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S~1ARY. 

This report cont!'ins the results of some ecologicRl!'Jnd syste­

mp.tic studies on the di~toms from the Va~l Dam catchment ~rea in the 

Transvaal~ and the Bloukrans River in the Eastern Cape Province. 

In Part 1 the effects of high concentr~tions of nitrogen were 

studied in relation to the composition of the dietom associations. 

Water samples from four stations on the Bloukrans River were analysed 

chemically at certain intervals during the months of April and August 

1967. Di2tom samples collected from these stations at the beginning 

and end of each of these sampling periods were subjected to a 

"Thomasson AnRlysis" to determine the relative densities of the 

various species in the diatom associations. A statistical analysis 

of the results reflected a poor but positive correlption between the 

two variables, i.e. high numbers of nitrogen heterotrophic Nitzschiae 

IrJere correlated with high concentr~tions of nitrogen, while low 

numbers were correlated with low concentrRtions. 

P2rt 2 presents the results of the ecologic8l studies on the 

diatom associations of the Vaal Dam Catchment Are2.. In this section 

the diatom associ2tions from each sampling point or stntion were 

subjected to a "Thom2sson Analysis" to determine the relative 

densities of the different species in the associations. Employing 

already knovm correlations between environment and association, 

the results of this analysis were discussed and the ecological 

conditions for each sampling station were assessed. The associations 

were similar in composition over the entire catchment area, and 

indicated on the vmole water of good quality. Points of pollution 

were detected, but were generally locplised and the effects of the 

pollution were soon removed. Only the \IJp,terval River shmved 

evidence of more constant pollution. The ~ssociptions prOVided 



evidence for some seasonal variation in their composition. 

Finally in Part 3 the systematics and taxonomy of the diatoms 

in the Vaal Dam catchment area are discussed. References are made to 

the original Cjnd more recent descriptions of each species found in 

this study, and a list of synonyms is given wherever 'possible. 

Comments on the systematics, taxonomy and autecology of each species 

are given, and the distribution of the species in South Africa C"lnd 

the Vaal Dam catchment area is discussed. A number of species, 

varieties 8nd forms hpve been recorded for the first time in South 

Africa .• During the course of this study 20 species hpve been 

described as new to science; the descriptions of some hpve been 

published, while the descriptions of the others will be published 

formally in the future. All species described as new or having 

interesting features are illustrated in the plates. 



CONTENTS. t 

IlJTRODUCTION 

P:?rt 1. The Ecologic?l Study of the Di~.toms of the 

Bloukrans River. 

r 
"~ . 
B. 

C. 

D. 

E. 

INTRODUCTICF. 

METHODS'jI.TD TECH~'1IQUES. 

1). Collection ['.nd Preparation of Salnples. 

2). Methods. 

(2). Physical :rvIe~.surements. 

(b). Chemicctl /~nC1.lyses. 

(c). Collection, Preparation 2nd 

Investig?tion of Diatom Samples. 

RESULTS. 

1) • Nitrogen 

2). Chlorides 

3). Phosphate cmd silic2 .• 

4). Dissolved Oxygen. 

5). pH and Temperatur8. 

6). Diatom ,~nalysis 

7). Scatter Plots. 

DISCUSSION. 

1). Confirmation of the Hypothesis. 

2). The Diatom ~ssociations. 

COi~CLUSIONS • 

Part 2. The Ecology of the Diatoms of the Vaal Dam 

Catchment Area. 

INTRODUCTION. 

B. DESCRIPTION OF THE Vj~liL D!JI CATCHNENT ARE!~. 

C. SANPLING POINTS hND STicTIOlJS. 

1. 

3. 

4. 

7. 

8. 

8. 

8. 

8. 

12. 

14. 

14. 

15. 

15. 

16. 

16. 

17. 

1'7. 

21. 

21. 

22. 

24. 

26. 

27. 

28. 

31. 



D. 

E. 

F. 

G. 

METHODS 0 

1). Chemic3.l C'.nd ?hysicf'.l icnc;lyses. 

2). D""' 9.tom SPJrlp1es. 

3). Biclosic2l ':::ses:~r;lcnt of the ~)2.tcr Quality. 

RESULTS. • 

32. 

32. 

32. 

32. 

36. 

1). The Va2l Riv(;r System. 37. 

(c;.). The "1/ 8.?~1 Ri vcr. 37. 

(b). The Tributaries of the Upper V~21 River. 47. 

(c). The Klip River. 54. 

(d). The \!jatervo.l River. 62. 

(e). The Lm'ler Vaal River. 68. 

2). The VIi1ge River System. 

(a). The ~'li1ge River. 

(b). The Tributaries of the Vilge River. 

DISCUSSIOIT. 

71. 

71. 

77. 

82. 

1). Generc:l SUrnJflary. 82. 

(a). pH. 82. 

(b). Org9.nic IIi trogen Concentr2.tion and (!Tater 

QU2.li ty • 83. 

(i). The V2.pl River. 83. 

(ii). T:-le Tributaries of the V2.2.l River. 84. 

(iii). The Waterval River. 86. 

(iv). The Ka1k River. 87. 

(v) • The v-Iilgc River System. 27. 

(c). Dissolved OXYEcn. 

(d). S2lt Concentr2tion. 

2). Seasonal Variation. 

3). The Diatom iiSsoci2tions of the 112.21 D~m Catch-

ment icrea. 

CO~~CLUSlmTS • 

88. 

89. 

90. 

93. 

98. 



Part 3. The. 3'rstGmatics and Taxonomy of the DiRtoms of the 

V2.!2.1 Dam Catchment ;·'~roa. 100. 

I 
l~_ • INTRODUCTIon. 101. 

B. 103. 

346. 



(1). 

INTRODUCTION. 

In October 1955 the "Special Sub-Committee on Stream Surveys 

in the IATi twatersrand Area" (Malan 1960) recommended that hydro­

biological ,surveys, at that time conducted on the Veal River below 

the Vaal Dam, should be extended to the catchment area of the Vaal 

Dam. 

Consequently Mal!=1n (1960) made a survey of the chemical compo­

sition of the main tributaries of the Va~l River, ~mile Chutter (1967) 

studied the ecology of the faunal component of the rivers in the 

catchment area. On joining the Nptional Institute for Weter Rese2rch, 

the .~.uthor was presented with a collection of dia.tom material from the 

catchment area made by Dr. Chutter :::nd Dr. B.J. Cholnoky. This 

di3.tom material was analysed and investigated, and the results of 

this study completed the hydrobiological investig~.tions of the Va?l 

Dam Catchment Area. 

The objects of the di8tom investigations were to establish the 

nature of the associations living in the catchment are2, 2nd, since 

the associations are the resultant of the environmental conditions, 

to assess the prevailing ecological conditions in the Vaal Dam 

catchment area. Changes in the environment due to the effects of 

changing industrial and agricultural processes could therefore be 

detected. To accomplish this aim a knowledge of the system?tics 

of the diatoms is required, e.nd the second object of this study was 

to gain some experience in the systematics and ttaxonomy of the diatoms. 

Permission wc:\s granted by the N2.tionel Institute for Water Research 

to submit the results of this study [lS a thesis for the degree of }faster 

of Science at Rhodes University. However to fulfil the requirements 

for the degree, an ecological study of the Bloukrans River was under­

taken. The object of this project was to determine whether water 
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composition, in pClrticular the concentrption of nitrogen, influenced 

the diatom associations, i.e. whether specific associations developed 

under high concentrptions of nitrogen. 

As 2. result of this, the report on these diatom studies has been 

divided into three parts=-

Part 1. - The ecological studies of the diDtoms in the Bloukrans 

River. 

Part 2. - The ecological investigations of the diatoms in the Va~l 

Dam catchment area. 

Part 3. - The systematics and taxonomy of the diatom species present 

in the diatom associations found in the rivers of the Vaal 

Dam catchment area. 
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The Ecological Study of the Bloukr2ns River. 
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A. INTRODUCTION. 

In present times the problem of water pollution is 

receiving great attention in South Africa. The detection of 

pollution is therefore of great importance in the protection of 

our limited water supplies. The reliability of chemical analyses 

for the detection of pollution has been questioned (Butcher 1946), 

and biological cri terie" of stream conditions hp.ve been proposed as 

direct evidence of pollution (Butcher l.c.; Patrick 1950). In this 

respect the diatoms are a very important group of ~Jlg~:le, since not 

only are they cosmopolitan in their distribution, but they also 

often form the greater part of the'"lgal component both in number 

and volume. 

It is well known that cert~in algae can utilise organic 

nitrogenous compounds as a source of nitrogen, Rnd, furthermore, 

in some cases as their only source of nitrogen (Fogg 1953: 81). 

Certain species of the genus Nitzschia have been found to play an 

important role in water purification, nnd are regp.rded 28 nitrogen 

heterotrophic. According to Cholnoky the genus Nitzschia, with 

the exception of the following groups, Tryblionellae, Grunowiae, 

Sigmoideae, Obtusae (Cholnoky 196oB: 278) and the Scalares 

(Cholnoky: personal communic~tion), are nitrogen heterotrophic. 

On further exception to this is Nitzschia linearis W. Smith. It 

follows from this th;1t in waters conta.ining high concentrations 

of organic nitrogenous compounds, these nitrogen heterotrophic 

Nitzschiae will thrive and will be found in very high numbers. 

The results of Cholnoky's investigation on the Bon hccorde Dam 

near Pretoria (Cholnoky 1953B) appear to support this conclusion. 

This dam receives the effluent from the Pretoria sewage works via 

the Apies River, and Cholnoky found that, in nearly all the samples 

from the dam, the diatom associations consisted mainly of nitrogen 
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heterotrophic Nitzschiae. Nitzschia palea (Klitzing) 1~J. Smith, 

and N. thermalis (Ehrenberg) Auerswald which deaminates org2.nic 

nitrogen (Saubert 1957: 338), were in most cases the dominant 

diatom species of the 8ssoci2.tions; Gomphonema parvulum (Kutzing) 

GrunoH being domin2nt in the other samples. These three species 

were reg2,rded by Cholnoky 2S indicative of organic nitrogen 

pollution. He thus concluded that the Bon f..ccorde Dam was a highly 

polluted water, and in certain places it occasionrtlly suffered oxygen 

depletion (N.thermalis domin2nt in the associations). Similar 

diatom associ?tions, indicating polluted conditions, have been found 

in the JUkskei River (Cholnoky 1958A), and from the Zwartkops River 

near Port Elizabeth (Cholnoky 1960B: 281). Furthermore in America 

N. palea was regarded by Patrick (1950: 933) 2S a qualitative indi­

cator of organic pollution due to sanitary wastes, while in England 

Butcher (1946: 93; 1947: 187) found that N.palea and G.parvulum 

were the dominant organisms in the mesosaprobic zones of the Tame, 

Trent and Churnet Rivers. It should, hOliever, be emphasised thnt, 

while individual species are important as indicators, the whole 

assemblage of species in the associ~tions must be studied in 

assessing the quality of the water. 

trV"i th this bp.ckground in mind cn experiment was designed to 

test the general hypothesis thnt high numbers of nitrogen hetero­

trophic Nitzschiae are associ.-,ted with high concentrations of 

nitrogenvus m8terial. Consequently the Bloukrans River, which is 

thought to be polluted, was chosen as the experimental stream. The 

Bloukrans River (Map 1) drains the entire city of Grahamstown, and 

this includes the ./\frican and Coloured locations. The Municipal 

Sewage Dispersal v'Jorks, which lies just outside the city, discharges 

its final effluent in the stream about 1 mile below the town. 



I , 
I 

• -0\ 
0:1 , 
~I 

::::::/ 
:2/ 
..... 1 
C, 
0, 
£, 
tt" / 3 

- ...... ; 
~ ...... . ....... ,. .......... ......... . 

. :::':-. ":-:-:':':':':':(':" t 
•• I •••••••••••••• .. ...... .. , ...... , 

•••••••••••••• t •••• , 

,' ........... \ ......................... . 
.. :.:.:.:.:.:.:.:.~:.:.:.:.:.:.:.:.:.:.:.:.: .. 

.. , .................... ' ...... . 
. ......... ........ ;. 

I 
\ 

" " " , , , •• ,1 ••• ...... ..... " .. '--­...... 
',~ 

\\S'~ 
\ 
\~ 
'\.,~ 
\~~ 
\\~ 

, 
\ , 

\ 
\ 

Map 1~ 

___ ......i .... _N 

\ 
\ 

\ 
\ 
\ 
\ 
\ 

; The Sampling Stations on the 

Bloukrans River 
below Grahamstown. 

L 

1 mile. 



(6). 

Four sampling points were chosen below the city along the course of 

the river. 

Station 1:- This was situated about imile above the effluent 

outfall (Map 1). It was a re19tively deep, long and 

fairly ~vide pool vTi th P sludge bottom. The bRnks 

supported a rich growth of Pennisetum clandestinum Hochst. 

ex Chiov., which extended to below the water level. 

The water flowed relatively slowly through this pool, 

except after rain. On one or two occasions in both 

April and August the pool had a bad odour, and at the 

beginning of August the water had turned black in colour, 

with a black floc clinging to the marginal vegetation. 

Samples were collected from the mClrgin of the pool. 

Station 2:- This station was located at the outfall of the SewC'.ge 

\Alorks effluent. At this point the river formed a 

fairly deep, narrow pool about 3 ft. long formed by 

the scouring effect of the effluent. The stre2~ had a 

relatively strong flow as a result of the confluence of 

the river and the effluent. ljJater smnples 1o!ere collec-

ted in the current from this deep pool; the diatom 

samples were collected from the muddy verges about 

5 - 6 ft. downstream. Very often this station was 

covered by a large blanket of detergent fGam, which 

had to be removed before sampling. 

Station 3:- Station 3 was cited on the farm Belmont, where the 

Belmont Valley road crosses the Bloukrans road. The 

samples were collected from the lower end of a long, 

relatively deep pool and directly below the railway 



Station 4:-
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bridge. VJat8r samples were collected in the slowly 

flowing water, and the diatom samples from the muddy 

layer covering the stony bottom. The pool was well 

shaded by marginal bush. 

This station was situated on the farm Varnum where 

the Belmont Valley ro~d crosses the Bloukrans River. 

1AJater samples were collected from the rel~:ltively 

quickly flowing wnter in a pool immediately below the 

concrete pipes under the TO ad. The strong flow 

prevented the form8tion of a muddy bottom, and diatom 

samples were therefore collected from the muddy banks 

about 6 ft. downstream. 

These stations were sampled regularly for chemical analysis of 

the water in April and August, 1967, corresponding to autumn and 

late winter respectively. The diatoms were sampled twice at each 

station in autumn and late winter. 

B. ~ffiTHODS AND TECHNIQUES. 

1). Collection and Preparation of the Samples. 

The effect of storage of watE)r samples for chemical analysis 

at room temperature is well known (Hellwig 1964: 215). In order 

to avoid the problem the sampling stations were selected so that a 

period of not longer then 45 minutes e18.psed between collection of the 

samples and the start of their analysis. 

1'lere completed on the day of collection. 

Further all the analyses 

To obviate the effects of 

diurnal variation on the chemical constitution of the water, the 

stations were sampled in the seID8 sequence at approximately the same 

time of the day. The sampling sequence began with Station 4 and 

proceeded upstream to Station 1. 
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Samples for chemical analysis were collected at intervals 

of between two and six days, so that eight samples were obtained 

during each of the months of /l.pril and August 1967. \ilJith the 

exception of Station 1, all the water samples were collected as 

near as possible from the flov-ring water in the middle of the stream; 

at Station 1 the samples were collected from the margin of the pool. 

Sampling commenced at 8.00 a.m. and trle same procedure was followed 

at each stRtion. First a measurement of the water temperClture was 

made. This was followed by the measurement of the pH value, and 

the collection of water samples for dissolved oxygen determinations 

and further chemical analysis. On reaching the laboratory the water 

samples were filtered under vacuum through two thicknesses of vJhatman IS 

No. 1 filter paper in the Buchner Fun..'1el, and the analysis of the 

samples was commenced immediately. 

2) • Methods. 

(a) Physical Measurements. 

\flTater temperatures were measured in the flowing water with a 

mercury thermometer graduated from - 10
0 to 1100C made by Baird and 

Tatlock. 

pH measurements were recorded using a portable Metrohm 

Battery pH Meter, model E 280A, which has a measuring rC'.nge of pH 

o - 14. The measurements were made by immersing the glass electrode 

directly in the flowing stream water. 

(b) Chemical Analyses. 

Unless stated otherwise the analytical procedures followed in 

this study were those described in "Standard Methods for the Examina­

tion of Water, Sewage 2nd Industrial l"'astes II (American Public Health 

Associntion 1955). 

The dissulved oxygen content of the 'vater was measured using 

the unmodified Winkler Method. The prinCiple used in this procedure 
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is the oxidation of mang2nous hydroxide in a highly alkaline 

solution. ~fuen this is acidified in the presence of iodide, free 

iodine is liberated with the solution of manganic hydroxide. The 

iodine is liber9ted in a quantity equivalent to the oxygen dissolved 

in the sample. This free iodine is titrated with a standard sodium 

thiosulphate solution, using starch as an indicator for the fim 1 

determin2tion of the end point of the titr~tion. The samplevas 

collected in P. 250 - 300 mI. ground glass stoppered flask, and 2 mI. 

manganous sulphate was added to the spmple in the field. On return 

to the laboratory 2 ml. alkaline iodide was added, Bnd the subsequent 

acidification with 2 mI. of concentr2.ted sulphuric acid B.nd titration 

was carried out about two hours later. Care must be taken to keep 

the flask tightly stoppered, with the exclusion of all air bubbles, 

until the sample is needed for titration. 

Determinations of the ammonium nitrogen and organic nitrogen 

can be discussed together as they form part of the same process. 

A 300 ml. aliquot was distilled in the presence of a phosphate 

buffer, which maint0ined the pH slightly above neutral (pH 7.4). 

The 2~~onia was collected in 50 mls. boric acid solution, and 

distillation continued until about 200 mls. had been collected. 

Sufficient concentrated sulphuric acid was added to the ammonia 

free fraction of the water sPJTlple, rem~.ining after the ammonia 

distillation, to digest the organic nitrogen, using copper sulphate 

2.S a catalyst to raise the boiling point of the sulphuric acid. 

In this digestion process, which continues until t he mixture is 

colourless or a pale straw colour, ammonium bisulph~te is formed by 

conversion from the amino-nitrogen of the organic materials in the 

presence of sulphuric acid and the copper sulphate catalyst. 

The ammonium nitrogen thus obtained is distilled into 50 mI. boric 

acid solution until 200 mls. had been collected. The boric acid 
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solutions from both the 2mmonia distillation and the organic nitrogen 

digestion were then titrated with a 0.02NQsulphuric acid solution, 

using a screened bromocresol green - methyl orange indicator. 

Nitrites were determined by the Diazotisation Method, in which 

diazotised sulphanilic acid coupled with 1 naphthylamine produces 

a reddish-purple azo dye at pH 2.0 - 2.5. A I mI. aliquot, diluted 

to 50 mls., was treated with 1 mI. sulphanilic acid, I mI. 1 naph-

thylamine hydrochloride and 1 mI. of sodium acetate buffer solution. 

Between 10 and 30 minutes after addition of the 1 naphthylamine 

hydrochloride the optical density of the reddish-purple colour was 

determined at 520 ~ on a Beckman DB Spectrophotometer. This 

instrument was used in all other determinptions requiring colori-

metric measurements. 

The Phenoldisulphonic Acid Method 't\Tas used for measuring the 

concentration of ni trCl.te in the water. In this method the basic 

reaction between nitrate and 1, 2, 4- phenoldisulphonic acid 

produces 6- nitro- 1,2,4- phenoldisulphonic acid. This acid 

produces a yellow alkaline salt. The optical density of this 

yellow colour ~vas measured at 410 m? to determine the concentration 

of nitrate. An aliquot of either 5 or 1 mI. was used depending on 

the concentration of nitrate in the sample. In this method small 

concentrations of chloride cause interference in the reaction, and 

must therefore be determined and reduced to a minimum in the sample 

to be tested. Having determined the chloride concentration, 

sufficient silver sulphate was added to precipitate the chlorides 

as silver chloride. 

Values for the total nitrogen concentrations were obtained by 

the addition of the ammonia, organiC, nitrite and nitrate fractions. 

Chlorides were determined by the method developed by R.J. Best 

and described by Piper (1950: 40). When 2. solution of chloride is 
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titrated with silver nitrate, silver chloride is precipitated. At 

the endpoint of thist1tration, the chloride ion concentration is 

very small being about 1.0 x 10-5, and the potential of a silver -

silver chloride electrode in this solution is -0.521 volts. A 

quinhydrone half cell made from a buffer solution of pH 3.03 produces 

a potential equal and opposite to the silver - silver chloride 

electrode, i.e. + 0.521 volts. Therefore at the endpoint of the 

titration a galvanometer measuring the potential difference between 

the half cell 2nd the electrode, connected by Rn agar - potassium 

nitrate bridge, would read zero. On this principle a 50 mI. aliquot 

of the sample was titrated with a 0.0141N silver nitrate solution 

(1 mI. = 0.500 mg. 01). 

The procedure used in the determination of the phosphate content 

is a modification of the sensitive molybdenum blue colorimetric 

method (st·eyn 1958: 21). The method is based on the intense blue 

colour formed when a reducing agent, stannous chloride, is added to 

a phosphomolybdate complex. This colour is not very stable and all 

colorimetric measurements must be made after exactly the same time 

interval, i.e. 15 minutes. Maximum absorption by the blue complex 

is found to occur at 7001 mr. In these analyses a 10 mI. aliquot, 

diluted to 45 mls., was treated with a 1.25% ammonium molybda.te 

solution (2 mls.) to form the phosphomolybdate complex. The blue 

colour was then formed by the addition of I mI. stannous chloride 

solution. The contents of the flask were made up to 50 mls., and 

the percentage a.bsorption by the blUe colour was determined exactly 

15 minutes after addition of the stannous chloride. 

The concentration of silica was measured colorimetrically using 

the silicomolYbdate method for intermediate concentrations of silica. 

The principle underlying this method is the formation of a yellow 

solution of silicomolybdic acid. This is formed when ammonium 
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molybdate is added to 3. sample cont~ining silica, N"hen the medium is 

at approximately pH 1.2. The yellow colour is proportional to the 

silica present in the sample. Phosphomolybdic acid is 2lso formed 

in this reaction, but this is destroyed by the addition of oxalic acid to 

the tre2..ted sample. In silica determinations glassware must be used 

as little as possible to avoid interference due to silica contributed 

by the glassware. A blank determination should be carried out to 

correct for this introduced silica. A 25 mI. aliquot, diluted to 

50 mls., was required for treatment in these determinations. 1 mI. 

of a 1+1 solution of hydrochloric acid and 2 mI .• ammonium molybdate 

solution was added to the sample in rapid succession to form the 

silicomolybdic acid. 1.5. mI. oxalic acid was added to the sample 

and after 2 minutes, but not longer than 15 minutes after the 

addi tion of the oxalic acid, the optical density of the yellmv colour 

was determined on the spectrophotometer at a wave length of 410 ~. 

Calibration curves and standard solutions were prepared once 

at the beginning of each i\pril and August, 

(c). Collection, Preparation and Investigation of the Di2tom 

Samples. 

Diatom sP.mples from each locality on the Bloukrans River were 

collected on the 21st [ipril, 1967; 1st May, 1967; 4th August, 1967; 

6th September, 1967. These periods corres::-:;ond to Autumn and the end 

of winter in South f:.frica. 

Scrapings of the thin plgal film on the stones and mud were 

placed in a collecting tube, preserved with 1 mI. 40% Formalin, 

and labelled with the sample serial number. The raw di8tom material 

collected in this manner was cleaned ~nd prepared using the method 

described by l~Telsh (1964: 39). The samples, preserved in formalin, 

were dried over night in em oVen at 800 C to drive off the water and 

formalin. Concentrated sulphuric acid was then p.dded to the dried 

m8teri~,1, and this reduced 8.11 the organic mRtter in the sample. 



(13). 

The residue from this was bleached by the addition of concentrated 

ni tric acid and boiling the mixture on a hot plate until it had 

turned 2. pale white or cream colour. The diatom residue was then 

centrifuged off and washed t1flce v-Ti th distilled water to remove the 

acid by centrifuging at 3000 r.p.m. for 10 minutes for each washing. 

The fine white residue was then resuspended in distilled water, stored 

and used for m2king the slides. 

Permanent slides from this material were made in the following 

manner:-

The diatom material was diluted to a pale milky white suspension, 

and enough mRterial was placed on a clean, polished coverslip to 

extend over the whole area of the coverslip. This was left to dry 

over night at room temperature: more ra.pid drying causes the material 

to dry in concentric rings. When dry the coverslip was inverted 

on to a drop of Hyrax mountin~ medium (R.I. 1.65) on a slide. The 

solvent of the hyrax WRS driven off by placing the slide on a hot 

plate until the bubbling ceased. The coverslip was then centred 

on the slide, 8nd the mounting medium allowed to dry. 1,rJhen dry 

the excess hyrax 1,ras chipped away, and the slide finally cleaned and 

polished. The completed permanent slide was then labelled on the 

left hand side with the serial number of the s2.mple, the collector's 

name and the date of collection of the sample. The information 

recorded on the right hand side of the slide contCiined the name of 

the mounting medium and the date of preparation of the slide. 

The investigation of the slide consisted of two phases, 

ea) drawing up a list of species present in the sample, and 

(b) calculating the relative density of each species. The 

relative d ensi ty was calculated by using the so-c9l1ed "Thome.sson 

Analysis tt (Thomasson 1925), which W::tS modified by Cholnoky (1955: 84) 
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to eliminate some of its difficulties. Using this method between 

350 and 500 individuals ",rere counted by traversing the slide, ensuring 

that each individual ~,ras only recorded once. The relative density 

of each species observed in this analysis was then calcul~ted as a 

percentage of the total number of individu8E counted according to 

the following formula (Curtis and McIntosh 1950: 437):-

Relative Density of Species I\. 

c. RESULTS. 

No. of individuals of species A. X 100. 
Total no. of individualsof all 

species. 

A s~~ary of the chemical 8nalyses of the Bloukrans River for 

the months of April and August are shown in Tables 1 and 2 respectively. 

The average v~lues for the month and the range of variation occurring 

at each sampling station is given for each factor. The averages are 

also illustrated by means of histograms in Graph 1. 

1). Nitrogen. 

Higher concentrations of Total Nitrogen occurred at all stations 

in August than in April, while the greatest increases in concentration 

were observed at Station 3 and 4. The higher values in August resulted 

from proportionately much larger increases in the nitrite and nitrate 

fractions (see Graph lA). The average increase in the nitrite values 

was about 7.6 times the April value, and for nitrate 2.6 times the 

April value. In contrast the concentrations of the.ammonia and 



TABLE 1. - THE CHEHICAL jV"ALYSIS OF THE BLOUICRANS RIVEH FOR APRIL. 

April. 

station No. 

1 2 3 4 

Chemical Compound Max. Min. AVe. Hax. l'lin •• Ave. Max. Min. Ave. Max. Min. Ave. 

Total Nitrogen 41.65 9.89 21.67 44.55 18.05 . 31.27 16.99 9.33 13.06 9.45 5.77 7.01 
Ammonia N. 33.14 2.61 13.51 29.18 10.31. 19.52 7.56 0.00 3.89 2.24 0.0 0.45 

; 

Organic N. 7.00 3.27 4.50 8.07 3.?8 " 
5.63 5.27 2.89 3.98 4.02 2.43 3.m 

Nitrite N. 1.55 0.04- 0.47 2.18 0.49 . 0.99 0.49 0.08 0.28 0.39 0.02 0.13 
Nitrate N. 8.22 1.20 3.20 7.90 2.96 5.13 7.94 2.!0 4.92 4.86 2.20 

9~ Chlorides 436.6 95.3 250.25 274.8 83. 9O"~ 173.66 183.9 65.06 129.01 ' 143.00 59.65 
Phosphates 0.18 0.004 0.06 0.71 0.05· 0.25 0.18 0.00 0.09 0.06 0.00 0:03 
Silica· 5.52 2.65 4.07 5.12 3.48 ... 4.41 5.05 .. 2.40 " 4.17 4.30 2.40 3.49 , . 

(6) (6) (6) (6) 
D.O. % Saturation ?l.55 23.32 50.17 91.16 71.03 77.38 77.38 54.06 62.72 .' 84.80 76.32 81.44 

(6) (6) (6) (6) 
pH 7.60 6.15 7.26 7.45 6.10 " 7.13 7.45 6.30 7.03 7.31 6.80 7.10 

(6) (6) (6) (6) 
Temperature 18.00 13.00 15.50 18.40 14.20 . 16.03 18.0 . 14.0 15.83 18.0 13.6 15.76 

N.B. 1). All concentrations are expressed in parts per million (ppm.). 

2). Except where indicated by the number in brackets, the average value is the mean of 8 samples. 

: ... 
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TABLE 2. - THE ~HE1-1ICAL ANALYSIS OF TH! BLOUKRANS RIVKi. FOR AUGUST. 

I.~gust. 

.--- int 

St8.tion no. .-

-
1 2 -. t 3 

Chemical Compound Max. Min. AVe. Max. Min. Ave. Ma.."'C. Min. Ave. Max. .. Min. Ave. 
~ ~-

(7) (7) (6)- (7) 
Total: Nitrogen 56.32 14.78 25.97 52.26 27.16 3.3.40 22.72 12.67 19.13£ . 25.73 12.6"1 . 18.0' 

(7) \ (7) (7) (?) 
Ammonia N. 31.60 2.38 ?92 32.00 8.40 . )i.-PI 12.50 0.3? 4.19 1 4.20 0.00 .. 1.95 . 

(7) {7) (?) (7) 
Organic N. 11.34 1.40 3.84 8.20 2.05 ' l.80 6.58 1.45 2.91 .... 4.62 .. 1.59 2,20 
Nitrite N. 6.04 3.rf7 4.92 5.12 3.11 4.08 3.60 1.53 2.73 . 2.51 0.05 0.83 
Nitrate N. 12.00 6.20 9.l4 13.40 8.95 11.43 12.70 6.30 10.47 ~ 16.40 . 5.60 . 12.0; '. 

~ 

Chlorides 502.0 329.6 460.5 390.1 289.1 l'2.9 329.6 162.3 282.40 .- 324.5 • 212.9 ... 291.3 · • .. 
Phosphates 0.12 0.00 0.04 0.25 0.00 0.15 0.20 0.03 0.11" tI 0.15 0.03 .. 0.09 a 

· 
Siliea 6.65 3.97 4.96 6.50 4.91 5.55 5.36 3.83 4.59 4.90 3.23 - 4.10 • .. , . 

52.9j -', D.O. % Saturation 76.S5 37.10 64.41 118.70 71.03 . 92.67 66.77 41.34 If 94.34- 68.37 82,04 
.. . .. .. 

pH 7.80 '7.58 7.66 7.93 7.50 '?70 7.45 7.21 7.~. 7.74 7.49 . '.60 
It 

• · Temperature 12.30 7.20 9.95 13.40 9.00 -10.86 12.30 8.30 9.39 • 11.70 .. 8.50 9.96 .. .. 
.. 

~--~ -

N.B. 1). All concentr&tions are expressed in parts per million (ppm.). 

2). Exeept where indicated by the number in brackets, the average value is the mean of 8 samples • 

• -,!,. 
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orge.nic nitrogen fractions showed slight decreases in the August 

values. The highest concentrations of the different nitrogen forms were 

almost always found e.t Station 2, while the lowest vRlues generally 

occurred at Station 4. 

The samples of the 11th April, 1967 are interesting since they 

were collected after more than 1 in. of rain had fe.llen in the previous 

two days. The chemical analysis revealed a flushing out of the higher 

stations (the minimum values for Tot2_1 Nitrogen recorded at Stations 

1 and 2 were measured on this date) and the subsequent increase in 

concentration of Total Nitrogen lower down the river at Station 4, 

where its greatest value (9.45 ppm) was recorded at this time. 

On 3rd J\ugust, Station I had p foul odour, and themter was 

black in colour. Chemical analysis showed that the maximum values 

for Total Nitrogen(56.32 ppm.), ammonium nitrogen (31.60 ppm.) and 

organic nitrogen (11.34 ppm) observed at this station, were measured 

on this particular day. The high concentrations of nitrogen at Station 

I appeared to have affected the whole river, since at each station the 

August maxima for the nitrogen compounds named above were measured at 

this time. 

2). Chlorides. 

In April the chlorides sh01-ved an almost linear decrease in 

concentration with distance downstream. This trend was not apparent 

in August, when the concentrations 1rfere double the April values, the 

greatest increases occurring at Station 3 and 4. The highest values 

in August occurred at Station 1, while lower values of about equal 

magnitude were found at Stations 2, 3, and 4. 

3). Phosphate and Silica. 

The concentrations of phosphate and silica exhibited no great 

change between April and l~Ugust. In most cases the highest values 

occurred at Station 2. The lowest phosphate concentrations recorded 
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in ~pril were found at Station 4, wh~le in August Station 1 had the 

lowest phosphate value. In both April and ~,ugust the silica concen-

trations were lowest at Station 1. 

4). Dissolved oxygen. 

The dissolved oxygen concentrRtion presented 8 picture rather 

different from the expected. L01.J saturation values were measured 

at Stations 1 and 3, and a high v8.1ues at Stations 2 and 4. Although 

it would be expected to have a low oxygen concentration on account of 

the large concentrations of nitrogen, Station 2 produced the highest 

values of oxygen saturation (ave. value 92.76% saturation). This high 

saturation resulted from good aeration of the effluont due to turbulence 

as it flows swiftly down a narrow channel. 

5). pH and Temperature. 

The pH values did not vary significantly from station to station. 

The average value for ~pril was about pH 7.1, and the average for 

August was about pH 7.6. Hater temperaturES in April ranged between 

15.50 and 16e03°C, and in August between 9.39 and 10.86°c. At 

Station 2 the temperature re2,dings were always slightly higher than 

at other stations. 

Table 3 shows the average values c:b t8ined by the Grahams town 

Municipality for the chemical analysis of the water from the B10ukrans 

River just above the sewage effluent outfall, and of the final 

effluent from the Sewage Works. The averages were calculated from a 

monthly analysis over a 23 month period, from January 1966 to November 

1967. No figures were available for December, 1967. The detailed 

results of this analysis are shown graphically in Graph 2. It can be 

seen from these graphs that the chloride concentration in the Bloukrans 

River was high (ave. 350 ppm) and was extremely variable, following 

the fluctuations of the Total Dissolved Solids concentr8tion. The 



Table 3. 

Chemical Analysis from the Grahamstown Sewage Dispersal Works. 

Samples taken monthly over a 23 month period (Jan. 1966 - Nov. 1967). 

1). The Bloukrans River just above the Sewage Works Effluent Outfall. 

Max. Min. Ave. 

Total Solids 2578 520 1250 

Total Dissolved Solids 2574 505 1242 

Suspended Solids 41 1 8 

Chlorides 601 116 350 

pH 9.1 7.2 7.9 

2). The Final Effluent of the Sewage Dispersal Works. 

Max. Min. Ave. 

Free and Saline Ammonia 37 5 14.2 

Nitrite N. 3 0.2 1.88 

Nitrate N. 18 10 14.1 

Chlorides 245 155 184.1 

pH 10.1 3.1 7.07 

N.B. All concentrations are expressed as parts per million (ppm.). 
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chloride concentrations shovJed the same order of magnitude as those 

found in August at Station 2 in this study. The concentration of 

the nitrogen compounds in the final effluents were comparable to 

those found in the river water at Station 2 of this investigation. 

6). Diatom Analysis. 

The results of the Thomas$on Ane,lysis of the diatom samples are 

reflected in Tables 4 and 5. The tables show that generally the 

diatom associations collected at Stations 1, 2 and 3 in both April 

and August, consisted mainly of nitrogen heterotrophic Nitzschiae. 

The average relative densities of this group of Nitzschia species 

for Stations 1, 2 and 3 in April were 75.2%, 39.2% and 70.9% res­

pectively, and in August 73.6%, 77.9% and 71.1% respectively. In 

contrast the numbers of nitrogen heterotrophic Nitzschiae at Station 

4 were much lower (14.8% in Aprilj 28.5% in August). The relation­

ship between the nitrogen concentration and the relative density of 

the nitrogen heterotrophic Nitzschiae has been illustrated in histo-

gram form in Graph l!~. The relative densities of the nitrogen 

heterotrophic Nitzschiae at Stations 1 and 3 maintained the same 

level in both April and August. At Station 4 the numbers of 

nitrogen heterotrophic Nitzschiae had doubled in August. No proper 

comparison can be made at Station 2, as only one analysis was made in 

April. Nevertheless the figures appear to indicate an increase in 

the nitrogen heterotrophic Nitzschiae in August. No Thomasson 

Analysis was made on the sample collected at Station 2 on the 1st May, 

1967 because there were too few diatoms. In most of these associa­

tions Nitzschia palea (~utzing) W. Smith and N.thermalis (Ehrenberg) 

Auerswald were the dominant species. 

7). Scatter Plots. 

The validity of the hypothesis under examination was tested by 

the use of scatter plots, indicating the degree and nature of 
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\ Table 4. 
" ',. iunalysis of the Diatom Associations collected on 21st April, and 1st May, 1967. 

Achnanthes lanceolata (Brebisson) Grunow. 

Achnanthes lanceolata var. rostrata Ostrup 

Achnanthes pseudohungarica Cho1noky-Pfannkuche 

Amphora veneta KUtzing 

Cocconeis (a). 

Gomphonem~. parvu1uIll (KUtzing) Grunow 

Melosira varians Agardh 

Navicula cinctaeformis Hustedt 

Navicula confervacea (KUtzing) Grunow 

Navicula cryptocephala KUtzing 

Navicula muralis Grunow. 

Navicula perparva Hustedt 

Navicula Schroeteri Meister 

Navicula serninuloides Hustedt 

Navicula seminulum GrunoH 

Navicula Bubmolesta Hustedt 

Navicula tantula Hustedt 

Navicula Twymaniana Archibald 

Nitzschia amphibia Grunow 

Ni tzsohia fonticola G1UnO~T 

Nitzschia hungarica Grunow 

Ni tzschia KUtzingiana Bilse 

Nitzschia palea (KUtzing) Grunow 

Ni tzschia perminuta. Grunmv 

Ni tzschia romana GrunO,\-1 

Nitzschia thermalis (Ehrenberg) Auerswald 

Surirel1a 8ngust2. KUtzing 

Synedra ulna (Nitzsch) Ehrenberg. 

Nitrogen heterotrophic Nitzschiae combined. 

1 

1.4.67 1.5.6 

20.8 

0.5 

10.5 

2.4 

0.2 

1.2 

0.7 
0.5 

3.4 
19.2 

4.9 
4.2 

30.2 

62.6 

ave 75.2 

o. 5 

1.2 

4.8 

0 

2. S 

o. 8 

1. 0 

13. 8 

3. 8 

7. 0 

61. 8 

87. 7 

2 

7 21.4.67 1.5.67 

3.8 

26.2 

4.1 
1.0 

15.9 
• 

0 
"t'! 

2.3 ~ s 

5.3 u; 
.,-j 
\f.) 
"-

,.c( 
ro 
~ 
<"J 

0 

0.5 
,.:.., 

1.0 

9.2 
3.1 
2.8 

22.7 

39.3 

39.~ 

~ 

3 4 

21.4.67 1.5.67 21.4.67 1.5.67 

1.2 

0.2 2 .. 1 0.9 
3.5 4.8 0.9 

2.4 

3.1 0,2 
11.6 8.2 30.3 

14.7 2 .. 6 
0.7 

4.6 7.7 
20.6 2.0 5.3 3.2 

1.2 2.0 
6 .. 8 3.5 8 .. 2 17.9 

11.5 9.3 

1.2 2 .. 1 
1.0 

2.9 1.6 
1.2 0.5 

2' • .5 6.5 9.3 
3.2 14,,5 0.7 1.9 
1 .. 4 0.5 

0.5 • 
8.6 74.0 1.0 0.5 

0.7 1.7 7.2 
6.5 3.8 0.2 

3.5 0.5 

1.0 0.2 
11.8 7.4 

48.0 93.8 9.9 19.6 
ave '70 .. 9 ave U .. S 
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Table 5. 

Analysis of the Diatom Associations collected on 4th August, and 6th September, 1967. 

1 2 
--fo--

4.8.67 6.9.67 4.8.67 

Achnanthes Hauckiana GrunovT 

Achnanthes 1anceolata(Brebisson) Grunow var. 
.. 

rostrata ostrup 0.5 
Achnanthes minutissima KUtzing 0.5 0.9 1.0 
Amphiprora paludosa W. Smith 

f~phora veneta I\tltzing 

Cocconeis (a). 

Cycl~tel1a Meneghiniana KUtzing 1.0 
Gomphonema parvu1um (KUtzi~g) Grunow 2.8 0.5 
Navicula cryptocepha12. Ktrtzing 30.9 4.4 16.3 
Navicula muralis Grunow 0.9 
Navicula perparva Hustedt 1.2 0.5 1.5 
Navicula seminu1um Grunow 0.2 
Navicula submolesta Hustedt 0.8 1.4 1.0 
Ni tzschia. amphibia. Grunow" 

Nitzschia amphioxoides Hustedt 4.5 5.7 
Nitzschia apicu1ata (Gregory) Grunow 0.2 I.e 
Nitzschia capitellata Hustedt 2.5 
Nitzschia communis Rabenhorst 0.5 1.0 
Ni tzschia fonticola GrunovT 1.4 10.5 
Ni tzschia hungarica GrunOvl 2.6 1.8 
Nitzschia KUtzingiana Hilse 4.5 
Nitzschia 1inearis W. SFith 0.5 0.5 
Nitzschia pa1ea (KUtzing) 1:1. Smith 30.4 85.9 18.5 
Nitzschia perminuta Grunow 5.0 0.5 
Nitzschia romena Grunow 9_0 0.9 
Nitzschia sigma (KUtzing) W. Smith 

Nitzschia thermalis (Ehrenb erg) Auers'tvald- 6.4 0.2 32.4 
Surirella angusta KUtzing 

0.5 
Synedra ulna (Nitzsch) Ehrenberg 

Nitrogen heterotrophic Nitzschia combined 57.2 90.0 72.6 

ave 73.6 ave 77.9 

3 4 

6.9.67 4.8.67 64 9.67 4.8.67 6.9 .. 67 ; 

: 

1.0 

5,,7 1.0 4.8 
I 

0.5 1.5 

1.0 

0.5 0.6 1.3 

1.0 
0,2 0.8 2.5 
4.5 0.5 12 .• 3 11.6 12.2 

4.0 1.2 14.3 21.2 13.0 
0.5 2.0 

4.3 0.2 9.0 4.9 10 .. 7 
2.6 1.4 0.5 

0.2 1.4 0.3 
0.2 12.3 3.5 16.0 

4,9 

1.2 1.9 6.1 6.4 

2.5 
\ 

1.4 0.9 9.0 11.3 10.4 
3.6 3.3 2.2 

14.8 2 .. 5 
29.0 90.9 25.6 4.4 2.5 

0.9 0.8 
0.5 1.2 

2.0 
52.0 0.7 0.5 0.6 

0.5 0.2 7.2 1.5 
1.7 0.5 

82.9 92.7 49.5 24.7 32.2 
ave 1'1.1 . aVe 28.5 
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correlation between nitrogen concentration and the numbers of nitrogen 

heterotrophic Nitzschiae (Croxton 1953: 109). Scatter plots were 

constructed to compare the relative densities of the nitrogen 

heterotroph~c Nitzschiae with the concentrations of the different 

forms of nitrogen. These scatter plots are shown in Graphs 3, 4 and 5B. 

In these plots the nitrogen values were reg~rded as the independent 

variable (X axis), while the numbers of nitrogen heterotrophic 

Nitzschiae were taken as the dependent variable (y axis). 

Theoretically, if the hypothesis is correct, a positive correlation 

would be expected, i.e. the points of the scatter plot should lie 

on a line ascending from left to right. This would indicate that 

low concentrations of nitrogen are generally associated with low 

numbers of nitrogen heterotrophic Nitzschiae, while high concen­

trations of nitrogen generally correspond with high numbers of 

nitrogen heterotrophic Nitzschiae. 

The scatter plots in most cases showed a low correlation, 

and it was sometimes difficult to indicate where the best correlation 

If'.Y. The estimating equations were therefore calculated from the two 

sets of data, X 2nd Y, in Table 6, and were drawn for each of the 

scatter plots. This equation gives the theoretical value of the 

dependent variable corresponding to any chosen value of the independent 

variable. 

Table 6 shows the values used for determining the points in the 

scatter plots. These values were derived in the following manner:­

The value for the concentration of nitrogen or dissolved oxygen 

(column X) found in the rows marked (a) is the average of the first 

four readings of the month concerned; and the value found in the 

rows marked (b) is the average of the last four readings of the 

month. The detailed readings for each month are shown in Tables 55-57 
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Table 6. 

The Values of nitrogen concentration and dissolved oxygen 

percentage saturation (X axis) and the relative densities (%) of 

nitrogen heterotrophic Nitzschiae (Y axis) used in fixing the 

points o~ the scatter plots. 

station 
1 Numbers. 

X y 

Total 
~{i tro~en 

~: 
20.88 62.60 

April 22.47 87.70 

(a 25.71 57.20 
August (b 22.91 90.00 

Ammonia N 

(a 13.22 62.60 
April (b 13.79 87.70 

(a 10.32 57.20 
August (b 4.93 90.00 

Or~anic N. 

(a 5.26 62.60 
April (b 3.73 87.70 

(a 4.09 57.20 
August (b 3.52 90.00 

Nitrite N, 

(a 0.25 62.60 
April (b 0.69 87.70 

(a 4.43 57.20 
August (b 5.42 90.00 

2 

X y 

33.86 39.30 

35.84 72.60 

30.61 82.90 

22.08 39.30 

16.75 72.60 

10.36 82.90 

6.36 39.30 

3.94 72.60 
3.62 82.90 

0.91 39.30 

3.82 72.60 

4.34 82.90 

3 

X y 

13.84 48.00 

11.74 93.80 

27.36 92.70 

17.91 49.50 

5.50 48.00 

2.24 93.80 

5.81 92.70 

2.05 49.50 

4.51 48.00 

3.45 93.80 

2.07 92.70 

3.36 49.50 

0.27 48.00 

0.33 93.80 

3.24 92.70 

2.21 49.50 

4 

x y 

8.37 9.90 
6.64 19.60 

18.55 24.70 

17.35 32.20 

0.83 9.90 

0.09 19.60 

2.15 24.70 
1.65 32.20 

3.51 9.90 

2.73 19.60 

2.53 24.70 

1.77 32.20 

0.22 9.90 
0.04 19.60 

0.95 24.70 
0.70 32.20 

2/ ••.............. 



Table 6. 

station 
Numbers. 

Nitrate N. 

(a 
April (b 

(a 
August (b 

Dissolved 
Oxygen. 

(a 
April (b 

(a 
August (b 

1 

x y 

2.14 62.60 

4.26 87.70 

9.43 57.20 
8.85 90.00 

47.44 62.60 

51.55 87.70 

58.22 57.20 

70.59 90.00 

- 2 - • 

2 3 4 

x y x y x y 

4.49 39.30 4.02 48.00 3.31 9.90 
5.82 93.80 3.78 19.60 

11.33 72.60 11.62 92.70 12.90 24.70 

11.53 82.90 9.33 49.50 11.16 32.20 

71.29 39.30 65.73 48.00 77.38 9.90 
61.22 9;3.80 83.48 19.60 

94.39 72.60 58.42 92.70 87 .58 24.70 

91.01 82.90 47.04 49.50 76.43 32.20 
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in the appendix. The value found in the column Y is the relative 

density of the nitrogen heterotrophic Nitzschiae collected at the 

following times (see Tables 4 and 5):-

ARril, row (a) - 21.4.67. 

April, row (b) - 1.5.67. 

August, row (a) - 4.8.67. 

Au gus t , rO't-J (b) - 6.9.67 • 

To eliminate the effects of season a further scatter plot was 

constructed (Graph 5B) in 1rJhich the Total nitrogen was correlated 

with the Relative Density of nitrogen heterotrophic Nitzschiae 

irrespective of the time of year. Values for this scatter plot 

were obtained from the data in Table 6 in the following manner:-

(a) Total Nitrogen Concentrations: TV-TO values for each st2.tion were 

obtained by first summing the April and August values in row (a) and 

taking the average; and then similarly summing the values in row (b) 

and t 2king the average. 

(b) Relative Densities of nitrogen heterotrophic Nitzschiae: Two 

corresponding values were obtained for each station by following the 

same procedure as for the Total Nitrogen concentration. 

vIi th one exception, the estim2ting equations of these scatter 

plots indicated a positive correlation between the nitrogen concen­

trations and the numbers of nitrogen heterotrophic Nitzschiae. 

The exception occurred in August, when the estimating equation showed 

that the nitrogen heterotrophic Ni tzschiae had a negp_ti ve correlation 

with the nitrate nitrogen concentration. This means that in August, 

low concentrations of nitrate were associated with high numbers of 

nitrogen heterotrophic Nitzschiae, and conversely, high concentrations 

of nitrate correspond with low numbers of nitrogen heterotrophic 

Nitzschiae. 
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Bacterial bre~lkdown 0 f organic material usually results in 

deoxygenation of the water (Hynes 1963: 65), and it would therefore 

be expected thp.t high concentrations of nitrogen would be associated 

wi th lOi'l concentr~.tions of dissolved oxygen. It follows from this 

that high numbers of nitrogen heterotrophic Nitzschiae might also 

be associated with low concentrations of dissolved oxygen. This 

1'laS also tested by means of scatter plots (Graphs 4C ~nd 5A). 

In correlating the percentage saturC1.tion of dissolved oxygen 

with the amount of nitrogen in the 1-rater, the relevant values were 

extracted from Table 6. Thus the values of X for Total Nitrogen 

were plotted against the values of X for the dissolved oxygen. 

The estimating equations for these scatter plots indicated a 

negative correlation between the nitrogen heterotrophic Nitzschiae 

and the dissolved oxygen saturBtion level. At first glance two 

completely opposite trends were indicated when Tot~l Nitrogen con­

centrp.tions were correlated with the dissolved oxygen saturation 

level. In April the correlation was negative, while in August the 

correlation was positive. If, however, the two values (abscissa = 

35.84, co-ordinate = 94.39; and abscissa = 30.61, co-ordinate = 91.01) 

from Station 2 are disregarded in view of the entry at this point of 

highly aerated effluent due to turbulence in a narrow cilannel, and a 

neH estim8ting equation c2.1culated from the remaining values, a nega-

tive correlation i"muld be indicated for the August values. This 1-lC1S 

show~ by a brok~n line in Graph 5A. It is obvious that the whole 

corre12.tion vlC'.S affected by the tvJO values at St8tion 2. 
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D. DISCUSSION. 

(1). Confirmation of the Hypothesis. 

A comparison of the nitrogen concentrations found in the 

Bloukrans River with those of the highly polluted Jukskei River 

(Allanson 1961; Tables 10, 11, and 12), and with those of the 

re12.tively clean and unpolluted Berg River (Harrison and Elsworth 

1958: 160, Tab18 13) established conclusively that the Bloukrans 

River viaS a highly polluted stream. The nitrogen concentrations 

were high and similar in PlPgnitude to those found in the Jukskei 

River at Stations 9a, 9b and 20a (see Table 7). 

If tho' hypothesis is correct , it follows that high numbers 

of nitrogen heterotrophic Nitzschiae would be expected in the Blou­

krans River. The analysis of the diatom associations (Tables 4 and 

5) confirmed this expectation, since at Stations 1, 2 and 3 

nitrogen heterotrophic Nitzschiae composed between 40 and 95% of 

the diatom associations. l\S would be expected, lm-Jer numbers of 

nitrogen heterotrophic Nitzschiae were found at Station 4, where 

the lowest concentrations of nitrogen were recorded. However 

even here, with the exception of the sample collected on 21.4.67 

(9.9% of the aSSOCiation), the nQ~bers of nitrogen heterotrophic 

Nitzschiae indicated organic pollution (cf. Cholnoky 1958A: 210, 

T;:1ble 3) 0 

The information obtained frOID the scatter plots in Graphs 3 - 5 

provide further evidence in support of the hypothesis. However, 

while the evidence from the scatter plots should not be discarded 

entirely, too great an emphasis should not be placed on this statistical 

treatment of the results. The scatter plots revealed poor correla­

tions of the two variables, nitrogen concentration and numbers of 



Table 7. 

Summary of the Chemical Analysis of three Stations on the JUkskei River. 

(from Allanson 1961: Tables 10, 11 and 12). 

,"'-' 1b cJ-Do... 

. Max. Min • AVe. Max. Min. Ave. Max. Min. Ave. 

Ammonia N. 103.50 0.95 3'7.60 59.40 0.00 19.77 36.10 0.40 13.81 
ppm. (17) 

Nitrite N. 12.00 0.70 2.75 8.00 0.03 1.41 3.80 0.01 0.81 
ppm. 

Nitrate N. 70.00 8.00 36.84 43.00 4.00 20.63 36.00 0.00 19.3 
ppm (17) 

N.B. Except where stated averages were derived from 19 samples. 
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nitrogen heterotrophic Nitzschiae. HOVlever, with the help of the 

estimating equptions, it was evident th2.t a definite trend, indicating 

a positive correlation between the v8Ti9cbles, did exist. A number 

of reasons can be given to account for thE: lO"H degree of correlation 

in the scatter plots:-

(a) because too few velues were avai12,ble for the construction of 

the plots, 

(b) because ether factors Here influencing the composition of the 

diatom associations, i.e • it was not a simple linear corre18.tion 

of two variables, and 

(c) because the four sampling points did not show enough contrast 

between two extremes. 

Additional indirect evidence supporting the hypothesis arises 

from the negative correlations existing between the numbers of 

ni trogen heterotrophic Ni tzschiae anci the dissolved oxygen c on­

centration (Graph 4C), since bacterial bre2.kdown of org8nic m2.tter 

is accompanied by deoxygenation of the water. This bre~kdown 

provides the necess2ry nitrogenous compounds utilized by the 

nitrogen heterotrophic Nitzschiae. Evidence that the dissolved 

oxygen concentration in the Bloukrans River didin fact decrease 

wi th increasing concentr2,tions of nitrogen is found in Graph 5A, 

where negptive correlations between the two variables were indicated. 

It is apparent from the discussion above that the chemical and 

diatom evidence from the Bloukrans River fulfils the premises of 

th8 hypothesis, viz. that high numbers ~f nitrogen heterotrophic 

Ni tzschiae are associated 1rJi th high concentrations of nitrogen. 

