid a 1 1 0,2 
Caenidae 2 2 0,3 

Physopsis 6 18 0,3 
Cypridopsis 1 4 0,6 
Hirudinea 2 4 0,6 
Pelecypoda 4 24 3,6 
Hydra 6 14 2,1 

B. latus 7 172 8,0 
Hyd.ropt1: la 7 5 1,2 

· Stenelmis a 7 3 1,4 
Stenelmis 1 7 9 1,4 
Tanypodinae 6 54. 2,5 
Choroterpes 2 1 0,2 

Branchuira 3 3 0,4 
Ilyodrilus 3 2 0,3 
Chae ·togas ter 7 24 1,8 
Hydraenid 1 2 4 0,6 

Centroptilum 2 2 0,5 
B. quintus 2 5 1,2 

Psychodidae 1 I 1 0,1 
Culicidae 1 I 1 0,1 

I 
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C erutopogoni dac 
Ostracoda 
Hydroenid adult 
Caer.i doe 

Physopsi s 
Cypridopsis 
Hirudinea 
Pelc:ypcJa 
Hydra 
Hydrachn ell a e 
Simuliidue 
Orthoctudi nae 
Chironomini 
C.thornass et i 
8.harri soni 
C.afro. Al 
Tanytarsini 
No.is 
Nai didc~ 
Planaria 
Surnupia 
Ecnomus 
Limnodrilus 
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Hydroptila 
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llycdrilus 
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Centroptilum 

8.quintus 
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Culicidae 
Rhagicni dae 

Figure 31: Dedrogram of Czeckanowski Similarity 

bet\-veen Tnxa for Station 14. 
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Most of these common taxa E>.re -~roup<...!d t.o-:;;ether in the dendrogra.m of Bray-

Curtis similarity (cluster B) Bhvwing th.:;ir relationship ·Lo be similar on 

the basis of relative abundance as well" (Fig. 32). Table 47 shows that this 

.association of taxa (cluster B) constl~uted an average of 98,3 per cent of 

all faunal samples except fer Octol.;~r 1972 (88%) and NoVL.Lnbei: 1973 (78i). 

Thus apart from ti.i.ese two occasions these were the only taxa which formed 

a rel~vant p~rt cf the fauna at this station. 

Within this c:u.ster the B. ha1"1"'isoni - C. thomasseti - Simuliidae associa--

tion totally dominatad e.le fauna in 3.11 the S 1..lIIliller samples continuing 

until June 1973 whi:e the Orthocladinae tended to dominate the winter 

samples in both yeai.s. This chd.nge t.o an OrtnocladL1ae dominated 

assuciation was accompanied by an increase to dominance or co-dominance of 

the tot.al population by the Nais sp. - Naididae association. 

D·1.1ring the su.rnmer months of 1973/74 the above association Ci.ecreased its 

dominance status while ::he C. afra a.nd Chironomini increased in numerical 

importance to sometimes become a co-dominant group. The increased 

importance of this group occurred similarly but in smaller proportions in 

January and February 1973. 

The marked increase in the Chironomini - C. afra association 1.n the last 

four months of the survey coincided with a period of increased conductivity 

and mineral concentrations while the concentrations of the other parameters 

were decreasing (Table 48). 

The subdominant association consisting mostly of Nais sp. (Table 47) only 

replaced the dominant group for two winter months each year showing a 

similarity to conditions in the clean water tributaries where a l.ower 
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Figure 32: Dendrograrr. of Bray-Curtis Similarity 

between Taxa for Station 14. 
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Month 

'rl-iI3LE 47: Percentage cornpDs.iticn of the ropuiations at station 14 based on 
the associations of commonly ov.:urring t.axa as grouped in the 
dendrogram of Bray-Curtis simiJ.arity (Fig. 32) 

-----·--
l\::;~ociation 

----. -B. ha~~;,.,ni 
I 

·---=ti 
SimuliJ.d~~ l Chi ron<Jmlni I Naididae Burnupia Cha.et ogas te1~ 

B. lc:.tiw To~al 

I Orthccladinac c. afra I Nais EcnormtP Taryt-unimi 
c. thc,mosseli 

March 1972 81,3 5,5 0,3 0 ... , ... 8,0 

April 93,4 4,9 0 0 0 1,0 

May 89,4 2,4 1,3 0,2 0 3,7 

June :),3 1,8 15,1 0,3 1,8 0,2 

July 48,2 1,'i 49,5 0 0,3 0 

August 12,5 1,:) 84,5 0 0,3 o, 1 

September 32,2 1,2 65,5 0 0,2 0 

October 72,8 11, 7 2,7 0,2 o,; 0 

Nove:r.iber 94,8 ::.,9 (l 0 0,5 0 

;:lecember - - - - - -
January 1973 79,9 12,8 0,5 1,0 0,9 0 

Fcoruary 74,1 21,0 0,2 0 0,7 0 

March - - - - - -
April - - - - - -
May 97,8 - 1,0 0 0,4 0,3 o, 1 

Jun~ 90,4 1,6 0,3 0,2 6,0 0,3 

July 64,7 2,9 17,2 0,2 13,4 0 

August 27,1 2,0 67,2 0,3 2,6 0 

September 43,5 0,5 55,1 0 0,4 0 

October - - - - - -
Novzmber 42,1 24,2 8,0 2,6 1,1 0 

Decc:-.ber 40,4 40,(, 2,9 12,9 0,7 0 

January 1974 65,2 15,7 o,s 17,2 0 0 

Fc,bruary 59,7 10, 1 0,9 25,7 0,9 0 

dominance status in winter was more cl.early defined. However the fact that 

th\;;! other Naididae where closely associated with the Nais sp. shows that 

this station is more subject to enrichrr.ient than station 8, 11 and 13 

bec,mse this was c. tendency which became very obvious in the more enriched 

tributaries. 

Of the remaining cluster B taxa, all normally formed a small part of the 

fauna (<5%) of this station (Table 47) although each showed a single period 

of i.ncreased significance. 'I'he Burnupia - Eenomus sp. association 

increas~d steadily from 2,6 to 25,7 per cent of the total population at the 

same time as the C. afra - Chironomini association became co-dominant. thus 

forming a subdominant associ~tion. 

% 

96,7 

99,3 

97,0 

9S',5 

99,6 

99,3 

99; l 

87,7 

99,2 

-
95, 1 

96,0 

-
-

99,6 

98,8 

98,4 

99,2 

99,5 

-
78,~ 

97,5 

98,6 

97,3 
··-
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TABLE 48: Con~uctiviLy (mSml and mineral conce~trations (mg/i} at 
station 14 for the last five mcnths of the su~vey to show 
increasing concen1:ra.tion:::; from Novembr::r to February 

I 
January I Fsbrua.ry 

K 

Ca 

Mg 

Cl 

8,8 

52 

21 

65 

100 

6,0 

36 

15 

37 

55 

7,0 

36 

16 

54 

72 

636 

40 

8,4 

44 

n 
43 

77 

651 

44 

8,9 

51 

20 

50 

83 

The association of CJwetvga3ter and 'Ianytarsi:1i had a brief period of 

numerical significance during the winter months of 1973 and appeared to be 

most significant inunediatcly prJor to the period of ivais sp. dominance in 

197'.:,. 

Baetis latus only occurred in significant num1'ers in the first three months 

of the study and was the only Ephemeropteran taxon (apart from B. harriscni,) 

to occur at all significantly at this station. Its presence however, does 

show a shift towards mm:e natural conditions when compared with stations 3, 

6A and 6i3, as does the fact that Chewnatopsyohe sp. was a member of the 

dominant association. 

The two months ( October 197 2 and November 197 3) shown .in 'I'ahle 46 not to be 

exclusively dominated by these clus·ter B taxa were characterized by an 

increase in the cluster A taxa. Reference to the species composition table 

for this station in the appendix shows that the Planaria totally dominated 

this small association on both these occasions. Physopsis, Ostracoda and 

LimnocJ:t,ilus sp. occurred significantly in October 1972 and the Pelecypoda, 

Limnodrilus sp. and HydPa did so i.n November 1973. Of these only Limno

driZi:s sp. was significant on the basi~-; of frequency of occurrence thrc'J.gh-

out the study (Fig. 31). 
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This increase in a Planarian dominated association suggests~ slight 

deteriora.tion in water quality due to the close association both here and 

at stations 3, 6A and 6B of thi.s taxon with the rrubificidae. 

The water of this station has been shown earl~er to be slig½tly m~re 

enriched than th?-t of the "clean" tributaries and this is confirmed by the 

composition of the fauna. This populatio11 deviates slightly from popul,:1-

tions previously shown to be characteristic of more nat.~ral conditions in 

that there was a smaller group of very common ta~a. Also the Ephemeropteran 

taxa were not closely related to t..½ese common taxB at this statio11. 

However the close relationsl:ip of some of the Tric;1opteran species to the 

· ubiquitous taxa and the significa:-1t occurrence of J3aetis Latus showed that 

this deviation was slight when compared with that of the less natural 

tributaries (stations 3, 6A and 6B). 

The position of Na-;s sp. and its poor association with the Tubificidae 

also showed that the fauna of this station more closeLy resembled that of 

the natural waters. However a closer relationship to Chaetogaster and the 

other Naididae emphasizes the deviation towards poorer water quality type 

communities. This latter was more apparent in the winter of 1973 than in 

1972 when a closer resemblance of this association to a natural population 

suggested cleaner waters. This agrees with the chemical results which she,·,v 

a change in water quality between the two years (Table 6). Similarly the 

only significant occurrence of B. Zatus occurred in the first part of the 

survey which tends to confirm this deterioration later on in the suYvey. 

This concurs with the change in the dominant association discussed above 

where the first summer's association of taxa closely resembled that of the 

natural streams (B. harrisoni ~ C. thcmasseti - Simuliidae) which changed 

to an increased. dominance by the Chironomidae. 
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':i"hus generctl.ly the dev iu. L.lon fi:um nd.t:ura1 populations at thi::> statio11 was 

greater in the second y82.r of the survey. 

Station 12 

Tne concentrations of chemical constituents this statioP (Tab].~ 21) show 

that it was veri similar to stations 10 nnd 14 although dilution by the 

~ro~odile River (station 11) resulted in slightly lower concentrations of 

those constituents which were characteristic of station 10. The high 

concentrations of ma~nesium and alkalinity in th8 Hennops River resulted in 

concentrations of these pararr.2ters at ::::t&ti.on 14 which exceeded C1ose at 

station i2. Table 21 indicates a drop in concentration cf orgq.nic carbon 

at station 12 (ccttegcr.y DE) when s0mpar2d with stations 10 and 14.. ~hcse 

latter showed average concentrations for the system at times (categories 

CDE) althcugh ·rable 12 shows that this difference was neither la:cge nor 

constant. 

The dendrogram of Czeckan,)wski similarity (.Figure 33) shows con3iderable 

diversity in the taxa common to this station (cluster A linked at r = >50). 

Particularly significant is the fact that six of these nineteen taxa 

occurred in every sample as shown by their linka9e at the 100 90 similarity 

level. The remaining thirteen taxa in clus~er A fanned a constant part of 

the fauna for most of the year while other clusters all grouped taxa which 

occurred seldom with no individual taxon ever forming more than 3 per cent 

of the total population (see appendix). Taxa which occurred in clusters 

closest to cluster A had a maximum of 6 occurrences while those in clusters 

furthest from it were recorded once only. W' . .-iile the latter are obviously 

not significant on the basis of occurrence, the former could be if these 

occurrences characterized a pai~icula~ time of the year. Table 49 shows 

the spread of these occurrences. 
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Figure 33: Dendrogram of Czec:kanowski Similarity 

between Taxa for Station 12. 
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~_!-BL!:~49: Occurrence patterns of ta.xa at stat.ion 12 which occ-1.1rred between 
two and six times d.1;.ring th,~ survey (March 1972 == 1) 

I I---------·---------· --------------------------r 
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X ·v 
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:x X 

.. X ✓\ 0) 
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~ X 
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U) 
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Al though thG dendrogram of Bray-Curtis s:i.milari ty (Fig. 34) does not show 

any of these taxa to be significant on the basis oi their rela.tive 

abundance in the samples, one can conclude from this table that the 

Tanypodinae and Ecnomus did show a period of significant occurrence from 

November 1972 until May1973. In addition the occurrenc:e of Hydra in the 

spring of 1972 night have been significant, also the association of Choro-

terpes and Amph.ipsyche i.n January and February 1974. 

Of the most frequently occurring taxa, those most closely related are 

grouped together in cluster A2 of the d2ndrogram of Bray-Curtis similarity 

(Fi~. 34). All the taxa in cluster A of the presence-absence analysis 

(I-'ig. 33) are grouped in cluster A of this dendrogram suggesting that they 

were just as sigr1ificant on the basis of relative abundance. These taxa 

form the dominant part of the association as they always comprise 85 per 

cent of the total population with only five cases of less than 95 per cent 

(Table 50). 
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Figure 34: Dendrogram of B~ay-Curtis Similarity 

between Taxa for Station 12. 
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TABLE 50; Cornpo.sit1on of cl"o..ist.c.....:- A (I:'i9. 34) nssoci~tion at f;tation L~ 
gtving percentage contribution of each of sub-clusters A1-A4 for 
each month to 'cht:; total community 

March 1.972 

April 

May 

June 

July 

August 

September 

October 

November 

Dece:nber 

Jam~ary 19·73 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

January 1974 

FebJ"."uary 

~ u b - c 1 u s t e r 

21,1 

9,4 

19,0 

0,9 

1,0 

4,0 

26,3 

6,4 

19,4 

7,9 

26,8 

7,9 

10,0 

2,£ 

0,5 

1,0 

4,2 

48,8 

9,6 

6,6 

64,4 

88,6 

61,4 

1 ,, , 4 

48,0 

64,0 

85,6 

77 ,0 

83,9 

66,6 

74,4 

72,4 

39,6 

30,0 

52,5 

84,2 

36 I 1 

83,6 

78, :~ 

2,4 

0,9 

17,6 

30 1 4 

68,4 

46,8 

7,9 

0,5 

1,6 

4' (J 

1,6 

3,6 

12,5 

50,5 

65,9 

44,5 

10,6 

13,4 

2,1 

1,3 

0 

0 

1,: 

4,3 

1,6 

0,1 

0,3 

.0,2 

0,2 

0,8 

0 

0,4 

3,0 

5,2 

3,1 

2,2 

0,6 

0 

0 

0 

'l'ot-::11 j 

---7 
87,9 

98,9 

99,3 

85,4 

88,4 

98,9 

98,5 

92,7 

98,2 

96,6 

95,0 

86,3 

97,9 

97,9 

99,5 

100,0 

99,6 

98,3 

95,3 

86,2 

This table shows a change in the dominance st~tus of the four sub-clusters 

of cluster A over the survey period. 'I'he taxa represented in cluster A2 

formed the dominant part of this associatlon throughout the survey except 

for the 1July-September periods. All these A2 ta.xa formed equally sign.ifi-

cant parts of the population in most samples although a small degree of 

dominance of one over the others occ;u-cred in most samples with the 
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dominant ta~cn changing in dif.L~rent sam~les. This c:.pp2ars to be due to 

natural population fluctuation of these la.xa because there is no apparent 

pattern to these cha~ges. 

'1.'he members of cluster Al, pa:::-t.iculo.rly ChGwnatopsyche afea which dominates 

this assocJa.tion, formed the most important suhdominant. group during ail the 

summe..:- montr1s (between 8 and 30% fo the total populai-ion but usually 

decreased to form a negligible part of the population in the July to 

September peri.od i.e. between 0,5 per cen-c and 2 per cent. This coincided 

with the decline jn i.:he cluster A2 tct.Xa contribution to the population. 

Together with C. afra this subdc:minant association (cluster A1) at t.hj_s 

station was formed by the Pelecypoda, Burnupia, Stene /.:,m:s larvae, L. 

templetoni and Lirrmodrilus sp. 'I'hese latter two species c1re interesting 

in that they are negligible ::?xcept when this whole associa.tion declined to 

less than 2 per cent of the total population. At this stag-e they formed 

the largest part of thiti group so they were related more to the winter 

populations than the sum.ner one discussed above. 

· During the July to September period when the percentage contribution of 

the'cluster Al association decreased, the taxa forming cluster A3 

increased. This association was co-dominant in July, completely dominated 

the fa1ma in Aug11st and dropped back to being co-dominant in September. 

They also formed a significant subdominant group (between 7 and 20%) in the 1 

months immediately preceeding and succeeding this winter period but for the 

rest of the year this group fonned less than l per cent of the population. 

Chaetogaster and Tanytars.ini (cluster 1'.4) , shown in Figure 33 to be 

significant taxa on the basis of frequency of occurrence, increased slightly 

in percentage contribution during the period of Naid dominance. This was 

similar to observations at stat.ion 14. 
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'l'hus this winter rise to de,mina.r1ce of the: A3 taxa was acco;.npanied by an 

in.crease in the ta..x:a grouped in the i\11 c11Jster so that they fcrn1 up to 5 

per cent of the popula.t:i.on whereas these two taxa US"..12.1ly formed less than 

0,5 per cent of it. 

It is interesting that Hydra oc.::urrences were also restricted to the 

period of Naid dominance. 

Cluster B in tr-.e dendrogram of Bray-Curtis simila:ri.ty includes those t.a_xa 

which form a small but constant percentage of the total population. The 

only s.:_gnif icant occurrence within this associai...icn occurred in January a:::1d 

February 1974 when th.e taxa grouped in cluster B2 ant3. B3 formed an average 

cf 10 per cent of the total population. This was the only period when the 

general pattern of events at this station changed and was characterized by 

higher nineral concentrations and lower nitro92n values while the other 

parameters remained relatively constant (Table 51). The occurrence of the 

cluster B taxa associated with th.i...s poricd (Amphipayche sp., Hyd1-iopt-ifo., 

Ecnomus sp., Tanypodinae and Stenelmis) toge~her ~ith taxa such as 

Choroterpes which occurred over this period suggested a greater similarity 

to more natural populations. 

:!'AB_r..,E 51: Conductivity (mSm) and nitrogen concentrations (mg/.t.) at station 
14 fort.he period December 1973 tc February 1974 showing 
increased mineral concentrations and decreased nitrogen concen
trations 

Parameter December 

I 
January February 

Conductivity 589 I 732 701 

Kjeldahl N 3,3 2,1 1,9 

NH3 -N 0,8 0,3 0,2 

N03 -N 1S,O 7,0 9,9 

I N02 -N 0,6 I 0,4 0,2 
------· -·-· I ----------
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The improved organic status of this st:.c1tion as compared to ::~tation 14 (see 

page 162) appeared from the faunal composition to be more important tnan was 

chemically apparent. The fauna at this stati.o;.1 shows less deviation from 

natural populaU.ol!s than dj_d that at station 14 with respec i..: to its 

greater diversity of common taxa. In addition to this there was a gr~ater: 

spread of dominance between the members of the dominant association so that 

.1·10 one member totally dominated. This is similar to the situation in 

natural populations and completely unlj_ke that seen in the other tributaries 

(stations 3, 6A and 6B). In this stat.ion 12 showed less 6.eviation from 

natural populations than dia station 14. 

In winter the association and dominance status of Nais sp., Chaetogaste1> and 

the other Naididae showed a similar deviation from the "natural situation" 

to that seen at station 14. However the closer relationship of the 

Tubificids, I. templetoni and Limnodrilus sp., to this association, 

particularly with respect to Lhe presence absence analysis, does indicate a 

greater deviation from natural communities in winter than at other times. 

Within the dominant association (cluster A2 in Fig. 34) station 12 shows 

one occurrence indicative of a greater deviation from natural communities 

in' the decreased abundance of the Simuliidae and increased signif ican_ce of 

t-he Planaria. 

As at station 14 the increased contribution to the populations of the 

Ephemeropteran taxa other than B. harr>isoni and Trichopteran taxa other 

than Chewnatopsyche, is limited to shorL periods in mid-summer. 
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Stat:i.0n 10 

rrable 2 l Shows a shange in the chemical condi ticn of th8 water when 

compared with the dov.nst.:ceam stations already discussed. 

The cc,ncentrations of scme of the mineral parameters, COD, MBAS, organic 

carbon, nitrates and phosphorus, which are the para..."11eters usually affected 

by sewage (affluent, we.ce average to high for the system. However most of 

these concentrations dropped during the rainy season tc values cornpnrablc 

with the downstream station;:;. 

There are sixteen taxa (cluste!'s A, Band C) which linked at r-values 

greater than 50 pe~· cent in the dend~ogram of Czeckanowski similarity (Fig. 

35) forming the common taxa at this station. These were the only signifi-

cant taxa at this station because the nir.le most highly correlated t2xa in 

this cluster (r=>85%) all occurred in cluster A of the dendr0gr&.m of Bray-

Curtis similarity (Fig. 36) which formed mere tr.an 95 per cent of the total 

population in all samples except for December 1973 \·1hen this association 

constituted only half the population and January - February 1974 when it 

formed between 75 and 80 per cent of it (Table 52). Within this cluster 

(Fig. 36) there was a clearly defined group (A1) to which the remaining 

taxa in this cluster are chain linked at progressively lower r values. 

This group dorrinates the entire popuJ.ation during the summer months of the 

first year of the study i.e. March to June 1972 and October 1972 to March 

1973. The Oligochaet.e taxa, particularly Na1:s sp. became dominant during 

the winter months. From April 1973 the abundance of cluster Al taxa 

relative to the rest of the fauna declined and during the sumruer of the 

second year of the survey the two Chcurnatopsyche species (from clustP-r A2) 

tended to become progressively more dominant. 'l'he winter fauna in 1973 

remained similar to that of the previous yea.r although Chaetogas-ter and 

the Naididae tend to co-dominate with Nais. 
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'l'ABLE 52: Percentage contributions of ta.xd grouped in clusters A and B of 
Figure 36 to the tot.al fauna of stc:.ti.on 10 

Mon th 

Mar ch 1972 

Apr il. 

, 

Jun e 

Jul y 

ust Aug 

Sep 

Oct 

tember 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

ober 

c::n:.ber 

ember 

uary 1973 

rua:i:y 

ch 

il 

e 

Jul y 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

Feb 

ust 

ternber 

ober 

ember 

ember 

uary 1974 

ruary 

- --
. 

I 

Cluster 

P. B 

98,9 0,8 

95,5 4,4 

99,2 0,8 

90,2 9,7 

98,7 1,0 

99,5 0,4 

'J7,2 1,5 

- -

99,1 0,3 

- -

98,6 1,4 

99,9 0 

- -

- -

99,6 0,2 

98,9 0,2 

97,2 0,5 

99,8 0 

98,7 0,7 

- -

94,7 5,2 

53,8 46,1 

79,7 19,6 

76,2 23,6 

-

I 

I 
I 
I 
I 
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In the periods during which the cluster Al taxa domirmted the association 

this was mainly due to the pe!'.'centa9e contribution of the B. har:(1ison--Z: and 

Simuliidae but when the domir~ance status of this grm..1r,, declined the 

·p1anaria - Orthocladinae - Chironomini part of this association tended to 

increase resulting in t:i·1e co-dominance of all the taxa withir: this group. 

The taxa which have been grouped in cluster B generally formed a small 

part of thP total fauna at this station (<l9o, Table ::;3) . This -3.ssociation 

increases to form a significant part of the population twice. F,irst.ly, in 

June 1972 it f.:.,rmed almost 10 per cent of the total population mainly due 

to an increase o-f: Limnodyv;l,us sp. and secondly, t=-iere was a marked increase 

in the last four mo.-iths of the survey of most memb~rs of this cluster. 

This coincided with the decrease in dominance of the cluster A taxa 

mentioned above. The dominant taxa i.n ::his association over ·i:his period 

were the LimnodriZus sp. - Stenelm_is larva group although the rest of the 

taxa also increased sig!lificantly to form up to 10 per cent of the total 

fauna. This coincided with a significant increase in the mineral concen

trations during a period when other perameters shewed a decrease i.n conc8n

tration. Although there is insufficient evidence to show that the relation

ship between mineral concentrations and Oligochaete numbers is a direct 

or.e, it was noted at stations in the upper reaches of the system that there 

was such a relationship. This might be an indirGct relationship due tc the 

change in some unmeasured associated parameter, coincident wii:h the 

measured changes. 

The dominant populations at stations 10 and 12 were very similar although 

at station 12 C. thomasseti was more closely associated with the dominant 

association and C. afra fanned the largest part of the subdominant 

association. At station 10 both these species were genera}_ly less closely 

related to the dominant association and their decreased significance 

confirmed the general improvement iP- water quality due to the dilution 

occurring between stations 10 and 12. 
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TABLE 53: The percentage contribution of -t:he cluster 3 (Fig. 3 6) taxa to the total _populations at station 1.0 
over the study period (1 = March 1972) 
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The associat..ion of Nais sp., Chaei;oga2t;er and the ct.her Naid.:.dae showeJ a 

great.,2r degree of dominance a.t this stat.ion du:r:-ing winter than they diu at 

station 12, particularly in the second ·year. In 2dditi0n to this the 

latter two taxa were more closely -r-elated t0 Nais sp. than tL.ey were 

further downstream. This indicates a greater deviation frcm the ~aore 

natural populations. 

Within the dominant association the overall dominance by the B. harx1isoni 

Si.muliidae associati(1n is a deviation from the shared dominance seen in 

more natural populations. However the shift in dominance in the becond 

summer resulting in co-dominance beh1een the whole dominant association 

(Planaria, Orthocladinae, Chironomini, B. harrisoni, Simuliidae and the 

two Cheumatopsyche species) indicates an improvement in water quality 

because the deviation from the natural populations was reduced. This 

improvement is only indicated in the chemical analyses by reduced concen-· 

trations of the conservative mineral E::lements. All other measured para

meters were sjmilar in both y'3ars of the survey (Tablt~ 6) . 

Stations 7 and 7A 

These two stations are dealt with together due to the similarity in fauna} 

populations and the chemical and physical environments as well as the fact 

that station 7 was markedly influenced by water from station 7A. 

The chemicaJ. environment at these two stations was characterized by the 

highest concentrations encountered in the system of COD, MBAS, organic 

carbon, P04-P and total phosphorus. 'I'hese p3.rameters tended to be in the 

A and B categories at station 7A and were slightly diluted to category B 

and C concentrations at station 7. 1Tc1gether with this most of the minerals, 

the alkalinity, inorganic carbon and all forms of nitrogen occurred in 
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j ow concentrations compared to thP. rest of the system. rrhe only high 

mineral element concentr:-c1.tion was that of potassium, particularly at 

station 7A where it was 0f the cate:gory C order of magnitude. 'l'he 

combination of high COD and drganic carbon concentrations suggests that the 

amount of &7ailable organic matt.er was higher here than at any of the other 

stations. 

The dendrogram of Czeckanowski sim:i.lad.ty (Fig. 37) for station 7A shows an 

association of thirteen taxa which link at r = >50 per cent. However the 

cha1acteristic association can be extended to include four taxa (Ostracod.a, 

Chaetogaster, Hirudinea and C. afra which link at r = >40 per ceI)t due to 

the fact that all the ::remaining taxa found.at this station join this 

cluEter at r = <20 per ~ent and show no strong interrelationships with each 

other. This associatirm differs from those seen previously in the "natural" 

streams and further downstream in tha.t LimnodriZus sp. and Cypridopsis 

occurred in nearly every sample and were clo3ely related to the ubiquitous 

species. 

In the Bray-Curtis similarit.y dendrogram (Fig. 38) this whole association 

of taxa was divided into two clusters (Band C) each of which shows some 

subdivisian. Table 54 shows that cluster B represants the dominant fauna 

of this station as it always fol:med between 85 and 99 per cent of the total 

population. Its members were also amongst the most highly correlated on 

the basis of occurrence (Fig. 37). 

The three constituent parts of cluster B (Table 54) all formed highly 

significant parts of the association th..roughout the survey. There was a 

tendency however for the B. haPr-Z:soni - Cypridopsis - Naic:idae association 

to dominate during the first year of the survey while the Orthocladinae -
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~ABLE 54: ~ercentage contribution of significdnt associatictl1s as per the 
dendrogram of Bray-Curtis similari.ty (Fig. 38) to the total 
nonulations 2t statio 7A 

- -··-·----··----
M~nth 1\~sociation 

Cluster 3 Cluster C 

I --· I Cyp"l'idopsie Siml:liidae I Hyd.J•a ~ 
r!. hrrrriaor'i I 

Chirnrtomi11i Total Cl 
Uaididae 

C2 C3 C4 Tot't I 
l I Orthocladiriael 

March 1972 - - - -
April 20,8 36, 1 39, 7 9G,6 

- - -
o, 1 o, 1 2,5 

-
0 

-
~ 

i 
I 2, -;· 

May 4,2 53,(i 19,3 77,0 0 1,6 20,9 
I 

0 22,7 

June 16,7 64,2 13,4 34,3 O,G 0,9 4,0 0,2 5,7 

July l,4 79,9 7,3 88,6 0,3 0,2 10, 1 0,8 :1,<1 

;\Ugust 0,4 83,3 5,7 89,4 0,5 2,0 5,7 2,3 !O,S 

September o,s 91,0 7,2 98,7 0,2 0,2 0,7 0,4 1, 5 

October - - - - - - - - -
I Novcmb~r I 13,0 35,7 42,8 91, 5 l, 5 5,9 1, 1 0 a,:. 

