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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. 
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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 



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

- 238 -

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. 
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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 
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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-------

Staticn 2 

1972 r~ar~h 

April 

;,:e.y 

Jm1e 

.July 

Au~ust 

September 

October 

?;overr.ber 

!Jecexter 

1973 Jar,unry 

FetiruarJ 

MsrcrL 

April 

r'.ay 

J"une 

July 

A~u~t 

:Je:;,tEmbe:r 

October 

November 

Deceir.ber 

1974 January 

F'Ab··uary 

Station 3 
1972 Xa:·ch 

April 

!>1ay 

Jun,j 

July 

August 

Se_p'.;e:nber 

C::onduc
tivity 

1819 

1797 

1965 
2098 

·2299 

2245 

2199 

2016 

1910 

1744 

174 l 

1567 

1585 

1:iG5 
1811 

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 

K 

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 

187 

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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:~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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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 ,.., 
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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. 



D
igitised by the D

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

ation, U
niversity of Pretoria, 2021

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 

4 

3 

1 

3J. 

55 

4 

4 

1 

1 

1 

10041 70~! 1391 151 
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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 



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

. :-,,~~~H!':~!:t 1;c~JJ.J~H 
::Tt~ :J/ ~ §~ 

~~ 

--..... 
oo 

~§ 

...... 
~~ 

~c, ~ :;-=-=-;"=~---;= ... ~-.,.;=;=7 .. ~7-;:-~=r=.=."·1==.=1 tai,f.;~==,=>· jj~f11~~~1:~,.~,~~~.=-;=;.7 • 

I ··',I· ·J···• I ...•. · .·2Bf=. 

• -~-- ;'.::.J ·~ i' -I'" -· :~-f :~= .::· .... · ~-.::i·· ----· 1 - · -· · , .. :. I:·::. ·I·.: • . r r ~- 1~;t;:,;-1 .• ,. F •• ii :. :: 
~ .. -! : ·•••••.•• :."( I - - : • • ! · :»a 

:" 1 ,~!·(' 2 
·: 1~ tsJ ·' _:: ~ 

I I ·::I.:· :- ... .. -

l - " 
I m ~: > 

('J 

... 
<I! 
r-1 

01 
s::: 
0 

.,-j 

+-' 
ctl 
.µ 
C'l 

H 



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

. 

r, . ·.--s I · 1 I • ' ' i .. I ' 'I . I: •·. I • I I·· . · I .· t . I -- li 

o~ml~rt•;·· i:J•1-:~~t~~ b~7D·::-•r•·•·•.'·•·'.•••:.1~.t•··•~•~: ·_ 
, : .. : :+' · 1 .. 1 1 - : - · · i ~,; J 1 1 , · : ... , 1 • , • 1 , , ~ d 

:~;o I ~~=;=·►-·=-=-=-=-=~=-=-=-=~==-.=--~--=~~~==~~~~~37--
-f I ... ·:~7·=1 ,-·'- I•.·::! ,t~tr: J ~: _I : +:·~cl~;~J:?~:~~·~ 

I ... I ... I ... I . 11 • . I . -I ·= ., =•= F· F .. ' .. -1 - ; I • ~ 

i 
• I'~ 

~---~--__; . ·. -~ /. -~ -- --- . . 

! I • ! I i 
-·--'- -~-1--

: i ! 

r:--· ... I 
.. 

.. ... ... < 
~ a 

. 
H 



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

-··--1 

!ir:~;~·""'"T~L~:·~:~~i~~~~c: __ u l. :· __ yf::J~+~;~:=F~:~:~p~ln 
t~ -~ • • • · • .i 

1 
_ _ : · : : r , : -- , - · § ~ . . . . •. --- -- ·-- I . . L i I • I I 

:; --+-·; ···;-~tiDl-' tt :: 
.-. :,· ,:• . . T- --- , . _ _>--·~ : : ~-'- -- ~---"'-·---~ ,_,_ 

i> . .. t 
1

//ll i tl!EO:! : __ -- :: I ! ~;:,::.>~'.1-=l . I .:--·--· 

r . _ _:> ::-;: :-;;;:f :--,;; I ) J_ 1 • . .:~---~ 

; -.. : . , Jtr;;:;;
1 

:--,-:- , . 