(2). The Diatom Associations. 

The diatom associB.tions observed in the Bloukrans River were 

highly similar to those found in other highly polluted waters in 
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South Africa, e.g. the Bon Accorde Dam near Pretoria (Cholnoky 1953B), 

and the Jukskei River near Johannesburg (Cholnoky 1958A: AllpJlson 

1961: 64). In such associations the greater part was composed of 

nitrogen heterotrophic Nitzschiae, with Nitzschia palea and ~ 

thermalis the dominRnt species in the associations. Occurring 

in smaller number~, but still important ecologically and characteristic 

of polluted waters, were species such as Gomphonema parvulum, 

Navicula confervpcea, N.cryptocephala, H.muralis, N.pE:rparva, 

N .seminulum" and Hi tzschia amphibia. A few comments on some of the 

more important species in this association should be mpde. 

On many occqsions Cholnoky (1958A: 246; 1960B: 263; 1966B: 205) 

has made a distinction between Nitzschia thermalis and H.palea on 

the basis of their oxygen requirements. N.thermalis, according to 

Cholnoky, requires almost anaerobic conditions, i.e. low dissolved 

oxygen concentrations, and its growth is curtailed by high concen-

trations of dissolved oxygen. In contrast N.palea requires well 

aerated water, and replaces N.thermalis when the dissolved oxygen 

concentration of a water is high. Observations made in this study 

did not substantiate this distinction. Although N.thermalis was 

found to be dominant at Station I in April (ave. % saturation 

50.17%) , it "trJas also observed as tte d cminant species at Station 2 

in August, when the average percentage saturation was extremely 

high (92.67%) 0 This suggested a much wider range of tolerance to 

the level of oxygen saturation, which is in contradiction to Cholnokyls 

observations. Nitzschia palea, on the other hand, while occurring in 

relatively high numbers at most stations, was observed to be dominant 

at Stations I and 3. These two stations normally showed the lowest val­

ues of dissolved oxygen saturation. Apparently N.palea has a wider 

range of tolerance than N.thermalis (Chclnoky 1953B: 349). 
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The relatively high numbers of Gomphonema parvulum, Navicula 

confervacea and N.seminulum suggested large fluctuations in the 

concentrations of nitrogen at the various stations (Cholnoky 1962B: 

90). This was confirmed by the relatively high variations observed 

from the chemical Rnalysis of the water (Tables I 8Ild 2). The 

presence of Navicu12. muralis and the re12.tively high ntunbers of 

~J.perparv!3 at most stations confirmed this still further. The 

presence of these two species also sugp;csted that e certain amount 

of self-purification of the water WRS taking place, since the 

optimal nitrogen requirements for these two species lies below the 

concentration necessary for the good growth of the nitrogen hetero­

trophic Nitzschiae (Cholncky 196oB: 252, 253; 1962B: 87; 1966A: 39). 

In other words these two species indicated the removal of some of 

the nitrogen of the water, thus lowering the concentration. 

E. CONCLUSIOl'JS. 

1) • The chemical analysis of the Bloukrans River revealed that it 

was a highly polluted stream. 

2). Analysis of the diatom associations showed that high numbers of 

nitrogen heterotrophic Nitzschiae were present at Station 1, 2 and 3, 

while at Station 4 smaller, but nevertheless relatively high numbers 

lvere found. 

3). Scatter plots, comparing the concentration of the various 

nitrogen compounds of the water with the relative densities of the 

nitrogen heterotrophic Nitzschiae, indicated a trend towards a 

positive correlation between the two variables, and thereby confirmed 
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the hypothesis that high numbers nf nitrogen heterotrophic 

Nitzschiae are associated with high concentrations of nitrogen. 

4) • The diatom associ,q.tions found in the Bloukrans River were 

chRracteristic of polluted waters having a high concentration of 

nitrogen~ lNhich was subject to large fluctuations. A small degree 

of self-purification was also evident. Similar diatom associations 

have been found in other pollutec. wat8rs in South Africa (Cholnoky 

1953B: 195 8A ) • 
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The Ecology of the Di2.toms of the Vaal Dam Catchment ;'~rea. 
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A. INTRODUCTION. 

The Vaal Dam ensures a goed supply of water to the Tc'vi twaters­

rand complex, South .\frica f s most important industrial and mining 

centre. The problem of pollution ct0d protection of waters flowing 

intc the Vaal Dam is therefore of very great importance. Ccnsequently 

the "Special Sub-committee on stream Surveys in the ~'Ji twatersrand" 

(organised by the National Institute fer Hater Research) in 1955 

reco~~encted that a survey of the Va21 Dam Catchment Area should be 

undertaken (Malan 1960: 1). The objects of this survey were to 

gather background knowledge of the conditions in this area, and to 

study the factors that affect the quality of the w 2.ter in the rivers 

and stre~ms running into .the Va~l D3m. 

Subsequently Malan (1960) undertook 2. survey of the area with 

regard to the chemical quality of the surface waters. In his 

report Malan made the recommendation that from a biological point 

of view "the flora and fauna of the main river systems should be 

evaluated uith a view to assessing pollution effects accurately 

and determining the effects of changing industrial 2.nd agricultural 

activity". In fulfilment Clf M2lan's recommendation Chutter (1967) h2.s 

completed the studies of the fauna, and this report on the diatoms 

is presented as the final ccntribution towards the whole survey of 

the Vaal Dam Catchment Area. 

In the study of the diatoms the main eim was to investigate 

the diatom associations of the Va?l Dpm Catchment :\re2., against 

a background of available physic21 pnd chemical data 0n the water, 

and thus assess the quality r,f the water prev2.iling in the catchment 

area during the period of survey. Using this as a basis, it would 

then be possible to detect any changes in the quality of the water 

due to future industrial ?nd agricultural development. 
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A secondary aim was tn build up 2 knowledge of the system~tics 

and taxonomy of the diatoms, and to contribute tow~rds the knowledge 

of the distribution of the diatom species in South Africa. 

B. DESCRIPT I ON OF ThE VA i'L D.LilM CATCHMENT AREA. 

The catchment area of the Va21 Dam, covering 2"pproximately 

14,700 sq. miles, is a large, relatively shallow basin, of which 

the greater part is flat gently undulating grassland. The highest 

ground is found in the south, where the Elands River has its source 

on the northern slopes of Mont-aux-Sources; for the most part the 

catchment area lies at an altitude of between 4,750 ft. ano 5,750 ft. 

above sea level (Chutter 1967: 47). 

Rocks of the Karroo System underlie practically the entire 

catchment area (Map l)~ except for isolated places near the Vaal 

Dam where the Witwatersrand and Ventersdorp Systems are found in 

small outcrops. Most of the area dr2ined by the Va21 River and 

its tributaries is underlain by the shales of the Ecca Series, while 

nearly all the area drained by the l'Tilge and Liebenbergs'111ei Rivers 

is underlain by the shales and sandstones of the Beaufort Series. 

The Elands River and the Liebenbergsvlei River with its tributaries 

have their sources in the basalt and sandstones of the Stormberg 

System. The Klip River and its tributaries rise in the Beaufort 

Series, but flow for the most part in the Ecca Series. In the 

lower reaches of the v.Jilge and Liebenbergsvlei Rivers, the two 

rivers flow oVer beds of the Ecca Series. 

*All maps are found in the appendix. 
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The Vaal Dam catchment area falls into a summer rainfall area, 

in which most of the r2..in falls on the high lying parts in the south 

and south-east. In these areas the annual rainfall ranges between 

50n and 60t' per annum. The rainfall over a narrow band along the 

southern and eastern borders of the catchment area has an annual 

range of 32" to 5011 per annum. Over the greater part of the 

catchrr.ent, however, the area receives only 24" to 32" per annum. 

According to Chutter (1967: 48) about 90% of the summer rainfall 

is the result of thunderstorms, which nroduce heavy downpours for 

short periods of time. The flows of the streams ano rivers in 

summer are, as a result, very variable; this vp.riability decreasing 

until in winter it is smaller and more constant. In most winters 

snowfalls occur on the high lying areas. 

There are two main water courses in the c2..tchxllent area, the 

Vaal River and its tributaries, and the I.Alilge Hiver ~nd its tribu­

taries (Map 2). The Vaal River rises in the east and flows westwards. 

On the northern bank there are three main tributaries, the Kaffirspruit 

River, draining the Ermelo area, the Blesbok River which drains the 

area south of Bethal, and the Waterval River which drains the Leslie, 

Kinross and Trichardt areas. On the southern bank there are again 

three tributaries, the Kleinvaal River and the Skulpspruit River 

which drain the ]~ersfoort district, and the Klip River draining 

the large area in the Orange Free state in the Vrede and Memel 

districts. 

In the Orange Free state the TrJilge River rises in the south and 

flows northwards to the Vaal Dam. There are three main tributaries 

on its eastern bank, the Molen, Cornelius and Holspruit Rivers, which 

drain the area a.round 1rJarden. On the west bank there are also three 

tributaries, the most southerly being the Elands River and its 
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tributary, the Klerkspruit River, which drain the Wit~ieshoek and 

Kestell areas; The Russespruit River, and the Liebenbergsvlei River 

with its tr~butaries. The Bethlehem and Reitz districts are drained 

by the Liebenbergsvlei River. 

In the catchment area of the Vaal River the main towns are 

Standerton, Bethal, and Ermelo, 2nd some minor industries are situated 

in and around these towns. The South African Torbanite plant is 

found near Breyten, which lies near the headwaters of the Vaal River. 

In the Ermelo district a few scattered coal mines are found. At 

Standerton there is a milk processing factory, and a textile factory. 

During the course of the survey some gold mines were in the process 

of being developed in the Kinross region. Finally the Springfield 

Colliery is situated on the Kalk River, which flows directly into 

the Vaal D'"'m. In the Orange Free state the main towns in the li·Jilge 

River catchment area are Harrismith, where there is a milk processing 

factory and a textile factory, and Bethlehem on the Liebenbergsvlei 

River, has a milk processing factory. Although these minor industries 

are found, the main economy of the region is based 0n agriculture. 

In the Va2.l River valley and the lower VJilge valley there are large 

areas under maize and sunflower cultivation, while in a strip from 

Ermelo to Bethlehem stock farming predominates. 
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C. SAMPLING POINTS ]\}ID STATIONS. 

The material for this investigation was collected on different 

occasions by Cholnoky, Chutter and the author. A list of the samples J 

together -wi th a short description of the locality and the date of 

collection of each sample, is found in Table 8. The spmples in the 

series Vaal 200 - 299 were collected by Cholnoky in July 1957 and 

July 1958. Chutter made irregu12.r c0llections of a large number of 

samples from his s8mpling stations (Chutter 1967: 57 8nd Table 11), 

in the whole catchment area during thE; period of the survey, i.e. 1958 

1960; these samples are numbered in the Series Vaal 300 - 399. 

In August 1960 Cholnoky made a further collection of samples, the 

series Vaal 400 - 500, from the Vaal River system only. Finally 

the author, while on a trip round the catchment area in March 1965, 

made a small collection of diatom material (Vaal 500 - onwards), of 

which only a few samples were analysed. 

In Map 2 the distribution of the sampling points is depicted. 

Each sampling point is indicated by a black dot with the sample 

number or numbers next to it. If such a sampling point should fall 

on one of Chutterrs stations, the black dot is replaced by a square 

containing the number of the station, next to which is 10Jritten the 

number of the sample or samples collected at that point. In the 

text, any sampling point designated "Station" refers to Chutterts 

sampling stations. 



(32) • 

D. :METH ODS. 

1). Chemical and Physical Analyses. 

The chemical anp.lyses quoted in this study were undertaken by 

Malan and Qhutter. 

The methods used by rvIalan in his chemical analysis were described 

in his report on the chemical survey of the Va~l Dam Catchment Area 

(Malpn 1960: 9 ~nd 10). vIi th a few exceptions he followed the 

methods set out in ItStandard Methods for the Examin2.tion of v'later, 

Se1-Jage and Industrial \j,Jastes (American Public Heal th Association 1955). 

In most of his chemical analysis Chutter follmved the methods 

described by Allanson (1961). There 1-Jere, however, some changes 

which he described in his report on the fauna of the Vael Dam Catchment 

Area (Chutter 1967: 45). 

2). Diatom Samples. 

With one or t1tfO minor exceptions, the methcds used for the 

collection, preparation and investigaticn of the diatom samples were 

the same as those described in Part 1, the Bloukrans River study. 

The diatom samples were collected from a number of different 

habitats by scraping the algal film from rocks, marginal mud, 

submerged trailing or marginal vegetation and other debris. 

Wherever pH values were recorded 2.t th8 time of collection of the 

samples, the readings were made with a Lovibond Compar8.tor. Chloro­

phenol red, bromo-thymol blue, phenol red and thymol blue indicators 

were used to cover the pH range 4.8 to 9.6. 

3). Biological Assessment of the Water Quality. 

In biologically p.ssessing the quality of the water, the structure 

of the diatom associations at each sampling point was used. Cholnokyfs 

method for determining the structure of the diatom association (a modi­

fication of the Thomasson Analysis) has already been described in Part 1. 
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By studying the relative densities of the vprious species, or groups 

of species, it is possible to evaluate the ecological conditions of 

a river, by making us e of plready known correlations between the 

organisms living in the river and the factors affecting their growth 

and distribution. Cholnoky has made extensive ecological studies 

on South African rivers and has discussed these correlations in 

detail in his publications . Some of the more important 

correlations are set out below. 

It is well known that the chemical and physical properties 

of water playa selective rcle on the organisms living in it 

(Round 1965: 82). Furthermore, Ruttner (1963: 98) has pointed out 

that the appearance of certain species has been observed to be 

related to certain levels of impurities. Thus it is possible for 

the degree of pollution to be indicated by the appearance of these 

species. Amongst the diatoms the mostimR0rt~t group, indicating 

pollution of the water, is the nitrogen heterotrophic Nitzschiae. 

This group of Nitzschiae, and particularly Nitzschia palea and 

N.thermc1.lis, have been discussed in relation to the organic nitrogen 

concentration in Part 1 of this dissertation. 

In a short study on the polluted Bloukrans River (P2rt 1), the 

correlation between the nitrogen heterotrophic Nitzschiae and the 

concentration of nitrogen was tested experimentally. The results 

of this experimental work showed that there was a positive correlation 

between the numbers of nitrogen heterotrophic Nitzschiae and the nitro­

gen concentrption of the water, i.e. high numbers are associated 1dth 

high concentrations, and low numbers with low concentrations. This 

experimental evidence and Cholnoky's studies (e.g. 1953B; 1958A; and 

1960B) were used as a basis for the assessment of the concentr2tion 

of organic nitrogen in the rivers of the Va?l Dpm Catchment Area. 
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Further information about the nitrogen concentration is 

derived from knowledge of the specific ecological requirements of 

other species. In studying the succession of diatom associations 

in relation to the stages of water purification, Cholnoky (1958A: 209) 

found that Gomphonema parvulum was characteristic of unstable 

conditions, finding its optimum development in ~vater subjected to 

large fluctuations of the nitrogen concentration. Navicula confervacea 

~"nd N. seminulum have bepn shown to have similRr ecological requirements 

(Cholnoky 1958A: 209; 1960B: 282), and are closely associated with 

G.parvulum. 

The two small Navicula species, N.muralis and N.perparva are 

ve~T similar to each other in regard to their autecology. In his 

studies on the Pretoria Sewage Works, Cholnoky (1962B: 87) found 

that N.muralis was abundant at the end stages of the process of 

self-purification, where the concentration of organic nitrogen is 

low, and the oxygen is high. It can therefore be assumed that the 

presence of these two speCies in significant numbers in tile di a tom 

association indicates the end stages of self-purification in a body 

of water or river. 

In determining the dissolved oxygen concentretion of a water 

Cholnoky employed certain species which eTe regarded as oxygen 

indicators. In this regard the most important genera are Achnanthes, 

Cymbella and Fragilaria. Cholnoky has dealt with the associations of 

species indicating high concentr?tions of dissolved oxygen in various 

papers (Cholnoky 1958A: 216 and 239; 1960B: 276; 1962B: 110; 

1966A: 77), and has found that the most commonly occuring indicators 

are Achnanthes microcephala, Achnanthes minutissima, Cymbella 

ventricosa and Fragilaria Vaucheriae. The occu~rence of Cymbe11a 

microcephala (Cholnoky 1962B: 68; 1966B: 180) also indicates high 

concentrations of dissolved oxygen. Most species in these groups 
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are katharobic and are seldom seen in highly polluted water. 

Depending on the pH of the water, either acidophilic or 

a1k2cliphilic associations will develop. In South Africa Hcidic 

waters occur less frequently thR.n alkcdine waters, B.nd as a result 

acidophilic associations are more restricted. Hustedt (1930: 59) 

stated that most species in the genera- Eunotia, Pinnularia and 

Frustulia are aCidophilic. This is supported by Round (1965: 208) 

who added the gen(:ra J\nomoeoneis and Tabel18.ria to this Rroup. 

In the acidic streams around Rustenburg in the Transvaal, Cholnoky 

(1957B) found the associations to be characterised by Eunotia spp., 

Frustu1ia rhomboides and F. '~lgaris, Pinnularia spp., Surirel1a 

delicatissima and Tabel1aria f1occu1osa. Similar associations 

have been observed from other acidic waters in South Africa by 

Cho1noky (1960B: 270; 1962B: 112; 1965: 80; 1966B: 231). The 

associations of alkaline water, on the otherhand, are far too large 

to permit discussion here, since the majority of diatom species can 

be regarded as alkaliphilic. 

In a recent paper P8tEick (1968: 182) produced experimental 

evidence that "under very similar conditions, ste2dy state communi-

ties with great similarity C2.n be produced!!. On this basis the 

correlations, observed by Chclnoky in South African rivers and 

discussed above, were applied to the diatom associations found in the 

Vaal Dam catchment area in order to assess the quality of the water. 
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E. RESULTS. 

Table 9 * presents a summary of the chemical RnCl.lysis made by 

M~lan (1960). This survey indicRted quite clearly that the rivers 

in the Vaal Dam catchment Rrea carried a low mineral content (Mp~an 

l.c.: 33). Calcium and magnesium bicarbonates constituted the 

greater p2rt of the dissolved solids, and as a result the waters were 

nearly all alkaline and well buffered. At most places sodium, chlorides 

and sulphates were found in low concentraticns. It is also clear 

from this table that the concentration of dissolved solids increased 

from the headwaters of the rivers to the dam itself. This increase 

is brought about by an increase in the calcium and magnesium bicarbo­

nates rather than any other dissolved s2.l ts. 

Chutter (1967: 62) fel t th~,t certain bio1ogic2,11y iJnportant 

aspects of the chemistry of the water had been neglected by Malan. 

As a result Chutter undertook a second chemical survey, mainly of 

the VaA.l River and its tributaries, the Kaffirspruit, Kleinva8.l and 

Waterval Rivers. A summary of this analysis is found in Table 10*. 

In the remainder of the catchment area the chemical analysis of the 

water is scanty. Table 11* shows the results of the analysis of 

single samples from several stations on the Klip and Wilge River 

S,Ystems. These results, based on a single sample, can only indicate 

the possible trend of the conditions which exist at these sampling 

stations. 

Chutter's chemical analysis showed some points of interest. 

At Station 1, although the main chemical constituents were still 

calcium and magnesium bicarbonates, they were not present in 

sufficient concentrations to buffer the water adequately. 

Consequently there were large fluctuations of the pH. 

* The tables Rre found in the appendix. 
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Chutter (1967: 66) remarked that there was chemical, biological 

or circumstantial evidence that the chemical quality of the water 

was altered by effluents at Station 4, 5, llA, lIB, llC and 17. 

The results of the Thomasson Analysis of the diatom associations 

at each sampling point are recorded in Tables 12 - 52 in the appendix. 

In these tables only those species 1v1. th a r elati ve density of 1% or 

more in at least one sample in the relevant table have been reflec~ed, 

since Cholnoky (1962: 342) found that relative densities of less than 

1% fell into the range of error of the method, and are thus unreliable 

for ecological conclusions. The plus sign (+) in the tables 

indicates that the species was recorded in the species list, but was 

not observed in the association analysis. 

The results of the Thomasson Analysis are discussed below. 

The chemical information associated with each sampling point was 

extracted from Tables 9, 10 and 11. The concentration values in 

this information were recorded in parts per million (ppm.). The 

symbols N.D. indicate concentrations so low that they were not 

detectable. 

1). The Vaal River System. 

(a). The Vaal River. 

Station No.1. 

Locality: This station is situated in a marshy sponge near 

Breyten at the source of the Vaal River. Sheep 2.nd cattle make 

use of this sponge as a drinking trough in the dry season (Chutter 

1967: 63). Two samples were collected from this station in the 

late winter (Vaal 301, 479), 2nd one in summer (Vaal 370). 



(38). 

Chemical Data: Cholnoky:- pH 6.8; 6.0; 6.3. 

No. of samples. max. min. ave. 

Chutter:- pH 9 6.8 5.8 6.3 

Total Nitrogen. 21.21 0.83 4.81 

Kjeldahl N. 7 21.0 0.8 4.7 
Ammonia N. 8 0.67 0.01 0.40 

Nitrite N. 10 0.03 N.D. 0.004 

Nitrate N. 9 0.18 0.03 0.11 

O2 Absorbed 10 17.7 1.3 7.9 

Diatom Analysis: Table 12. 

Comments: The diatom associations found here were characterised by 

Eunotia spp., Frustulia rhomboides var. saxonica, Pinnularia spp. 

and Surirella delicatissima var. africana. These associations were 

similar to those reported by Cholnoky (195?B: 1960B: 270; 1962B: 112; 

1966B: 231) from other localities in South Africa having low pH 

values. This suggested that the water was acidic, and chemical 

measurements of the pH (ave. 6.3) confirmed the diatom evidence. 

The fairly high relative densities of Achnanthes microcephala 

and A.minutissima indicated a reasonable aeration of the water. 

In the ~nnter or dry season the associations (Vaal 301, 479) were 

very similar and showed high numbers of nitrogen heterotrophic 

Nitzschiae, which implied some organic enrichment of the water. 

This was confirmed by the high Rverage figure for Kjeldahl nitrogen 

and the very high average value for oxygen absorbed by potassium 

permanganate in four hours. The enrichment with organic materials 

could be due to the sheep and cattle. In the wet season, or summer, 

(Vaal 370) the relative density of the nitrogen heterotrophic 

Ni tzschiae ~ras low, thus indicating only small quanti tie s of organic 

nitrogen in the water. This could be attributed to the seasonal 

effect of summer rains flushing out the sponge. 
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Station No.2. 

Locality: This station is found where the Lake Chrissie - Ermelo 

road crosses the Vaal River. At the time of Cholnokyts collection 

(11.8.60) the water was flowing slowly over a rocky river bed. 

Chemical Data: Cholnoky:- pH 8.0. 

max. min. ave. 

l'1alan:- Total Dissolved Solids 99 53 67 

Total alkalinity (as CaC0
3

) 52 19 31 

Total Hardness (as CaC0
3

) 48 15 27 

Chlorides(as Cl) 16 6 11 

Sulphates (as S04) 13 1 5.4 

Sodium (as Na) 14- 5.2 9 

Diatom Analysis: Table 13. 

Comments: This station was sampled once in 1960, and it was 

immediately apparent that the associstion was rather different from 

that found at Station 1. The association was dominated by two 

oxygen indicating species, Achnanthes minutissima (45.9%) and 

Fragilaria pinnata (28.9%), and this suggested a good oxygenation 

of the water at this point. The absence of any acid water species 

led to the conclusion that the pH of the water was above neutral, 

particularly as Cholnoky (1962B: 73) has found the pH optimum of 

Fragilaria pinnata to be between pH 7.2 and 8.0. This conclusion 

was supported by Cholnokyts measurement of the pH (= 8.0). Since 

the relative densities of the nitrogen heterotrophic Nitzschiae were 

very low (4.5%), only small concentrations of organic nitrogen were 

IX' esent in the water. This suggested an improvement of the quality 

of the water at Station 2, and that some self-purification had taken 

place between Stations 1 and 2. 
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station No. 2A. 

Locality: Station 2A was found where the Vaal River is crossed by 

the Ermelo - Amsterdam road. The t1.-TO samples were collected from 

different habitats, Vaal 306 from marginal mud and Vaal 307 from the 

stones in current. 

Chemical Data: 

No. of samples. max. min. ave. 

Chutter:- pH 7 8.1 6.4 7.2 

Total Nitrogen 1.72 N.D. 0.54 

Kjeldahl N. 7 1.1 N.D. 0.4 

Ammonia N. 8 0.50 N.D. 0.15 

Nitrite N. 11 0.015 N.D. trace. 

Nitrate N. 11 0.60 N.D. 0.14 

02 Absorbed 11 8.6 1.2 3.3 

Diatom Anallsis: Table 14. 

Comments: The two samples showed rather different associations, but 

whether this was the result of the long time interval between the two 

collections, differences in season, or differences in habitat is not 

clear. In sample Vaal 306 the association was completely dominated 

by the oxygen indicators Achnanthes minutissima (90.5%) and Fragilaria 

familiaris (4.3%). This undoubtedly pointed to an excellently 

aerated water, which was free of pollution by organic nitrogenous 

compounds. Chutter's chemical analysis appeared to confirm this 

assumption as the nitrogen concentrations were extremely low, and at 

times not detectRble (N.D.). In contrast to this the sample collected 

in the summer (Vaal 307), while still showing good aeration 

(A.minutissima 37.9%), showed an increase in the numbers of nitrogen 

heterotrophic Nitzschiae (23.1%), indicating an increase in the 

organic nitrogen concentration of the 1-later. This rise in the 

concentration in the summer 'could be related to a seasonal variation, 

as similar situations have been observed at other points in the 

catchment area. 
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Sample Vapl 477. 

Locality: This sampling point occurred just above the confluence 

of the Va01 and Kleinvactl Rivers, south-east of Ermelo. 

Chemic~l Data: Cholnoky:- pH 7.9. 

Diatom Analysis: Table 15. 

Comments: The association found here was almost the s arne as that of 

Vaal 306 from the previous station (see above). Here again the 

associ2tion indicated extremely 1'Je11 oxygenated, slightly alkaline 

water (pH 7.9), containing negligible amounts of organic nitrogenous 

material. The Hater therefore, at this point and at Station 2A 

appeared to be of very good quality in the winter months. 

Station No.3. 

Locc..lity: This locality Has found \~here the l'-1orgenzon-Amersfoort 

road crosses the Vaal River. Chutter (1967: 84) remarked that 

this station was subject to large floods hepvily laden with silt. 

Algal growth was never heavy. The samples were collected in the 

late winter months of 1958, 1959, and 1960. Sample Vaal 312 was 

collected from the stones in the current. 

Chemical Data: Cholnoky:- pH 8.5. 

No. of samples. max. min. ave. 

Chutter:- pH 8 8.4 7.2 7.9 

Total Nitrogen 1.58 0.54 1.09 

Kjeldahl N. 4 1.1 0.5 0.9 

Ammonia N. 5 0.80 N.D. 0.39 

Nitrite N. 7 0.01 N.D. trace. 

Nitrate N. 7 0.47 0.04 0.19 

O2 absorbed 7 3.3 1.3 2.4 

Diatom anal~sis~ Table 16. 

Comments: The remarkable similarity between the three associations 

suggested a stability of the ecological factors in the Vaal River at 

Station 3 during the winter. The three associations shvwed very little 

change in either the species composition or the proportions in which the 
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species occurred. This conclusion was supported by the chemical 

data for this station (given above), since the range of fluctuation of 

the v8.rious chemical factors "T,-.ras relatively small. The large pro­

portions of Achnanthes minutissima and Cymbella spp. indicated a 

well aerated, clean water. The small numbers of nitrogen hetero­

trophic Nitzschiae in the associations, indicating low concentrations 

of organic nitrogen, supported the assumption that the water was 

unpolluted. This fact was further confirmed by the chemical 

an2~ysis of the water at this point, which showed small concentrations 

of nitrogen in solution (ave. Total N. - 1.09 ppm.). At Station 3 

the first appearance of an interesting diatom association was 

recorded. In this association the Cymbella spp. were dominant,and 

were closely linked with A.minutissima, N.interrupta, and N.linearis. 

This type of associHtion will be discussed in more detail later. 

Station No.4. 

Locali ty: This s81npling point was found on the VaC1.l River nt 

Standerton, below the old railway bridge. Just above this station 

the river receives the can 1'\Tashing effluent from a milk processing 

factory. Sample VaHl 4l? was collected from a small stream in this 

vicinity, which probably drains the area around the condensed milk 

factory. Samples Vaal 315 and 316 "V'ere collected from s tones in the 

current; no information is Hvailable concerning the hHbit2ts sampled 

in the other samples. 

Chemical Data: Cholnoky:- pH 8.2 (Vaal 416); pH 8.2 (Vaal 417). 
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No. of samples. max. min. ave. 

Chutter:- pH. 7 8.4 7.1 7.8 

Total Nitrogen 1.0 N.D. 0.22 

Kjeldahl N. 13 0.5 N.D. 0.11 

Ammonia N. 9 0.40 N.D. 0.21 

Nitrite N. 13 trace N.D. trace. 

Nitrate N. 13 0.50 N.D. 0.11 

O2 Absorbed 13 5.6 1.0 2.9 

DiG.tom Anpllsis: TRble 17. 

Cow~ents: Neither the chemical analysis of Chutter (quoted above) 

nor that of Malan (1960: 13) could detect any obvious effect of the 

can \fJashing effluent on the chemical quality of the water. Malan 

attributed this to the masking of pollution by dilution in the 

Va8.1 River. 

The diatom associations, on the otherhand, indicated rather 

unstable conditions. At times the numbers of nitrogen hetero-

trophic Nit9,schiae were very high (66.8% in September 1959), and on 

other occasions they were very low in number (4.4% in August 1960). 

This indicated that there was some consider8,ble variation in the 

orgenic nitrogen concentration. Chutter's study of the fauna 

(Chutter 1967: 206) confirmed that the water quality was affected 

by pollution at this station, where he found the most mprked changes 

of the fC1una, particularly the sediment fauna, due to an effluent. 

These observ;:1tions on the diptoms and fauna did not appear to agree 

Hi th the chemical analysis of the w·ater. 

The diatom 2.ssociations found in Vaal 417 were very reminis.2nt 

of those found in the Bloukrans River, where Nitzschia palea is the 

dominant species of the association. The water in this small stream 

was probably highly poIlu ted with nitrogenous compounds. However 

on account of its small size, the pollution effects were probably 

eliminated by dilution in the greater volume of the Vapl River. 
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Nevertheless it cannot be discounted entirely as a source of pollution 

a.t this point. The dissolved oxygen concentr8tions appeared to have 

fluctuated in response to the variations of the organic nitrogen 

concentrations, being highest in s2,mple Va!ll 416 (Achnanthes 

minutissima 27.5% and Cymbella Ka.ppii 48.2%), when the concentration 

of organic nitrogen is lowest. 

Station No.5. 

Locality: Station 5 is situated below Stption 4, pnd lies below the 

Standerton Sewage Horks. Chutter (1967: 64) reported that at this 

station treated sewage was irrigated on to fields sloping towards the 

river. He was, however, unpble to find any evidence for surface run 

off. Diatom growth was apparently abundant in winter and e3rly 

summer. The river bed consisted of mainly dolerite rock. Sample 

Vaal 319 was collected from the stones in the current, while all the 

samples v.rere collected during the winter months of 1958, 1959 and 1960. 

Chemical Data: Cholnoky:- pH 8.5. 

No. of samples. max. min. ave. 

Chutter:- pH 9 8.5 7.2 7.8 

Total Nitrogen 15.47 0.20 2.94 

Ammonia N. 12 2.0 N.D. 0.34 

Nitrite 1\T 12 0.3 N.D. 0.01 l\! • 

Nitrate N. 12 1.87 N.D. 0.42 

O2 Absorbed 11 6.0 1.1 3.1 

Diatom Analysis: Table 18. 

Comments: The diatom associations found here were very similar to 

those found at St2.tion 3, and 1vou1d therefore reflect similar environ-

mental conditions. The high relative densities of Achn2nthes 

minutissima and Cymbella spp., particularly C .microceph21a, indic2.ted 

stable, well aerated katharobic conditions during the 1.nnter months. 
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The low numbers of nitrogen heterotrophic Nitzschiae, suggesting only 

small concentrations of organic matter, support this conclusion. 

Hm-lever, the presence of Gomphonema parvulum, sometimes in fairly 

high numbers (12.7% in 1959), gave an indication of C1 relatively 

large fluctuCltion of the organic nitrogen concentr2tion at 

certain times. Evidence from the diatom associations suggested 

that the .standerton Sewage \ilJorks had little deleterious effect on 

the qUBlity of the river during the winter. 

Chutter (1967: 109) observed thR-t the f,!:luna at this station 

was little changed, supporting the evidence obtained from the diatoms. 

The chemical analysis on the otherhand strongly suggested some 

enrichment of the water by organic materi81 (note high Kjeldahl 

figures). 

Station No. 5A. 

Locality: This station is situated where the VaC11 River is crossed 

by the Standerton - Villiers road. ChutterTs samples were collected 

below a dolerite sill. Samples Vaal 321, 324 and 406 Here collected 

from stones in the current, while samples Vaal 322, 323 and 375 were 

collected from algae trailing in the current. 

Chemical Data: Cholnoky:- pH 8.7. Archiba1d:- pH 8.2. 

No. of samples. max. min. ave. 

Chutter:- pH 9 8.7 7.2 7.8 

TotRl Nitrogen 1.58 0.5 0.84 

Kjeldahl N. 5 0.88 0.5 0.70 

Ammonia N. 6 U.42 0.20 0.27 

Nitrite N. 8 trace N.D. trace 

Nitrate N. 8 0.70 N.D. 0.14 

O2 Absorbed 8 4.0 1.2 2.1 

Diatom Ana1lsis: Table 19. 
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Comments: The large numbers of species present and the variability 

between each association suggested a rather unstable ecological 

environment. While the chemical evidence showed very small concen-

trations of nitrogen in solution, "'lith a narrow rpnge of fluctuation, 

the diatom analyses reflected periods of relatively heavy enrichment 

of the water with organic nitrogen compounds. Evidence for this was 

obtained in samples Vaal 321, 323, 324 and 552, where the numbers of 

nitrogen heterotrophic Nitzschiae were relatively high (15.1%, 21.7% 

29.0% respectively) suggesting high concentrEltions of organic 

nitrogen at these times. On other occasions the concentrations 

appeared to be low, and more in keeping with the chemical analysis. 

The oxygen concentration, reflected by the numbers of ~,-chnanthes and 

Fragilaria spp., was also subject to fluctuation; generally the con­

centration followed the opposite trend to the organic nitrogen 

concentration. As in most other samples, the diatom associations 

were alkaliphilic, thus indic~ting an alkaline water. This was 

confirmed by the numerous pH readings recorded atithis station 

(ave. 7.8). 

station No.6. 

Locality: Station 6 occurred at Villiers on the Vaal River, where 

the samples, diatoms and chemical, were collected from just below 

the national road bridge on the northern boundary of the village. 

Malan (1960: 13) regarded the Vaal River at this point as already 

forming part of the Vaal Dam. 
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Chemical Data: Cholnoky pH 8.6. 

max. min. ave. 

Malan:- Total dissolved solids 185 78 133 

Total alkalinity (as CaC0
3

) 152 40 q3 

Total Hardness (as CaC0
3

) 140 44 86 

Ch1.orides (as Cl) 18 4 9 

Sulphates (as S04) 10 3 6 

Sodium (as Na) 19 8 15 

Di2.tom Ana.lysis: Table 20. 

Com:t:lents: It is unfortunate that, at the point where the Vaal River 

enters the Va8_l Darn, only one sample should have been collected. 

The high numbers of Gyrosigma scalproides (17.7%), Navicula crypto-

cephala (18.2%), and N.rostellata indicated 8_ high pH value 2.nd 

oligotrophic water. HowevGr the complete 2bsence of any Fragilaria 

spp. and the low numbers of Achnanthes and Cymbella species indicated 

a rather poorer oxygenation of the water than at other points in the 

catchment area. This did not appear to be due to effects of 

pollution, since the relatively low numbers of the nitrogen 

heterotrophic Nitzschiae (8.7%) indicated small quantities of organic 

matter in solution. The eli atom association of sample Vaal 406 

suggested, therefore, that the water entering the Va?l Da.rn from the 

Va2.1 River was of good quali t.Y. This conclusion was supported by 

Malan (1960: 14) through his chemical analysis of the water (see 

above) • 

(b). The Tributaries of the Upper Vaal River. 

The Kaffirspruit River. 

Locaility: The Kaffirspruit drains the area around Ermelo and has 

been sampled at a number of different points. Station 19 lies where 

the Errnelo - Standerton road crosses the river. Here the river bed 

was s~dstone rock, and four samples were collected from this point 

(Vaal 342, 343, 344 and 493). The sample s Vaal 489, 491 and 492 
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were collected from the tributary streams above Station 19, and were 

all collected in August 1960. 

Chemical Data: Cholnoky:- pH 8.1 (Vaal 493); 9.2 (Van1489); 

8.6 (Vaal 4.91); pH 8.4 (V~el 492). 

max. min. ave. 

Malan:- Total Disolved Solids 292 175 230 

Total El.lkalini ty 
(as CaC0

3
) 255 124 185 

Total Hardness (as CaC0
3

) 228 112 167 

Chlorides (as Cl) 20 8 15 

Sulphates (as S04) 14 6.2 9.2 

Sodium (as Na) 28 14.5 22 

No. of samples. max. min. 

Chutter:- pH 8 8.4 7.1 

Total Nitrogen 5.07 0.05 

Kjeldahl N. 7 4.20 N.D. 

Ammonia N. 10 0.60 N.D. 

Nitrite N. 12 0.05 N.D. 

Nitrate N. 12 0.82 0.05 

O2 Absorbed 12 8.0 1.3 

Diatom Analysis: TEl.ble 210 

ave. 

7.9 

1.58 

1.24 

0.15 

0.01 

0.33 

3.1 

Comments: It is obvious from the chemical data aVEdlable for St2.tion 

19, that the water at this station was well buffered and alkaline. 

As a result no traces of any acid water species wers found in the 

association. The diatom associations at Station 19 were interesting 

since they reflected a possible seasonal variation. The associations 

found in the winter samples (Vaal 342, 343 and 493) suggested stable 

well oxygenated conditions with very small concentrations of organic 

nitrogen, since the katharobic species (Achnanthes minutissima and 

Cymbella sPP.) were present in large numbers. This was supported 

by the very low relative densities of the nitrogen heterotrophic 

Nitzschiae in these samples. In contrast the water in surrmer 
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supported a much larger proportion of nitrogen heterotrophic 

Nitzschiae (50.6%), ~Jhich led to the conclusion that in summer 

the water contained much grepcter concentrations of organic nitrogen. 

Chutter's chemical analysis did show a relatively large fluctuation 

of the concentrations, but it is not clear whether there was any 

seasonal pattern in these variations. 

The samples Va8.l 491 and 492 had associations which reflected 

conditions similar to those found at Station 19 in the ldnter. 

However, the sample collected from the tributary just outside Ermelo 

(Vaal 489) indicated an increased organic nitrogen concentration 

(nitrogen heterotrophic Nitzschiae 48.4%). This was possibly the 

result of pollution due to the town's wastes. This increase in 

concentration appeared to have been eliminated through the processes 

of self-purification before reaching Station 19. The winter s8mples 

from the Kaffirsprui t River "toJere of further interest because here again 

the Cymbella dominant 2.ssociations observed at Station 3;. ~'18re 

recorded. 

The Blesbok River - Station 18. 

Locality: This station lies nt the point where the Horgenzon -

Stand~rton road crosses the Blesbok River. The river bed is 

composed of sandstone. The Blesbok River drains the region around 

and to the south of Bethal. 

Chemical Data: Cholnoky:- pH 8.S. 

max. min. ave. 

Malan:- TotC1.1 Dissolved Solids 270 127·~ 194 

TotR.l alk8.1ini ty (2.S CaC0
3

) 220 82 141 

Total Hardness (as CaC0
3

) 190 75 128 

Chlorides (as Cl) 22 9 15 

Sulphates (as S04) 22 5.6 12 

Sodium (as Na) 32.5 13 20 

Diatom Analysis: Table 22. 
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Comments: The water in the Blesbok River at the time this sample 

was collected appeared to have been of excellent quality. The high 

numbers of Achnanthes minutissima (59.3%) indicated an extremely well 

oxygenated 'water. The high numbers of the katharobic Cymbella spp. 

and the 2,bsence of any nitrogen heterotrophic l'.Ji tzschiae suggested 

very clean water \.-Ji th no organic nitrogen in solution. Once more 

a simil~r association to that of Station 3 was present, but in this 

case _,~.minutissima was the dominant species. 

The Kleinvaal River - Station 20. 

Locality: Station 20 occurred on a headwaters tributary of the 

Kleinva2.1 River, and samples Vanl 347, 348 and 463 were collected 

from this point. Sample Va'='.l 345 has been included with this 

station, although it was actually collected some distance away in 

the vicinity of Station 20. 

Chemical Data~ Cholnoky:- pH 8.5. 

No. of sample. max. min. 

Chutter:- pH 9 8.5 6.7 

Tot2.1 Nitrogen 2.6 0.31 

Kjeldahl N. 4 2.10 0.30 

Arnmoni2. N. 5 0.42 N.D. 

Nitrite N. 8 0.1 N.D. 

Nitrate N. 8 0.40 0.01 

02 Absorbed 8 4.0 0.50 

Diatom Analysis: Table 23. 

ave. 

7.8 

1.33 

1.12 

0.17 

trace 

0.21 

1.8 

Comments: Being in the headwaters region of the Kleinvaal River it 

might be expected that the sources of 1V2.ter supply would be marshy 

sponges, such as found at Station 1. Enrichment of the water with 

organic materials of animal and plant origin could, therefore, be 

expected, together with some acidification of the water derived from 

the humic acid produced on plant decay. 
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This idea was supported by the presence in small numbers of 

some acidophilic species, such as Frustulia vulgRris var. 2ngusta, 

Navicula subh2.mulE'.ta and Pinnularia acoricola. These acidophilic 

species in..8. predominantly alkaliphilic association suggested an 

alkaline water, which was not very well buffered, and therefore 

subject to fluctuations of the pH. These fluctuations sometimes 

went below the neutral point. Chutter's measurement of the pH 

at Station 20 confirmed this (max. 8.5 and min. 6.7). 

The high numbers of the nitrogen heterotrophic Nitzschiae 

indicated an enrichment of the water, particularly in the winter 

of 1959. In the winter of 1960 the 12rge increases of the numbers 

of the kathaTobic species Cymbella Kappii (31.9%) ?Jld Cymbella 

ventricosa (21.6%) showed an improvement in the quality of the wCl.ter. 

In the summer months of 1958 and 1960 the di2.tom associations indicated 

that the organic nitrogen concentrption was lower than in the 

winter of 1960, but still sufficient to enrich the water. A 

seasonal variation with a summer flushing out effect, similar to 

that of St8tion 1 could possibly occur here. This will be discussed 

in more detail later. Chutter's chemical analysis prOVided no 

evidence for any heaV)T enrichment of the water tilth nitrogenous 

organic materials. 

The Kleinvaal River - Station 2lA. 

Locality: This station was found between Stations 20 and 21 in the 

Amersfoort district. At this site the river passes over a dolerite 

sill. Only two samples were collected in the winter, one in 

September, 1959 and one in August, 1960. 
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Chemical Data: Cholnoky:- pH 8.3. 

Chutter:- pH 

Tot(=ll Nitrogen 

Kjeldahl N. 

Ammonia N. 

Nitrite N. 

Nitrate N. 

O2 Absorbed 

Diatom Analysis: Tabl:c; 24. 

No. of samples. 

5 

1 

2 

2 

2 

8 

max. 

8.3 

0.84 

N.D. 

0.2 

4.6 

min. 

7.3 

ave. 

7.7 
0.82 

0.07 

0.30 0.57 

N.D. N.D. 

0.16 0.18 

1.2 2.3 

Comments: Here again the great similarity between the two associations 

of 1959 and 1960 reflected a stability of the environment in the winter 

months. The extremely high numbers of Achnanthes minutissima 

(73.0% and 75.2%) suggested very vJell oxygenated alkaline water, 

containing very little organic nitrogen in solution. This was supported 

by the very low numbers of nitrogen heterotrophic Nitzschiae 

(5.5% and 4.9% respectively). The chemical analyses did not reveal 

much, and were not very reliable as only one or two analyses were made. 

The KleinvaCl.l River - Station 21. 

Locality: Station 21 was found on the farm Goedehoop on the road 

from Amersfoort to Sheepmoore. This point is very near the confluence 

of the Kleinvaa.l River irlTith the V-?c~l River. Chutter (1967: 118) 

observed large growths of diatoms in the winter pnd dry early spring. 

Chemical Data: No. of samples. mex. min. ave. 

Chutter:- pH 7 9.0 7.2 7.7 
Total Nitrogen 2.48 0.75 1.05 

Kjeldahl N. 3 2.30 0.25 0.98 

Ammonia N. 6 0.42 N.D. 0.19 

Nitrite N. 8 N.D. N.D. N.D. 

Nitrate 8 0.18 N.D. 0.07 
O2 Absorbed 8 3.6 1.2 2.3 

Diatom Analysis: Table 25. 
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Comments: At this sampling point both the winter (Vaal 353) and 

the summer (Vaal 356) associations were highly similar, and therefore 

would reflect a more or less stable environment throughout the year. 

The 1mv- nllplbers of nitrogen heterotrophic Nitzschiae in both these 

samples (7.6% and O. 7% respectively) indicated th2.t the high organic 

nitrogen content at Station 20 had been reduced in concentration 

by self-purification until very little was left in the water at 

Station 21. In the chemical data given above it can be seen that 

the nitrogen concentrR_tion 1N"aS very lovJ, and ni tri tes were not detected 

at all. This confirmed the evidence given by the diatom associations. 

The very high numbers of Achnanthes minutissim2 and Fragilaria 

familiaris pointed to extremely well aerated water. 

The Skulpspruit and Rietspruit Rivers. 

Locality: The Skulpspruit stream (Vaal 465) was sampled once on 

the outskirts of the village of Amersfoort. One sample was also 

collected from the Rietspruit stream (Vaal 468) about 5 miles 

further east on the same road. 

August 1960. 

Both samples were collected in 

Chemic al Date?: Cholno ky: - pH 8.2 (Va3.1 465) and pH 8. 5 (Vaal 468). 

Diatom i\nalysis: Table 26. 

Comments: Here again the samples contained the Cymbella dominant 

associations, which reflect stpble well oxygenated katharobic 

conditions. The poor development of the nitrogen heterotrophic 

Nitzschiae (2.0% and 2.3%) indicating little or no organic nitrogen 

supported the conclusions dra-vm from the Cymbellp. dominance of the 

association. Therefore it does not 2.ppear th2.t the small village 

of Amersfoort polluted the waters of the Skulpspruit River. 
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(c). The Klip River. 

The Upper Klip River - Station 24. 

Locality: Stntion 24 was situated on the road up Wliller's Pass 

bet~Teen Hemel and Newcastle; two samples were collected from this 

point, the one in winter (Vaal 437) and the other in surnmer (Vaal 358). 

A short distance upstream 0nother sample (Vaal 438) was collected in 

August 1960. Sample Vaal 358 was collected from stones in the 

current. 

Chemical Data: Cholnoky:- pH 7.4 (Vaal 438); 8.1 (Vaal 437). 

Chutter:- pH 8.3 
Total Nitrogen 2.6 
Kjeldahl N. 1.6 

Nitrite & nitrate N. 1.0 

0,., Absorbed 6.6 
"-

Further details can be found in Table 11. 

Diatom Analysis: Table 27. 

Comments: At Station 24 in the summer (Vaal 358) the nitrogen 

heterotrophic Nitzschiae (50.9%) suggested a very high organic 

nitrogen concentration of the water, 8.nd the low numbers of 

~\chnanthes minutissima (4.2%) reflected a low dissolved oxygen 

concentration. On the otherhand the ~Tinter samples (Vaal 437 

and 438) provided 2. complete contrast. The numbers of nitrogen 

heterotrophic Nitzschiae dropped consider8bly (1.5% ond 4.3%), ~~th 

a corresponding rise in the numbers of Achnpnthes minutissima (64.6% 

and 29.2%). This suggested a substential decrease in the organic 

nitrogen content, while tho dissolved oxygen concentration rose 

steeply. The great similCJ.ri ty bet'-Jeon samples Vaal 437 [,nd 438 

suggested that the ecological character of the two points were very 

similar. Not much reliance can be placed on the chemical analysis 

of the station since only one sample was analysed. 
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The Klip River at Memel - St.!1tion 25. 

Locality: Stp,ticn 25 is found on the Klip River just above Memel. 

The close proximity of Memel to Station 25 might result in some 

organic PQllution of the water. Two samples were collected, one 

in winter (Vaal 434) and the other in summer (VaC1l 359). 

Chemical Data: Cholnoky:- pH 8.4. 

Chutter:- pH 

Totc'.l Nitrogen 

Kjeldahl N. 

Nitrite & Nitrate N. 

02 Absorbed 

Di2.tom An8.lysis: Table 28. 

8.3 

3.1 

1.2 

1.9 

2.6 

Co~~ents: Conditions very similar to those of Station 24 were 

observed here. The apparent seasonal difference in the organic 

nitrogen concentration was again very clear, and it would 2.ppear 

that the summer organic nitrogen load, carried down from higher up 

the river, had been 8ugmented to some degree (Nitrogen heterotrophic 

Nitzschiae 74.2%). This additional org?nic nitrogen might be 

derived from the village of Memel, since even in winter the numbers 

of nitrogen heterotrophic Nitzschiae were relatively high (12.1%) 

suggesting a mild enrichment of th2 water with organic nitrogen. 

The chemical analysis, based on only onc sample, was unable to 

show any great difference in t11e chemistry of the water between 

Stations 24 and 25& 

The Middle Klip River - Station 26. 

Locality: Station 26 ~las situated on the Klip River, where it is 

crossed by the Vrede - Volksrust road. Included with this station 

was one sample (Vaal 261), Which was collected from the Seekoeivlei 

below Memel. The vlei h8.8 long since dried up and at present times 
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it is drained by the Klip River running through it (Chutter: 

personal communication). 

Chemical Data: 

Chutter:- pH 

Cholnoky:- pH 8.3 (Vaal 449). 

8.2 

Total Nitrogen 2.7 

Kjeldahl N. 1.5 

Nitrite & Nitrate N. 1.2 

02 Absorbed 4.7 

Diatom Analysis: Table 29. 

COIn.'l1ents: The association observed at Seekoeivlei was somewhat 

different from the associations previously experienced in the 

V aCl.l River. ('1.1 though the numbers of Achnanthes 2cnd Cymbella were 

smEll, the well oxygenated and unpolluted character of the water 

was reflected by the dominance of the katharobic species Nitzschia 

linearis (Cholnoky 1960B: 261; 1962A: 56; 1962B: 97). There was 

some indication that the pH of the water at the Seekoeivlei occasionally 

dropped below the neutral point, since Frustulia vulgaris var. angusta 

and Pinnularia acoricola, which are acidophilic species, were present 

in small numbers. 

At Station 26 the good development of P,.linearis and A.minutissima 

(28.3% and 21.0% respectively) indicated an oxygen rich water, while 

the low numbers of nitrogen heterotrophic Nitzschiae (3.2%) indicated 

only small concentrations of organic nitrogen in solution. 

The Lower Klip River - Station 27. 

Locality: This station was found near the road bridge at De Langets 

Drift between Standerton and Vrede. This was the lowest point on 

the Klip River to be sampled, and only one sample was collected 

from this point. 
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Chemical Data: Cholnoky:- pH 8.3. 

max. min. ave. 

Malan:- Total Dissolved Solids. 285 65 135 

'Fotal alkalinity (as CaC0
3

) 220 25 92 

Total Hardness (as Cac0
3

) 170 30 80 

Chlorides ( rl.S Cl) 24 5 10 

Sulphates (as 304) 24 2.5 6.5 

Sodium (as Na) 48 4 16 

Diatom Analysis: Table 30. 

Comments: The diatom association found here was rather similar in 

composition to that found at the Seekoeivlei (Table 29 - Vaal 261). 

The high numbers of Nitzschia linearis (19.6%) 2nd -the rr esence 

of Achnanthes minutissima (9.8%) and Fragilaria Vaucheriae (2.6%) 

in smaller numbers indicated CI. moderate oxygenation of t he water. 

Since small numbers of nitrogen heterotrophic Nitzschiae were 

present in the association, very little organic nitrogen was 

dissolved in the water. Thus it would appear that the water 

entering the Vaal River from the Klip River was of good quality. 

Any instances of organic pollution in the upper reaches of the 

Klip River a ppear to have been eliminated by self-purification. 

Small Tributaries of the Klip River. 

Locality: The samples reviewed under this heading were collected 

by Cholnoky in August 1960 from small tributary streams of the Klip 

River in the Memel and Volksrust districts. One tributary (Vaal 436) 

entered the Klip River above Memel (Station 25), while the remainder 

entered the rive just above or below Station 26. 

Chemical Data: Sample No. 436 433 

Cholnoky:- pH 7.4 7.0 

Diatom Analysis: Table 31. 

447 

8.6 

451 

8.2 

453 

8.5 
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Corunents: The general characteristics of the diatom associations 

from these tributaries were very similar. The high numbers of the 

oxygen indicators, such as Achnanthes and Fragilaria spp. indicated 

a general high level of dissolved oxygen, probably the result of the 

high surface to volume ratio of these small streams. Only one 

sample (Vaal 436) provided evidence for a high concentration of 

organic nitrogen, since the numbers of nitrogen heterotrophic Nitzschiae 

(46.3%) were high. In all the other sa~ples the numbers of nitrogen 

heterotrophic Nitzschiae suggested only a mild enrichment of the water 

with organic nitrogen. The relatively small amounts of organic 

nitrogen in these tributary streams, had no apparent effect on the 

quality of the water in the main river, probably on account of the 

dilution factor. 

The Sand River - Station 8. 

Locality: This station occurred where the road from Volksrust 

to Standerton or Amersfoort crosses the Sand River. Included with 

this station is a sample (Vaal 455) collected from a small tributary, 

to the west of Volksrust, rlli~ing into the Sand River just above 

Station 8. All the samples were collected in late lanter. 

Chemical Data: Cholnoky:- pH 8.2 (Vaal 455); 8.3 (Va;11 456). 