December - - - - - - - - -
January 1973 7,0 53,1 38,7 98,8 0 0,4 0,9 0 1, 3 
February 45,1 34,5 1:7,9 92,5 0 0 7,3 0,2 7,5 
Max:ch - - - - - - - - --April - - - - - - - - -
May 58,1 12,8 24,?. 95, 1 l , 1 0 0,7 2,1 3,S' 
June 41,8 50,9 4,0 96,7 0,2 0,6 2,4 0,2 3,4 
July 37,3 43,6 15,8 96,7 0,4 0,2 2,5 0 3,1 
August 19, l 71,4 6,5 97,0 0 2,1 0,7 0 2,8 
September 33,3 I 49,2 9,6 97,1 0,2 4,6 2,7 0 7,'.:, 

October - - - - - - - - -
November 48,8 43,3 4,9 97,0 0,9 0,5 0,8 0 2,1 
December 73,3 23,2 0,8 97,3 2,4 0,2 0,6 0 3,2 
January 1974 76,4 10,4 8,2 95,0 0 0 4,2 0,3 4,5 
February 14,6 10,3 £i3,6 88,5 1, 2 0 10,3 0 11,5 - ·-

Simuliidae group tended to co-dominate from February 1973 onwards, becoming 

co~pletely dominant (>70%) towards the end of the survey. The Hydra -

Chironomini association only dominated in February 1974. There was thus a 

clear shift i:i the dominance pattern within this association over the two 

years. When the chemical environment is considered for this period there 

was no apparent drastic change whi.ch could account for this shift in 

dominance. The chemical analyses indicated only marginally higher concen

trations of all the parameters which were particularly characteristic of 

this water i.e. P04-P and total phosphorus (Table 55). However, it has 

been shown (see page 65) f.rom a combination of flow figures and co11centrations 

I 
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TABLE 55: A comparison between the mean COD, P0 4 -P and total :,ihosphorus 
concentrations of the twc years at station 7A (expressed as 
mg/l) 

Parameter Year 
-·--

1972/73 1973/74 
-- -

CGD 41,6 54,0 

P01t-P 6,S 7,1 

•rotal p 7,G 8,2 -

-

of solids in suspension th~t a problem with the stabilization of flow bv 

the sewage works maturation ponds occurred duri:ig the second year of th8 

survey. Where the first year was characterized by very stable co~centrations 

cf soli.ds in suspension, these concentrations varied in the second year 

from 5,5 to 1515,7 mg/l (Tables 16 and 19). It is interesting that the 

periods of highest solids in suspension concentrations (Septernber-Ocb)ber 

1973) showed no correlation with the concentrations of dissolved nitrogen, 

dissolved phosphorus or COD in the water. In addit.ion to this the biotic 

index values decreQsed significantly, particularly over this period (see 

appendix). 

The dendrogram of Czeckanowski similarity for station 7 (Fig. 39) shows a 

cluster of fifteen taxa linked at r = >50 per cent (cluster A). Here too 

LimnodrClus sp. and Cypridopsis were linked at a high r-value to. this 

cluster. However the fact that the Cheumatopsyahe species were more 

closely linked to the ubiquitous species at station 7 and the Chironorrrus 

sp. and Branahuira sowerbyii were included in the characteristic associa

tion at station 7A suggests that water quality was poorer at this station 

(7A). Other taxa found at s-t:.ation 7 which show possibly significant 

relationships (Fig. 39) are shmm in 'J~able 56 to have been negligible on 

the basis of frequency of occurr~nce. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

· 2.90 -

Percentc;.g~ 
0 10 20 30 40 50 60 70 80 90 t ___ -1.._ ____ ,_,J _____ .L__.J _____ J ______ ___._ __ 1 __ - _J_ ______ L ___ _J 

r--r t_ _____ _ 
Hydrachnellae 
Tanypodinae _ 

Sin1ulii due 
C. thornasset i 
B.h'lr.-isoni 
Cypri dcpsis 

O;thocladinae 
Chi ronomini 

Planaria 

C.arra 

Naididae 

Nais 

Limnodrilus 

Chaetogaster 

Hydra 
Hirudinea 

1 lyod ri l us 

A 

Sten elm is larva 
Ostraco da 

Chironomus 

Tanytarsini 
Burnupia 

Branchiura 

Psycho di dae 
Gyrinid larva 

Ecnornus 

Figure 39:Dendrogram of Czeckc.nowski Similarity 
between Taxa for Station 7. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

I 

I 
I 

-- 191 --

ri:'ABLE 56: Frequency of occurrence of taxa fo-L1nd at station 7 which show 
c:.·.ppa.rent.ly significant relationships in the dendrogram of 
Czeckanowski similarj_ty (Fig. 39) other than cluster A 

Association 
Numi.Jer of Ha.ximum number Maximum percent.:J.ge 
occui_·rences per occurrence contribution 

Ostra.::oda 4 6 0,8 

Chiro,wmus 5 26 2,5 

Psychod.idae 1 " 

I 
0,2 L. 

Gyrinid 1 1 I 1 0,1 
I 

_J 

All these cluster A taxa (with the exception of Hirudinea) are shown in the 

den:lrcgra'!l of E:::-ay-Curtis similarity (Fig. 40) to occur in clusters C and 

D. The ubjquitous species with regard to the whole system occurred in 

cJ.uster C. Table 57 si1ows that this cluster formed the dominant. associa-

tion of this station being between 60 and 97 per cent of the total 

population in all months except May and June 1973 when it formed 18 and 30 

per cent of the population respectively. The three sub-groups in cluster C 

all formed significant parts of the population throughout the study but 

the~e was a slight tendency for the Naididae and Nais sp. to dominate in 

the late winter/spring as will be described further upstream. The 

Simuliidae and ~hewnatopsyahe thomasseti tended to dominate in Janua.ry and 

February while the Orthocladi.nae, Chironomini and B. harrisoni formeJ. more 

than 50 per cent of this association during the remainder of the year. 

The close linkage of Cyp1-iidopsis to this cluster was due t.o its significant 

contribution to the population (3 to 11% throughout the year) although it 

did not show the specific affliation to a particular group within the 

cluster that was seen at station 7A. This ta.xon reached its highest 

proportions in September of both years when water quality was at its 

poorest and thus comparable with that at station 7A durin9 the time when 

Cypridopsis was one of the dominating taxa. It is possible that these 
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TADLE 57: Percentage contributions of Ll1e associations shown in clusters 
C and D of the dendrc.,gram ;:)f Bray-Curtis s:Lrni.lari ty for station 7 
(Fig. 40} to the total popu.l.a t.1 '.)IlS. 

-
Month - Cl11ster 

---
C D Cypridopsis Total 

C1 C2 I C3 r1•otal D1 D2 Total 
I 

March 1972 - - I - - - - - - -
April 18,0 8,4 64,1 90,5 1, 4 1,2 2,6 6,4 99,5 

May 22,6 37,1 28,6 88,3 9,3 0,6 9,9 1,G 99,8 

June 5,8 16,0 64,0 85,8 4,9 0 4,9 7,9 98,6 

July 3,5 33,1 157,1 93,7 ·., '9 0,2 4,1 2,0 9-9,8 

August t 4,9 48,0 J0,8 63,7 (2.7, 7 4,4 32,1 3,7 99,5 

September 2,6 S3,0 33,6 89,2 3,9 0,7 4,6 5,2 99,0 

October 0 33,0 50,0 83,0 0 3,3 3,3 10,0 96,3 

NOVE:.uilier :1~5119~3 50,0 89,8 2,6 12,0 14,6 2,S 98,3 

Dece:rr..ber - - - - - - -
January 1973 46,1 5,5 19,8 71,4 3,0 19,6 22,6 5,6 I 99,6 

February 25,2 30,6 19,G 75,4 4,6 15,7 20,3 3,2 98,9 

March - - - - - - - - -
April - - - - - - ·- - ·-

May 11,2 3,4 3,5 18,0 1,2 2,0 3,2 74,8 96,0 

June 21, ~i 0,7 7,7.30,1 0 0 0 69,9 100,0 

July 10,1 58,8 23,6 90,5 4,9 0,8 5,7 I 2,5 98,7 

August 2,0 34,5 28,0 64,5 tl.6, 1 1 , 1 17,2 18,3 100,0 

September 0,4 57,7 20,3 78,4 6,1 0,8 6,9 11,3 96,6 

October - - - - - - - - -
November 14,2 29,2 52,1 95,5 0,2 0,5 0,7 3,3 99,5 

Decer,1ber 55,7 5,1 25,0 85,8 0,2 2,4 2,6 8,4 96,8 

January 1974 44,0 0,6 53,2 97,8 1,2 0,1 1,3 0 99,1 

February 65,0 1,8 31,4 98,2 0,6 1,2 1,8 0 100,0 
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Cypridopsis were maturation pond fauna carried into the rivt.:::r. which wu·u.ld 

suggest that the~r numbers depended upon flow conditions rather than on 

water quality. However, the fact that they tended to lose their signifi

cance with regard to abt:.i,dance at stat.ion /A during the second year of the 

survey when apparent failure of the stabilizati.on by matm:ation ponds 

occurred tends to contradict this possi0ility. This lack of stabilization 

would result in mor8 Cypr-Z:dops,is b~ing carried into the river at times and 

less at others which was not the case. Thus the indication is that this 

taxon was a product of the riverine environ111ent. 

'l'he abiot.ic characteristics of this station were very simila.:r to those at 

station 7A except that the COD, MBAS, organic carbon, P04-P ~nd total 

phosphorus concentrations wer'? not as high. Eowever, Table 58 shows that 

the concentrations of significant chemical parameters in the effluent did 

not greatly affect the quality of water downstream of its confluence with 

the mainstream except that nitrogen values decreased slightly and 

phosphorus values increased between stations 6 and 10. 

The subdominant groups at these two stations showed varying degrees of 

similarity and it appears as if the dominant and subdominant populations 

indicated different changes in the water quality of these stations. 

At station 7A the subdominant association represented in cluster C of the 

dendrogram of Bray-Curtis similarity (Fig. 38) formed an appreciable part 

of the fauna, varying between 1,5 and 22,7 per cent of the total population 

(Table 54) . 
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~~·ABLE~_2?_: ~omparison of the mean values (mgf.) of all significant 

Parameter 

Na 

K 

Ca 

Mg 
-

Cl 

S04 

NH3 

N03 

N02 

Total N 

COD 

~hemical parameters between the n~;,ches above and below the point 
of confluence vith the sewage effluent and the effluent itself 

·- ---
Station 

10· 9 I 7A I 6 

I --

I 
68,3 63,9 77 ,0 85,3 

I 
12,9 12,1 15,3 I 13,5 

42,7 46,6 36,0 68,3 I 

15,3 16,7 11,8 24,6 

68,8 70,0 64,9 95.3 

106,0 114,5 
' 

77 ,0 190,0 
I 

2,8 G,4 I 7,8 7:8 

I 17,8 16,5 11,1 20,9 

0,9 0,9 1,2 1,3 

20,8 22,8 19,7 31,6 
I 35,4 36,1 47,8 31, 8 

l 
I 

MBAS 0,52 0,48 0, 71 0,40 

PO4-P 2,8 2,5 6,8 0,3 

Total p 3,8 2,9 7,6 0,5 j 
This association also showed a change in population composition at t..rie 

same time as that seen in the dominant taxa at station 7A. Cluster C 

formed an average of 10 per cent of the total population during the first 

year of the survey while during the second year it formed an averagt of 4 

per cent of the total in each sample. An exception to this occurred in 

F'ebruary 197 4 when this association increased again to form 11, 5 per cent 

of the total fauna. The most significant contribution of the cluster C 

association occurred in May 1972 when it formed 27.,7 per cent of the total. 

Of the four clusters into which this group is divided (Fig. 38) the cluster 

C3 (Limnodrilus sp., C. afra., C. thoma.sseti and Tanytarsini) tended to 

dominate (Table 54) with the taxa represented by cluster C2 (Nais sp.) 

forming a significant contribution and actually dominating C3 in November 

1972. Cluster Cl and C4 form a very small part of this association 

(usually <1%). During the first year the two Cheumatopsyehe species and 

Tanytarsini dominated during the summer months and Limnod1·Z:lus sp. with 

Nais sp. tended to dominate in the winter months. 
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Ir; the second year the decreat:;.._ in p::;:r.Geilt.age contribution accompanied a 

shift away £!."om the Chev.matopsyche to t.he other members of cluster C in the 

dendrogram for this station (E'ig. 38) which included Pais sp. Chael;ogaster, 

.ostracoda and Chironomur; sp. S:he shift in this association, unlike that of 

the dominant associat.icn, docs sugg~st a very slight deterioration in water 

quality which agr~es with the marginally higher concentrations in the 

chemL::al data. for the second year (Table 6) . The increased proportions of 

this association in May 1~72 and February 1974 show the same changes in 

taxa and conditions as seen in the overall shift in dominance. In .May 1972 

the increase is mrl_inly due to an increase in i.:.he TiimnodriZ.us sp. relative 

abundance, indicating a deterioration in conditions while the February 1974 

fauna showed a marked increase in tr.e numbers and percentage contribution 

of the Cheumatopsyche species. 

The subdominant associations at station 7 are shown in cluster D of 

Figure 40. This cluster is divided into two sub-clusters, all me.mbers of 

which occurred regularly and formed a::1 average of 8 per cent of the total 

population (Table 57). The cluster D1 (Chaetogaster, Planaria and C. afra) 

was the more abundant association and formed the largest percentage 

· contribut.Lon to the population when the dominant taxa (cluster C) 

declined, particularly in the May-June 1973 period. 

During the periods when the Simuliida.e and C. thomasseti were most abundant 

in the cluster C association (summer) there was a numerically significant 

increase in the cluster D1 association. Wh0n the concentrations of all 

parameters were at their maximu:.n in wintet (see appendix), particularly 

potassium which rose to category C and COD, MBAS and total phosphorus which 

wer(:! "very high", the numbers of I. templetonl, and Limnodrilus sp., 

usually low, tended to increase. This coincided with the dominance of Nais 

sp. and the Naididae. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- J.97 -

Puring May and June 1973 the dominant population a.t station 7 drcpped to 18 

and 30 per cent of the total population and the usual swnmsr subdominant. 

association (described avove) decreased its significance both numerically 

and on a percentage basis. 'I1his accompanied the total dominance of the 

population Dy Cypridopsie (74,8 and 69,9%, Table 56). This period was 

characterized by relatively clean wat.er except for a threefold increase in 

the ammonia concentration (TabJe 59) which, although still low comparec 

with the upper reach of the system, was the highest reccrded at station 7. 

TABI E 59: Ammonia cc,ncentrations (mg/l) at station 7 for thf-~ pericd 
.March-July to show increase over the May-June period 

Ma.rch April May June July 

2,2 7,1 I 4,5 I 15,2 2,6 
I 

The population at station 7 showed similarities to that seen further down

stream at station 10 although it tended to deviate from the normal to a 

greater extent in that dominance of B. harrisoni and t.he Sinmliidae in the 

first summer was not shar9d with other taxa to the same degree. Also the 

shift to an Orthocladinae-Chironomini dominated association in the second 

year was more clearly defined. 

The marked contribution of Cypridopsis to the pop~lation here did not occur 

downstream sc that the dilution or self purification of the water resulted 

i~ a continuation of the trend of decreased significance of this taxon seen 

between stations 7 and 7A. Cypridopsis dominance therefore appeared to be 

associated either directly or indirectly with sewage effluent and their 

decreased significance between stations 7 and 10 coincided with the fact 

that the sewage effluent related variables such as phosphates and MBAS were 

average for the system at station 10 whereas they were high to very high 

at stations 7 and 7A (Table 21). 
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A further deviation from the u!.._')rmal. 11 cor .. dltion is shown by the increased 

contributions of L-imnodri-ihw sp. to the Cligochae':.e populaticn which 

dominated i!1 winter. In addit.i.on the Na.ididae show closer relationships to 

.the most ubiquitous taxa than c.id Nai.s sp. whereas at station 10 this 

latter taxon completely domin?. ced t!'":e ,-,:rinter population. 

Stati8n 9 

Station 9 showed slightly higher concentrations of most of the chemical 

parameters mea~ured than did station 7, except foi COD, Ml:SAS, organic 

carbon, P04-P an~ total P which are the variables associated with sewage 

works effluent. HowEver, Table 21 shows that concentrations·here were 

generally lower than they were at station 6, upstrea1,-: of this point, 

except for th8se sewage effluent associated variables which were higher a3 

a result of the "bypass Etrea.m" from the works which is situated upstream 

of the main effluent stream. 

On the basis of "cornmon!iess" or f:reguency of occur:::-cnce the dendrogram of 

Czeckanowski similarity for this station (Fiy. 41) shows a highly signifi

cant association of fourteen taxa (r ~ >66 per cent) in cluster A. All 

other taxa link to this association at r values of less than 50 per cent. 

Although this dendrogram shows a number of other apparently significant 

clusters, 'I'able 60 shows that apart from cluster B the taxa in these 

clusters occurred infrequently and in very small percentages. Cluster B 

taxa only occurred five times each but the fact that tl1ese occurrences 

were restricted mostly to the winter months of 1972 does suggest that they 

should not be overlooked. 
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TABLE 60: FrequePcy of oc~urrence of taxa at station 9 in clusters B to E 
of the dendrogram of Czeckanowski similarity (Fig. 41) showing 
the significance ~f these associations on the basis of presence
absence analysis 

Number of 
occurrences 

Maximum number 
per u::currcnce 

. t I Maximum percen age I 
Associations 

-------------f---------+------------+--------
contributiol 

Branc:hiura 
IZyodriZus B 

5 
5 

1345 
50 

7,7 
0,3 

Ostracoda 
Ch1:ronomus 
'l1 anypodinae 
Ec:nomus 
Caenidae 

Ce::a topogonidae 
Hirudinea 
SteneZmis 
Tanytarsini 

CentroptiZwn 
Choroterpes 
Afronurus 

C 

D 

E 

7 
5 
5 
3 
4 

2 
5 
1 
3 

2 

1 
3 

8 
17 

8 
2 
1 

1 
9 
1 
8 

1 
1 
2 

1,2 
2,4 
1,2 
0,2 
0,4 

0,1 
0,6 
0,1 
0,5 

0,4 
0,2 
1,4 

All the cluster l~ taxa in the dendrograrn of Czeckanowski simila.ri ty are 

linked in cluster'A in the dendrogram of Bray-Curtis similarity (Fig. 42). 

In b0th dendrograrns the ubiquitous taxa occurred in cluster A. Both 

clusters A and Bin the Bray-Curtis dendrogram showed a degree of 

subdivision into a number of sub-clusters. These cluster A taxa have been 

divided into five separate groups (Al-AS), all of which are signiftcant Oi".l 

the basis of occurrence. Most of these groups dominated at some time 

during the survey (Table 61). During both years of the study the taxa 

represented in cluster li5 (Nais sp. , Chaetogaster, the other Naidi.dae and 

Cypridopsis) completely dominated the association during the winter months 

(June-August). This period was charecterized by low temperatures, low flow 

and the highest concentrations of the chemical parameters measured. 

I 
I 

I 

I 
j 
I 

I 
I 
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TABLE 61: Percentage con-Lri.bution of the associaticns (A1-A5) in cluster l-. 

of the dendrogram of Bray-Cu:ctis similarity for station 9 
(Fig. 42) 

Associatio n I 
I ! Month ___ _J 

A1 A2 A3 l'A AS Total 
i 
i 
I 

March 1972 54,9 30,9 0 5,8 7,4 99,0 

April 64,7 27,5 0,1 4,8 2,5 99,E 

May 54,8 32,4 0 3,9 8,9 100,0 

June 11,9 3,8 0, 1 1,6 82,3 99,7 

July 2,5 3,7 0,5 0,8 92,3 99,8 

AU<JUSt 13,6 23,5 0,1 6,3 55,7 99,2 

I 
September 23,3 61,1 0 0,9 14,4 99,7 

October - - - -

November 51,0 12,3 2,6 13,8 18,9 98,6 
I 

December - I - - -
I January 1973 8,8 63,1 2,2 13,8 0,7 88,6 

, 
February 15,6 .:">4,4 .1,6 I 8,0 20,4 100.0 

Marc!-1 24,2 51,9 2,9 J.,9 15,1 96,0 

1 
April - - - -

May 7,9 25,1 1,3 5,3 59,6 99,2 

June 0,3 7,8 0,1 0,3 91,5 100,0 

July 1,4 35,4 0 I•) 0,2 62,6 100,G 

August 0,1 22,5 0 0 
I 

76, ~/ 99,3 

September 0 I 71,3 0 2,2 25,0 9£1,5 

October - - I - -

November 3,1 51,3 15,2 0,7 29,0 99,3 

December 3,0 17,4 58,1 I 4,0 I 11, 1 93,6 
I 

January 1974 51,8 23,8 15,1 l 2,1 

~--
February 4,0 0,7 0 

5,3 98,6 

9,7 99,5 I 
I 

_ __; 
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For the first year of the study the summer months we.re dominated by members 

of cluster A1 with the A2 t.axa £0rn1ing a strongly subdom-:_nam::. group (Table 

61). However: althou9h some exceptions occurred, from January 1973 there 

was .:1 steady decrease in the representatir~ of the cluster A1 taxa u.'1:il 

they formed less than 10 per cent of the total population and the Ortho-

cladinae-Chironomini group (A2) tended to dcminate with the taxa in 

clusters A3 and AS consituting the major subdomi.nant associations. During 

these sunmer periods, the first year was characterized by low concentra-

ti.ans of all the chemical constitutents, particularly noticeable in the 

nitrite nitrogen, P04 -P and tot~! phosphorus concentrations. The second 

year differed in that the cuncentrations .-..f all forms of nitrogen, 

particularly NH3 -N, and of phosphorus were higher (Table 62). The taxa 

represented by cluster A4 formed a constant though small part of population 

(<10%) and the Bu:rnupia (cluster A3) only dominated the population in 

December 1973 (5d%). This could be associated with the high flows during 

this period but other high flow periods did not show this occurrence. 

TABLE 62: Comparison of mean nitrogen and phosphorus values at station 9 
for the two years showing t.he higher concentrations in 1973/74 
(values expressed as mg/l) 

Parameter Year ~ 
1972/73 1973/74 

NH3 -N 5,2 7,6 

N02 -N 0,8 1,0 

N03 -N 15.9 17,0 

Total N 23,9 26,9 

P04-P 2,0 3,1 
, 

Total p 2,3 3,5 I 

-- I 
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Thus the characteristic fauna of this station consisted of all the taxa 

represented i.n cluster A. 'I'here was a shift in dominance from an associa-

tion of B. harrisoni - C. af:r'a - Simuliidae to an Orthocla6inae -

Chironomini association and both w2n~ replaced in the winter months by +-:ie 

three Naid taxa. When the B. harY'isoni - C. afra - Simuli.idae-part -of this 

association declined there was an increase in the percentage contri:!::>ution 

of an association of Burnupia, and the three Nai.d taxa as subdomina.nts. 

The advent of this association which was usually characteristic of the 

winter ,:nonths sug-gests t.hat these taxa were indicative of a decline in the 

B. harrisoni -C. afra - Simuliidae association rather than of ·,1ater 

quality. It is thus thls decline which indicated a deterioration of ,. ,1ter 

quality rather than the increase in the Naid population. This makes the 

Naididae an indirect. but important indicator of detedor....:ting water quality 

which can b9 especially useful in summer when they were not norna;.ly 

prevalent. The fauna found in winter could however be a result of a 

natural decline in the populations of B. l-t0.ri,,isoni ar::.d associated t.axa. 

The Naididae would thus be less useful as indicators of water qti.ality 

changes in winter. 

The proportion of the population made up of taxa represented in cluster B 

seldom exceedecl. 0, 5 per cent of the total population and only twice 

exceeded one per cent of it. These exceptions cccurred in March and 

December 1973 when the members of cluster Bin total formed 4 per cent and 

5 per cent of the population respectjvely. In both cases th?se percent.aqr::::s 

are formed by the association consisting of Branchiu:r>a sp., ChironomZ,iD spo, 

Hirudinea and I. templetoni. '!.'his suggests a deterioratio..:1 in ,vater 
\ 

quality although their small percentage does indicate that this was not 

severe or else that the condition was of short duration. There wa.s no 

indication of this deterioration ic the chemical results f0r these periods 
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so it could have been the result of one or more short term severe increases 

in effluent into the river between station G and this station. The Kl~in 

Jukskei River has its confluence with the Jukskei River between these 

points but it seems unlikely that tL.is was the source of a short term 

spate of poor quality water as this river did not show a similar faunal 

effect in this period (see station 8) and there were no measured point 

sources of effluent on it. However, a small outfall stx-~am from the 

Northern Sewage Works which acts as a bypass stream during perio-J.s of 

overlo~ding at the works has its confluence above station 9. The fact 

that the flow figures for these months were considerably high2r than was 

normal for this station suggests that this bypass strear::i \vas used resu: -

tinq in poor quality effluent ::>eing added to the river ir:mediateJ.y 

upstrear.i of station 9. 

The degree diversity in the associatio:1 of commonest tax~ was similar to 

that sh0wn in the fauna of stations bmnediately downstream but more 

restricted than that seen in the "natural" populations. 

Cyridopsis also formed a part of this association :tere suggesting the 

effects of se~age works effluents seen at sta~icns 7 and 7A. 

The Oligochaete populations characteristic of the winter months showed a 

slightly greater deviation from "natural" conditions than that seen at 

stations 7 and 10. Particularly significant is the increased sigr1ifica~c2 

of the Tubificids, I. templetoni and Branchiur-a sp. during the first 

winter. 
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Station 6 

The chemical characteristics of this station resembled the upstream 

stations more closely than those so far described in the increasing 

concentratic.1s of most forms of nitrogen and the conservative ~incral 

ele~ents and very low P04-P and total phosphorus concentra.tions. 

The increased percentages of Oligochaetes at this station (Table 66) 

suggests that the effects of contamination of the upper reach di~:.:ussed at 

stations 2, 4 and 5 can be assumed tn be negligible at this station. 

The dendrogram of Czeckanowski similarity for this 3tation (Fig. 43) shows 

a cluster of thirteen taxa linkecl. at R = >50 per cent. The composition of 

this association consists mostly of ta.xa which were ubiqu::Ltous in t:ne 

whole system and thus shows a great deal of sirni~_ari ty to the populations 

which were found in the more polluted tributaries at stations 3, 6A and 

6B. 

Cypridopgis sp., characteristic of the middle reach of this system, are not 

included in the association characteristic of this station although Table 

63 shows that they did occur six times as very small percentag~s of the 

population. 

TABLE 63: Frequency of occurrence cf taxa grouped in cluster B of the 
dendrogram of Czeckanowski similarity (Fig. 43) at station 6 

I ! Number of Maximum number Maximum perceritage 
Taxa 

occurrence per occurrence contribution 

I 

I 
I 

I 
j --

Burnupia 4 7 4,7 7 Hirudinea 4 4 1,4 

'i'anytarsini 1 1 0,4 

Cypridopsis 6 15 

l 
0,7 I 

Chironomus 
I 

4 13 0,6 I 
Branchiu1)a 

I 
4 5 1 I 7 j 
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Cypridopsis sp., characteristic of the middle reach of this system, are 

not included in t.he association charact12r ls tic of this st-.aticn al though 

Table 63 3hows that they did occur six times as very small percentages of 

the population. 

The taxa grouped in cluster B did show some significance on the basis of 

frequency of occurrence but Table 63 shows that their percentage contribu

tion to the populations was usually negligible. Their occurrences tended 

to be scattered thus showing no single period of significantly fr~quent 

occurrence. 

With the exception of the last two taxa to join cluster A of this dendro9r2.m 

(Planaria and Cheumatopsuche thomasseti) all its members are grcruped in 

cluster C of the dendrogram of Bray-Curtis similarity (Fig. 44). Thue; the 

remaining taxa in cluster A of Figure 43 formed the characteristic ::auna of 

this station both on the b~sis of frequency of occurrence and percentage 

contribution. 

Table 64 shows that cluster Cl of the Bray-Curt:.s similarity index (Fig. 44) 

is the dominant association as it formed between 50 and 95 per cent of the 

total population in all but three of the 24 months. 

Cluster C2 and C3 appear to he co.mpet:ing for sabdominanL position and on 

two occasions (August-September 1972 and February 1974J actually dominate 

the whole population. Both g-roups are present throughout the study as can 

he seen from Table 63. Howe'.Ter, cluster C2 appears to dominate C3 in the 

June-August period while the CJ ta.xa dominate from Jan11ary to April with an 

even balance occurring between the two groups in May of both years. Thus 

taxa in cluster C2, Nai.s sp. and the other Naididae dominated the winter 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- 209 -

Percentage 
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TABLE 64: Percentage contribution of th8 associations (C1-C4) in cluster C 
of the dendrogrmn of Bray-Curtis similarity (Pig. 44) fer 
station 6. 

Month ion Associat. 

Cl J ___ C2 C3 C4 Total 

March 1972 65,5 
I 

2,2 30,G I 
I 

0 98,3 
I 

April 59,2 I 12,3 23,2 
I 

4,6 99,3 

May 68,6 10,7 16,0 0,3 95,6 

June 88,9 0,3 4,1 0,1 93,4 

July 75, 3 · 18, 1 5,6 0,6 99,6 

August 14,2 76,4 8,4 0 99,0 

September 18,7 
I 

0,8 78,7 0,6 98,8 

October -· - - I 
November 64,4 I 12,5 15,0 7,5 99,4 

December - - -

January 1973 88,8 0,8 9,0 0,8 99,4 

February 88,8 0 7,0 0 95,8 

March - - -

April - - -
I 

May 56,8 29,0 10,1 0 95,9 
-

June 88,0 1,3 2,0 
I 

0 91,3 

July 75,3 12,8 4,0 I 
I 0,5 92,6 

Augt.st 66,4 30,4 2,1 1, 1 100,0 

September 95,8 1,0 2,5 0 99,3 

October - - -
I 

November 70,0 1,0 I 22,0 

I 
79,6 December 2,4 5,6 

1, 0 94,0 

6,5 94, 1 

January 1974 71,3 1,0 24,9 0,5 97,7 

February 6,4 25,9 67,1 0,2 99,6 

--... --L----.. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

-· 211 -

months which are, as usual, characteriz2d by the highest concentrations of 

all nutrients measured while the C3 taxa, Chironomi.ni, Hydra and 

Cheumatopsyohe af:fla dominated under improved conditions. '?his increase 

in the Olic;;;ochaete ::axa under condj_tions of poo.n-;r water quality was alc•o 

associated with the period when the Chaetogaster form thei.r c:;reatest con

tribution to the Cl association. This suggests ~hat the influence of 

contamination furthe~ upstream cannot be completely ignc~ed at this station 

during the summer months when flow js hj_gh. 