1

::: 11 '-.. ----:.J __ :------~ __ i , i 
I• . ; i; I·· ITs7--...;.::..,: __ c_::_i - -- . ~ • -;···-'·-· •• 
' .· .: ~ :'..:L~ I : I .- f ·: i . . [ ~. I ... '-,, -• . -.;.. . !_ ' ,. ; -· ~ .: .. :· ~?rt·:-.. ~-·-·T7f·_•·~-• 1: .. :_~ .. --__ --- ·----.:.._ :~·-r--:--:- ~~ 
;.:; -- --- ~ ---~~:~-- : : ~ .. 

0 

-T-~f~t~--C,-1 ___ ~~=-;cl ~ ::_•c ___ ._ .. ~~~~ '.::~ t~ ::;~ _.=. •ci~---- ai _.; > ,--.,.--- -;;---- I ~ ~ ~ 

r;;--,;-

(:!"I 
:t' 

~~ 

~~ 

~i 

•• I 
ES. i -~-~~~!-...:... i 

i. 

~~ 

...... 
;!:! 

i. 
I. 

Si 

---;::----.;--..;-~~~~~~-~- I ... . ... ... ::! . o;,s~ i ~ . ' =_ .. /I . ... :<{':':~::I.·.· 

to;~,: 

m 
•d 
~ 
m 

co 

r--

H . 
p:::i 



D
igitised by the D

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

ation, U
niversity of Pretoria, 2021

a. 
I. 
Y. 

. ' 

• ~, · -· -·· - . • STATION :o I . ! . I - I .. -•1 · ·- - . ·- -. - .. 
j··-·-~----.: .. ··· - . ·.·: ~-:--i--1·--·1;·····1; __ ,~~-·- 1

·-· 

I . -:"-... . ............ · ! I 1 : . · · : · : : · . 1 .,. I ... •• •• . . . . . I . . .. . : :· . 
---· -·- __ _: • .,•. ~·. ~ .... .I. .. : .I . I · .· 1.: : : [ ...... I 

.. ·I .. tf.. I ; .. . . -·=- ·- ·--- ---· ·---··-.:....;. ·-· I .. ,. ! \. ! ·: 1! .:: • I . ; :.: . =Ii . ··I 

-·---~-t-.:_t--· . ·~!·- _i •• -~\f-·-..!-~ . . . i '-·-+µ~ 
I I .. { . i ' I· . . . : I: I ,,-m-=---: --··'. : ~- J__ . !· , ! .. I _ _..,,,. t\. I ,~---~ I ·-:· -·-:--:-·~----l 

I I I·· :.,· ..... --....;/ ::•.:!: I · , . . • . , : • · ,- .... . I 1·· , . ·• •.. 

,1 ·-1.-·-: : ·--·1-··~· .: .. :. I ·== . . ! .. :.! ,•· :-,>~~. T .:·---~ .... =. __ f~. ~L=. ~-.I 
; : I . ' I • . I . ;:.· .. ·:I=.: I I I:· . := ·i. I I . : ••• ·:. •• ' 

.. -~=,:=r,.,:1=-,::·:, ~ r:~T-~~-:~, -~r~ -=f~ -,.iLJ 
: '. 1 I : 1 . ,· .. ·1 I·· I . · L:_ :•ii\:; I 

·-·-1···--
1

1 - -!-
1

1. .......... : ... , ... ~. !·- ~)······ j ···- t--- -·--t· .... J.L.~ 
i • I : I ; ! ·. 1\ : ;· ; i 

~: 'I -,·-. r--·:·· r . : . ---t-'TIONSr" ·. I . ·-: r. 

v I • . j 
··-1-. _!. - . ········~·- -·'··: -·~ -- L. :· : 

· I ' J. . l 1·· ; ! . . . . . 
····;.:• .. I[. •·l•·•"j. ·1 .. ::·1·· .. 11· ·;•: ·.:·· .... ·•:· 

11·--l : i - L: :: :·_:. : j. :·•: '.. : 1--= . : :; .. :_=: ·•. ::. ·:::.:: .. I"; I I 
:. =1 ;. .. ;· l · . , ... ::. I ... :.. ... ; .. : .. :.; , ..... ;, .. ;, ;: .. TI· 

___ -/,~~--r-. .[)_ . -J__ : .· :· : : : ;J 

~ 
I\ I .':'. I I . '·. 