Diatom Analysis: Table 32. 

Comments: The numbers of Achnanthes minutissima (14.8%) and nitrogen 

heterotrophic Nitzschiae (12.3%) in the small tributary of the Sand 

River indicated a reasonably 1-Jell oxygenated 1vater, slightly enriched 

with organic nitrogenous material. The poor development of the 

katharobic Cymbella species emphasised this slight enrichment. 

The small amounts of organic nitrogen in the tributary, did not 

apparently affect the Sand River to any extent, since the association 
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observed at Station 8 (collected on the saIDe day) was indicative of 

clean unpolluted water. The very high numbers of Achnanthes 

linearis (43.1%) and other members of this genus suggested a good 

aeration of the 1-Jater. The paucity of the nitrogen heterotrophic 

Nitzschiae (5.3%) reflected the very small concentr?tions of organic 

nitrogen in the S~nd River. Little can be said with regard to the 

ecological conditions at St~tion 8 in September 1960, since the 

autecology of one of the m2.in species in the association, Nitzschia 

silica Archibald (24.6%), is not knmm having only recently been 

described (Archibald 1966C: 234). However the dcimIimmce of Aohnanthes 

minutissima (50.6%), and the presence of Cymbella spp. would suggest 

Hell aerated and reasonably clean water. 

The Kommandospruit River - Station No. 30. 

Locality: The Kommandospruit River is one of the main tributary 

streams of the Klip River, draining the area between Vrede Rnd Memel 

Station 30 was situated where the Vrede - f!Iemel road crosses the 

river. At this point the river is not very wide and has a sandy 

bottom, contpining fe~v or no aquatic macrophytes. 

Chemical Data: Cholnoky:- pH 8.6. 

Chutter:- pH 8.4 

Total Nitrogen 2.6 

Kjeldahl N. 1.8 

Nitrite & Nitrate N. 0.8 

02 Absorbed 0.8 

Die.tom Analysis: Table 33. 

Comments: The absolute dominance of the katharobic Oymbella 

microcephala (64.4%), in association with Achnanthes species, 

reflected a very stable environment, comprising well aerated 

water with only small concentrations of organic nitrogenous material. 
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t 

Although very little reliance can be placed on a single chemical 

analysis, the result of Chutterfs analysis made in August 1961 

reflected very low concentrations of nitrogen. 

The Kommandospruit River - Station No. 31. 

Locality: Station 31 lies approximately 12 miles down stream of 

Station 30 where the Vrede - Volksrust road crosses the river. 

About halfl-J"ay between the two stations a small stream, the Madden-

spruit, enters the Kommandospruit River. The Maddenspruit was 

sampled at the spot where the road from Vrede to Memel crosses the 

stream. 

Chemical Data: Cholnoky:- pH 8.5 (Vaal 431); 8.4 (VaRl445). 

Diatom Analysis: Table 34. 

Comments: The association found in the Maddenspruit was very 

similar to that found in the Seekoeivlei near Memel (Vaal 261: 

Table 29). The high numbers of Nitzschia linearis (63 .• 9%) reflected 

a well oxygenated, slightly mesotrophic water. The numbers of 

nitrogen heterotrophic Nitzschiae (12.3%) confirmed this. 

At Station 31 evidence in support of a seasonal variation of 

the organic nitrogen concentration Has again provided. As at 

Stations 24 and 25 the high numbers of nitrogen heterotrophic 

Nitzschiae at Station 31 (Vaal 360) indicated very large concen-

trations of organic nitrogen in the water in summer. During 

the winter the numbers of these Nitzschiae (3.4%) had been greatl~r 

reduced, indicating Ie ss organic ni troeen. At the same time a 

corresponding increase in the numbers of Achnanthes minutissima 

(16.5%) and Fragilaria Vaucheriae (24.2%) in the winter of 1960 

suggested a better oxygenation of the water in the absence of 

large concentrations of organic nirogen. 
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The Vrede stream. 

Locality: An odd assortment of samples f~lls under this heading. 

The river" which drains the area around Vrede, has been named 

the Vrede Stream since the maps of the area do not give it a name. 

Cholnoky collected four samples from this stream and its tributaries. 

Two samples (Vaal 429 and 441) were collected above the village of 

Vrede, one (Vaal 427) from a small tributary on the northern 

boundary of Vrede, and the last (Vaal 422) from a small tributary 

stream between Vrede and Station 27. 

Chemical Data: Sample No. 

Cholnoky: pH 

Diatom Analysis: Table 35. 

429 

8.7 
441 
8.5 

427 

9.0 

422 
8.5 

Comments: Generally the four associations indicated similar 

conditions in all the streams. Very much in evidence here were the 

Cymbella dominant associations, similar to Station 3. These 

associations indicated stable, vlell oxygenated water, which, with 

the exception of Vaal 427, contained very small concentrations of 

organic nitrogen in solution. In sample Vaal 427 the high numbers 

of nitrogen heterotrophic Nitzschiae (26.4%) indicated organic enrich-

ment of the water. This enrichment probably arose from waste 

materials discarded by the v~llage of Vrede. In sample Vaal 429, the 

relatively high numbers of nitrogen heterotrophic Nitzschiae (14.1%) 

indicated some mild enrichment of the water. 
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(d). The Haterval River. 

The ~'I]"aterval River - Upper Regions. 

Locality: Sample Vaal 511 was collected from the Waterval River 

just below Leslie, and S2mple Vaal 512 was collected from a small 

tributary of the Waterv81 River, about 17 miles from Leslie. 

Chemical DRta: Archiba1d~- pH 8.0. 

Diatom Analysis: Table 36. 

Comments: These two samples, collected in 1965, are of value only 

since they give some idea of the conditions 1-1hich were found in 

this area in Narch 1965. In both samples the relatively high 

numbers of nitrogen heterotrophic Nitzschiae (12.4% and 14.9% 

respectively) suggested a mild enrichment of the water. The high 

numbers of Navicula cintaeformis (37.5%) might indicate a raised 

salt concentration, since Cho1noky (19630: 254) found this Navicula 

species in Haters containing very high concentr;:ltions of se~l t. 

In both samples the numbers of Achn~.nthes spp. reflected an 

apperently very low concentrr:tion of dissolved oxygen. 

The vJp.terv2.1 River - St2.tion 17. 

Locality: Station 17 was found on the Waterval River at Roodebank, 

where the Leslie - St&lderton road crosses the riVer. During the 

period of the survey the development of gold mines was taking place 

in the Leslie - Kinross - cmd TrichrJ.rdt area. This station lies 

about 12 miles below the entry of effluent from a sewage works and a 

gold mine effluent. Algal growths were profuse in the winter and 

dry early summer. 
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Chemical Data: Cholnoky:- pH 9.4 (Vaal 497); Archibald:- pH 8.4 
(Vaal 552). 

max. min. ave. 

Malan:- Total Dissolved Solids 431 60 186 

Total alkalinity (as CaC0
3

) 238 24 llO 

Total Hardness (as CaC0
3

) 188 29 93 
Chlorides (as Cl) 102 8 25 
Sulphates (as S04) 25 . 4.5 10.1 

Sodium (as Na) 94 6.0 29 

No. of samples. max. min. 
Chutter:- pH 5 9.4 7.6 

Tote,l Nitrogen 5.46 0.26 

Kjeldahl N. 8 1.3 N.D. 

Ammonia N. 10 0.84 N.D. 

Nitrite N. 13 0.164 0.010 

Nitrate N. 13 4.0 0.25 

O2 Absorbed 13 16.8 1.6 

Diatom Analysis: Table 37. 

Comments: The impression gRined from the long list of species 

ave. 

8.2 

1.97 

0.7 

0.24 

0.068 

1.2 

5.1 

observed, and the great variability of the proportions in which they 

occurred in the association, was one of a very unstable ecological 

environment. From the numbers of nitrogen heterotrophic Nitzschiae 

in most of the samples it was clear that the water at Station 17 was 

practically always polluted by organic nitrogenous materials. This 

organic matter probably arose as a result of the gold mining 

activities in the headwaters region, and from the sewage works 

effluent which enters the river above Station 17. Only one sample 

(Vaal 337) provided an association indicative of only smRll concen-

trations of organic nitrogen. The high numbers of Gomphonema 

parvulum in most samples, and the presence of Navicula confervacea 

indicated a fluctuation of the nitrogen concentration, while the 
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presence N.muralis and N.perparva suggested the occurrence of self­

purification to some degree. The chemistry of the water at this 

point showed that the water was enriched with nitrites and nitrates, 

which are the end products of bacterial oxidation of ammonia 

nitrogen derived from organic nitrogenous substances. This 

substantiated the evidence for self-purification. The Kjeldahl 

ni trogen ~vas lo"';~ in concentration, and ammonia nitrogen was of 

the normal level for the VR,[ll River catchment area. Rov-rever, 

Chutter (1967: 6!~) remarked that no Kjeldahl nitrogen analyses 

had been made on the two samples contain~ng the highest nitrnte 

concentrCl.tion. Further chemical evidence in support of organic 

pollution at this point is obtained from the oxygen absorbed in 

4 hours from potassium permanganate, which showed the highest 

values of the catchment area at this station. 

1.rJi th the exception of sample Vaal 337, the low numbers of the 

oxygen indicators, Achnanthes and Fragilaria spp. reflected poor 

oxygenation of the water, which probably was the result of the 

high oxygen requirement for the oxidation of the organic matter. 

There vIas, however, no indication of any anaerobic conditions, 

since no trace of Nitzschia thermalis were observed in any of the 

samples. Sample Vaal 337 was again the only sample to show better 

oxygenation of the water (Achnanthes minutissima 37.9%). 

The presence of Na'vicula c±nctaeformis, Navicula pseudohalophila 

and Nitzschi~ apiculata indicated a rise in the concentration of 

dissolved salts. This would be expected as a result of the gold 

mining activities in the area. Malan's chemical analysis reflected 

rather higher than normal concentrations of total dissolved solids, 

which tended to support the diatom evidence. Unpublished results of 

an analysis carried out by the National Institute for Water Research 
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showed that during 1960 - 1961 the concentrations of total 

dissolved solids were often between 900 and 1000 ppm (Chutter 

1967: 62), 1PThich confirmed this conclusion still further. 

The high numbers of Navicula Schroeteri and N.rostellata 

indicated the possibility of sugars in solution. Cholnoky 

(personal communication) has found almost pure cultures of 

N.Schroeteri in the Nonoti River in Natal, where the river is 

polluted by sugar wastes from a sugar mill. 

Sample Vaal 377 was interesting since the diatom association 

was dominated by a small hyaline species of Navicula, which was 

assigned to the species N.permitis. If this identification was 

correct, no further conclusions can be drawn with regard to the 

ecology of this sample, since the autecology of N.permitis is 

not known. 

Two other samples of interest were those collected from 

different habitats on the same day. Sample VaBl 339 was collected 

from the stones in the current, while sample Vaal 340 was collected 

from the marginal vegetation. The tl"[O samples showed elmost the 

same ~pe of association, but differed in two respects:-

1) • the presence of Achna.nthes and Fragilaria spp. in relatively 

high numbers in the stones in current habitat (Vaal 339) indicated 

a better deration of the Hater here than in the marginal vegetation 

habitat, where neither of the above mentioned oxygen indicators were 

observed. 

2) • The marginal veget2.tion habi ta t 1-TC:<,S more sui ted to the 

epiphytic Gomphonema parvulum, and therefore gave rise to greater 

numbers of this species in Vaal 340 than in Vaal 339. 
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The Waterval River - Station No.7. 

Locality: station 7 occurred on the 11aterval River 2,t the point 

where the Balfour - Standerton road crosses the river. Two samples 

(V2al 325 and 412) were collected from this station. Just above 

Station 7 two sc:mples were collected from two tributaries of the 

vlatervC'.l R.iver (Vaal 411, the Groctsprui t and Va?l 413). 

Chemical Data: Cholnoky:- S2mple No. 412 

pH. 8.7 

Dietom Analysis: Table 38. 

411 

8.7 

413 

8.8 

Comments: The effects of the organic pollution at Station 27 were 

still evident at Station 7, 21though very much reduced. The 

diatom associations from St2tion 7 indicated a slight enrichment 

of the water in 1959 (nitrogen heterotrophic Nitzschiae 12.6%) 

and more so in 1960 (nitrogen heterotrophic Nitzschiae 23.5%). 

The numbers of Achnanthes minutissima (2.7%) were lower in 1959 

than they were in 1960 (21.5%), which would indicate a better 

oxygenation of the water in 1960. The numbers of Nitzschia sigma 

(6.6%) reflected the presence of an increased salt concentration in 

1959 (Vaal 325). 

The two samples collected from the tributaries showed very 

simileT associations. The high relative densities of the nitrogen 

heterotrophic Nitzschiae in both the samples indicated an enrichment 

of the vrater -vJi th organic nitrogenous ID2terials. The mpjor 

difference between the two samples was the greater number of 

Achnanthes minutissima (22.1%) in sample Vaal 413, indicating 

better oxygenation of the we.ter in this tributary than in the 

Grootspruit. w~ether the organic nitrogen contained by these 

tributaries has any great effect on the Waterval River is difficult 

to gage. 
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The ~Jaterv!:ll River - Lower Regions: 
• .,-••• _A 

Locality: Three samples were collected from 2. point on the 

Waterval River above the confluence of the Silverbank River, 

where the road from Villiers to Greylingstad crosses the river. 

One other sample (Vaal 409) was collected from a small tributaFJ 

entering the Waterv21 just below this locality. Sample Vaal 554 

was collected from a seepage water on the banks of the river. 

Chemical Data: Cholnoky:- pH 8.5 (Vaal 410). 

Diatom Analysis: Table 39. 

Comments: The association of sample Vaal 410 indicated that, from 

the low numbers of Achnanthes minutissim2 (3.0%) and relatively high 

numbers of nitrogen heterotrophic Ni tzschi.9.e (23.5%), the water in 

1960 was still poor in its oxygenation and slightly enriched in 

character. The high numbers of Cyclotella comensis (47.0%) suggested 

that at this point the river formed a large relatively quiet pool, 

which, in the winter months, allowed a good development of this 

planktonic form. In 1965 (Vaal 553) the association presented 

a picture of a rather better quality water. Although the paucity 

of Achnanthes and Fragilaria spp. indicated very poor oxygenation 

of the water, the presence of Gomphonema parvulum (7.2%) and Navicula 

muralis (16.7%) suggested a fluctuating nitrogen concentration due to 

the processes of self-purification. The small numbers of nitrogen 

heterotrophic Nitzschiae (5.9%) indicated low concentrations of 

organic nitrogen. The lack of Achnanthes spp. in the seepage 

waters (Vaal 554) in 1965, and the relatively high numbers of 

nitrogen heterotrophic Nitzschiae (20.8%) indicated a poorly 

oxygenated and mesotrophic water. Organic pollution would easily 

be effected in the small volu.-rne of the seepage water, but it h8_d no 

apparent effect on the main riVer, on account of dilution in the 

greater volume in the Waterval River. 
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Finally sample Vaal 409 collected in a small tributary also 

produced an association containing fevJ specimens of Achnanthes 

minutissima (4.2%), and high relative density of the nitrogen 

heterotrophic Nitzschiae (30.3~). This reflected poorly oxygenated 

water with relatively large concentrations of organic nitrogen. 

Again dilution on entering the main river would probably eliminate 

any ill effects on the water quality of the v'Taterval River derived 

from this tributCi,ry. 

(e) The Lower Vaal River. 

Tributaries of the lower Va~l River. 

Locality: The samples grouped in this category were collected from 

the small tributaries of the Va2,1 River below Standerton. Three 

tributaries were found in the Standerton district (Va2.1 414, 415 and 

419 and 420), and three much smaller streams were sampled in the 

vicinity of Villiers (Vaal 404, 405 and 408). 

were collected by Cholnoky in August 1960. 

All the samples 

Chemical Data: Sample No. 

Cholnoky:- pH. 

404 405 408 414 

8.6 8.7 8.6 9.6 

415 419 420 
8.5 8.7 

Diatom Analysis: Table 40. 

Comments: With the exception of semple Vaal 408, the low numbers of 

Achnanthes minutissima indicated that ~ll these smClll tributaries 

had low concentrations of dissolved oxygen. In sample Vaal 408 

the dominance of A.minutissima (66.2%) indicated R very well aerated 

stream. 

The org::1.nic nitrogen concentratiore in the streams under review 

differed considerably from stre8~ to stream. The small stream 

entering the Vaal River just above Station 5 at Standerton was 

sampled twice, once from the stream itself (Vaal 420) and once 
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from a small tributary of this stream (Vaal 419). At these points 

there was some difference in the organic nitrogen concentration. 

In the main stream the low numbers of nitrogen heterotrophic 

Nitzschiae (8.6%) indicated small organic nitrogen concentrp.tions. 

On the otherhand the relatively high numbers of nitrogen hetero­

trophic Nitzschiae (33.2%) in sample Vaal 419 indicated that the 

tributary was reasonably well enriched with organic nitrogen. 

Howevor the effects of this enrichment were not !?pparent at Station 5 

(sec; Table 18). Of the remaining samples, only sample Vap.l 414 

(nitrogen heterotrophic Nitzschiae 26.5%), showed any large concen-

tration of organic nitrogen. The remaining streams showed 

associations which indicated meso- to oligotrophic conditions of 

the water. All the associations reflected alkaline water; this 

was confirmed by Cholno~Jls measurements of the pH value. The 

dominance of.\mphora veneta (54.6%) in sample Vap.l 414 pointed to 

a very high pH. Cholnoky's measurement of the pH (pH 9.6) 

confirmed this. 

The Kalk River - Stations 15 and 16. 

Locality: These two stations were situ8ted on the Kplk River which 

flows directly into the Vaal Dam, and has been included with the 

lower Vaal River for convenience. station 16 was the Grootvlei Dam, 

which acts as a sedimentation basin for the effluent of the Spring­

field Colliery effluent. Station 15 was situated on the Kalk River, 

below Grootvlei Dam, where the Villiers - Heidelberg road crosses the 

river. According to Malan (1960: 26) the Grootvlei Dam discharges 

very little effluent into the Kalk River, as most of the effluent 

was recirculated to the mine for coal washing purposes. 
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Chemical Data: Cholnoky:- pH 8.5 (Vaal 401); pH 8.7 (Vaal 402). 

station 16. Station 15. 

max. min. ave. max. min. ave. 

Malan:- Total dissolved Solids 606 400 503 334 175 256 

Total alkalinity (as CaC0
3

) 392 261 503 334 175 256 

Total Hardness (as C?C0
3

) 115 70 95 201 80 127 

Chlorides (as Cl) 96 52 72 38 14 23 

Sulphates (as S04) 56 13.5 28 105 13.6 29.6 

Sodium (as Na) 180 105 151 76 28 45 

DiC'.tom Analysis: Table 41. 

Comments: The low oxygen content at Station 16, indicated by 

the absence of any oxygen indica tors, did not a ppear to be caused by 

large concentrations of organic nitrogen, since the numbers of nitro-

gen heterotrophic Nitzschiae (18.0%) indicated only mild enrichment 

of the water with organic materials. Very evident in this association 

were the brackish water species Nitzschia apiculata (36.7%) and 

Nitzschia sigma (5.4%). These two species reflected high concen-

trations of dissolved solids in the water. This has been shown to 

be the case by Malan's chemical ane.lysis, where the average concen-

tration of dissolved solids in the colliery d~un was over 500 ppm. 

The high numbers of Cyclotelle comensis (20.5%) reflected the 

suitability of the Grootvlei Dam for planktonic growth. 

The associa.tion found at Station 15, below the Grootvlei Dam, 

indicated the same sort of conditions, but in more diluted concen~ 

trations. The nitrogen hoterotrophic Nitzschiae (9.8%) 

represented small concentrations of organic nitrogen, 1~ile the 

reduced numbers of Nitzschia apiculata (4.5%) and absence of 

Nitzschia sigma indicated the presence of more dilute concen-

trations of dissolved salts than were observed in the Grootvlei 

Dam. This was supported by Halan's chemical analysis and his 

observation (Malan 1960: 27) that very little of the mineralised 
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water from the Grootvlei Dam gained access to the Kalk River. 

Here also the lack of oxygen indicators reflected poorly oxygenated 

water. The large numbers of Navicula c~ptocephala (44.3%) and 

Rhopalodia gibberula (13.0%) were indicative of highly alkaline water. 

This W2.S confirmed by Cholnoky r s measurement of the pH (8.7). 

(2). The VIilge River System. 

(a). The Wilge River. 

Station 9. 

Locality: This station occurred near the headwaters of the 

1rJilge River where it is crossed by the road from Harrismi th to 

Colling's Pass. Sample Va2l 328 was collected from the stones 

in the current. 

Chemical Data: Chutter:- pH. 8.3 

Toted Nitrogen 3.4 

Kjeldahl N. 2.4 

Nitrite & Nitrate 1.0 

02 Absorbed 2.8 

Diatom Analysis: Table 42. 

Comments: The associations collected in October and December 

1958 were very similar, and therefore reflected conditions which 

remained unchanged over the two month period. The high numbers of 

both Achn[1nthes and Fr~gi12ria suggested a high oxygen concentration, 

which, judging from the relatively low numbers of nitrogen hetero­

trophic Nitzschiae (9.8% Bnd 6.6% respectively), conteined very 

Ii ttle organic nitrogenous material. The high nu.rnbers of Gomphonema 

parvulum, particularly in Sample Vaal 328 (27.2%) indicated, however, 
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that there was apparently some fluctuation of the nitrogen concen­

tration, which occasionally reached relatively high values. No 

reliance can be placed on the chemical de.ta, as only one sample 

1-laS analys ed • 

Station No. 10. 

Loc2.1ity: Station 10 was the 'i\Tilge River at the village of 

Swinburne, where the sam~les were collected just above the road 

bridge. A hotel was situated on the b . ."nks of the 'ililge River 

a little above the station. One sample was collected in September 

1958. 

Chemical Data: Chutter:- pH 8.4 
Total Nitrogen. 3.4 

Kjeldahl N. 1.7 

Nitrite & Nitrate N. 1.7 

02 Absorbed 6.6 

Die,tom ~.na1ysis: Table 43. 

Comments: The general quality of the water had deteriorated 

slightly at this station. The high numbers of nitrogen hetero-

trophic Nitzschiae (20.7%) indicated a rise in the organic nitrogen 

concentretion OVer the previous stCl,tion. A corresponding decrease 

in the numbers of Achnanthes minutissima (18.0%) and Fragilaria 

Vaucheriae (2.1%) showed a lowering of the dissolved oxygen concen-

tration. Although no great weight can be placed on the chemical 

analysis the amount of oxygen absorbed from p10tassium permanganate 

in 4 hours (6.6 ppm), although in itself not a very reliable measure, 

did lend some support to the conclusion of an increased organic 

nitrogen concentration at this station. 
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Station Nos. 111\., lIB, and llC. 

Locality: All three stations in this group occurred at or near 

Harrismi the Station llA was found near the bridge where the Hilge 

River enters H2Trismith. This station lay belovJ ponds next to the 

river in which the effluent from a milk processing factory was 

treated. Station lIB occurred where the Wilge River left Harrismith. 

This station lay beloH some ponds in 1vhich a textile factory effluent 

was treated. sta tion llC W2,S si tURted a little way below H2.rrismi th 

No diatom collections were made from StRtion llC which lay ~bout 300 

yards below Station lIB. The samples were collected in September 

and October 1958. 

Chemical Data: St~tion llA. 

Malan:-Total Dissolved Solids. 

Total alkalinity (as CaC0
3

) 

Tot~l Hardness (as CaC0
3

) 
Chlorides (as Cl) 

Sulphates (as S04) 

Sodium (as Na) 

Chutter:- pH 

Total Nitrogen 

Kjeldahl N. 

station llA 

6.8 

3.2 

Nitrite & Nitrate N. 2.0 

02 Absorbed 9.4 

Di2.tom Analysis: Table 44. 

max. 

81 

42 

36 

12 

7 

11.5 

min. ave. 

27 57 

l4 27 

13 23 

3 7 

1.3 3.6 

3.5 7.0 

IlB 

7.1 

4.0 

3.4 

0.6 

8.6 

Comments: The presence of large numbers of Achnanthes minutissima 

and Fragilaria V~3Ucheriae reflected well oxygenated water at all 

three sampling points, llA, IlB Clnd llC. At Station llA the 

relatively lClTge numbers of nitrogen heterotrophic Nitzschiae (25.0%) 

indicated some enrichment of the Hater 1,Ji th organic nitrogenous 

compounds. Such organic material could possibly have been derived 



(74) • 

from seepage water from the milk factory effluent ponds. Lower 

down at Station lIB there were fewer nitrogen heterotrophic 

Nitzschiae (11.1%), which suggested that some self-purification 

had apparently taken place between these two stations, resulting 

in only a mild enrichment of the water at St2tion IlB. In this 

regard Hynes (1963: 102) rem2rked th8.t milk wastes are readily 

decomposed. At St3tion llC there were once more high re12.tive 

densities of the nitrogen heterotrophic Nitzschiae (21.8%) indicating 

organic nitrogen enrichment of the 1v2ter • It was possible that 

seepage water from the textile factory effluent ponds had affected 

the river at this point, however, no effects from these ponds could 

be detected at Station lIB. Chutter's chemical analysis shown 

above suggested that at llA and lIB there was some seepage of organic 

material into the river 2t these two stations. This supported the 

diatom evidence. Further evidence in support of the conclusions 

drawn from the diatoms was obtained from Chutter's faunal observa-

tions. Chutter (1967: 65) claimed thtl.t the fauna strongly 

suggested an abnorm2.1 chemical quality of the water. 

Station No. 12. 

Loc2..1ity: This stRtion occurred just belov,T the confluence of 

the Cornelius River, where the VJ;=Irden - Reitz road crOSS6S the 1'Iilge 

River. One sample was collected in September 1958. 

Chemical Datp: Nil. 

Diatom Analysis: Tpble 45. 

Comments: At this station, also, the Cymbella dominant associption 

of Stqtion 3 was observed. This association, with its high numbers 

of k::ttharobic Cymbella species, 2nd the high relative density 0 f 
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Achnanthes minutissim2. (22.6%), indicated a st0.ble and unpolluted 

water. The relatively ION numbers of nitrogen heterotrophic 

Ni tzschiae' (10.2%). The org~nicC:tlly rich w::tter at Harrismi th 

"hraS appar'.:mtly no longer detectc:ble et Stption 12" the river having 

undergone self-purification. 

he 1tJilge River before the Confluence of the Liebenbergsvlei River. 

Locality: This sampling point occurred just before the confluence 

of the Liebenbergsvlei River with the vJilge River, where the road 

from Frankfort to Reitz crosses the Wilge River. 

collected in July 1958. 

Chemical Data: Nil. 

Diatom Analysis: Table 46. 

One sClmple was 

Comments: 84.4% of the diatom association was composed of oxygen 

indicators, Achnanthes and Fragilaria, this led to the conclusion 

that the "V-mter was very well oxygen&ted. The correspondingly low 

relBtive densities of the nitrogen heterotrophic Nitzschiae (6.0%) 

indicated very small concentrations of organic nitrogen present in 

solution. The water at this point in July 1958 was therefore of 

excellent quality. 

station No. 13. 

Locality: Two samples were collected from this locality. Vaal 335 

was collected at the actual site of Station 13; but the precise 

locality of Vaal 231 is not kno,~ although it was collected by 

Chnlnoky from Frankfort. 
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Chemical Data: 

max. min. ave. 

Malan:- Totpl Dissolved Solids ~12 65 124 

Total alkalinity (as CaC0
3

) 170 35 86 

Total Hardness (as CaC0
3

) 150 35 75 

Chlorides (as Cl) 15 4 9 

Sulphates (as S04) 20 8 14 

Sodium (as Na) 13.5 2.3 5.4 

Chutter:- pH 8.6 

Total Nitrogen 3.5 

Kjeldahl N. 1.7 

Nitrite & Nitrate N. 1.8 

02 Absorbed 3.9 

Diatom Analysis: Table 47. 

Comments: In both samples the numbers of Achn2_nthes minutissima 

(21.6% and 48e3%) indicated a good oxygenation of the water, with 

a greater concentration of oxygen in September 1958. The relative 

densities of the katharobic Cymbella microcephala in the two 

samples (15c4% and 22.5%) supported this conclusion. However Hhile 

shovJing similarities in this factor, they were quite widely different 

in respect to the nitrogen heterotrophic NitHschiae. In July 1958 

the nitrogen heterotrophic Ni tzschiae (37.2%) ".'Tere plentiful and this 

indicated a fairly heavy pollution due to organic nitrogenous materials. 

On the otherhand in September 1958 nitrogen heterotrophic Nitzschiae 

numbers had decreased to 1.7% of the association, thereby indicating 

a sharp drop in the concentration of organic nitrogen. What 

caused this sudden decrease in concentration was not clear. 
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(b). The Tributaries of the Wilge River. 

The Elands River. 

Localitz: ' The precise locality of these sampling points is not 

known, but Cholnoky's samples, Vaal 203 and 204, were collected 

from the Witzieshoek area in the vicinity of Station 38, either 

frr'm the Elands River itself or from its tributaries. Both samples 

were collected in July 1957. 

Chemical Data: Nil. 

Diatom tnalysis: Table 48. 

Comments ~ The associations I,f both samples were somewhat similar 

in their general characteristics, and again the Cymbella dominant 

association was present, although not so well developed. The 

kCltharobic Cymbella species in association 't.Ji th Achnanthes minutissima 

were indicative of stable environmental conditions, in which the water 

was alkaline, well oxygenated and comparatively unpolluted with 

organic material. In one sample (Vaal 203), however, the nitrogen 

heterotrophic Nitzschiae (11.3%) indicated a concentration of organic 

nitrogen, which was raised to a slight degree. In sample Vaal 204 

the low relative density of nitrogen heterotrophic Nitzschiae 

concurred more with the indications given by the katharobic species. 

The Klerkspruit River - Station No. 40. 

Locality: The Klerkspruit River is a tributary of the Elands River, 

and Station 40 was situated near Kestell, where the river is crossed 

by the Harrismith - Kestell road. One sample was collected at this 

station in October 1958. 
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Chemical Data: 

max. min. ave. 

Malan:- Total Dissolved Solids 239 106 168 

Total alkalinity (as caC0
3

) 194 64 133 

Total Hardness (as CaC0
3

) 157 55 110 

Chlorides (as Cl) 18 7 10 

Sulphates (as S04) 10 3.2 5.4 

Sodium (as Na) 30 10 19 

Diatom Analysis: Table 49. 

Comments: Here also the high relative densities of ~chnanthes 

minutissima (32.5%), Cymbella amphicephala (14.7%) and 

C.microcephala (32.5%) indicated alkaline, well aerated and clean 

water, and a stability of the environment. The low numbers of 

nitrogen heterotrophic Nitzschiae (6.3%) indicating very small 

concentrations of organic nitrogen supported this conclusion. 

Malan's chemical analysis suggested a well buffered alkaline water, 

which supported the diatom evidence. 

The Russespruit River. 

Locs.lity: Two samples 1,'[cre collected from the Russespruit River, a 

tributp,ry of the hTilge River. S8.mple 'I aol 249 was collected in 

July 1958 near the source of the Russespruit River, where the 

Bethlehem - Warden road crosses the river, ~nd sample Vaal 363 ~",.as 

collected from Station 41 in February 1959 near its confluence with 

the Hilge River, where the ~Jarden - Reitz roc.d crosses the Russesprui t 

River. 

Chemical Data: Chutter:- pH 8.5 

Tot~l Nitrogen 3.8 

Kjeldahl N. 2.8 

Nitrite & Nitrate N. 1.0 

02 Absorbed 7.8 
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DiRtom Analysis: T,':lble 50. 

Comments! At the headv.raters of the Russesprui t River (Va81 249) 

in July 1958, the numbers of hchnanthes minutissima (11.8%) 

indicated a reasonable concentr 9 tion of dissolved oxygen in the water. 

The relatively low numbers of nitrogen heterotrophic Nitzschiae 

(10.3%) together with the high re12tive density of Gomphonema 

parvulum (21.0%) and the presence of N2vicula seminulum (2.2%) 

indicated fairly low, but fluctuating organic nitrogen concentrations, 

vJhich sometimes reach quite high v2,lues. 

Near its confluence, however, in February 1959 (Vaal 363) 

the qUHlity of the water was not as good. Here the large numbers 

of nitrogen heterotrophic Nitzschiae (43.7%) suggested a relatively 

heavy enrichment of the water by organic nitrogenous compounds. As 

:l result there wn-s C'. corresponding decrease in numbers of oxygen 

indicators so tha.t i\chnanthes minutissima (0.0%) he.d disappeared. 

H01..rever while this indicated 2 very low oxygen concentration, the 

presence of Nitzschia peilea (21.9%) and absence of N.thermalis 

indicated that anaerobic conditions were not experienced. 

The Molen, Cornelius and Holspruit Rivers. 

Locality: These three rivers flow from east to west to join the 

1rJilge River and drain the district around Warden, through which 

the Cornelius River flows. One sample WC'.s collected from each 

of these rivers. In September 1958 Chutter collected ~. sample 

(Vaal 336) from the Molen River 2.t St2.tion 14, where the Harrismi th -

\~Tarden road crosses the river. The remaining two samples were 

collected by Cholnoky in July 1958, one from the headwaters region 

of the Cornelius River, where it is crossed by the Harrismith - Memel 

road,qnd the other (Vaal 253) from St!:1tion 36 on the Holspruit River, 
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where it is crossed by the Harden - Vrede road. 

Chemical Data: Nil. 

Diptom Analysis: Table 51. 

Cormnents: The diatom association from the Molen River was composed 

mainly of (a) Cyclotella comensis (25.3%) which may indic2te the 

presence of a relatively quiet pool, promoting the growth of 

plankton, and (b) a vp.riety of katharobic species such as i~chnanthes, 

Cymbell9. and Fr:: gilarie, species, which indicpted a r e18tively stable, 

well oxygenrttec1 and cleBn environment. The low numbers of 

ni trogen heterotrophic Ni tzschiae (8.4%), pointing to low orgB.nic 

nitrogen concentrations, supported this conclusion. 

The Cornelius River nep.r its headwaters was dominated by NaviculB 

cryptocephala, which indicated an alkCl.line slightly mesotrophic to 

oligotrophic water. Evi(l.ence for 2. mesotrophic n2ture of tthe water 

was enhanced by the relatively high numbers of nitrogen hetero­

trophic Nitzschiae (13.9%). 

At St2tion 26 on the Holspruit River the association was rather 

confusing as it provided elements for a clean vIater ",1. th a reasonably 

high oxygen concentration (Cymbella Kappii 12.0% and Nitzschiae 

linearis 22.9%), and elements for an organically polluted water 

(nitrogen heterotrophic Nitzschiae 32.6%). The reasons for this 

l!fere not clear, but it may be the ee.rly stages of a transition of 

a cle2n water associ2tion to a polluted water association. 

The Liebenbergsvlei River. 

Loc2.li ty: All the samples in this group "TfTere collected from small 

tributaries of the Liebenbergsvlei River. Vaal 236 W::l.S a small 

tributary just outside the village of Tweeling on the road to Frankfort. 

Vaal 239 and Vaal 364 were two samples collected from the As River, 
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near its confluence with the Liebenbergsvlei River (Vaal 239), and 

ne8T its source (Vapl 364: station 43). Vaal 242 WRS collected from 

a tributary of the As River, and finally VQ81 245 was collected from 

2. tributC'ry of the Tier River, which flews into the Liebenbergsvlei 

River. 

Chemical Data: Nil. 

Diatom Analysis: T2_ble 52. 

Comments ~ On account of the large numbers of l,-chnanthes and Cyrnbella 

spp~ in sample Vaal 236 the water appeared to be of good quality, 

containing a high concentration of oxygen, and little or no organic 

nitrogenous matter in solution. The relatively smC111 numbers of 

nitrogen heterotrophic Nitzschiae (11.2%) confirmed this. 

The associations found in the As River reflected apparently good 

quality water. The high numbers of Nitzschia linearis (64.2%) in 

sample Va2.1 239, 2nd the relptively high numbers of Achnanthes 

linearis (21.5%) and J .• minutissima (36.4%) in Va~l 364, indicated 

a high dissolved oxygen concentration in the water. Correspondingly 

101-J relative densities of the nitrogen heterotrophic Ni tzschiae 

in both samples (3.2% and 5.7%) indicated small concentrations 

of org2nic nitrogen. 

In sample 242 the high numbers of Nitzschin linearis (44.8%) 

indicated well oxygenated water, while the relative density of the 

nitrogen heterotrophic Nitzschiae (39.7%) indicated enrichment of 

the water with organic materials. This high organic nitrogen 

content had, however, no effect on the main stream of the As River. 

In sample Vaal 249 the presence of Navicula cryptocephala (43.6%) 

in high numbers indicated an alkalinE:; and relRtively mesotrophic water. 

This was confirmed by the high numbers of nitrogen heterotrophic Nitz­

schiae (39.9%) which reflected a reasonably high concentrC'.tion of 

organic nitrogenous materials~ 
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F. DISCUSSION. 

1) 0 General Summary. 

In the preceding paragraphs the ecological conditions 

at each sampling point or station have been discussed in detail. It 

remains only to sum~arise the conclusions drawn from the chemical and 

diatom analysis, and evaluate the ccnditions found at these points. 

In this wayan attempt will be made to draw up a co-ordin~"ted picture 

of the conditions which prevailed at the time of the snrvey. 

(a). ~. The evidence presented by the diatom associations 

indicated that the river 'vater in practically the whole c:f the Va21 

Dam catchment area was alkaline and well buffered. This was confirmed 

by the predominance of calcium 2nd magnesium bicarbon~,tes in all the 

rivers (Table 9). The mean pH v?lue for each station ranged between 

pH 7.2 and pH 8.2 (Table 10). At certain points in the c2tchment 

area the diatom associations suggested differences in the mean pH 

range from that generally found in the catchment area. 

The acidophilic association found at Staticn I led to the 

conclusion that the pH of the water was below pH 7.0. Chutter's 

measurement, maximum. - pH 6.8 and minimum - pH 5.8, confirmed this 

conclusion. The acidic conditions were probably due to a large 

extent to the marshy nature of the locali ty. CertCl.in 2.cidophilic 

speCies, present in small but significant numbers, were also found 

at Station 20. This suggested that marshy ccndi ti(',ns occurred at 

the headHaters of the KleinvClpl River influencing the pH at 

Station 20 so that it occasi()nally dropped to below neutral point 

(Table 10). 

At StC?tion 17 2.nd in a small tributary of the Vaal River near 

Standerton (Vaal 414) the numbers of Amphora veneta (54.6% in Vaal 

414) sqggested that the pH occasionally rose well over pH 8.0. 

Measurement of the pH revealed that this was true. 
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(b) Organic nitrogen c',-mcentr,gtion and 1rJater Quality. 

Map 3 shows the distribution of the nitrogen hetero­

trophic Nitzschiae, each dot representing one sample. Since the 

nitrcgen h~ter0trophic Nitzschiae are regarded as indicators of 

organic nitrogen pollution, this map reflects the quality of the 

water in the catchment area. 

(i) The Vaal River. 

Evidence frc'm the diatom associations indicated that the 

quality of the water in the Vaal River was, on the whole, good. 

However, there were certain points which showed evidence of localised 

pollution or enrichment. At Station 1 and 2A the diatom 2.ssociations 

provided evidence for a natural enrichment of the water with organic 

materials. This enrichment 'Has probably dependant on a seasonal 

v2riation in the organic nitrogen concentrC1tioTI; this will be 

discussed later. The diCl.tom associations from Station 4, showed 

that at Standertcn the org~nic nitrogen concentrations were variable, 

but generC:llly high. The or gclnic pollution was probably derived 

from the can w?shing effluent, vlhich is pumped into the river at 

this point. Chemical analysis of the vrater a t Station 4, however, 

was unable to confirm this conclusion, since the effects of the 

effluent on the chemical quality of the 1-rater could not be detected. 

On the otherhand Chutter r s observation that "the most marked changes in 

tr ... c f"'un~ of a sediment, due to an effluent, was found at Station 4" 

(Chutter 1967: 206), supported the diatom evidence. 

Similarly at StCltion 5A the chemical analysis of the l-Jater 

was unable to confirm the diatom evidence of large fluctuations 

in the organic nitrogen concentr9tion. 

StRtion 5 was interesting since here the opposite case W2.S 

observed. 10Jhile the chemical analysis of the water showed higher 
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than normal concentrations of nitrogen, the diptom associations 

indicated a stable environment ~ich was not polluted, containing little 

or no nitrogen. Chutter (1967: 109) supported the di2tom evidence by 

observing that the fauna of this station showed little change. 

(ii). Tributaries of the Vaal River. 

In considering the tributaries of the VaCl_l River, the 1rJaterval 

River will be dealt with as a separ2.te entity. In the remaining 

tributaries, Kaffirspruit, Blesbok, Kleinvaal and Klip Rivers, the 

diatom associations showed some evidence for a possible seasonal 

variation. 

During the winter months the quality of the water at mest 

sampling points on the tributaries of the Vapl River was good, the 

diatom associations showing low organic nitrogen concentrations. 

Exceptions to this, however, were found at one or two places. 

On the Kaffirspruit near Ermelo (Vaal 489) and at Memel on the Klip 

River the diatoms indicated organic pollution, particularly at 

Ermelo, where the relative d ensi ty of -rthe nitrogen heterotrophic 

Nitzschiae was 48.4%. The source of pollution in both these 

instances was probably organic waste matter derived from the town 

or village concerned. Station 20 near the headwaters of the 

Kleinvaal River also appeared to contain l2rge concentrations of 

orge.nic nitrogen in winter (Table 23). A similar situation was 

observed at Station 1. 

Many of the sm2ller tributaries of the Klip River, and some of 

the smaller tributpries of the Vapl River (e.g. Va,-::.l 414, 415, 419 and 

478), were observed to have diatom associations indicating enrichment 

of the water with organic nitrogen during the winter months. In this 

regard it must be remembered, however, that in the winter or dry 

season many of these small streoms are either reduced to a mere 
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trickle, or dry up completely leaving only isolated pools. 

Under such circumstances small amounts of organic nitrogenous 

materials could give rise to highly magnified concentrptions of 

organic nitrogen. On entry into the main stream with subsequent 

dilution, these small amounts of organic matter would have little 

effect on the quality of the water. If this is the case the winter 

pollution aspect of these tribut8.ries W2.S not as ominous as it 

appeared at first g13nce. 

The diatom associations from the samples collected in the 

summer months, led to the conclusion that at certain sampling 

stations the organic nitrogen concentration increased during the 

rainy season of the year. Thus at Stations 19, 24, 25 and 31 

the diatoms indicated very much larger concentrRtions of organic 

nitrogen in the summer or wet season than in the winter or dry 

season. At Station 20 the picture was not clear, and it is 

possible the.t, although the organic nitrogen concentrption is high 

in summer, the concentrations in winter were generally relatively 

higher than in s~~er. 

at Station 1. 

This y~uld again parallel the situation 

The available chemical evidence from stetions on these 

tributaries prOVided no real support for any seasonal v3.riation, 

nor could it show any unduly high concentrations of organic 

nitrogen at any of these stations. At Station 19, however, the 

chemical analysis showed a rea.sonably large fluctuation of the 

nitrogen concentrations, in which some of the highest values were 

recorded in the summer months. 
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(iii). The "lrJaterval River. 

The di::;tom 8.ssociations found in the Waterval River indicated 

that the V{hole river was to some extent org?nically polluted. 

Effluents from the developing gold mines, and sewage 1;vorks effluents 

from the mine settlements in the headwaters region of the Waterval 

River, appeared to have caused the high pollution at Station 17, 

the point just belo1-J the gold mines. The diatom associations 

indicated a v2riable organic nitrogen concentration, 1tJhich was 

generally high. The relative densities of the nitrogen heterc-

trophic Nitzschiae in many of the samples from Station 17, particularly 

Vaal 497, 1-Jere comparable to those found in the highly polluted 

Bloukrans River (see Part 1). The chemical analysis of the water 

at Station 17 lent support to the idea of pollution at this point 

since the water was enriched with nitrites and nitrates. Furthermore 

the mean value for the 4-Hour oxygen absorbed from potassium 

permanganate test, at Station 17 was, with the exception of Station 1, 

the highest recorded in the catchment area. 

The high organic nitrogen concentr2.tions at Station 17 appeared 

to influence the lower regions of the river, since at Station 7 the 

organic nitrogen concentretion, although reduced, was still relatively 

high. The presence of Gomphonema -parvulum ~.nd Navicula muralis 

provided evidence for the processes of self-purification. The 

quality of the water some distance below Station 7 (Vaal 410, 553) 

was very similar to that of Station 7. The influence of some of 

the smaller tributaries of the Waterval River on the main stre2~ 

itself was probably slight, although in some cases they might serve 

to maintain the high level of organic nitrogen in the river. 

Polluted as the Waterval River may have been, it did not 

appear to have affected the quality cf the water entering the 
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Vaal Dam, since at Villiers (Station 6) below the confluence of 

the two rivers, there was no evidence for any high concentration of 

organic n~trogen. Although Chutter (1967: 206) observed the largest 

2nd most permanent changes in the chemical quality of the water in 

the ~Jaterval River, he was unable to demonstrate any effects of this 

change on the fauna. 

(iv). The Kalk River. 

The di2tom analysis showed that, although there vas evidence 

for some organic enrichment of the water in Grootvlei Dam (Station 

16), this had been removed from the water by the time it had reached 

Station 15. 

(v). The vJilge River System. 

In the Wilge River $ystem most of the s2mples were collected 

in winter, resulting in general impressions of the winter conditions 

only. In general the quality of the water in the Wilge River 

System, as indicated by the diatom association, was good. Some 

isolated points of enrichment were, however, evident. Station 10 

at Swinburne provided evidence for some enrichment, which was 

probably caused by the hotel situated on the river bank just above 

the sampling station. 

At Harrismi th enrichment of the water due to seepage from the 

effluent ponds of the milk processing factory, and lower down due to 

seepB.ge from the effluent ponds of a textile factory, was indicated by 

the di8.tom associations. The scanty chemical evidence available 

(Table 11), and the results of Chutter's faunal analysis also 

indicated the alteration of the chemical quality of the water. 

However, whatever organic enrichment occurred at Harrismith, it 

did not appear to affect the quality cf the water below Harrismi th 

to any extent. At Station 12 only small concentrations of organic 
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nitrogen were indicated. 

The conditions of the water at Frankfort (Table 47) Has 

confusing~ since the two samples collected at this point reflected 

the opposite conditions; the one sample (Vaal 231) indicated high 

org2_nic nitrogen concentrations, while the other reflected low 

concentr2tions (Vaal 335). 

The diatom associations from the tributaries of the irJilge 

and Liebenbergsvlei Rivers (no diatom analysis 2vAi12ble for the 

Liebenbergsvlei River itself) indicated a few isolated points of 

orge,nic enrichment. Since these points were not in the immediate 

vicinities of any town or villages, the organic enrichment was 

probably n8tural in origin, and apparently had little effect on 

the quality of the water in the Wilge and Liebenberrsvlei Rivers. 

The paucity of di~tom samples did not permit an accurate 

assessment of the quality of the water entering the Va2_l Dam via 

the Wilge River $ystem. However with the limited information 

available it would 8_ppear that the quality of the water in the 

ltlilge River System is fair. 

(c). Dissolved Oxygen Concentr2ticn. 

The dissolved oxygen concentrption of the water in the 

Vaal Dam catchment area rivers was generally high. This was indi­

cated by the large numbers of samples in which the oxygen indicators 

Achnanthes, Cymbel12_ and Fragilaria were dominant in the associ~_tions. 

~fuerever low oxygen concentrations were observed, they were normal~ 

the result of high organic nitrogen concentrations, which require 

greater amounts of oxygen for their oxidati~n. However at no point 

in the catchment area were conditions ever anaerobic, since no samples 

reflected the presence of any specimens of Nitzschia thermalis in 
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the Thomassen Analyses. In the i~Taterval River which has been shown 

to be organically enriched throughout its course, the oxygen concen­

tratiens at all s&~pling points appeared to be low. 

Cd). Salt Concentration. 

Di,gtom 2nd chemical evidence both sho~v8d that only 

two localities had salt concentrations ~TIich were higher then normal. 

One vlCl.S Grootvlei Dam, vlhose Hater vlaS mineralised c.ue to the 

effluents from the Springfield Colliery. The other Has the Waterval 

River, which received effluents from the developing gold mines, 

Whose mineralised effluents caused a rise in the salt concentretion 

in the vTaterval River. In all other parts of the catchment area 

salts were found in small concentrations only. 

It is clear from the points discussed above that the water, 

entering the Vaal Dam via its two main river systems, The Vaal and 

t.rJilge Rivers with their tributar.ies, was of good quality. Points 

of pollution in the catchment area did occur, but were localised, 

and the organic nitrogenous materials were soon removed either by 

self-purification or by dilution on entering the main river of the 

system, where it enc·')untered larger volumes of ~vater. 

In the results the diatcm associ8.tions were discussed in 

relation to available chemical evidence, and Chutter's observations 

on the fauna of the catchment area. It became apparent that conclu­

sions drawn from the diatom associations agreed well with Chutter's 

observations on the quality of the water using the fauna as indi­

cater organisms, but was at variance with the chemical evidence. 

It was therefore evident that biological indic2tors were more reliable 

in determining the chemical quality of the water th2~ the chemical 
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analyses of the water, since chemical analyses were very often 

unable to reflect sources of pollution (e.g. Station 4). However 

in vieH of, Chutter' s comment th2.t the faunal changes due to the 

effects of the effluents were only minor (Chutter 1967: 204), it 

might be true to S2Y that the diatom associations were more sensitive 

to changes in the chemical composition of the water, thus reacting 

to changes in a rclativ81y shorter period of time. This might 

account for the discrepancies found at Station 5 and 5A between 

the conclusions of this survey, and the findings as indicated by 

Chutter's faunal survey. 

2). Seasonal V2..riation. 

In the course of this investigation it became apparent 

that there was some evidence for 2 seasonal variation of the 

species in the diatom associations at certain stations. The 

evidence for this was admittedly slender as no proper investication 

into seasonal v2.riatinn was planned. However at a number of 

stations it so happened that at least one sample vIas colle cted from 

these points in both sumrner and v.rinter. Table 53 reflects the 

analysis of the winter and su.rrrner associations of various ste.tions. 

It is clear from the dates of collection of the samples that, while 

the s3mples were collected in s~~er or winter, the year of collec­

tion and the time period elapsing between two associated samples, 

was very variable. In some cases the time interval Has six months 

between collections, 1.mile in others the tiTne interval lvas eighteen 

months. For this reason the evidence was not regarded as foolproof, 

but r2.ther as Rn indicatinn of a seasonal vRriation. 
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A study of Table 53 revealed that the two groups most 

affected by the app2rent season~l v8riation ~ere firstly, the oxygen 

indicators Achnanthes, Cymbella and Fragilaria, and secondly the 

organic nrtrogen indicators, i.e. the nitrogen heterotrophic 

Nitzschiae. The other species in the associations showed no 

apparent seasonal trend, but in some inst&nces species of Cymbella 

showed slight indications of higher numbers in ~rrnter than in summer. 

The table also revealed that the trend at Station 1 1\TaS the reversal 

of the trends found in the other samples. Furthermore Station 21 was 

the only sample ,.mich did not reflect a seasonal variation. 

At St2.tion 1 the greater numbers of nitrogen heterotrophic 

Nitzschiae in winter (Va~l 479) indicated that the crganic nitrogen 

concentration of the water 1\TaS higher in winter than in summer. 

This has already been explained by Chutter, who claimed that in 

the dry season (winter) cattle and sheep used this marshy sponge as 

a drinking trough and source of food, and in so doing polluted the 

water with their waste products. A similar situation probably 

existed at the headwaters of the Kleinvaal River near Station 20. 

At all other stations, except Station 21 which showed no 

seasonal variation, the opposite trends were observed. In the winter 

or drj" season it was found th2.t Achnanthes and Fragilaria sp ecies were 

present in the associations in relatively greater numbers than in the 

summer or rainy seasen. On the otherhand the nitrogen heterotrophic 

Ni tzschiae composed thG gre3.ter part of the diatom associations in 

sumITier, while the proportions were considerably reduced in the1~nter 

periods. Thus the diatom associatinns indicated the following 

seasonal pattern:- In winter the water c',ntained greater amounts 

of dissolved oxygen and a rela.tively 101rJ" concentration of organic 

ni trcgen. In summer the concentr2.tions of org2nic nitrogen rose to 

high levels, and 1-Jas accompa.nied by a corresponding decrease in the 

dissolved oxygen ccncentr2tions of the water. 
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Can this seasonal v2.riation be explained? The follcwing 

hypothesis is put forward as an attempted explan~ti~'n of the trends 

described above. During the dry season many of the smaller streams 

dry up, lea'ving only the marshy sponges, from which most of these 

smell streams origina.te, CIS the only n!1tural source of wa.ter for 

livestock. vJaste products from t he livestock, enriching the water 

wi th organic nitrogen, are 2ccumul~.ted in the sponges as there is 

no Hater flnl,v to carry this enrichment a1vay. This accumul:?tion 

is further supplementeo by organic matter derived from pl·::mt decay 

in the sponges. Such conditions would give rise to high organic 

nitrogen concentrations, such as were observed at Station 1, and 

possibly Station 20. This results in high numbers of nitrogen 

heterotrophic Nitzschiae during the winter in the sponges. 

Meanwhile in the surrounding countryside plant material 

undergoes organic decay during the winter, but due to the low 

rainfall in winter only small amounts of this organic matter 

reach the streams through surface run off. This would explain the 

low numbers of nitrogen heterotrophic Nitzschiae found in many of 

the samples collected from the strea.ms and Ii vers in the winter. 

However ~~th the coming of the heavier summer rainfall, the 

accumUlated organic nitrogen in the sponges would be flushed cut, 

decreasing the organic nitrogen concentration in the sponges, 

While increasing the concentration in the streams. The increased 

organic nitrogen content of the stre~~s is supplemented by the 

grea.ter loads of c.rganic matter carried into the streams by the 

increased surface run off from the surrounding country-side. 

Consequently in the sponges, such as at Station 1, the numbers of 

nitrogen heterotrophic Nitzschiae drop in suw~er, while in the 

streams and rivers the numbers increase considerably. 



(93). 

Since oxygen is required for bacterial decomposition of 

organic material (Hynes 1963: 58), greRter a.mounts of oxygen would 

be required in summer when the organic nitrogen content is highest. 