The normally subdominant. groups (C2 and C3) moved into a domii.ant position 

on two occasions but there did not appear to be any pattern of pref~re~~e 

betwean the cluster C2 and cluster C3 taxa in this increase. For exan~le, 

in September 1972 when the CJ taxa dominated the total population (Table 

64) there was no apparent seasonal link to the other pe~iods of C3 

significance. This suggests that this change in dominant taxa was probably 

due to conditions adverse to the B. harrisoni population. Both these 

periods, August-September 1972 and February 1974, were characterized by 

sudden, short term increases in the concentrations of the 111inerals and/or 

the nitrogenous compounds, sometimes doubling their previous concentra

tions as well as a marked increase in temperature up to 9 °C, (Table 65). 

One member of the C3 association, Hydra, showed a ma.rked i.nc~ease in its 

proportion of the populatio11 in May 1972 and Ju:ie 1973. Both these months 

were preceeded by a marked drcp in the NH3 -N and S04 (see appendix) 

concentrations during a period when the concentra·cions of all other 

parameters were increasing. 

Each of the associations within cluster C of Figure 44 exhibits a variation 

in the dominance status of i.ts member taxa at different ti.mes. Cluster Cl 

was dominated by B. ha1?11ison-Z: and tb.e C>rthoc1adinae throughout the survey 
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TABLE 65: Mineral and nitrogen concentrations (mg/l) and temperature 
changes (°C} at station 6 for the periods July to September 1972 
and December 1973 to FebruQry 1974 showing increasing values 

Parameter 1972 1973/,4. 
-

; 
I 
I 

.July August Septernbec December Januar:/ February ! 
r-

Na 119,0 110, 0 170,0 34,0 54,0 96,0 

K 16,0 16,0 29,0 7,0 9,8 17,4 

Ca 84,0 83,0 115,0 41,0 56,0 73,0 

Mg 33,0 33,0 40,0 15,0 20,0 29,0 
-

Cl 126,0 143,0 174,0 39,0 63,0 92,0 
= 

S04 210 270 435,0 97,0 135,0 210,0 

NH3 -N 18,2 16,1 15,4 3,1 2,0 8,7 

N03 -N 30,0 3.5, 0 44,0 22,3 17,l 17,l 

NO2 -N I 0, 05 1,08 2,30 0,8 1,2 1,6 

Tempe re, ture I · 9, 0 I 14,0 18,5 19,5 26,0 
i 

23,2 

with the forme::- dominating the latter in the summer months (l.;ovember-·May) 

and vice versa in winter (June-September) . This is associated t,"•ith the 

normal difference between summer and wint8r conditions i.e. flew and 

temperature changes associated with increased concentrations of nutrients 

in winter. Chaetogaster and the Si..-rnuliidae form dominant or subdominant 

parts of this asso~iation in the transitional periods. The Nais sp. ~nd 

other Naididae in cluster C2 showed little dominance by either 0£ its 

members over the other. 'J.,here was no apparent connection between either of 

these ta::a with the dominance patterns in the Cl association. In cluster 

C3 however, there did appear to be a pattern of dominance with the 

Chironomini d,.,.a1,inating this group when Orthocladinae dominated the Cl 

association and C. afra,. taking the dominant position when B. har1~soni was 

the dominant in cluster Cl. In only two instances did Hydra dominate 

this association, as has been described above, and in both cases it 

coincided with dominance by Na-is sp. of the C2 association. 

' 
i 
I 
I 

I 
! 

! 

l 
j 
l 

j 
I 

I 
I 
I 
j 

i 
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The cluster B association of the dendrogram of Bray-Curtis similarity 

(Table 63) differs from the cluster C associc1tion in that they a1:e limited 

to the early summer months, thus their distinction from the most frequently 

occurring taxa in the Czeckanowski similarity dendrogram. Within clust~r B 

Cypridopsis and Chironomus sp. showed their greatest contribution in 

September which coincided with the highest concentrations of all parameters 

measured (Table 65). Branchiura sp. and Hirudinea showed their highest 

contribution in December during a peak flow period (Table 17). However, at 

no sta~1e did any of these taxa exceed 2 per cent of the total population. 

The characteristic fauna of this station did not differ g£eatly from tL1t 

seep immediately downstream although a change in composition of the 

Oligochaete association in winter and the more restricted dominant 

associatio:r. consisting almost entirely cf tJ1e ubiquj_tous taxa sr1owed a 

further deviation from "natural" cor.1ditions. This population showed a 

close resemblance to that discussed at station 3 apart from the fact that 

the two Cheumatopsyche species were still included on the basis of their 

frequency of occurrence. This did not occur at station 3 showing that 

water quality at station 6 is better than in the more enriched tributaries 

discussed earlier because these two t.:,xa increase their significance in 

the dominant associations as conditions approach those of the "natural" 

streams. 

However, at this stage (sta.tion 6) in the continuing deterioration in waL1:ff 

quality the Ephemeropteran taxa other th-:in B. ha:i.,,1,,isoni and the Trichop

teran taxa other than Cheumatopsyche were never recorded \•:hich represents a 

major deviation from the populations of :inatural." streams. 
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In general the dominant association here resen.ibled that at station 9 in 

the second year when the C. afr-a and Slmul.iidae contributic.,n to this 

association declined resultL1g in overall domination by an association of 

B. harrisoni - Orthocladinae - ChaetcgaEc~r. 

Stations 2, 4 and 5 

These stat.ions are dealt with togetr,er because the effect of the conta

minant occurring upst.ream of station 2 (as discussed on page 76) appeared to 

extend downstream as far as sta ;:ion 5. 

The most important characteristic of the faunal pop11lation at station 2 was 

the complete absence of aJ.1y of the Oligochaete taxa found commonly 

throughout the rest of the system. 'The discussion in the biotic index 

section indicai.:tJs that the OU.9ochaeta are absent., notwithstanding the 

relatively h.-Lgh degree of en~ich.TTient indicated by t.he chemical results 

(rrable 21) , due to contamination by a substance toxic to the Oligochaeta.. 

It is interesting to note from Table 66 that the effect of this contaminant 

continued into the J 1.:.i.kskei River. The avera.ge percentage of Oli.gochaetes 

in the total population dropped from 37, 7 per cent at station 3, inunediately 

before the Jukskei confluence ·.vith the Modderfontein stream tJ 4, 9 per 

cent and 5,4 per cent at stations 4 and 5 respectively. At statio:i 6 this 

percentage rose considerably s~ggesting a return to more natural conditions 

i.e. the deviation from natural populations Has not as great at station 6 

as at stations 2, 4 and 5. 
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TABLE 66: Percentages of communities at statio:1s .3, 4, 5 and 6 which 
c0mprise the Oligachaete part of the fauna showing the decrease 
at stations 4 ar!d 5 (1973j74 data in brackets) 

.. 

Month p e r r; e n t a g e 0 1 i g 0 C h a e t e s 

Station 3 Stat.:..on 4 Station 5 Station 
-

March - - - -
- - - -

April 17,6 2,5 3,3 20,1 

(-) (16,7) (-) (-) 

May 9,7 13, 0 0,8 11,0 

(61,6) (21,8) (2,9) (36,8} 

J·t1 :1e 22,6 .3, 3 1,9 39,5 

(43,8} (0) (14,3) (6, 7) 

July 67,0 10,6 1,2 27,6 

(62,4) (2, 4) (14 I 9) I (19,2) 

August 40,3 3,1 1,0 I 
76,5 I 

(92,4) (10,1) (17,4) I (36,0) 

September 87,6 0 0 0;8 

(91 I 1) 
' 

(1, 1) (2,0) (3,3) 

October ·- - - -
- - -· -

November 29,9 0,2 0 32,5 

(12,9) (0, 9) (0,8) ( 4 I 0) 

December 14,0 4_.0 3,0 -

(11, 0) (3 I 6) (1, 7) (10,6) 

January 9,8 0,4 27,7 1 I 6 

(1, 9) (5 I 6) (3,1) (1, 5) 

F~bruary 12,4 0 6,4 2,8 

( 4, 3} (1, 3) (0) (26,7) 
-

Average 37,69 4,91 5,39 19,8 
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Table 66 also shows that the disappearance of this influence before 

station 6 was very much more obvious in the dry winter months. It must be 

borne in mind that under natural conditions the OJ_igochae-c:e population 

declined in summer so that this could have been a natural occurrence. 

However the extremely low percelitages of Oligochaetes at station 6 frrm 

September of the seco~d year of study compared to relatively high values at 

station 3 for the same period suggests that the increased flow resulted in 

the factor influencing the Oligochaeta being carried fur~her downstream. 

Even though the absence of an Olignchaete fauna made comparison between 

station 2 and other, non-affected stations difficult, the degree of 

enricr.rnent can be indicated by the composition of the insect f au..ria and its 

deviation from that seen in natural populations as well as its variation 

between seasons. 

The dendrograrn 0£ Czecka.nowski similarity (Fig. 45) shows that five of the 

seven taxa fo'...md at this station forr;1ed a cluster at r values above 50 per 

cent. The rema.ining two taxa are shown in Table 67 (under cluster C) to 

have occurred in small nurnbers once only. B8cause the Chironomini and 

Orthocladinae were present i11 every sample {r = 100%) they were obviously 

most characteristic of the fauna at this station. On the basis of 

presence-absence data only the rest of this association consisted of the 

Simuliidae, Chirorzomuo sp. and to a lesser extent B. harPisoni. 

The dendrogram of Bray-Curtis similarity (Fig. 46) shows a division of all 

the taxa into four groups. Cluster C consists of the Psychodidae and 

Culicidae which are shown in Table 67 to have occurred only once in srr..al.l 

nunbers in November 1973 wr~en the ammcnia and nitrate concentra.tions were 

the highest recorded at this st:ati.on (Table 68). This st.at.ion is shm-m in 

Table 21 to have had the highest concentrations of these parameters so that 

the concentrations shown in Table 68 were the highest n.easu:t..ed in this 

system over the survey period. The or.e occurrence of the Psychodid

Culicid association at this station was accompanied by a disappearance of 

Simuliidae and an increase in the Chironomus population over the period 

both preceeding and succeeding this event. 
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TABLE 67: Percent.age contribution of the taxa found at station 2 to the 
population based on the associations shown in the dendrogram 
of Bray-Curtis similarity (Fig. 46) 

Month C 1 u s t e r -

I 

Cluster A B. har1~isoni Cluster 

Simuliidae Ch i1~onomus A2 Total 
- i 

March 12,2 0,4 83,2 95,8 4,2 0 

April 3,2 - 0,3 96,5 100,0 0 0 
I 

May 0,8 0,8 98,4 100,0 0 0 

June 2,8 0 97,2 100,0 0 0 

July 0,4 0 99,5 100,0 0 0 

A..:gust 0 0 100,0 100, 0 0 0 

September 0,3 0,1 99,6 100,0 0 0 

October 0,8 0 97,7 98,5 0 0 

99' 71 Novembe:c 5,6 I 0 94 f 1 0 0 

December 25,3 j 0 74,7 100 IQ • 0 0 

I January 1973 14,0 11,4 74,6 100,0 0 0 I 
I February 23,8 9,8 66,4 100,0 0 0 I 

March 16,0 6,8 76,6 i 99,4 0,6 0 

AprH , 21, 4 4,5 73,7 99,6 G,2 0 

May 34, l 6,3 59,6 100,0 0 0 

June 2,8 2,2 94 ,8 99,8 0,2 0 

July 0,7 0 97,9 98,6 1,4 I 0 
I 

August 0 4,5 94,0 98,5 1,5 0 

September 0 4,2 95,8 i 100,0 0 0 

I October 0 3,0 97,0 100,0 0 0 
I 

November I 0 3,0 96,0 I 99,0 0,3 0,6 

I December 0 1,3 98,4 99, 7 
1 

0 0 

January l.974 7,9 4,3 87,2 99 ,4 I 0,6 0 

98,41 February 10,9 3,1 84,4 1,6 0 

The only relatively signi f i.cant occurrence of B. harrisoni occur:r.-ed i.n 

March 1972 so that althou9h it occurred fr.equently enough to form part of 

the characteristic faunal populati.on of this station .:Lt was not normally· 

numerically abundant. 
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TABLE 68: Ai"'Tl_rnonia and nitrate concentrations at station 2 for the pcricd 
August to Novembe:"::" 1973 compared to ruaxirm:un values over the rest 
of the survey (values expressed in mg/.l) 

Month I NH 3 -N N03 -~ I 
1· August 38,0 J9,5 

September 45,5 52,8 

October 42,5 61,3 

November 44,3 70,2 
I 

Max over rest of survey 42,7 61,7 I 

The taxa in cluster A (Fig. 46) were the dominant taxa at this station and its 

members al ways, wi t:h the exception of March 197 2, formed bet·,,een 98 per 

cent and 100 per cent of the populations. The f..2 association (Chironomini 

and Orthocladinae) dominated this cluste~ A community throughout the ~ear 

(TFlble 66) • 

The Simuliidae were the next most frequently occurring taxon after the two 

dominant taxa while Chirono~~a sp. occurred slightly less often (see 

Czeckanowski similarity, Fig. 45). Table 67 shows that both these taxa 

made their greatest contribution to the population during the summer months 

although Chironomus sp. only became significant during the second year of 

the study. 

This station was characterized by very high mineral (the highest in the 

system) and high NH3 -N concentrations with N0 3 -N and dissolved inorganic 

nitrogen values varying from very high to average for the system (categories 

A to C). The,N02 -N and dissolved organic nitrogen were of the category C-D 

oruer of magnitude while carbon and phosphorus concentratio;1s were low. 

River flow was apparently kept reasonably constant by the dams above this 

station but flow could vary for very short periods during spells of high 

rainfall. 

The deviation from ndtl!ra.l populations reached extreme proportions at this 

station with the characteristic faunal association restricted to four taxa, 

the clean water Ephemeropteran taxa absent and even B. harrisoni hardly 

significant, Chircnomu€ sp. formir~g part of the characteristic fauna and 

complete dominance by the Chironomids only. 'l'hus in addition to the 

absence of the OJigochaets fauna at this station the insect taxa show great 

deviation from the expected natural populatior.s in6].cating the most severe 

deterioration in water quality in the system. 
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The difference bet:een this association and that seeri at station 7A (the 

associatiocs typical of the effects of the two main effluent sources in 

this system) shows that the effects upo1: the fauna of sewage efflue:1t ·with 

its high phosphorus and organic carbon concentrations were not as severe 

as those of mineral and nitrogenous efiluent in the Modderfontein stream. 

Tht:.ti apart from specific variations in the compositior1 of these two 

"effluent'1 associations the latter type of enrichment was· typified by an 

association indicating very much more severe pollution than the former. 

Due to the effects shown in rrablc 65 the proportions of Oligochaet.2s 

present at stations 4 and 5 cannot be considered as indicative of other 

.forms of pollution. It is thus preferable when discussing cha.nges to 

consider variation witl:in the Oligochaete fauna and within the rest of the 

faunal popt·latio,i separately. 

On the basis of occurrence only the dendrogram of Czeckanowski si.::nil.arity 

for station 4 (Fig. 47) shows an association of nine taxa (cluster A) which 

are characteristj_c of this station. All other relationships which appear -:.o 

bt.~ significant in the the ciustering occur infrequer.tly and in negl:i.gib1e 

rroportions. Two exceptions shown in Table 69 are the Chaetogaster- and 

H~, ... iPa. The ChaetogasteY1 is shown in 'l1able 71 to form part of the dominant 

fauna on the basis of relative abundance even though it is not const3ntly 

present. Hydi.'la is only significant with respect to relative abundance i:n 

011 sample. Cluster B taxa are shown in Table 69 to be limited to occu:.c

rences of one or two individuals only (<0,1% of the population) except. in 

t't?cember of both years when they formt:d between i and 3 pe:r cent of the 

t.,:,tal sample. In both years oft.he survey the increased flow in December 

{Table 17} was accomp~nied by a decrease iD the concentration of all the 

F.3.ra..'Ueters except NH4-N which increased (Table 70). This resulted in the 

a1::.~onia concentration ril:,ing to it.s high winte:r level. This makes the 

ccndition similar to the condition recorded at station 2 during this 

1~riod (see above) . The relationship between NB3 --N concentration and this 

f~unal association may have been a direct one or the high concentrations of 

N:i~ -N may have been symptomatic of a condition, for example um,tabilized 

(".·-:.·-;anic matter with which this co-r.ununi ty ca.n be associated. 
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TABL~ 69: ?requency of occurrence of taxa four.d at stat.ion 4 which show 
apparently significant re:...ationships in the dendrogram of 
Czeckanowski similarity (?ig. 47) other than issociation A 

Taxon 

Chaetogaster 

Er·istalis 

Hirudinea 

Psychodidae 

Bu1--nupia 

Hydra 

C. thomasseti 

Branch-i:ura 

Planaria 

Gyrinid 1. 

Number r,f T Maximum number occurr:nces r::urrence 
3 

7 

4 

1 

5 

1 

2 

1 

1 

2 

5 

5 

1 

15 

1 

2 

2 

Maximum perce::-1.tage 
contr.ibu::ion 

19,0 

0,6 

1,6 

3,6 

0,9 

16,5 

0,1 

0,9 

0 

0,5 

TABLE 70: A cor.-.parison betv.·een t...-:-ie July a:id Dece,nber chemical concentra
tions at station 4 showing the high mI 3 -N concentrations 
compared to low concentrations af other.: paraoeters in December 
(values expressed as ffi'J/l except conducti vi t.y which is i.n 

mSm) 

-------------------------------
Parameter Month 

July Decem..1:>er 

I 
-1 

Conductivity 

1972 

26 

57 

60 

2005 

I 
i 
I 

____ L 

1973 

"~~ .J-.J 

30 

63 

1875 

1972 1973 I 

21 31 

14,8 6,7 

37 30 

715 1476 
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'l'ABLE 71: Percentage contribution cf the associations in cluster B of 
the dendrogram of Dray-Curtis similarity for station 4 (Fig. 48) 

Month 

March 1972 

April 

May 

June 

July 

I Augu:2t 

September 

October 

November 

December 

January 1973 

February 

March 

April 

May 

~June 

July 

August 

September 

October 

November 

December 

January 1974 

February 

association 

Bl Chaetogaster B2 Total I 
i -----------+----- -------,1----------+-------

i 95,9 

93,5 

86,6 

95,6 

88,3 

90,5 

99,1 

97,4 

79,2 

99,2 

82,8 

91,9 

69,5 

78,2 

99,8 

- 97, 5 

88,9 

97,8 

79,4 

94,9 

85,9 

86,8 

98,2 

I 0 

0 

0 

2,3 

6,6 

0,8 

0 

0 

0,3 

0,4 

0 

0 

0,9 

19,0 

0 

a 
0 

0 

0 

·o 

a 
0 

0 

3,7 

3,5 

2,8 

1,0 

4,0 

0 

1,4 

11,6 

0,4 

a 
7,3 

16,7 

2,8 

0 

2,4 

10,6 

2,1 

19,7 

3,5 

8,9 

9,9 

1,3 

99,6 

97,0 

89,4 

98,9 

98,9 
i 

93,1 

99,1 

I 

98,8 I 
i 91,1 , 
' I 

100,0 : 
i 

82,B i 
I 

i 
99,2 ! 

87,1 l 
I 

I 
I 100,0 

99,8 

99,9 
r 

99,s l 
I 

99,9 1 

99,1 I 
I 

98,4 j 

94,s I 
: 

96,7 i 
' 99,5 i 

---------~----------~-----------....&-..------------------

The taxa shown te> be characteristic of this station on the basis of 

occurrence (Fig. 47) are divided into two groups in the dendrog-ram of 

Bray-Curtis similarity (Fig. 48). Association Bj dominates this fa~a as 

can be seen in 'l1abl e 70. The very restricted Oligochaete fauna are 

clustered in B2. 
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If the Oligochaete taxa are removed from the characteristic fauna of this 

station as shown in the d8ndrograms (Figs 4 7 and 4-8) the remaining taxa are 

identical to those which characterized the population at station 2. This 

is not surprising as station 4 presents a general picture '.)f high mineral 

concentrations (although not as high as station 2) and was high in nitrates 

and low in phosphorus. However the other forms of nitrogen showed 

comparatively low concentrations (categories C, D and EJ. Carbon concen

trations, pH, COD and MBAS were aver age for the system ('I'able 21) . Thus 

although the degree of enrichment is slightly less than that seen at 

station 2, the chief characteristics of high mineral concentrations, high 

nitrogen and low phosphorus concentrations and average COD and carbon 

concentrations are similar at both s~ations. This difference in degree and 

the change in the form of the nitrogen enridunent can be seen in the 

changed proportions of the individual taxa characteristic of this stat-ion 

(Tables 67 and 69). The winter condition at station 4, when flow is 

considerably decreased, is characterized by particularly significant 

increases in the concentratio:is of minerals, c'.JllIDOnia, :.1itrates and a slight 

increase in phosphorus. Thus during this period ccnditions were similar to 

station 2 (Table 72). This situation is coup}ed to a fauna completely 

dominated by the Chi.ronornin~- and Orthocladinae (Table 69) , purticularly 

towards the end of the dry season as cc~urred at station 2. However du:cing 

the summer months when t.he overall picture of enrichment at t.his station 

was not as severe as at. station 2, those taxa of the characteristic fauna 

which occurred in small rn.1mbers at station 2, increased tLej_r prop0rtionate 

contribution to the populatj_on. The Orthocladinae and B. har1,,isoni tend to 

dominate during these months with the Simuliida.e cc..atributing r.~ore to the 

population. It therefore appears that when the degree of enrichrnen-t, of 

the type charatteristic at these stations, decreases, the Chironomini are 

the first to be affected. They tend to decrease in numbers as the other 

taxa, B. harrisoni in this case, increase with improved water quality. 

This is confirmed by the fact that at station 2 the months that had the 

lowest Chironomini percentages were thnse that showed increased percentages 

of the non-Chironomid taxa {Table 67). However it appears that a 

deterioration in water quality and an increase in the Ch-Z:.t'1onomus-Psychodid 

association also affects the Chironorni~:i whj_ch decrease in numbers. 

This suggests t.ha t the Chironoraini are not so much af fect.'=d. by changing 

water quality but are more susceptibJe to population pressure than are the 

Orthocladinae. 
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TABLE 72: A co:mpari_son be-::.ween wi.nter chemical conditions at station 4 
and average conditions at station 2 (values expressed as reg/l 
except conductivity which is in mSm) 

-
Parameter Station --

4 2 

April May June July I August 
1 

Ave 
I 

rage j 
l -· 

Conductivity 1252 1344 1361 1872 1807 

N03 -N 19,6 28,9 35,2 34,8 43,5 

I NH3 -N 19,4 17,8 21, 3 33,0 

l 
34,0 

I I P04-P 0,5 0,2 0,8 I 1,2 0,9 

Although the Oligochaete percentage is considerably less than would be 

expected dl:-~ to toxic illfluences, changes in Oligccha.ete population 

variation coincided with that of the non-Oligocha.ste fauna. 

10~ 
J. ..,,I-• 6 

43, 6 

36, 6 

i ' 1 

During the wi!1ter the percentage contribution of the O~~igochaetes ir:icre2.ses 

(Table 69) , possibly due to similar processes which resulted in. inc1:-eased 

NH3 -N in high flow periods (see above) i.e. reduced flow increases the 

time in which toxic substances can be removed or inactiv";lted. In the ina.sx 

of Czeckanowski similarity (Fig. 47) one can see that the Oligochaetes 

join the cluster of ch~racteristic non-Oligochaete taxa at a com,iderably 

lower r value. This suggests that they tended to o:::cur together but net as 

frequem:ly as th2se other taxa. i.e. they were restricted to only a part 

of the year. In the early winter months the first taxa to increase were 

the Nais sp. and the other Naididae. As the winter progresses an5 water 

quality deteriorates the Chironomi.ni and Orthocladinae become t:i:1e domj,_nant 

taxa and the QJ.j_goc!l.aei:e contr.ib'.1tion to the population becomes dominated 

by TlyodriZ.us tempZ.etoni and LimnodriZ.us sp. Thus, as was indicated 

downstream, the Tubificia~1.e were indicative of more severe pollution tnan 

were the Naididae. However, the indicator value of these Oligochaete t.axa 

appears to differ from that described downstream because du:::::-ing the 

Nove!Tl.ber-Dccember periods discussed ~ve when conditions deteri.orated, the 

Oligochaetes did not indicate the change. This deterioration in water 

quality was due to nitrogenous enrichment.. This could be due to the fact 

that increased flow can sccur the stones of attached algal ~aterial which 

is an ideal biotope for Oligoch~etes. 

I 
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There appears to have been very little change in the fauna between 

stations 4 and 5. The basic differences between the ch2racte~istics of 

station 5 and those of stc-;.ticn 4 were that there appears to be a greater 

range of mineral concentrati~ns with winter values very high (categories A 

and B) and summer values average to low :categories C and D). In addition 

to this both the inorganic carbon and organic carbon values were lower ar.d 

associated with a slightly lower COD so one could expect that available 

organic matter is less than at station 4. 

At station 5 the main differGnce in the faur.al association was that the 

Simuliidae were not closely associated with the ta."<:a which were character

istic at the upstream stations, in either their degree of occurrence 

(Fig. 49) or their relative abundance (Fig. 50). This taxon as well as 

those associated with it ir. cluster ·A of both dendrogra.111s only occrred in 

very small nu!llbers in the January to .March period (<1% of the population in 

any one month). The only marked difference in the chemical c:.;mposition of 

the water at this statir:m when compared wie1. that of station 4, is that 

the concentrations of dissolved organi~ nitrogen were more variable and at 

times considerably higher at st2.tion 5. The above-mentioned period, 

(January-March) which shews the only advent of Simuliidaf.= in the populaticn; 

coincides with the period of lowest dissolved organic nitrogen coHcentra-

tions i.e. when the concentrat.ions of this p,irarnete!" were most similar to 

those at station 4. 

If th~ Oligochaete fauna are once again ignored the four taxa shown to be 

characteristic at stutions 2 and 4 are once ag~in clustered as the most 

frequently occurring at station 5 in the dendrogram -:::>f Czeckanowski. 

similarity (Fig. 49). However, the fact that the Orthocladinae, Chiro

nomini and B. har?';soni are clustered at r = >90 whereas the Chironomus .sp. 

only join this cluster at r = 64 indicates that the Clb-!,ro,wmus sp. occur

red less frequently and this is due to their occurrence being confined to a 

certain part of the year only (see AppendiX). 

The taxa shown in the dendxogram of Czeckanowski similarity to be commonest 

are divided into clusters B and C in the dendrograrn of Bray-Curtis 

similarity. Cluster C taxa usually form betwee11 85 per cent and 100 per 

cent o~ the population at this station {Table 73). The dominance status of 
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Figure 49: Dendrogram of Czeckanovvski Similarity 

be tvveen Tax a. for Station 5. 
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these three taxa varied throughout the year so that they did not co

dominate but rather had different periods of dominance Even though on tl:e 

basis of occurrence they all cccur together at most. t.imes. B. ha.rrisori:~: 

dominated during the May-June and January-February periods of both years 

and there was a tendency for the ChironGmini to decrease in this asso

ciaticn whc:-- the B. harrisoni dominated. The months immediately preceediLg 

and succeeding these two periods shew significant r..urr..bers of B. harrisoni

but for the rest of the year this species forms less than 10 percent of 

this association. 

TABLE 73: Percentage contriLution cf associations shown i.1 the d.:=-ndrogrc'.i.1-.:. 
of Bray-Curtis similarity (Fig. 50) to the populations at 
station 5 

A.ssociation 

A B C I 
I 

D 

~onth 

,,_,,_._ ___ . 

harrison1.: I Ort.hocladinae 

T----;----

March 1972 

April 

May 

June 

July 

August 

September. 

October 

November 

December 

January 1973 

F'e:-.bruary 

March 

April 

May 

June 

July 

Aug-ust 

SeptPmber 

October 

November 

December 

January 1974 

0,4 I 
0 

0 

0 

0 

0 

0 

-
0 

a 

0 

2,6 

-
-

0 

0 

0 

0 

0 

0 

0 

0 

0,6 

B. 

11,9 

6,0 

2,3 

1, 9 

1,2 

1,5 
I 0 

-
0 

13,8 I 
I 
I 27,7 I 

l 
6,4 l 

-
-

2,9 

14,3 I 

14,9 

17,4 

2,4 

2,8 

2,0 

2,4 

10,0 
l 
I 

I 0 0 
-

February l 
--------

0,5 

818 

66,5 

76,3 

23,1 I 
1, (i i 

I 

O,l 

-
0,4 

15,7 

38,8 

73,2 

-
-

90,5 

57,1 

6,7 

0 

0 

0 

0,3 

2,4 

37,5 

94,8 

Chi.rcnomin:i. 
-

20,3 67,0 

54,9 30,G 

19,6 11,5 

4,8 17,0 

9,3 66,2 

l.6,2 80,5 

8,6 91,1 

- -
76,6 l 23,0 I 

·52,4 I 18,1 

28,7 
I 

3,8 

10 ,8 7,0 

- -
- -

3,8 2,8 

24,3 4., 3 

55,7 21,5 

76,9 0 

70,l 27,4 

91,3 5,9 

78,6 19,0 

93,2 1,9 

27,5 23,8 

3 0 , ..,, 0 __ ..,, __ ... ____ ~---4·-

I 
I Tot.al I 

·-1 
87,8 

9'' .., .) , ' 

97 ,6 

98, 1 

98,6 

98,3 

99,8 

100,0 

86,2 

71,3 

91, 0 

97, 1 

83,9 

76,9 

97,5 

97,2 

,•. 
...; 

0 

() 

C 

0 

l 0 

I Ct I 
I 
I 
I -
i 

0 

0 

0 

0 

0 

' 0 

! 1, 4 

I 1, 9 

I o 
i 0 
I 
l 

97, 9 I 0 

97, 5 ! 0 
j 

88,8 ! 0 

i 
I 

"i 

! 98,_7_J:,3_1 
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This increased E. har.risar,:i. population which coincided with a drop in the 

Chironomini co111::.ribution or:curred. at the same time a.s a marked decrease in 

the concentrations of the mineral elements in the preceeding months (Table 

74) (March-April and November-Decerr:ber) regardless of whether the other 

chemical pc> .:-ameters were showing an i11crease or decrease in c::>ncEntra tion. 