' . . ,· ,·' . ' . 
I : • \ ' ! , \ t • I ---, ·~----~ ,-- -, '-·-·,-· -·-·---- ··---1---

. ,/ : \.: .... , .,/ I ... I :,...-i··• ... __ ' I .') /+:; ·: : I ·::; I 
/·· - ·1·· 1·· - \- : '. :'-1--, ·-···-1!_:_ .. ~-!--=--: . : : I ' I . . . . . :·. I 

. . I -·1 . ! ... '·- ; ! --· ! ..... \/ ._: l ····7--~ --· 1--- .~.:-;.~-+--~· 
............. 1_..... I ; . '! ' . : I I 

...... . ! : 
~ 

. .. i ::=·j ~--r-:·. 

··')li 

"' 2-x 2~ 2-,:; 2'117 :,,u, ?en 2~'10 .am :,-i2 IYl 1'12 "~211 t-l I "' ;y4 11.;5 2,; 277 3111 2111, ;,;,·1') 12m '!l'12 l\i 
!tJ) 11'4 1615 li,4 ~7 1111 "" J(,/10 15;11 1111: 1711 12 !Sill, •···i 1.:l 11/4 16/S ,,,s 2C:7 21,1 ten ,o/10 mn 11/12 17/1 

• OA,~ O;,T£S 

IS/2 '972/lC-) 
/2 IS7J/4(••·i 

~ 
·. · ·· ·!.'I' --1- ·••·--I·-- · · ·,'I"·:.:. •·:: ·j ·: :::: 1:· .. :.· 

I - --••-. -.-. r~_;--- i \ 1. ·:;·II• :; .• '. 1::: : I' . ; . ' ;; ; . : ... 

l . · · , ,. Y -._ . , --··1-- --, -+ - · " 
sj- :~Jr~-r-- r· -r-:p~ .: ; ! • ' 

.... .. . : .:.... ~: -~ -·. ·-:- ' ;-c•· -;;:c.: ·',;__ • : : .. : . i; [ .. ,-..:.- •-· --· r:- ,. I • .. ,. I · ·· , • i ·[.r ·· · , · ' · · . 

I . Ml 1111 11/2 1,71'4(•-- ➔ n, .- ... , 22111 11112 1711 4 0 2~ 271 277 l~ l&'t 16110 \~I 
I~ ~~ l6/S lloli »'7 
OATES 

..... ~..-.......·,... -~•!"nP• ~ .... -,,.~ 
,: ' I I ; . ! . ·• ' . I : 
8 l .... ·r·· . . . i·.·-""'.'"·• _ . ,S·T:A-:!Clf\'S.. ·• •,1:A 
V I ... : . : ; . I 

~ i1·--,,·-·. /1·-, I .· ·1'•·.· .. ··:· .Jl•:. 
• : ~ ! 

; . : I : : : • I . : : I : : . ~ 
.. ::;· ::;;. ,.: '·.:::::' 

.• ·. "·• :::: 1=;:.: 

,1.•=---1-1· 1 .. r.~.~~.

1 

... 7 ~ I 
. tEl iJ .£ _L;~-•-

1
L __ :r :~ s 

1 

::: ~r gr :r:::: : 
1 

91) 2'714 24~ 21'5 
16/J !71' I~ It" 
OA!ES 

27'1 
'Xll7 

)\,1 
211, 

211') , .... 2&/ll 
\V.O 

wa 
\Val 

191'.2 
\1112 

IY. 
1711 

1'/l 
12 :~;tf l::::J 

Figure A4: Monthly B.I.V. for sampling stations 10, 11, 12 and 13. 
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