This increased oxygen demand in summer could reducE the concentration 

of oxygen available to the diatoms to a level below the optimal 

requirements of the oxygen indicators, resulting in a decrease of 

their numbers in summer. This could explain why the numbers of 

Achnanthes and Fragilaria were lower in summer than in winter. 

The hypothesis as set out above appeared to fit the observations 

of a seasonal varia.tion in the cpecies composition of the diatom 

associations. This seasonal variation appeared to be indirectly 

influenced by the climate and particularly the rainfall of the Vaal 

Dam catchment area. However this whole question of seasonal 

variation needs greater and more intensive investigation before 

any definite opinions can be formed. At present all that can be 

said is that, in the Vaal Dmn catchment area, there is some evidence, 

which points to a seasonal v,qriation of the species composition in 

the diatom associations. 

3). The Diatom Associations of the Vaal Dam Catchment Area. 

The Vaal Dam catchment area developed two distinct types 

of diatom associations, the cne an alkaliphilic association and the 

other an acidophilic association. "lhile the alkaliphilic associations 

were found over practically the whole catchment area, there was only 

one locality which produced a true acid water association, vis. 

Station 1. 

The acid water associations at this station were characterised 

by the typical acidophilic - acidobiontic species such as species of 
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Eunotia, Frustulia rhcmboides var. s(J.xonica, Surirella delicatissima 

var. africana, and some Pinnularia species. These acidvTater indicators 

were further supported by the presenc8 of the less common acido-

philic species such as Achncmthes microcephala, CalClneis Chasei, 

Cymbella gr~.cilis, Navicula subtilissima and Nitzschia gracilis, 

all of which occurred in relatively significant numbers in the 

associations. This type of ~ssociation was limited to Station 1, 

8.nd although some of these acid water species were obserwed at 

other sampling points in the catchment area, a true acid water 

diatom association was not found elsewhere. 

With the exception of Station 1, all the diatom associBtions 

found in the VeRI Dam catchment area were alkaliphilic. These 

diatom associations differed from sampling point to sampling point 

depending on the environmental f[1ctors prevalent at the station 

concerned. On the whole the species composition of the associations 

was similar throughout the catchment area, and it was therefore 

mainly the proportions in which the species occurred, which were 

affected by the environmental fR.ctors. 

One of the most interesting diatom associations observed in 

the catcp~ent area was first seen at Station 3 (Table 16). This 

type of association was domin2ted by species of the genus Cymbella, 

and was in most cases accompanied by relatively high numbers of 

Achnanthes minutissima. Other species such as Navicula cryptocephala, 

N.rhynchcephp.la, N.tenella, N.Zanonii, NitzschiA interruptCl., and 

N.linearis were almost invariably present in the same association. 

The numbers of nitrogen heter0trophic Nitzschiae were 2.lways very low. 

The katharobic nature of many of these species, and the low numbers of 

nitrogen heterotrophic Nitzschiae in this type of association would 
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indicate a stable, unpolluted and alkaline environment. Similar 

associations were observed by Cholnoky (1958A: 239) in the JUkskei -

Crocodile River system near Johannesburg; and these, he claimed, 

were indicative of stable, katharobic conditions. 

The Cymbella dominant associati(',ns were found at many stntions 

in the catchment area, and Table 54 reflects the composition of the 

associations found at these stations. It is clear from this table 

that the most import8nt Cymbclla species were Cymbella ampPicephala, 

C.Kappii and C.microcephala, and in most cases at least one of 

these three examples was the dominant species in the association. 

A similar type of association was observed at other sampling points. 

In these associations the species composition remained the same, 

but Achnanthes minutissima was the dominant species, and the Cymbella 

species, while still present in high numbers, were reduced in 

impcrtance. Examples of this type of association can be seen at 

St8.tion 13 (Vaal 335)>> Station 17 (Vaal 337) and Station 18. 

Ecological conclusions drcum from the latter type of association 

would be very similar to those drawn from the former associ2.tions. 

Table 54 also showed that the Cymbella dominant associations 

were all collected in the w inter months of J\ugust and September. 

It is therefore possible that these Cymbella dominant, and sometimes 

Achnenthes dominant, 2.ssoci8tions composed a basic association, which 

would be found at any stQble unpolluted and alkaline sampling point 

in the catchment area during winter. Any ch8.nges away from the 

stable winter conditions at any point would be reflected by a 

change in the relative proportions of the different species in this 

basic association. 

This suggested the following hypothesis, which, it must be 

remembered, is set up only for the diatom associations found in the 
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Ve.al Dam catchment area. During the winter months, wherever stable, 

unpolluted and alkaline envircnmental conditions are experienced, 

a basic association of diatoms, which 2_cted as a species pool, is 

developed: This basic associc:tion is composed firstly of those 

species ~.Jhich ?,re domin2nt; secondly certain species, which, 

although present in smaller propcrtions, are also indicative of 

the stable unpo~~luted conditions; and finally of other species, 

such as the nitrogen heterotrophic Nitzschiae, Hhich are present 

in very small numbers. In the Vapl Dam catchment area this basic 

association consists of Cymbella species or Achnanthes minutissima 

as dominants, together with the less COIT~on constituents, Navicula 

cryptoceph_ala} N .rhynchocephala, N .Zancnii, Nitzschia interrupta 

and N.linearis, and finally low n1l.'11bers of nitrogen heterotrophic 

Ni tzschiae 0 As long as the c0ndi tions remain the same, stable and un­

polluted, this basic association is found. 

T:'hlen a change of the quality of the water due to natur a1 or 

human agencies is encountered, it appears, that the first group to 

be affected is the Cymbella species. !~s the orgClnic nitrogen 

concentrpticn incre2ses the nTh'11bers of nitrogen heterotrophic 

Ni tzschiae rise to the detriment of the Cymbella species which are 

reduced in numbers~ This process ccntinues until the nitrogen 

heterotrophic ~~~!:zsc.hiae becc:me dcmin2.nt and the Cymbella species 

are reduced in numbers or eliminated completely. These processes 

can be seen to work at a number of places in the catch~ent area. 

At St8tion 4 on t'HO occasions during winter this basic winter 

association was found (Table 17: Vaal 313 and 416), however, 

when the quality of the water changed, the nTh'11bers of Cymbe11a 

species decreased, \rith a corresponding increase in the numbers 

of nitrogen heterotrophic Nitzschiae (Va2.1 315 and 316). 
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Similar situations were observed at Station 19 (Table 21), where 

the change was induced by the app8.rent seasonal increase in the 

organic nitrogen concentration in sumITler, and at Roodebank (Table 37: 

Station 17), where the change was probably due more to pollution 

of the water by mine and se",Jage Horks effluents. 

~"~l teration of this basic association can proceed in a i~.iffer8nt 

directicn() This was observed whenever the ",rater, for some re2.son, 

1vas extremely well oxygenated. The basic assGciation is chenged by 

an increase in the proportiC'ns of the oxygen indicators, and 

Achnanthes minutissima becomes quite clearly the dominant species 

of the associations o The numbers of Fragileria species also rise 

and are sometimes found to be co-dominant with Achnanthes minutissima. 

Once again the increase in the proportions of the oxygen indicators 

resulted in a very marked drop in' the proportions of the C}~bella 

species. Examples of this can be found in T8.bles 13, 14, 15, 22, 

24, 25. 

At the sampling points where this basic associati·::-m has been 

altered due to organic pollution effects, the resulting associations 

were dominated by or composed to a large extent of the nitrogen 

heterotrophic Nitzschiae. Nitzschia fonticola, N.Kutzingiana, 

N. p::<.lea, N .perminuta and sometimes rLromana form the bulk of this 

group, and were all indicators of eutrophic water caused by organic 

materials. In many cases, although the org2.nic pollution appeared 

to be high, the relatively high numbers of Achnanthes minutissima 

in the associations indicated a. good degree of dissolved oxygen' 

in the 1vater. In the associations indicA. ting organic pollution 

Gomphonema parvulum was frequently found in high numbers. However 

the development of Cholnoky's G.parvulum, N;>vicula seminulum, N. 

muralis association, indicating a fluctuating orgC'l.nic nitrogen 

concentration due to self-purification processes, was PGor. Evidence 
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for this type of association was observed in very feH samples. 

Although the composition of the diatom associations varied 

from sampling point to sampling point within the catchment area the 

associations found in both the major bel.sins of the catchment area, 

i.e. the Va2l River basin and the Wilge River basin, were extremely 

similar. This provided evidence; for the presence of more or less 

similar environmental conditions in both major basins. 

G. CONCLUSIONS. 

1). The diatom evidence has shown that similar environmental 

conditions were experienced in both the Vaal River and vJilge River 

Systems. These associations indicated further that the water 

entering the Vaal Dam from the catchment area was of good quality. 

2). With the exception of the Waterval River, sources of 

pollution were found at Ermelo, Standerton and Harrismith. However 

the effects of this pollution were localised, and were soon removed by 

self-purification, or by dilution in the main river. The Waterval 

River was org[l.nically enriched by the effluents of the gold mines 

throughout its length, but this enrichment did not appear to affect 

the quality of the water in the Va~l River, as ver-J little organic 

nitrogen was detected at Villiers (Station 6). 

3). Evidence fer mineralisation of the water was found only in 

the Groctvlei Dam, receiving effluents from the Springfield Colliery; 

and in the Waterval River, which received mineralised effluents from 

the geld mines. 

4). Conclusions drawn from the diatom evidence were not always 

supported by the chemical analysis of the water. However Chutter's 

faunal studies confirmed much of the diatom evidence. Thus it appeared 
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that in the Vaal Dam catchment area, biological analyses were more 

reliable than chemical a.nalyses for the detection of pollution. 

5). Evidence for a possible seasonal variation of the species 

in the diatom associations was observed. This seasonal variation 

was dependent on the organic nitrogen in the water, which in turn 

was dependent on the rainfall. 

6). A study of the diatom associations suggested a basic 

association "'Thich is found at any st2.ble, unpolluted and alkaline 

environment. Changes in the environment resulted in the alteration 

of the proportions in which the species occurred in the associations; 

and in this manner changes in the quality (> f the water could be 

detected. 



(100). 

The Systeme.tics and Taxonomy of the Di2toms of the 

Vaal Dam Catchment .iirea. 
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A. INTRODUCTIOIJ. 

One of the basic requirements in an ecological study is the 

necessity of identifying the org~nisms being studied as accurately 

as possib~e. ~'lithout c:ln 2.ccurate definition of the subject 

organisms, an ecological study is prpctically valueless, since 

different conclusions can be dravm from two different species, 

even though, morphologically, they may pppear to be quite closely 

related. The science of systematics and t~'Conomy deals with the 

precise description and n8ming of organisms, and their inter­

relationships. 

Part 3 deals with the systematics and taxonomy of the 

diatom species found in the Vaal Dam catchment area. In this 

section each species was discussed in relation to its systematics, 

as well as its autecology. In commenting on the various species 

the reference to the original description of the taxon vlas given 

lrJherever possible. This was followed by references to more recent 

and more complete descriptions of the taxon. Following these 

references a list of synonyms was cited for the taxon, and where 

the synonyms were extremely numerous a note has been made stating 

where R complete list of synonyms can be found. Any taxonomic 

or systematic cormnents on the taxon follOlAred the list of synonyms. 

In the case of a new taxon the description was lrJri tten directly 

after the taxonomic comments. In this regard the Latin diagnoses 

for the new species have been omitted, so that these descriptions 

are not to be regarded as the valid descriptions of the species. 

The formal description containing the Latin diagnoses will be 

published later in a recognised journal. 1rJherever possible 

comments on the autecology of each taxon came after either the 

taxonomic comments or the description of 2 new species. Drawings 

of taxa having interesting features, or ~mich were described as 

new, have been made, and these have been illustrated in the 
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plates (Figs. 1 - 276). 

Since most of the literature used in the identification of 

the diatoms was written by Hustcdt and Cholnoky, who follows 

Hustedt's system, the classification set out by Hustedt in 

ItDie SUsswasserflora Mitteleuropasl!, Heft 10; Bacillariophyta 

(Hustedt 1930) has been followed. However, following Cholnoky 

(1960A: 13), in commenting on the diatoms the arrangement 

of the genera 0nd the species within the genera is alphabetical. 

This arrangement 'V>TaS adopted f or two reasons:-

1) because on practical grounds it is a simpler method 

for later use in seeking information on any particular species, 

and, 

2) since Cholnoky (l.c.) did not regard the phylogeny of 

many of the genera to be satisfactorily determined. 

In an attempt to clarify the concept of variety and form 

within the diatoms, Hustedt (19378) has reviewed the variability 

of diatoms and the fu~derlying causes of this variation, and h2s 

summarised his findings as follows (Hustedt l.c.: 192)~-

1). Diatom variations can only be regarded as varieties, 1'lhen 

they remain constant in 0. hereditary sense; i. e. under different 

environmental conditions, the abnormal character does not show a 

series of transitional forms to the typical form of the species. 

The maj ori ty of abnorm2.1i ties which have hitherto been described 

as varieties do not conform to this requirement 2nd $hould 

therefore be retr8cted into the species or regprded as forms. 

2). AbnormHlities resulting regularly from the mode of division 

are differentiated neither as vHrieties nor as forms, but mould 

be regprded as within the species range. 

3). In an ecoloeical variation series only the outer extremes 

(Grenzformen) should be designated as forms. Structural variations 
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should be treated in this manner, or should remain disregarded. 

4). Anomalies should rem2in unnamed. 

During the course of the early part of this study two 

papers dealing 1.{i th the systeme.tics of the diatoms from the 

Vaal D~.m catchment are8 Here published (Archibald 1966A ~nd C). 

Species described in these t1tJO papers have been acknowledged in 

this report under the 2.uthor's name vdth the reference to the 

original description. The descriptions of these species have 

been repeated here, but with 2mendments due to further information 

acquired by observing additional specimens. No species have been 

described without prior consultation Hith Dr. B.J. Cholnoky. 

B. SYSTElv.tATICS AND TAXONOHY 0 

The follo~dng species have been recorded from the Vaal 

Dam catchrrlent area:-

ACHNANTHES Eory 1822. 

A.adamantiformis Archibeld nov.comb. 

Synonyms ~ Navicula 8.damantiformis Archibald. 

This species was first described as a small Navicula, N. 

adamantiformis (Archibald 1966~256,F.6,5.), since only the 

raphovalve hAd been studied. Later, however, some cells were 

found which contained both areo- &~d raphovalves. It was 

quite evident, therefore, that this W2.S not a Navicula and must 

be redescribed as a new Achnanthes species. This new species bears 

a resemblance to A.latissima A.Cleve but differs from it in shape, 

having slightly produced poles, size and finer sculpturing of the 

valve wall. It has also some slight simil~rity to A.montana 
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Krasskc and A.lacuna~~ Hustedt, but again the new species 

differs in the structure of the valves and its dimensions. 

The valves of A.adamantiformis are broadly rhombic­

elliptical ,with in most cases slightly apiculate or rostrate 

poles. The length of the valves is 6 - 6.5 p, and the width 

4.5 - 5.0 p. The raphovalve: the raphe branches are straight 

and filiform and have extremeJy vJidely sep8.rated central pores 

(?bout one third of the valve length beh-Jeen the two central 

pores); due to the shortening of the transapical striae the 

axial area ~nd centr2l area combine to form a large wide 

lanceolate area; the transapical striae are rndi21 throughout, 

extending about one third of the way into the valve, and 

becoming more radial towards the poles, about 21 -24 striae in 

10 p; irregularly shortened striae are usually present. The 

areovalve; in contrast with the raphovRlve, the areovalve has 

a narravlinear central area or pseudoraphe; the transapical 

striae are radial throughout and extend right to the apical 

axis thus forming a very narrow pseudoraphe, about 21 - 24 in 

10 p; there are no shortened striae in the areov21ve. The 

longitudinal costae are occasionally just visible. 

Not enough is known of the ecology of this species to be 

able to make any coml11ent on this Rspect. It was found in small 

numbers from the 1rI2terv~1 River and one s2mple from the VaBl 

River. 

Figs" r_ ::.. - 5" 

Samples - 316, 324, 339, 340, 401, 403, 553. 
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A.coarctata (Brebisson) GrunOH 

1880 - Grunow: Kongl. Sv.Vet. Akad. Handl. 17(2):20. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogamenflora Teil 

3.:419,F.872 a-c. 

1930 - Husiedt: B2.cil12.riophyt2.. ?210, F.308a. 

Synon~~s: AchnBnthidium coarctatum Brebisson; 

Achnanthidiurn otrc:mtinurn Rcbenhorst; Achnanthes binodis Ehrenberg; 

Achnanthes coarct2.ta var. elliptic a Krasske. 

This species has been found over quite a widesprep..d area 

of South Africa, particularly in the Oligotrophic rivers with 

low pH values; under such conditions this species finds its 

optimum development. In this study it occurred in the Kaffirspruit 

and Kleinvaal Rivers as single isolated specimens and cannot, 

therefore, be regarded as autochthonous. 

Samples - 353, 489. 

A.cogit2ta n.sp. 

This species can only be related to A. [ldaIm~ntiformis 

nov. comb., which is described above. It might be better to 

describe these two vA-lves as a variety of A. adam~ntiformis; 

however, it differs from A.adamantiformis in two respects. In 

the raphovalve of A.cogitAta, the axial are? is nprrowly linear 

with no indication of a central 2reD-, while in A.adamantiformis 

the axial area and centr2.1 area combine to form a very wide 

lanceolate area covering one third of the valve surface. The 

areovalve also differs in structure and has a linear axial area, 

which widens out into an oval centr.'31 area; this is not present 

in A.adamantiformis, in which the linear axial area does not widen 

into a central area. A.cogitata cannot be associated with any 

other species of Achnanthes known to the author. 
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The valves arc rhomboid(=d in shppe with rounded ends, 2.nd 

are not protracted; they ATe ,!Jbout 6 ? in length and 4 f broed. 

The raphovalve has ~ straight filiform raphe which has very short 

branches, so that the central pores nre relatively very widely 

separated (about one third of the length of the apical axis of 

the valve). The central pores Rnd terminal pores are incon-

spicuous. The areov8.1 ve h.:?s a n8TrOvIer linear axial area which 

widens at the centre into c:m oval central area. On both valves 

there ATe 24 trans apical striae in 10 r' which are radial 

throughout. In the raphovC11ve there are one or two shortened 

striae. The longitudinal costae are too fine to be observed. 

Figs. - 6 - 7. 

SB.mple - 412. 

A.Enge1brechtii Cholnoky. 

1955 - Cho1noky: Salzha1tigen Binnengew~ssern Ber.d.Deutsch. 

Bot. Ges. 68: 16, F. 1 - 8. 

This small Achnanthes species beRrs a simil~rity to 

A. pinnC1.ta Hustedt (1937-1939, Supp1.15: 201, T .13,F. 54-57), 

with which it can easily be mistakenly identified. It differs 

in having more lanceo1()te velves and ,~ finer structure of the 

valve surface. 

According to Cho1noky (1962 B:60) this species prefers 

waters with '1 high pH v~lue and a high osmotic pressure; he has 

foune it in coastal river waters and in10.nd brackish vJaters 

(Cholnoky 1960 A:14). It was of rare occurrence in a few samples 

from the whole catchment area. 

Fig. - 8 

Samples - 253, 307, 326, 327, 411, 449, 477, 512, 554. 
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A • exigua Grunow. 

1880 - Grunow: Kongl. Sv.Vet.Akad.Handl. 17(2):21. 

1930 - Hustedt: Bacillariophyta. P.201, F.286. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 

~:386, F.832. 

Synonyms: Stauroneis exilis ~utzing; stauroneis quadrata 

Heribaud; stauroneis tylophorp" Reichelt; Microneis exigua Cleve; 

Cocconeis exigua Tork2; Achn~nthes exigua Yare tenuirostrata 

Guermeur; Achn.~tnthes exigua VaT. tenuistriata Guermeur 

(ex T~Toodheed & TvJeed). 

Cholnoky (1960 A: 14) reported this as Et katharobic species 

living in neutral to weakly alkaline waters; sometimes found 

abundantly in waters in which the pH does not fluctuate to any 

great extent (Cholnol~ 1966 B:171). It was found in two samples 

from the Waterval River as isolated specimens. 

Samples - 409, 412. 

A.exigua yare heterovalvata Krasske. 

1923 - Krasske: Bot.Arch. 1:193, F.9. 

1930 - Hustedt: Bacillariophyta. P.202, F.288. 

1927 - 1964 - Hustedt: Rabe~~orsts KryptogamenflorR Teil 

~:386, F.832 c-f. 

Hustedt (1949:75) has reunited this v2riety with the 

typical form, but in neither CholnokyTs researches nor in this 

present study have any transitional forms been seen, which linked 

the variety irli th the typic2.1 forms. In the description given by 

Hustedt (1927-1964: 386) the raphovalve has about 25 striae in 

10 P and the areovalve 22 striae in 10 p. The examples of the 

yare heterovalvata observed here were found to have 28 - 32 and 

20 - 24 striae per 10 p on the rephovalve and areovalve respec-

tively. On these grounds and on the arguments set out by 
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Cholnoky (1957 11.:39), it is preferable to mpintain the V-3T. 

heterovalvata as distinct from the typical forms. 

This variety was observed more commonly than the typical 

form in marly s amp 1 es • In South -"'tfrica it has been found in 

neutral to ~:JCakly ;:dk-3.line waters, and Has able to tolerate 

small fluctuations of the pH value towards the acid side 

(Cholnoky 1960A: 14) 

A.lanceolata (Brebisson) Grunow. 

1880 - Grunow: Kongl. Sv.Vet.Ak~d.Handl. 17(2):23 

1930 - Hustedt: Bacillariophyta. P.207, F.306a 

1927 - Hustedt: R2benhorsts Kryptog~enflora Teil 2: 408, 

F. 863 a-d. 

Synonyms: Achnanthidium 12nceolatum Brebisson; Achnanthes 

Haynnldi var. oblongo-elliptica SchaClrschmidt; stauroneis 

truncata Schum2,nnj Achnanthes pseudoantiqua Peragallo; 

Achnanthes Pagesi PeragA.llo. For further synonyms c.f. 

Hustedt 1927-1964, Teil 2:408. 

Hustedt (1930: 207) erroneously cited Brebisson as the 

sole author of this species; Brebisson, however, placed this 

species in the genus Achnanthidium and only later did Grunow 

(cf. Hustedt 1927-1964, Teil ~: 408) correct this and transfer 

it to the genus Achnanthes. Hustedt (1937-1939, Supple 15:203) 

described A.lanceolata as "krenophil", but Cholnoky working on 

the springs of South It'Jest Africa and Bechuanaland (Cholnoky 1966 

B: 171) found this species in very small numbers (0.3% of the 

diatom associption) in one sample. In this present study in 

which no springs were investigated, the species although in 

small numbers occurs over a relatively vlide area. A.lanceolata 

has been reported from neutral waters with fluctuations of the 

pH toward the acidic side (Cholnoky 1960A: 16; Cholnoky 1962A: 6); 
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this probe.bly a.ccounts for its scarcity in the samples, as most 

of the rivers in vrhich it was found had pH values above 8.0. 

Se~ples - ~39, 261, 266, 307, 316, 411, 454, 498. 

A.lanceolata var. elliptica 

1891 - Cleve: Acta Soc. Proc. et Fl. Fenn. g(2):51, T.3, F.IO,ll. 

1930 - Hustedt~ BacillaTiophyta.. P.208, F.306c. 

1927 - 1964 - Hustcdt: Rabenhorsts Kryptog<?mcnflora Teil 2: 

410,F.863n,o. 

Synonyms~ Achnanthes lanceolata var. elliptic a f. minor. 

This variety has been recorded only from the Hennops 

River by Cholnoky (1953:139); and was found in the Va·'ll D::Jm 

Catchment I\rea in five pla.ces. Cholnoky's record W;lS the first 

for this variety from South ~frica. 

A.lanceolata var. rostrat2 (Ostrup) Hustedt. 

1911 - Hustedt: Abh. Natur. Vcr. Bremen 20: 279, T.3, F.34. 

1930 - Hustedt~ Bacillariophyta. P.208, F.306b. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptoga~enflora Teil 2: 

410, F.863 i-me 
.. 

Synonyms: Achnanthes rostrata Ostrup; Achnanthes lanceolata 

var. crassa Cleve-Euler; Achnanthes lanceolata var. dubia Grunow. 

In contrast with Cholnoky's observations in Natal (Cholnoky 

1960A: 16) and in the Cape Province (Cholnoky 1962A: 6), this 

variety occurred in the region under investigetion far more 

commonly than the typical forms, ~nd over 8 wide area. 

Figs. - 9 - 11. 
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A.line~ris (W.Smith) Grunow. 

1930 - Hustedt: Bacillariophyta. P.198, F.276. 

1927 - 1964 "- Hustedt: Rabenhorsts Kryptog~menflora Teil 2: 

378, F. 821 a , b. 

Synonyms: Achnanthidium lineare H. Smith; Achnanthidium Jackii 

Rabenhorst~ Achnanthes linearis var. Jackii Grunow; Microneis 

linearis Cleve. 

This smelll Achnanthes species bears a strong similarity 

and is closely related to A"minutissima Klitzing. !1.1inearis, 

however, differs from A"minutissimp ecologically and by having 

a relatively broader valve ~nd a more pronounced central ?rea. 

The trans apical striae are coarser and are cleArly defined in 

A.linearis. Hustedt described a new variety of A.minutissima 

f:"cT1 ~ he Sunda Islands, A.minutissima var. rostrata Hustedt 

1937 - 1939, Suppl.15: 192, T.13, F.41 - 46) about which he 

cowments in the following m2nner:-

"Schalen ?ber verhal tnismassig brei ter mit sehr stumpfen 

Polen" Die transapikale Streifung is wesentlich graDer als bei 

der Art, es korrrnen etTNa 26 Streifen auf 10 p. Zentral Area der 

Raphenschale rundlich erweitert. Die Form nahert sich in manchen 

Hinsicht der Achnanthes linearis ist aber mit A.minutissima 

verbunden, w2~hrend A"linearis in Gebiot nicht vorkommt". 

Hustedt's vpriety, var~ rostrRta, is in f3ct the same as 

A.line2.ris and has nothing to do with f\.minutissima, and the 

variety must therefore become '1 nell synonym of A .linearis. In 

the S2me publication (cf. Hustedt 1937 - 1939, Suppl 15: 194, T. 

13, F. 37 - 40) he also described R ne"" species Ii.. crassa Hustedt, 

which he described as being near to A.lineC1.ris from which it 

differs in its squat structure. According to Cholnoky (personal 

communication) A.li~earis var~ pusilla C?nd A.crassa pre the same 



thing; 2.nd in his opinion they should be united, and remain as a 

separate taxonomical unit, A.crassa. 

A.linearis has been reported from weakly Rcidic waters 

(Cholnoky 1960A: 16; 1962A:7; 1966B: 172). It W;3S found 

commonly in the samples from the; Klip ~nd Tr.Jilge Hivcrs, and Has 

sometimes present i.n relr:ttively high numbers. These loc~lities 

were ~ll alkaline in character. 

A.microcephala (Kiitzing) Grunow. 

1880 - Grunow: Kongl. Sv. Vet.llkad.Handl. 17(2): 22. 

1930 - Eustedt: Bacil1ariophyta. P.198, F.273. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogarnenflora Teil 2: 

376, F.819. 

Synonyms: Achnanthidium microcephalum Klitzing; Navicula 

pachycephala Schumann; Achnanthes delicatula Brun; Microneis 

microcephala Cleve. 

The distribution of this diatom species is limited to 

waters with a high percentage oxygen s~tur2.tion. Its optimum 

development is found in such oxygen-rich waters with a neutral 

pH which fluctuates tm·Jards being ['cidic. Thus conditions were 

not often obtained in the rivers under investig~tion and as 2. 

result it "Has found in only n few samples. 

Samples - 333, 338, 370, 403, 411, 456. 

A.minutissima Klitzing. 

1883 - Kiitzing:fl1.lg. Exs. Nr. 75. 

1896 - Cleve~ Naviculoid Diatoms. KonE;l.Sv.Vet.Akad.Handl.27: 188. 

1930 - Hustedt: Bacillariophyta. P.198, F.274. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogamenflora Teil 2: 

376, F.820 a-c. 
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Synonyms ~ !\chnanthes exilis W.Smi th; i~chnC1nthes minutissima 

var. microscopica ostrup; Microncis minutissima Cleve; 

Microneis grpcillima Meister. 

Cho~noky (1957B: 343) no longer reg,grds the VC1r. 

cryptocephala a.s sepClratc from the typical forms of the species 

on the grounds that there are transitional forms between the 

typical forms and the v2riety, Hhich m2.ke a sepRTation of the 

two forms superfluous. The mr:my examples of A .minutissima 

studied in my samples cert~in1y supported Cholnoky1s conclusions 

in this regard. For a further discussion on the systematics 

of this species see the remRrks on A .linearis (vJ • Smith) Grunow. 

On account of the autecology of this species, A.minutissima 

is reg;->rded as an indicator species of oxygen rich k!:lth{lrohic 

water. Cholnoky (1962B: 61) stated that i\.minutissima reproduces 

best in oxygen rich, weakly 2.1kc;line vm.ter, and cannot tolerate 

a high osmotic pressure or ~ high concentration of organic 

nitrogen compounds. Therefore when this species occurs in 

great numbers it indicates water of good quality. A.minutissima 

is very wide spread in its distribution in South Africa, and was 

one of the most frequently occurring species in the Vaal Dam 

CatchInent Area. At some sampling points it was the dominant 

diatom species in the association. 

A.pinnata Hustedt. 

1922 - Hustedt; BacillClriales aus Inner-l\sien. 

1937 - 1939 - Hustedt: Java, Bali undSumatra. 

4rch. Hydrobio1. Supp1.15: 201. 

As mentioned earlier this species is very similar to 

A.Engelbrechtii Cholnoky and it is very easy to misidentify 

A.Engelbrechtii as A.pinnata. It is a little doubtful whether 
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this one example occurring in one sample is in fact A.pinnnta. 

Sample - 412. 

A..pseudohung2rica Cholnoky-Pfannkuche. 

1966 - Cholnoky-Pfannkuchc: Eine neue ~~chnB.nthes-Art. 

Nova Hedwigia 11: 413, F. 1 - 16. 

This species W2S first discovered from a culture 

prepared from R diatom sample from the B10ukrans River. The 

examples, uhich were discovered in the Tr.s.nsvapl, pgree in all 

respects with the smaller forms of the originR_l1y described 

species, and two v81ves h2ve been drawn to illustrate this. 

(Figs. 12, 13). 

This species was observed in one sRmple from the K1erk-

spruit stream near Kestel1 in the Orange Free state, in which 

it composed 3.2% of the diatom association. 

Figs. - 12, 13. 

Sample - 362 • 

.t'U1PHIPLEURA KUtzing 1844. 

A.pellucida Kutzing 

1844 - Klitzing: Bncill. P.I03, T.3, F.52 & T.30, F.84. 

1930 - Hustedt; Bacillnriophyta. P.218, F.321. 

1927 - 1964 - Hustedt: Rnbenhorsts Kryptog-:menflor2 Teil 2: 

724, F.1095. 

Synonyms: Frustulin pellucid? KUtzing; NAvicula pellucida 

Ehrenberg. 

In most cases the valves of A.pellucid2 observed in 

this study fell within the dimensions given by Hustedt 
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(1927 - 1964, Teil ~: 724; 1930: 218), but there were some 

isolated cases which agroed with Cholnoky's smaller dimensions 

(cf. Cholnoky 1957~: 41). 

There appears to be some confliction of opinion concerning 

the autecology of this species as Cholnoky has found it, often 

abundantly, in neutral to 'V'Jeakly alkaline waters, which are poor 

in nitrogenous subst2nces (Cholnoky 1960A: 20). On the other 

hand Hustedt (1937 - 1939, Supple 15: 213), 2.1though he found 

it in oligotrophic lakes, observed it in great quantities in 

"st?rker eutrophierten Teilen der Uferrcgion". From the 

observations carried out in this survey no further comment can 

be made in this regard, 2S the species, although widespread in 

its distribution, was present in most cases as single specimens 

only. 

AMPHORA Ehrenberg 1840. 

A.coffaeaformis (Agardh) Ktitzing. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Hand1.27: 120. 

1930 - Hustedt: Bacillariophyta. P.345, F.634. 

Synonyms: Frustulia coffaeaformis !'gardh; limphora aponina 

KUtzing; ,Cimphora sC1.1ina W. ,Smith; Amphora lineata Gregory; 

Amphora Neupaueri Pantocsek; J\mphora Taylori Grunow. 

Since Agardh described this species in the genus Frustulia, 

Cholnol~ is quite correct in remarking that both Cleve and Hustedt 

have incorrectly vITi tten the 2.uthor of this sp ecies as i\gardh only. 

~utzing was the first to place this species in the genus l\mphora, 

and therefore should be acknowledged in the author's names; thus 

the correct name for this sp ecies should be fcmphora coffaeClformis 

(Agardh) Klitzing. 
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Cholnoky regards this species as Rutochthonous in neutral 

to slightly alk.~.line waters, and in v-w.tcrs in which the osmotic 

pressure is of 2. small value (Cholnoky 19571\: 42; 1960B 234; 

1962A: 10; '1962B: 63). This species occurs fairly commonly 

in many localities, but never in great numbers. 

A.fontinalis Hustedt. 

1937 - 1939 - Hustedt~ Javn, Bali und Sumatra. Arch. Hydrobiol. 

Supple 15: 414, T.24, F.4, 5. 

This species of Amphora has been reported from South 

Africa only three times, twice in Natal (1956:57; 19571\: 42) 

and once from the Eastern Cape Province (Giffen 1963: 217). 

In the sample V;:lal 412 one single valve was found which con-

formed in all respects but one "vIIi th Hustedt' s original des-

cription (l.c.). The only difference between this specimen 

(illustrHted in Fig. 14) is that it had 20 tr!:lnsapical striae 

compared Nith 24 in the origin21 description. This difference 

is so negligible that the correctness of this identification 

is without doubt. 

Cholnoky (1956: 57) reported that this species \13.S 

acidobiontic from the Tugela area of N2.tal. On the basis of 

one valve no further comments on the autecology of Amphora 

fontinalis can be added. 

Fig. - 14. 

Sample - 412. 

A.ova1is KUtzing. 

1896 - Cleve~ Naviculoid Diatoms. 

1930 - Hustedt: Bacillariophyta. 

Kong1.Sv.Vet.Ak8d.Handl.27: 104. 

P. 342, F. 628. 
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llthough A.ovalis has been reported from allover South 

Africa, it neVer occurred frequently at anyone plB.ce. In the 

Vaal Dam Catcr~ent Area it was found, in most cases, as single 

specimens and consequently no conclusion can be drawn with regard 

to its autecology. 

A.ovalis var. libyc2. (Ehrenberg) Cleve. 

1896 - Cleve: N~yiculoid Diatoms. Kong.Sv.Vet.<\k~d.Handl. 

27: 104. 

1930 - Eustedt: BacillariophytCl.. P.342. 

Synonyms: Amphora libyca Ehrenberg; Amphora affinis Klitzing; 

Amphora ovC'.lis var. affinis (Klitzing) Grunow; ['"mphora i'bbreviatta 

Bleisch; Amphora Szont~ghii Pantocsek; Lmphora Staubii 

Pantocsek; '~Lillphor,'l. verrucosa Pantocsck; Amphora svavii Pantocsek. 

In a discussion on A.evalis V2r. libyca (cf. Cholnoky 

1962A: 10) it is evident that Cholnoky no longer regards this 

variety as being cle'!rly differentiated from the species as he 

has always found a sequence of examples which provide transitional 

forms between the variety and the typical forms. Cholnoky, 

however, still reported the vnriety in his most recent papers as 

a separate entity with no furthor systematic cOTI1YrJ.ents. In this 

present stu.dy examp18s of the tJt~ical forms and of the variety 

have been seen but never with trpnsi tiene-II forms linking the two 

forms together. 

This species occurred as isol~ted examples in 8 number 

of samples. 
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A.ov~lis VDr. pediculus (Klitzing) G~~now. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Ak8d.Handl.27: 105. 

1930 - Hustedt~ Bacill::lriophyt2_. P. 343, F .629. 

Synonyms: Cymbelle pediculus Ktitzing; jlmphora minutissimn 

v!. Smith; ,~mphor2 globosa Schumrmnj !omphor2 libyca vaT. 

interrupta Pantocsek; ,\mphor2 bore2,lis Schum~nn. 

Cholnoky (1966B: 1(3) regp.rded this variety as inter-

grading with the typical forms of the species, and should, 

therefore, no longer be distinguished as a separate variety. 

However, no trnnsitional forms have been observed in these 

samples, and for this reason it has been maintained as a distinct 

variety. 

The autecolog'J of var. pediculus is not completely known, 

and it was rarely found in the catchment area .. 

Samples - 326, 337, 338, 339, 340, 363, 364, 378, 412, 432, 

476, 497. 

A.submontan!:t Hustedt. 

1949 - Hustedt: Kongo. Expl. du Parc N::'1tion2.1 Albert, 

Fasc. 8: 112, T.ll, F.4. 

The examples of this species, observed in this study, agreed 

-vrith Hustedt's (l.c.) original description. However, in most cases 

the transapical striae were too fine to be seen with the light 

microscope :J.nd as a result probably number more than 40 in 10 f. 

As with Cholnoky (1963C: 162) the transapical striae in the 

stauros were not seen. 

Joophor2 submontana has been found OVer most parts of South 

Africa in uater which ranges from \veakly basic (Cholnoky 1960A: 25) 

to weakly acid (Cholnoky 1956: 57). t.ccording to Cholnoky it finds 

its optimum in neutral to weRkly Rlkaline waters, in which a certain 

amount of dissolved org~nic nitrogen compounds were present 
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(Cholnoky 1962B: 64). As conditionst in the Catchment area do not 

suit the development of this species, it 1-TaS found in small 

numbers, but over a l,vide area. 

A.thermalis Hustedt 

1949 - Hustedt: Kongo. Expl.du Parc Nation.!=!l ~'lbert, Fasc.8; 

Ill, T.ll, F~ 1 - 3. 

The specimen seen here was a little smaller (17 f long 

and 3.5 f wide) than the dimensions given in the original 

diagnosis (length 18 - 35 p, breadth about 5 p). However, 

Hustedt described it from only one locality and cannot, therefore, 

have given the full range of variation. To the author's know-

ledge this is the first record of this species in South J\frica. 

A.veneta Klitzing. 

1896 - Cleve; N2viculoid Diatoms. Kongl.Sv.Vet • .Akad.Handl.27: 118. 

1930 - Hustedt: Bacillariophyt8. P.345, F.631. 

Synonyms: j\.mphorC1. Hohenackeri Rabenhorst; Amphora quadricostata 

R2.benhorst; Amphora tu.rnidu18 Grunowj Amphora hyalin2 var. 

pnrvula Grunow; l'\.mphor.g coffaeaformis H. ,smith; Amphora libyca 

H. Smith; ~pho22 Gouwsii Cholnoky. 

In sample V8.al 498 some very small specimens were observed 

(Fig.15), which were only 4 r long. These sm~ll forms inter-

graded gradually vIi th the more typical specimens of the species. 

This diatom species has been found in well buffered waters 

with a high pH value. Its optimum development is 2ttained in 

waters with a high osmotic pressure (Cholnoky 1965~ 67), and its 

occurrence, therefore, in high numbers in a sample, indicates a 

high osmotic pressure in the water. As a result of the high pH 
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value this species was found co~monly allover the catchment 

area; and in samples Va,!'l 414 (54.6%) and V~~l 498 (25.3%) 

it was the dominant species. 

/\.NOMOEONEIS Pfi tzer 1871. 

A.brachysira (Brebisson) Cleve. 

1882 - Cleve Emd Moller: Dint. Hr. 324. 

1930 - Hustedt~ Bacillariophyta. P.264, F.427. 

1927 - 1964 - Hustcdt: Rabenhorsts Kryptogamenflora Teil 2: 

748, F.1112 e - h. 

Synonyms~ Navicula brachysira Brebisson; Cymbell~ Beverleinii 

A.Schmidt; Anomoeoneis zillensis yare subovata Cleve-Euler; 

Anomoeonois Frenguellii Mc=mguinj !~nomoeoneis serians var. 

brachysira (Brebisson) Cleve; "nomoeoneis serians var. brachysira 

f. thermalis (Grunow) Hustedt; For further synonyms see Hustedt 

1927 - 1964: 748. 

Cholnoky (19558: 158; 196oc:352) no longer subscribes 

to Hustedt's opinion that A.brachysirp, is 2. variety of ,r\.seri~ns, 

on the grounds that not only is it ecologically different but 

also that it bears only a superfici0.11y morphological likeness. 

As only one specimen of A.brachysira and no examples of A.serians, 

have been obsGrved, it is not possible to comment any further on 

the taxonomy and systematics of this particular species. 

A. br2.chysira is a tropical-subtropical species occurring 

in waters with a low pH (Cholnoky 1954B: 206; 1956: 57; 1962B: 64). 

It occurred in one sample from the Klip River at Memel. 

Sample - 359. 
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A.exilis (Klitzing) Cleve. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 27: 8. 

1930 - Hustedt: BacillClriophyta. P.264, F.429. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 751, 

F .1114 a - c. 

Synonyms ~ Navicula exilis Klitzing; (1 chn~nthidium microcephalum 

W. Smith; Colletonema exilis Grun01.v; Gomphonem2. vitreum Grunow; 

N1:l.vicula gomphonemp.cea Grunow; ;\nomoeoneis exilis var. 

gorphonemacea Cleve; fLnoffi':)eoneis exilis v::.r. genuina A.Mayer; 

Anomoeoneis microcephala i'~.Berg; Anomoeoneis sericms forma Berg. 

The ecological term "indifferent" used by m2.ny authors 

implies that an "indifferent species" cP,n reproduce equally well 

and thrive under all ecological conditions. 1rli th regard to 

h.exilis Jorgensen (1948:49) and Foged (1953: 40) consider the 

species, indifferent to pH. Cholnoky3 however, disagrees with 

this opinion. From his observations in South Africo, Cholnoky 

has found thCl.t the pH optimtIDl of this species lies between 6.7 

and 7.0 (Cholno~J 1958: 249; 1960 A: 26; 1962 B: 65; 

1962 C: 316; 1966B: 174) in well buffered water. A statement 

such as this (i.e. the pH optimum of the species lies between 

6.7 and 7.0) does net preclude the possibility of observing the 

species in waters with pH v[11ues outside this rC!nge. They can 

be observed but in very low numbers 2.nd would certainly not be 

autochthonous in such conditions, or ·Hill be present as single 

valves vlhich have boen washed dOrm streRJn from some other source. 

In the area under investig2.tion the pH-values of the water arc 

always high and as 2 result A.exilis is present as isolated 

examples in the samples. 

Sa.-rnple Nos - 233, 309, 312, 317, 324, 342, 344, 347, 350, 418, 

422, 441, 468. 
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A.sph~eropherR (Klitzing) Pfitzer. 

1871 - Pfitzer: Bau und Entwicklung der niatomeen. P.77. 

1996 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.'~\kad.Hpndl. 27: 6. 

1930 - Hustedt: . B?cillariophyta. P.262, F.422. 

1927 - 1904 - Hustedt: Rabenhorsts Kryptogamenflor? Teil 2: 

740, F.ll08p. 

Synonyms: N8vicula sphperophora Ktitzing; Navicula biceps 

Ehrenberg; Navicula denud?ta P?ntocsek; f\nomoeoneis rostrata 

Frenguelli; !inomoconeis OkCl.dae Skvortzow. 

The'Jutccology of this species is not clear at present. 

Hustedt (1937 - 1939, Suppl.15~ 218) regards this species as 

found in polluted water in the proximity of human settlements. 

Cholnoky has also reported it from relatively alknline springs 

with a good buffer system (Cholnoky 1966B: 175). In the samples 

investigated it was present only as isolated specimens. 

Sample Nos. - 239, 344, 408, 412, 415, 511. 

CALONEIS Cleve 1891. 

C.bacillum (Grunow) Cleve. 

1894 - Cleve: Diatomiste, Vol. 2, P.99. 

1930 - Hustedt: Bacillariophyta. P.236, F.360. 

Synonyms: stauroneis Bacillum Grunow; Caloneis fasciata 

(Lagerstedt) .Cleve p.~.; Navicula Dartevillei Kufferath;· 

Caloneis bacillum f. inflata Hustedt; Caloneis bacillum yare 

lancettula (Schulz) Hustedt. 

The Buthorship of the binomi?l combination C. bacillum is 

generally taken to be Mereschkowsky. Hoy-rever Hustedt (19371~: 184) 

has found that Cleve had actually used this combination some yeBrs 

before. The distinction between Caloneis bacillum and CRloneis 

silicula (Ehrenberg) Cleve is very difficult to define, and indeed 
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more careful examination of the two species mAy result in the 

uniting of C.bacillum and C.silicula. Cholnoky has sunk var. 

lancettula (Schulz) Hustedt (cf. Cholnoky 1965: 68) and f. 

inflata (Cholncky 1966B: 175) into the species, since he has 

found transitional forms which link them with the typical forms 

of the species. Hustedt (1949: 99) regarded the main distinction 

between C. bacillum and C. silicula to be the central area; 

C.bacillum has a large wide transapical band or fascia, while 

C.silicul~ the band is either narrow or absent. This is a very 

doubtful distinction, particu18rly as Hustedt describes the 

central area of C.b8cillum as "eins bis an den SchRlenr8nd 

reichende Ouerbinde von wechselnder Breiten (Hustedt l.c.). 

For further comments on the systemRtics of this group of 

diatoms see C810neis fasciata (Lagerstedt) Cleve. Fig. 16 

illustrates an abnC',rmal form of C .bacillum, in wrdch the valve 

has a slight constriction of the walls at the central nodule. 

This is a tropical-subtropical species which has been 

found in neutr81 to weakly alkaline waters which are more or 

less oligotrophic (Cholnoky 19601\: 27; 1962B~ 19). It was 

found to be widespread in the catchment area, particu12.rly 

in the Vapl ~,nd 14aterval Rivers. 

Fig. - 16. 

C.bacillum (Grunow) Cleve var. fontin~lis Grunow. 

1937 - 1939 - Hustedt: Java Bali und Sumatra. Arch. Hydrobiol. 

Suppl.15: 282, T.15, F.17 - 19. 

This variety has previously been recorded from South Africa 

only in Natal (Cholnoky 1956: 58). In the catchment area it was 

recorded from Station 15 on the Kalk River. 

Sample No. 402. 
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C.bacillum (Grunow) Cleve var. minima Cholnoky. 

1954 - Cholnoky: Suo. Rhodesien. Port. ,~cta BioI. ~: 206. 

This small v::triety differs from the typical forms of 

the species only in its much smaller dimensions. In South 

A_frica Cholnoky h~s recorded it only once and the type locpli ty 

lies near Umt~li in Rhodesi~ (Cholnoky l.c.). It was seen in 

very few samples. 

Fig - 17. 

Sample Nos. - 326, 32?, 331, 362, 364, 411, 436, 451, 456. 

C.Chasei Cholnoky. 

1954 - Cholnoky: SUd Rhodesien. Port. Acta BioI. ~: 206, F. 4,5. 

Most of the examples of C.Chasei, which were present in 

three samples, exhibited a series in which the number of transapical 

striae of the valve ranged from 36 to more than 40 in 10 f. The 

original diagnosis should therefore be pltered to pccomodate 

these observations. It is interesting to note that in three 

samples from the upper reaches of the it.Tilge River (\T~pl 328, 

331, 333) in which the species was recnrded the trClnsapical 

striae were so fine th!='t they were practicRlly invisible (i.e. 

more than 40 in 10 p). One specimen of these very finely 

striated specimens was illustrated (Fig. 18). 

In South Africa the species is found to be widely dis­

tributed in wea.kly acid w,'~ters with a pH r::tnge of 6-7 (Cho1noky 

1960 B: 237). It was found in a fev.T samples from thf; catchment 

area, and never in great numbers. 

Fig. - 18. 

Samples - 261, 301, 307, 328, 331, 333, 345, 358, 359, 370, 

479, 485. 
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C.Clevei (Lagerstedt) Cleve. 

Kongl.Sv.Vet.j';k~d.Handl. 26: 51. 1894 - Cleve: Naviculoid Di8toms. 

1930 - Hustedt: B~cillariophyta. P.236, F.359. 

Synonyms: Nclvicula Clevei Lagerstedt; NaviculCl Beccariana 

Grunow; Caloneis Beccariana (Grunow) Cleve; C~loneis 

aeguatorialis Hustedt; Caloneis 2equatorialis var. capitata 

Caloneis pseudoclevei Cholnr,ky. 

Cholnoky (1963C: 162) has been able to show by means of 

tr8nsitional forms that Caloneis Clevei, C.Beccariana and 

C.aequatorialis are in fact, all the same species and since 

C.Clevei (Lagerstedt) Cleve is the oldest legitimate combination, 

all other combin:-o.tions are younger synonyms. An unusually 

short form was illustrated in Fig. 19 (21 u long). 

This is one of th~ most commonly found Caloneis species of 

the \Tapl Dam Catchment AreCl, but it never occurs frequently in 

anyone sample. Cholnoky has found it in neutral to weakly 

basic waters which are oligotrophic (cf. Cholnoky 1956: 59; 

1962B: 65; 1966B: 176). 

Fig. - 19. 

C.Clevei var. tugelae Cholnoky. 

1956 - Cholnoky: Seltene ii - Tugela - Gebiete. Osterr. Bot. 

Zeitschr. 103: 58, F. 7 - 10. 

1962 - Cholnoky: Swazi12nd. Hydrobio1ogia 20: 317. 

Synonyms: Caloneis aequatorialis var. tugelae Cholnoky. 

Since Cholnoky c'riginally described this variety, he 

has found further examples which broaden the range of variation 

within the variety. The transapical striae now r,qnge from 

being parallel 2t the poles to being str0ngly convergent 

(Cholncky 1957'\: 42), and they number from 22 - 30 in 10 p 

(Cholnoky 1959: 14). 



(125). 

Nothing much isknown about the 3utecology of the variety, 

but Cholncky maint~ined that its distribution is Rpparently 

lirni ted by low pH-values with r=t narrow range of fluctu2_tion. 

It occurred in the ,\rJaterval River 2nd its tributaries as isolated 

examples. 

Samples - 401, 402, 404, 405, 406, 408. 

C.fasciata (Lagerstedt) Cleve. 

1894 - Cleve: Naviculoio Di~toms. Kongl.Sv.Vet./\kad.Hand1.26: 50. 

Synonyms: Navicul:-> fasciata Lagerstedt; Caloneis bacillum (Grunow) 

Cleve p.p.; Pin:oularia fasciata (Lagerstedt) Hustedt; Calcneis 

Lagerstedtii (Lagerstedt) Chnlnoky. 

The systematics of this group of diatoms is extremely 

confusing and the comments of various authors have not clarified 

the position. In his Synopsis of the Navicu10id Diatoms (1894: 50) 

Cleve placed Navicula fasciata Lagerstedt in the genus Caloneis. 

At the same time Cleve regarded Stauroneis bacillum Grunow, which 

was described in 1863, as a syno~ym of Caloneis fasciata (Lagerstedt) 

Cleve. Cleve then changed the naffie to Caloneis bacill~~ (Grunow) 

Cleve (Diatomiste 1894, ~(17): 99), since Grunow described 

Stauroneis bacillum 10 years before Navicula fasciata was described 

by Lagerstedt. Hustedt was dubious about the position of Navicula 

fasciata Lagerstedt; in the Bacillariophyta (Hustedt 1930: 236) 

he stated that "Navicula fasciata Lagerst. muss infolge ihrer 

abweichenden Struktur aus dem Formenverbande ausschieden, so dass 

der Sammelname Caloneis fasciata Cleve hinfallig ist". 

stage he placed Naviculp fa~iata Lagerstedt in the genus 

Pinnularia (Hustedt 1930: 316), but in a later public~tion he 

(Hustedt 1937: 184) changed his opinions and wrote the following:-
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"Auf die verworrenen systematischen Verh:3ltnisse gehe 

ich an anderer Stelle npher ein, hier "(.fill ich nur bemerken, 

dass ich Navicula fasciata Lagerstedt in Cal. bacillum einbegriffen 

habe" • 

Hustedt (1949: 99) once more changed his mind when, in 

commenting (In C.bacillum, he said " •••••• Navicula fasciata 

Lagerst., die Cleve mit den zu Caloneis b2.cillum gehorenden Formen 

identifizierte und Rls Caloneis fasciata Lagst. bezeichnete (1894: 

50). Diese Verbincung ist sehr wahrscheinlich ein Irrtum, 

wenngleich eine sichere Entscheidung uoer LRgerstedts Form kaum 

moglich sein wird". It is uncertain whClt Lund (1946: 58) 

believed the position to be, but it appears thClt he regarded 

Caloneis fasciRta (Lagerstedt) Cleve as synonymous with Navicula 

fasciata Lagerstedt, ~nd as a species separate from Caloneis 

bacillum (= Stauroneis baciIIum Grunow), which two species 

differ in the arrangement of their transapical striae. Cholnoky 

(1957A: 43) adhered to the opinion that Pinnul;::ria fasciata 

(Lagerstedt) Hustedt (= Navicula fasciata Lagerstedt) is a 

species distinct fr'·'rrJ. Caloneis bacillum (Grunow) Cleve 

(= Stauroneis bacillum Grunow), but he reinstated Pinnularia 

fasciata in the genus Caloneis under a new specific epithet 

Caloneis Lp gerstedtii (L~.gerstedt) Cholnoky. Patrick EtTId Reimer 

(1966: 586) adopted the opposite view A.nd considered N~vicula 

fasciata and stauroneis bacillum Grunol-J to be the s arne species, 

correctly named Caloneis bacillum (Grunow) Cleve. From the 

review of the situation given above, it seems clear th2t the 

prime question to resolve is whether Navicula fasciata and 

Stauroneis b.g.cillum are, indeed, one a.nd the s arne species. 

As the original descriptions of Navicu18 fasciata and Stauroneis 
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bacillum were n0t available, it was n0t possible to compare the 

two species or verify the views of Patrick and Reimer (l.c.). 