TABLE 74: Concentrations of the mine:ca.l elements at station 5 during the 
March.-April and November-December periods showing a. drop i.n 
concentration (values expressed in mg/!) 

I 

I Period Parameter i 

_N_a __ K 

1
1 _c_a __ Mg __ • __ l _c1·_· _I _so:-_I 

N(,vember 1972 

;::>ecember 

March 1973 

April 

Noverr-JJer 

f
--1-:_: __ -l--_2_~_: ~-- 1 ::_:_~ ___ :_~_: _: ___ 1_:_; __ ... __ 4_:~ J 

149 24,0 s9 20 1 138 29s ! 
I I 66 20 82 220 j 89 

119 17,2 I 94 I 33 121 330 

I I 
! 

December . 88 15,0 · 80 29 90 I 250 
-------~---•-------------.,_ii _____ __.__ ____ ----II----__J••----•___j 

During the rest of thE:! year the Chiron~::,rnini-0:r thocla.dinae association is 

dominant with the Chironomini showing a greater percentage contribution in 

the winter months and the Orthocladinae in the summer months. 

Cluster B in Figure 50 which consi3ts ,nainly of the Oligochaete t.a.:xa sho·,.,r.s 

a similar. relationship to the dominant fauna to that seen at station 4. It 

did, however, tend to form a more constant part of the association here 

(between 2% and 15% in :rr.,.ost samples, Table 73). As at station 4 these ta.x-3. 

·£:ormed their greatest contribm:.ir:m '!:.o the co:rr.munity in the winter months 

when the concentrations of the nutrient elements of the Wdter were at thei= 

highest level. The fact that this association V7as more constant suggests 

that either i:.he influence of the contaminant discussed above was 1.::onsider

ably reduced at this stage, or that there was a deterioration in o~e or more 

specific aspects of the water quality. The close li~kage of Chironomus sp. 

and the Psychodidae with the Oligochaete association and the fact that the 

Tubificidae and Chironamus sp. show a very close relations~-iip to the 

dominant fauna on the basis of occurrence (.Fig. 49), suggests that this 

difference from the station 4 faunal population is at least partially clue to 

a deterioration in •tJater quality. 
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A comparison of the three stations considered here suggests that the 

influence of heavy metal toxicity waned far more rapidly during the law 

flow season than in the increased flm·lS experienced in the summer. Duri.:ng 

the summer high flow period there appears to have h2en a ;Jradua.l improve

ment in water quality with respect to nutrient concentrations from str.cion 

2 to station 5. However the winter months show ver:y similar conditions at 

these three stations with the possibility of a slight deterioration in 

qual5-ty at station 5. The implication being that there was an added source 

of nutrients .i.n this region rather t..h2,n increased addition !1igher upstream. 

This deterioration is indicated by the fauna which appears to be charac

teristic of the higher concentrations of dissolved crganic nitrogen 

measured at station 5. 

All three these stations deviated markedly from the "natural" streams 

with respect to their fa1.mal populations. Apart from the deviation alr°-ady 

discussed which mru1ifested itself in the limited Oiigochaete pop~lations, 

there tended to be a pat.tern of total dominance by two or three taxa and 

all the T:r-ichoptera are absent from these stations. 

Station 1 

This station was characteri.zed by a complete lack of fauna at any stage 

during the study period. Although some isolated individuals were 

occasionally found, their occurrence was probably incidental and could be 

the result of drift from further upstream. 

At no stage are the chemical characteristics of this station so different 

from those in other parts of the river system as to explain the total 

abzence of a fauna. River flow is relatively small and is ~o more subject 

to flooding than the rest of the Moddf~rfontej n stream. The only two 

measered parameters which were significantly different from the rest of the 

system were pH and temperature. It is possible that one or a combinat.icn 

of these brought about the absence of the fauna. 

The pH values were, for most of the survey period, between 8 and 9 uniLs 

which level is not high enough to eliminate all the animals since station 2 

which ha.d an c..verage pH above 8 units (Table 13) supported a la.rge if 

restricted fauna. However, there were six occurrences of pH values between 

9 and 12 units at this station and Hynes (1963) states that pH values of 

below 5 units and above 9 units a::-e definitely harm:ul to :most animal:.:;. In 

addition to this a high pH vah1e has a considerable influence on the 

toxicity of some potential. poisons. 
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The temperature at this station was normally within the limits of that. 

found in the rest of the river syst.E.m but there were three occurrences of 

temperatures between 26 °C (the upper lii!:it for the rest of the system) and 

:o °C. This is a result o:f heated effluent from the power station whose 

inflow is immr:d.iately above this station. There is thus a possibility thctt 

there are pen.odic increases in the temperature of this effluent. This 

could result in ternperatu:.:-es being suddenly raised to well above the normal 

as recorded in this survey. The peaks o:: such increases could well have 

been missed in the monthly recording if these inc~eases are of a relatively 

s~1ort duration. An increase in temperature, particularly if it is sudden, 

can adversely effect the fauna even though it is only at temperatures above 

40 °C that. most normal river fauna will be eliminated (Hynes, 1963, Hynes, 

197G,. However, Hynes (1')63) shows that the addition of heated effluent, 

even if within the range of temperature tolerance of most animals, to an. 

already pollute_d st.ream, does have serious consequences for the fauna. 

Firstly, it raises the BOD, by kiL lng the bc,ct.eria, small plants and 

animals and thus turning them into dead organic matter a.s a result of the 

heat itself or of chlorination int.ended to prevent growths of sewage fur1gu.s 

in pipes. The heat increasi~s the rate of oxidation of the organic matter 

and so deepens the oxygen sag. Secondly, an increase in temperature also 

increases the toxicity of such poisons as may be present., and the greater 

rate of oxidation results in a higher production of CO 2 which itself raises 

the lowest oxygen content which mast invertebrates ca~ tolerate. Hynes 

~hus show3 that the heating of a polluted river, even without the ~sual 

increase in BOD ana the probable addition of extra poisons, enhances the 

effect of toxic and organic pollution. The fact that this stream was 

polluted prior to thE: addition of heated effluent is shown by the fact that 

the average biotic iudex value at station lA was 8,73 (Table 28) and the 

concentrations of many of the chemical parameters measured were ir-1 the B and 

C categories as per 'l'able c.- !n addition to this the effluent itself 

(treated sewage effluent from Northern Works concentrated. by evaporation in 

the cooling towers) was polluted as can be seen from the chemical results 

at station 1. The concentration of ammonia, whose toxic properties are 

particularly enhanced by both high pH values and high temperatures, was 

however not particularly high at either of these stations (Table 21). 
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Confirmation of this condition was s8en in a diatom survey which w.::::.s done 

concurrently with this study. The diatom flora was often absent from this 

station and, where present, consisted of species known to be resistant. to 

high pH levels (Schoeman, pers. comm.). 

Thus although neither pH nor temperature nor pollutional levels of any 

sort appear to be of such an extreme nature as to account for the total 

lack of fauna, the combination of these three effects is probably 

sufficient to cause it. Alternatively sudden variations in one of these 

par arneters, e.g. periodic increases in temperature, might 3.lso be the 

cause. 
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DISCUSSION A.ND CONCLUSIONS 

Although the wide range of conditions found in this system should allow the 

i.dentification of communities characteristic of a variety of water types, 

tr~c complexity of the systeJll lea.ds to some confusion in the correlation of 

the fauna and its environment. the clearly defined effects of a single 

source of pollution and distinct recovery zone3 seen in many studies (Oliff 

1960b; Roback, Cairns and Kaesler 1969; Herricks and Cairns 1974; Nichols 

l977) were not apparent. However some of the faunal variation seen in 

jj_fferent parts of the system could be characterized by reference to 

populations in the tributaries or upper reach of the system wher8 Lhere 

was less mixing from varicus point sources. 

Chemical Conditions 

In general there were three types of environment with regard to water 

quality. Each of these 3hows Vctrying degrees of mixing with the otters 

and a rn .. miber of borderline cases common to such continuous variates. 

Firstly, there are the tributaries of the middle and lo-.,,er reaches of the 

system which were not affected by any known point sources of pollutio:i. 

These drain mainly agricultural areas. The concentrations of all measured 

chemical constituents of the water were comparatively low in these streams. 

rrhis suggests that this water quality type represents the most nearly 

natural conditions in the system. The only chemical constituents of the 

water in these st:reams which occurred in comparatively high concentrat;_ons 

at times were some of the conservative mineral elements, notably magnesit.u-n. 

'I'he second general wat..er quality type occur-red in the Modderfontein stream 

and the reach immediately below its confluence with the Jukskei River. Thjc; 

was affected by the nitr~genous industrial effluent which enriches this 

stream. This region was characterized by very high concentrations of all 

for111s of ni t.j:-ogen with ammonia concentrations particularly high in the 

Modderfontein stream. Concentrations of all the conservative mineral salts 

measured were also high in L~is part of the system. Although individual 

mineral elements do occ~r in higher concentrations in other parts of the 

system on occasions, generally the concentrations in this part of the 

stream wex:e highest. Enr.1.chment by phosphcrus, the oe1er importaHt 

nut!"ient in the system, was negligible in this reach because although added 

to the s~,7stem in high concentrations in the up~·,er Modderfontein strea~, 
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phosphorus was apparentiy retained in the dams immediately below this 

point source. 

';I'he third water type occurs in the middle to lower reache:.: of the system as 

a result of a point source of phosphorus-rich treated sewage effluent. This 

water still showed relatively high concentrations of the nitrogenous and 

mineral elements typical of the upper reach but was also characterized by 

the highest concentrations of phosphorus, particularly orthophosphate. 

The organic status of the system has i.:he most effect on the fauna (Allanson 

1961; Chutter 1972) and is thus the parameter most obviously comparable 

to the biota. The organic condition will naturally be affected by the 

levels of available plant nutrients. Although biological oxygen der.1and, 

the most direct measure of organic status, was not. measu~ed, a combinf'.tion 

of COD and organic carh.1n concentrations indicate poor water quality 

throughout the main stream. These results a.lso show so!Ile similarity with 

the degrE:e of nitrogen enri.::r1m.ent as the poorest quality water occurred in 

the upper reaches followed by a gradual improvement downstream. 

The Modde1~fontcin stream i~. chemically the most complr~x part of the syste:n 

to correlate wj_th its fatmal population. It is typically as described for 

the upper reach of the system but is also subject to the influence of onE: 

or more contaminants. This severely affects the fau..11a resulting in 

completely atypical communities. F~t.hermore, "thermal pollution" ln the 

upper region of this stream is apparently detrimental to the fauna. 

Faunal Communities of the System 

The biotic index developed by Chutter (1972) was based on the organic 

status of rivers. As ca.n be expected from the obvious correlatJon between 

organ~c status and nutrient levels, the index results show a general 

agreement with observed changes in ti'-ie chemical environment. That is, ·::.!1e 

biotic index values tend to decrease covvn the main stream coinciding 

with the progressive dilution in concentration of most of the chemical 

constituents of the water. In addition the biotic index confirmed that the 

tributaries of the middle and lower reaches were t'1e least polluted. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- 23·7 -

Due to the fact that a comparison bet.ween v:~rying types of nutrient 

enricrunent and organic status is difficult tl1is index d0es not show whether 

the variations in faunal comnrnrii ties can be indicative of different types 

of pollution. The middle rLach of the river, subjected to an effluent 

containing phosphorus (mainly orthophosphate) concentrations of up tu 

10 mg/land relatively high concentrations of other sewage related 

parameters, is an example of how a specific type of enrichmerit may b2 

masked in a complex system of this kind if only th2 BOD based index is 

used. According to a numb8r cf studies on the pollutional effects of plar..t 

nutrients (Velz 1949; Roback 1962; Hynes 1963) this level of phosphorus 

enricrunent is excessive nnd thus constitutes a severe degree of pollution. 

However the biotic index values showed that the water quality at stations 

7, 7A, 9 and 10 ':vas considerably better than in the ·.1pper reach of the :::1ai.n 

stream. This was in spite of the. fact t~1at this was the most hi,:;hly 

polluted region ).n the s~:ste:n in terms of phosphorus, MBAS, COD ar..d organic 

carbon concentrations. It thus appears as if the macro-inveitebrate 

communities as ranked in the biotic index and thus the organic status of 

the water are comparable with the degree of enrichment by nitrogenous 

comp.,unds. Whc-~ 1 ! the nitrogen content was diluted the biotic index showed 

an improvement in water quality regardless of the high degree of ortho

phosphate enrichment. The Chgiunatopsyche sp. are a typical examp2e of the 

problem with rigidly defined indicator T ... alues. This taxon has a low index 

value and is totally absent, or present in small numbers only, under 

conditions of severe nitrogc:nous enrichment. When the concentrations are 

diluted this taxon increases its contribution to the fauna regardless of 

increased conccntrat::..on.s of orthophosp.11ate. At st.ation 7A, which has 

comparj_tively low a.."I'.monia and nitrate nitrogen but the highest phosphorus 

concentration, Chev.matopayche formed an important p::,.rt of the associaticn. 

This group was part.icular3-y significant in the summer months when the total 

phosphorus concentrations varied between 6 and 8 mg/l. It is interesting 

to note that Roback ( 1962) g i v2s the maximum tolerance level for Chewna

topsyche sp. to orthophosphate as being 1 ~g/l. 

A limitation of thjs index discussed by Chutter {1972) is the disruptive 

effect of toxic substances in a river. This is well shown in the confusing 

results which oc::urred in tbe Modde.rfontein stnam and extended into the 

Jukskei River. The lb~ited F~una at station 2 was obviously caused by some 

contaminant in this pa.rt of the system. The fact that there were no 

O.l igochaetes h:·:n:e, ev :-n though the chemical results would lead to the 
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expectation of a large Oligochaete fauna, suggests, ~ccording to the 

literature (Hynes 1963; Brinkhurst arid Jamieson 1971), that this is a 

typical case of heavy metal contamination. However it must be remembered 

that the extremely high ammonia concentrations in this stream are unique 

in river studies. Roback (1962) and Hynes (1963) havE: shown that ammonia 

has a serious influence on the macroinvertebrate fauna. 

Thus the concurr8nt effects of various types of pollution result in a 

certain amount of confusion in interpreting results as complex as those in 

the Jukskei-Crocodile River system. This confusion tends to be masked by 

the apparently clearly defined results of the biotic index. 

The analysis of changes in faunal COilliuunities between and within sampling 

sites indisates vario11s relationships between fauna! associations and 

changing environment2tl conditions. However, a number of factors such as 

geology of the catch.mcnt, geographical location, degrees of flooding- etc. 

are common to all stations. Thus such relationships must at this stage be 

considered applicable to this system only because these constant factors 

will exert a different influence on the fauna in another catchment. For 

example, this whole system is characterized by very alkc.line waters (pH 

7, 9 -- 9, 0 uni ts) so that the dominant fauna of this system is adapted to 

this and differs from that of neutral or acid waters (Harrison and Agnew 

1.962). Furthe!:' studies on other catchments and river systems wol.!ld be 

required before &ny of the indicative features of communities suggestec here 

could be applied generally. 

A significant feature of this study has been an apparent division of 

commnni ties into dc!r.ir.:1.nt and st1.b-·dominant associations which differ in 

their indicator value. Isolated occurrences of small but significant 

associations also appea.r to have indicator value. 

The dominant associations are composed primarily of taxa shown in the 

analysis of the system as a whole to be ubiquitous. These are probably the 

best adapted to regional conditions in this catchment suggesting that their 

presence is less dependant on pollutional influences and more on the 

characteristics of the system as a whole. ':"his is confirmed by the fact 

that many of these taxa formed a significant part of the dominant assoc.ia

t.ions in the most pollut.ea sections of the river as well as in the clean 
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water tr ibuta:r: ies. Examples of these taxa are B. ha::i.'risoni, the Ortho-

cladinae and Chircnomini. However, their relationships to one another and 

to other co-dcminant taxa or sub-dominant associations varied with changing 

conditions. 

Each of the water type re;ions discussed earlier is associated with specific 

patterns of faunal change as conditions improve or deteriorate. 

(i) Upper reach subject to nitrogen enrichment 

Baetis harrisoni, the Orthocladinae and the Chironomi:.ii dominated 

all samples in this reacri, with the former being least signifi

cant where the ~ighest nitrogen and mineral concentrations 

occurred. As conditions improved the B. harrisoni part cf this 

~ssociation increased its percentage contribution at the expense 

of.the other two taxa. The Chironomini tended to be the f:_rst to 

decline as nit.'r:'."ogenous concentrations became lo·wc~r and were alraost 

negligible when B. harrisoni completely dominates tl:is associa

tion and the Simuliidae join the dominant association. 

Although the occurrence of Oligochaetes in this reach is affected 

by contamination oft.he water it appears that the B. harrisoni 

and Simul.iidae tend to be replaced by the Naididae during the 

winter months. Although the greater concentrations of nitrogenous 

compounds during this low flow period may be partially responsible 

for this change it is more likely that the change is due to 

seasonal occurrences in the life cycles of these taxa. This 

succession occurs under a wide variety of conditions ~ven when 

maximwa winter concentrations at one station are not as high as 

the stunmer concentrations at another, e.g. stations 4 and 6. It. 

has also been shown (Chu::.ter 1971) in the Vaal catchment that the 

"f;pates" characteristic of sunnner periods tend to wash away Na1.~B 

sp. and the attached algae upon which ttey feed. In a.ddi tion the 

marked drop in B. harrisoni dominance over the whole system shown 

for the July to September period could indicate a period of 

maximum emergence. It therefore appears that if Nais sp. and 

the Ort.hocladinae dominate the do.:iinant association in winter, 

the association is indicative of similar conditions to those 

indice.ted by a dominant association r-f B. hal'l,ison-i, Simuliidae 
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and Orthocladinae in summer. 

Fuither decreases in the concentration of the mineral and 

nitrogenous compounds resulted in the addition c.,f C. f;homasseti 

to this group. At the same tiine the proportions of the Simuliidae 

increase until they dominate the whole association. This change 

occurs at the expense of both B. harrisoni and the Orthocladinae. 

In such a case the winter population showed an increase in the 

significance of Chaetogaster sp. rather than llais sp. 

Under conditions of severe nitrogenous enrichment there was 

usually no clearlj defined sub-dominant associatior although the 

possibility of Oligochaetes filling this role if no toxic 

influence v.1as present must be recognized. There are howeve::. 

indications that a deterioration in condi.tio:.is r8sulted in the 

increased significance of an association of Chironomus sp., 

Psychodidae, Eristalis and Culicidae. Further downstream 

improving cond.itions resulted in the occurrence of a sub-dcwi..!ant 

association consisting of Simuliidae, C. afra and C. thomasseti. 

These taxa gradually increased in significance as water q1Jality 

improved until one or mo~e of its members became pan_ of t.he 

dominant association. At this stage Hydn:i and Pl&.nar.ia became 

part of this sub-dominant association. 

In general, with the water quality conditions being considered 

here the diversity of taxa is comparatively restricted. 

Middle reach s~bject to phosphorus enrichment 

Under these conditions the dominant association was si~ilar to the 

above except that B. harrisoni tended to be less significant. 

The Simuliidae tended to dominance even when orthophosphate 

concentrations are at their ~ighest levels. In addition 

Cypridopsis sp. and the Naididae £01.,ned a .Large proportion of the 

dominant association. These latter two taxa completely 

dominated this Rssociation during thE: winter months but again 

this was apparently due to a seasonal decline in the Simuliidae 

and B. harii~isoni and flmv conditions advantageous to Naid 

coloniz~~ion rather than to a change in water quality. As the 

degree cf pollution decreased the Simuliidae and B. harrisoni 
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tend to form equal pares of this assC>ciation and Cypridopsis 

representation declined. 

It is possible th,:..t the Cyp1,,idopsis were maturation pond fauna 

being carried into the river. In this case "their numbers would 

depend on flow conditions rather than water quality. However, 

the fact that they become less significant in the second year of 

the survey teJ.1.ds to contradict this possibility. During this 

year an appcre:r.t fa.;..J.ure of the stabilization of these ponds 

would have resulteJ. in more Cypr-idopsis being carried into the 

river at times and less at others, which was not the case. Thus 

the indication is that this taxon was a product of the riverine 

environment. 

The stat.ions f 1w1rthcr downstream of th.is region are subjected to 

relatively low degrees cf enrichment by both nitrog~n and 

phosphorus due to dilution or biological. removal. This condition 

was charact.e!."ized by smaller proportions of Simuliidae in +:he 

domin:1nt association c:.nd increasing proportions of C. afr>a., C. 

thomasseti and Planaria. These taxa co-dominated with smaller 

proportions of all the other taxa whi.ch, under various conditions., 

dominated the fauna further upstream. T:1ere was thus greater 

diversity within the dominant association here. 

There were apparently two sub-dominant associations occurring 

in this re~ch of the river system. The first was an association 

of C. afra, C. thomasse-ti, Tanytarsini, Limnod:ri-ilus sp. and Naia :.. 

sp. The first three of these ta.xa domina'!:.ed th.is s 1.::.b-dominant.. 

association when water quality shows signs of improving while the 

Oligochaetes dominated the association as waL.er quality 

deteriorated. 

'l'he second sub-dominant association oaly became numerically 

significant towards the end of the survey and was composed of 

Hydra and Chironomini. Its relevance appears to be associated 

positively with variat~ons in the ammcnium nitrogen and sulphate 

concentrations. ~h2 relationship between this association and 

these variables was seen several times in the upper reach of the 

syst.e.m ns w,.,J..l. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- 242 -

Further dc~n1stream, where nitrogen, phosphcrus and the conserva

tive mineral el12:r.1ent.s all occurred in relatively lower concen

trations than in the upper and middle reaches, these sub-dominant 

associations expanded to include more taxa. Total dominance by 

any one taxon over the others was less evident in the ussociations 

at this stage. 'i'hus the sub-dominant association dominated by 

the Cheumatopsyche sp. incluced three other groups: Burnupia and 

•ranytar sini; Pelesypoda and Stene Zmis larvae; Amphipsyche, 

Hydroptila and Ecnomus. These three groups appear in this order 

as conditions improve downstream. 

(iii) Clean water trib11taries s·..ibj ect to negligible enricI:ime!"1t 

All the clean water tributaries showed similar dominant 

<'t :;sociati.ons to those already described for the lrn.ver reach of 

the ma.in stream. ri:'hus the dominant association nlone indicates 

no difference between the clean waters of the tributaries and the 

slightly enriched water in the lowest reach of the main stream. 

'I'he distinction between thesE two water types i.s indicated by the 

variation in the sub--dominant associations. 

'L'he sub-dominant associations of these tributaries showed an 

increase in the proportion of the population formed by all the 

Ephemeropteran taxa ( Chor1oterpes, Caenidae, Bae tis quintus, B. 

Zatus, AfronuFus and Neurocaenis) as well as Hydroptila, 

Hydr-3.chnellae, Ecn,ornv.s, Tanypodinae and Ceratopogonidae. As 

water quality improved further this association tended to co

dominate with the dominant associi3.tion. This resulted in a very 

diverse association dcilli.nating the total population. 

A deterioration in water results in the percentage contribution 

of the above taxa decreasing and the dominant association 

increasing- in its degree cf numerical significance. 

Effects of other Environmental Parameters 

'£he effects of these pararneters on the fauna are important in order to 

avoid att.ributinq.these influences to changes in water quality. 
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As the limits of temper:..ture variation within this system did not include 

extreme conditions, the influence of temperature on the observed variations 

in the fauna had little signific~nce. The only exception to this was that 

one station was subjected to heated effluent from a power station which 

has already been fully discussed in the results. Although tr.c limits of 

temperature tolerance of all macroinvertebrates were not excecued, the fact 

that the whole fauna was dest~oyed at this station could still be due to 

this "thermal pollution". There is a lot of evidence in the li::erature 

that sudden changes in water temperature can be more harmfu]_ than slow 

increases to much higher levels (Hynes 1963; Tarzwell 1970; Cairns 1976). 

Similarly pH effects cannot· be determined from thj_s study as the whole 

system is characterized by similar very high pH values. The few occassions 

when the pH did drop to near neutral level were isolated occurrences ~~ich 

could not be realistically linked to faunal variations. Thus at this stage 

th~ only conc1usicn that can be reached is that the fauna which dc:ininated 

this system is probably indicative cf very alkaline ccnditions. 

It has been shown by many workers (Hynes 197C) thaL flow conditions have a. 

very marked effect on the farma of a river. now2ver, in this system, 

although it was subjected to severe flo0ding in October and December of 

both years, the only effect appeared to be a reduction in the number of 

individuals. There was little change .in the composition of dominant 

associations at the various stations before and after the flood. This 

effect of floods on the size of populations is the chief effect of "spates" 

according to a number of workers (Moffet 1936, Jon~s 1941, Mikulski 1961, 

Maitland 1964). These workers did however find that some taxa were mere 

susceptible to flooding so that the dominance status within an association 

changed. This was not as apparent in this study because the region most 

affected by flooding, the upper reach of the system, was characterized by 

a very restricted fauna. The main effect of fJ.oods in this system on the 

fauna appears to have been an indirect one caused by the dilu~ion of the 

chemical constituents of the water. 

Solids in suspension, particularly silt and sand, which Chutt~r (1969) 

shows to have~ deleterious effect on the m~croinvertebrates biotope, do 

not show an appreciable effect on th~ fauna in this study. Even in the 

extreme case at the sewage effluent outflow when an apparent malfunctioning 
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of the control dams occurred there were no obvious e.ffects. This is 

probably c.ue to a combinat:i..on of t'.vo factors, the very short duration of 

floods which cause the suspension of such solids and the fact that the 

stones-in-current biotope is not ncY.-mally an area of deposition. It is 

this deposition ·which Chutter ( 1969) ha.s shown to cause the smothering of 

biotopes and thus influence the population composition. 

Biotlc Analysis of the River System 

Li view of the fact that the physical variations in this environment have 

such a limited effect on the fauna, changes in population composition are 

probably mainly caused by changing water quality. Seasonal variation 

r~sulting from life cycle patterns and food availability must also be 

taken into account when judging the indicator potential of a given 

community. 

This study has shown the value of biologically indicating water qual.ity as 

opposed to relying solely on chemical analyses. The biota show up short 

term and subtle changes over a period of time which cannot be seen in a 

"snap" water sample to.ken for chemical analysis. The most obvious 

examples of this showr~ by this study cccurred in the Braarr.f:ontein and 

Sandfontein st:r.E.::ams and at the overflow stream from the sewa9e works. Th:.:: 

former site shov:ed that very poor quality water did enter the mainstrea.11 

from these streams although the chemical results would classify them as very 

clean water tributaries comparable to the Klein Jukskei. and upper Crocodile 

rivers. Station 9, belm·: the sewag2 works bypass stream, i.s shown by the 

biota t.o be comparable with the region below the main sewage works outflow 

over an extended period. 

However, the comparison between fa'..mal communities and the chemical 

environment substantiate the opposjtion by Hynes (1963) to rigid methods 

of biological classification. In such systems there tends to be a user 

assuinption that the indicator community is a unit 3imilar to the ea:lier 

concept of an indicator species rather than a nu..rnber of 5-ndependantly 

:::cacting parts. Most numer:-i.cal systems of analysis i.mpose such rigidity to 

a g~eater or lesser extent. This study has shown the applicability of a 

good biotic index and has also suggested that the variations on which 

diversity indices are based are not completely erroneous. However the 

number of excepticns a=ising in the analysis of such results show that 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- 245 -

systems devised for use by the Don-biologist must lead to a misrepresen

tation of conditions. 

The system used in this study requires the definition of the dominant and 

sub- dominant associations wi th_:_n a population. This should preferably be 

done by some form of numerical grouping &sonly in very simplified 

communities or with single samples can.this be done subjectively. If 

these are identified for a populc:i.tion in this river system, comparison with 

the changing populations discussed under sections (i), (ii) and (iii) of 

this djscussion will facilitate the classification of water condition. If 

a different river system is being studied the definition of regionally and 

locally controlled taxa should help to develop a similar standard for 

comparison which could then be applied. 

The advantage of examining indicator comr.nmi ties .in this way lies in the 

fact that no taxor.. has a rigidly defined indi:::ator function. Connnunities 

roust be intensively exa.mi.ned before water quality ca.n be categorized which 

allows exceptions due to other influences to be recognized. This pre

cludes an overs~~listic approach by an unqualified wcrker resulting in a 

misrepresentation of conditions. 

Furthermore although org~~ic pollution is the most easily correlated with 

fauna! populations as is shom1 by the construction of most indices, this 

study suggests a definite dif~erence in the effects of various forms of 

enrichment. Continued investigations on this basis could easily refine 

this system of sp2cify.i.ng the form of enrichment rather than the general 

organic state. 

Comparison with Earlier Studies on this River System 

It is necessary to note how the results of this study compare with the 

general principles of Allanson (1961) notwi~hstanding the fact that the 

sources of pollution and quantities of effluent have changed ever the 

decade preceeding this study. 

Allanson (1961) also noted a difference between the dominant and sub

dominant associations which he caJ.led primary and secondary associations. 

He defines these c:i.s follm•.Js: "the most abundant species belong to the 

primary association while the species \·;hich are less abundant, but whose 
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precence could be relied upon in samples, belong to the secondary 

association''. This manner of categorizacion is convenisnt but does not 

show any difference in indicator value between the: two associations. 

Indicator value depends mor~ on the individual taxa in the association 

notwithstanding the fact that Allanson and a number of other workers (see 

introduction) had concluded that communities ~s a whole had to be used as 

indicators. 

The analysis of the data by the more objective computer methods has shown 

that this definition of the dssociations seldom holds true. All members 

of the dominant association are not always equally abundant but achieve 

their position in this associatton on the basis of their constant presence 

in the population as well as their relationship to o~her members of this 

association. This relationship tends tc be a f~nction of the reaction of 

all members of the associ'.'.:ltion to environr.1enta l changes as well as the 

basic conditions prevailing in their particular biotope. Similarly the 

members of the sub-dominant associations could r!ot be relied upon to be 

constantly present in relatively small numbers. Their proportions of 

populations often rose to Jevel.s of co-dominance or virtually disappearsd 

depending on their reactions to changing conditions. For example the two 

sub-dominant populations in the upper reach (Simuliidae-Cheumatop8yche and 

Psychodidae--Eristalis·-Chironcmus) could both form small sub-dominant 

a.ssociations in these populations if conditions were average for the region 

but tended to disappear or .i.ncrea.se a.S water quality deteriorated or 

improved even though the domin&nt association remained relatively constant. 

Thus these taxa form part of the "normal" fauna of this biotope if this is 

defined as the fauna which can be expected when average conditions 

prevail. 

Also, these "secondary association taxa" could not nec0ssarily all be 

grouped as one associatio~. This study has shown that there are often ~ore 

than one sub-dominant association present at a particular site at one time, 

each reacting independantly to differant changes in conditions. An 

example of this occurred in the middle reach of the system where the Hydra

Chironornini association was not influe1~ced by the variation in the condi

tions chc?.racteristic of "!:his reach as was the ct.her sub-dominant associa

tion p:::-esent. This Hycira-ChL:onomi.ni group was absent or negligible under 

all concentration Jevels of to phosphorus and allied substances but 
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apparently reacted to a l:lore specific environmental change. The evidence 

suggests that this reaction was to ammonium sulphate con=entrations but 

this could well be an indirect correlation. 

A.s was the case in the dominl1.:1.t associations all members of a particular 

sub-dominant association do not carry equal weight numerically as their 

relationship is based on sirr.ilarit:y of reaction rather than numbers. 

Lastly, a complete change j_:::J_ t.he dominance status of taxa within any 

association does not necessarily indicate a similar change in conditions. 

Seasonal variations in e1e life cycles of specific taxa can change the 

structure of an associaticn ·,J:i.thout altering its basic compositicm e.g. 

the B. harrisoni-Naid relatio:i.ship within most dominant associations. 

Thus an association must be regarded as::: whole to be of indicative value. 

Allanson ( 1961) £au.rid that the fact that alJ major sources of pollution 

were situated in the headwaters of the system caused some confusion. He 

stated that, "moments of distribution could be related to the overall 

intensity of pollution, (but) it was realized that the study of the effect 

of a single polluting discharge upon the invertebrate :!:au.nas would be 

required before a completely satiafactory description of this method of 

analysis could be made''. Although no such simple case exists the distinct 

spatial separation between sources of nitrogenous and orthophosphate 

enrichinent facilitate more specific effects being recognized. 

Whereas Allanscn (1961) has classified specific to.xa such as Tubifex sp., 

Limnodrilu3 sp and Psychoda sp. as typical pollution indicators this study 

has shown how little value can be placed on specifir. taxa in such a 

complex system. For example specific toxic effects can result in the 

absence of a particular taxon which could lead to the 0rroneous conclusion 

that severe pollution is net p::-esent. Thus no reliance can be placed on 

the indic:ator value of specific taxa and the whole community must be 

viewed as an independantly reacting unit. The error of categorizing 

specific taxa is a com ... '11on one. Learner, Williams, Harcup and Hughes 

(1971) found that an increased proportion of Limnodrilus hoffmeisteri to 

the other Oligochaetes, an in8re~sing representction of tubificids and a 

decline in Chironomi~ number~ were t.he princi1)le effects of organic 

enrichment. Due to an '...m12.xpected contaminant this study showed the opposite 
I 

trend in a very enric~ed stream. Thus in the hands of an unexperienced 

worker these conclusions would lead to a complete misrepresentation of 

water qur.1lity. 
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Hellwig, Botha and .Marais (1966) found a similar pattern of enrichment in 

the system to that seen in this study ~!though water quality has deterio

rated slightly since then. Based on the invertebrate populations they 

described river zones after the method of Harrison (1958) but did not 

attempt to further analyse m. classify indicator communities. 

A study of the diatom flora and their use as indicator groups (Schoeman 

1976) produced results highly comparable with those of this study. This 

diatom study, carried out on the same :river system over the same period 

indicated similar conditions ir... the system particularly with resp_ect. to 

nitrogen enrichment. 'rhe diatom association dici. not appear to be as 

sensitive to very short term "spates" for pear quality water as were the 

macroinvertebrates. 
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7~.2...!!.: Chemicnl concentrations (mg dm3) of all parrunetere measured at ~11 etatione given as running averages 

for the preceedinr, two mo~th3. 

~---jr-------
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1972 r~ar~h 
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;,:e.y 

Jm1e 

.July 
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October 
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!Jecexter 
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FetiruarJ 
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r'.ay 

J"une 

July 
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:Je:;,tEmbe:r 

October 
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Deceir.ber 
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F'Ab··uary 
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!>1ay 
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July 

August 
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C::onduc
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1965 
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2245 

2199 
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1744 
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1567 

1585 

1:iG5 
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2018 

2137 

2161 

2158 

2017 

1949 

1785 

1733 

5:iO 
708 

722 
810 

813 

837 

875 

Na 

102,0 

121,5 

141,0 

167,0 

190,3 

200,3 

202,7 

187,7 

167,0 

154,7 
146,7 

149,7 

147,0 

154,0 
1G5,7. 

185,3 
211,0 

213,7 

211,7 

]83,7 

161,7 

140,0 

131,3 

38,8 

40,0 

3?,3 

34,1 

,:40;3 

51,7 

67,0 
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19,8 

20,9 

22,0 

22,7 

25,0 

28,3 

30,0 

28,5 

. 26,8 

25,8 

27,3 

27,0 

.. 27,8 

26,5 

26,3 

27,5 

28,1 

27,'7 

28,0 

27,1 

26,5 

22,8 

21,3 

~ 8,8 

9,3 

7,4 

7,0 

6,7 

8,5 

10,3 

Ca 

109,0 

107,5 

108,3 

113,3 

129,7 

129,'7 

132,3 

123,3 

126,7 

114,3 

104,7 

96,3' 

95,7 

94,3 

96,7 

99,0 

100,7 

96,3 

99,7 

99,'7 

1J3,3 

133,3 

129,0 

59,4 

64,1 

51,1 

50,6 

50,3 

61,3 

62,0 

r~ 

37,0 

37,0 

38,0 

38,7 

41,0 

41,0 

4o;r 
38,0 

35~7 
33,0 

31,0 

29,3 

28,7 

29,0 

30,7 

32,3 

34,3 

34,0 

35,7 

37,C 

39,7 

41,0 

40,0 

23,4 

27,3 

21,9 

25,tt 

26,0 

33,3 

33,'i 

Cl 

135 

138 

154 
169 

183 

185 
183 

177 

159 

155 
142 

142 

133 

142 

1~; 

170 
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205 

207 

190 

160 

139 
129 

50 
59 
57 
60 

62 

69 

?J 

so4 

375 

373 

352 
344 

378 

4'.:6 
500 
501 

455 
393 

343 

337 

353 
383 
368 

385 

382 

403 

440 

457 

437 

410 

370 

108 

12'7 

123 

125 
118 

123 

112 

Total 
Alka
linity 

155 
160 

Hi4 

169 

165 

155 

149 

136 

107 

107 

98 

102 

107 

lOG 

l;l 

154 
· 182 

194 
J.80 

185 

152 

133 
108 

100 

133 

144 

165 

r;.i 

!'/7 

196 

Pe!'ametera 

COD 

37,0 

39,5 
40,3 

51,0 

55,5· 

58,5 

43,0 

54,0 

58,? 

53,7 
51,7 

t,1 ,O 

46,3 

43,3 

41,0 

1,7 ,5 
62,5 

64,3 

67,7 

60,3 

50,0 

41,0 

46.3 

13,0 

15,0 

15,7 

18,0 

22,0 

26,3 

36,7 

MEAS 

0,58 

0,59 

0,66 

0,70 

0,78 

0,75 

0,79 

0,75 

0,72 

0,51 

0,50 

0,51 

0,58 

0,63 

0,71 

0,75 

0,81 

0,72 

0,7G 

0,7'7 

0,63 

0,60 

0,55 

0,05 

0,14 

0,19 

0,31 

0,32 

0,30 

0,29 

Ir.or0anic OrGanic ~rn
3

-N 
!,'> rbon ca:rbon 

37,0 

37,5 

33,7 

30,3 

30,0 

33,3 

35,3 

33,7 
30,? 

27,0 

24,5 

28,2 

31~3 

34,1 

35,1 

40,2 

39,1 

35,8 

37,3 
33,2 

26,1 

30,4 

28,2 

34,0 

40,0 

38,3 

34,7 

30,0 

32,0 

39,3 

12,0 

13,5 

18,7 

23,7 

25,0 

21,3 

19,0 

17,0 

16,0 

14,0 

14,5 

15,0 

18,j 

21,0 

22,3 

20,7 

21,0 

23,0 

26,0 

23,7 

21,0 

17,7 

19,3 

6,0 

3,0 

5,7 

:6, 7 

22,0 

21,3 

12,3 

38.5 
37,3 

34,7 
32,8 

38,2 

42,8 

38,8 

32,7 

26,3 

24,9 

26,5 

31,2 

34,5 
3",,5 
37,5 

38.0 

45,5 
42,5 

44,3 

41,3 

33,0 

30,0 

0,2 

0,4 

0,4 

0,6 

0,6 

0,7 

0,4 

N02-N N03-N Die::,olved Dis3olved 
inorganic organic 

6,0 

5,2 

5,2 

2,2 

1,1 

1,9 

3,9 

5,2 

7,7 

7,7 
8,7 

6,7 

5,0 

3,3 
2,5 

1,4 

2,7 

4,5 
6,0 

5,6 

4,2 

3,8 

4,•.: 

0,1 

0,2 

0,1 

0,1 

0,1 

0,1 

0,2 

35,5 
45,3 

48,5 

55,0 
61,7 

61,7 

57,8 
53,8 
52,3 

53,7 

46,7 

46,3 

40,4 

43,4 
42,1 

44,5 

39,5 
52,8 

61,3 

70,2 

60,l 

46,2 

41,3 

4,'.! 

4,6 

4,5 
4,6 

3,2 

4,3 

3,1 

N N 

80,0 

87,7 

86:6 

·rs, 3 

72,3 

• 78,3 
90,2 

97,9 
92,7 

87,7 

80,0 

72,7 

57,6 

36r5 
43,7 

50,0 

72,0 

47,4 

34,9 

10,4 

10,8 

9,4 
10,0 

4,6 

5,1 

5,1 

5,4-
5,4 

5,1 

3,8 

4,0 

4,2 

4~6 

1,1 

0 

0 

o,, 
., ,o 
7,0 

7,0 

0,8 

1.5 
2,4 

2,4 

2,2 

1,7 

1,9 
1,8 

1,9 

3,1 

3.~ 

3,1 

1,0 

1,3 

1,1 

1,0 

0,9 

0,9 

1,0 

PO -P 
4 

0,7 

0,9 

1,1 

1,2 

1,4 

1,3 
1,4 

1,3 

1,0 

0,8 

0,8 

0,9 

1,1 

1,0 

1,1 

1,4 

1,6 

1,6 

1,4 

1,2 

0,9 

0,4 

0,3 

0,1 

0,1 

0,1 

0,1 

0,2 

0,2 

0,2 

Total 
p 

1,0 

1,0 

1,3 

1,4 

1,4 

l,4 

1,5 

1,4 

1,1 

0,9 

0,9 , 

1,0 

1,3 

1,4 
1,6 

2,2 

2,6 

2,8 

2,2 

1,5 

1,1 

0,6 

0,6 

0,1 

0,1 

0,1 

0,2 

0,2 

0.2 I 
0,3 

_1 
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Table Al continueds 

Srunple _Perruneters 

Conduc- Diss, Diss. 
tivity Na X Ca Mg Cl so4 

Tot. COD MB.AS TIC TOC rm:
3

-N N02-N N0
3

-N inorg. org. P0
4
-? Total 

Alk. N N p I 

I Statio~ 1. 
I 1972 October 782 61,3 9,0 52,7 27,7 93 96 161 37,0 i 0,39 3-1,3 11,0 0,4 0,3 2,7 3,4 0,8 0,2 ').2 

November 764 65,0 9,0 52,0 24,3 95 87 152 3G,3 0,45 32,3 11,0 0,2 0,3 2,1 2,6 0,8 0,2 O,? 

Decl:mber 61" ... .::: 42,7 6,7 44,7 17,0 61 75 116 29,7 0,41 24,3 9,7 0,3 0,2 3,0 3,5 0,7 0,1 O,l 

1973 January 652 44,7 7,6 50,7 20,3 62 78 137 25,·: 0,24 ;o,o 9,0 0,2 0,1 2,4 2,8 0,7 0,1 0,1 

Fec,:rUllr.l 583 34,3 6.'( 4~,o 17,0 49 63 127 23,3 0,27 28,'3 9,3 0,3 0,1 2,9 3,3 0,8 0,1 0,1 

I 
:-1arch 619 52,3 7,0 47,0 18,7 78 66 129 25,7 0,19 32,3 12,7 0,4 0,1 2,5 3,0 1,0 O,l 0,2 

April 535 45,3 6,6 42,0 15,0 64 64 112 26,7 0,18 35,7 12,3 0,5 0,1 3,1 3,7 1,2 0,1 0,2 

r<uy 671 63,0 7,7 51,3 20,3 95 89' 130 27,3 0,22 36,6 12,7 0,5 0,1 3,5 4,1 1,5 0,1 0,2 

.J~"!H 808 64,3 3,4 59,0 24,7 95 107 154 22,3 0,23 32,1 :0,3 0,8 0,1 4-,0 4,9 1,B 0,1 0,3 

Jul:>' ')84 79,0 9,3 64,7 28,7 ll'i' 112 1'{2 23,3 0.31 28, 7 l:i.,O l~l 0,1 3,5 4,7 2,") 0,2 Of5 

1, :.2g,1st 1003 00,7 SI ,- .. ,.. ,..,.. ,.. -,"':M .. ,..~ -.n,- ,,,:-, -" r\ '\,"'\ A I\ , "I,\ ,.., .... ",. " " .. " " - ~- " ,. 

:::e-pt.c'llbP ... 1008 86,3 10 ,5 
Octob~r 869 72,3 9,5 54,7 23,0 121 95 151 31.0 0,41 35,3 14,6 1,6 0,2 1,7 3,5 1,5 0,2 0,5 

Novr-:nr,er 768 58,7 8,tt 53,0 20,0 98 00 147 29,0 0,3'3 36,2 14,0 1,7 0,2 1,6 3,5 1,.6 0,2 o, ~5 

December 739 38,7 b,9 52,3 18,3 50 88 135 24,3 0,21 31,1 11,0 1,5 0,2 3,0 4,7 1,9 0,2 0 >: ,., 

1974 January 874 47,3 8,7 60,7 21,3 57 85 173 22,0 0,27 3},3 :L.0,0 l,2 0,5 3,2 4,9 1,8 0,1 0,3 

Febl",mry 913 53,3 9,7 63,0 23,3 62 ea 171 22,0 0,22 28,2 9,7 1,5 0,6 3,5 5,6 1,3 (;,l 0,4 

Station~ 

1972 M.c.rch 1200 94,0 15,a 101.,5 40,5 88 360 92 22,0 0,20 18,0 9,0 19,0 4-,0 30,0 53,0 1,0 0,1 0,1 

Apri 1 1264 84,0 15,G : 95,8 37,3 94 317 119 24,5 0,27 25~0 10,5 18,1 ~.o 25,8 47,9 0,8 0,2 o,~ 
May 1257 85,3 15,5 91,8 35,8 -95 286 131 24,7 0,31 27,3 12,0 17,1 3,5 24,9 45,4 1,4 0,2 0,5 

Ju.vie 1211 90,7 15,2 86,3 35,7 10'.j 233 152 26,3 0,45 28,7 17,7 15,s 2,5 26,9 45,2 2,4 0,4 0,7 

Ji..:ly 1436 119,7 17,1 95,3 37,3 127 241 162 37,3 0,50 27,3 21,3 l'.5,1 1,2 33,1 44,3 3,1 O,c. 0,9 

Aur~st 1602 142,0 19,0 100,7 39,7 150 285 153 41,3 0,55 27,7 20,3 18,7 0,8 44,3 58,8 2,5 0,8 1,0 

September 1892 173,7 25,0 114,0 39,7 173 375 154 42,0 0,60 30,7 18,3 ]3,7 1,9 50,2 50,6 2,4 1,0 1,1 

Octcber 1449 137,3 20,~ 91,iJ 32,3 142 310 12G 32,3 0,G0 2'( ,G 15,0 9,5 210 39,6 51,1 1,9 0,7 0,8 

November 1390 133,0 :19,8 97,7 30,0 134 327 120 36,7 0,69 25,7 15,0 7,'3 3,6 37,2 4B,7 1,8 0 ., 
f I 0,8 

December 984 82,7 12,7 73,7 22,7 92 211 100 39,3 0,59 21,7 11,3 9,2 2,8 24,3 29,5 1,1 0,3 0~4 

Janunry 1159 J.00,7 16,5 8:j,3 26,3 107 249 117 39,0 0,42 23.7 11,3 11,1 3,4 27,2 41,7 0,7 0,4 0,5 

February 1018 79,0 15,0 67,7 22,3 9'1 157 "'.10 :,2.0 0,32 21,7 11,7 6,1 2,2 16,4 24,7 0,7 0,3 0,4 

March 1059 95,0 15,9 70,7 23,7 120 174 110 32,0 0,20 17,2 14,0 7,6 1,9 16,4 25,9 0,9 0,4 0,5 
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7nble Al continued: 

~a.'!lple , . Parameters 

Conduc- Tot. Diss. Dies. 
tivity Na K Ctt 1".g Cl $04 Alk. COD f.f8A3 'I'lC TOC NH

3
-N N02-N rm

3
-N 1norg. org. ro4-P Totel 

N N p 

Station 1 
1 1973 April 1051 92,3 15,8 67,0 21,7 117 175 102 32,3 0,24 20,G 14,0 12,1 2,2 16,7 31,0 0,8 0.5 0 7 , ' 

Mny 1153 111,0 17,1 74,3 25,0 126 235 106 34,0 0,31 24,2 16,0 H·,9 1,9 22,3 40,l 0,8 0,4 0,7 

June 1426 120, 7 19,5 84,0 28,7 13'7 275 127 35,0 0,52 25,7 17.7 23,2 2,0 28,9 54,1 1,7 0,6 0,9 

July 1614 151,7 20,7 90,7 32,0 15'7 301 149 40,0 0,61 30,3 21,7 27,0 1,0 32,8 60,8 2,1 0,8 1,1 

Au;;ust 1757 169,0 22,1 94,3 33,'.) 168 313 165 49,7. 0,68 31,4 23,3 31,8 1,8 31,3 64,7 3,0 1,1 1,7 

September 1820 170,7 ?.2,3 87,7 32,0 179 313 170 57,7 0,55 28,2 22,3 30,0 2,7 ?4,8 57,5 4,2 1,2 2t0 

October 

I 
1611 146,0 20,7 80,0 28,7 155 285 149 55,3 0,54 29,1 1~,7 25,6 3,4 20,0 46,0 3,7 1,0 1,6 

?lov<'!mber l~AO 129,3 19,8 78,0 29,0 137 297 143 48,7 0,55 27,4 15,3 24,3 3,5 12,l ·39,9 5,7 0,8 1,0 

D,~ce::,ber 1415 110,0 17,8 8~,3 30,3 109 293 118 37,3 0,43 20,l 15,0 24,0 3,4 17,l 44,5 3,7 0,5 0,6 

1974 Je.m;ary 15-40 114,0 17,8 92,0 34,3 111 325 146 35,0 0,31 21,2 16,1 26,2 4,2 14,3 44,7 4,2 0,3 0,4 

Fc'.Jrunry 1480 108,3 l'' ~, , ,c;. 8S,3 33,'7 :).08 292 137 40,3 0,38 19,0 17,0 22,5 4,1 14,5 41,l 2,5 0,2 0,3 

3tet,on 5 
19?2 l~arc,;h 800 63,8 11,1 74,8 18,6 69 240 61 28,0 0,20 16,0 6,0 6,0 1-,3 19,7 ,o,o 1,5 0,1 0,3 

.!.pdl 1061 69,9 13,3 83,2 26,2 87 263 · 91 27,0 0,2e n,o 8,0 t.s, G 3,2 22,l 34,0 0,8 0,2 0,3 

!fay 1145 79,3 14,5 84,4 28,9 92 ~54 105 26,7 0,35 24,0 10,3 10,7 2,7 23,7 37,2 1,6 0,2 0,4 

June 1233 93,0 16,1 87,8 36,0 109 240 1~2 25,J 0,45 25,0 17,0 12,9 1,6 32,2 46,6 1,9 0,5 O,E 

July 1462 123,3 18,; 96,7 37,7 131 250 143 38,3 0,53 24,0 21,3 12,2 0,8 42,3 52,3 2,3 0,7 0,8 

August 1'/56 155,3 21,'.) 107,3 40,7 Hi4 318 134 46,; 0,58 23,7 21,3 8,5 0,5 SU,::5 63,0 1,8 0,9 0,9 

Septe:nbe:- I 2092 192,0 27,0 122,3 40,7 188 410 131 53,3 0,64 26,7 19,0 4,.:! 1// 62,5 64,2 10,5 1,0 1,0 

Cctob,?r I J.611 149,0 22,9 98,3 33,0 146 333 121 42,7 0,62 26,3 16,7 2,2 1,8 4G,6 49,3 10,2 0,8 o,e 
November I 1426 134,0 20,9 97,3 29,'7 129 338 113 43,0 0,68 25,3 15,7 6,6 3,6 39,2 49,4 10,2 0,7 0,7 

December 883 72,0 12,2 65,3 ?.0,3 75 200 97 37,3 0,55 19,7 13,7 7,0 2,3 23,0 32,2 0,9 0,3 0,4 

1973 Jun:tnry 1128 ')7,0 l~,,3 78,7 24,3 i04 248 93 ,37,7 0,42 17,7 13,3 7,5 2,7 26,6 36,7 0,9 0,3 0,3 

February 1101 81,7 15,3 69,0 22,0 87 lf~3 91 31,7 0,31 16,0 14,3 3,8 1,5 16,l 21,3 1,0 0,2 0,3 

March 1340 122,0 n,o 87,3 27,3 123 262 87 !34,7 0,32 15,2 15,7 8,'/ 2,2 20,6 31·,5 1 r 0,4 0,5 
I 

, _) 

Aprn I 1259 
114,0 20,2 80,7 24,7 107 258 84 134,0 0,34 18,l 14,0 12,9 2,5 ?.0,2 33,6 1,6 0,5 0,7 

I 
May 1227 123,7 20,6 82,3 26,0 118 282 83 34,7 0,28 16 ~:-s 13,7 17,0 2,0 25,9 44,9 1,3 0,4 0,6 

Juno 1390 126,3 19,e 83,0 27,7 127 203 J.16 34,7 0,41 17,0 14 ,3 21,3 1,'/ 2'7,7 50,7 0,6 0,5 0,7 

July 1592 151,3 21,6 92,0 31,7 15'l 314 134 40,7 0,64 22,2 17t7 26,5 0,9 22,0 49,4 l.,3 c,,e 1,1 
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7nble Al. ccntinued: 

S'emple ·ParrunetorR 

Conduc- Tot. Dias. Dias. 
tivity Na K Cl". Mg Cl so

4 Alk. COD MBAS ·!'IC TOC l~-N N02-N N0,-N inorg. org. P0
4
-P Total 

N N p 

Station 5 
1973 AUt_:'J.St . 1714 164,7 23,9 94,7 32,7 172 311 151 48,3 0,68 24,2 24,2 29,7 1,9 30,3 61,9 1,2 1,0 1,7 

September 1802 175,7 24,7 93,0 31,7 183 338 143 57,0 0,65 24,5 24,5 28,0 2,7 26,2 56,9 7,0 1,1 1,8 
October 1492 139,0 19,0 78,7 26,0 147 273 120 52,7 0,70 26,2 26,2 20,5 3,0 18,8 42,4 10,1 0,8 1,3 
Novi:::nber 1407 121,0 17,4 76,7 2G,O 127 277 114 47,7 0,53 21,0 21,0 17,9 2,9 10,6 31,4 1'7,5 O,'{ 0,8 
December 1220 s·r ,o 14,4 74,7 25,7 91 233 92 34,7 0,59 18,2 18,2 15,6 2,7 14,3 32,6 16,0 Of3 0,4 
January 1410 100,0 16,l 86,3 31,0 101 283 91 32,7 0,60 l.6,0 16,0 16,5 3,2 13,1 32,8 16,l 0,2 0,3 
r'ebruHry 1301 99,0 16,4 82,7 31,3 99 26? 84 I 37,3 0,37 17,J 17,3 16,0 3,1 14,2 33,3 1,5 0,1 0,2 --Sbtion & 

1972 Ma.:rch 1100 80,0 13,4 90,5 34,5 78 300 76 29,0 0,20 15,0 8,0 11,8 ;5,3 25,7 40,8 1,0 0,1 0,1 
April i 1015 66,8 J.1,9 79,3 30,3 78 238 89 I 24,5 0,24 19,0 8,0 6,6 2,1 21,6 30,4 1,0 C,l 0,1 
May 1004 67,5 12,0 75,8 28,8 78 215 94 j 23,7 0,29 20,0 9,7 6,5 1,7 22,1 28,3 1,1- O,l 0,2 
:ur1e 9'19 70,8 12,2 69,0 29,0 8'7 170 106 ; 18,7 O,J9 20,3 13,7 4.9 0,0 17,8 23,5 1,4 0,1 0,3 
Jul:, 1150 92,7 14,1 74,3 31,3 103 182 111 28,0 0,47 19,0 16,7 10,4 0,6 22,0 33,0 1,2 C ., ,, o,, 
Au~ust 13)0 106,3 15,3 79,0 33,7 125 215 113 I 35,7 0,48 20,3 16,0 13,7 0.6 28,0 42,3 0,'1 0,3 C,4 
September 1544 1'33,0 20,3 94,0 35,3 148 305 112 45,0 0,54 22,0 14,7 16,6 l,l 36,~ 54,l 0,5 0,5 o,6 I October 1353 117,0 19,2 es,o 30,7 130 298 103 41,0 0,57 21,7 14,3 12,9 1,9 32,0 46,8 0,9 0,5 O,t3 I 
!fov(>i.!lber 1292 119,0 19,7 90,7 30,0 125 283 94- 40;0 0,65 20,3 14,7 9,5 2,3 27,8 39,6 1,0 0,4 0,7 
D("Cet!i'::>or 825 · G7 ,7 J.2,1 6~ .• 3 20,0 75 153 80 J6,7 0,52 17,0 13,0 4,6 1,6 14,6 20,8 1,1 0,1 0,4 

1973 Jan.:..o.ry 015 66,7 12,5 59,3 21,0 82 132 87 34,C 0,34 17,3 12,3 2,3 1,0 13,8 17,1 1,4 0,1 0,2 
February 675 47,3 10,2 48,3 16,0 59 97 89 28,3 0,26 15,7 12,7 0,6 0,5 10,5 11,'l 1,5 0,1 0,2 
11erch 724 58,0 E,l 54,7 17,3 69 112 94 25,0 0,19 14,8 11,'7• 0,8 C,6 11,9 1:5,3 1,4 0,1 0,2 
April 660 51,7 9,7 49,3 14,3 53 107 86 23,0 0,20 15,:-,; 10,3 3,0 0,8 10,7 14,5 0,9 0,2 0,3 
"fl.1,y TY> 63,0 10,6 S4,3 17,3 68 143 93 23,3 0,25 14,2 10,3 8,1 0,7 14,7 23,4 1,1 0,2 0,3 
Ju"'l.e 1005 . 86,7 13,0 65.0 22,0 98 173 92 ?6,0 0,41 15,1 12,7 12,2 1,0 22,0 34,2 0,8 0,2 0,4 
July 1221 110,0 14 ,8 76,0 27,3 127 ?.08 100 29,'7 o,~7 16,1 16,0 12,9 0,9 26,2 40,0 l',8 0,3 0,6 
Aug•t:Jt 1367 126,0 lG,8 81~7 29,0 143 218 lUJ.. 38,0 0,5l 22,3 19,O 10f9 2,0 27,3 40,2 0,8 0,4 0,9 
Septer~ber 1467 141,3 17,6 80,3 W,7 155 2G5 9'7 44,? 0,61 31,l 23,7 10,3 2,1 22,2 34,6 1,7 0,5 1,0 
October 1161 109,0 14,5 64,3 21,'7 12C 2H 82 43,4 0,53 32,4 21,0 8,1 2,0 15,6 25,7 1,8 o,.~ 0,8 
NoveT.ber 1040 92,0 12,5 59,0 20,3 102 200 83 38,'/ 0,56 26,8 1 9,0 8,5 1,2 e,7 W,4- 1,4 0,3 0,5 
tecei:1l 1er 741 48,) 6,9 413,0 16,3 55 l~G "f3 29,0 0,42 21;1 11,7 5,6 0,9 7,8 14t:1 1 r· ,:.> 0,2 0,3 