Comparisons can, therefore, only be made from the literature 

at hand and the comments of others. In comparing the descriptions 

of Caloneis bacillum (Grunow) Cleve (sensu Hustedt 1930: 236: 

i.e. synonymous Hith St!lurcneis bacillum Grunow), with the descrip­

tions of Pinnulari~ fasci~ta (Lagerstedt) Hustedt (1930: 316) 

2.nd Navicula fasciata Lagerstedt (:: Pinnulari;~ fpscipta) in De 

Toni (1891: 117), the only character that separates these two 

species is the a.rrangement of the striae. 1\ccording to Lund 

(1946: 58), Lagerstedtts original description of Navicula fasciata 

stated that the striae are all parallel, and De Toni's description 

(I.e.) agreed with this; while the striae Qf Pinnularia fasciata 

(Lagerstedt) Hustedt are said to be parallel or slightly radial 

in the middle and convergent at the poles. Grunow's figure of 

Navicula fasciata in V~n Heurck's Synopsis (1880: Pl.12, F.34), 

which Cleve cites under Navicula fasciata (Cleve l.c.) illustrates 

a specimen with convergent polar striae. In contrast with this 

the striae of Caloneis bacillum (Grunow) Mereschkowsky (sensu 

Hustedt 1930: 236) are radial except in the middle where they 

may be more or less parallel. Using this ch~racter, Cholnoky 

separated Caloneis Lagerstedtii (Lagerstedt) Cholnoky 

(:: Pinnularia fasciata (Lagerstedt) Hustedt, which has convergent 

polar striae, from Caloneis bacillum (Grunow) Cleve, which has 

radial polar striae (cf. Cholnoky l.c.). Lund (l.c.) used the 

name Caloneis fasciata (Lagerstedt) Cleve (see comments above) 

for specimens, the polar striae of which range from weakly 

convergent to parallel, which links LR.gerstedt's original 

description, where the polar striae are said to be p!lrallel, 
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with later diagnoses in which the polar striae are convergent. 

No difference can be found between Caloneis fasci~ta (Lagerstedt) 

Cleve (sensu Lund) and Caloneis Lagerstedtii (L2gerstedt) Cholnoky. 

It seems clear then that there are two different species. The 

one species is C~lon8is bacillum (Grunow) Cleve; ctnd the other 

is Caloneis fasciata (Lagerstedt) Cleve. Cholnoky (l.c.) has, 

however, stated that C2loneis f asci2ta is a synonym of Caloneis 

bacillum~ but from the argument set out ~bove this does not 

appear to be the case, as they 3re two distinct species, Hhich 

were erroneously united by Cleve (1894: 50). On these grounds 

Cholnoky's specimens, which he regarded ~s 11 •••••• mit der 

urspriinglichen Navicula fClsciata L!:lgerstedt identisch .•••••• ", 

are considered to be the same as Caloneis fasciata (Lagerstedt) 

Cleve, and his combination, Caloneis Lagerstedtii (Lagerstedt) 

Cholnoky, is therefore a synonym. 

In the course of the survey some abnormal forms have been 

observed. Figs. 20 and 21 illustrr:tte two very sm~ll valves, 

of which the smallest was 12.5 ? long. Two other abnormalities 

have been illustrpted in Figs. 22 and 23. These forms have 

triundulate walls, and according to Cholnoky (personal communication) 

are both members of C.fasciata. There is, however, no evidence 

that these triundulate forms constitute a new form. 

The autecology of this species is not clearly known. 

It occurred fairly cormnonly in the Catchment area, but was 

never abundant. 

Figs. - 20 - 23. 
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C.hyalina Hustedt. 

1937 - 1939 - Hustedt: Java, Bali, und Sumatra. Arch.Hydrobiol. 

Supple 15: 281, T.15, F. 8 - 10. 

The specimen, which was illustrated in Fig. 24, did not 

ent.irely agree with the original description given by Hustedt. 

However, it corresponded more closely with this species than 

with any other Caloneis. This specimen was more lanceolate 

than the typic~l forms and hp,d more 8cutely rounded poles 

(cf. Hustedt l.c. T.15, F.IO). The central pores were widely 

spaced and agree ~nth the description. In this specimen the 

transapical striae vJere not visible and must therefore number 

more than 40 in 10 f; where as Hustedt's specimens had 36 - 38 

in 10 p. The differences found in this specimen do not warrant 

its description as a neH species. 

Fig. - 24. 

Sample - 307. 

C.incognita Hustedt. 

1910 - Hustedt: Bacillariales aus Dahome. Arch. Hydrobiol. 

1: 373, T.3, F. 7. 

In his studies on African diatoms Cholnoky has been able 

to establish a wider range of v2,ription for this species than 

was originally described. Hany of his examples reached a lower 

limit with regard to their length, the smallest being 22 r long 

(Cholnoky 1962: 65); and the narrowest specimen 1-las 8.5 p wide 

(l.c.). One of the smaller specimens has been illustrated in 

Fig. 25. 

C.incognita appears to favour waters with a neutral pH 

value with a range towards the acid side. Cholnoky however 

comments that he cannot say for certain much about its autecology 
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as he has seen only very feH specimens. This species was 

found in only four samples from the Haterval, Kaffirspruit and 

Tier Rivers. 

Fig - 25. , 

Samples - 245, 401, 419, 491. 

C.Schumanniana (Grunow) Cleve. var. trinodis (Lewis) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kong.Sv.Vet.Akad.Handl. 26: 53. 

1930 - Hustedt: BacillRriophyta P.269, F.369 (as C.Schumanniana 

var. biconstricta) 

Synonyms: Navicula trinodis Lewis; Navicu12 biconstricta 

Grunow: Navicula Schumanniana var. biconstricta Grunow. 

This variety is not common in South /ifrica and is reported 

only twice by Cholnoky (1958:\~ 249; 1966A: 11). In the CRtch-

ment ~re~ only one or two isol~ted examples of the vRriety were 

seen in a number of samples, mainly from the Vaal River. The 

typical forms of Caloneis SchumR_nnian~ (Grunow) Cleve, however, 

h?ve not been observed. 

C.silicula (Ehrenberg) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 26: 51. 

1930 - Hustedt: Bacillariophyta. P.236, F.362. 

Synonyms: Navicula silicula Ehrenberg; Naviculo limosa Donkin; 

Caloneis silicula var. truncatula Grunow; Caloneis silicula var. 

cuneata Manguin. 

The lines of dem2rcation between many species in the genus 

Cnloneis and between varieties within ~ species are extremely 

difficult to determine. It is possible that C.silicula and 

C.bacillum (see above) form part of the same vari~tional range. 
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Cholnoky's view that C.si1icula va.r. truncatula should be sunk 

into the species was followed in this investigation. 

C.si1icula, vJhose autecology is unknm~rn, occurred fairly 

commonly in the catchment area, but never in any abundance. 

C.silicula f. intermedia Hustedt. 

1942 - Hustedt: 

This form has been reported only once from South ftfrica 

by Cholnoky in Natal (Cholnoky 1960: 29) , and it was recorded 

once from Station 19 on the Kaffirspruit River. 

Sample - 342. 

C.silicula (Ehrenberg) Cleve var. alpina Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.'\kad.Handl.26: 51. 

1930 - Hustedt: Bacillariophyta. P.238, F.366. 

The varieties of this species appear to be far less common 

thrul the typical forms. The var. alpina is very seldom seen and 

it was observed in one sample from the Grnotvlei Dam (Station 16). 

Sample - 401. 

C.silicula (Ehrenberg) Cleve var. tumida Hustedt. 

1930 - Hustedt: Bacillariophyta. P.238, F.36? 

This is the first time this variety has been reported from 

South,\frica. It was recorded in two samples, one from a tribu-

tary of the Vaal River, Rnd the other from a sample collected 

near Tweeling in the Wilge River System. 

Samples - 236, 420. 
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COCCONEIS Ehrenberg 1838. 

C.microscopica Cholnoky. . . 
1959 - Cholnoky~ Seltene iv - Kaap Provinz. 

106: 17. 

Osterr.Bot.Zeitschr. 

The specimens of this very seldom seen species were slightly 

smaller than Cholnoky's original dimensions, 2nd the original 

diagnosis should be altered:- length 6 - 9 P breadth 3 - 4 f 

and transapical striae of both valves 28 - 3~ in 10 p. 

It was recorded from one s~ple near the source of the 

Vaal River. 

Sample - 486. 

C.placentula Ehrenberg. 

1838 - Ehrenberg: Infusoria P.194. 

1896 - Cleve: Naviculoid Diatoms Kongl.Sv.Vet.Akad.Handl. 27: 169. 

1930 - Hustedt: Bacillariophyta. P.189, F.260. 

1927 - 1964 - Hustedt: RC'cbenhorsts Kryptogamenflora 

Teil 3,: 347, F. 802 a, b. 

Synonyms: Cocconeis punctatR Schumann; Cocconeis Reicheltii 

A.Schmidt; Cooconeis producta t,. Schmidt; Cocconeis grovei 

Ostrup; Cocconeis Ostrupii Heribaud; Cocconeis Grosii Heribaud. 

In this species, as in mC'.ny others, there is no clear cut 

division bet1veen the typical and variet21 forms. There is more 

often than not 8_ gr2dation betvleen the two and, if not particularly 

clear, it is left to the taxonomist to make a decision. Cholnoky 

(1963C: 164) has found transitional forms, which link the typical 

forms with variety, and he remarked th2_t this makes the separation 

of the var. euglypta doubtful. In the examples which have been 

studied no answer to this uncertainty can be supplied, except to 

emphasise that the separation of the variety is d:;b~_t~bl~. 
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The typical forms were found in a, number of localities 

in the CRtchment :~ rea but never in great quanti ties. 

C.placentula Ehrenberg V2r. eug1ypta (Ehrenberg) Cleve. 

1896 - Cleve:;- N;;viculoid Di2.toms. Kongl.Sv.Vet.'\kad.Handl.27: 169. 

1927 - 64 - Hustedt: Rabenhorst Kryptogamenflora 

Teil ~: 349, F.802, c. 

1930 - Hustedt: BD.cillClriophyta. P.190, F.261. 

Synonyms: Cocconeis euglypta Ehrenberg: Cocconeis triline2ta 

Heribaud et Peragallo; Cocconeis pl~ centul? var. trilineata 

Cleve. 

In tl-;is study the variety v?cr. euglypta occurred more 

frequently than the typical forms, and in a few sClmples was 

relCl.ti vely abundRnt in its occurrence. 

C.placentu12 Ehrenberg var. klinoraphis Geitler 

1927 - Geitler~ tlrch.Protistenkunde 59: 514, F.2a,b. T.12, F.l. 

1930 - Hustedt: Bacillarj_ophyta. P .190, F .263. 

1927 - 1964~ Hustedt: Rabenhorsts Kryptogamenflora Teil 2~ 

348, F.803. 

This variety differs from the typical forms only by a 

slight displacement of the r2phe so that it is inclined at an 

angle of 8bout 50 from the normal position. This variety was 

observed in four samples and to the author's knowledge this is 

the first time it has been recorded from South tfrica • 

Samples - 337, 375, 410, 449. 
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C.placentula Ehrenberg var. lineatp (Ehrenberg) Cleve. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Ak~d.Hand1. 27: 169. 

1930 - Hustedt: Bc<.cillaricphyta. F.190, F.262. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Teil ~~ 348, F. 802d. 

Synonyms~ Cocconeis lineatD Ehrenberg; Cocconeis lineata 

var. minor Pantocsek; Cocconeis lineata var. pygmaea 

Pantocsek; Cocconeis Bonnieri Heribaud et Peragallo. 

Giffen (1966: 129) has found this variety in only one 

sample from the Hogsback nrea in the Eastern Cape Province. 

It was found in two samples, one from the Vaal River (Station 5) 

and the 0ther from Station 13 on the \rJilge River. 

Samples - 231, 319. 

C.scutellum Ehrenberg. 

1896 - Cleve: Naviculoid Diatoms Kongl.Sv.Vet.r'kad.Handl. 27~ 170. 

1930 - Hustedt: Bacillariophyta P.191, F.267. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogamenflora 

Teil 2: 337, F.790. 

Synonyms: Rhaphoneis scutellum Ehrenberg; Cocconeis adriatica 

Klitzing; Cocconeis mediterranea KUtzing; Cocconeis peruviana 

Klitzing; Cocconeis Norrisii 1tJ • Smith; Rhaphoneis marginata 

Grunow; Cocconeis Pethoi Pantocsek; Cccconeis Haradaae Pantocsek: 

Cocconeis baldjickiana t". Schmidt; Cocconeis adjuncta A.Schmidt. 

For further synonyms see Hustedt 1927 - 1964: 337. 

This species is rare in South African waters since it is 

marine 2.nd only occurs in estuaries or river mouths. It has been 

found in only one sample and must be regarded as an intrusion and 

definitely not autochthonous. 

Sample - 405. 
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COSCINODISCUS Ehrenberg 1838. 

C.exentricus Ehrenberg. 

1839 - Ehr'enberg. Abb.Berl./'kad. 1839. 8.146 .. 

1927 - 1964 - Hustedt; Rabenhorsts Kryptogamenflora 

Teil1: 388, F.201. 

Synonyms: Odontodiscus excentricus Ehrenberg; Coscinodiscus 

1abyrinthus Roper; Coscinodiscus minor~.. Schmidt; Thalassiosira 

excentrica Cleve; C~scinodiscus heliozoides Siddall. 

This is also a marine species which has been found in 

South "frica in IDPrine and brackish h;:1bi tats. It must be 

regarded as occurring here as 2n intruder, and definitely not 

autochthonous. 

Sample - 401. 

C.1acustris Grunow. 

1980 - Grunow: Kongl. Sv .Vet.~"kad.Handl. 17(2) ~ 114. 

1927 - 1964 - Hustedt;- Rabenhorsts Zryptogamenf1ora Teil 1: 

432, F.235 a, b. 

1930 - Hustedt: Bacillariophyta. F.113, F.90. 

Synonyms ~ Cyclotella punctate1:J • Smith., Stephanodiscus punctata 

Grunow. 

Although this diatom is mainly A m?rine or brackish water 

form it has been found to occur in freshwater (Hustedt 1927 -

1964.: 432). In South f·fric8 i +, hps been reported from the mouths 

of riVers and sometimes from freshwater. In the Va81 Dam Cp.tch-

ment f~rea it is found in one sample from the WRterv~l River, and 

cannot be regarded as autochthonous in this area. 

Sample - 410. 
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CYCLOTELLh Kutzing 1834. 

C.comensis Grunow. 

1881 - Gr~n01tJ~ In V.H.Syn.T.93, F.16, 17. 

1927 - 1964 - Hustedt~ Rabelli~orsts ~ryptng~menflora 

Teil1: 353, F.182. 

1930 - Hl~stedt ~ Bacil1ariophyta. P .102, F. 70. 

The specimens Hhich have been plpced in this species 

were in general sm;:jl1er th~ln the dimensions given for Cyclotella 

comensis, but there was a gradual transition to the typical 

forms. The minimum. observed size WRS 4.5 f in diameter. 

The striae are generally greRter in number, being up to 20 in 

These specimens cannot be assigned to any other species 

but this. 

In the catch~ent ~rea, they occurred very commonly in 

the 1.IITaterval River, where sometimes it was found in abundance. 

In other places it was present and quite frequent in occurrence. 

Giffen (1963: 226, F.42, 43) illustrated two small Cyc1ote11a 

specimero whose dimensions appear to be simi12T to the valves which 

were seen here. In Rll the specimens (',bserved the structure of 

the centr21 area and the length of the striae were very vpriable. 

Fig. - 26. 

C.Klitzingipna ThwRites. 

1848 - Thwaites: r~nn.M2g.N2t.Hist.l (2): 169. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 

338, F.171a. 

1930 - Hustedt: Bacil1ariophyta. P.98, F.62o 

Synonyms~ C.opercu1ata f. rectangula Klitzing; C. Klitzingiana 

var. cataractarum Grunow, C.Klitzingiana var. pe1agica Grunow; 

c. Klitzingiana var. nobilis /\. Cleve. 
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This small species occurs rarely in South Africa. In 

the Va~l Dam catchment area itWClS recorded once from a sample 

collected Rt Villiers (Station 6) on the VAal River. 

Sample - 403. 

C.Meneghinian~ Klitzing. 

1844 - Klitzing: P.50, T.30, F.68. 

1927 - 1964 - Hustedt: R~benhorsts Kryptogamenflora Teil 1: 

341, F.174. 

1930 - Hustedt: B?_cill;1riophyta P .100, F. 67 • 

Synonyms: Surirella melosiroides Meneghini; Cyclotella 

melosiroides Meneghini; Cyclotella saline. MpTsson; Cyclote11a 

Neneghiniana var. vogesiaca Gruno1-J; Cyclotel1a rectangula 

Brebisson; Cyclotelle_ l1eneghinian':1 var. binotata Grunow. 

The diatom species has been reported from many localities 

In the area under investig2.tion it was found 

nt relatively few localities Dnd never in grec:..t qU8nti ties. 

Cholnoky regarded this speciGs as autochthonous in relRtively 

eutrophic and alkaline water (cf. Cholnoky 1958f\_: 250; 

1960B: 238; 1966B: 177). 

C.pseudostelligera Hustedt.' 

1939 - Hustedt: Kustengebietes der Nordsee. \bh.nat.Verein 

Bremen 31: 581, F.l, 2. 

Synonyms: C. vJo1tereckii Hustedt. 

Foged presumably misunderstood the differences between 

C.pseudostelligera nnd C.stelligerA Cleve et Grunow, as he 

assigned to the species C.stelligera [1 specimen which he 

illustrated as possessing ?bout 10 marginal spines in 10 f 
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(Foged 1966: 50, Pl.l, F.3). His drnwing ~:md description, 

however, m2ke it quite clear that this specimen has nothing to do 

with C.stelligera but is rather C.pseudostelligera, since the 

possession of marginal spines distinguishes C.pseudostelligera 

from C.stelligera, having no such spines (cf. Hustedt 1927 -

1964, Teil 1: 339). In the Vaal Dam Catchment Area only one 

damaged vCl.lve of this species (Fig. 28) was observed. This 

specimen hpJl a slightly denser arr0.ngement of the striae (22 in 

10 p) than WRS given in Hustedt' s origin81 description; this, 

however, does nnt warrRnt the description of this specimen 2S a 

new species. Fig. 27 illustrates ~ volve obout which there: 

is some doubt. Originrilly it was considered as 8 new species 

since nothing like it could be found in the available literature. 

However Belcher, Swale and Heron (1966: 335) photographed some 

valves which could be equated with the specimen illustrated in 

Fig. 27. Belcher et al., in studying the morphological varia-

tions of a clon2.1 culture of C.pseudostelligera, observed a 

great variability of the morphology. They discovered that when 

the silica content of the culture was present in sufficient 

quantities typical C.pseudostelligera forms were present. However, 

when the silica content WP.s low i-' nd there was a silica deficiency, 

cells of ;:mother form were found; these they identified as 

C. ~"kl terc>ckii, and ,,,yere weakly silicified. Since both forms were 

derived from the same clon~l culture they must be the extreme 

morphological forms of the same species, which, by priority, 

sh0uld be called C.pseudc-stelligera Hustedt. The specimen 

illustrated in Fig. 27 is very similar to the weakly silicified 

forms of C.pseudostclligera (of Belcher, Swale and Heron l.c. 

Figs. 1,2,7,8 and 10 - 12), and on these grounds it was felt 
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that it should be included with C.pseudostelligera. 

These two v~lves were the only two specimens of the 

species to be observed in the Vg.rll D[lm CPttchment !\re2, pnd 

constitute'the first record of this species in South Africa. 

Figs. - 27, 28. 

Samples - 321, 445. 

C.stelligera Cleve et Grunow. 

1891 - Cleve et Grunow:V.H.Syn. T.94, F.22 - 27. 

1927 - 1962 - Hustedt: Rabcnhorsts Kryptogamenflora 

Teil 1: 339, F. 172. 

1930 - Hustedt: Bacillcriophyt;J. P.IOO, F.65 

Synonyms: Cyclotella Mcneghiniana var. stelligera Cleve et 

Grunow; Cyclotella Meneghiniana var. stel(lu)lifera Grunow. 

As the many localities which have been sampled in Southern 

Africa have not been particularly favnurable for planktonic 

diatoms the occurrence of such p18nktnnic species is nowhere very 

common. Only one specimen was observed in 2 sample from the 

Vaal River near .~ ts source. Foge'" erroneously records this 

species frrm Ghana; this has ~lre8dy bCGn shown to be 

C.pseudostelligera Hustedt. 

Sample - 486. 

C.stelligeroides Hustedt. 

1945 - Hustedt: Balkan-Halbinsel Arch.Hydrobiol 40: 899, 

T.42, F.68, 69. 

As far as is kno~m this is the first record of this species 

for South Africa. Twn specimens hClve been illustrated in Figs. 

29,30, and agree with Hustedt's nriginal description of the 
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species. This species was recorded from the Va21 River at 

Static:n 5t\, and from the Skulpspruit near '~mersfoort. 

Figs. - 29, 30. 

Samples - 322, 465. 

CYLINDROTHECA Rabenh0rst. 

C.gracilis (Brebisson) Grunow. 

Cholnoky, (1966C:164) maintained that the relative 

pauci ty of rt)cords for this species is due to its extremely 

weak silicificaticn of the valve walls, making it difficult 

to observe. C.gracilis was present in two samples from the 

Vaal River at Station 3, Bnd frrJm the Vrede Stream. 

Samples - 312, 429. 

Cy}PTOPLEURA vi. SIJli th 1851 

C.solea (Brebisson). W. Smith. 

1930 - Hustedt: Bacillariophyt~. P.425, F.823, a. 

Only this species of Cymatc'p1eura was found in the CA.tch­

ment Area, and it represents one of the mere commonly occurring 

diatom species of this region. In a few samples it was observed 

as quite abundant. It has been f8und to tolerate nitrogen 

compounds relatively well (Cholnoky 1958A: 250); cmd has been 

observed from weakly alkaljne waters in the Eastern Transvaal 

(Cholnoky 1962B: 67). 
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CYMBELLli Agardh 1830. 

C.aegua1is W. Smith. 

1856 - itT. Smith: Synrpsis e,f the British Dip.toms 2: 84. 

1955 - Hustedt: Neue u~d ~oJenigcr bck,!"1.nnte Diptomsn 8. ,''ebh. 

N;;.turw. Verein Bremen 34: 52, F.17 - 21. 

Hustedt (1955t-c : 52, F. 17 - 21) showed conclusively 

that C. aequalis It!. Smith and Cymbel12 obtusR. GregorJ are tvlO 

distinct species, p.nd ~oJas 8.ble to give !3 description of the 

C. aequalis \.!IT .SMi th bassd on the oriE~inal material. Cholnoky 

(1960C: 352) maintained that the earlier records from South 

Africa under the name C.aequalis actually referred to C.obtusa 

Gregory. 

The species occurred in the Catchment rl.rea in a number of 

samples from the Vanl and Klip Rivers, but was never present in 

large numbers. 

C.amphiceph81B Naegeli. 

1894 - Cleve: Naviculoid Diatnms. Kcngl.Sv.Vet.Akp.d.Hnndl. 

26: 164 

1930 - Hustedt: B:Jci11C'riophyta. P.355, F.651. 

Synonyms: Cymbellp n::-viculifonnis Heiberg (nec. C.naviculi­

formis Auerswald) 

The specimens of Cymbella mnphicephp.ln., which have been 

observed in this study, suppcrt Cholnoky's findings (1953: 140; 

1955B: 160; 196011.: 31) that there are, together with normal 

typical forms, much smaller forms. The valves observed here 

are generally betwei_:n 20 and 24 ? long, and 6 - 7 P broad. 

The species appears in neutral to weakly p..lkaline water 

(cf.Cholnoky 1962B: 67) and in a personal communication Cholnoky 

stated that its optimum pH is 7.2. In this survey the species 
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was present in (1 relatively large number of samples, lvhile in 

se·me it was f cund in great abundance. In a few samples it \.]"[1.S 

the dominant or co-dominant diatom species. 

C.aspera (Ehrenberg) Heribaud. 

1894 - Cleve: Naviculc'id Di:l.tcms. 

1930 - Hustedt: Bacillariophyta. 

Kongl.Sv.Vet.Akad.Hand1. 26: 175. 

P.365, F.680. 

Synonyms ~ Cc,cconeis asperum Ehrc:mberg; Cymbella 1ance0lata var. 

asperD. Brun; Cymbe11~ g,1strnides KUtzing; Cymbell,g gigantea 

Pnntocsek. 

Cymbella aspera is VEry similar to C.beng~lensis Grunow, 

but differs in possessing raC1ial trs,nsapical striae Rt the poles, 

where2.s in C.bengalensis the pol?T striae are convergent. 

This species has been rec0rded rarely from South Africa, 

and in the V(1~l D~ catchment area was feund in sm~ll numbers 

at a few localities. 

Samples - 266, 306, 328, 330, 331, 343, 344, 358, 437, 438, 

441, 456, 477, 485, 486. 

C.benga1ensis Grunow. 

1875 - Grunow: AoS. Atl. T.9, F. 12, 13, T.7l, F. 79; 

Hustect~ T.375, F. 23 and 6. 

Synonyms: Cymbe11R aspcra V,1r. beng31ensis (Grunow) Cleve. 

Chr1noky (1953: 140; 1954: 410) has reported very sm2.ll 

forms of this sp ecies, with v!1.1 ves measuring only 50 p in length 

2.nd 19 ? in width among norme'll forms. The specimens observed 

here were generally mc,re thCln 100 p in length, but one specimen 

measuren only 79.5 r. 
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C. bengp,lensis Grun0vJ has been f ('und to inhabit neutral 

to weakly 81krtline waters in !\frica (cf. Cholnoky 1954A: 410; 

1956: 59; 1960A: 32; 1962B: 67). It is uncn~~on in the 

catchment ore[l., whGre it is found in f"l. few samples from the 

V~al River, ?nd once in the Klip River. 

Samples - 350, 353, 422, 491, 492, 495. 

C.cistula (Hemprich) Kirchner. 

1878 - Kirchner: Die Algen Schlesiens. 

1894 - Cleve: Naviculoid Diatoms Kongl.Sv.Vet.Akad.Handl. 

26: 173. 

1930 - Hustedt: Bacillariophyta. P.363, F. 676a. 

Synonyms: Bacillaria cistula Hemprich; Cocconema cistula 

W. Smith; Cymbella cistula var. fusidium Heribaud et Peragallo; 

Cocconeme arcticum A. Schmidt; Cocconema cornutum Gregory; 

Cymbella eburnea Zanon; Cymbella. cistula var. maculata (Ktitzing) 

van Huerck. 

According to De Toni (1891: 365) Dr. 0. Kirchner was the 

first to use the combination Cymbella cistula Hemprich which 

preceded Grunow's use of the same combin~tion by two years. 

Correctly written the name of this species should be Cymbella 

cistula (Hemprich) Kirchner. 

This species is widespread in neutral to weakly alkaline 

uaters of South Africa (cf. Cholnoky 1960A: 32; 1962B: 67). 

It was onp of the more commonly occurring Cymbella species of 

the catc~ent area, but with low percentage occurrence in the 

samples. 
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C.delicatula Klitzing. 

1849 - Klitzing: Sp. Alg. P.59 

1894 - Cleve: Naviculoid Di2~toms. 

1930 - Hustedt: Bacil18riophyt8. 

Kongl.Sv.Vet.Akad.H 8 ndl. 26~ 161. 

P.352, F'.642. 

This Cymbel1a species is unco~~on in South Africa; it was 

found in the Blesbok, K8ffirspruit [<nd Skulpspruit Rivers, at 

St2tion 3 on the V2:,=,1 River'1nd in two samples near Vrede. 

Samples - 427, 441, 465, 491, 495, 496. 

C.gracilis (Rabenhorst) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 26: 169. 

1930 - Hustedt~ B2cillariophyte. P.359, F.663. 

Synonyms: Encyonema gr8.cile Rabenhorst; Cymbella scotica 

vI. Smith; Cymbella 1-unata ~V. Smith. 

Hustedt (1937 - 1939, Supple 15: 428, T.25, F.15, 16) 

illustrated two valves under the name C.gracilis which he described 

as possessing an iso10.ted stigm8 over the central trans apical 

striae on the dorsal side. H0ving seen simil~r specimens in 

South Africa Cho1noky hes described them 8.S CYillbell,'1 turgid3 

(Gregory) Grunow var. pseudogracilis Cholnoky (1958B; 112). 

None of the specimens of C.gracilis from the Vapl Dam cntchment 

2re~ showed any evidence for an isolated stigm,~, and in this 

agreed with Cholnoky's observDtions. According to Cholnoky 

(1960A: 32) many of the earlier records of this species for 

South Africa are dubious due to confusion with C.turgida var. 

pseudogr2cilis. 

\~ile Hustedt (l.c.) stated that C.gracilis is found in a 

pH range of 4 - 8.5, Cholnoky (1960B: 238) m2.intained that it 

inh8.bits relatively acid water. In the catchment area this 

species was recorded from three samples at Station 1, where the 
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water is ,3,cidic (see Pn.rt 2), ?nd once from the Holsprui t River 

in the Orange Free State. This observ~tion supported the more 

limited range of toler~nce to pH put forward by Cholnoky. 

Samples - 253, 301, 370, 479. 

C.Kappii Cholno~J. 

1956 - Cholnoky: Seltene ii-Tugela-Gebicte. Osterr.Bot. 

Zeitschr. 108: 61, F.17 - 20. 

SynonJ1JTls ~ CymbellD turgidu12, var. K2-ppii Cholnoky. 

C. Kappii has been found in subtropical ~Teas in oligo-

trophic, neutral to alkaline waters of South Africa (Cholnoky 

19601\: 33; 1962B: 68). In the VClPol Dam catchment area it is 

one of the most cormnon Cymbella species, often occurring in 

association with C. a'Tlphicephala, C .microcephala and C. ventricosa, 

in high numbers. 

C.Kolbei Hustedt. 

1949 - Hustedt: Sinai-Halbinsel. Hydrobiologia~: 46, F.20 - 26. 

Synonyms: Cymbellc: sumatrensis Hustedtj (Geurmeur 1954: 70, 

T.16, F.15); Cymbclla Hustedtii Krasske. 

The species appears to be tropical-subtropical in distribution, 

and has been found by Cholnoky, \vho regarded it as a characteristic 

species of oligotrophic, ~lk~line water (Cholnoky 1962B: 68), in 

many different localities in South Africa hnving neutral to weakly 

alkaline H2ters (cf. Cholnoky 1954A: 410; 1958B: 108; 1960A: 33.) 

In the catchment area the species was found in relatively few 

samples in low numbers. 
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C .microcephRla Grunmf. 

1880 - Grunow: in V.H. Syn. ?63, Pl.g, F.36 - 39. 

1894 - Cleve: N9viculoid Dintoms. Kongl.Sv.Vet.Akad.H2ndl. 26: 160. 

1930 - Hustedt~ B2ci1l::riophyt2. P.35l, F.637. 

Synonyms ~ C .minuscul~ (A. S. 1\ tl.lX" f 58 - 61.) 

C.microcepholC? Rppears to be limited to weakly elkaline 

to neutr21 waters with a pH fluctu0.tion t01,-Jards being slightly 

,'lcid. In 0. person2.1 communication from Cholnoky C .microceph,'lla 

has a pH optimum of 7.2. It is also found in waters which have 

a high percentage oxygen saturntion. It is not surprising, 

therefore, that in the catchment 3re2 it often occurred in great 

numbers, in some samples dominant, 8nc1 in others in association 

with C.amphicephala, C.Kappii and C.ventricosa as co-dominant 

species. This species is one of the most commonly occurring 

Cymbella species in the Catchment 

C .naviculiformist'l.uerswald. 

1894 - Cleve: Naviculoid Di9toms. 

1930 - Hustedt: Bacillariophyt8 .• 

area. 

Kongl.Sv.Vet.Akad.Handl. 26: 166. 

P.356, F.653. 

Synonyms: CymbellR cuspidata lAJ. Smith; Cyrnbell<'? anglicr: L~.gerstedt. 

According to Cholnoky (1960B: 239; 1962B: 68) 

C.n2viculiformis is found in neutral to weakly ~lkaline waters 

wi th tc low nitrogen content. It is not a common species in the 

catchment area, and occurred mainly in the Vaal River. 

C.01iffii Cholnoky 

1956 - Cholnoky: Seltene ii - Tugela Gebiete. Osterr. Bot. 

Zeitschr. 103: 63, F.23 - 27. 

Synonyms~ Cymbell'1 Oliffii var. minor Cho1noky; N2vicu12 confuso. 

M~.nguin; Cymbella aequ2~10ides Archib21d. 
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On closer eX3min~tion some specimens described as 

C. ::tequaloides Archibald (19661'l: 254) were found to be C. Oliffii 

Cholnoky- (Fig.31), which Cholnoky had described earlier. 

C.aequaloides ,~\rchib.?ld must, therefore, be reduced to [: synonym 

of C.Oliffii. 

The autecology of this species is not Pdrticul~rly well 

known but Cholnoky reported it to be gener211y widespread in 

the neutral waters of the plateau-edge (Cholnoky 1962B: 69). 

In the same note he mentioned that this species finds its optimum 

in waters where the pH does not rise above 7.0 i.e. it is acido-

philic. In the area under study this species has been seen twice 

in samples from the lower Vaal River. 

Fig. - 31. 

Samples - 403, 408. 

C .perpusill[:. A. Cleve - Euler. 

1930 - Hustedt: B2cil12.riophyta. P.361, F.666. 

Synonyms: CymbellC1. biparti ta A. IvI,'"3,yer. 

It is apparent from Cholnoky's researches thnt C.perpusilla 

is more variP"ble in tropical and subtropical waters (cf .Cholnoky 

1954B: 207). This species is found in 3 pH range of 5.5 - 6.8 

(Hustedt 1937-39. Supple 15: 428) Hhile Cholnoky (1962B: 69) 

reported the pH optimum to be pH 6. C.perpusilla was not found to 

any great extent in this study, and was recorded m~inly from the 

1'Jaterval r:md Vaal Rivers. 

Fig. - 32. 
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C.raytonensis Cho1noky. 

1955 - Cho1noky. Raytonv1ei und Leeufontein. Hydrobio1ogia 7: 

162, F. 19 - 21. 

Synonyms: Cymbel12 Schub::lrtii Hustedt. 

Since Cho1noky (1955B: 162) first described this species 

the r nnge of v~riation has chr'nged immensely. The originr>l 

description should be omcnded to cover tl")is new r[lnge, viz. 

10 - 44 f long 2nd 3 - 8 P wide (cf.Cholnoky 1956; 1960C: 352). 

The single specimen obs erved here fell .:'mongst the s m0.11er 

examples of this species. 

Cholnoky (1960A: 54) found this species in Nr'.tal in water 

wi th a low pH, f1uctu·lting between 6 and 7 (and sometimes lower). 

As conditions in the catchment area do not suit this species, it 

was seen in one sample from Station 1. 

Sample - 301. 

C.Schweikerdtii Cho1noky. 

1953 - Cholnoky: Hennops Rivier. Verh. zool-bot.Ges.Wien 

93: 141, F. 6 - 11. 

The specimens observedin this study !:>greed with the 

original diagnosis given by Cholnoky (1953: 141) without any 

devi8.tion. 

The species is rpre in South 1~_fric2, ~cnd h2s been reported 

only from th8 vJaterval River 2t StCltion ?, 2.nd in three samples 

from the upper Vaal River and its tributaries. 

Samples - 325, 345, 465, 495. 
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C.turgida Gregory. 

1894 - Cleve: Naviculoid Diotoms. Kongl.Sv.Vet.'1kad.Ho.ndl.26: 168. 

1930 - Hustedt: B[l.cilleTiophyta. P. 358, F. 660 

Synonyms: Encyonem[' turgida (Gregory) GrunOH. 

Hustedt (1930: 358) incorrectly quoted the [luthor's n[lmes 

as (Gregory) Cleve. However, Grego~J himself in 1856 used the 

combin:J.tion Cymbellt1 turgido. (cf. Ds Toni 1891: 372) in his 

original description. It was only later in 1880 that Grunow, 

in van Heurck's Synopsis, transferred it to the genus Encyonema, 

which was subsequently included as a subgenus by Cleve in the 

genus Cymbella. Cholnoky (1958B: Ill, F.46) discovered an 

isolated pore at the end of the central transapical stria, which 

"tgkes the form of a small oblique pore canal running into the 

central nodule. This structure had hitherto remained unobserved. 

There are few references regarding the autecology of this 

species. Hustedt (1937-39, Supple 15: 427) clRimed that the pH 

range was between 6.5 to over 8 and stated that "die Haupten-

twicklung liegt jedenfc811s bei einem pH urn 8". Cholnoky 

(19601:36) mentioned only that he hC1d found the species to be 

widespread and often abundant in the neutral waters of NRtal. 

C.turgida was present in a relatively small number of samples 

from widespread localities in the Catchment area. 

C.turgida var. pseudogracilis Cholnoky. 

1958 - Cholnoky: Diatomeenflora ii - Waterberg Gebiet. 

Port.Acta.Biol. £: 112, F. 49, 50. 

Synonyms: Cymbella Mesiana Cholnoky. 

A note on the systematics of this variety can be found in 

the comments on C.gracilis. 
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The v2.riety apparently finds its optimum development in 

acidic 1r-Taters, and. cons equently vJas recorded in very small number s 

from one l-ocali ty on the hT:~terval River ~ and r'.t St3tion 12 on the 

Wilgc River. 

Samples - 334, 554. 

C.ventricosa Agardh. 

1894 - Cleve: Naviculoid Dip-toms. Kongl.Sv.Vet.Akc:\d.Handl. 

26: 168. 

1930 - Hustcdt: Bacil12.riophyta. p.359, F.661. 

Synonyms: EncyonemC' ventricosa (Agardh) Grunow; Frustulia 

ventricosa Klitzing; Encyonem2 prostr~.tum Klitzing; Encyonema 

caespitosum Klitzing; Encyonem~ ~uersw31dii Rabe~~orst; Cymbell~ 

mocu12t" tv. Smith; CymbellQ. 8.ffinis vo.r. semicircularis 

1ogerstcdt; Cocconema lunula Ehrenberg; Cymbel1~ silesiaca 

Bleisch; Cymbel12 variDbilis 1rhrtm~.nn. 

The 2uthor of this species is not Klitzing as cited by 

Hustedt (1930: 359), but Agardh. Agardh described it first as 

Cymbel12 ventricosa in 1830 and later KUtzing (1834) transferred 

it to the genus Frustulia. Grunow called this species Encyonema 

ventricosn, and it was finC'.lly Cleve who raplD.ced the species in 

the enlarged genus Cymbella, and in so doing Cleve erroneously 

quoted KUtzing as the author. Cymbella ventricosa and C.turgida 

Gregory are very closely rel[1.ted to each other, and indeed the 

smaller forms of thE; lptter nre sometimes very difficult to 

distinguish from C.ventric~. 

In Southilfrica the species has been reported from 

oligotrophic, neutro.l to weakly [' lkn.line I;Jnters (Cholnoky 

1960A: 36; 1962A:19; 1962B: 70) in which it finds its optimum 

conditions (Cholnoky 1962C: 319). For this reason it is found 
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in 2_ great mc'.DY samples from this area, ~nd sometimes with high 

rel.'~.ti vc densities in t.he samples: This was one of the ~ost 

commonly f,ound diatoms in the c~tchment area. 

DIPLONEIS Ehrenberg 1844. 

D.m2rginestri2ta Hustedt. 

1922 - 'Pustedt: Int.Rev.d.ges.Hydrobiol. Hydrogr. 10: 78, F.5. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflor'1. Teil 2: 

677, F .1068 b. 

1930 - Hustedt: B~cil12riophytCl. P.250, F.1068 b. 

One spscimen of this species was observed in the catchment 

are;'J .• It differed from Hustedt's description (l.c.) only in its 

breadth, being relatively narrower (7 u). In all other respects 

it agreed with Hustedt's description. This is the first record 

of this species in South Africa. 

This specimen was collected from the Grootspruit, c. tribu-

tary ..)1 the Haterval Hiver. 

Fig. - 33. 

Sample - 411. 

D.ovalis (Hilse) Cleve. 

1891 - Cleve: Di?t. Finl. P.44, T .2, F .13. 

1894 - Cleve: N:}viculoid Diotoms. Kongl.Sv.Vet.Akad.Handl.26: 93. 

1927 - 1964 - Hustedt: Rn.benhorsts Kryptogn.menflora. Teil 2: 671, 

F.1065 a - l;. 

1930 - Hustedt: Bacill"riophyta. P.249, F.390. 

Synonyms: Pinnularia ov?_lis Hilse; Nnvicul;::. ovalis A. Schmidt; 

Navicu10. elliptica A. Schmidt; NClvicula carpathorum Pantocsek; 

Diploneis ovalis var. Hilseana Meister. 
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This species is rare in South Africa, ~:nd Cholnoky 

(1962B: 70) mc'3intained that. many of the earlier records of this 

species for South I\frica by 0 thers Here in error, ~nd should be 

assigned to D. subovalis instead. 

In the Vaal Dam catchment area this species was found in 

sIDnll numbers from relatively fe1rJ samples mainly fre;m the \I'Jater-

val and Va~.l Rivers. 

D.pseudovnlis Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptognmenflora. 

Teil ~: 668, F.I063 c. 

1930 - Hustedt: B~cillpriophyt~. P.253, F.403. 

D.pseudovalis CCln very easily be mist[l.ken for D.subov81is 

Cleve, being superfici~lly very simi13r. The difference c~n 

only be observed on closer exrunin~tion, when it C2n be seen th'"'t 

the two rows of poroids between the costae ~re ~rranged opposite 

each other ;:md not diagonally (tl quincunx") as in D. subovalis. 

For this reason it is doubtful whether some of thE: specimens observed 

in the beginning of this study were in f~ct D.pseudovalis. 

Cholnoky has reported this species m::>inly from 1'>Taters in 

the coastal regions of the Cape Province (1959~ 22; 1960B: 240) 

and of Natal (1960£'\.: 37) 1rlhere he also found it in localities 

removed from the sea. It was recorded from Stations 15 nnd 16 

on the Kalk River, in sJ.mple s from the v'Jaterv2.1 n.nd Vnal Rivers, 

and in ~ s~all tributary cf the Klip River. 

Samples - 401, 402, 406, 410, 447. 
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D.Smithii (Erebisson) Cleve var. pumila (Grunow) Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog@nenflora Teil 2: 

650, F.I052 d.e. 

Synonyms: Navicula ovalis var. pumila Grunmv; Navicula puella 

Schumpnn. 

Single specimens of this variety 1;-Jere seen in samples from 

two localities on the upper vlaterval River, in one sample from a 

tribut::<ry of the Vaal River near Standerton, and from the VaBl 

River itself near Ermelo. 

Samples - 419, 477, 511, 512. 

D.subovalis Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 26: 96. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2~ 

667, F.I063, a, b. 

D. subovalis is the most commonly occurring species of the 

genus in South Africa. According to Cholnoky it has often been 

confused by other authors with D.ovalis. In the catchment area 

it is frequently present, sometimes in high numbers, and is more 

common than the other species of the genus. 

EPITHE~IA Brebisson 1838. 

E.sorex Klitzing. 

1930 - Hustedt: Bacillariophyta. P.388, F.736. 

Synonyms~ Cystopleura kamerunensis Gutwinsky et Chmielewsky; 

Epi themie k8merunensis 1:,Toodhead et Tweed. 

There is little inform2tion on the ecology of this species. 

In two of the samples where it occurred in relatively high numbers 
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(9.9% in 405; 4.6% in 411) the pH v21ues were 8.7, indicating 

that this species prefers rel~tively 21kaline w rtters. 

S?~ples - ?23, 326, 365, 402, 405, 411, 412, 413, 420. 

E.zebra (Ehrenberg) Klitzing. 

1930 - Hustedt: Bacill'lTiophyta. P.304, F.729. 

Synonyms: Eunoti?c zebrA. Ehrenberg; J'J3viculD. zebra Ehrenberg; 

Epithemi~ adnatq Brebisson; Cymbella zebrn Rassall; Frustulia 

adnat8. Kiltzing; Epi themia intermedia \~T[1.rtmann; Cy3top1eura 

zebra (Ktitzing) Kunze; Epithf;mia zebra var. porcellus (KUtzing) 

GrunovJ; Epithemia zebra var. saxonica (KUtzing) Grunow. 

Cholnoky (1962A: 21; 1962B: 71) no longer regards the 

v?,rieties var. porcell us and v~r. s axoniC8 as distinct from E. zebra 

ns there are trrlDsition~l foms m~king precise diagnosis difficult. 

In the catchment qrea E.zebra is recorded in low percentages from 

13 samples. No data on its ecology is ~vai12b1e. 

Samples - 301, 306, 323, 326, 327, 405, 406, 411, 415, 420, 441, 

477, 552. 

EUNOTIA Ehrenberg 1837. 

E.diodon Ehrenberg. 

1848 - Ehrenberg: Infusoria, P.192, T.21, F.23. 

1927 - 1964 - Rustedt: Rebenhorsts Kryptogctmenf1orct. 

Tei1 ~: 276, F.742. 

1930 - Hustedt: Bacil1ariophyt8.. P .173, F .207. 

Synonyms: Eunoti2, minutu1[1. Grunow; Eunotiq c::une1us Schumann; 

Eunotia diodon var. diminutCl GrunoH; EunotiD diodon f. minor Grunow; 

Eunotia diodon var. minutula v SChonfeldt. 
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E.diodon has been reported once from South Afric~ (Cholnoky 

1955B: 164) and once from Ghanp. (Foged 1966: 55). As far ?s is 

knOlffi these ~ re thE only two records of th is species from Africa. 

In the V'J21 Dam catchment aTe2 this species occurred in one sPJnple 

as a single record. 

Sample-479. 

E.exigua (Brebisson) Rabenhorst. 

1864 - Rabenhorst: Fl.Eur.Alg. P.73. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Teil ~: 285, F.751, a-v. 

1930 - Hustedt: Bacillariophyta. P.176, F.223. 

Synonyms: Himantidi-wm exiguum Brebisson; Eunotia minuta 

Hilse; Eunotia gracilis H. Smith; EunotiCl paludosa Grunow; 

Eunotia monodon var. minuta Rabenhorst; Eunotia Nymanniana 

Grunow; Eunotia Smithii Gutwinsky; Eunotia exigua var. 

genuina A. Hayer; Eunotia pseudoelegans Cholnoky. 

Cho1noky has quoted two different .2uthori ties for this 

species. In his earlier works he cited the ~uthors (Brebisson) 

GrunoVJ, while in later publications he chpnged to (Brebisson) 

Ra.benhorst, vIi thout giving p..ny re;=lsons for this change. According 

to De Toni (1891~ 792) Rabenhorst first used the specific combinD.-

tion E.exigua in 1864, and should therefore be regarded as the 

author of the species. 

Cholnoky (1960B? 241; 1962A: 23; 1962B: 71) has reported 

this species from oligotrophic, acidic waters with a pH ranging 

between 6.0 - 6.5 (its optimum lying below 6.0). Of the five 

samples from which it was recorded, three (Va21 301, 370 and 479) 

were collected at the headwaters of the Vaal River ~,t Station 1, 

VJhere the pH 'tv-as recorded as fluctuating between 6.0 - 6.8. In 
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two of these samples the relntive densities of this species was 

0.7% and 0.8%. The remaining two samples were collected from 

two localities on the Wilge River, whose pH vnlues were not 

measured. 

Fig. - 34. 

Samples - 301, 327, 331, 370, 479. 

E.flexuosa (Brebisson) Klitzing. 

1849 - Kutzing: Sp.Alg. p.6. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflor'"-' 

Teil 3.: 312, F. 778. 

1930 - Hustedt: Bacillpriophyta. P.186, F.258. 

Synonyms: Synedra f1e~ Brebisson; Synedra f1exuosa var. 

angusta Brebisson; Eunotia pClchycephala Klitzing; Exil,:trip 

flexa Brebisson; Eunoti;., biceps Klitzing; Synedra pClchyccpha1[l, 

Ra1fs; Ceratoneis flexuosa GrunoltJ; Ceratoneis pClchycephala 

Grunow; Pseudoeunotia pachyceph[1la De Toni; Pseudoeunotia 

biceps De Toni; Pseudoeunotia flexuoso, De Toni. 

Most Eunotia species are acidophilic and this species is 

no exception. In the V22.l Dam catchment areCl it was found only 

at the headwaters of the Vaal River where the pH was found to be 

around 6.5. One or t we sp ecimens ",Jere seen in each sample. 

Samples - 301, 370. 

E.garusica Cho1noky. 

1952 - Cholnoky: P,lgenflora Portugiesisch Ost-Afrika. 

Biol.Soc.Portug.Cienc.Nat.~: 

E.g~rusica is found in re12,tively Dcid wnters in South 

Africa and is fairly widespre~d throughout the count~. In the 

catchment area it has been found only at the headwaters of the 
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Vasl River and in one sample from Lake Chrissie which lies just 

outside the Catchment area near the source of the V~~l River. 

Samples - 301, 485. 

E.gracilis (Ehrenberg) Rabenhorst. 

1864 - Rabenhorst~ Fl.Eur.~lg. P.72. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Teil ~: 305, F.771. 

1930 - Hustedt: Bacillariophyta. P.185, F.253. 

Synonyms~ Himantic1ium gracile Ehrenberg: Eunotia gra.cilis 

var. fossilis Pantocsekj E.gracilis var. capitata Peragallo et 

Heribaud; Eunotia gracilis f. minor Dippel; Eunotia glacialis 

Meister; Eunotia maior var. genuina A. Mayer. 

This species has been seen in relatively few localities 

in South Africa. Cholnoky has reported it from the Transvaal 

(Cholnoky 1955B: 166; 1957B: 348) and from Natal (1956: 66). 

Giffen (1966:132) later found it in the Hogsback Region of the 

Eastern Cape Province. Only one other record of this species from 

Africa is available to me; this is from Ghana where it was dis-

covered by Foged (1966: 55). In the catchment area it was found 

in a tributary of the Vaal River, the Kleinv8pl River, where only 

one specimen was seen. 

Sample - 464. 

E.lunaris (Ehrenberg) Grunow. 

1881 - Grunow: in V.H. Syn.T.35, F. 3,4,6. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Tei1 ~: 302, F.769 a,b,d,e. 

1930 - Hustedt: Bacillariophyta P.183. F.249. 

Synonyms: Synedra lunaris Ehrenberg; Synedra bilunaris Ehrenberg; 

Exilaria lunaris Hassall; Synedra falcata Brebisson; Exilaria 
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curvata Kutzing; Ceratoneis lunRris Grunow; Eunotia curvata 

Lagerstedt; Pseudoeunotia lunaris var. falcata, var. bilunaris 

var. minor, var. cuspidata De Toni. 

vJher'l Hustedt worked on the Congo materiel (Hustedt 1949A: 70) 

he discovered a small backward projecting appendage which was 

attached to the po12.r end of the rudimentary raphe of E.lunaris. 

This had hitherto been unknown in this species, C'llthough it does 

occur in others. On comparison with European material of the 

same species Hustedt found that the European material also possessed 

this appendage which in many instances was very difficult to see. 

This appendage has since become one of the main di2.gnostic 

characters of the species, E.lunaris. Cholnoky (1962C: 320) 

suggested a revision of the statem~nt of the number of striae in 

this species since he found specimens with 19 striae in 10 p. 
In 2.11 the examples seen in this study, the specimens fulfilled 

the description correctly, but possessed 18 striae in 10 p. 

Cholnoky (1962B: 71) maintained that this species is 

found in acidic ,~.nd oligotrophic waters, and thot its pH 

optimum lies around 6.0. The species occurred in sm~ll numbers 

from three localities, Station 1 on the Vaal River, Station 17 on 

the Waterval River, 2nd once from Lake Chrissie, which lies just 

outside the catchment area near Ermelo. 

Samples - 301, 340, 485. 

E.pectinalis (KUtzing) Rabenhorst. 

1864 - Rabenhorst: F1.Eur.Alg. P.?3. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenf1ora 

Teil ~: 296, F. 763 a, k. 

1930 - Hustedt: Bacil1ariophyta. P.180, F.237. 
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Synonyms: Fragi1aria grandis Ehrenberg; Fragi1aria pectina1is 

Ra1fs; Eunotia depressa Ehrenberg; Himantidium pectinale KUtzing; 

Fragilaria hiemale Duby; Himantidium Soleiro11i KUtzing; 

Himantidium strictum Rabenhorst. 

There is some doubt C'')ncerning the authority of the 

specific epithet of this species. Both Hustedt(1927 - 1964, 

Teil ~: 296) and de Toni (1891: 793) quoted Conferva pectinalis 

Dillwyn? as a doubtful synonym of E.pectinalis; however there 

is some controversy over the systematic position of C.pectinalis. 

According to Patrick and Reimer (1966: 205) Dillwyn 

attributed this species to O.F. Mueller, and Agardh (1824: 7) 

cited O.F. Mueller as the e~rliest author (1788) as well. If 

this is correct then the same species Conferva pectinalis has 

been cited by Hustedt as synonymous with two species in different 

genera. In the one case C.pectinalis Dillwyn? is synonymous 

with E.pectin?lis (Hustedt l.c.: 296), while on the otherhand 

C.pectinalis O.F. Mueller is synonymous with Fragilaria capucina 

Desmazieuaa (Hustedt l.c.: 144). A study of the synonymy given 

by Agardh (l.c.) leads to the conclusion that C.pectinalis is 

the same as Fragilaria capucina on account of its synonymy with 

Fragilaria pectinalis Lyngbyc. Thu~ it appears that C.pectinalis 

is completely unrelated to E.pectinalis, but rather to F.capucina. 

Cholnoky (personal communication) maintained that the 

specific epithet is derived from Himantidium pectinale KUtzing, 

and Klitzing should, therefore, be recognised as the co-author 

of the species with Rabenhorst. 

The pH optimum of this species lies a little higher thAn 

most other Eunotia species, about pH 6.0 - 6.5 (Cholnoky 1960B: 

242; 1962A: 331; 1966A: 18; 1966B: 182), and according to 

Cholnoky the species will not reproduce at pH values above 6.5 

6.6, and will die at pH values over 7. The distribution of 



(160) • 

this species in the catchment area is limited to the Vaal River, 

where it occurred in the acidic waters at Station 1, and in one 

sample from lower down the river. 

Samples ~ 301, 370, 477. 

E.pectin-9.1is yare minor (Klitzing) Rabenhorst. 

1864 - Rabcnhorst: Fl.Eur.Alg. P.74. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenfloro Teil 22: 

298, F.763 d - f. 

1930 - Hustedt: Bacillariophyt,". P.182, F.238. 

Synonyms: Himantidium minus Klitzing; EunotiA pectinalis yare 

minor f. minutissima A.Mayer; Eunotia pectinalis yare minor 

f. impressa (Ehrenberg) Hustedt; Eunotia impressa Ehrenberg; 

Eunotia pectinalis yare impressa O. MUller; Eunotia impressa 

var. .'3.ngusta Grunow. 