1974 Jnnuary 8'/9 59,0 10,1 57,0 20,3 (j6 154 75 26,0 C,37 19,G 10,3 5,5 1,2 8,9 15,6 1,4 0,1 0,2 

I r'c, t r·•ln.:-y 774 61,3 11,4- 5(j,7 21,3 i:3 147 72 31,O 0,25 19,9 10,7 4,6 1,2 8,8 14,6 2,0 0,1 0,3 
...-:'"Y'O'"' ~ -
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Table Al continued: 

:~ample i Paro:,eters 

Conduc- Tot. Diss. Di1:1s. I 
tivity Na K Ca ¥~ Cl so

4 
Alk. I COD MBAS TIC TOC ~-N N02-N N0

3
-N inorg. org. P0

4
-P •rotal i I N N p 

I· I 
I 

i ., .. ,. 
i 

I 3tetion 6A i 
! 
1 15,0 0,4 

I 
1973 April 330 18,0 4,4 30,0 9,0 27 39 88 i 17.0 0,15 14,4 0,4 0,1 1,4 1,9 0,1 0,2 I 

I 
Mtty 435 26,4 4,7 37,0 12,0 4c 48 100 

I 
14 ,5 0,12 12,2 15,0 0,3 0,1 1,8 2,2 0,9 0,1 0,2 l Ju..'lt:t 489 31,0 4,7 40,3 14,0 56 48 113 14,7 0,36 31,1 15,0 0,3 0,1 2,2 2,6 0,9 0,1 0,1 

• I 
I 

I 
15,3 1.0 ! .;uly 580 37,7 4,8 4r:::;~ 7 17,0 70 53 122 15,3 0,41 24,4- C,6 0,1 2,5 3,2 0,1 0,2 

I Augu~t 601 38,3 5,0 47,0 18,0 66 52 124 18,3 0,12 14,3 13,7 0,9 0,1 2,2 3,2 0,7 0,1 0,2 

Scptemlie!" 578 39,0 5,2 39,7 16,3 65 51 1')6 21,7 0,17 17,0 15,7 1,0 0,1 1,4 2,5 0,9 0,1 0,2 

October 455 29,7 4,9 32,7 12,3 47 44 
j 

91 23,7 0,20 20,l 17,0 0,'7 0,1 0,9 1,7 0,9 0,1 0,3 

!iovc::iber 400 26,0 4,4 29,3 10,3 39 43 88 23,0 0,18 18,7 20,3 0,4 0,1 1,6 2,1 1,3 0,1 0,3 
I 

Deceruher 334 16,'7 4,0 30,7 8,7 28 37 es 22,0 0,17 17,4 19.0 0,4 0,1 1,8 2,3 l,? 0,1 0,3 

1974 Jnnuary 411 20,3 4,4 36,3 11,0 36 38 97 18,7 0,14 14,5 18,0 0,3 0,,. 2,0 2,4 1,'7 0,1 O,l 

Februnry 419 21,'l 4,9 38,5 12,3 41 38 98 21,3 0,19 19,8 17,3 0,5 0,L 1,4 2,0 ~-,3 0,1 0,2 

~tetion cl?_ 

I 107-;i; April 226 13,0 4 ,4 29,0 5,0 14 .12 67 24 ,o 0,12 19,4 l0,0 ,),4 0,1 1,5 2,0 0,4 O,l O,l I ., .., 
j }'.tty 340 22,0 5,2 35,0 '7,5 27 50 91 2015 0,14 18,7 10,0 0,3 0,1 0,9 1,3 0,9 O,J. 0,1 

June 384 25,0 5,4 37,7 8,7 32 47 105 19,7 0,12 20,6 9,7 0,2 v,l 0,6 0,9 1,0 O,l 0,1 

July 449 30,3 5,7 39,7 10,3 39 47 119 
1 

10,0 0,12 18,2 9,0 0,2 0,1 0,3 0,6 1,1 C,l 0,1 

Augud 448 29,0 6;2 40,3 10,3 37 39 125 22,7 0,10 17,1 10,7 0,2 O,l 0,3 0,6 1,4 0,1 0,2 

Septeul-er 434 30,3 6,4 34-,3 9,7 38 35 113 27,3 0,15 19,6 13,0 0,3 0,1 0,3 0,7 1,4 0,1 0,2 

October 3~i8 23,7 6,0 30,0 7 ,., 29 32 97 30,3 0,17 20,4 16,0 0,4 0,1 0,5 1,0 1,2 0,1 0,2 

Nove:1ber 306 18,0 4,6 25,3 6,0 23 29 8() 27~3 0,14 22,2 13,7 0,5 0,1 0,6 1,2 1,0 0,1 0,1 

l)eceuber 244 9,7 •h:'.. 25,3 4,7 17 29 69 29,0 0,13 18,3 13,3 0,7 0,1 0,9 1,7 1,1 0,1 0,1 

1974 Jam...ary 292 11,7 4,4 29,3 5,3 21 27 74 25,3 0,12 16,1 11,0 0,5 0,1 0,8 1,4 1,1 0,1 0,1 

February 296 12,7 5.0 30,3 5,7 21 29 76 26,3 0,13 19,2 12,0 0,4 0,1 0,9 1,,t 0,9 0 ., , ... 0,1 

~tation 7 
1972 ApriJ. 888 68,8 12.2 42,6 16,4 61 100 115 28,0 0,30 :s,o 1,0 O,;i 0,7 9,3 10,3 5,1;. 3,5 3.9 

Hay. 824 70,4 12,6 44,3 16,7 65 101 J.08 28,0 0,40 23,5 fl, 5 2,2 0,8 11,5 14,4 3,6 3,6 4,2 

June 872 76,9 13,2 46,2 17,8 71 107 111 29,7 0,57 21,7 13,0 3,8 0,7 13,4 17,8 2,9: 2,8 4,4 

July. 9(.19 76,3 13,8 50,7 18,7 74 118 112 36,7 0,65 20,3 18,7 6,9 0,7 17,6 25,1 1,1 3,0 4,6 

Aueust 1015 85,0 14,5 54,7 20,3 84 139 ll4 44;0 0,70 21,7 lD,3 '7,9 0,7 21,4 30,0 0,9 3,3 4,8 

Septen.ber 1035 91,7 18,3 58,0 20,3 90 lli4 116 40,0 0,63 22,7 1'7 ,3 7,3 0,9 25,2 33,4- 0,8 4,5 4,9 

October 918 89,'! 17,5 54,0 19,0 86 149 113 45,0 0,f>5 22,3 17,0 4,9 1,3 21,6 27,8 1,4 3,9 4,3 

-· -
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Tuble Al continued: 

S!.i.mple-

Conduc
tivi '!:y ?:a. K C1i 

~ta.tion 7 
l';,72 .~ovcmt~r 

D~cember 

1973 J nnuarJ 

F'c brua:ry 

Mnrch 

r-
April 

l•:ay 

.Juno 

July 

Auec-st 

September 

OctobtJr 

November 

Decer:!:>er 

1974 Janv.ary 

February 

Station '/A 

197? May 

June 

,July 

Augua t 

September 

Octoi.)er 

November 

8:53 
665 

71:?. 

660 

656 

615 

624 

755 
8~6 

890 

906 

717 

607 

576 

665 

640 

'(22 

796 
516 

850 

803 

86,3 

59,7 
66,7 

58,7 

69,7 

62,7 

65,7 
·:2,0 

04,0 

90,0 

94,7 
71,0 

57,3 

45,3 

54,3 

58,0 

75,0 

78,5 

8:!.,3 

03,7 

17,9 

12,5 

13,5 
12,6 

13,2 

12,6 

12.3 

13,6 

14,6 

::i..5,6 

16,2 

13,3 

11,3 

9,4 

10,7 

11,9 

14,5 

14,5 

14,3 

14,1 

55,3 
46,7 

47,3 
39,0 

36,7 

34,3 

37,0 

'-1,3 

46,7 

48,7 

47,3 

39,0 

33,0 

36,7 

42,7 

41,7 

36,0 

38,0 

40,7 

42,3 

84,3 15,6 41,0 

?58 82,0 16,6 37,7 

715 80,3 17,5 36,0 

1 December 683 77,3 16,4 35,0 

I 1973 ,fonuary 660 74. 7 15,9 33,0 

! Pebrua:-y 677 '!3,3 15,8 31,3 

l
! __ t-'.11rch 720 74,3 15,5 32,0 

April 763 76,3 15,3 3),7 

May 720 79,3 15,0 36,0 

Me 

18,0 

14,7 

15,3 
12,7 

13,0 

11,7 

13,0 

13,7 

15,7 

16,7 

17,0 

13,7 
11,0 

11,7 

13,0 

14,7 

12,0 

14,0 

14,0 

14,3 
1),0 

12,0 

11,3 
11,0 

11,0 

10,7 

10,'7 

11,0 

12.0 

Cl 

81 

59 
68 

59 
64 

54 
61 

69 
82 

81 

86 

64 

54 

41 

50 

56 

62 

66 

60 

72 

7?. 

68 

64 
61 

53 
58 
62 

67 

n 

304 

135 

90 

97 
79 

'75 

76 

88 

104 

114 

122 

125 

96 

76 

68 

77 

83 

78 
89 

8~ 

93 

95 
85 

74 
66 

62 

61 

60 
1

62 

G3 

Tot. 
.Alk. 

109 
QA 
-"1' 

93 
98 

106 

)1 

96 

116 

129 

123 
110 

97 

93 

82 

86 

87 

117 

128 

135 
146 

150 

146 

142 

131 

1.19 

113 

1n 
l?.2 

12'7 

:tn.rrunetera 

COD 

42,3 

38,3 

37,3 

33,7 
34, 7· 

33,~ 

33,3 

33,0 

35,0 

40,3 

45,7 

43:7 
38,7 

30,3 

27,0 

31,0 

32,0 

36,0 

40,7 

46,7 

49,0 

48,3 

48,7 

48,0 

43,7 
38,7 
36,3 

37,3 

3B,7 

MRAS 

0,70 

0,58 

0,45 

0,43 

0,52 

0,46 

0,47 

0,48 

0,48 

0,56 

0,69 

0,73 

o,·11 

0,78 

0,62 

0,611-

0,70 
o,eo 
0,77 

0,77 

0,71 

O,BJ. 

0,89 

0,88 

0,69 

0,62 

0,82 

0,67 

0,71 

TIC 

21,0 

lb,3 

17,3 

15,3 
14,l 

17,3 

10,7 

18,6 

19,2 

21,l 

2:~. 3 

24 ,t3 

22,7 

24,S 

25,2 

21,8 

22,0 

21,0 

23,3 

27 ,3 

30,0 

29,7 
26,7 

24,0 

20,7 

19,0 

22,l 

20,0 

21,4 

TOC 

16,7 

14,7 

14,7 

H,7 
16,3 

15,3 
14,0 

,13,3 

14,3 

l'( ,3 

20,7 

19,7 

17,3 

13,0 

11,7 

13,7 

18,0 

23,0 

22,0 

21,3 

18,7 

18,3 

19,3 
19,0 

18#7 

rn,, 

,.::3-N 

3,6 

2,6 

1,9 
1,4 

1,4 

'5,7 

4,6 

8,9 

7,4 

7,4 

4,5 
4,6 

3,9 

3,3 

2,5 
2~6 

G,5 
9,1 

10,4 

11,6 

11,1 

9,7 
8,6 

6,6 

3,9 
2,9 

3,2 

5,3 
6,3 

!W
2
-N 

1,5 
1,3 

1,1 

1,0 

1,1 

1,2 

1,0 

0,9 

0,7 

1,3 
1,4 

1,4 

0,8 

1,0 

1,2 

1,2 

0,4 

0,5 
0,6 

0,7 

0,9 

1,2 

1,5 
1,8 

:,8 
J,8 

1,6 

1,3 

1,0 

N03-N 

19,~ 
12,8 

13,8 

10,9 

11,l 

10,'l 

11,l 

12,8 

14,4. 

15,3 

15,9 

11,5 

914 

9,4 
10,1 

9,5 

10,6 

11,2 

11,8 

13,1 

14 ,4 

14,4 

13,7 
12,4 

11,7 

10,9 

)0,3 

10,0 

10,2 

D:los. 
inorg. 

!, 

24,9 
16,7 

16,8 

13,4 

13,5 

15,6 

16,7 

22,6 

22,5 

24,0 

21,8 

17,5 

14,1 

13,7 
13,8 

13,3 

17,5 
13,8 

18,4 

21,0 

22,0 

25,1 

23,6 

20,3 

17,l 

::..5,4 
15,1 

16,6 

lf3,0 

J)ie~. 
erg. 

N 

1,7 

1,3 
1,2 

1,1 
1,2 

0,7 

1,0 

0,7 
0,9 

0,5 

1,4 
1,1 

1,5 

0,9 
1,1 

0,7 

3,3 
2,7 

1,9 

1,0 

0,3 

0,5 

0,5 
0,8 

1,3 

1,4 

1,1 

?04-P 

3,5 
2,0 

2,5 
2,5 

4,2 

3,4 
3,2 

3,9 
4,8 

5,J 
4,4 

3,3 
2,9 

2,1 

2,8 

2,9 

5,6 
4,8 

5,7 

5,9 
7,0 

6,9 
7,1 

7,0 

7,0 

7,0 

6,9 

6,9 

6,6 

To~al 
p 

·-1 
4,0 

2,2 

2,7 
3,0 

4,'1 

3,6 

3,3 

4,4 

5,9 
6,4 

5,6 

3,9 

3,2 

2,3 

3,0 

3,5 

7,0 

7,'7 

7,6 

1,n 

7,9 

8,0 

8,0 

7,6 

7,5 

7,4 

7,3 
7,0 

7,0 
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.Tnble Al continued: 

I 
Semple I l?urametere 

Conduc- Tot. Diss. Diss. 
tivity Na K Ca Mg Cl so

4 Alk. COD MBAS TIC TOC NH3-N 1m2-N r:o
3

-N inorg. org. P04-P T0tnl 
N N p 

I 
.<"3te.tion_~ 

1973 JU!'l'3 763 79,0 15,2 39,7 12,3 70 77 148 40,0 0,85 n,1 - :t0,8 0,8 10,4 22,0 1,0 7 ,'J 1,'1 
July 765 78,3 15,2 40,0 12,3 613 78 154 42,0 0,56 21,8 20,0 10,6 o,s 10,7 22,1 1,0 7,3 8,5 
Augu9t 767 77,7 15,4 39,3 12,0 64 81 156 46.7 0,73 25,6 22,7 10,8 1,1 9,7 21,6 1,0 7,5 9,4 
Se;,tmnbor 769 79,0 15,8 3~,7 11,7 67 'l3 136 50,7 0,68 24,3 25,3 9,1 1,2 9,2 19,4 1,0 7,2 8,9 

Octo b•)r 750 78,7 15,7 31,7 11,3 70 82 127 52,'i 0,65 20,7 24,0 10,0· 1,4 8,2 19,6 1,0 7,1 8,6 

?lovember 734 75,3 15,2 30,7 10,7 70 82 120 49,7 0,69 19,9 20,~ 9,8 1,4 8,0 19,2 0,5 7,1 8,4 

f1eceinber 687 72,3 14,5 31,3 10,'i (.3 79 l.20 43,3 0,71 18,8 18,2 7,3 1,6 9,0 17,9 0,5 6,9 8,1 

1974 Jeu1J6.r'J 680 69,7 14,'7 33,3 11,0 60 69 120 36,3 0,62 22,2 17,l 4 ,8 1,6 8.3 1,1,7 0,5 7,1 8;0 
Fel,ruary 6E::i 69,0 15,2 32,3 11,0 58 6C 119 38,0 0,59 2~i,1 18,3 3,1 1.3 7,4 · 11,8 o,~ 6,7 7,4 

St,._ti0~} 

1972 .March 250 19,4 3,5 26,3 10,0 17 29 110 16,C 0,10 22,0 7,0 0,2 0,1 0,8 1,1 1,1 0,1 0,1 

r\,~l.l 279 15,4 3,5 ~6,8 10,9 16 25 110 15,5 0,38 25,0 7,5 0,2 0,1 1,1 1,3 0,9 0,1 0,1 

'f.n.y 312 15,7 3,4 27,3 11,6 15 23 . 111 14,7 o,~o 23,3 7,8 (,,2 0,1 0,9 1,1 0,7 0,1 0,1 

June 356 15,9 3,4 28,7 13,3 17 23 117 10,3 0,35 23,3 10,0 0,3 0 1,0 1,3 0,4 0,1 O~l 

July 379 19,7 3,3 29,3 15,0 21 27 124 20,0 0,20 23,'l .1..0,3 0,3 0 1,0 1,3 0,3 0,2 0,2 

liU£,"1St 393 23,0 3,2 30,3 16,7 24 30 135 22,3 0,20 28,3 9,3 0~4 0 1,0 1,4 0,4 0,2 0,2 

3opteiber 399 26,3 3,6 32,0 17,7 26 28 149 l 20,0 0,20 32,C 8,7 C,2 0 1,0 1,2 0,7 0,2 0,2 

October 395 26,3 4,0 31,7 16,7 24 24 150 22,0 0,24 33~7 9,3 0,3 0,1 0,7 1,0 0,6 0,1 0,2 

November 356. 23,3 4,2 31,0 14,0 19 24 147 22,3 0,32 28,7 11,0 0,2 0,1 0,7 C,9 0,6 0,2 0,2 

Ducer.ibc:':" 301 18,3 3,4 25,3 10,3 13 25 117 i 25,7 0,28 23,3 10,7 0,4 0,1 0,5 1,0 0,3 0,3 0,4 

1973 January 264 J.5,3 3,3 23,7 s,o 11 2'"' ) 102 : 22,7 0,19 19,0 11,3 0,4 0,1 0,4 0,9 0,5 0,2 0,3 
I 

February 252 14,0 3,5 21,0 6,7 11 .28 77 i 21,0 o, l'i 17,0 12,0 C,6 0,1 0,3 0,9 0 t" , :> o,:;. 0,4 

March 223 12,0 4,1 20,7 G,7 11 27 00 i 15~0 0,14 20,8 10,0 0,5 0,1 0,4 1,0 0,2 0,3 0,3 

Ai:,ril 355 11,0 4,1 18,3 6,7 10 36 62 I 16,0 0,20 22,4 11,1 0,6 O,l 0,4 1,1 0,1 0,3 I), 3 

!-~y 363 12,3 3,6 19,} 7,7 11 31 72 13,3 0,21 26,9 10,0 C,4 0,1 0,4 0,8 0,7 0,2 0,5 
June 430 16,0 ;',O 23,3 9,0 14 3: 79 12,0 0,20 24,2 8,7 o,:;: 0,1 o,:, 0,6 0,9 0,3 0,6 

July 364 21,0 2,9 29,3 11,7 19 28 113 11,3 0,20 24,7 9,0 0,3 0,1 0,3 0,7 1,0 0,4 1,2 

Auguat 402 24,0 3,2 31,3 13,3 23 27 127 14,7 0,20 28,3 10,7 0,4 0,1 0,4 0,8 ::>,3 0,5 1 .7 
I 

I September 427 26,7 3,7 30,3 14,0 2'I 28 130 19,7 0~14 33,4 9,0 0,3 O,l 0,3 0,7 0,7 0,3 1,6 

l October 3G6 23,0 4,3 27,0 12,0 23 30 115 23,0 0,19 35,l 10,7 0 .-, 0,1 0,5 1,0 0,9 0,3 1,1 ,.., 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021

Te~ continued: 

S.1.1.!r.plo parameters 

Conc.uc- Tot. Diss. . Diss: 
tivity Na K Ca ~g Cl so

4 
,Uk. COD }~BAS TIC TOC IDL.5-N N02-N N0rN 'i.norg: org. P04-P Total 

N N p 

- -----
_Stntio~ H 

19·73 .Jun~ 430 16,0 3,0 23,3 9,0 14 31 79 :!.2,0 0,20 24,2 8,7 0,27 0 'I , ... 0,3 0,6 0,9 0,3 0,6 

JulJ 364 21,0 2,9 29,3 11,7 19 28 :13 11,3 0,20 2~,7 9,0 0,3 0,1 0,3 0,7 1,0 C,4 .,'- I 
Aug,J.st 402 24,0 3,2 31,3 JJ,3 23 27 127 14,7 0,20 28,) 10,7 0,4- 0,1 0,4 0,8 0,:, 0,5 1,7 

Sept.ember 427 ':.:.6,7 3,7 30.3 14,0 27 28 no· 19 !Ir{ o, 1,~ 33,4 9,0 0,3 0,1 O,j 0,7 0,7 0,3 1,6 

GctobPr 366 23,0 4,3 27,0 12,0 23 30 115 23,0 0,19 35,1 10,7 0,5 0,1 0,5 0,1 0,9 0,3 1,1 

November 320 17,7 4,3 22~6 9,7 18 33 92 23,7 0,18 31,2 10,7 0,5 0,1 0,? 1,0 0,8 0,2 0,6 

Dt:ce'.llber 275 13,0 4,tt 21,3 8,0 20 34 
l 

78 20,7 o,~s 32.7 10,3 0,6 0,1 0,6 1,3 0,8 0,3 0,8 

I 1:n,: ,fo.nunr.v 2LO 11,'/ 3,9 20,3 7,7 19 30 7•'+ 17,0 0,12 33,6 917 0,5 0,1 0,5 l,O 1,1 0,6 1,3 
I Februnry 264 13,7 4 ? 21,0 8,0 21 40 80 20,3 0,17 2'1,7 11,7 0,8 0,1 1)r8 1,7 1,3 0,9 1,3 ,-

_Sti1tiol'l 9 •. 

1972 r~arch 390 31,8 ?.9 34,7 12,5 35 78 76 16,C 0,10 15,0 7,0 r,'i 1,0 6,5 8,1 1,3 1,0 1,0 

April 551 40,3 9,5 37,8 13,5 46 83 97 23,5 0,38 20,0 11,5 4,0 0,8 6,1 13,Y 1,2 2,3 2,6 
}';ay 622 46,2 l.O?. 42,5 15,3 50 73 98 27,7 0,4~ 20t0 14.0 4,3 o,e 10,4 15,5 l.:j " ') ,.._,_ 2,6 
June 827 63,9 11,9 52,6 21,1 71 99 ior-. 33,3 0,58 20,3 17,0 5,6 0,7 14,6 20,9 1,6 2,5 3.0 
July 982 )5,:J 9,2 48,3 21,0 8b 123 101 39,3 0,5? 18,7 .L6,7 7,1 0,6 20,? 28,4 1,4 2,3 2,6 

August 1215 78,3 11,3 58,7 25,7 114 lSl ~9 ~2,3 0,55 19,3 16,3 9,5 0,5 30,2 40,4 0,9 2,3 2,5 
Sept em be'!" 1294 95,0 14,FJ 63,7 25,7 125 244 101 45,3 0.58 20,0 16,3 10,6 1:1 34,'7 46,3 0,6 2,8 3,1 

October 1078 100,7 16,6' 68,3 28,6 107 220 103 39,7 0,59 19,3 16,'7 6,9 l,2 27,5 35.7 0,9 2,0 2,2 

:ifovcmber 899 87,7 15,9 60,0 22,0 88 174 111 39,0 0,70 20,3 16,3 5,5 1,4 20,2 27,1 0,7 2,2 2,5 

Decem'cer 576 47,7 10,0 41,7 14,3 49 84 100 35,0 0,5G 17,0 14 ,o 3,2 0,9 10,G 14 ,7 0,5 1,1 1,2 

1973 January 612 55,0 10,9 41,3 14 ,c 5) 77 99 41,7 0,'15 18,0 13,7 3,4 0,9 10,9 15,2 0,7 1,8 2,0 

Fcbruar1J 510 39,0 8,7 35,3 11,0 40 54 95 35,0 0,29 i5,7 13,0 1,6 0,6 6,4 8,6 0,8 J,3 1,5 

March 582 52,7 11,l 39,0 12,7 51 69 106 37,0 0,21 11,5 15,0 3,9 0,9 9,3 . 14,1 '),2 2~5 2,8 

April 552 46,3 10,6 37,7 12,0 45 78 93 27,7 0,29 13,0 13,3 5,2 0,8 9,2 15,2 0,3 2,0 2,4 

Muy 637 58,7 11,9 41,7 14,0 57 102 94 30,7 0,41 l'' ,0 12,7 7,1 0,9 12,9 . 20,9 0,6 2,5 2,9 

June 820 70,7 12,7 49,3 16,7 7?. 126 101 34,3 0,57 16,7 14,3 9,6 0,9 16,7 27,2 1,3 2,6 2,8 

July 996 90,7 15,1 57,3 20,0 93 14B 120 39,3 0,43 16,3 17,0 9,9 1,0 20,2 30,1 1,2 3,6 4,0 

August 1030 95,3 16,2 58,3 20,3 94 152 119 45,0 0,::>5 20,4 19,0 9,9 1,4 21,2 32,5 0,9 3,8 4,8 

S,Jpte;Jber 992 96,0 16,9 !j2,7 18,7 95 142 118 47,3 0,62 J9,8 20,7 8,9 1,4 17,7 28,0 0,2 4,2 5,2 
) 

October '790 '(6,3 :;_4,9 44,0 14,7 71 110 104 46,j 0,81 22,3 21, 1) 8,6 1.3 13,1 23,0 0,2 . 3,4 4 •1 I ,_.,. 
.. 
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I 

Tnblo Al continued: 

Sample 

Station 9 
1973 ?:ovember 

Dece:i:ber 

1971\ Jant.:.n.1y 

Febru.11ry 

Station 10 

1972 !".arch 

April 

'fi'.e.y 

JUDI) 

July 

Aug•~9t 

Ser,te:'.lher 

Cctober 

November 

D€cemb~r 

1973 January 

F(?bruary 

r•~=irch 

April 

May 

Jur.e 

July 

Auv,u::it 

Seph·mber 

October· 

November 

4 January 

Februnry 

Conduc-
tivity Na 

668 

560 

613 

G57 

4')0 

569 
620 

779 

887 

1043 

1052 

908 

808 

663 

739 
680 

6:!.0 

534 

568 

754 
912 

927 

911 

728 

636 

594 
701 

770 

62,3 

43,7 

47,0 

45i0 

52,2 

39,3 
48,2 

59,1 
69,0 

83,3 

91,7 

89,3 
o4,0 
62,0 

72,7 
61,0 

61,7 

52,0 

:ill' 0 

72,0 

87,7 

91,0 

93,7 
74.7 
63,3 

47,3 

53,6 

57,7 

K 

12,9 

9,9 
10,2 

10,2 

9,8 

10,3 

10,8 

1~.l 

11,5 
12,8 

15,5 

J.6,3 

16,2 

13,0 

13,5 

12,2 

11,5 
10,4 

10,9 

12,7 

14,6 

15,3 

15,3 
12,3 

10,6 

8,9 

10,9 

11,G 

Ca 

36,7 

35,3 
36,0 

38,0 

39,4 

40,2 

41,8 

47,0 

42,7 

50,r 

54,0 

57,0 
56,0 

48,3 

53,3 
43,3 

3'7,7 
3.!..,3 

22,7 

30,3 

38,0 

49,3 

45,0 
38,7 

33,7 

38,7 
42,3· 

44,3 

Mg 

12,0 

11,0 

12,0 

13,3 

14,4 

14,5 

15,3 
J.7,2 

15,0 

18,0 

19,7 
21,0 

19,0 

14,7 

16,3 

13,7 

12,3 

11,0 

12,3 

14,) 

17,0 

17,3 

16,7 

14,0 

12,0 

12,3 

14,0 

15,0 

Cl 

62 

5J. 
56 
56 

50 
52 

56 
67 

79 

-~8 

102 

88 

76 

58 
67 

63 

61 

51 

54 
41 

' 87 

86 

88 

68 

59 , 

50 
5'7 
60 

so
4 

91 
74 
70 

74 

100 

94-

92 
100 

114 

154 
175 

153 
129 

98 
110 

8S 

73 

70 

81 

101 

116 

121 

118 

97 

78 

85 
100 

105 

Parn!iit3tera 

Tot. 
Alk. COD MF.AS 

101 

92 
106 

102 

'i7 

e4 

68 

99 
105 

98 

9G 

94 

. 99 

94 
1')0 

100 

103 
86 

92 

104 

118 

111 

106 

92 
88 

73 
73 

73 

41,3 
32,0 

27,3 

31,0 

21,0 

23,0 

?.4,0 

23,0 

30,3 

36,7 

45,0 

41,7 

40,3 

33,7 

4?.:J 

37,7 
34,7 

28,7 

30,3 

36,7 
40,7 

4'1,0 

4n '7 
t,' 

45,3 
40,3 

32.3 
28,7 

30,7 

0,64 

0,48 

0,33 

0,31 

0,20 

0,18 

0,28 

0,52 

o,c·; 
0,6'{ 

0,62 

0,63 

0,73 

0,60 

0,54 
0,41 
0 '%'7 •-'· 
0,24 

0,29 

0,48 

0,52 

O,oO 

0,5? 

0,72· 

0,63 

0,54 
0,21 

0,22 

TIC 

18,4 

17 .~:i 

18,7 

15,6 

16,C 

17,0 

17,0 

17,3 

18,~ 

18,0 

18,J 

17,7 
18,() 

16,3 

16,3 

16,3 

18,2 

14,3 

15,1 

17,5 
20,2 

21,6 

20,7 

19,·J 

17 ,B 

14,2 

12,1 

15,3 

TOC 

20,7 

15,3 
12,0 

12,0 

., ,o 
10,5 

12~3 
17 ,3. 