E.pectinalis V[1T. minor f. impressa is no longer regarded 

as a separate entity from the varietal forms, since a series of 

transitioncd foms have been found linking the variety with f. 

impressa. 

This variety, like the typical form, is acidophilic and as 

a result is seldom seGn in the Catchment area, as the conditions 

found in the area do not suit the growth of this species. 

Samples - 350, 370, 485. 

E.polydentula Brun. 

1880 - Brun: Diat.Alp. P.51, T.2, F.27. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Teil ~: 292, F.759, a,b. 

1930 - Hustedt: Bacillariophyta. P.179 (under E.tridentula 

Ehrenberg) . 
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Synonyms: Eunotia quinaria Ehrenberg; Eunotia quaternaria 

Ehrenberg; Eunotia tridentula Ehrenberg; Eunotia tridentula 

var. perminuta Grunow; Eunotia tridentu1a var. geniuna, var. 

perminuta, f. typica, f. quadridentatcJ A. M8.yer; Eunotia 

tridentula var. quadridentata A. Mpyer. 

E.polydentula (Fig.35) is one of those forms that, 

because its variable number of convex humps, has been given 

many synonyms, sometimes by the same author, e.g. A.Cleve-

Euler (cf. Cholnoky 1960c: 354). Due to the variability of 

the species Cholnoky no longer regards the var. perpusilla as 

a separate taxon p.nd has sunk it into the species (Cholnoky 1957A: 

52; 1960A: 41). 

This species like most other Eunotia species is steno-

typically acidophilic (Cholnoky 1954C: 277) Rnd 8ccording to 

Cholnoky it has been found in tropical - subtropical Rcidic 

and oligotrophic waters (Cholnoky 1960A: 41) in v-Jhich the species 

appears to thrive when the pH of the water rempins around pH 6.0. 

Its occurrence in the catchment area was extremely rare, one 

specimen being recorded at Station 11f~ at Harrismi the 

Fig. - 35. 

Sample - 331. 

E.praerupta Ehrenberg. 

1841 - Ehrenberg: Rer. Berl.Akr>.d. P.414. 

1927 - 1964 - Hustedt~ rt,<)benhorsts Kryptogamenflora 

Teil ~: 280, F.747, a-e. 

1930 - Hustedt: Baci11ariophyta. P.174, F.211. 

Synonyms: Eunotia praerupt3 var. genuina and VAT. acute. Grunow; 

Eunotia praerupta var. laticeps GrunoH and f. curta Grunow; 

Eunotia praerupta var. genuina f. subimpressa Cl.nd f. curta A.Mayer; 
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Eunotia praerupta f. perminuta Fantell; Eunoti2 praerupta var. 

monodonoides and f. ventricosa A. Mayer. 

This species has been recorded by Cholnoky from many 

localities in Rhodesia ;Jnd in South A.fric2, but mAinly from 

the TrDnsvaal and Natal. In other pArts of AfricR, Foged 

records it from GhAnA, Hustedt from the Congo 3nd Cholnoky from 

the Ruwenzori Nounteins. It hCl.8 been recorded from one sample 

from Lake Chrissie which lies just outside the Cptchment area. 

Sample - 485. 

Eunotia pseudoveneris Hustedt. 

1942 - Hustedt: Indomal~yischen Archipels. Internat.Rev.d.Ges. 

Hydrob.Hydrogr. 42: 29, F. 24 - 29. 

As the rivers in the-:'o2tchment area are generally 

relatively alkaline, with very few places where the measured 

pH - values have been lower, the distribution of Eunotia species 

is extremely limited. E.pseudoveneris was present as odd records 

in three s~ples scattered over the catchment area. 

Samples - 328, 437, 485. 

E.rhomboidea Hustedt. 

1946 - 1950 - Hustedt~ Norddeutscher Seen. 

Arch.Hydrobiol. 43: 435, T.36, F.34 - 41. 

Synonyms: Eunoti2 rpytonensis Cholnoky; Eunotip tenella var. 

densestriata Cholnoky; Eunotia tenella var. capensis Cholnoky. 

This small species (Fig. 36) has be6n found in many 

localities in South Africa, although it has not always been 

recorded under the same name. Cholnoky himself described this 
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species three times, once as p. completely new species, 

E.raytonensis Cholnoky (1955B: 169) and twice as vprieties 

of E.tenell~ Hustedt, var. densestriatn (1955B: 169) and v~r. 

capensis Cholnoky (1959: 106). Cholnoky now regards these as 

synonyms of E.rhomboidea Hustedt. 

E.rhomboidea is found in oligotrophic, acidic waters and 

particularly in the acid waters on TClblc Hountain Sandstone 

(cf. Cholnoky 1962B: 72). It was recorded from the acid waters 

of Station 1. 

Fig. - 36. 

Sample - 301. 

E.Schweikerdtii Cholnoky. 

1954 - Cholnoky: "de Hoek" Reservat. Bot.Not.1954(3): 278.F.46, 47. 

To the author's knowledge this is the first record of this 

species since Cholnoky origin~lly described it. In structure 

this specimen agreed with the description of Cholnoky (l.c.) but 

its dimensions were different. The length was 95 p, and it was 

8 u wide, the transapical striae were also finer than the original 

specimens, being 16 in 10 p. Cholnoky's original description must, 

on account of this new observation, be changed to accomodate the 

new dimensions. 

Sample - 370. 

E.similis Hustedt. 

Hustedt: in A.S.Atl. T.382, F. 11 " 24. 

1937 - 1939 - Hustedt: ,Java, Bali und Sumatra. 

Arch.Hydrobiol.Suppl.15: 165, T.12, F.5 - 8. 

From the many localities in which Cholnoky has observed 

this species (Fig.37) it appears that it is widely distributed 
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over South Africa, where it inhabits acidic waters (cf.Cho1noky 

1954C: 279; 1957A: 52; 1962B: 72). In the Va[11 Dam Catchment 

Area it was recorded from the headwaters of the 1:Ji1ge River. 

Fig. - 37 

Sample - 328. 

E.subaequa1is Hustedt. 

1937 - 1939 - Hustedt: Java, B21i und ~um2tra. 

Arch.Hydrobiol. Supp1.15: 170, T.12, F.l - 4. 
- Hustedt: in A.S.Atl. T.382, F.5 - 10. 

Synonyms: Eunotia sudetica O. Muller v~r. incisa M~Bguin; 

Eunotia veneris (Klitzing) 9. }l1iller; Eunotia veneris var. 

rhynchocephala l1anguin.; Eunotia veneris var. subparallela 

Manguin. 

This species is well known from South Africa and is 

regarded by Cholnoky as one of the commonest Eunotia species 

of acidic South African 1-!aters (Cholnoky 1954C: 279). This 

species is 2, characteristic epiphyte on submerged parts of aquatic 

macrophytes (Cholnoky 1954B: 211). I twas found in only two 

samples from the catchment are2. 

Samples - 485, 464. 

E.tenella (Grunow) Hustedt. 

1913 - Hustedt: in A.S.~tl. T.387, F.20 - 25. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogAmenf1ora Tei1 2: 284, F.749. 

1930 - Hustedt: Baci11ariophyta. P.175, F.220. 

Synonyms: Eunotia ~ var. tene11o. Grunow; Eunotia ~ var. 

hybrida Grunow; Eunotia minima Gutwinsky; Eunoti8 pectinalis var. 

pusilla A. M?yer. 
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Cholnoky (1960C: 355) after revision of the appropriate 

material has transferred the var. densestriata Cholnoky (1955B: 

169) to the species E.rhomboidea Hustedt, (1946 - 1950: 435, 

T~36, F.'34 - 41), considering it to be synonymous. He has also 

sunk the f. undulat~ Hustedt (1949A: 69, T.3, F.30 - 31) into 

the species on 2_CCOunt of the transi tion~l forms linking the 

typical forms und f., undulata (c.f. Cholnoky 1964: 64). Although 

quite widespre~d in South Africa, it was nevertheless, present in 

only two samples from this area. 

Sample - 301, 358. 

FRAGILARIA Lyngbye 1817. 

F~brevistriata Grunow~ 

1881 - Grunow: in V.H. Syn. T.45, F.32, 34. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog2~enflora 

Teil ~: 168, F.676 a-e. 

1930 - Hustedt: Bacillariophyta P .. 145, F.15l. 

Synonyms: Fragilaria acuta Ehrenberg; Fragilaria brevistriata 

var. subacuta and var. pusilla Grunow; Fragilaria rostrata 

Pantocsekj Fragilaria 9revistratavar. linearis A. Mayer. 

From the many references that Cholnoky has made with 

regard to observing abnorm21 forms, it would appear that the 

complete rc:mge of morphological v2.riations for this species 

is still to be fully def~ned. One of the examples seen in 

this investigation was smaller than the dimensions given by 

Hustedt (8 ~ long). Similar short forms have also been observed 

in Lake Sihayi (Archibald 1966B: 486). 

Cholnoky reported it from weakly basic waters from the 

midlands of Natal (Cholnoky 1960A: 42). It was recorded from 

two localities in the catchment area, and once from Lake Chrissie. 

Samples - 307, 431, 485. 
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F.brevistriata var. inflata Pantocsek. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog2menflora. 

Teil ~: 169, F.676 h. 

1930 - Hustedt: Bacilloriophyta. P.145, F.152. 

Synonyms ~ Fragilari[l inflata P2.ntocsek. 

On account of the great variability within this species, 

it would probably be better to sink this variety, and include 

it with the typical forms of the species. One isolated example 

of this vaTiety was recorded from a small tributary of the Klip 

River near Memel. 

Sample - 436. 

F.construens (Ehrenberg) Grunow. 

1862 - Grunow: Verh.zool -bot. Ges.Wien 12: 871. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora. 

Teil 3.: 156, r.670 ~ - c. 

1930 - Hustedt: Bacillariophyta. P.140, F.135. 

Synonyms ~ StaurosirC'. construens Ehrenberg; Odontidium tabellaria 

H • Smith; Dimerogramm~ tab8110.ria Ralfs; Fr2gi1~ri2 construens 

var. genuin'"l Grunow; Fragilprin construens f. biceps Strose; 

Fragil?ri!:1 rhombic.'3. Ostrup; Fragi11ri:>. mutabilis vAr. assymetrica 

A. Cleve; Fr~gilari2 construens var. v8ntcr (Ehrenberg) Grunow. 

In this species Cholnoky (1964: 66; 1966A: 21) has in 

many instances seen so many tr~nsitional stages between var. 

venter and the typic2.1 forms that he has considered it best to 

sink the variety and include it with the typical forms of th8 

species. 

F.construens apparently thrives in oxyge~ rich water 

with a weak or relatively high alkaline pH value, and is unable 

to withstand salts. In the catchment area its occurrence was 

very small. 

Samples - 306, 307, 360, 406, 485. 
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F.construens var. subsa1ina Hustedt. 

1925 - Hustedt: Mit.Geogr.Ges.v.d.Naturlist.Mus.1Ubeck.2. 

Reihe 30: 106, F.5 - 8. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenf1ora 

Teil ~: 159. F. 670 p - 8. 

1930 - Hustedt: Bacillariophyta. P.14l, F.139. 

This is a rare variety of F.construens 2nd, indeed, only 

one specimen was seen. 

Sample - 322. 

F.familiaris (KUtzing) Hustedt. 

1957 - Hustedt: Flusssystems der Weser. Ach.d.Naturw.Ver. 

Bremen 34: 229. 

Synonyms: Synedra rumpens var. familiaris (Kutzing) Grunow; 

Synedra rumpens var. scotica Grunow. 

This diatom species is found in neutrol to i-Jeakly 

alkaline "'later (cf. Cholnoky 1962B: 73; 1962C: 321). Its 

distribution is fairly widespread in South A.frica, p..nd it was 

one of the most commonly occurring species of the genus Fragilaria 

in the catchment area. It was pc<rticularly common in the V2.fll 

River and its tribut:.lTies, sometimes appef"lring in high numbers .. 

F.fonticola Hustedt. 

1937 - 1939 - Hustedt: Java, Bp.li und Sumatra. 

Arch.Hydrobiol.Suppl.15: 151, T.lO, F.61, 62. 

In Natal Cholnoky (1960A: 43) hns found individuals which 

have up to 20 striae in 10 ? and are 4 ? broad. Thus f. scriC3 of 

forms can be drawn up which provides a link between the typical 

forms and the var. angusta Hustedt. The distinction between 

the two variations was pointless and as a result the two have 

been united under the name Fragilaria fonticola Hustedt. 
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As it does not occur abundantly in South ;~_fric8., nor in 

the Vaal Dam catchment area, the ~utecology of the species is 

not properly kno,~, but it apparently favours neutral to weakly 

alkaline waters (Cholnoky 1962B: 73). 

Samples - 339, 377, 378, 410, 412. 

F .fragilarioide~ (Gruno",]) Cholnoky. 

1963 - Cholnoky: Hollandisch~Neuguineao Nova Hedwigia 1: 168. 

Synonyms: Synedra rumpens var. fragilarioides Grunow. 

In his paper on the Diatoms from Dutch New Guinea 

Cholnoky (1963C: 168) found evidence which led him to transfer 

.Synedra rumpens var. fragilarioides Grun~w to the genus Fragilaria. 

This particular species of Fragilaria is uncommon in South 

Africa and occurred once in the catchment area. 

Sample - 340. 

F.pinnata Ehrenberg. 

1843 - Ehrenberg; Mikrogeol.e.p.: Tl, F. iii, 7; T.3, F. iii, 18; 

T.5, F.i, 32, iii, 48; T.6, F.i, 45.ii, 24. 

etc.. (1854). 

1927 - 1964 .-, Hustedt: Rabenhorsts Kryptogamenflora. 

Teil ~: 160, F.6?1 2 - i. 

Synonyms: Fragilaria striolata Ehrenberg; Odontidium pinn~_tus 

KUtzing, Odontidium striolatus Klitzing; Odontidium mutabile 

W" Smith; Dimerogrmnma mutabile Ralfs; FragilC'rin mutabilis 

Grunow; Odontidium ventriculosum Schumann; Frpgil~ria elliptica 

Schumann, FragilnriQ minutissim2_ Grunow; Odontidium minimum 

t-TP.egeli. 

This small species of Fragilaria, which was found in small 

numbers in the Va21 Dam catchment area, thrives in water hnving a 
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pH range of 7.2 - 8.0, with a constant high concentration of 

oxygen and a good buffering system, i.e. high alkalinity (cf. 

Cho1noky 1962B: 73). Cholnoky (1960B: 244; 1963D: 241) hps 

found it in brackish waters indicating that it c~n withstand a 

high salt content. 

Samples - 239, 306, 307, 409, 437, 441, 485, 486. 

F.pinnata var. lancettulrl (Schumann) Hustedt. 

1913 - Hustedt: in A.S. Atl~s T.297, F.51, 59 - 64. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 

161, F.671 m - o. 

Synonyms: Fragilaria lancettula. Schum~,nn. 

The 9.utecology of this variety is the same as th1t of the 

typical forms of the species, since it is nearly always associated 

with it. This variety was recorded twice from the catchment area, 

once from Station 2 on the Vaal River, and once from the Seekoeiv1ei 

near Memel. 

Samples - 261, 486. 

F.Vaucheri~e (Klitzing~ Boye Petersen. 

1938 - Boye Petersen: FrRgi1aria intermedi!1 .... Synedra Vaucheriae? 

Bot.Not.1938 (1/3): 167, F.1 c - g. 

Synonyms: Exi1ari2 Vaucheriae Klitzing; Frustulia anceps Klitzing; 

Frustulia parvula Klitzing; Synedra minutissima Klitzing; Synedra 

parvula Klitzing; Synedra exilis Klitzing; Synedra deformis W.Smith; 

Synedra Vaucheriae Klitzing; Staurosira intermediE1. Grunow; 

Fragilari2 mutabilis var. intermedia Grunow; Odontidium mutabile 

v~r. intermedia De Toni; Synedra V2ucheriae var. distans and var. 

deformis Grunow; Fragilaria intermedia Grunow. 
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Since the epithet Vaucheriae was firstly validly used in 

1833 about 50 years before Grunow's epithet intermedia, it clearly 

has priority over the younger epithet intermedia. According to 

P,q,trick ,C1.nd Reimer (1966: 120), Boye Petersen Hf=l.s the first to 

use the combination Fragi12ria Vaucheriae correctly. In smnple 

Vaal 412 some abnormally short forms of this species Here observed 

(Fig. 38, 39); these specimens vJere only 7 ? long Clnd intergraded 

v-Ii th the more typical forms. 

The autecology of this species indicates th2t it has a 

preference for neutral to relatively alkaline waters, containing 

a good supply of oxygen. The welters of the V~.[ll n~ c?tchment 

are!) often fulfilled these conditions , with the r esul t that this 

species was v-ridely distributed, sometimes occurring in very high 

numb8rs. 

Figs - 38, 39. 

F.virescens Ralfs. 

1843 - Ralfs: Ann.Mag.Nat.Hist. 12: T.2, F~6. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog8~enflora Teil 2: 162, 

F.672A. a, b. 

1930 - Hustedt: Bacillariophyta. P.142, F.144. 

Synonyms ~ DiatomC', sulp!1urescens j\gardh; Frpgil~ri8 co nfervoides 

Grevillo; Fragilaria pectin~lis Ehrenberg; Diatom!1 virescens 

Hassall; Fragilaria virescens V'lr. diatomCice8. Grunow; Fragilari!l 

producta (Lagerstedt) J\uct. nonnull. For further synonyms see 

Hustcdt 1927 - 1964, Teil 2~ 162. 

F.virescens is a very varip-ble species resulting in a 

superfluous differentiation of the species into varieties 

(Cholnoky 1960B: 245; 1960c: 355). The only specimen 
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(length 11 P and width 3.5 p) observed in the catchment area had 

the smaller dimensions mentioned by Cho1noky (1954A: 413) 0 

Sample - 410G 

FRUSTULI~· Grunow 1865. 

F.rhomboides (Ehrenberg) De Toni. 

1891 - De To'ni:. Syll. Alg. P.277. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet. 0,kad.H2.ndl.26: 122. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenf1ora. Teil 2: 

728, F. 1098 a. 

1930 - Hustedt: Bacillariophyta. P.220, F.324. 

Synonyms: Navicula rhomboides Ehrenberg; Vanheurckia rhomboides 

Brebisson; Frustulia rhomboides v~r. genuina A. Mayer. 

Hustedt (1937 - 1939, Suppl 15: 215) described F.rhomboides 

as an "indifferent" form, thriving in a pH r.8.nge of 5.5 - 8.2. 

Hmvever, Cholnoky (1962B: 74; 1966B: 184) has found that in 

South Africa this species is limited to waters with a n~rrow pH 

range 8round 6.0. The species was obs6rved in three samples 

from one locality, n2mely the head-waters of the Vapl River, 

where the waters are rtcidic, due to marshy c ondi tions. 

Samples - 301, 370, 479. 

Frustulia rhomboides var. saxonica (Rabenhorst) de Toni. 

1891 - De Toni: Syll.Alg. P. 277. 

1894 - Cleve: Naviculoid Diatoms. Kong1.Sv.Vct.Akad.Hand1.26: 123. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Tei1 2: 

729, F. 1099 a. 

1930 - Hustedt: Baci11Rriophyta. P.221. F.325. 

Synonyms: Frustulia saxonica Rabenhorst; N2vicula crassinerva 

Brebisson; Frustulia torfacea Braun. 
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Both the two different forms of this variety f. undu1ata 

::l.nd the f.capitatR (A.M~-yer) Hustedt have been included "lith 

typical forms on account of the transition~l stages between all 

these forms (cf. Cho1noky 1955B: 170). Cholnoky has observed 

specimens which he regarded as linking the variety var. saxonica 

with the typical Frustulia rhomboides, but no such transitional 

forms have been observed in the samples from the catchment area. 

The autecology of the variety is the s arne as that for the 

typical forms of the species. In the catchment area, the 

variety has been recorded from a greater number of samples. It is 

interesting to note that all these samples were taken from the 

upper reaches of certain rivers and tributaries, e.g., the Vaal, 

K1einvaa1, K1ipspruit and Wi1ge River, where the waters in some.: 

cases were pcidic. 

F.subvu1garis Cho1noky. 

1959 - Cho1noky: Se1tene iv - Kaap-Provinz. Otserr.Bot.Zeitschr. 

106: 27, F.160. 

Frustu1ia subvulgaris occurred rarely in the catchment 

area, being found mainly in the vvaterval River. 

Fig - 40. 

Sp..mplcs - 321,324,406,410,432,477,485,497. 

F.tugelae Cholnoky. 

1956 - Cholnoky: Seltene ii - Tugela-Gebiete. Osterr.Bot.Zeitschr. 

103: 71, F.69. 

Giffen (1966: 135) found that specimens from the Hogsback 

Region showed a graduated series, from the typical forms of F.tugelae 

with constricted side walls, to a modified form with straight, 
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parallel sides without a constriction. In the Vaal samples 

the same range of form was observed (Figs. 41 - 43). In "Some 

new and rare Diatoms from South L_frica" C~rchibald 19661\) a 

specimen' (Fig.2) W2.S erroneously assigned to the sp ecies I_ 

subvulgaris Cholnoky; this was infact the straight sided form 

of F~tugelaeo 

This species 1..Jas uncommon in the catchment area, where it 

was found in a nlli~ber of samples from the upper reaches of the 

Vaal, Klip and -Vvilge Rivers. 

Figs. - 41 - 43. 

Samples - 327, 328, 330, 434, 464, 485. 

F.vulgaris (Thwaites) De Toni. 

1891 - De Toni: Syll.Alg. P.280. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

26: 122. 

1927 - 1964 - Hustedt: Bacillariophyta. P.221, F.327. 

Synonyms~ Colletonema vulgare Th1..Jaites; Navicula rhomboides 

var. obtusa Grunow; 

vulgare Rabenhorst; 

vulgaris Van Heurck. 

Navicula vulg~ris Heiberg; Schizonema 

Navicula dirhynchus Donkin; Vanheurckia 

In common with Cholnoky (1960B: 245) the typical forms 

were rarely seen in the catchment area. They pppeared to be 

limited to the \,Taterval River T.Jhsrr; it occurred as single records 

in a small number of samples. 

F.v~lgaris var. angusta Cholnoky. 

1954 - Cholnoky: Sud Bhodesien. Port.Acta Biol. ~: 214, F.61. 

In contrast 1rJi th the typical forms of the species Cholnoky' s 

variety, var. angusta occurs far more commonly in the Vaal Dam 
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catchment area than the typical form. Cholnoky has reported 

it many times from neutral to weakly alkaline waters of South 

Africa. ' These condi.tions were 1.oJidesprend in the catchment 

area, resulting in a widespread distribution of the variety 

in the catchment area. The paucity of records from the 

1;,Jaterval River might have resulted from some confusion 1'li th 

the typical forms. 

F.Weinholdii Hustedt. 

1927 - 1964 - Hustedt; Rabenhorsts Kryptog~enflor2 

Teil ~: 731, F.IIOI. 

1936 - Hustedt: A.S.Atl. T.406, F.7, 8. 

Cholnoky (1960A: 46) was extremely surprised to find 

typical examples of this species in South Africr3". As f e"r e.S 

is known Cholnoky's record was the first to be made outside 

Europe, where, even there, it is seldom seen. In the catchment 

area three specimens have been recorded, one of 'Hhich was illus-

trated (Fig. 44) because of its slightly smaller length, 36 f 

as compared 1'1i th Hustedt' slower limit of 40 Jl. However in all 

other aspects this specimen agreed with the description given by 

Hustedt (l.c.) It was recorded from Stations 9 and 10 on the 

Hilge River, and once from Station 24 on tho Klip River. 

Fig. - 44. 

Samples - 327, 330, 437. 
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GOMPHONEMA Agardh 1824. 

G. angustissimC:t Hustedt v,qr. africana Cholnoky. 

1959 - Cholnoky: Seltene iv - Ka'lp Provinz. 

Osterr.Bot.Zeitschr. 106: 28, F~ 161. 

Due to its extremely narrot-J and long valves and larger 

punctae at the end of the striae near the raphe, this variety 

vIas identified without too much difficulty. 

In the catchment p.re2 one example in full agreement with 

Cholnoky's description was recorded from Station 1 on the V~"al 

River. 

Sample - 370. 

G.Clevei Fricke. 

- Fricke: in A.S. Atl. T.234, F.44 - 46. 

Synonyms: Gomphonema brachyneura O. Muller; Gomphonema 

rhombicum A. Schmidt and Fricke; Gomphonema n9vicella O. MUller; 

Gomphonema Frickei O. Muller. 

G.Clevci can easily be distinguished from the smaller 

G.Schweikerdtii by looking closely at the transapical striae. 

In each stria there are tvJO rows of pores which are arranged in 

such a way as to form a "quincunxlt or diagonal rows. In 

G.Schweikerdtii there is d simple single row of pores. 

This species of Gomphonema is chAracteristic of neutrnl to 

we!Jkly basic or qlkaline waters, in which it shows a great variabi-

Ii ty. In the cRtchment 8rea it l-J'as one of the most commonly 

occurring species of the genus, as the conditions found in the 

rivers were sui table over !l wide C1rep~. Older ~uthors have 

recorded this species on m8.ny occasions as G.brachyneur!j .• 
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G.constrictum Ehrenberg. 

1831 - Ehrenberg: Abh.Berl.~k~d. p.63. 

1895 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

20: 186. 

1930 - Hustedt: Bacillariophyt2 P.377. F.714. 

Synonyms ~ Gomphonem0. pohliaeforme Kutzing; Gomphonema subramosum 

Ktitzing; Gomphonema constrictuIll var. subc2.pi tata Grunow; 

This species occurred in quite ~ number of smnples but in 

none l.oJas it ever very p bund2.nt. 

G.constrictum var. capitRta (Ehrenborg) Cleve. 

1894 - Cleve~ N~viculoid Diatoms. Kongl.Sv.Vet.~kpd.H1.nl. 

26: 186. 

1930 - Hustedt: :P~.cill~riophyt~ P.3??, F.715. 

Synonyms: 

Ehrenberg; 

Ehrenberg. 

Gomphonema c~pitatum Eprenberg; Gomphonema turgidum 

Gomphonemn italicum Kutzing, Gomphonema clnV[ltum 

The ,'lutecology of this species cennot be properly 

ascertained as the species and its v~rieties occur so infrequently. 

This vClriety mpy sometimes provide a transitional stage to 

G.constrictum var. Gautierii (van Heurck) Cholnoky. It was 

recorded from the Sand River 2t Station 8, 2.nd from the 1rJilge 

River near Frankfort. 

Samples - 233, 456. 

G.constrictum V;lr. G2.utierii (van Heurck) Cholnoky. 

1957 - Cho1nol~: Rustenberg. Bot.Not. 110: 350, F.43, 44. 

Synonyms ~ Gomphonemp, 1.ugur Ehrenberg var. G2utierii van Heurck. 

This variety, which Cholnoky (l.c.) transferred from the 

species Gomphonema augur to the species Gomphonem~ constrictum, 
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seldom occurs in South Africa, or in the V3.21 D2.m catchment 

area. It was recorded from scattered localities on the Va21, 

Klip !lnd Hilge Rivers. 

Samples - 301, 327, 335, 437, 486. 

G.dichotomum Klitzing emend. Archibald. 

1966 - Archibald~ Ne1iJ fnd Rare Diatoms. Nov::t Hedwigip_ Supple 

21~ 255, F.4. 

Synonyms: Gomphoneme intricatmn vpr. dichotomurn (Ktitzing) Grunow; 

Gomphonemp intricntum v~r. pumila Grunow; Gomphonema gr~cillimum 

Schumann; Gomphonema pulvin2tum. 

Cholnoky (1962B: 75) m-~int-'-'ined that there was only a 

superficial simil(lri ty betwef~n G. intricatum and its v!:1riety var. 

pumilR. A close examination of the drawings in A. Schmidt's 

At12_s (pl. 234, F .47 - 50, 56 - 57, 58; Pl. 235, F. 15 - 17, 

34 - 39; Pl. 236, F. 1 - 8) and Grunow's drawings in van Heurck 

(1880 - 1881: Pl. 24, F. 28 - 29, 35 - 36) confirms the truth 

of Cholnoky's contention. G.intricatum var. pumila, according 

to Cholnoky, is more commonly observed by far then the typical 

form G.intricatum. On account of its superficiel simi12rity 

and its relatively greater frequency in the samples it is felt that 

the variety should be r3ised in rank to species. Before C1 dopting 

a specific epithet for this resurrected species, the taxonomic 

position of G.intricatum VRr. dichotoma should be revised. 

Hustedt (1937 - 1939; Supple 15: 436) stated that "die Kleinen 

Formen var. pumila und var. dichotoma sind kaum vonein;:>nder zu 

trennen. Sie kommsn im lJlaterial meistens nebeneinander vor, 

tr . . . . .. . The only difference that can be found between the two 

v2rieties is in the number of striae (cf .A.S.Atl.Pl.234, F ·5~.-55; 
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Pl. 235, F.30 - 33). Hustedtrs description (1930: 375) stated 

thst V1.r. pumila h,~s 8 - 11 striae ~nd v,0r. dichotom2 has 11 - 13 

striae in 10 p. Cholnoky (pcrson31 corrlIHunication) found that 

v"r. plX"flila sometimes had up to 16 stri~~e in 10 p. It appears 

thc:t the tltlo varieties intergr~de one ",Ii th 2nother !'nd should, 

therefore, be united. Kutzing!s epithet dichotomQ~ is the 

oldest v!J,lid E::-p i th8t ayailable, ~,nd the new cornbinr'tion is, 

therefore, Gomphonem:o dichotoInlL.'Tl Kutzing emend. Archibald. 

Its distribution in the Va:tl Dmn c atchmc:nt nrea is I,vide 2 pr',:~ d. 

Fig - 45. 

G.gracile Ehrenberg. 

1838 - Ehrenberg: Infusionsthierchen P. 217, T.18, F.3. 

1895 - Cleve: N~viculoid Diatoms. Kongl.Sv.Vet.Akad.H?ndl. 

26: 182. 

1930 - Hustedt~ B2cil12riophyta. P.376, F.702. 

Synonyms: Gomphonema gr.'"lcile V2r. lonceolata (Kiitzing) Cleve; 

Gomphonema turris var. apiculat2, Grunoy!. 

An unusually short and bro2,d form of the species hos been 

illustroted in Fig. 46. Cholnoky (1962B: 75) h2S reported this 

species in oligotrophic, neutrAl waters, hRving fluctuations of 

the pH value tow'1rds the acid side. Its distribution in the 

catchment area appearf:d to be quite widespread, although never 

occurring in great abundance. 

Fig. - 46. 

G.gracile f.turris (Ehrenberg e,p,) Hustedt. 

1937 - 1939 - Hustedt: Jav2, B81i und Sumatra. 

Arch. Hydrobio1. Supp1.15: 439. 

This form of the species is very r2Te in the catchment area 
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and was reported from only two localities. As far as is known 

this is the first time that the f.turris has been reported from 

South Africa. 

Samples - 306, 338 0 

G.jav!1nicurn Hustcdt. 

1937 - 1939 - Hustedt~ J1vn, B81i und Sumatr2. 

Arch.Hydrobiol. Supple 15; 435, T. 27, F. 2 - 5. 

G. j~v(lnicurn Hustedt is very similar to G. p . ., rvulum(KUtzing) 

Grunow and indeed it is sometimes difficult to distinguish the 

two species. G.jav.r'nicum differs in the shape of the valve ;:md 

slightly in the structure of the transp,pical striae. 

Two examples have been illustrated (Figs. 47, 48). 

Cholnoky has recorded this species once from the de Hoek 

Forest Reserve in the Northern Transvnal. In the catchment area 

it occurs in a sm2.11 number of samples t2ken mpinly from the Klip 

River and its tributaries. 

Fig. - 47, 48. 

S;:llnplcs -335, 354, 364, 431, 436, 445, 449, 451. 

G .1anceole,tuIll Ehrenberg 

1843 - Ehrenberg: Sud-und Nord-!l merika. Abl.Ber1.f k8d.T.2, 1, F .37. 

1894 - Cleve: N.svicu1oid Di.'"1toms. Kongl.,sv.Vet o /Lkad.H?ndl.26: 183. 

1930 - Rustedt: B'lcillariophytn.o P.376, F.700. 

Synonyms: Gomphonemn. ~ffine Kiitzing; Gomphonema Szaboi Pontocsek. 

This is a rare species in South ;\frico. ~.nd it was recorded 

from only three samples in the Va~l Barn catchment area. Nothing 

certain is kno~~ of its autecology. 

Samples - 4 01, 414, 497. 
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G.longiceps Ehrenberg. 

1930 - Hustedt: Becillpriophyta. P.375, F.704. 

It is extremely r~re to sec the ~pical forms of this 

species., Cholnoky (1956: 92) has rrwde onc record of it, and 

it was present in one sample from Lp.ke Chrissie. 

Sample - 485. 

G.longiceps v?r. subclavat8. Grunow. 

1930 - Hustedt: Bacil18.riophyta. p.375, F.705. 

Synonyms: Gcmphonem!"; subclavatum (Grunow) Cleve; Gcmphonema 

longiceps Yare subclavata f. gracilis Hustedt. 

In his "Synopsis of the Naviculoid Di[l.toms", Cleve 

(1894: 183) raised the v~"riety, ver. subclnvata, to the rank of 

species. This 1.J?S, hm..Jcver, reduced once more to subspecific 

renk. Cholnoky (1966B: 185) has more recently Quericd the status 

of this v,:'TietY:l 2nd pppears to be reverting to Cleve t S originc:l 

opinion. Observntions of this variety in the catchment areo.. 

provid(.:; no Dnswer to this question 2S only a single specimen 

of the typic8l form WC'.S recorded, thus preventing a proper com-

p:2rison "With the vnriety. 

G.lon~~ceps Yare subclavat'), is extremely cornm.on in South 

Africa in oligotrophic, neutral waters. It '\oJ 2S one of the most 

cOffilllonly 0 ccurring Gomphonernc=t forms in the catchment area, v-Jhere 

its distribution was widespread, sometimcs occurring abundantly. 
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G.olivaceum (Lyngbye) Klitzing. 

1844 - Klitzing. Bacil18rien. P.S5, T.7, F.XIII and XV. 

1894 - Cleve~ Naviculoid Diatoms. Kongl.Sv.Vet.~k~d.Handl. 

26: 187. 

1930 - Hustedt: Bacillpriophyt2_. Pa37S, F.719. 

Synonyms: Echinella olivaceum Lyngbye; Gomphonemq sphaenelloides 

Schum2nn; Gomphonem~l subr~mosum Klitzing; Sphenell;; vulg~ris 

Klitzing" 

The first record of this species in "Lfrica is f rom the 

Cnngo (Hustedt 19491\: 122). There is some doubt about the 

identification of this species in this sample, but if correct, 

it constitutes the first record of the species in South f\frica. 

It occurred in a single sample from Roodebank (Station 17) on the 

WatervC"tl River. 

Sample - 339. 

G.p~rvulum (Klitzing) Grunow. 

1894 - Cleve: Navicu10id Diatoms. Kongl.Sv.Vet.Akad.Handl. 

26: ISO. 

1930 - Hustedt: Baci112Tiophyta. P.372, F.713. 

Synonyms ~ Sphenel12. p2rvulum Klitzing; Gomphonem8 p;:Jrvulum yare 

subc~pitat2. Grunow; Gomphonem:<, pC3rvulum Yare lclDceo1ntn; 

Gomphonema micropus Klitzing; Gomphonem,,,- parvu1um V:lr. micropus 

(Klitzing) Cleve; Gcmphonemp-. :<ngustatum VPc.r. intermedia Gruno~J; 

Gomphonemp ;:;ngustUJl1 Brebisson; Gomphonema Ipgenu12. Grunow; 

Gomphonema parvulum var. lagenula (Grunow) Hustedt. 

The vp,riabili ty of this species is so great, that transitional 

forms between 811 the varieties cited by Hustedt (1930: 373), can be 

found. It is clear that the demarcation into varieties is entirely 

superfluow~~ ~nd of no good purpos.:: 0. t ~.ll. There is 2 possibility 

thc:.t Q.p".rvulum v~.r. l~gcnula is only a phenotype found in slightly 



(182). 

more acid l-J2ters th2.n the other forms (cf. Cholnoky 1962B: 77). 

The variety, var. lagenul2., is sometimes still mr'intained purely 

on sentimental grounds. 

The autecolog'J of this sp ecies h2_S been clearly set out 

by Cholnoky (1962B: 76). G.p~rvulum is found in great abundance 

in neutr21 to relatively clk~tline water, and it has also been 

reported on occasions from weakly acid water (Cholnoky 1960A: 

47; 196GB: 247; 1962A: 30; 1962B 77 under var. lagenula). 

A pre-requisite for the good development of this species is a 

fluctuating concentration of 0rganic nitrogen compounds. It 

cannot, however, withstand htgh concentrations of salts. 

Its distribution in the catchment area "t'las widespread in 

many samples. It was one of the most commonly occurring diatom 

species, and was sometimes recorded in very high numbers. 

G.Schweikerdtii Cholnoky. 

1953 - Cholnoky~ Hennops - Hivier. Verh.zool - bot. 

Ges.1I'Jien 93: 143, F.18, 19. 

This small Gomphonema species is similar to G.Clevei, 

but is easily distinguished by examination of the trpnsapical 

striae. In G.Schweikerdtii the trt~~'~pical striae are composed 

of a single rOvl of simple punctae. In contrast to this G.Clevei 

has a double rov! of punctae arranged in a 'quincunx' fashion. 

Sometimes in G.Schweikerdtii near the margin of the valve the 

striae are composed of indistinct double punctae which are never 

arr~1nged in diagonals. 

Cholnoky (1960;,\: 47) has reported the species from neutral 

to weakly alkaline 1>Jater. In the Catchment area it was found in 

relatively few samples mainly from the Klip River System. 

Samples - 261, 331, 410, 434, l41, 445. 
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G.sphaerophorum Ehrenberg var. parvurn Cholnoky. 

1954 - Cholnoky: Neue und seltene Di2.tomeen. Osterr.Bot.Zeitschr. 

101: 416, F.40. 

This is the second time this variety has been observed; 

it lims recorded from one sample collected from the Grootvlei Dam 

(station 16). 

Sample - 401. 

G.subtile Ehrenberg. 

1843 - Ehrenberg: Slid-und Nord-Amerika. Abh.Berl.Akad~ 

P 115, N.115. 

1895 - Cleve: NRviculoid Diatoms. Kongl.Sv.Vet.Akad.Hc:mdl. 

26: 182. 

1930 - Hustedt: Bacillariophyta. P.376, F.709 • 

. 'Cholnoky (1954D: 126) has found sp ecimens of G. subtile 

which are much smaller than the dimensions given by Hustedt 

(1930: 376): and in the Eastern Transv221 he h2s found other 

examp1es which are very much larger than Hustedt's dimensions. 

The dimensions should be altered then to include these examples; 

Length 28 - 80 )1, breadth 4 - 5 - 10 p. According to Hustedt 

(1937 - 1939, Supple 15: 440) the pH influences the formation 

of the capitate ends and the more acidic the wCl.ter becomes the 

more the capitate end disappears. Cholnoky (1957B: 350) has 

reported evidence to substantiate this, and in this note he 

reported that he could find no "V,!:1r. s2.gitta (Schumann) Cleve 

in the truly acidic waters." 

Cholnoky (1962B: 77) reported that the optimum pH value for 

this species "Jas around pH 6.0 0 As a result of this it was found 

in one sample from Lake Chrissie. 

Sample - 485. 
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GYROSIGMA Hassall 1845. 

G.acuminatum (Klitzing) Rabelli~orst. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

26': 114. 

1930 - Hustedt Bacillariophytn. P.222, F.329. 

Synonyms: Frustuli2. acuminC]ta Klitzing; 

Grunow; PleuI'osigma l8.custre W. Smi thj 

vanicum Pantocsek. 

Pleurosigma acuminatum 

Pleurosigma trnnssil-

This Gyrosigma species is not common in South ~frica and 

was found in only five samples" Cholnoky is of the opinion that 

many of the older records of this species were in fact G.Klizingii 

(Grunow) Cleve or G.Spencerii (~'i.Smith) Cleve, which are both very 

common in South Africa. 

Samples - 405, 408, 432, 468, 491 

G.acuminatum var. gRllica Grunow. 

1894 - Cleve~ Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

26: 114. 

1930 - Hustedt: Bacillariophyta. P.223. 

Synonyms: Pleurosigma scalprum var. gallica; Pleurosigma 

gallica Peragallo~ 

Cholnoky (1962A: 31) has recorded this variety once from 

the Cape Province and before that Huber-Pestalozzi recorded it 

in 1929 from the Waterkloof Reservoir near Pretoria (cf. Cholnoky 

l.c.). It was recorded once from the catchment area from the 

Grootspruit, a tributary of the 1rJaterval River. 

Sample - 411t 
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G.KUtzingii (Grunow) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Hondl. 

26: 115. 

1930 - Hustedt: Bacillariophyta. P.224, F.333. 

Synonyms:' Pleurosigma Kiitzingii Grunow; Pleurosigma Spencerii 

var. KUtzingii GrunmoJj Pleurosigma graci18ntum Rabenhorst; 

Pleurosigma Wormleyi Su11iv2n; Pleurosigma Spencerii var. 

acutiuscula Grunow; Gomphonemp distortoides Manguin. 

This is one of the most co~~on species of Gyrosigma 

in South Africa, and also in the catchment area. Cholnoky 

(1960:"1: 48; 1960B: 247; 1962B~· 77) hps reported it from 

neutral to weakly alkaline waters. These conditions 8re 

widespread in the catchment ATea. 

G.scalproides (Rabenhorst) Cleve. 

1894 - Cleve: N aviculoid Diatoms. Kongl. Sv • Vet. Akad. Htmdl. 

26: 118. 

1930 - Hustedt: B~cillariophyta. P.226, F.338. 

Synonyms: Pleurosigma scalproides Rabenhorstj Pleurosi.gma 

Spencerii var. scalproides Peragallo. 

This species, in conjunction with G.KUtzingii (Grunow) 

Cleve, is very common in South Africa and the catchment area, 

since the conditions under which the two species thrive are 

This species hps 2. preference for neutrCll to weakly 

21k,':~line waters. 

G.Spencerii (vI.Smith) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl.26: 117. 

1930 - Hustedt: Bacillpriophyta. P.225, F.336. 

Synonyms: Pleurosigma Spencerii W. Smith; Pleurosigmo. Spencerii 

var. Smithii Grunow; Pleurosigma Spencerii VRT. Arnottii GrunoH; 
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Pleurosigma var. borealis Grunow; Pleurosigma Spencerii var. 

Antillarum Grunow; Pleurosigma curvula Grunow; 

G.Spencerii was found in only two samples from the Vaal 

Dam catchment areH, composing 1.0% of the diatom [lssoci'?tion in 

V~.2l 413. 

Samples - 403, 413. 

HANTSZCHIA Grunow 1880. 

H.amphioxys (Ehrenberg) Grunow. 

1880 - Grunow: in Cleve et Grunow - !\.rctischen DiE~tomeen. 

Kongl.Sv.Vet.Ak2d.tbndl. 17: 103. 

1930 - Hustedt~ Bacillariophyta. P.394, F.747. 

Synonyms~ Hantzschia ?~phioxys var. africana Hustedt; Hantzschia 

amphioxys var. africana f. minut3 Cholnoky. 

In South Africa Cholnoky (1964: 67; 1966B: 186) has found 

transitional forms which provide the link between the typical 

form and the var. africana Hustedt (1922: 117); Cholnoky was 

also 8.ble to establish that his f. minuto Cholnoky (1955B: 171) 

was [~lso linked to the typical forms through transition;?l 

exmnples. It would appear that the pH might have some influence 

over the size of the valve 2nd the density of the striations. 

Cholnoky (1962A: 31) reported the t}Tical forms from weakly 

alkaline to alkaline waters; the more densely stri2ted examples 

(ltvar• africanalf
) from neutral waters (cf. Cholnoky 1962B: 78); 

2nd the very small exmnples (Iff .minuta") from vJeakly acid waters 

(cf. Cholnoky 1954D: 126; 1955A: 18). 

The finely and closely striated specimens of the typical 

form were the most commonly occurring forms in South Africa, and 

also in the Catchment area, where this species was recorded in a 

re12tively large number of samples. 
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H.2.mphioxys vaT. vi vax (Hantzsch): Grunow. 

1880 - Grunow: in Cleve et Grunmv - Arctischen Di2.tomeen. 

Kongl.Sv.Vet.Akad.Handl. 17: 103. 

1930 - Hustedt: Bacillariophyta. P.394, F.750. 

The var. vivax has not been recorded as commonly from 

South Lfrica as the typice',l forms of the species. In the catchment 

area it was recorded as isolated examples from only four samples. 

Cholnoky (1966A: 28) h8s stated that the var. vivax has been 

differentiated only on the basis of the shape of the valve, and 

in particular the shape of the poles, and not on the basis of 

the dimensions of the valve. In one scunple (VaC1l 479) the valve 

length of 3. specimen wes only 72.5 ? long ~nd contained 28 

transapical striae per 10 p.. 

Samples - 306, 353, 478, 479. 

H.distinctepunctata Hustedt. 

- Hustedt: A.S. Atl. T.329, F.21, 220 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. 

~rch. Hydrobiol. Supple 15: 462, T.40, F.4. 

This is not a commonly observed species in South (,frica. 

It has been recorded from neutral to weakly basic waters (cf. 

Cholnoky 1955A: 18), which h2ve a slightly raised salt concen-

tration (cf. Cholnoky 1966A: 28). In the Vaal Dam catchment 

are? it occurred in only two samples, one from St8tion 211., and 

the other from a headwaters tributC1ry of the Kaffirspruit River. 

Samples - 306, 492. 
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H.virgata (Roper) Grunow. 

1930 - Hustedt: Bacillariophyta. P.395, F.752. 

The variety var. capitellnta has been sunk into the 

typical forms of the species on account of transitional forms which 

link the variety with the typical forms (cf. Cholnoky 1960B: 247). 

Hantzschia virgRt2, according to Cholnoky (1955A~ 18; 

1960A: 49; 1966A: 29) is a brackish water form which can withstand 

high osmotic pressures. It prefers also waters with a constant 

high pH value. As 8. result H. virg2,ta is probably'1,n intruding 

species in the catchment :tree',. 

Smnple - 362. 

MASTOGLOIA Thwaites 1856. 

M.e11iptica (Agardh) Cleve. 

1896 - Cleve: Navicu10id Diatoms. Kongl.Sv.Vet.Akad.Hand1. 

27: 152. 

1930 - Hustedt: Baci11ariophyta. P.217, F.317. 

Synonyms: frustulia elliptica Agardh; Mastogloia Dnnsei var. 

elliptic a Grunow; Mastog1oi~ obtusa Pantocsek. 

Hustedt (1930: 217) incorrectly quoted Agardh as the sole 

author of this species. Agardh, however, described the species 

under the genus Frustulia (cf. Agardh 1824: 311), cmd it wps Cleve 

who transferred it to the genus Mastogloi8. 

The species is very uncommon in South African waters, and 

is regarded as a brackish water species. It occurred in one 

sample, where it cannot be regarded as autochthonous. 

Sample - 420. 
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MELOSIRl\ Agardh 1824. 

M.distans (Ehrenberg) KUtzing. 

1844 - KUtzing: BacillRrien. T.2, F.12. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora. 

Tei11: 262, F.llOa - f, i. 

1930 - Hustedt: Bo.cill~riophyt2. P.92, F .53. 

Synonyms: Gail10nellD. distans Ehrenberg; Coscinodiscus minor 

W. Smith; Melosira niva1is W. Smith; Orthosir~ niv,'llis Kitnon; 

Melosir!:1 distans vnr. nivnlis Grunow; Helosira solida VRr. 

Sarsii Gran; MelosirA. polymorpho subsp. distans Bethge; 

Melosira polymorpha subsp. distans var. nivalis Bethge; Gail­

lonella (Discoplea- Melosira-) gallica Ehrenberg? 

Only two previous records of this species from Africa 

are known, one from Ghana (Foged 1966: 48) and the other from 

the Transvaal (Cholnoky 1955B: 173). This one specimen from 

the Vaal River is the second record of its occurrence from the 

Transvaal and South Africa. 

Sample - 309. 

M.granulata (Ehrenberg) Ralfs. 

1861 - Ralfs: in Pritchprd's History of Infusoria. P.820. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog.?menflora Teil 1: 

248, F.I04, a - c, e, f. 

1930 - Hustedt: Bacillariophyta. P.87, F.44. 

Synonyms: Gaillonella gr::nul:l.ta Ehrenberg; Gaillonella 

decussata Ehrenberg; Melosira decussata KUtzing; Melosira 

granulata var. maxima Ehrenberg; Orthosira punctata W. Smith; 

Melosira lineolata Grunow; Melosira punctat2 Juhlin-Dannfeldt. 

Cholnoky (1963C: 175) was of the opinion that the var. 

angustissima O.Wuller is separated from the typical forms for 

reasons that are no longer tenable, i.e. the measurements of 
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the cell. In his work on diatoms from Dutch New Guinea 

(Cholnoky l.c.) he claimed to have found transitional forms 

linking ~he variety with the typical forms. In this present 

study so fev1 examples of M.granulata have beEn seen tha.t it is 

not possible to substantiate his observations. 

M.granulata, according to Cholnoky (1962B: 78), is a 

true plankton diatom inhabiting relatively eutrophic, weakly 

alkaline water. This species was found in only three samples. 

It CQuld only have developed properly DS a pl3nktonic species 

in Lake Chrissie, from which the sample Vaal 485 was t8ken. 

In both the remaining samples it was probably washed down from 

higher up the river, where conditions for planktonic grovrth 

were better. 

Samples ~ 306, 485, 486. 

M.granulata var. angustissima O. Muller. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 

250, F.I04 d. 

1930 - Hustedt: Bacilloriophyta. P.38, F. 45. 

Synonyms: Gc'lillonel12 tenerrima Ehrenberg; Melosira 

arundinacea Castracanej Melosira granulata v~r. procera f. 

tenerrima O. Muller. 

This variety, which Cholnoky now prefers to unite with 

the species (see above) occurs far more frequently in the catch-

ment area than the typical forms. Because no transitional forms 

have been seen from the catchment area it seems preferable to 

retain the v~riety. 
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M.varians Agprdh. 

1817 - Agardh: Synopsis AlgrTum. P.78. 

1832 - Agardh: Conspectus criticus Diatom3cearum. p.64. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 

240, F.I00. 

1930 - Hustedt: Bacillariophyta. P.85, F.4l. 

Synonyms: Conferva hiemalis Roth; Conferva fasciata Dillwyn; 

Nematoplat2. quadrata Bory; Melosira aequalis Ag[lrdh; 

Gaillonella vRrians Ehrenberg; Melosiracoarctata Ehrenberg; 

Melosira varians var. aequalis KUtzing; Vesiculifera composita 

Hassal1; Lysigonium vari8ns De Toni. 

l\.ccording to Giffen (1966: 137) this sp ecies is abundant 

in neutral to slightly acid waters of the Hogsback Region of the 

Cape Province. Cholnoky (personal communication) maint~dned 

that M.v2ric:ms was nitrogen-heterotrophic, Elnd therefore, is 

found in rivers where some organic nitrogenous material is 

present. In the Vaal Dam Catchment area this species was 

found in a sm3ll number of samples, and in some cases in 

relatively high numbers. It was recorded m[dnly from the 

Klip River system. 

NAVICULA Bory 1824. 

N. adsidt\a n. sp. 

In the sample Vaal 338 there are a large number of valves 

which were very variable with regard to their valve shape and the 

shape of the central area. From their structure they belong to 

the group of diatoms in the section Naviculae Orthostichae. In 

some specimens, however, the central area is rel~tively well 

developed for this group of NDviculas. This new species is 

most like" N.pseudoh21ophila Cholnoky (1960A: 74, F.23l, 235), but 
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differs quite widely in its morphology. 

The valves are very variable in shape, linear-lanceolate 

to broadly elliptical; the poles are in all cases rostrate, 

but vary'in degree, the elliptical forms having less rostrate 

and broader poles than the more lanceo12te v21ves, in which the 

poles are relCltively 8cutely rounded pnd rostrate; the length 

of the valves is 18 - 24 p, and the 1ddth 5.5 - 7.5 1. The 

raphe is straight ~nd filiform, the centr2cl pores 2re not too 

widely spaced and the tennin2.1 fissures are not cle;}r enough to 

determine their structure. The axial area is narrow and linear 

and clearly demarcated. The central area is very variable, 

from circular in some specimens, through elliptical shapes, to 

entirely 2.bsent in others. The transapical striae are quite 

characteristic of this species; they 0re fine and the punctae 

are difficult to distinguish; the striae are slightly radial 

in the middle and convergent at the poles; the striae are also 

slightly arcuate, more prominently so at the poles, which probably 

indicates that the valve surface is slightly concave between the 

margin of the valve 2nd the r~phe; they are slightly wider ap,grt 

in the middle, about 20 - 21 in 10 )1, and slightly denser at the 

poles, ~bout 24 in 10 )1. Occasion,'].lly at the central nodule 

shortened striae are found. Figs. 49 - 51. 

The species was recorded in a small number of s8mples 

from allover the catchment area. It occurred most frequently at 

Station 17, where it was one of the most abundant species in sample 

Vaal 338. This might suggest that the new species favours waters 

rich in organic nitrogen (see Part 2: The Waterval River, 

Station 17). 

Figs. - 49 - 51. 

S~~ples - 317, 326, 336, 338, 339, 377, 378, 427. 
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N.agrestis Hustedt. 

1927 - 1964 - Hustedt~ Robenhorst Kryptogamenf10ra. 

Tei11: 235,F. 1358. 

1937 - 1939 - Hustedt: Javel, B,~.li und Sumatra. Arch. Hydrobiol. 

Supple 15: 246, T.20, F.21, 22. 

This smnll N[eVicula species has been reported very rarely 

from South Africa. Cholnoky (1957C: 67, F.65) recorded it from 

the Pienaars River near PretJria and from the OkaHango and Cunene 

Rivers from South vJest t~frica (1966A: 29, F. 70 - 73). From the 

Okawango Cholnoky illustrated three specimens (Figs. 70 - 72) which 

he reg2rded as being definitely N.agrestis. Cholnoky was doubt-

ful whether the specimen illustrated in Fig. 73 was in fact N. 

agrestis, as it was different in structure. He could find no 

other specimens, so thought it more convenient to call it 

N.agrestis. Howevor, this specimen agrees with the description 

of Navicula diuturnoides f\rchibald, which will be found below. 