17,3 

l ry '1 ,, . 
16,3 

17,0 

15,3 i 

14,3 

l.:::>,0 

14r0 

12,7 

10,7 
12,0 

15,0 

17,3 

20,0 

20,7 

J.8,7 

15,3 

12,0 

10,3 

12,3 

NIL-N_ NO -N· HO -N 
) : 2 · 3 

8,5 

'i,) 

5,7 

4,9 

0,3 

0,5 

0,9 

2,5 
4,5 
A,5 

3,7 
2.0 

1,7 

~.o 
1,5 
1,4 

0,4-

l,7 

3,2 

7,1 

6,5 
o,l 
3,8 

4,1 

3,3 

2,4 

1,6 

1,4 

0,7 

0,6 

0,8 

0,9 

1,8 

0,8 

l,O 

0,5 

0,5 

0~7 

1,0 

1,4 
1,6 

1,4 

1,0 

0,5 

0.3 
0,5 
0,7 

0,9 

0,7 

1,2 

1,3 

1,4 

1,0 

1,1 

1,0 

0,9 

8,8 

7,7 
8,1 

8,C• 

31,0 

21,9 

19.1 
14,,8 

19,2 

2),8 

28,'{ 

23,6 

19,3 
14,4 

15,4 
12,1 

10,5 

9~4 
11,6 

15,1 

18,8 

19,5 

17,7 

12,8 

8,9 

9,3 

9,8 

9,8 

Diss. Diss. 
inorg. org. 

N N 

18,0 

14,3 
14,6 

13,8 

33,9 
23,5 

21,0 

17,U 

24,1 

31,3 
33,.i 

26,9 

22,5 

17,9 

17,9 

14,0 

11.2 

11,7 

15,5 
23,1 

26,0 

26,8 

22,8 

1g,3 

13,2 

12,8 

12,4 

12,1 

0,3 

0,3 

0,4 
0,6 

1,7 

1,6 

1,6 

1,7 

1,3 

1,3 

1,4 

1,9 
1,7 

1,1 

l.l 

1,1 

1,0 

0,7 

0,5 
0,6 

0,5 

0,7 

l,3 

1,3 
1,8 

1,5 
1,4 

1,5 

P04-P 

3,3 

2,4 

'.5,3 

2,7 

~.6 

2,6 

2.e 
2 ~ ,.., 
3,0 

2,9 

3,9 
3,5 

3,"i 

2,2 

1,9 

1,7 

2,G 

2,3 
2,8 

3 '7 . , 
5,0 
5,~-
5,•1 
4,0 

3,4 
2,4 

3,0 

2,9 

Total 
p 

3,3 
2,8 

3,6 

2,9 

3,1 

3,0 

3,:5 

4,2 

4 ,c. 
4,5 

4,4 

4,3 

4.3 

2,5 

2,0 

l,O 

2,8 

2,4 
2,9 

4,0 

:i,5 
6,4 

6,4 

4,9 

3,8 

2,7 

3,5 

3,4 l: Dece~ber 

____ _L _____________________________________ _ 
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Ta'ble Al continued: 

Smnple :perarnqter 

(:onduc- To:~. Dias. Dies. 
tivity Na K Ca M~ Cl 304 Alk. COD MRo\S TIC TOC ms-N no2-N N0

3
-N inorg. org. P0

4
-P rotal 

N N p 

StR.tion ll.:. 

1972 Y.c.rch 325 8,0 1,2 36,4 23,3 16,0 35.0 155 7,0 0,05 31,0 1,0 0,05 0,05 2,2 2,3 0,5 0.1 0,1 
April 378 7,2 1,0 38,3 24,5 15,5 36,0 157 '7 ,5 0,07 31,5 4,0 U,08 .0,05 2,1 2,4 0,4 P,l .0,1 

May 394 7,~ 1,0 39,5 25,3 15,0 35,0 158 7,3 0,08 32,0 4, 'l 0,08 0,05 2,0 2,1 0,4 0,1 0,1 

' 
Juno 447 8,1 0,9 41 4 27,6 15,7 37,7 .160 10,7 0,17 jO,O 9,3 0,13 0,05 2,2 2,3 0,3 0,1 0,1 

July ~55 9,7 1,0 42,7 27,'7 17,0 39,7 163 10,7· 0,15 30.7 8,3 0,13 . 0,C5 2,8 3,0 0,3 0,1 0,1 

AugU!3t I 4?2 10,3 l,O 43,3 28,0 18,0 41,7 J 56 11,7 0,13 33,0 8,0 0,17 0,05 3,3 3,5 0,2 0,1 0,1 
September I 467 11,7 1,4 44,3 27,7 19,7 40,7 176 10,3 0,08 37,3 5,0 0,13 0,05 3,5 3,7 0,3 0,1 0,1 

i October 462 11,3 1,6 45t0 2n,o ]9,0 38,7 175 10,3 0,11 39,0 6,0 0,13 0,05 3,1 3,3 0,4 0,1 0,1 
I November 458 12,3 1// 47,7 28,3 19,7 H.'7 180 10,7 0,22 38,3 5,7 0~10 0,05 3,1 . 3,2 0,4 0,1 0,1 I 
I Decen:~;er 4~)8 12,0 1,3 48,0 2C,C 19,3 42~3 172 11,7 0,22 39,3 5,3 0,17 o,r)5 2,4 2,6 0,3 0,1 0,1 

I 1973 January 469 12,7 1,4 47,7 28,0 2·2, 7 37,7 175 11,7 0,21 39,3 5,3 t ,17 0,05 2,0 2,2 0,2 0,1 0,1 
Febru.':iry 389 10,7 1,6 35,3 21,0 19,0 25,3 136 10,3 0,19 31,7 5,0 0,27 0,05 1,, 1,5 0,3 0.1 0,1 
March 324 9,3 2,0 30,3 18,0 :6,3 20,3 118 7,7 0,23 33,2 5,8 0,20 0,05 1,5 1,8 0,5 0,1 0,1 

April 238 9,0 3,4 20,3 11,7 11,7 27,7 70 12,3 0,21 31,S 6,7 0,50 0,05 1,5 2,1 0,2 0,2 0,2 

il:ay 318 10,0 3,1 30,3 17,7 15,3 38,0 106 12,7 0,19 33,6 6,0 0,40 0,05 1,8 2,3 1,5 0,2 0,4 
JUile 389 11,7 2,'7 35,0 20,3 17,7 43,7 12!3 12,7 Or25 32,:?. 8,8 0,47 0,05 1,8 2,3 1,0 0,3 0,6 

Zuly 474 11,0 J.,l 44,7 26,7 19,7 43,7 167 8,7 0,21 33,4 8,3 0,33 0,05 2,2 2,6 0,1 0,2 0,9 

A~ust 47') 11,3 1,1 44,3 27,0 20,3 42,7 162 10,0 0,26 33,8 e,2 0,47 0,07 2,0 2,5 0,3 0,3 1,0 

September 482 11,3 1,1 41,0 25,3 21,0 44,'/ 11~3 11,7 0,24 3fi,3 9,7 0,50 0,07 l,'7 2,3 1,0 0,4 1,0 

October 479 12,0 1,3 41,7 24,7 21,7 43,7 144 12,3 0,20 38,2 10,3 0,40 0,07 1,:-s 1,8 0,9 0,4 C,7 

November 476 12,0 1,4 42,0 24,0 21,3 42,7 147 11,7 0,15 39,5 9,9 0,27 0,05 1,1 1,4 0,8 0,3 0,4 

December 430 11,3 1,9 L.-0,0 22,0 14,7 37,7 140 12,0 0,19 35,1 9,4 0,30 0,05 1,4 1,8 0,5 0,1 0,2 

1974 Jan11a.ry 438 10,7 1,9 38,0 21,3 14,3 :56,0 136 11,3 0,17 31,2 7,~- 0,30 0,05 1,4 1,e 0,2 0,3 0,3 
Fabrl..ll..ry 407 11,3 2,3 36,0 20,3 15,0 39,3 121 14,0 0,14 33,2 6,0 0,33 0,10 1,8 2,2 0,5 C.,5 0,6 

Stntion 12 

1972 ?-'.arci1 - - - - .. - - - - - - - - - ·- - - - -
Ai,ril 733 46,8 9,4 43,8 20,2 t,'7,0 77,0 1J 5 25,0 0,20 26,0 5,0 0,60 0,30 10,l 11,0 0,8 2,C 2~0 
!foy 710 ~_;1,9 9,6 45,4 20,l 51,0 88,0 112 23,0 0,35 23,0 8,5 0,60 0,40 11,4 12,4 0,8 2,2 2,J 
June 744 55,3 9,5 46,3 20,7 55,3 92,0 115 23,0 0,43 21,0 13,0 1,40 0,40 12,0 13,8 1,1 2,6 2,7 
Jllly 769 63,0 9,7 49,3 21,7 G3,3 103,0 115 28,3 0,48 19,3 16,0 2,30 0,40 14,9 17,6 1,2 3,1 3,2 

-
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r~;1e Al continued: 

Sa.mp1e 

i'.:ltntion 12 

1972 Aue-unt 

Sept.ember 

Ot:tober 

November 

'December 

1973 January 

Fe::brunry 

}:l\rch 

l pril 

Mny 

June 

July 

Au.gunt 

Septe:1.btr 

Octo'tler 

November 

Deccm'cer 

1974 Jenuary 

::.i'ebruP.ry 

3tation 11 
1r ;,' !forch 

A,;iril 

May 

June 

July 

August 

Septembar 

October 

November 

l:Oecembor 

1973 ,Tnnunr.-J 

~'ebruary 

Conduc-
tivity !la 

845 

83'7 

785 
736 

508 

561 

529 

597 

516 

519 
624 

746 

770 

780 

805 

721 

c50 

608 

595 

490 

554 
572 

664 

649 
647 

580 
576 

'.i62 

564 

570 

594 

71,3 

84,0 

72,0 

'71,3 

42,3 

50,7 

41,;i 

59,7 
52,3 

54,3 

54,3 

67,3 

70,7 
72,7 
70,0 

60,7 

49,3 

42,7 

34,3 

15,2 

13,4 
12,3 

11,9 
12,7 

13,3 
13,3 

12,3 

14,0 

13,0 

12,7 

10,'l 

K 

10,l 

12,2 

11,6 

12,4 

9,5 
10,4 

9,4 

11,3 

10,3 

10,0 

9,6 

10,8 

11,2 

11,5 
11,6 

10,5 

9,1 

8,5 
9,0 

1,4 

1,3 

1,1 

1,1 

l,3 
1,5 

1,8 

1,7 
2,1 

1,7 
1,6 

l,~ 

Ca 

53,0 
57,0 

52,0 

52,0 

38,7 
40,7 

34,0 

38,7 

32,0 

34,7 

38,7 
48,0 

48,3 

45,0 

46,7 

42,3 

43,7 

39.3 
41,0 

57,8 

59,5 
61,3 

62,7 

61,; 

58,3 
57,0 
58,'{ 

63,3 

64,0 

6l,C 

5G,3 

Me 

23,0 

24,3 

21,7 

20,0 

14,0 

14,3 

12,3 

14,7 

12,3 

14,3 

16,0 

20,3 

20,3 

19,7 

18,7 

16,3 

16,0 

15,3 
17,0 

37,2 

39,? 

39,7 

41,3 
41,0 

40,3 

Yt,o 
36,u 

35,3 

37,3 
"51,G 

37,6 

Cl 

74,0 

02;1 

71,7 

65,7 

41,3 

46,'7 

46,0 

56,7 

49,3 
47,3 

53,3 
71,0 

73,3 

74,7 

74,3 

65,7 

60,7 

49,0 

51,3 

27,0 

25,5 

24,0 

24,3 

25,0 

26,0 

24,3 

22~3 

23,0 

23,3 
2'5,3 

23,3 

so4 

119,3 

139,3 

122,6 

108,3 

68,3 

GB,3 

52~5 

64,7 

69,0 

83,7 
89,7 

103,7 

104,3 

105,0 

116,7 

103,0 

92,0 

70,0 

81,3 

18,0 

10.0 

17,3 

17,3 

l'/ ,3 

18,0 

17,'! 

16,7 

10,0 

15,7 
16,3 
16,0 

Tot. 
Alk. 

109 

107 

106 

111 

92 

100 

94 

90 

92 

85 

108 

126 

121 

·102 

97 

91 
88 

102 

124 

294 

Wl 

283 

276 

277 

2'?0 

276 

270 

270 

261 

268 

266 

Fart1.meter3 

. COD 

! 

I 34,3 

I 39,•J 

35,3 
34,7 
31,7 

30,0 

25,0 

26,3 

25,0 

! 26,7 
I 

130,3 

: 3~~.o 
I 

135,3 

37,3 
39,3 

;i5~3 

28,3 

22,::; 

24,5 

5,0 

5,5 
6,0 

7,J 

8,7 

lO,O: 

10,6 

lO,O 

10,0 

10,0 

9,7 
9,0 

MBAS 

0,52 

0,53 

0,55 
o,6a 
0,46 

0,43 
0,34 

0,25 

0,22 

0,31 

0,44 

0,4-9 

0,47 

0,47 

0,52 

0,62 

0,50 

0,50 

0,45 

0,05 

0,10 

0,10 

0,18 

0,18 

0,18 

0,14 

0,23 

0,26 

0,24 

0, 12 

0,14 

TJC 

19,3 
2r1,0 

20,0 

20,0 

17,3 

17,0 

17,3 

22/3 

23,3 
26,7 

30,3 

29r7 

26,3 

?.3,3 

24,5 

23,3 

20,0 

13,0 

18,0 

62,0 

59,0 

60,0 

51,7 

50,3 

5J,7 

61,3 

64,0 

G0,7 

59,0 

59:0 
57, ., 

--·--~---· ·-----------

TOC 

16,7 

15,3 

15,3 
l~~.J 

12,0 

12,7 

13,3 

14,0 

12,0 

11,3 
12,3 

13,3 
15,3 
17,0 

19,3 

16,7 

13,0 

13,3 
10,0 

4,0 

8,0 

7,7 
10,;.; 

14,7 

13,3 
6,3 

7,7 

9,3 
·7 ,3 

5,7 
7,0 

NH~:i;-N 

2.2 

1,~ 

0,3 

0,3 

0,9 

0,8 · 

0,7 

0,1 

1,0 

1,4 

4,1 

3,7 
".t ... 
,/f I 

1~5 

4,1 

3,7 

3,5 
0,5 

0,5 

0,2 

0,2 

0,2 

0,6 

1,0 

1,1 

0,7 

0,3 
0,1 

0~5 
0,5 

0,6 

N02-N 

0,3 

0,5 

0,7 

1,0 

0,8 

0,5 

0,2 

0,2 

0,3 
0,5 
0,6 

o,6 
0,7 

o,o 
1,1 

0,9 

0,7 

0,5 

0,4 

0,1 

0,1 

0,1 

0,1 

0,1 

O,l 

0,1 

0.1 
0,1 

0,1 

0,1 

0,1 

N03-N 

19,4 

23,7 
20,4 

17,7 
10,1 

lC,5 

7,8 

11,1 

10,1 

10,8 

11,0 

10,6 

14,1 

14,4 

14,4 

13,7 

11,9 
12,2 

9;1 

1,2 

1,3 

1,4 

1,7 

2,2 

2,5 
3,2 

2,8 

2,7 

2,2 

1,9 

1,7 

Dies. Difla. 
inorg. org. 

N N 

21,9 

25,4 

21,3 

lY,0 

11,8 

11,8 

8,7 

11,4 

11,4 

12,7 

15,7 
14,2 

18,5 

16,'{ 

18,6 

lf:::,3 

16,9 

13,2 

10,6 

1,5 
1,6 

1,7 
2,4 

3,3 
J, 7 

4,0 

3,2 

2,9 

2,8 

2,5 
2,4 

1,4 
1,5 
1 ~ ,.,, 
1,6 

0,9 
1,0 

1,0 

1,5 

1,1 

1,3 

0,9 

1,0 

0,4 
C,6 

0,6 

0,8 

1,3 

1,7 

2,0 

0,4 

0,4 

0,3 
o,~ 
0,3 

0,2 

0,3 

Cl,2 

0,3 
0,3 

0,3 
0,3 

PO -P 
4 

3,1 
3,3 
2,8 

3,0 

1,7 
1,3 

::.,6 

2,5 
2,, 
2,1 

2,5 

312 

3,5 
3,4 

2,7 

2,4 

1,5 
2,0 

1,5 

u,l 
0,1 

O,l 

0,1 

0,1 

O,l 

0,1 

0,1 

0,1 

0,1 

C,2 

0,2 

Total 
p 

3,2 

3,6 
3,1 

3,3 

1,e 

2,0 

1,9 

2,8 

2,4 

2,3 

2,7 

4~0 

4,9 

4,9 

?i, 7 

2,8 

:i.,9 

2,2 

2,1 

0,1 

0,1 

0,1 

0,1 

0,2 

0,2 

0,2 

0,1 

0,1 

0,1 

0,2 

0,2 
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..:r.n.~J..~ continued: I\ 

Conduc- Tot. Dias. Di~a. 
tivity Fa K Ca Mg Cl so4 Alk. COD MBAS TIC TOC NH -N N02-N N03-N inorg. org. P04-P Totnl 

3 N N p 

I Station 1~ 

I 
1973 Mnrch 553 11,3 1,3 54 ,3 37,7 24 17 ~61 

April 500 14,3 1,8 48.'7 31,3 28 J8 216 
I Moy 474 15,0 1,8 49,3 30,3 26 18 221 

Jtme 519 14,7 1,5 51,0 35,7 27 17 225 
Jul:,• 560 12,0 0,9 58,0 37,3 24 15 263 
August 573 11,3 1,0 57,0 35,7 24 16 250 
~cptember 569 10,3 1,1 51,7 31,3 24 19 230 

! October 608 11,7 1,0 47,3 29,7 23 29 :04 
!lovember 601 12,7 1,1 47,0 29,0 24 27 203 I 

I December 607 15,7 1,4 50,3 32,0 33 24 205 
i 

I I 

I 1974 J&nuary 595 17,3 J.,9 55,0 32,0 37 16 224 I 
I 

Febru!lry 624 I 19,3 2,5, 50,0 28,3 39 22 '200 

I 3 t l1- tic fl. 1..4. 
1972 Murch 460 34,7 6,4 43,5 21,7 39 82 130 

April 536 33,9 6,8 44,0 21,9 40 75 136 
I 

Mn:, 581 38,9 7,3 45,7 22,2 44 70 134 I 

J1c10 692 43,3 7,6 49,2 23,7 49 51 143 
July 761 52,7 8,2 52,3 25,0 56 62 142 

Aueunt 830 62 ,·1 9,1 54,7 25,0 66 85 133 
September 842 74,0 11,3 54,7 21~, 3 73 117 i32 

I October 749 bG,3 11,1 51,0 21,3 66 106 128 
Novemt-~r 700 63,7 11,2 53,0 21,0 60 87 l;,2 

De-:ember 5r,2 45,6 10,2. 46,0 16,3 47 57 114 I 

!973 Jam:nry 582 49,7 10,3 45,J 16,3 47 54 . J.13 

February 543 39,3 9,3 3'7,0 14,3 45 46 108 
March 5'il 45,0 8,7 37,0 15,7 47 53 103 
April 541 42,5 8,5 35,0 15,0 48 51 95 
lfay 575 51,0 9,2 40,0 lA,O 52 72 109 
Jun13 687 60,5 9,8 47,5 21,5 65 98 137 I 

July 731 63,3 10,l 48,? 21,8 
! 

67 97 l'lO '-J 
I Augu13t 733 6:,,0 10,2 49,0 21,8 66 95 122 

Septmnber 754 67,7 11,2 45,0 19,0 69 94 105 
I 
! 

October 734 60,7 10,6., 45,3 20,3 (,7 95 107 ,, 
Novembor 616 51,3 9,3 41,3 18,0 59 Ei5 102 
Dece.:ibe:r 501 3e,o 7,3 41,3 17,3 52 76 104 

1974 Jn..'1uary 568 35,3 7,1 38,7 16,C 45 ie ~jlj 

Februnry 608 3'!,0 7,5 40,0 lti,5 4? 75 a~ ! .,o 
i..: ... , • ' pJ _ ___:j 
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I 
Mar. Apr.· May June July Aug. Sept Oct. Nov. Dec. Ja.n. FE>nr Mti.r. Apr. May Ju.'1e July Aug. Sept Oct. Nov. Dec. Jan. Feb 

Baetis ha-rrisoni 5 i 
. I 

l p F' l 2 p l 2 
Chironomus p p l p H I 10 7 5 6 2 5 4· 3 3 J_ 4 3 
L'hironom.iui 72 31 53 53 42 22 I 31 53 39 33 25 23 20 29 27 :~1 24 6 25 26 56 47 29 23 
Orthocladi:le.e 11 65 46 44 57 78 68 l,4 55 i,2 50 ,~3 56 1,5 34 58 74 88 71 71 40 52 59 61 
IrJti:H:id p 

Collembole. 2 p p p 

Culicic!l!.c 
I p 

Psychodidae p 

Sirr,uliidae 13 3 1 3 p p 1 6 25 1li 24 16 21 34 3 1 8 11 .. 
\ - ·-

Total Nw~ber in Sample 1176 377 259 345 225 276 118341129 324 415 229 395 325 471 223 461 144 i 67 861 163 39'/ 318 '~841193 

r,.,,.-: ~..: 
-~ Porcentage compoE>i tion of t,.1:xa fotL"ld at utation 2 from }:arch 1972 to Febru!!.ry 1974. 

*P = l.eE.e th!,n 0,5% yreaent 
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-· 
1.ar. Apr. May June July Au~. Sept Oct. No,,, Dec. Ja.'1.. r'ebr Mar. Apr Ma.y June July AugJ Sept 

; 
Oct. Nov Dec. J3.n, Feb 

- . 

Baetio hl'.rrisoni 64 71 66 71 23 45 1 2 8 12 10 13 35 !.3 4 p 12 5'i 20 56 61 
Chironomus p 2 1 1 

Chironomini 5 : 1 1 2 8 9 2 2 2 5 p 4 7 2 18 

Ort hoc ladinae 20 8 22 5 10 12 9 58 68 74 75 18 13 17 3 1 23 26 66 39 16 
Tnnypodinae 1 
Dytiscid 1 Hydra 3 p l l 1 p 3 l Ple.naria p 

i:'rostoma p 

Hirudir1':!a. p p 

pl 
2 2 p p 

I 
6 4 : Lj l!l.'1odrilue 1 1 2 p p p 19 

Ilyodrilus p 1 1 2 l p 21 2 

No.is 3 16 10 15 18 32 87 18 J. 4 39 32 84 79 12 13 5 4 
Chactogu.ste1· 3 45 2 p 7 l 48 2 25 1 3 3 2 

Branchi urs. p 

Na.id:idae 2 l 8 4 6 1 ll 11 2- 5 5 3 5 7 8 10 2 1 

Collcmbola p p 1 p 2 1 2 1 2 1 

Oat~ncoda (incl.CY!)ridopaic) p 

Burnupia p p 

Psychotlidae p 2 2 

Rho.gionidae p : 
Sim1.tli ida.e p 2 p p l 

, 
2 .P 1 0 I 

Zygoptera ; p p 1 p 

Anisopt.era p p 
~ 

Total Number in Somple 552 1230 464 500 282 516 7765 755 263 . 61 
\ L 

88 255 512 242 1573 5405 188 139 64 210 187 

. .-,1,t.f 

.l'IG.A2 t Per~entage compo2i tion of taxe. found nt otn-l;ion 3 from ft'~rch 1972 to Februe.ry 1974. 

*P a lea~ ~:-um 0,5% preaent 
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Mar. Apr. Mny June July Aug_. Sept Oct. Nnv. D~c. Jan. Febr Mar. Apr. May J Jne July Aug. Sept Oct. Nov. Dec. Jan. Feb 
-

Bnetis harrisoni 35 57 45 16 9 3 1 17 16 25 32 39 47 5 5 10 1 10 4 4 .19 32 
Cheun:.~topsyche thom.:J.soeti p 

Cltironomus 3 1 l 1 7 p "' 1 p 1 1 l 3 5 5 IC. 

Chironomini 34 9 24 34 115 55 53 18 18 7 l 9 2 7 15 3C 36 15 71 51 18 38 26 26 
0rthor.le.dinae 21 26 16 35 26 32 46 32 78 55 01 48 54 18 9 27 24 61 24 19 72 43 31 20 

Tany-podinae l 

Dytiscid p p 

G;rrinid l 1 

Hydra. p 3 17 p p 

Hir-.idinea p 2 

:I 
1 'p p l 1 l 

I 

'Limnodrilus l 4 p l 7 1 F 2 1 3 1 

Ilyodrilus p 7 p 1 2 p 1 p 2 1 5 

:h1is 2 10 p 2 2 2 p 1 2 ,P 8 
Qhaetogaster 2 7 1 p p 1 19 

Branchiura p 1 

Naidid~e 1 3 p 3 28 3 4 7 2 p 6 4 1 l 1 

Collerubola 2 1 1 4 1 3 
, 

5 
, p 8 l 2 4 ·1 . 

.L 

Cyprid:,p1ia p 

Oth~r Ostncoda p l 

Hurnupia l 
I 

Culicida.e l 

C('ra.topogonidac l 

Psychodjdo.e li !. 2 l 

Tipuli:!ae l 

' Eristalis 

10 I 1 1 p 

Sin:uliida.e l 1 8 1 p J. 1 l 11 7 9 30 33 3 2 l 10 20 

Zy;_;oi;:tcra ' p p 

'- I 

'78"'1··7,Q 284i 202 Total Number in Sample 773 635 7151570 19'7 261 607 317 514 91 795 108 142 1662 i584 19t1 -tv5 156 823 157 .l ,_ .L.,, _, 

j,-ljl,.t' 

.FIG.~ : ?ercentage composition vf tfl.:ta fou.nd at at.1.tion 4 from ::arch 1972 to F!3bt'U8ry 1974. 

* P ,.,. leas that tl,5% pres.mt. 
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Me.r. Apr. May June July Aug. Sept Oct. Nov. Dec. Jnn. Febr ?far. l Apr., May June July A.ug. Sept 0ct. Nov. Dec. Jun. Feb 
-·-

Baetis harrisoni l 9 61 76 23 2 p p 16 39 73 90 57 1 p 2 38 95 
Cent.npt il •.J.m l 

Chc'UI!ll!.topsyche afra 1 1 

Chironorous 5 3 2 l 11 p 3 l l 1 
Chironomini 67 30 12 17 66 81 91 23 18 4 1 3 4 22 27 6 19 2 24 
Orthocla.dina.e 20 55 20 5 9 16 9 77 32 29 11 li 2J1 56 11 7C 91 79 93 28 4 
Dytis:id l I 

Hydrr.i. ? 
I 

l I 
l!irudinea l 2' 

I 

Li!nnodrilus 3 p p 1 3 5 1 6 p p 

Ilyodrilus ,:, 1 I p p p l 6 I 
I 3 1 ,, l 1 1 _, 
I '-

Na.is 1 I i ! 11 8 4 p ? l 

Chnetog~ster l p 13 2 2 3 p 2 

NP.idictae 1 2 p p 4 5 1 3 I 8 

Chaoboru:3 p 

Psych0didae 2 

I 

i 
1 t~imuliidae p 

Zygoptera l I 

Nel!'.B.todea p 

-
Tot&l Nw:~er in Sample 1751 703 26( ) 3'76 225 I 185 1515 278 166 i209 157 105 70 149 52 452 355 896 1235 160 77 

I ! 

\ ,i"yj !. 

,:FIG:A4 PercP.iteg~ com:poaition of taxa found. at statlon 5 from Mtirch 1972 to Febrnry 1974. 

*P = less than 0,5% present 
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MA.r. Apr. May June July Aug. Sept, Oct. Nov.,Dec.
1 

JE'.n. Fe'br Mar. Apr. Hay JurJ.e .:ul.y Aug. Sept Oct. No·~. Dec. Ja.n. Feb 
I ---· 

Ba.etis ll_a.rrisoni 10 22 44 36 56 4 4 41 - 50 10 32 17 8 2 p 20 69 60 6 
Cheunmtopsyche ~fra 7 J. 2 2 3 2 li 1 9 2 1 1 1 17 22 
Chcumatopsyche thoma8eeti 1 p 1 p l 1 l 2 p 

Chi t·onc.mus . -~-. r .. 1 p p 
. . 

Chiron0mini 15 9 3 2 4 6 77 15 5 4 1 2 l 3 22 4 45 
0rthocladinas 56 31 16 3 10 l~ 13 10 33 44 4 28 50 59 93 46 4 6 

Te.~·taraini p 

Tnnypc,din11e 1 

Hyd.:-aenid 1 p p P I 
I 3 5 p 

Jtrd:ra 8 13 13 p p 1 p 2 1 8 

'Plana.ria ? p p p l 2 1 1 p 

I 
I , Pros!:.or.la ... 

lti.?.-uui.;~a. 

I 

1 l' l 1 1 I 

Li:nnodrihtr. 4 ? p p 5 1 1 J. 

Ilyod.r ilus 1 p 3 l p 1 6 1 p 

Nai:; 2 2 10 8 15 ~ 2 l 1 6 12 1 1 1 11 

Cha.r:t.oiastcr 3 34 I Q 13 , 

I 
8 5 6 5 2 2 1 ... 

Bro.nchiura 'P p 1 2 
I I 

1:a.1.dida~ 1 11 1 6 11 61 r 11 1 i 28 6 19 p 1 1 15 
Collembolo. 4 p p l I 1 1 l 

Ootr3coda (incl.Cypridopois) p p l p p l 

I Burnupia l 5 2 l 

Simuli.idae p 3 9 27 p l 1 7 34 lh 38 11 2 p 2 7 5 
Zygoptera. l 

I 

Total Number in Sample 499 1685 355 10441 450 ~231 2025 160 ... ~,., l'-2 71 529 149 203 289 2039 100 290 205 1034 .. ·-
f•/ ;_,l." 

..FIG.A5 Percentage compoai tion of taxa fo~d at station 6 from March 1972 to Februar,:r 1974. 

*? = leaa th&n c,ryf- pre~ent 
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! Mar. Ap:.-. May June July Aug. Sept. Oct. lr~ov. Dec. Jan. !ebr l•fo.r .j Apr .. :L\1a.y June July Aug. Sept Oct. Nov. Dec. Jan.I Feb 

lm•!t.: a hs.rrisoni I 20 34 8 20 :6 
I 

3 4 36 1 35 47 
' I 

1 2 5 Chcu::iatopsyche af'rs ' l 

Che'..1:::1a.topsyche thoinaseti p 

I 
l 2 

Chironomus 2 p 1 1 

Chiror:omini 12 3 3 1 1 2 

Orthocle.dinae 31 36 37 9 2 9 39 45 32 35 
Ta.11Y1-•r,dina.e 1 p 1 

I 
Stenelmis I 

I 
1 

Hydro.~nid 1 2 1 p 1 

Hydre. 