The species was not common in the V"lal Dam c2.tchment area. 

Two specimens, one of which differs slightly from Hustedt's 

original description in the possession of a re18tively thicker 

axial costa, enclosing the raphe (Fig. 53), have been illustrated. 

Figs. - 52, 53. 

Samples - 358, 403, 410, 411, 412, 455, 512, 552. 

N.aquosa Archibald. 

1966 - Archibald: Some new and rare Diatoms from South A.frica. 

Nova.Hedwigia Supple 21: 256, F. 7, 8. 

This species belongs to the Naviculae bacillares Cleve 

emend. Hustedt since it has an axial rib running down the centre 

of the valve, although in this species the rib is not very well 

developed. It shows a close affinity to N.omissa Hustedt 
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(1927 - 1964, Tei12: 160, F.1295) but differs from this species 

in the possession of parallel trr~.nsapical striae at the poles, 

which are not produced. Since the species 't>las first described, 

other examples of the species have been discovered which makes 

it necessary to redescribe the species taking into 2ccount any 

changes in morphology or dimensions. 

The valves ere elliptical, linear-elliptical, to l.qnceolate 

with blunt and brondly rounded poles in the elliptical forms, and 

more acutely rounded poles in the lanceolate forms. The length 

of the valve is 9 - 13 f and the breadth 3 - 5 f. The raphe 

is filiform with slightly curved branches. The axial area is, 

narrow and linear and does not vnden, or widens only very 

slightly into a central area round the central nodule. The 

trans apical striae 2re radial in the middle 8nd parallel in the 

vicinity of the poles, 24 - 26 in 10 f. Longitudinal costae 

are present, but not very prominent. Figs. 54 - 57. 

N. aguosa was not particularly common in the area under 

investigation but was found throughout the region in smsll 

numbers. 

Figs. - 54 - 57. 

N.arvensis Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 

86, F. 1229. 

1936 - Hustedt: A.S. ~tl. T.401, F. 22 - 26. 

1937 - 1939 - Hustedt: J8va, Bali und ,sum8tr::;. /\rch. Hydrobiol. 

Suppl.15: 249. T.17, F.40, 41. 

According to Cholnoky (1957A: 58) and Cholnoky and 

Claus (1961: 333) N. arvensis inh~.bi ts weakly aCid, oligotrophic 

waters of South Africa. In the catchment area the species wns 
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recorded only once from the ItTaterval River. This specimen was 

illustrated in Fig. 58. 

Fig. - 58. 

Sample -,410. 

N.atomus (Klitzing) Grunow. 

1860 - Grunow: Verh.zool.-bot. Gesell.v\Jien 10: 552, T.4, F.6. 

1896 - Cleve: Naviculoid Diatoms. Kong1.Sv.Ak'ld.Handl.27: 4. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenf1ora Teil 3: 

169, F.1303. 

1930 - Hustedt: B2cill~riophytQ. P.288, F.484. 

Synonyms: Amphor~? ntomus Klitzing; Synedr,g ,'ltomus Naegeli; 

Navicula caduca Hustedt; Navicula pscudatomus Lund; Navicu18 

spicoides Fusey. 

The systematics of this species is ve~Jconfusing. 

In the first place there appears to be some discrep~ncy as 

to which author the species should be attributed. De Toni 

(1891: 166) regarded the description of j\.mphora? atomus KUtzing 

in 1844 to be the original description, while Naegeli only 

described Synedra atomus five years later in 1849. According 

to Patrick and Reimer (1966: 488) Kutzing himself in his Species 

A1garurn (1849: 40) gave Synedra atomus Naeg. in li tt = Amphora? 

atomus Ktitzing. Hustedt (1930: 288) at first attributed the 

authorship to Naegeli, but 18ter gDve KUtzing the honour 

(1927 - 1964, Tei1 3: 169) From the foregoing it Rppears 

th~t the epithet ~tomus was first used by KUtzing in 1844 

in the genus ii-mph ora, and thB.t Synedra C1tomus Naegeli is a 

synonym of this combinDtion. Kutzing should therefore be 

regarded as the author of the specific epithet atomus in this 

case. There is appo.rently full agreement by pl1 ~mthors that 
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Grunow was the first to placo thi; species in the genus Navicula. 

The second point of discrepancy is found in the morphology of the 

species. The older descriptions gave the number of striae as 30 

in 10 p, 1.Jhich led to the description of two new species Navicula 

caduca Hustedt and Navicula pseud2tomus Lund, which had 18 - 20 

transapic3.l stripe. H0w·ever, Hustedt h~d the good fortune to 

study V8.n Heurck' s type mn.teridl .8nO vIas able to establish from 

this the't N.caduca and N.pseudatomus were ~ctually synonyms of 

N.atomus ~nd that there was a very large v~riation in the number 

of striae in 10 f. D,ccording to Cholnoky (1964: 69) the des-

cription of the species should be 2ltered to read, "19 bis uber 

30" transapical striae in 10 p. The specimens found in this 

survoy generally contained 28 - 30 trans apical striae in 10 p. 

According to Cholnoky (1958C: 817) N.atomus is found in 

weakly basic waters of South i\frica. In the catchment area it 

was found quite frequently over the whole area under survey. 

In some samples it was present in rslatively high numbers. 

N.avenacea Brebisson. 

1896 - Cleve: Naviculoid Diatoms. Kong.Sv.Vet.Akad.Handl. 

27: 15. 

1957 - Hustedt~ Diatomeenflora der Flussystems der Wesen. 

Abh. naturw. Ver.Bremen. 34 (3): 288. 

Synonyms~ Navicula viridula var.avenacea (Brebisson) Grunow; 

Pinnularia silesiaca Bleisch: Schizonema Smithii (Agardh) Grunow. 

According to Cholnoky (1960B: 249; 1962B: 79) N.avenacea is 

found in alkaline water, and the species can tolerate C3 weak salt 

content of the water. As in the rest of South Africa , the 

species occurs sparingly in the catchment area and was normally 

observed as isolated specimens. It was recorded frow Stations 

3 and 5A on the Vaal River, and in a small tributary of the 
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Klip River. 

Samples - 309, 325, 451, 554. 

N.bacilloides Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogAmonflora. 

Teil 2~ 117, F.1250. 

1945 - Hustedt: Balkan Halbinsel. ,\rch.Hydrobiol.40: 922, 

T.42, F.29. 

This appears to be the first record of this species 

(Figs. 58, 59) in Africa. ~fuile there is no doubt of the 

correctpesa of the identification, there appears to be a 

wider range in the number of transapic~l striae in 10 p. 
The specimens observed from the catchment area contained 18 -

24 striae in 10.?; there were, however, intermediate forms 

making the creation of 2. new taxon unnecessary. 

The specimens occurred in 2. few samples from the whole 

catchment area, but was never abundant. 

Figs. - 58, 59. 

Samples - 236, 251, 334, 344, 363, 422, 429, 432, 441, 493, 

495, 511. 

N.bacillum Ehrenberg. 

1843 - Ehrenberg: Ber.Berl.Akad.P.130, T.4, F.V, 8. 

1894 - Cleve: N2viculoid Diatoms. Kongl.Sv.Vet.Akad.Handl.26: 137. 

1927 - 1964 - Hustedt: Rabenhorst Kryptogamenflor~ Teil 2: 
113, F.1248 a-d. 

1930 - Hustedt: Bacillariophyta P.280, F.465. 

Synonyms: Navicula laevissima Donkin; Navicula bacil1um var. 

genuinA Grunow; Navicu1Cl pseudobrlcillum Grunow. 
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This species is not common in South Africa and only a 

single specimen was found in the Vaal River ,'l.t Villiers. Nothing 

can be said about its autecology for this reason. 

Sample 403. 

N.barbarica Hustedt. 

1949 - Hustedt: Kongo. Exp.du PClrc. N.r:ltionz::t1 llbert 8: 

97, T.4, F. 14 - 17. 

N .barb'lrica hp.s not previously been found outside 

the Belgian Congo, where it was originally described by Hustedt 

(l.c.). The specimen illustrated in Fig. 60 agreed in every 

detail with Hustedt's originRl description, ~nd is therefore 

undoubtedly N. barbaricCl. This specimen was recorded from a 

small stream near Vil1iers. 

Fig. - 60. 

Sample - 404. 

N.bel1iatula n.sp. 

This new species undoubtedly belongs to the N8viculae 

orthostich~e and is very closely similClr to N .h.r:l,lophile (Grunow) 

Cleve f. tenuirostris Hustedt (cf. PRtrick and Reimer 1966: 467, 

T .44, F. 5) • It differs, however, from this species by the finer 

striation vlhich is convergent nt the poles. The axial ,o:lrea in 

N.belliatula hns Also Pc slight constriction at the central nodule. 

The valves are lanceolpte with narrow capitate poles, 

36.5 - 40 P long, and 6.5 - 8.0 P broad. The raphe is straight 

and filiform with indistinct pol;)T fissures; the centrr'l pores 

are not more widely spaced thnn the others. The p.xial area is 

narrow and linear, e.nd is slightly constricted at the centrp~ 
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nodule; as a result there is no centrRl are:). The transnpical 

stri?,e are par~llel in the middle -"nd slightly convergent at the 

poles, 24 - 28 in 10 r in the middle becoming denser towards the 

poles. The longitudino.l costae are visible. Fig. 61. 

This species was very rare [1.nd was observed from only 

three samples from the Kaffirsprui t and v\Jilge Rivers. 

Fig. - 61. 

N.brevissima Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1= 
238, F.1362. 

1936 - Hustedt: A.S. Atl. T.401, F.41 - 43. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch.Hydrobio1. 

Supp1.15: 273. T.19, F. 22 - 24. 

This small diBtom species is not common in South Africa. 

Cholnoky recorded it once from Nptal (1956: 76) and twice from 

the Cape Province. (1959: 34; 1962A: 35). In the catchment 

area it was found in four samples only, from Station 2A on the 

Va31 River, and from the K1ip River System. 

Samples - 307, 359, 431, 449. 

N.bryophila Boye Petersen. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora. Teil 3: 

91, F. 1237. 

1928 - Petersen: Botany of Iceland ~: 388, F.13. 

Synonyms: Navicula subtilissima var. bryophila A.Cleve-Euler; 

Navicula subtilissim8 var. minor Magdeburg. 

In the plates two small examples of this species (Figs. 62, 63) 

exhibiting capitRte poles were illustrated. This characteristic 
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is reminiscent of N.bryophila vnr. lapponica Hustedt (1927 - 1964, 

Teil1: 93, F.1238.) The trans apical striae of these specimens 

were only visible in the central part of the valve, where they 

numbered'about 38 in 10 f. In all other characteristics they 

agreed with the description of the species, and so they have been 

assigned to N.brrophila. The other examples of this species 

found in the Cntchment area hRve been typical forms. 

N.bryophila occurs quite frequently over a wide 2rea of 

South Africa and according to Cholnoky (1960B: 249; 1962A: 35) 

the species hris a pH optimum of belo'Vl pH 6.0. This probably 

accounts for the p2ucity of numbers. 

Figs. - 62, 63. 

N.bushmanorum ~holnoky. 

1957 - Cholnoky: Slidafrik,!l.nischen Diatomeenflora. Port.Acta. 

Biol.£: 67, F.67. 

This small species of Naviculrt has previously been reported 

twice, once from Northern Notal in the Bushmp,ns River, ;,nd the 

other from Zu1ulc:md near Htubatuba. The specimens in two samples 

from the upper reaches of the Vaal River undoubtedly belonged to 

this species. Fig. 64 illustrates one example of N.bushmanorum. 

Fig. - 64. 

Samples - 312, 492. 
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N.cari Ehrenberg. 

1838 - Ehrenberg: Infusionsthierchen als vollkommene Organismen. 

Leipzig. P. 179. 

1930 - Hustedt: Bacil12riophyta. P.299, F.512. 

Synonyms: Navicula cincta var. cari (Ehrenberg) Cleve. 

N .cari h2_s been "t-Tidely observed in South Africa from 

alkaline waters (Cholnoky 1962B: 80) ~nd c.'ln ctpprJrently withstand 

high SA-It concentr'"'tions. In the catchment are'1. it W8S observed 

in threo s~mples, one of which showed evidence for slightly higher 

than normal salt concentrations. 

Samples - 402, 404, 485. 

N.cari var. angusta Grunow. 

1880 - Grunow: in V.H.Syn. T.7, F.17. 

1930 - Hustedt: Bacillariophyta P.299. 

Synonyms: Navicula cincta var. angusta (Grunow) Cleve. 

This v,~.riety was found as infrequently in the catchment 

area as the typical forms, and as only one or two specimens were 

observed it is not possible to comment on the variety from an 

ecological point of View, or to thrm·J light on the system;:Jtic 

relationships of this variety. 

Samples - 485, 493. 

N.chrissiana Cholnoky. 

1965 - Cholnoky~ Chrissie-Sees. Arch.Hydrobiol.61: 69, F.13, 14. 

As the n1me implies Cholnoky (l.c.) first described the 

species from Lake Chrissie. In this survey it has again been 

recorded from Lake Chrissie (Figs. 65, 66) and from four other 
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samples. It always occurred as isol"1ted specimens, and as a 

result nothing can be said of its autecology. Its distribution 

is limited to the upper reaches of the Vaal and Kleinvaal Rivers, 

and one sample from the Cornelius River in the Orange Free State. 

Fig. - 65, 66. 

Samples - 266, 307, 348, 350, 485. 

N.cincta (Ehrenberg) Kutzing. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

27: 16. 

1930 - Hustedt: Bacillariophyta. P.298, F.510. 

Synonyms: 

Pedicino; 

Gregory. 

Pinnul~ria cincta Ehrenberg; Pinnularia Heufleri 

Navicula Klitzingiana H.L. Smith; Pinnularia nana 

The species , although quite common in .South Africa, 

occurred in the Catchment area in only two samples as isolated 

examples. According to Cholnoky the species is found in water 

with a constantly high pH value. 

Samples - 408, 418. 

N.cinctaeformis Hustedt. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch.Hydrobiol. 

Supple 15: 265, T.19, F.Il, 12. 

Cholnoky (1957C: 68; 1958B: 119; 1962A: 36) has recorded 

spedimens of N.cinctaeformis which were smaller thBn Hustedt's 

original dimensions. Similar specimens with smaller dimensions 

have also been observed in the samples from the CAtchment area. 

Two examples (Figs. 67, 68) which Are very much smC1.ller than 

normal, have been illustrated. 
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This species is one of the commonest occurring in the 

catchment are~, and in some samples it was present in relatively 

high numbers. Not much is known of its autecology, but apparently 

it inhr:1bits·waters with a weakly alkaline to neutr21 pH. Such 

conditions are prevalent in the catchment area. 

Figs - 67, 68. 

N.citrus Krasske. 

1923 - Krasske: Bot. Arch. 1: 199, F.14. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1= 
780, F.1753. 

1930 - Hustedt: Bacill~riophyta. P.303, F.529. 

In a s~HTlDle collected from the lAJntorval River at Roodepoort 

(Station 17 of Chutter) this single valve of N.citrus (Fig.69) 

was discovered. As far as is known this is the first time this 

species has been recorded outside Europe and probably outside 

the type locality. It is a new record for South Africa. This 

specimen was undoubtedly N.citrus as it agreed in every detail 

with Hustedt's description (Hustedt 1927 - 1964, Teil 3: 780. 

Fig. - 69. 

Sample - 513. 

N. conferv?cea (Klitzing) Gruno~v. 

1880 - Grunow: in V.H. Syn. T.14, F.36. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 
205, F. 1324 a-d. 

1930 - Hustedt: Bacillariophyta. P.278, F.460. 

Synonyms = Diadesmis confervacea Klitzing; Diadesmis peregrina 

~v .Smi th; Navicula confervacea var. peregrina Grunow; Navicula 

confervacea V3r. hungClrica Grunow; Navicula semivirgata Krasske; 

Navicula confervacea var. nipponica Skvortzow; Navicula confervacea 

var. baikalensis Skvortzow. 
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Hustedt in the Bacillariophyta (l.c.) erroneously 

quoted the author of this species as KUtzing only. KUtzing, 

however, described the species in the genus Diadesmis, 2nd Grunow 

later transferred it to the genus Navicul3.. Fig. 69 illustrates 

8.n extremely large specimen of N. confervacea 0 The dimensions are 

much larger than those given in the description, but in all other 

respects it fulfilled the requirements for the species. The valve 

was 35 ? long and 10 ? wide. 

According to Cholnoky (1960B: 250; 1962B: 80) the species 

is found in alk21ine water, 3nd is chnracteristic of w8ter which 

has a large fluctuation of the organic nitrogen content. Hustedt 

has put forward a hypothesis maintaining that N.confervacea is a 

tropical species which has invaded Europe by transportation on 

waterplants into glass houses. Hustedt gave no evidence or proof 

for this hypothesis, and Cholnoky (l.c.) did not agree with this 

theory. In the catchment 2rea the species W2.S not common and 

was found in small numbers in five samples. 

Fig. - 70. 

Samples - 405, 409, 414, 415, 513. 

N.contenta Grunow f. parallela Boye Petersen. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1~ 

209, F.1328 e - g. 

1928 - Boye Petersen: Danske. Bot.Ark • .2,: 15, F.2. 

1930 - Hustedt: Bacillariophyta. P.277, F.458 b. 

Synonyms: Navicula contenta f. elliptica Krasske. 

One example of this small Navicula species (Fig. 71) was 

observed from Stntion 24 on the Klip River. Although it has been 

recorded from different localities from most of South Africa nothing 

much is kno~m of its autecology. 

Fig. - 71 
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N.cryptocephala KUtzing. 

1844 - Klitzing: Bacill. P.95, T.3, F.26. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 27: 14. 

1930 - Hustedt: B2cillariophyta. P.295, F.496. 

Synonyms: Navicula cryptocephala var. exilis (Klitzing) Grunow; 

Navicula veneta Klitzing; Nc:rvicul~ cryptocephnla var. veneta 

(KUtzing) Gruno"~'l. 

During the investigation of the s8nples in this survey it 

became quite clec:r th"t there W~.s a very lsrge r~nge of variation 

in the morphology of this species. In numerous cPses series of 

forms were found that showed quite pl~inly that the separation 

of this species into the varieties V2T. exilis ?nd v?r. veneta 

was impracticable and that oIl forms should be reg'!rded as the 

typical N. cryptocephaln.. Two examples of this species (Figs. 72, ~J) 

having unusu2clly thick striae around the central nodule heve been 

illustr3ted. 

N.cryptocephala is one of the commonest diatoms found in 

the catchment area. It was observed in nearly every sample over 

the whole region; c:md in some cases it was present in very high 

numbers. Cholnoky (1960B: 250) reg::lrded the species as an 

inhabi tor of alkaline 1vaters, with 2n optimum v!}lue lying around 

pH 7.8. The species is also capable of tolerating fairly high 

concentr8tions of s;t,lts (Cholnoky 1962B: 82). Although 

N.cryptoceph~la is not nitrogen heterotrophic, it is usu~lly found 

in relptively mesotrophic w8ters (Cholnoky 1962C: 325). 

Fig. - 72, 73. 
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N. cryptoceph~,la var. intermedia Grunow. 

1930 - Hustedt: B~cillariophyta. P.295, F.497 b. 

Cholnoky h,!i.s recorded this variety from numerous localities 

in South, .0frica. He hClS however, m.!'de no comment on its system2tics 

or its autecology. Only one specimen w.?cs observed from Grootvlei, 

the Springfield Colliery Dam (Va~l 401). 

Samp18 - 401. 

N.cuspidata Klitzing. 

1844 - Klitzing: Bacil1. P.94, T.3, F.24 and 37. 

1894 - Cleve: N2viculoid Di::ttoms. Kongl.Sv.Vet.Akad.Handl.26: 109. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogamenf1ora Teil 1: 
59, F.1206 a. 

1930 - Hustedt: BacillHriophyta. P.268, F.433. 

Synonyms: Bo.cillr?.rin fulva Nitzsch; Cymbella lCltefasciata 

Agardh; Frustu1ia cuspidata Klitzingj Navicul8 fulva Ehrenberg; 

Navicula ReinickiAna Rabenhorstj Vanheurckia cuspidata Brebisson. 

For further synonyms see Hustedt in Rabenhorst (l.c.). 

It is interesting to note that the nomenclatur21 rules of 

priority hpve not been applied in this case. Cleve in his Synopsis 

(Cleve 1894: 110) remarked th8t it would h,gve been more correct to 

call this species N.!=l.vicula fulva, as B2.cillari8 fulva was described 

by Nitzsch in 1817. Cleve maintained the name Navicula cuspidata 

purely because it was the most generally accepted name. 

According to Cholnoky (1962B: 82) the species thrives best 

in well buffered neutral to weakly 8cidic waters. It has been 

recorded from only five samples from the Va;::tl River, twice in the 

acidic waters of Station 1, twice from Station 2A, rtnd once from 

Station 3. 
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N.cuspidata var. ambigua (Ehrenberg) Cleve. 

1894 - Cleve~ Naviculoid Dintoms. Kongl.Sv.Vet.Akpd.Handl.26: 110. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 
62, F. 1203 b. 

1930 - Hustedt: B9cillariophyta. P.268, F.434. 

Synonyms: Navicula sphaerophor2 Donkin; Navicula. birostrata 

Gregory; NRvicula qU2rnerensis Grunow; VaThseurckict ambigua 

Brebisson. 

It would appear that it is merely on sentimental grounds 

that var. ambiguti is m~.intained as a variety of N .cuspidata. The 

differences between the t\'iO are so trivial that it is probably 

better to sink the variety into the typical form of the species. 

Not much is known of the autecology of the variety. In the 

region under investigation the variety is far more coronIon than the 

typical forms and was recorded from a rel:"tively large number of 

samples. 

N .cuspidata var. Heribaudii Perp,gallo. 

1893 - Peragallo: in Heribaud, Diat. d'huvergne P.l08, T.4, F.16. 

1894 - Cleve: Naviculoid Di~toms. Kongl.Sv.Vet.Akad.H3ndl. 26: 

110. 

1927 - 1964 - Hustedt:: Rabenhorsts Kryptogamenflora Teil 1: 60, 

F .1207. 

1930 - Hustedt~ Bacil18Tiophyta. P.268, F.435. 

Synonyms: Navicula 81nbigua var. craticula VB.n Heurck; Navicula 

semota f.Schmidt; Navicula Elsae Thurn Pantocsek; Nqvicu1a cuspidata 

var. Mayeri Cleve-Euler; Navicula cuspidata var. ambigua f. 

Heribaudii Il.Cleve-Euler. 

This variety is most uncommon in South ,~frica, being reported 

once from Natal by Cholnoky (1960A: 57). Foged (1966: 72) has 

recorded it from Ghana. It was found in the catchment area in one 

sample from a smC111 stream near Vrede. 

S8mple - 422. 
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N.dicephala (Ehrenberg) H. Smith. 

1853 - vI. Smith~ Brit. Diat. Vol.l. P.87, T.17, F.157. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.~kad.Handl.27: 21. 

1930 - Hustedt: Bc<.cillnriophyta. P.302, F.526. 

Synonyms: PinnulariR. diceph~la Ehrenberg; Naviculp undula 

Schumann. 

Hustedt (1937 - 1939, Supple 15: 274) regarded this species 

as living entirely in alkaline water. It has 0 geDernl distribution 

in freshwater, but in the Va"'l D:J.m catchment area it is not common. 

It is usually found singly or in very small numbers. 

N.d~cephala var. undulata Ostrup. 

1930 - Hustedt~ Bacillariophyta. p.303, F. 527. (Under 

N.dicephala var. neglecta). 

This variety occurred far more frequently than the typical 

forms. The ItJaterval River System was the only system in which it 

did not occur. Hustedt (1937 - 1939, Supple 15~ 275) claimed that 

the variety was recorded from water with 3 pH-range of 4.8 - over 

8 with approximately the s~~e frequency. Cholno~ (1962B: 83) 

refuted this statement and said that the pH optimum for this 

species is found in weakly acid to neutral water. As the water 

in the Catchment area is normally of a weakly alkaline nature, 

it is not surprising th at this variety does not occur in any sample 

in large numbers. 
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N.difficillima Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3: 

85, F.1227. 

1950 - Hustedt: Norddeutscher Seen. Arch.Hydrobiol. 43: 

436, T.36, F.86 - 88. 

The small thin-walled hyaline Navicula species are extremely 

difficult to identify with certainty. Since no sculpturing of the 

valve surface can be recognised, the only characteristics separating 

the species from each other are the dimensions of the valve and its 

shape. In Fig.74 2 diatom valve has been drawn, which does not 

quite fit the description of N.difficillima, and yet at the same 

time is more like this species than any other species known to the 

author. It differs in the shape of the valve, vlhich in this 

specimen was linear lanceolate, 'tvi th broadly rounded poles that 

were not produced. The poles were slightly thickened;agreeing 

wi th the description. One other specimen of this speCies was 

recorded from the VRal River. 

Fig. - 74. 

Samples - 253, 307. 

N.digitulus Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogHmenflora Teil 2: 
252, F .1378. 

1943 - Hustedt~ Internat. Rev.d. Hydrobiol. 43: 162, F.26 - 30. 

The two specimens illustrated in Figs. 75 and 76 were 

undoubtedly N.digitulus. This apparently constitutes the first 

record of this species in South Africa. 

Hustedt (l.c.) commented that this species is a 

"SlisswClsserform, in neutralen bis humussauren Gewassern lebend, 

vielleicht nordisch montan". This species was recorded in two 

samples (Vaal 370 and 479) from the headwaters of the Va~l River, 



(210) • 

where the m?rshy conditions are suitable for humic acid produc-

tion. The pH-values for this sampling point remc:dn const~nt 

at about pH 6.0. The specimens found in Lake Chrissie have 

probably- been vlClshed into the lake, ,qs the lake itself is alk?line. 

Fig. - 75, 76. 

Samples - 370, 479, 485. 

N .diuturna Cholnoky . 

1962 - Cholnoky: Ost Transvaal. Hydrobiologia 19: 83, F.B, 9. 

This small species has only been recorded from the Eastern 

and Southeastern Trc:msvan.l. Due to its r~rity nothing is known 

of its autecology. On.x2Iflplc of this small dieto·1 (Fig. 77) h~.s been 

illustrated so that it can be comparee' \{i th the follm·nng sp ecies. 

Fig - 77. 

N.diuturnoides Archibald. 

1966 - Archibald: ReTe DiC1toms from S.A. Nova HedwigiC'. Suppl.21: 

258, F.17 - 23. 

Since first describing the species mp,ny other specimens 

have been observed which m?ke it possible to improve on the des-

cription of the species by noting the greater r~nge of variation 

in form and dimensions. As the n2me suggests this species has a 

great similarity to N.diuturna Cholnoky (see above), but differs 

from that species by the more coeTsely stri,'1ted v~lves ~nd because 

it is not protr~cted 8t the poles. N.diuturnoides also bears a 

resemblance to N.tenellt1eformis Hustedt (1937 - 1939, Suppl.15: 

269, T.19, F.14, 15.) but differs from this species in thDt the 

vRlve is more elliptical, has no centrpl area, ~nd the strine 
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which are p~rallel at the poles [Ire greater in number than in 

N.tenell~eformis. 

The valves ~re linear, linear-elliptic!:ll to lpnceolate; 

the poles in the linear to line-?r-elliptical forms [lre bro~dly 

rounded, while in the lanceolate forms the poles Dre more 

acutely rounded; the valves nre 7.5 - 13.0 ~ long, and 2.5 -

3.5 f broad. The r2phe is straight ~nd filiform, with small 

relatively closely situated central pores. The axial areCl. is 

narrow and linear, ctnd does not v-Jiden into a central area in 

the region of the central nodule. The tr2.nsapical striae are 

delicate but easily seen, radial in the middle and parallel 

or slightly convergent at the poles, 24 - 28 in 10 p, (usually 

24); in the region of the central nodule there are sometimes 

one or two irreguarly shortened striae, usually the two central 

striae. Figs. 78 - 90. 

The L8.tin diagnosis N'ill be found N'i th the original 

description of the species. 

In the iT ::;~l Dam catcl-'tinent area this neN' sp ecies is quite 

common but never occurs in l2.rge numbers. This seems to indicate 

that it never experienced its optimal growing condition~. As the 

species is so little known it is not possible to comment on its 

autecology. It WClS recorded mainly from the \'JAterval and VaCl"l 

Rivers. 

Fig. - 78 - 90. 
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N.elginensis (Gregory) R~lfs. 

1861 - Ralfs~ Diatom2cc2e in Pritchard's Infusoria. 

London. P.902. 

1930 - Hustedt: Bo_cillpriophyt[',. P.303. (under N.dicepha18 

v~r. elginensis). 

Synonyms: Pinnularia elginensis Gregory; Navicula diceph~la var. 

elginensis (Gregory) Cleve. 

According to De Toni (1891: 57) Ralfs described N.elginensis 

in 1861, Hhich is some time previous to Grunow, and he is, 

therefore, the correct and vCllid author of the species together 

with Gregory. Cholnoky (1960A: 58) recognised this, but later 

reverted once more to the incorrect combination of ~uthors, 

(Gregory) Grunow (cf. Cholnoky 1962A: 39). 

This species wn.s not particu13rly common in the rivers under 

study, 2nd never occurred in great numbers in ~lny s2l7lple. Little 

is known of the autecology of this species. 

N.esamangensis Foged. 

1966 - Foged: Freshwater Diatoms from Ghana. 

Biol.Skr.Dan.Vid.Selsk. 15~ 74, T.8, F.20. 

Synonyms~ Navicula helensoides Archibald. 

A new Npvicu1.'?" species, N.helensoides Archibald (1966A: 

259, F.25), was described in the early period of this survey, 

but was subsequently regarded to be better equated with N.vasta 

Huatedt (1937 - 1939, Supple 15: 273, T.19, F.19 - 21). However 

on further examination of this species certain differences were 

found warr~nting a distinction between N .helensoides ~lnd N. vasta. 

The diagnostic features sep~rating this species from N.vasta are 

the prominent axial rib which encloses the r~phe in N.he1ensoides, 
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~nd the markedly different centrDl area. According to Hustedt 

(l.c.) N.vasta has a very narrow axial area, which is slightly 

lanceolately widened around the central nodule. In the specimens 

observed'in the catchment are9, the centr~'1 area is distinct, round 

or rectangular in outline. Furthermore the I1rr-::1ngement of the 

striae 2round the central nodule in these specimens was different, 

being vudely spaced and irregularly shortened. In view of these 

differences it was felt that N.helensoides should be retained as 

a separate species. However on receiving a recent paper by 

Foged (1966) on the diatoms from Ghana, it was found th3t 

N.esamangensis Foged (1966: 74) was identicpl to N.helensoides 

(Figs. 91 - 93), ~nd that Foged's species had priority by one 

month. Accordingly N.helensoides becomes a synonym The 

specimens of N.esC'1IDcmgensis observed in this study serve to widen 

the r(1nge in dimensions, ['n.d should be included in any future 

descriptions of the species. The valves Here 10 - 26 ? long ,':Jnd 

3.5 - 6 P broad, and contrincd 20 - 28 striae in 10 p. 

N.es2IDangensis wes recorded from ~ number of samples, 

mainly from the Vaal River, but was not common in any of them. 

Figs. - 91 - 93. 

N.exigua (Gregory) O.~uller. 

1930 - Hustedt: B,acillariophyta. P.305, F .538. 

Synonyms: Pinnulari!"<, exigua Gregory; I~avicula gastrum v~r. exigua 

(Grego~J) GrunOliJ. 

Cholnoky (1960A: 58) stated thpt he found this species in 

neutral to Heakly alkaline waters of Natal. Here the species 

IrJas found in samples from 211 over the c2tchment r:refl, but it 

never occurred in grec1t numbers; it was usually found as isola ted 

records. 
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N.exiguiformis Hustedt. 

1945 - Hustedt: Bn1kan-Ha1binse1. Arch.Hydrobio1. 40: 929, 

T.42, F.21, 22. 

Synonyms~ N2vicu1a tenebrata Hustedtj NClvicu12. von Hauseniae 

Cho1noky. 

Before Cho1noky received Hustedt's paper on the Congo 

material (Hustedt 1949A), he described a species, N.von Hauseniae 

(Cho1noky 1954~: 419), vihich he subsequently found to belong to 

N.exiguiformis Hustedt. Hustedt, working with rich material 

from the Congo, was ~lb1e to extend pnd amplify the range of 

v~riation of this species. Cho1noky's species fell into this 

new range of dimensions ~nd thus it became a synonym of 

N.exiguiformis. 

N.exiguiformis lives in neutral to weakly alkaline 

waters (Cho1noky 1960A: 58; 1960B: 252), and has an optimQ~ 

around pH 7.8 (Cho1noky 1966A: 34). It was uncommon in the 

catchment are;J, being found in only seven samples. 

Samples - 312, 321, 362, 364, 403, 412, 422. 

N.exi1issL~a Grunow. 

1880 - Grunow: in V.H. Syn. T.14, F.30. 

1896 - C1eve~ Navicu10id Diatoms. Kongl.Sv.Vet.Akad.Hand1.27: 3. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogmnenflora Tei1 1= 
261, F.1389. 

1930 - Hustedt: Baci11~riophyt!:J .• P .288, F .487. 

The one very sm2.11 eXRmple of this species, seen here, 

had very fine transapica1 striae which were just visible, and 

therefore probably number more thnn 40 in 10 f- Cholnoky 

(1966A: 34) has illustrated a specimen which has shortened striae 

on either side of the central nodule. 
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As there have been so feH records of this species, 

nothing much is known of its autecology. 

N.fluens Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog2menflora Teil 1: 
258, F. 1386. 

1930 - Hustedt: B!"lcilleriophyt2. P.285, F.474. 

Synonyms: N2vicule exilissima VDT. dubia Hustedt. 

Two ·exQIDples of specimens (Figs. 94, 95), which are 

slightly narrm,fer than normal (4 p vJide), have been drawn. 

In all ether respects they agreed ~-J"i th Hustedt' s description. 

Ag::>.in this is a very little known species, and was found in 

only three samples from the catchment 2rea. 

Figs. - 9L, 95. 

N.Fritschii Lund. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1= 
181, F .1315 R. - h. (under N2,vicula insociabilis 

Krasske) • 

1946 - Lund: ObservC'..tions on Soil Algae. The New Phytologist 

45: 77, F. 7 A-G. 

ThGre h0..s been some confusion over the system:--tics and 

taxonomy of this species. However, both Lund (l.c.) Rnd Cholnoky 

(1957A: 62; 1960A: 59) hove clearly refuted Hustedt's (l.c.) 

contention that N.Fritschii is identical to N.insociabilis Krasske. 

On the h9.sis of these arguments it is preferable to follow Lund's 

systematics with regard to this species. 

In South llfrica the species has been found in weak to 

relatively alkaline waters. In the Vaal Dam catchment a.rea it 



(216) • 

was not ccrnmClD and was recorded from only three samples, biO 

coming from Station 5A on the Vaal River, and one from Station 

9 on the Wilge River. 

Samples - 322, 323, 328. 

N.Fritschii var. dissipatoides Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3: 

181, F.1315 i, k. 

1957 - Hustedt: Abh.naturw.Ver.Bremen 34~ 303, F.27. 

While ano.lysing these snmples some specimens of N~vicula 

tiere identified ~s N.tenera Hustedt (1937 - 1939, Suppl.15: 

259, T.18, F.ll, 12). On a reconsideration of the specimens 

it is thought best to call them N .Fritschii v(?,r. dissipatoides 

although it does not quite fit the description for this variety. 

The m~in reasons for assigning these specimens to var. dissi-

patoides are because the valves are linear with more or less 

po.rallel sides [md broadly rounded ends, the r3phe branches o.re 

slightly curved, and the terminal fissures are situated at a 

distance from the poles. The examples observed here differ 

slightly in their dimensions, being in general smaller than the 

dimensions in the description and being more coarsely striated. 

However these differences do not warrant the creation of a new 

variety as there is a progressive series linking my specimens 

with this variety. The valves are generally from 11 - 15 ? long, 

and 4.5 - 5 ? broad, and contained 18 - 20 transapical striae in 

I hcve illustrated an example in Fig. 96. 

As far .r;s is knm·m this is the first record of this vnriei{{ 

for l\fricn. It was found in a nUt'llber of samples from the lvaterval 

and Vaal Rivers, but in very small numbers, usuC'lly only one or two 

in a sample. 

Fig. - 96. 
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N.Geitleri Hustedt. 

- Hustedt= in A.S. Atl. T.400, F.16 - 18. 

1937 - 1939 - Hustedt: J2va, Bali und Sumatra. 

Arch.Hydrobiol.Suppl. 15: 263, T.18, F.34. 

Synonyms: Naviculp irreversa Cholnoky. 

In s81Tlple Va?l 449 one specimen (Fig.105) fitting the 

description of both N.Geitleri Hustedt and N.irreversa Cholnoky 

(1965: 71, F .23) equally well, was illustr~.ted. This posed the 

question whether these two species are essentially different. 

In the table below the descriptions of the v,-rious ch8racters 

as written by Cholnoky and Hustedt have been compQred:-

N.irrevers2 Cholnoky 

~ie beobachteten wenigen Schalcn 

karen brei tlanzettlich, mit 
! 
I 
I 

~iemlich spitz vergezogenen, 

~leichm~ssig gerundeten Enden. 
I 

~8 - 23 f l!:.'ng, etwa 8 ? 
i 

brei t. 

~(~phe gerBde, f[l.denformig, mit 

kleinf;n vonein!>nder mDssig 

kntfernt gestellten Zentr~lporen 
( 

i 

lund einseitig abgebogcnen, in 
i 
i 
I 

'der SchCllenflache beinahe gerade 

N.Geitleri Hustedt. 

Schalen waren breit 

elliptisch-lanzettlich 

mit kurz und spitz 

geschnabelten Enden. 

16 ? l~ng, 7 p breit. 

Rnphe ger?de. 

jerscheinenden Endspal ten. ~ 

t: 

lIXia12rea schm2.l1enzettlich in lbcialarea schmal linear, in I 

!der Mi tte nicht zu einer Zentr-9.1- der Mi tte kaum erwei tert. 

:are2. erwei tert. 



N .. irreversa Cholnoky N.Geitleri Huste~t. 

;Transapikc'.lstreifen durchwegs Trnns apik2-lstreif en stark 
I 

;radi3.l, in der Nahe des radial, 16 - 18 in 10 ?, 

~ittelknotens oft mit 

einzelnen verklirztcn 

; zv.-rischengeschobenen in der 
i 
'Mitte 15 in 10 p, gegen die 

Pole nur unbedeutend dichter 

l\verdend. 

von der Mitte gegen die Enden 

etwas enger werdend, in der 

Mitte des Schalenrandes mit 

einigen (meistens 3-4) 

eingeschobenen kurzen 

Streifen. 

Apart from smClll differences in dimensions (Cholnoky stated 

that he h2d not secn the full range of variation) and the number 

of trans apical str'iae in 10 f' there seems little evidence to 

justify two species, and should therefore, be united. Following 

the rules of priority N~G8itleri Hustedt is the most v~lid name 

for this species. N.irreversa Cholnoky is therefoma synonym. 

This species was recorded from Station 26 on the Klip 

River, Dnd from one sample from the l1i tzieshoek area. 

Fig. - 105. 

Samples ~ 204, 449. 

N.gilva n~2p .. 

This new species belongs to the group of diatoms similnr 

to N.omissa Hustedt (1927-1964, Teil 2: 160, F.1295) R.nd N.aquosa 

Archibald (1966A: 256, F.7, 8), but differs from these two 

species in its valve shape, and in the number and arrangement of 

the transapical striae. In N.aquosa the polar striae are parallel 
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while in the new species they are raJial throughout. N.gilva 

differs from N.:>miss2 in the shape of the valve and the much 

coarser striRtion. 

The valve is ellipticpl to linear-elliptical with 

broadly roundect ends vrhich ore not rostrete, about 7.5 - 10 F 

long and abc-ut 4 F br08d. The full rc>.nge of variation cannot 

be given as so few specimens hRve been seen. The raphe, which 

lies in a re12tively 1-Tell developed nxial rib, is filiform with 

slightly arcunte branches; the central pores 2.re not widely 

separated ~nd the polar fissures havo not yet been observed. 

The [QCial area is narrm-T and linear, 2.nd the central area is 

absent. The transapical striae are radial throughout and do 

not become more dense towards the poles, about 18 in 10 p. 

Figs. - 97, 98. 

This small species was r3.re in the catchment area and was 

found only in two samples from the VaC'l ~iver (Stntion 5/1
.) ~nd 

from a small strePID near St8nderton. 

Figs. - 97, 98. 

SQmples - 375, 420. 

N.gregaria Donkin. 

1861 - Donkin: Marine Di8t. of Northumberland. Q.J.M.S. 1: 10, 

T.6, F.IO. 

1894 - Cleve: NClviculoid Di~toms. Kongl.Sv .Vet.Ak2.d.Handl. 

26: 108. 

1930 - Hustedt: Bacillariophyt'l. P.269, F.437. 

Synonyms: Navicula cryptocephala W. Smith (nec N.cryptocephala 

Klitzing); Navicula lanceolata 1fT .Smi th; Navicula venet~ Schumann; 

Navicula Grcmum Avenae Schumann; Navicula k2.ikonkiensis \Noodhead 

et Tweed. 
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Hustedt (1957: 265) has described this species as being 

halophilous, but Cholnoky (1955C: 81; 1960A: 62; 1960B: 251; 

1962B: 84) hns shown conclusively through his studies on fresh 

-vmter m~~ttericll in South Africa, tho.t N .gregaria is not hAlophilous. 

It has been found in waters which ;}re relativ81y r!.lkaline in 

n8.ture. It was recorded from one sample collected from a small 

stream ne3r Villiers. 

Sample - 404. 

N.Grimmei Krasske. 

1925 - Krasske: J~bh.u.Ber.Ver.f.N2.turk.Cassel 56: 45, 

T.l, F.14. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogemenflorD. Teil 1: 
769, F.1742. 

1930 - Hustedt: Bacillariophyt q • P.274, F.448. 

synon~ns: NaviculA bicapitell~ta Hustedt; Navicul~ Grimmei var. 

rostellnta Hustedt; Nnvicula eleph(-1ntis Cholnoky. 

The valve shDpe of this species is very v~ri~ble indeed. 

It is so v!1.riable that Cholnoky (1963A: 34) described some forms 

from the one end of the v::'.ri2tion range as a completely new 

species, N.elephantis. HovT8ver subseouently Cholnoky (1966B: 189) 

discovered transition~l forms which linked N.elephentis with 

N.Grimmei. N .elel)hantis thus became ~c synon~ of N .Grimmei. 

In the same paper Cholnoky gave a series of drawings (Figs. 28 -

30 and 32 - 40) which illustrated the transition from N.eleph3.ntis 

through N.Grimmei var. rostell!'{ta Hustedt (1937 - 1939, Suppl.15: 

236, T.17, F.13) to the typical forms of N.Grimmei. This 

showed conclusively that all three taxonomic entities were in 

fact the same thing. N.Grimmei var. rostell~ta is, therefore, 

also a synonym." Further Cholnoky (1963D: 242) has pointed 

out a discrep[lncy betwesn Hustedtts description of N.Grimmei 
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(Hustedt 1930: 274) and his drawings in A.S. Atlas T.405, 

F.26 - 29. In his description the number of striae is given 

as about 25 in 10 r' while his drawings deDicted from 20 - 22 

in 10 f.' Both Cholnoky and the ~uthor have found specimens 

possessing most cOIY1'TIonly from 22 - 24 transapical striae in 10 )1. 

110st specjmt;ns in this series of s?mples "tv-ere of the type with 

capi tate poles, one of which has been illustrrltcc1 (Fig. 99) • 

/~ccording to Cholnoky (19601\: 63) N.Grirnn~Gi is widespread 

in neutr,~l to weakly alkaline waters, and has a pH optimum of 

around pH 7. In the cntchment :,~red the species W2S found in 

many samples, but Hith low percentage occurrences. This would 

indicate th2t the pH of the Welter in the catchment area is 

generally higher than pH 7. 

Fig. - 99. 

N.halophilp (Grunow) Cleve. 

1894 - Cleve~ Naviculoid Dietoms. Kongl.Sv.Vet.Akad.H2.ndl.26~ 109. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogaJnenflora Teil 2: 
64, F.1209. 

1930 - Hustedt: Bacillariophyt2. P.268, F.436. 

Synonyms: Navicula cuspidata v,:::r. h("11o-;Jhila Grunow; 

Brebissonia Boeckii Pantocsek; N9.vicula halophila Vdr. mt1.ior 

Heribaud; Navicula halophila var. Eusebioi Heribeud; 

Navicula halophi12 v~r. arvernensis R.d tAubert; Ihvicula 

h~.lophilO:t V2.r. minute-' R.d' !\ubert, N<'lvicul~. hcdophila f. minor 

Hustedt, N~vicula h::1.1ophilo vor. brevis SkvortzQw. 

As its n~@e implies this species find its optimum in 

brackish or saline waters. It is therefore not surprising 

that this species1£s found in such small numbers. The 

specimens were probably "t-Jashed dovID stre8m from waters where 
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there is a higher splt concentr2tion. It was found in five 

samples only, as isolClted specimens. One example, Fig. 100, 

has been illustrated. 

Fig. - 100. 

Samples - 330, 343, 468, 477. 

N.halophila f.robusta Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogomenflora Teil 2: 
65, F.1210 • .. 

1959 - Hustedt: Osterr. Bot.Zeitshr. 106: 401, F.l - 3. 

A specimen from the 1/'laterval River (Fig. 101) was assigned 

to this form of the species N .halophi10. as it fits the description 

of this fOTIn most closely. The only real difference was that 

the longitudin31 costae were not clearly visible in this specimen. 

The f.robusta has not previously been reported from South Africa. 

It was found in only one sample from the TtJaterval River 

(Va~l 554). 

Fig. - 101 

S8mplc - 554. 

N.halcphila f.tenuirostris Hustedt. 

1942 - Hustedt: Intern3.t. Rev.d.Ges.Hydrobiol. 42 (1): 52, F.76. 

1966 - Patrick ond Reimer: Diatoms of the U.S. P.467, T.44, F.5. 

Fig. 102 illustrates a specimen which agrees with the 

description of this form given by P?trick ~nd Reimer (l.c.), 

and on this basis there was no hesitation in assigning it to 

this form of the species. 

As far as is known this is the first record of this form 

in South Africa, and it occurred in one sample from the Groot-
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spruit stream, which is 8. tributary of the Waterval River. 

Fig. - 102. 

Smnple - 411. 

N.Hnmbergii Hustedt. 

1925 - Hustedt: B2cill.Snrekgebirges. P.562, T.17, F.2. 

1937 - 1939 - Hustedt: J::tVCl, Beli und Sum~tra. Arch.Hydrobiol. 

Supple 15: 263, T.18, F.35 - 37. (under 

N.quadripertit~ Hustedt). 

1943 - Hustedt: Neue und wenig bekannte DiDtomeen. Ber.d.Deutsch. 

Bot.Ges. 61: 282. 

Synonyms: Navicula quadripf1.rtita Hustedt. 

Cholnoky (1954C: 283) he.s reported the occur"i'ence of small 

forms of this species (12?- long) in South ·\fricn. The small 

specimen (Fig. 103) observed in this study supported Cholnoky's 

observaticns. This specimen was 14 ? long ~nd 6 ? broad. 

Although Cholnoky (1960A: 64) hDS stated that this well 

defined species appeC'Ts to be widely distributed in South Africa, 

it occurred in only two samples from the catchment area. 

Fig. - 103. 

N.hungarica Grunow var. c?pito.tR (Ehrenberg) Cleve. 

1896 - Cleve: Naviculoid Di~toms. Kongl.Sv.Vet.Akad.H~ndl. 

27: 16. 

1930 - Hustedt: B['cill[1riophytn. P.298. F.5.o8. 

Synonyms: 

Ehrenberg; 

W. Smith; 

Donkin. 

Pinnulori2 capitata Ehrenberg; Pinnularia signata 

Pinnularia g8rgo.nic~_ Rabenhorst; N2vicula inflnta 

Navicula globiceps Lagerstedt; NRvicula humilis 
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The variety occurs more cornmonly than the typical forms 

of the species, and in the c!ltchment area only the variety was 

observed. It is usually f0und in weakly 01kaline waters 

(Cholnoky ,1962B: 85), Cl.nd as a result it occurred in many samples 

from the catchment area, but never in great abundance. 

N.Hustedtii Krasske. 

1923 - Krasske: Bot.Arch.l: 198, F.3. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 
150, F.1281. 

1930 - Hustedt: Bacillariophyta. P.274, F.449. 

This species is seldom seen in South "ifrica, and only a 

single specimen was observed in the catchment area from the 

Grootspruit, a tributa~J of the Waterval River. 

Sample - 411. 

N.indifferens Hustedt. 

1927 - 1964 - Hustedt: R~benhorsts Kryptog2lTlenflora Teil 3: 

84, F .1226. 

1942 - Hustect: Ber.d.Deutsch.Bot.Ges.60: 67, F. 27 - 30. 

The sm211 hyrtline species of Navicula ~re extremely 

difficult to identify with certainty. The m2in diagnostic 

characters in these di2toms ~re the sh?pe nnd dimensions of 

the valVe. The v::lve shape con, however, be very varL:tble. 

It is therefore possible thrlt some of these hy~_line species 

have been described under different names, and it might only 

require transition~l forms to unite them. In this regard 

Chnlnok'.r (1964: 69; 1966B: 190) put forward the idea that 

N .indifferens, with slightly protr2"cted poles, might in fact be 
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N.arvensis Hustedt (1937 - 1939, Supp1. 15: 249, T.20, F.19, 20). 

Cholnoky has h01-leVer not been eb1e to confirm this. The 

specimens from the catchment are8 conform to Hustedt's description 

of N. inctifferens ,'l.nd no trc:msi tionpl forms were seen. 

The distribution of this species in the catchment'"lrec.t was 

wicespre,gd, occurring, h01.,rever, in 101-1 numbers in the samples. 

N.insoci~bilis Krasske. 

1927 - 1964 - Hustedt~ Rabenhcrsts Kryptog'1menflora, Teil 1: 
183, F.131? (under N.monoculata Hustedt). 

1932 - Krasske: DiRtomeenflor!:l der :II,lpen. Hedwigip, '12: 114, F.I? 

Synonyms: Navicula ~onocul~ta Hustedt; Navicula pseudagrestis Lund. 

According to Cholnoky (person,q1 communic2.tion) the 

iconotypes of N.insociabilis are the figures in A.S.I\tlas 

T.400, F.I03 - 105, which were drawn by Hustedt from marked 

specimens on the origin?l slide of Kro,sske. Cholnoky is of the 

opinion that N .insoci2,bilis Krasske ,':md N .monoculntr:. Hustedt 

(1927 - 1964, Teil 2: 183)1.re the sar.1e species, ~nd therefore 

1'1.monr,culatn. must fCi,ll al-fay ~,nd becc,me ,3. s~ynonym. Hustedt 

(I.e.) quite correctly regarded N.pseud",grestis Lund (1946: 76) 

as synonymous with N .monoculata = N .insoci2,bilis. In this 

survey a few specimens of this species v.Tere observed, one of 

which was illustrated (Fig.l04). 

Li ttle is known of its au tecolcgy. It was recorded from 

samples collected 3.t Stations 3, 5, nnd 19 in the Vaal River 

system, from near Hemel, and some scattered localities in the 

Hilge River system. 

Fig. - 104. 

Samples - 240, 332, 365, 417, 422, 429, 441, 493, 495. 
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N .letulent~, n .sp" 

The examples illustrated in Figs. 106, 107 fall into 

the N • H2JTlbergii group cf Npvicu12o. The new species, however, 

differs quite widely in its structure from N.H~mbergii Hustedt 

(1924: 562, T.l?, F.2), end the other species of its group. 

Thc? v21 ve is lCJnceol~te with rel:?ti vely acutely rounded 

and r'JS trate poles, 1705 - 20 ? long, -:-'nd 5 - 6 ? wide. The 

r2.phe is straif::ht ,'J.nl1_ filiform vJith re12tively long slightly 

lunate pol~r fissures. The axial areC'_ is narrow at the poles, 

but vlidens intc' a l~nceolate are2.. occupying about cne third of 

the valve width. The centr21 2Tea is consequently absent. Due 

to the l'J.nceolate axial area the trClnspicRl striae are relatively 

short, projecting about one third of the way into the valve. In 

the central part of the valve there are m2.ny shortened striae 

sometimes giving 2n altern:-,tely longer 2nd shorter p'J.ttern, and 

sometimes at irre,g;J.lar intervp.ls; the stri2_e (-I,round the central 

nodule are also som01.J'h2.t curveci in n(' defined mDnner; they 

number about 18 in 10 p, and are rprii?l in the middle p nd parallel 

to very sliGhtly convergent .'It the poles. 

In the co.tchment nre:] only throe specimens of this species 

were observed, one from the l rI2torval River, one from the Kaffir­

spruit stream and the other from the R ussesprui t strcarrl. 

Figs. - 106, 107. 

N.longicephala Hustedt. 

1943 - Hustedt~ Neue und wenig bek,:,_nnte Di2tomeen. 

Ber.d.Deutsch.Bot.Gss.61: 277, F.17. 

Syncnyrr_s: NaviculCl biceph2,12. Hustec1t. 

Cholnoky (1962A: 41) has shmm th2..t N.longiceph:::.la Dnd 
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N.bicephala Husteot (1952: 398, F.I06) are synonymous. In the 

catchment ,"Tee:. only two specimens 1',TE:.;re seen. One of th em was 

slightly [lberr'"1nt in the shC"l.pc of the v31ve, h:->ving slightly 

undul,~.te margins tc' the v~l ve instead 0f the norm81 str~ight 

wall (Fig. 108). This species is widespre~,d in ?lkaline 

waters (CholnobJ 1959: 44). 

Fig. - 108 .. 

Samples - 301, 485. 

N.manubic>lis Archib01d. 

1966 - !\rchibald: Rare Diatoms from S.fc. Nov?, Hedwigia Suppl.21: 

260, F.29. 

This species falls into the Grou~ Navicul,~e bacillares 

Cleve emend. Hustedt, on account of the raphe lying in a well 

developed 2xial rib. The general ~ppear1nce of the valve 

is similar to N.fluviatilis Hustedt (1927 - 1964, Teil 2= 

158, F.1291) .. It differs from this species by the absence 

of the constricted middle section of the 2xi3.1 area. During 

the course of the study further specimens were observed, with 

the result that the range of variation cf the species c,~n now 

be enlarged. 