! 
}' p 4 p 

Planaria 5 p 1 p 1 p 1 

Hirudinca 1 1' p 1 1 p 1 3 l 

LimnodriJus ' 3 p p p 3 
Ilyodriln::i p p 1 1 11 

Na.is 1 2 5 31 41 9 1 1 

Chaetogaster ' 10 Ii 2 p 1 1 p 1 4 

Branchiurn p p p 2' 10 

NuidiJac 46 22 48 34 41 48 62 1 32 10 5 

Collembola 
~ 

I 1 

Burnupia p 

Simuliidae 2 1 l 1 p 7 20 2 3 2 

I Total ?hlz,ber in Sample 415 482 823 1311 3014 914 91 445 222 68 133 
I 

~l~i 

.FIG.A6: Percentage compo~ition of tliXe faun~ at station 6A from March 1972 to February 1974. 

*P = lase than 0,5% presert 
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Jun~ July Aug Tsept 
- ·. I I ,--

Mar. A;:,r. May 0kt. NOY Dec. ,Ta!'i Feb1; Mar. Apr. l1ia.y Jun•:. July .\ul> Sept 0kt. Nov-. Lee. Jan.j~e':> 
; i 

! 

I 
r ! . . 

Ba.et is lrn.u isoni l i j 30 P P 1 l 18 1:5 42 

Cheumntof,:Jyche tho:i:asseti I i I p 

Chirono~u:i 

I 
I p I 

Chironcmini I p l 2 l 2 

Orthocladinae _,. 
2 6 1 8 2 56 77 

1 42 
Hydro.enid 

I 
p p 

Hy(lra p p p 1 l 

Pla.na.ric. ? p l p 1 1 2 

Hirudinea I p p p 1 1 1 

Lirnnodrilus I 2 p 

Ilyodl·ilw~ l p 3 p 1 p 

!-ii\! s 76 ' 92 88 89 85 rr 2 5 
Chaet,igas ter 18 1 6 , 

"( 3 1 ! .I. 

I Na.idida.e . '· I 42 2 1 1 ... 1 2 

Ost~acod~ (incl.Cypridopsio) p 2 

Burnupie 12 p p , 
1 4 .,_ 

Simuliidae p p p p 

Tot&l Numbers in Sample i 43 SS4 3034 16S8 1147 4090 651 527 96 

T',11?1! 

FIG.A7 : Percentage compooition of taxn found at station 6B frora Y.nrch 1972 to February 1974. 

*P = leso than 0,5% present 
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Mar. Apr. May I.June July Aug. Sept Oct. Nov. Dec. J.in. Febr Ma._,,- Apr. May I.June July Aug. Sept Oct. Nov. Dec. Jan. F:ebr 

Baetis harrisoni 18 13 41 23 5 15 l 2 p p 2 3 l 27 12 3 L. 
Cheumatopyche afra l 1 4 3 7 l l 2 2 p l p 1 p 
Cheumatopsychc tho~.asseti 9 4 2 3 5 2 3 

18 i 18 5 7 l p p 30 53 
Ecnomus p 

Chironomus p p 3 p p 

Chironomini 24 .6 16 18· 5 2 40 16 10 7 2 l 7 5 lt 23 9 21 11 

Orthocladinae C:3 10 7 16 l li 10 33 9 12 2 7 14 21 15 2 To 17 
Tanytarsini p p p l 

Ta.nypodinae p p 

Stenell'lis p l p p l p 

I D;tiscid p p 
i 

0Jrinid I p p 

Hy~.ra l p 1 2 19 3 p 1 p 1 

Planaria 8 p p 13 2 1 p 3 1 p p p p p p 

Hirudlnea p p 3 l p p p l 

Lirnnodrilu.s 1 p p 4 p 3 9 p 8 2 1 1 1 p 1 

Ilyodrilus p p p l I 4 p p 

Na.is l 5 6 26 26 17 10 5 1 30 26 55 29 4 
Chaetogaster l 1 9 1 1 1 3 16 6 p p 

Branchiu.ra p p 

Nuidid.3.e 8 32 lC 7 22 J6 23 14 6 31 2 l 26 9 6 p :.. l 2 

Colleml,ola p 1 p 1 p I p 

Oatracoda (incl.Cypridopsio) 6 4 6 69 18 
I 

2 8 2 5 10 3 3 75 3 11 3 9 
Bcrnupia. p I p 

Psychodida.e p 

Tc.ba.nidoe p 

Sillluliidee 9 18 4 p p 9 28 8 6 21 3 p p 14 55 14 12 
Hydra.chnellae p 

I 

Total Number in Sru:iple 418 579 516 969 2466 1631 13•) 596 603 901 1056 143 1238 630 1039 1547 4e6 727 1308 

,~,-'l#>• / 

~ : PorcentagJ composition of ta.xa fo'l.lnd at at.atio11 7 fro:!l Mnrch 1972 to }'cbrun:rv 1974. 

*P = leae than o,'51, pre~ent 
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M'l.r. Apr. May 1Ju..11e July A'.lg. Sept. Oct. Nov. Dec. Jan. Fe'br Mar. Apr. May June July I Aug.' Sept net. Nov. Dec. Jan. Feb-:-

~ctis harrisoni 27 25 31 58 40 48 
, 

1 l 5 19 22 I 1~ ~8- 25 8 2 4 
Chewr.atopsyche afra 1 5 2 1 3 p 2 I -
Chel!ltlatopsyche thomasseti .:. 3 1 l l 2 p I 

1 6 
Chironowu.J ,p l• l 1 p p p l l 
Chironominl 39 19 13 :1 6 7 34 

I 

11 8 24 4 16 7 10 5 1 8 29 
Orthocladina.P. 8 2 1 i' 10 1 41 

I 
8 14 14 18 33 4 6 10 1 

Tru:yt ursini l' l 2 F p p p 

Tanypodinae p 

I Stenelmis p 

Ii.;rdruenid p .' I p 

Dytiscii:' I p 

Gyrinid 1 p 

Chryso!llelid r 
Hydra. l p p p 9 ~~8 5 p p 35 
FlanP..ria 

I Hir1.1dine:1 p 2 p p p I 
Lir~nodrilua p 13 1 10 2 1 l p 2 p 2 3 1 2 1 p 3 4 
Hyodrili..s p p 

Na.is p 1 1 1 p 3 1 4 p 

ChA.etog3.::iter p l p p 2 
I 

p 

Brnnchiura l 23 p p p 1 
Naididt-.e 9 24 13 10 30 31 ,~3 33 1 l 1 l 10 I p 2 4 4 
Co llet·,bc. la. 1 p p 2 3 p 1 p 1 1 p p 

0s tracoda ( incl. Cypridopais) 5 20 12 21 13 5 10 p 1 31 21 57 12 18 15 5 4 
Chaoborus ? 

Cerutopcgonida.e p p 

Simuliida'! 13 3 16 1 r 1 3 r L 50 28 23 1 1 45 67 66 8 
Zygopter1.t. p 

-··-

'1'otttl Number in Srunple 818 471 212[ 617 1361 1721 351 51,5 689 903 505 6(-19 227 658 997 1128 2399 261 

;,1~~rt 

Frn.~ l'e:i.·centsga compoei tion of taxa four.,d at station 7A from M'lrch 1972 to February 1974. 

*P = leee than 0,5% present 
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Mar.1 Apr. M11y Jun. Jul. Aue. Si:?pt Oct. Nov. Dec.I Je.n, Feb. Mar. Apr·. Ma,• Jun. Jul. Aug. S<:pt Oct. Nov. Dec. Jan. Feb. 

Daetis harriaoni R 34 6 21 18 1'7 l 7 l p p p 1 l 2 13 1 2 1 

Baeti:3 latu.J 3 5 l 1 1 p 
I 

p p p f p p 2 l 

Baetis quintus 2 
, p .I. p 1 

Afronuru3 4 p p ,,p 

C'lenidan 2 1 p 1 p 
I 

1 G p l' 

I Chorot')rpes 2 p l l 2 
I Centrcrtjlum 1 3 p p 

~ I 
p 1 

Cheumatopnych~ afra 6 13 7 9 1 p 

! p 2 

1 F p p p 

p 8 F 2 1 1 p 1 5 12 

Clioumatopsyche thomauoeti - 8 21 8 12 12 2 p p 16 1 1 p 2 1 9 21 

Hydroptila p p p p p p 

Ecnomus . p p 

Chironomini 9 1 2 1 :1 6 2 

Orthocle.dinae 7 3 2 22 2 16 

18 6 18 2 1 6 1 p 4 1 1 7 

2 12 3 3 33 6 7 13 5 16 14 
I 

'l'anytarsini 1 1 7 10 3 1 2 p p 1 2 I 1 1 3 1 1 

Tnnypodinae p 1 p p 1 p 

Stenel:nis p 1 p 1 4 

Ilydraenid p p p 

Dytiscid p 

Gyrinid p 1 p 1 1 2 

Hydrc. 1 3 p 2 16 p 2 5 
Planaria 3 10 9 11 27 5 8 1 6 p 1 6 4 l 3 p p 14 

Froto3or.ia p 2 

Li:n.noJrilWt p 2 2 p 

Ilyodrilus -
; 

p 2 

Nais 4 2 24 4 3 3 6 .38 ,39 1 2 

Chd.e togas ter 1 1 1 1 p p 4 1 'r p 

Branchiura p p p 6 

Naididae 5 l 4 l 5 1 5 '11 3 p 1 5 
CollP.mbolo 1 1 1 

Oetracoda (incl.Cypridopeis) l p 2 5 18 1 1 1 3 l' I' 3 19 3 p p 5 
Banmria p p p p 1 4 

Psychodidae p 
! 

Ceratc,poeonidae 1 p p p 1 
I 

1 p p p 

Rh.:it:;ionidae p 

Tctanoceridae p 

Simuliidae 37 4 56 4 6 19 56 78 74 26 94 86 43 33 9 43 ~l 62 
Hydrachnellae r 
I'elecypodn 1 1 1 p p p p l 3 
Biomphalaria •P -----
Totnl Nt:inber in Sam;,le 2629 f343 919 48"5 700 1717 713 276 

I 
::io95 I 240 5035 320~ 1?'7; 964 308 196 1541 ?89 126 --
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Mar.I Apr.I May I Jt·.i.l Jul.I Aug.I Sept! Oct.I Nov -1 Dec.I Jan.I Feb.I Mar.I Apr.I May I Jun.I Jul. I Aug. I Sept I Oct. I Nov. I Dec. I Jan. I Feb. 

Baetis harrisoni 

Baetio latus 

Afronurun 

t:aenidae 

Chorop-r:.cr pes 

Ce.ntroptilu.'ll 

Cheuroutopsyche afrn 

Cheuma topf y,:he thomaeseti 

Ecnomu:i 

Chironolllus 
I 

Chironominl 

Orthoclndinaa 

Tanytarsini 

Tanypodine.e 

Stenell'lia 

Hyuraonicl. 

Hydra 

Planaria 

Pro~toma 

B1rudinea 

Linmodrilus 

Ilyodrilue 

Naie 

Chai::~ogaster 

Branchi.ura 

Naididae 

Ostracoda (incl.Cypr~dopsis) 
Burnupia 

Cec"a topogonid::i.e 

Simuliidao 

NE.mato,les 

Total Number in Sample 

,.,.~_ .. ,": 

4 I 35 I 40 
p 

6 1 4 I 13 

32 

5 

l 

25 
6 

p 

20 

r 

4 

3 

r 

10 

2 

3 

20 

3 

p 

l 

2 

p 

p 

20 

6 

p 

5 
27 

3 

l 

5 
I· 

3 

l 

1 

p 

p 

2 

p 

1 

2 

p 

p 

p 

p 

9 

1 

7 

17 

1 

p 

6 

p 

p 

9 
p 

3 

58 
p 

p 

p 

9 I so s51 321 13 
2 8 17 1 
p I' 

r I PI I o 

9 

1 I 1 

r I 1 I p 

1 p 

p 

1 

897 I 711 I 436 j5231 ~L7454l 155C! 1419 

6 

p 

39 
l 

l 

8 

5 

p 

10 

1 

2 

l 

18 

l 

3 

6 

1395! 

2 I 12 

p 

I 
4 j 11 

6 I i; 
I -

I I 
28 j 43 

35 j 11 

1 

5 

3 

11 

2 

4 

' 

1 

p 

2 

19 

1 

2 

2 

p 

p 

p 

p 

4 

1 

r 
p 

37 

15 

1 

p 

p 

p 

2 

p 

13 
2 

3 

9 
p 

225 I 377 I 661 

4 

2 

l 

1 

,1 

21 

p 

p 

F 

4 
p 

p 

p 

4 

4 

p 

p 

p 

61 89 
17 1 

p 

36 l 
p p 

l p 

2 p 

p 

1 

4 

31 

p 

p 

7152 
16 19 

l 

2 

p 

6 I 13111 
46 3 

561 016 
l 10 6 

p 

171815013128~4112791 499 

.FIG.All Porce:-:.tage coJJposition of t,!lxa found at ote.tion 9 from Mlirch 1972 to February 1974. 

*l' = leao than O, ]% vroeent 

3 

? 

p 

26 

25 

p 

1 

6 

22 

1 

p 

15 
p 

1 

2 I 48 

2 

13 

5 
r 

p 

l 

4 
., .. 
4 

3 

2 

3 
p 

58 

1 

1 

l 

17 
.. , 

' 1 

1 

2 

2 

15 
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3 

1 

3J. 

55 

4 

4 

1 

1 

1 
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Mar. Apr. May Jun. Jul. Aug. SEpt Oct. Nev. Dec. J,,l~r. Apr. May Jun. Jul. Aug. Sep1 O.:t. No·1. Dec. Jan. Feb. 

Blletio harrisoni 10 13 33 29 17 4 10 12 9 l 5 "1: fi 21 6 3 9 ~ 

Caenida9 p 

ChoroterpeR p r 
Cheumatopsyche afra 4 4 5 2 3 l 1 2 p 1 p p p p 1 
Cheu.mntopsyche thom&f!tJ,;ti 8 :i..6 '7 5 4 2 2 5 11 3 p 1 p p 2 12 50 51 I 

Ctironomini 5 6 .. 2 2 2 3 ]l ( 0 16 1 4 1 p 2 13 6 2 

Orthocladinae 4 4 2 5 3 13 11 14 32 3 5 15 21 14 15 1 1 4 
Tnnytarsini p p p p 1 2 pl 1 

Stenelmia l 1 p p p p I .. - p p p 2 29 5 10 
Eyt1 ra p p p p p l 2 

Planaria p l ; p , 2 1 2 17 l l l 6 8 12 5 2 .I. 

llir11tlinea p p 3 
Limnodr.Llus p 2 p 8 1 l ? 1 p 2 6 10 lG 
Ilyodrilu<J p l l p p p p 1 l 1 
Nais F 2 1 11 24 72 51 G p 74 .'6190 61 33 "2 5 .,J 

Ghaotoga3tgr p l p 1 9 6 3 p 80 1 ;,3 2 3 2 
Branchiure p p p I p p 

Nai,iidae p 13 p 5 24, 9 11 6 p 10 7 p 6 l 3 12 3 
Os trncot1a( incl. Ct:r;,r J.dopsis p p p p I p p p 1 
Burnupia p p p 

I 
p 5 4 2 

Cera topogonid ao p 

I 6 

Simuliidae 7l 32 47 34 9 f 30 I 49 34 I 3 8 p p 1 11 7 3 
Pelecypoba ! 

I 
p p 

Physopeis 1 

70 1228 
i 

Total lnmber in Sr.mple 4059 1335 1391 18)6 172.+,2446 5207 700 468 1993 1949 312912869 994 5271 325 444 
-

.-,-~~ti 
.F'IG.Al2 Percents.go composition of ~a:::rn fcu.nd at i;,tation 10 fro1J. March 1972 ·to February 1974. 

*, "' leao tha:1 o,5% present 
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Mc,r. Apr. Mny Jun. Jul • .Aug. Sept Oct. Nov. Doc. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept Oct. Nov. Dec. Jan. Feb. 

!!aotie hc.rrieonj 23 31 34 32 35 37 31 3 6 ' 4 7 2 10 18 17 5 ?,O 21 10 1' ., 
Baetli, lnt.u::, 2 1 2 p ? p p l p p p p 1 
lleeti::i ouintiui 1 p 2 9 7 2 
Afronu1·U!! 4 11 4 8 p 2 J 1 1 I 1 9 11 p 1 3 p p 1 l 4 
Ne~rocacnio 4 2 6 9 2 1 F p 3 p I l 3 1 p p p 1 l 
Ce.e:ndae 2 1 2 2 1 3 p 5 l 6 p 1 1 p l 2 2 1 1 6 
Choroter·pes 4 7 2 16 1 8 3 1 1 15 2 12 9 3 4 2 7 2 p 1 3 9 
Cer. troptih:.m p l l l 

Chcu.T.atopsyche nfra 2 1 2 2 l l 5 3 7 6 1 4 3 p 1 6 7 l 8 l 
Cheuz::atopeyche thomaeacti 5 ~ 3 3 l 6 l 7 5 25 8 24 8 5 3 l l 13 8 7 24 46 
Hydroptila 4 6 3 2 1 2 2 l 2 1 5 1 1 1 p p l 2 5 15 5 
EC ... 10:!lllll"t ? p p l 
Amrhip:,y~he 1 l 
Chir,,nomini 1 1 1 ' 13 l 3 5 2 :3 1 1 l p t l 4 l 
Orthocladinae 6 3 2 3 5 5 7 47 2 ' 8 2 48 20 30 8 1 7 21 47 6 10 
Tu1iytRrnini l p p l p 2 1 1 l 3 p p p 1 1 3 
Tunyp1.>din110 p p p p p 3 1 l 

:1 
p p l 

Stenclmi3 1 p p p p 1 I l l p p p p p 

Hy<irttenid p p 

·1 
2 l 1 1 p p 

Dytic.cid l p I p p 

C:yrini1 p p l p p p p I I I p p p l 
I 

I 
I 

Hyd rophi lid l 

Planaria l l l 4 1 3 1 2 4 10 l 2 l 2 2 p l l 2 
Hydra p p p 

L.i.lii!lodrilua p r 1 1 
Ne.ie l 4 10 15 16 1 p p 17 58 73 13 p l 1 .. 

I Chaetogs.2ter l 1 p p 7 1 p p 

Brune hi we. p I l' l 
Naididaq p 5 2 p p p p p 2 l l 
Collcmbolft 

j 
p 

~ I 
p p 

Os lrflcodn ( incl.Cypridopeie) J ;, p p p p p l 
B·..irin1pia p p p 

Ccrutopogonidt\e .- r p p 2 1 p p I p F 
Rhagionidae p p l p l p p 1 2 p p p p 

1 I Tabanidae 1 p l p I Si!:!'.llii<'.ae 43 30 6 32 66 8 50 
, 

37 10 42 14 17 7 52 12 4 4 20 I )7 11 24 8 
Hyrlrachnell ac 1 2 1 F I' l );> 2 

I 

4 p 1 p p l_) l 3 
P1:lecyp0d& p p 2 p 

7.ygopt,~ra p i p 
·-- . 

Total tlumber in Sample 1410 819 2383 9')5 2164 151(1 1711 277 2100 599 ~---- 375 I '~ tj 245 1424 1074 1318 2802 751 55q 300 218 220 -
·-;-11 'if 

£..~f:,Al4 l'erct.ntr.gu compol'liticm of taxi.1 found llt ~t[,tlcn ll frrJm Mnrch 19'1? to 1''olH"lll\ry 1974, 

•p .. l'iU!I tkm O, ')/, pr;:uou t 
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~Ar. Apr. Msy Jun. Jul. Aug. Sept Oct. ?lov. Dec. I J!l.n.l Feb. Mar. Apr. l'o!ay Jun. Jul. Aug. Sept Oct. Rov. Dec. Jan. Feb. 

Baetis harriso:u 10 26 20 20 4 23 6 p 41 p 6 6 14 9 11 l2 13 2 17 10 

Afror.urus p I 
I 

p I 
Choroterpes p p p 

CaeniJa-: p 

Cen troptil um l r 
Cheumatop3yche afra 10 9 9 7 2 2 5 3 13 1 9 2 2 p p p 3 5 5 J 
Cheumatopsycha thc~aeeti 1'1 5 19 14 4 3 6 14 l.'7 12 21 13 3 2 1 1 9 7 30 43 
Ilyc!ropti.la 10 l I Pl p l p l I r 2 6 

I - I 
Ecnomu.:J pl p p l l' p 

Amph1'psyche 2 :, 
Chirono!llini 

I 

l p 1 2 l 5 6 7 16 3 2 2 3 2 1 22 3 16 8 

Orthocladinae 12 15 3 6 l 10 l1 15 15 · 30 16 6 8 15 6 10 2'5 6 9 4 
T,mytarsini F p p rl p p 2 3 1 2 

;:'any,1Jodin9.e p , 
1 I l p 1 ... 

2 I Stene::.u.ia 4 p 1 p l 1 6 1 11 2 2 l ? 19 7 
Hyur'.ienid 7 3 p p I p .p 

Dyti::;cid p 

Hydra - p 1 p p p 

Fla:,arir. 81 2 8· < 7 9 29 4 10 1 2 3 3 5 5 5 11 15 10 6 
! 

Hin1dini>r;1, p p .P 

Limnodrilu:.t 2 2 4 6 l 5 2 1 3 4 p 3 2 p 6 

Ilycdrilu!l 1 1 1 F 2 p p 2 '.; 1 :; p p p p 9 p 

Na.is 1 1 7 3 37 30 :, '. 6 f p 1 46 62 43 10 l 
Chaetcga::iter 1 4 2 p p 1 3 3 p l 

Brti.nchiura 1 p p p 1 1 Tl p l p 

Naididae 2 p 11 27 31 16 2 p 2 4 2 4 13 5 4 2 p 13 2 l 
Colleubola p 1 l 

Ostr!\coda (incl.Cypri.do-;,sie) p p p 

Burnupia p l p 2 p 

' l 1 l 2 p p l 4 2 

Culicidae p p 

Ceratopogonidae p 

Rhagionidao 
' 

p I 
Simuliidae 18 41 12 5 p 2 7 53 23 25 19 55 42 5 5 24 4 2 p 2 

Pelecy!)oda 4 p l p 1 12 p p p f 
p I p 6 p 

~1.£ opt e ni l p 

T,)tu l Number :in Srunple 29H3 1 '739 1382 ~1:,2 56',2 282[~ 911 911 1343 455 257 12Jl 1441 1612 1297 3664 .1.005 162[ ;_,~ 382 

f ,•);-"" L ~ 

-~ Por1.:ont1;1,:u cor:1position of taxt1. found at otation 12 frolll ~:arch 1972 to :F't•Lr-uhry )974. 

*1' :r. 101.1;., itmn 0,5% ill'O:.Jont 
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!-'.ar. Apr. May Jun. Jul. Aug. Sept Oct. nov. Dec. Jan. F".lb, 1"J.1r. Ar,r. Msy Jun. Jul. Aug. Sept Oct. Nov. Dec. Jan. Feb. 

Baetie h~rriaoni 25 12 10 16 17 77 25 4 2 3 1 5 4 12 p p 2 

Baetis latus 4 !' 1 p p p l l 1 l 4 l 4 

Caonidae p f l l 1 2 5 1 p 6 p l 1 2 

Choroterp~s p l' r 3 l 4 p p 4 

Cen troptilu111 .P p l } 2 

Cheumntorsyche afra p r p p l 2 2 3 F p E 

Chematopsyche tholl\asseti 3 7 6 5 4 1 36 21 36 30 22 20 l 1 1 2 l -~ 

Pl 1 p 1 I p l l 3 4 1 F p 1 1 
, 

Eydro!,tila 1 5 3 "'; 
-~- ... 

l 
-· - ---

Ecno:.1us I l 

.Ar phi p:iyche I 1' 2 

l: I 
I 

ChironorJini 1 l p 5 50 2 I p 1 6 2 2 2 18 9 31 17 
Ort.;10cladinr..e 4 9 9 14 62 7 22 11 20 2S 40 42 24 28 30 43 44 32 29 35 
'I'anytar:Jini l r• l p 10 p 10 19 5 4 4 6 9 4 
'l'anypodinno I 2 ] 2 1 I p 2 l l 2 10 
Sti:r•ela:is r r p 1 i 1 p 

Rydrltenid l 1 5 p 1 ' ? I 15 8 9 r p 

Gyrimd p p p l 3 1 p p p 

Jlydropholid 1 l 
I 

lly,ira 

l-'lanaria p l 1 2 1 2 5 8 12 17 L' l 2 6 l 4 5 1 2 
Limnodrilus ]. :, 1 p 

IlyodriJ 1.1.S p 

Nais p p 1 1 1 1 l 1 2 36 22 23 6 7 11 6 
Cht.tJtogD.Ot'.!:"' I' 1 10 2 1 
Naididue 1 1 I' l' l l 9 4 6 3 n 12 14 
Collcmbob p p 

Ostraco<la (inol.Cypr.idopeia) p p p p 4 1 1 l p .P l l 
.Buroupia p p l 2 1 1 1 I l l 
Culicidee 1 
Psychodidae p 1 
Cerutopogor..idae p l l l 1 1 1 p 2 1 r- l l 
Rhagioniu.ae l 

Tirulidae 
\ 

p l 

Simuliidee 60 60 66 64 62 p 10 7 10 27 5 39 I 25· 12 8 6 1 1 3 l 2 

I!ydrachnelloe l 1 1 l 10 p 1 1 2 I 1 6 4 p 8 6 12 16 l 4 
PelecypodFi p p l 1 1 1 l 7, p p l 2 
Anhioptera p r p 

Total !lumber in Sample 'Q797 1257 1102 l 12(, HOD 313 ~473 2'79 2(,(, '>31 227 184 2~1 14:"l 101 2031 5Cll 206 599 519 210 52 

-;- .; :', I 
£11Q..j.l(, Pt,rcc:mtngu ,;ompo[1.i. tion of taxn founu ~t; otation 13 from March 1972 to F'd,r-uary 1974. •r .. lust! thRn O,:/J, r,rtwont 
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Mar. Apr. Mu.y June July A;,ig. Sept Oct. Nov. Dec.j Jnn. Febr Mar. ,\pr. May June July Aug. Sept Oct. Nov. Dec. Jan. Feb 

Beetis hl'\..---:-isor.i 28 36 61 50 2~ 7 16' 12 1 I l 1 5 18 6 10 12 11 6 9 3 

Ba~t.i3 lotu3 8 l 4 p p i I 
p p 

he 1. is cr:in':.i:J p I 
l ! 

ca,:uidae p ? 

Choroterpes ! l l j 
I p 

Ceutront il Wil 
I 
I I p 

Cheumat;,psy..:i1c e.fra l 2 2 " 1 l l- ' 2 4 ., I l l F p 2 16 ll 6 .. .. 
C!:,:u.mat.opsy;:he tho!!lasetti 31 28 23 7 6 4 3 16 53 ~9 21 5 7 l 2 l 18 14 28 50 

Hy:fr..iptila l' p I 1 1 p p l I 
E\!onowur, r p l p p p l 8 

Chironomini h 3 l p p l l 9 l. 9 19 l 3 2 p 23 25 5 5 
Ortho.::ladinae l 4 i 4 2 3 l 9 15 19 49 28 7 10 51, 14 20 13 18 29 5 
'l'tt!:;,·'t ar s i a i. l p p p 1 l l p 6 5 p p l 1 

'l'6..'1y,.01inae ., 
i 1 2 i r l .J 

.:>wt:n,:jinis p Pl p fl 2 l i p 2 2 

Hy.!raenid ' I p p p p p p 
! I ' D-;tiscid p 

Hydropholid L p 

Chrysomelid p 

P.j'dra p p p p 2' l 

Planu.riu p p 1 p l 7 p p 7 l l 

Hirudinea p I I 1 

Limnou.rilus p l p p 5 l 

Ilyodrilus p p p 

Ni..is p l 15 42 68 60 l 15 67 55 7 l 1 l 

Cl,aetognster 2 p p 8 3 l .. 
Dranchiura p p 

NaidiJae l 7 16 5 2 l p p 2 p 2 2 

Collembola p p r p 

Os~racoda (inol.C)'pTidopeis) p p 1 p p l 

Bu.rnupia l p p p 3 13 16 17 
Cul.icidae p 

Psychodidue ' p 

Ceratopogonid~e p 

Rhagicnidae p p 

Sii::uliidae 22 25 3 23 14 2 4 30 ~2 l 25 80 57 4 2 ll F 3 3 
I 

!Jy1rachn..:J)ao '· 
p p p p p 1 p I' J> 

Pelecypoda p p ? 4 
Z;;goptr..,ti. p 

I 
p p p 

l'hy,;opsis p p 2 I p 

Li0mphalaria p 
-· - --

To ta l :;umb"r in Sl\lllple 2151 lOHi 459 1317 "?{.fi 2777 5721 622 845 2ltl 433 ~52(, 65() ~~0-~~- 3006 665 -15':5 388 109 --~- '-- --
.. ' ·~ 

.'iifo:AJ .. 1 rerc:,~ntaf~o co1~pc,11ition of l,1n1 fo1.wl ct ut•1tion 14 .:'.:"0111 !farch 1Tf2 to J.'(lbt.,mry 1')'/4. 

•p ,. lt.:,;) th·,11 o.r,/, Jll"IIIHH}t 
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Figure A4: Monthly B.I.V. for sampling stations 10, 11, 12 and 13. 
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Figure A5: Monthly J3.I.V. for samplins st&tion J.4. 
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