The v8.1ve is linear-elliptical Nith f~irly broadly rounded 

ends, about 12 r long 2.nd 4.5 P. Hide. The r 20he is straight [md 

filiform, ~nd lies in a well developed axiC11 rib. The axial areo. 

is n~rrcw and linear, 2nd does not widen C1round the central nodule 

to form !), central area. The trc:ms(lpic21 striae 2re r!J.di21 

throughout, 21 - 24 in 10 p, wider apart in the mLddle than 

at the poles. Fig. 109, 110. 
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This species was recorded from two samples in the 

catcfnnent area. 

Figs. - 109, 110. 

Samples - 406, 512. 

N.Mengeae Cholno~J. 

1954 - Neue und seltene Diatomeen. Oster~. Bot. Zeitschr. 101: 

418, F.58 - 60. 

Cholnoky (personal communication) no longer believes 

this species to be a Navicula. He now maintains that what he 

described as a "scharf umgrenztes, bandformiges Feld, das bis 

zum Schalenrand reicht" (Cholnoky 1954A: 418) is a stauron, 

and that this species would be better placed in the genus 

stauroneis. However, these views have not yet been published 

aJld for this reason this species has been retained as a NClvicu18o. 

A single speclinen (Fig. 273), slightly narrower than 

normal (3 f instead of 4.5 p), was recorded from Station 24 

on the Klip River. 

Fig. - 273. 

Sample - 358. 

N.microcephala Grunow. 

1880 - Grunow: in V.H. Syn. T.14, F.29 

1896 - Cleve: Naviculoid Di8toms. Kongl.Sv.Vet.Akad. 

Handl. 27: 4. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora 

Tei12: 258, F.1385. 

1930 - Hustedt: Bacill~riophyta. P.289, F.491 

Synonyms: Achnanthidium microceph~la ifiT. Smith. 
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There is some doubt attached to the correctness of the 

identification of this species. A few forms assigned to the 

new species N.subarvensoides Archib£ld (1966A: 262, F.39) are 

nOTrV" thought to be better placed with this species. These forms 

were generally w8(1.kly silicified, linear-lanceolate in shape and 

slightly protr~ct8d ~t the poles. The transopical striae were 

sometimes too fine to be seen (Fig. 114), while in others they 

numbered about 36 in 10 p (Figs .. III - 113). 

N.microcephala was found in a relatively large number of 

samples, but, due to its preference f or a neutr'::' 1 to acid pH-value 

of the: w<'";t8r , it did not occur in very high numbers. 

Fig. - III - 114. 

N.minima Grunow. 

1880 - Grunow: in V.H. Syn. T.14, F.15, 16. 

1894 - Cleve: Navicu10id Diatoms. Kongl.Sv.Vet.Akad.Hnndl. 

26: 128. 

1927 - 1964 - Hustedt: Rnbenhorsts Kryptogamenflora Teil 1~ 

249, f.1374. 

1930 - Hustedt: B~cill~riophyt~. P.272, F.441. 

Synonyms: N?vicul;-, minutissima Grunow'; Nr'.vicu12 Ssmgerii V[1r. 

Grunow; N~.viculp, ::'ttomoidcs yare subserians Grunow; Syncdra 

pusilla Klitzing; N0 vicu18 minim!2 vr>r. ,.-,tomoides Cleve; Navicul·1. 

minim~J. V!ir. genuin~ Cleve-Euler. 

In the catchment area the specimens of this species were 

very small, ranging from 5.5 - 6.0 ? in length. 

It has not been possible to gather much information about 

the rJuteco1ogy of this species. In this region it has been found 

in small numbers in samples from a widespread area. 
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N.minuscula Grunow. 

1880 - Grunow: in V.H. ,Syn. T.14, F.3 

1896 - Cleve: N2viculoid Diatoms. Kongl.Sv.Vet.Akad.Hrcndl. 27: 4. 
1927 - 1964 - Hustedt: R~benhorsts KryptogomenflorR Teil 3: 

254, F.1381. 

1930 - Hustedt: B:'"1cill,;riophyt~. P.288, F .483. 

Synonyms ~ Np,viculo, importunn Hustedt; Navicul~ p~uci visi tnte: 

Patrick. 

Some irregul!lr forms, onu of "lNhich is illustrClted (Fig. 115), 

have been assigned to this species since they ".re more akin to 

N .minuscu1C1 than p_ny other species. These forms were elliptic-

lanceol['-te, 8.5? long and 3.5 r bornd, and had convergent trans-

apical strine at the poles. Cholnoky has also found similar 

small exomples. 

Cholnoky (1960A: 70) reportee: this species from neutr21, 

unpolluted waters, h~ving a high oxygen concentrC1tion. In the 

catchment area it was recorded in the Kalk River (.St-'ltion 15), 

the V 2,,'] 1 Ri vcr (St,'"tion 5A), the 1,'Jaterv~l River (St;:1tion 17) nnd 

~. sm211 tributary of the VO(ll Hiver nenT St8tion 5/'1,. 

Fig. - 115. 

Spmples - 321, 337, 402, 408. 

N.mo1est~ Krasske. 

1927 - 1964 - Hustedt: Rnbcnhorsts Kryptogamenflora Teil 1~ 

252, F 0 1379. 

1938 - Krasske: Arch. Hydrobiol. 33: 528, T.ll, F.20. 

There is little doubt that the specimens nssigned to this 

species are indeed N.moleste, since they agree with Hustedt's 

description (Hustedt l.c.) very well. Some specimens, were 

however, a little longer, being up to 21 Jl long, and some h--:d 
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protracted but not capitate poles, T1'10 exnmples are illustrated 

in Figs. 116 - 118. 

The species, until now, h2s only been reported 2S nn arctic 

freshwater form found by Krasskc in the Spitzbergen. In the 

catchment are~ it was recorded twice from St2tion 1, once from 

L~ke Chrissie and in 2, sample from Sto.tion 17 on the ~Jat8rvQl 

River. This constitutes a ne1-J record for South Africa. 

Figs, 116 - 118. 

N.montisatr0e Cholnoky. 

1959 - Cholnoky: Seltene iv - Kaap-Provinz. 

Osterr.Bot.Zeitschr. 106: 45, F.239, 240. 

The specimen (Fig. 119) assigned to this species does 

not quite conform to Cholnoky's description, but it agreed more 

with this species than with anything else. Th8 only difference 

here was that this specimen has slightly less radial to almost 

parallel striae at the p~l.es • In 2.11 other respects it 2.grees 

. ~~th'Cholnoky's description. 

As this species has only rarely been seen, the Autecology 

of the species remains unknown. The sp ecies -;,.ms recorded from 

only one sample from the V2':'tl River. 

Fig. - 119. 

N.murplis Grunow. 

1880 - Gruno't-T: in V.H. ,syn. T .14, F' .26 - 28. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.AkRd.Hnndl. 27: 3. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1~ 

236, F.1359. 

1930 - Hustedt: B~cill[lriophyta. P.288, F.482. 
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Synonyms: NaviculA" atomus Schumann (nec N.atomus (KUtzing) 

Grunm-v) • 

ChGlnoky (1960B: 252; 1962B: 87) studiod the diatom 

associations in relAtion to the purification of S8vJ2.ge water 

at the Pretoric:t cmd Joh2nnesburg Sew::tge itlorks" He followed the 

succession of one diatom association to r1.nother as the water was 

progressively purified. AS ,'":I, result hi.:: "'T2.S [',bIe to determine, 

Olnong others, the autecology of N.murqlis in f~irly close detQil. 

In contrast with Hustedt I s']llegations that the species is 

"OIigoh;Jlob (indifferent), pH-indifferent, acrophil"(Hustedt 

1957: 277), Cholnoky (l.c.) has found thn.t N.muralis was able 

to reproduce A"t pH vo.lues between 7.5 - 8.5. Furthermore 

Cholnoky discovered that the species was not nitrogen autotrophic, 

but thrived best in conditions where there was a decline in the 

concentr2.tion of the organic nitrogen compounds (belmv 5.0 mg.N/ 

litre), repl~cing the nitrogen heterotrophic Nitzschiae as the 

concentration of organic nitrogen diminishes. 

As Navicula muralis also requires ~. high oxygen content it is 

generally the domin2nt diatom species 2.t the end of a purifi-

cntion process, when the oxygen content is high ,!'I,nd the orgrmic 

ni trogen content of the water lies between 1.0 ,'lnd 5.0 mg. N/ 

litre. It is replC'ced by other11gae at concentr:otions of 

nitrogen less than 1.0 mg.N/litre. In the catchment arep the 

species was relatively common ,'":Ind widespread over the whole area. 
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N.mutica KUtzing. 

1844 - Klitzing: Bacill. P.93, T.3, F.32. 

1894 - Cleve: Naviculoid Di8toms. Kongl.Sv.Vet.~k8d.Handl. 

26: 129. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog2rnenfloreJ Teil 2: 
583, F.1592 a-f. 

1930 - Hustedt: Bacill~riophyta. P.274, F.453 D.. 

Synonyms~ stauroneis ~ Shrcnberg; Stpuroneis Cohnii 

Schumann; N2viculn Chctrcottii Peragal1o; Placoneis muticD. 

Mereschkowsky. 

The systematics of this Sp~Ci8S seems to be particu13rly 

muddled and confused. In later years Hustedt has added to the 

confusion by regarding the forms and varieties, as set out in the 

Bacil12riophyta (Hustedt 1930: 274), as separate species, or as 

forms of other species. For instance the case of N.mutica var. 

ventricosa appears to be very confused. Hustedt transferred the 

description of var. ventrj.cosa given in the B.scillariophyta 

(Hustedt 1930: 275) to N.Heuflerian~. (Grunow) Cleve (cf.Hustedt 

1927 - 1964, Tei12: 618); while the illustrDtion of var. 

ventricosa in the Bacill.~riophyt2 refers to ~n entirely differGnt 

species, N. p.l.ln.earctica Hustedt (1927 - 1964, Toil 1: 613). 

It appeClTs that this species with its many rel~ted forms Dnd 

varieties is in need of 2, thorough revision. Cholnoky (1954D: 127) 

maintrl.ined that more delic2.tely structured forms in acid waters 

were due to the physical conditions of the water. Normctl forms 

were commonly observed in alkaline water .. 

According to Cholnoky (1966B: 191) N.mutica is found in 

well buffered water with a pH optimum near pH 8. Oxygen rich 

water is also a prerequisite for good growth. In the catchment 

area the species, although found in .:1 number of samples, was never 

abundant in [l.ny of the sD.mples. 



N.mutica Yare niva1is (Ehrenberg) Hustedt. 

1911 - Hustedt: Abh. naturw. Ver. Bremen 20: 290. 

1930 - Hustedt: Baci11o.riophyta. P.275, F. 453 c. 

Synonyms: Navicula nivalis Ehrenberg; Naviculi-1 nudosa Donkin; 

NCJvicule. mutica yare quinquenodis GrunoH; N~.vicula mutica var. 

subundul~t8 Grunow; Navicula mutica V2T. pu1chra NcCall; 

Navicu18. mutica vnr. capi t2.tt"l. ~Jislouch et Poretzky; N'-'vicul3. 

mutica vCJr. capi tnta Hustedt; NClvicul'1. mutic!"! V2r. distingucnda 

Hustedt. 

Hustedt in Rabenhorst (1927 - 1964, Teil 1: 620) h..,s 

reinstated this v·~riety ns N::.vicu1a nivalis Ehrenberg on the 

basis that these capi tQte forms ht?ve nothing to do with N .mutica. 

It seems surprising that N .mutica, being such a variable form, 

should have no variations with capitate poles, particularly as 

there are many forms exhibiting protracted ends to the valves. 

At the moment it is preferable to retain these specimens as 

yare nivalis. Cholnoky (1962B: 87) was of the opinion that 

f.nivalis may prove to be an ecological phenotype, since its 

autecology differs slightly from the typical forms of the species. 

In a sample from the Kommandospruit River (\7a8.1 445) a specimen 

(Fig. 151) differing from the normal variet81 forms was observed. 

This specimen conformed in most respects to the description of 

yare nivalis, but differed in the density of the striae, possessing 

about 28 stri~e in 10 f in the middle of the v21ve and about 34 

at the poles. This falls outside the range of v2riation (16 - 24 

striae in 10 )1) given for this variety by Bock (1963: 236). It is 

therefore possible th2.t this sp ecimen enlarges the range still 

further. 

The var. nivalis was not as common in the catchment area 

as the ~pical forms of the species. It occurred mainly in the 

Vaal River. 

Fig. - 151. 
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N.muticoides Hustedt. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogamenflora 

Teil 2~ 598, F.1602. 

1949 - Hustedt: Kongo. Expl. du P2rc Notion2.1 Albert 8: 

82, T.4, F.33 - 36. 

Due to the position of the pore on the v 0.1 ve edge, cmd 

the much finer stri~tion, this species is relativay easy to 

distinguish from N.mutica KUtzing. There is no dcubt that the 

three specimens which were seen were Hustedt's N.muticoides. 

Its autecology is not properly known, due to the rare 

occurrence of this species. It was recorded from Station 31 

on the Komandosprui t River, ?nd from St:-1tions 10 and llC on the 

Wilge River. 

Samples - 330, 333, 445. 

N.nyassensis O. Muller. 

1910 - O. Mliller~ B·:;.cill. nus dem Nyassalande. Engl.Bot. 

Jahrb. 45: 83, T.l, F. 5, 6. 

Synonyms: NaviculCl Mereschkowskii O. M"uller; Navicula 

nyassensis f. minor O.Mlillerj Navicula nyassensis var. longirostris 

O. M*uller; Navicula nYD.ssensis VCl,r. elliptica O. Huller; 

Navicula MereschkoHskii f. r,1inor O.lvIliller; Navicula Mereschkowskii 

var. recta O. ~ruller; 

minor O. Milller. 

Navicula HE:reschkowskii var. recta f. 

Cholnoky (1966A: 40: 1966B: 192) has draVlll attention to 

the fcwt that the systematics of this species is in need of 

revisjon. The distinctions between N.nYClssensis, N.pupulr' Kutzing 

are minimal. In this study the criterin used to distinguish 

N.nY8.ssensis from N.pupul~ Here the number of striae at the centrCll 

nodule, i.e. 18 in 10 p for N.nyassen3is, end 21 or more for 

N .pupula, c:md the shape of the centr':11 9.re:-1 .• The central area 
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of N.pupula is normally cleClrly demarcated and rectangular, 

l.Jhile in N .nyassensis it is not so clear and more oval in 

outline. 

Cholnoky has reported the species from neutral to 

weakly basic waters in South Africa. In the catchment area 

it was not common and was found in only "a relo.tively small 

number of samples. 

N.pascuorum Cholnoky. 

1965 - Cholnoky: Chrissie-Sees. Arch. Hydrobiol. 61: 72, 

F'. 24, 25. 

This small Navicula f~.lls into that group of small 

hyaline diatoms l.Jhich are most difficult to identify. The 

shape of the valve is rhombic-l?nceolate and the weakly silici-

fied valve has 2. prominent axial rib which demnrcates the axial 

area clearly. These two characteristics make it relatively 

easy to identify. Fig. 120, 121. 

As the species has so seldom been observed, the autecology 

remains unknown. In the cntchment a1"82 it 1,') as found in small 

nTh'11bers in !J few saJnples, mc'l.inly from the VaGI River system. 

Figs. - 120, 121. 

S~mples - 307, 447, 453, 464, 465, 485, 486, 512. 

N.permitis Hustcdt. 

1927 - 1964 - Hustedt: R2benhorsts Kryptogamcnflor2 Teil 2: 
174, F.1306. 

1945 - Hustedt: Bn.lko.n-Halbinsel. Arch.Hydrobiol. 40: 

919, T.41, F. 8, 9. 

N.p8rmitis is yet another of these smelll hyaline N~tVicula 

species. It is very closely related to N.pelliculosa (Brebisson) 
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Hilse (cf. Hustcdt 1927 - 1964, Tei11: 173) from which Hustedt 

sep3ratec1 it because N • penni tis hCls narrovJer v·'"'lv8s ond the 

axial rib is not so well developed. Hustedt (I.e.) 01so pointed 

out that 1'1.n01(;ns Simonsen (cf. Hustedt 1927 - 1964, Teill: 174) 

differed from N.permitis only in its physiology; N.nolens being 

a freshwater species. In this survey some unusually sm2.11 hyaline 

diatoms, whose length was more or less constantly 6 r' pnd whose 

width was r1.bout 2 ?, were observed (Fig. 122). Gcnercllly only 

the r2~phe and axial are2. were clearly visible, as the valve was 

very weakly silicified. The valves, when just visible, were 

linear-elliptic;}l to 1anceolrlte. On the basis of the sh~pe of 

the valve these smpll NClviculas h1.ve been referred to this species. 

If t.his identification is correct then these measurements enlarge 

the range of v?~ription of the sp ccies. 

The Clutecology of this species is not known and the few 

typica1 forms of this specios which 't-TerE. seen do not throw any 

light on the subject. Hmvever, mention must be mpde of the 

sm:Jll unusu~l forms. In the s;lmple Va~l 377 they composed 88.7% 

of the association and in V~'21 378 :?bout 14.4% of the associ?tion. 

Both these samples were taken from the TlII:lterv21 River 2t Roodebank 

(Station 17) where:, from the di::.tom Clssociations found at that 

point, there is evidence of large concentr~tions of nitrogenous 

compounds. This then might indicate th0.t these smCl.ll forms 2re 

nitrogen heterotrophic. 

Figs.- 122 - 124. 
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N.perparva Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptognmenflora 

Teil 1~ 283, F.1355. 

1937 - 1939 - Hustedt~ JnvCl., Bali und Sumotra. 

Arch. Hydrobiol. Supple 15: 246, T.20, F.16 - 18. 

Cholnoky (1960B~ 253.; 1962B: 88) rc~corded this uncommon 

species from polluted 'Hnters and remorked that its autecology was 

simil-='r to N.muralis. This menDS thCl.t the species is found where 

the trophic conditions are no longer optimal for Nitzschia po.len 

(KUtzing) vJ. Smith, but Hhere the wnter still cont~ins some organic 

nitrogen in solution. ':L'he distribution of the sp ecies in the 

catch'11cnt area substantiates this, ns it is found mo.inly in the 

v.Jaterval River, where the 'Hater apparently cont~ined plenty of 

organic nitrogen. 

N.promota n.sp. 

N.promota belongs to the group Naviculae orthostich!1e 

(Cleve) Hustedt, nnd has some affinity to N.cuspidata KUtzing 

var. ambigua (Ehrenberg) Cleve (cf. Hustedt 1927 - 1964, Tei12= 

62). It differs from this species in the possession of finer 

striae and a central area. This new species cannot be associated 

wi th~.ny other species of this group known to the author. 

The valves nrc lanceolate with rostrate to slightly capitate 

poles, 32.5 - 40 ? long, ~nd 7 - 9 P wide. The raphe is straight 

and filiform; the centr<':'.l pores are inconspicuous and 3.re not 

hooked; the terminp.l fissures are small, lunote a.nd are turned 

towards the same side. The axial rl.rea is narrow and linear; 

at the centr!ll nodule it vridens to form a.n oval to circular 

centro.l 2.re~, in Hidth about one th ird of the vnl ve brcPcdth. 



(239) • 

The transapic21 striae nre slightly rCl.di21 in theJ middle and 

convE;rg8nt at the poles, 20 - 24 in 10 p; the longitudinal 

costac ~re indistinct. Fig. 125. 

This nCv.T species 'VIas found in ,'< numbsr of so.rnples from 

the Vc.al River System, and in t1IO others, from StCttion 24 on the 

Klip River, ,and in 0. sample from the Cornelius River. In none 

of the s2Jnples vJ2S the sp eciss common. 

Fig. - 125. 

N.pseudoh21ophil~ Cholnoky. 

1960 - Cholnoky: Natal. Nova Hedwigia 3.~ 74. F.231 - 235. 

This species has becn reported by Cholnoky from Natal 

(Cho1noky l.c.), the Cape Province (1962A: 44) and the Okavango 

River (1966A: 42), and by Giffen from the Eastern C2pe EstuQ.ries 

(Giffen 1963: 240) and the Hogsback Region (1966~ 140). These 

specimens are therefore the first to be recorded from the Transvaal. 

It was found in the Waterval River. 

N.pseudomuralis Hustedt. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogrunenf1ora Tei1 1: 
236, F.1360. 

1937 - 1939 - Hustedt~ Jt3va., B!?li und Sumr'tra. Arch.Hydrobio1. 

Supple 15~ 245, T.19, F.25 - 27. 

This sm"'ll N-'1vicula species is very re.rely seen; ~.nd was 

recorded from the V[,Cl.l Dnm catchment are2 in one sample from the 

Waterval River. Nothing much is knOirffi of its cmtecology. 

So.mple - 498. 
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N.pseudoventra1is Hustedt. 

1927 - 1964 - Hustedt: Rnbenhorsts Kryptog~unenf1orC1_ Tei1 1: 
153, F.1285. 

1934 - Hustedt~ in A.S. At1. T.401, F.116 - 118. 

Synonyms: N2vicu1a modico. Hustodt e.p. (Hustedt 1950: Arch. 

Hydrobio1. 43: T .38, F .'71 - 73); nec N,'"lvicu12 ffiodiCG Hustedt 

(1945~ 916, T .41, F .21 - 23); N:->vicu1o. curt~. Hustedt. 

In this SUI'V8Y the sm~11 specimens 0f this species were 

e~si1y rocognised, :->nd nc difficulty wns experienced in C1ssigning 

them to N .pseudoventr3.1is. This species has only rC"lre1y been 

seen in South Afric·r
, and therefore two specimens (Figs. 126, 127) 

were illustrated. Cho1noky (1960A: 44) h(';.s recorded 

N.ps8udovcmtra1is from South t\fric2. under the n::1ffit; N.curta Hustedt, 

but Hustedt himself has united N.curto. with N.pseudoventra1is 

(Hustedt 1927 - 1964, Tei1 J: 154). 

This species was observed from six samples, predomincmtly 

from the 1tJaterval River. 

Figs. - 126, 127. 

Samples - 324, 337, 339, 340, 436, 485. 

N.pupula Kiitzing. 

1844 - Klitzing: Be'cil1. P.93, T.30, F.40. 

1894 - Cleve: NC1vicu1oid Diptoms. Kong1.Sv.Vet.Ak8d.Ho.nd1. 

26: 131. 

1927 - 1964 - Hustedt~ Rabenhorsts Kryptogmnenf1ora Teil 1= 
120, F.1254 2 - g. 

1930 - Hustedt: Baci11ariophyta. P.281, F.467 a. 

Synonyms: No.vicu1c; pupu12 f. minuta Grunmij N2vicu1a pupu1a 

var. genuinn Grunowj stauroneis tatrikC'l. Gut'hrinski; 

Schizost,'1_uron tatrika D2 Toni; Se11nphora pupu1a MereshkoHsky; 

Navicu1'1_ pupul:-> var. SUbcDpitat~ Hustedt; N£'.vicu1a pupul,'1 var. 

sinic2 Skvortzow; Nrlviculn pupula VQr. minutu1a Cholnoky. 
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In the catchment area the species was 2~ongst the 

commonest found. Cholnoky (1960A: 75; 1960B: 253; 1962A: 45; 

1962B: 88) hCl.S recorded :N. pupu12 fr0m neutr'J,l to weakly alkaline 

water, which contp,ins very little nitrogenous compounds. 

N.pupula f. rostr,:lto. Hust3dt. 

1911 - Hustedt: Abh.nn.turw. Vcr. Bremen 20: 211, T.3, 

F • 39 (~,s a variety). 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogrmenflora Teil 3: 

121, F.1255. 

1930 - Hustedt: BacilllTiophytn. P.282. F.467 e. 

There is some discrepancy between the description ~nd 

figures of f. rostr2,tr given by Hustedt in the B2cillariophyta 

(Hustedt l.c.) with those given by him in Rc_benhorst (l.c.). 

In the Bacillo.riophyta F. 467 e (f .rostrat2) is more like the 

figures of N. pupul~~ V3r. muto.ta (Krasske) Hustedt given in 

Rabenhorst. The description of f.rostro.t~ differs in the two 

books as well; in the Bacillo.riophyt~, there is no mention of 

cari tate poles, while in R;o,benhorst the poles eTe described 2S 

being capitate. H0wever~ Hustedt (1946 - 1950: T.37, F.21 - 23) 

illustrated some smr:"ll specimens of f .rostrata from the Nord-

deutscher Seen, in which the poles are produced but not capitate. 

Two specimens lwve been tentrtti vely assigned to this fom., one 

showing slightly capitate poles (Fig. 129), while the other being 

only 9 r long and 4 p broad, is similrr to the sm211 forms without 

capitate poles (Fig. 128). 

This form h2.s not been reported from South Afric;o before. 

It was recorded from Lake Chrissie nnd from :J tributo.ry of the 

Sand River. 

Figs. - 128, 129. 

Samples - 455, 485. 
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N.pupuloides Chclnoky. 

1955 - Cho1noky: Raytonvlei und Leeufontein. Hydrobio10gia 

1: 175, F.62, 63. 

This is a small n.nd very little knmm diDtom c:md in this 

survey \'v['l.S found C:lS ['l. single specimen in one sample from Station 

3 on the Vo.c\l River. N0thing is known of its f3cological 

requirements. 

N.pygmEeo. Klitzing. 

1849 - KUtzing: Spec. Alg. F.?? 

1896 - Cleve; NClviculoid DiCltoms. Kongl.Sv.Vet.Akad.HClndl. 2?: 65. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogoIDcnflora Teil 2: 
538, F.15?4. 

1930 - Hustedt: Bacillsriophytao P.312, F.561. 

Synon:yms~ N(1vicula minutula W. Smith; N!3.vicula rotundato. 

Hnntzsch. 

All the specimens in this study were quite typical Clnd 

thus provided no problems 1-Ji th reg[lTd to their identification. 

N.pygmaee has been recorded in South Africf< from both 

freshwater and in water contrrining higher ccncentrntions of 

dissolved salts. Chclno~J (1958B~ 121; 196oA: 76; 1962B: 88) 

recorded it from alkctline "mters !"'.nd rem"rked th[lt in the 

Swartkops River (Cholnoky 1960B: 253) "Die l'lrt erweist sich hier 

als eine richtige Salzw:J_sserart". Previously he had recorded it 

from freshwater samples only. In the catc~ment area it was 

generally found as single specimens, although in one or two samples 

it was relatively abundant. In many of the samples its presence 

may, however, be due to carriage downstream from a bracksih source. 
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N.rhynchocepha1a Klitzing. 

1844 - KUtzing: B~ci11. T.30, F.35. 

1896 - Cleve: ND.vicu1oid Dit',toms. Kongl.Sv.Vet.Ako.d.Hand1. 27: 15. 

1930 - Hustedt: BC1.ci118.riophyta. P .296, F. 501. 

Synonyms ~ N (1vicul2. cryptocephn12. var. rhynchocepha1a Strosse; 

N 3.vicula rhynchocephp.1[l. V[lr. amphicerc,s (Ktitzing) Gruno~v. 

Cholnoky (1960A: 78; 1962A: 45; 1962B: 89) has reported 

N .rh;ynchocephal:J. as \rudely distributed from 2.1k~line waters in 

South Africa. The alkaline conditions prevailing in the catch-

mont ,"'.roa appeared to suit the development of this species. 

It -vms found in nearly Clll the samples, ['nd on some occasions 

was relc::ti vely <'1.bundant. 

N.rostellata Klitzing. 

1844 - KUtzing: Bacill. P.905, T.3, F.65. 

1896 - ClS've: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 

27~ 15 (under N.viridula var. rostellata). 

1930 - Hustedt: Bacil1Clriophyta. P.297, F.502. 

Synonyms: Navicula rhynchocepha1a var. rostellata Grunow; 

Navicula viridula varo rostellata (KUtzing) Cleve. 

This is one of the most commonly occurring diatom species 

in the Vaal Dam catchment area. It is found, according to 

Cholnoky (1960A: 78; 1962B: 89) in weakly alkaline waters of 

South Africa with a poor nitrogen compound content. This accounts 

for its 1f.Tide distribution in the catchment area, where it sometimes 

occurred in relatively high numbers. 



(244) • 

N.Ruttneri Hustedt. 

1937 - 1939 - Hustedt: Java, Bali und Sumatr0. 

Arch.Hydrobiol. Suppl.15: 238, T.l?, F.18 - 23. 

There is some difference of opinion over the autecology 

of this species of Navicula. Hustedt (l.c.) in his comments 

on the ecological character of the species remarked that it has 

a pref erenc e for alk aline vTa ter Hi th a pH range from 6. 7 to 8.3. 

Cholnoky on the other hand has recorded it on a number of 

occasions from South Africa ~_nd has regr>rded it as an 2cidophilic 

species (Cholnoky 1955B: 176; 1958B~ 121; 196oB: 254). In the 

catchment area a single example Has found in the Kommandospruit 

stre~m near Vrede. 

Smnple 432. 

N.Schroeteri Meister. 

1932 - Meister: Kieselalgen ~us Asien, Berlin. P.38, F.IOO. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch. Hydrobio1. 

Supple 15: 267, T.18, F.16. 

Synonym: Navicula sudanensis Basto"T. 

Among the many specimens of this species two types of valve 

have been observed. While the dimensions of both types remain 

the s2.me, and a complete rn.nge of intermediates exists, one type was 

more strongly silicified with larger punctae, whereas the other 

W2.s i.re2_k1y silicified Hi th sm~ller punctne. This moy be the 

result of different physic2l conditions in the I,rater. 

The species [lppc:Tently inhn.bi ts alkaline waters and has 

a pH optimum of about pH 8. Cholnoky (1962B: 89) remarked that 

this species cannot toler!'1te fluctuations of the pH to"tv2rds the 

acid side. On the otherhand Giffen (1966: 141) has recorded it 
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as plentiful in neutral to slightly 2.cid waters of the Hogsback 

Region. In the Var.l Dam catchment area the pH values of only 

one or two stations were below pH 7, nnd N.Schroeteri was not 

present at these Cl.cidic st~tions. On the whole the pH value 

of the rivers in the catchment are~ remein 2bove 2nd pround 

pH 8. The .species was present in nw.ny s2Jnples, ~nd in some 

had high relative densities. Cholnoky (person~.l communic2tion) 

has put forw2.rd the theory that this species is influenced by 

the presence of sug~rs in the water, as it is of common occurrence 

in the Nonoti River in Natal, where wastes from 0. sugar mill 

pollute the water. 

N.Scottiae Cholnoky. .. 
1961 _ Cholnoky: \ilTemmershoek Dpm. Osterr. Bot. Zei tschr. 108: 

334, F.15, 16. 

There is no doubt that the specimen found in the Vaal 

River is N.Scottiae. It conformed to the morphologic21 charac-

teristics given by Cholnoky in ['11 det[lils. The dimensions, 

however, were slightly larger th~n those given in the description. 

The length of this specimen (Fig. 130) was 16.5? and its breadth 

5 p, the stricte in the middle were 18 in 10 p, becoming n little 

denser towards the poles. 

N.S-cottiae has previously only been recorded from its type· 

locality, 2.nd as 2. result very little is known of its Clutecology. 

One specimen was recorded from the catchment areo. at Station 3 on 

the Vaal River. 

Fig. - 130. 

Sample - 495. 
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N.seminuloides Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog~menflora Teil 1: 
244, F.1369. 

1936 - Hustedt: in A.S. Atl. T.401, F.68 - 71. 

1937 - 1-939 - Hustedt~ Jav2, B21i und Sum~tra. Arch. Hydrobiol. 

Supple 15: 239, T.17, F.29 - 33. 

Synonyrns: Naviculo, seminuloides var. sumatrC1na Hus tedt. 

Both Hustedt (l.c.) and Cholnoky h8ve f0und that the 

elliptic21 var. sumatrana cnnnot be separated from the typical 

form, and so have sunk the variety into the species. Cholnoky 

has, until 1966, recorded this species mainly as the variety 

var. sumatrana and has stated that the typical forms occurred 

far more seldom th~n the variety (cf. Cholnoky 1958B: 122). 

N.seminuloides is apPrJrently acidobiontic (Cholnoky 

1958B: 122; 1960B: 255), r:nd this probably accounts for its 

relntively sm811 occurrence in this region. 

N.seminulum Grunow. 

1860 - Grunow: Verh. zool.-bot. Ges.Wien 10: 552, T.4, F.3. 

1894 - Cleve: Naviculoid Di2toms. Kongl.Sv.Vet.AkQd.Handl. 

26: 128. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptog::unenflora Teil 1: 
241, F.1367. 

1930 - Hustedt: Bacillariophyta. P.272, F.443. 

Synonyms: N:lvicula Saugerri Desmazieres; N~vicula seminulum 

var. fragi12rioides Grunow; NCl'vicul,'< seminulum f. maj or Grunow. 

T't,TO examples of this species hClve been illust:rated 

(Figs. l31, 132) one of ~vhich (Fig. 132) hr,d D slightly denser 

striation. In 811 other respects this irregulnr form conformed 

to the description of the species. 
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Cholnoky (1962B: 90) hC"lS stated that this species together 

with N.confervacen .':'nd Gomphonema porvulum (Klitzing) Grunow are 

characteristic of waters ~~th a consider~ble fluctuation of the 

org~nic hi trogen concentration of the water. It 'VJ2.S recorded from 

a relatively small number of samples from scattered localities. 

Figs. - 131, 132. 

N.simplex Krasske var. minor Cholnoky. .. 
1954 - Cholnoky: iJeue und seltene Dir1tomeen. Osterr.Bot.Zeitschr. 

101: 419, F.62. 

Hustedt (1949/1 : 93, T.5, F. 6 - 8) illustrated avery S1TI211 

example of N. simplex, but did not comment on its sm2.11ness. 

Cholnoky (l.c.) also found simi12r small examples in Rhodesia, 

and thought them sufficiently different to warr?nt the crention 

of a new v~riety. An example (Fig. 135) sho\dng slightly 

longer valves than CholnokY's specimens has been illustrated. 

The dimensions of this specimen were more like those depicted by 

Hustedt from the Congo (Hustedt l.c.). 

This v0riety occurred in a few samples from the catchment 

area, and always in low numbers. 

Fib. - 135. 
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N.sonrensis Krasske f. capitat2 (Krasske) Hustedt. 

1925 - Krasske: Abh. u.Ber.Vcr.f.Naturk.Cassel 56: 47, T.2, 

F • 37 (as Var.) 

1927 - ~964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3: 
215, F.133l e. 

1930 - Hustedt: Bacill~riophytn. P.289. 

Synonyms: Pinnularia sohrensis var. capitata Krasske. 

This small form of N.sohrensis is rare in South Africa, and 

has been recorded only t't<lice before. It is apparently a pan-

tropic2.1 form, and in South Afric2 it has not been found further 

south than the Tro.nsvaC'l. In the catchment area it was found as 

isoln.ted specimens in only two smnples from the VaRl River. 

Samples - 403, 477. 

N.sonrensis f. muscicola (Boye Petersen) Krasske. 

1927 - 1964 - Hustedt~ Rabenhorsts KryptogDlTlenflora Teil 1: 
215, F.1331 f - h. 

1929 - Krasske~ Bot.Arch.27: 373 (as Var.) 

1930 - Hustedt: B2cillD.riophyta. P .289 (as var.) 

Synonym~ Pinnul~ria muscicola Boye Petersen. 

In his comments on N. sohrensis v ar. muscicola from the 

Cape Province Cholnoky (1962A: 46) wrote as follows:- "Die 

Variabilitat der Sch21enform war, wie die Fig. 60 - 63 zeigen, 

sehr gross, nHherte sich pbor nicht dem Formenkreis der typischen 

N. sbnrensis. Krasske verbo.nd die beiden wClhrscheinlich nur auf 

Grund einer einzigen morphologischen Herkmnls, uzw. der Streifung, 

meines Er~chtens n~ch liegen ~~)er hier zwei voneinander verschienene 

Vermehrungsgemeinschaften vor, deren spezifische Trennung kaum 

abwegig wtlrc. In diesem FaIle mlisste die jetztige V?rietnt den 

NDlTlen Naviculp~ muscicola (Boye Petersen) comb. nova tragen. tt 
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From this it CCln be concluded that the variety Clnd the type nre 

two different things and Cholnoky has raised the status of the 

v~riety to species, N.muscicnlQ. However in 3 later comment on 

N. sohrensis f. muscico12 (= N. sonrensis V:lr. muscicolc:.) from the 

Ruwenzori Mountains (Cholnoky 1964: 73) Cholnoky g2ve the opposite 

and completely different opinion on this subject. Here he wrote 

"Die Unterscheidung dieser Form, die in reichlichen Proben immer 

gleitend in dem Typus Ubergeht, ist zwecklos, demzufolge muss die 

Benennung der Art verandert werden." Here Cholnoky has reversed 

his earlier opinion ~,nd now cl[d .. l'ned thrtt the f arm and the type are 

the same thing, and a separation of the two is purposeless. 

Cholnoky also called this new combination N.muscicola (Boye 

Petersen) n. comb. (= Pinnularia muscicol~ Petersen 1928: 407, 

F .27) • Cholnoky, however, did not follow the rules of priority 

here and the nomenclJture of this new combination is incorrect. 

N. sonrensis was described by Kr?sske in 1923 (cf. Hustedt 1927 -

1964, Teil 1: 214) and therefore follo1rrng the rules of priority 

N.sohrensis is the oldest legitimate nRme for this species and 

all other combin2tions GTe synonyms. For the present it is better 

to maintain the forms of this species ?,s set out in Hustedt 1927 -

1964, Teil 1: 215. One furthGr comment should be m~de on the 

illustrations which Cholnoky drew from his Cape materi~l (Cholnoky 

1962A: 46, F. 60 - 63). Fig. 60 1rJi th its straight walls and 

capitClte ends belongs, in my opinion, to N.sohrensis f. capitata 

rather than to N .sbnrensis f. muscico1~', which h2S no capitate 

poles. Figs. 133, 134 il1ustr3.te examples of this form found 

in the catchment area. 

N.s6hrensis f. muscico1a, an aerophytic acidobiont 



(250). 

(Cholnoky 1955B: 177), was found as isolGted specimens in a 

small number of samples. 

Figs - 133, 134. 

Samples - 203, 309, 331, 334, 359, 360, 434, 436, 456. 

N.spirata Hustedt. 

1927 - 1964 - Hustedt: R8benhorsts Kryptogamenflora Teil 2: 
237, F.1361. 

1936 - Hustedt: in A.S. Atl. T.401, F.114, 115. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. 

nrch. Hydrobiol. Supple 15: 240, T.17, F.34, 35. 

Besides a single record from its type locality, this small 

species has been recorded twice from South Africa by Cholnoky 

( 1962A: 47; 1962B: 90). In the Vaal Dam c2tchment area a single 

specimen was recorded from Station 2.A on the Va2.1 River. 

Sample 307. 

N .Standeriella .I\rchibald. 

1966 - Archibald: Rare Di~toms from S.A. Nova Hedwigia Supple 21: 

262, F.37, 38. 

The range of v~riation of this new species is extended by 

the discovery of further specimens frcm three localities in the 

catchment area. This species shows a very close similarity 

to N.insociabilis KrD.sske (cf. Hustedt 1927 - 1964, Toil 2: 183, 

F.1317, under N.monoculata Hustedt), ~nd because of its very well 

developed axial rib it belongs to the group Naviculae bacillares 

Cleve emend. Hustedt. It differs from N.insoci~bilis in the 

shape of the valve, the centr~l area and the number of transapical 

striae. 
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The valves are linear to linear-elliptic~_l with blunt 

and broddly rounded ends, 9.5 - 19 P long, nnd 4 - 5 f wide. 

The raphe br2.nches are slightly OTcuate, Clnd the small polar 

fissures curve townrds the same side of the volvo. The raphe 

lies in a relatively well developed axial costa. The axial 

area is narrow and linear and due to a shortening of the 

central transapical striae, a more or less rectanguIRr central 

area is formed. The trans apical striae arc delicate and rc1dial 

throughout, 20 - 22 in 10 f. Between the axial costa rmd the 

valve edge, a hyaline line, probably 2, thickened longitudinal 

rib, cuts across the striae; this line bulges out towards the 

valve edge in the region of the central nodule. Closer to the 

axic=tl costa, 2nd on either side of the centr!J.l nodule, R. further 

short hyaline line cuts across the first two or three striae. 

As the valves become shorter this second line tends to disappear. 

Figs. 136 - 138. 

The species wns recorded from the Kalk River and the i,'later-

val River. 

Figs. 136 - 138. 

Samples - 321, 402, 553. 

N.subatomoides Hustedt. 

1927 - 1964 - Hustedt: Rabenhnrsts Kryptoggmenflora Teil 1: 
271, F.1400. 

1936 - Hustedt: in A.S. At1. T.404, F. 33 - 35. 

1950 - Hustedt: Arch Hydrobiol. 43: 437, T.38, F. 77- 89. 

This diCltc~, nlthough very small, is nevertheless rel.?tively 

easy to recognise, and it is certain that the specimens seen here 

were N.subatomoides. 
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Cholnoky (1957A: 67; 1957B: 355; 1960C: 359) has 

recorded it from acidic waters. This probably ,?ccounts for 

its sm~ll occurrence in this area. 

Snmples - 333, 359, 437, 485. 

N.subbacillum Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogmnenflora Teil 2: 
117, F.1251. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch.Hydrobiol. 

Suppl.15: 256, T.18, F. 3 - 6. 

Three specimens from tribut2.ries of the Vaol River have 

been identified as N. subbacillum • They provide the first record 

of this species in Africa. 

Samples - 465, 468, 491. 

N.subcoccus Cholnoky. 

1960 - Cholnoky: N~tal. Nova Hedwigia ~: 80, F.247, 248. 

The specimens of this species, seen in the catchm~nt area, 

agreed well with Cholnokyfs description. 

Cholnoky (l.c.) recorded N.subcoccus from the Oribi Gorge 

in Natal. The records of this species from three localities 

near the source of the Vaal River provides the first record 

outside the type locality. Its occurrence in the samples was 

rare. 

Samples - 301, 479, 485, 486. 
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N.subcostulata Hustedt V2r. avittata Cholnoky. 

1959 - Cholnoky: Seltene iv - Kan.p-Provinz. Osterr.Bot. 

Zeitschr. 106: 51, F. 265 - 269. 

One specimen from the Kalk River has been identified as 

N.subcostulato. V(1r. avittata. Little is knO"ffi of its ecological 

requirePlents. 

Fig. - 141. 

Sample - 402. 

N.subhamulata Grunow. 

1880 - Grunow~ in V.H. Syn. P.106, T.13, F.14. 

1894 - Cleve~ Naviculoid Di2toms. Kongl.Sv.Vet.,jkBd.Hcmdl. 26: 138. 

192'7 - 1964 - Hustedt: Rabenhorsts Kryptog0.menflora Teil 2: 
126, F. 1258. 

1930 - Hustedt: Bacill~riophyt~. P.282, F. 468 a. 

This diatom, easily recognised by the long terminRl 

fissures and the slightly sunken portion of the valve surface, 

occurred in a number of samples in its typical form, usually 

as single specimens, but sometimes with relatively high 

percentages. N. subhamul:-tt3 is found in ncutre.l to weakly 

alknline waters, and has a pH optimum around pH 7 (Cholnoky 

1957A: 62; 1962B: 90). 

N.submolesta Hustedt emend. Archibald. 

1927 - 1964 - Hustedt: R~.benhorsts Kryptogamenflora Teil 2: 
253, 1380. 

1949 - Hustedt: Kongo. Expl. du P'"'TC N ... tion[!,l Albert 8: 

86, T.5, F.16 - 18. 

1966 - Archibald: R~Te Dintoms in S.(;.o Nova Hedwigia Supple 21: 263. 

A series of specimens from the catchment area (Figs l42 - 150) 

show a gradation from the typical N.submo1esta (Fig. 148) with 

17 striae in 10 ? in the middle ('nd 24 at the poles, through 
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intermediate forms to the typical N.molestiformis (Hustedt 

1949t": 86) cont,elining 27 striae in 10 f in the middle and 34 

striae at the poles. Frem this evidence it~ppears that the 

two spec~es are linked, end should therefore be united. "i.s 

both species werc described in the same paper (Hustedt l.c.) the 

nr,me 1\1. submolest:l has been 2dopted, since its description pre-

ceded th2.t of N .molestiformis. N.molcstiformis therefore 

becomes a synonym. This same series nf specimens also showed 

a wide range in the dimensions of the species. The description 

of this species shOUld, in consequence of the observations 

mentioned pbove, be amended. The valves of N.submolesta are 

thin walled, linear, linear-lanceolate to elliptical-lanceolate, 

with short rostrate poles, 14 - 21 p- long, and 3.5 - 6.5 ? wide. 

The raphe is straight ~nd filiform, sometimes with the central 

pores widely separeted. The axial area is narrow c:md linear, 

and there is no central area. The tr2nsapical striae ~re 

parallel throughout, sometimes slightly convergent at the poles, 

in the middle 17 - 30 striae in 10?, f:l.nd more dense ~t the 

poles 21 - 35 in 10 p. 
This species was relatively common throughout the cf:l.tchment 

areo., but never occurred Tvi th e>.ny grent abundance in [J.ny sample. 

Figs - 142 - 150. 

N.subrotund~ Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogmnenflora Teil 1: 
272, 1402 a - m. 

1945 - Hustedt~ Arch. Hydrobiol. 40~ 917, T.4l, F. 30 - 33D 

Synonyms: N.rotundata var. lanceolata. 

Two specimens (Figs. 152, 153) have been assigned to 
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N. subrotundat r;:1 as they fulfil the requirements of the 

description for this species. 

Cholnoky (196611.: 48; 1966B: 197) has recorded it from 

South West African alkaline waters. In the catchment area it 

was reported from the Haterv21 River (Station 17), the V2al 

Hiver (Stations 2 and 2A), the Klerkspruit River near Kestell 

and Lake Chrissie. 

Figs. - 152, 153. 

Samples - 306, 340, 362, 485, 486. 

N.subtilissima Cleve. 

1891 - Cleve: Act.Soc.Fauna et Flora Fenn • .§.: 37, T.2, F.15. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 26: 141. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogRmenflora Teil 1: 
89, F.1235, 1236. 

1930 - Hustedt: Bacillariophytn. P.285, F.475. 

Synonyms: Navicula dutoitana Cholnoky. 

Cholnoky has recorded this species from many localities 

in South /lfrica. HOi-lever owing to the very low pH optimum of 

the species (around and belovl pH 6) it was found in only two 

samples, one from the headwaters of the \l2,;Jl River where the pH 

is 1 OI-J , 2nd the other from a s ample lower dow~ the river. 

Sample - 307, 479. 

N.tantula Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3: 

250, F.1375. 

1934 - Hustedt: in AoSoAtl. T.399, F.54 - 57. 

1943 - Hustedt~ Internat.Rev.d.Hydrobiol. 43: 162. 

Among the many examples of this species some very short 
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forms showing a more elliptically shaped valve (Fig. 154) were 

observed. Generally the specimens were typically linear. 

(Fig. 156). 

Tr:e ~utecology of this species has yet to be determined 

accurately. Cholnoky has found it widespread in certain acid 

waters (1957A: 67) 2nd occasionDlly in neutral to weakly alkeline 

water (1960A: 64). From the distribution of the species in the 

Vaal Dam c2tchment area it would appear that this species can 

thrive equally well in waters that are gener!J.lly slightly 

alkaline. 

Figs. - 154 - 156. 

N.temeraria Cholnoky. 

1965 - Cholnoky: Chrissie-Sees. Arch.Hydrobiol. 61: 73, 

F.28, 29. 

Two specimens of this species were observed in the catch-

ment area. A small form (Fig. 157) whose dimensions were 10 J1 

long and 6.5 ? broad, was recorded from Station 2A on the Va,'")l 

River, while 2 form with a prominent axial rib enclosing extremely 

thick raphe branches (Fig. 158) was found in Lake Chrissie, the 

type locality of the species. 

Figs. - 157, 158. 

Samples - 307, 485. 
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N.tenella Brebisson. 

1849 Brebisson: in Klitzing - Spec. Alg. P.74. 

1896 - Cleve: N2viculoid Diatoms. Kongl.Sv.Vet.Ak~d.Handl. 

27: 17 (under N.radiosa var. tene1la). 

1930 - Hustedt: Bacillariophyta. P.299. (under N.radiosa 

var. tenella). 

Some clarification concerning this species is necessary. 

Cholnoky (cf. Cholnoky and Claus 1961: 335; Cholnoky 1962B: 

88) has put forward the idea that N.tenella has little to do 

with N .radiosa Klitzing, except th,'"'t it is superficially similar. 

He therefore resurrected Brebisson's species, N.tenella. This 

concept has been followed in this study_ However the definition 

of the species does not ?ppe?r to be quite clenr. Some examples 

were dr3~~ (Figs. 159 - 161) which were thought to depict the 

true N.tenella Brebisson. The valves are lanceolate with 

acutely rounded poles. The axial areA is linear and narrow, 

and widens very slightly at the central nodule to form a small 

lanceolate central area. The trans apical striae are prominent 

and number about 14 in 10 p_ They are radi?l in the middle and 

convergent at the poles. Generally the central striae are long 

and reach almost to the axial area. On either side of these 

striae there are generally shortened striae, which give the 

appearance of Alternating longer and shorter striae, 'tvhich is 

quite characteristic for N.tenella. 

During this survey Cholnoky assisted the author in the 

identification of some problematical speci~Ens. Figs. 176 - 178 

show some examples of a relatively common species, which Cholnoky 

maintained belonged to N.tenella. However the author has not 

been able to agree with him on this point, as in the author's 

opinion the two forms are completely different and should be 

reg2rded as two different species. These forms h~ve, therefore, 
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been described as a new species, N. venezuelensoides, ['end further 

comments on this species m~y be found below. 

N. t8ne11~ is widespread in the neutr!11 to slighl1y ~_lkaline 

waters of the VaC'_l D.!UTl c2tchment 2.rep_, where it sometimes occurred 

in very high numbers in the scunp1os. It was one of the commonest 

species found here. 

Fig. - 159 - 160. 

N.tenell3.eformis Hustedt. 

1937 - 1939 - Hustedt~ J~va, Bali und Sumatra. Arch.Hydrobiol. 

Supp1. 15: 269, T.19, F.14, 15. 

This smRll and seldom seen species was observed in only 

three samples. Fig. 164 shows the more typical form of 

N.tenellaeformis. There is some uncertainty concerning the 

identities of Figs. 162 and 163. These two specimens have 

been placed in this species because they 2re more like this 

species than Bny other. Fig. 163 shows forms which have very 

strongly radiate centr2l striae. 

Figs. - 162 - 164. 

N.tenelloides Hustedt. 

1937 - 1939 - Hustedt: J!1VCl, Bali und Sumatrn. Arch. Hydrobiol. 

Supple 15: 269, T.19, F.13. 

This species is apparently widespread in neutr~l to weakly 

alk~line 1vaters of South Africo. According to Cholnoky (1962B: 

91) its optimal development is in weakly ,')lk?line water. It is 

therefore not surprising to find it in so many samples, 8nd some­

times occurring in relatively high numbers. 
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N.tenuissima n.sp. 

N.tenuissimc? belongs to the group N'lviculee subtilissimae 

Hustedt, ?nd is very similar to N.subtilissimC1. Cleve (cf.Hustedt, 

1927 - 1964, Teil }: 89, F.1235). It differs from N.subtilissim~ 

in its dimensions and the ~rr("mgement of the striae. It is also 

reminiscent of N.suboTvensis Hustedt (1927 - 1964, Tei11: 87, 

F .1230) from ~Thich it differs in the shape of thev2.1ve and the 

direction of the striae. 

This new species has a linear-lanceolate valve wi th sm,~ll 

capitate poles, 11.5 - 16.5 f long, and 2.5 - 4 P broad. The 

raphe is straight and filiform vIi th unclearly defined polar 

fissures. The axial 2.rea is n2.rrow and linear and do es not 

"tilden at the central nodule to form a centr21 area. The trr>ns-

apical striae c're fine and parClllel throughout, about 32 - 36 in 

the middle and becoming more dense towards the poles, where they 

number about 40 in 10 p. Figs. 165, 166. 

This smC"lll species had quite a wide distribution in the 

catchmsnt area .• It occurred in a few spmples as single specimens 

in others it was found to be more abundant. 

Figs - 165, 166. 

N.terrestris Boye Petersen. 

1915 - Boye Petersen: Danske ·o:1erofile Alger. D.Kgl.Danske 

Vidensk. Selskrift, 7 Raekke, Natur't-J. og H?th (Ifd. 

12: 285, F. 7, 8. 

1930 - Hustedt: B3.cillariophyta. P.285, F.477 (under 

N.gibbula Cleve). 

1946 - Lund: ObservCltions on Soil Algae. New Phytologist 

45: 80, F. 7 M - X. 
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Synonyms: Navicula gibberuln Lagerstedt; Navicula gibbula Cleve 

(sensu Ostrup, Bachman, Hustedt and HcCall); Navicula terricola 

Bristol; Navicula relicta McCall; Navicul[l gibbula Cleve var. 

terrestris Boye Petersen; Diploneis van der Herwei Cholnoky. 

Lund (1946: 80) hqs given a very clear picture of the 

systematics and taxonomy of this particular species, and pointed 

out quite clearly th~t N.terrestris has nothing to do with 

N.gibbula Cleve (1894: 140). Cleve apparently missed the longi-

tudinal line near the axial area, and the two projections of the 

raphe ?t the centrRl nodule; these features according to Cholnoky 

(1962A: 48) are easily seen at lower powers of magnification and 

in dry systems. The Va?l specimens were quite in <'lgre8ment wi th 

Lund's description of N.terrestris, and were found as iso12ted 

examples at three localities, where the water was acidic in 

nature. 

Samples - 251, 301, 331, 370, 479. 

N.towutiensis (Hustedt) Cholnoky. 

1942 - Hustedt: Indomalayischen Archipels unn Hawaaii Inseln. 

Internat. Rev. d. Hydrob. u Hydrogr. 42~ 68. 

1963 - Cholnoky: Swakop-Flusses in S.t'JoAo Rev. de BioI. 1: 245 

(under N. Vlolter8ckii var. rostrata). 

The systematics of this species is a little confusing. 

Hustedt first described a species, Navicula lrJol tereckii, later 

uniting it with N.helvetica (Hustedt 1942: 68). However, 

according to Cholnoky (1959: 279) in doing so, Hustedt actually 

stated sufficient characteristics 2,nd differences which would 

warrant a specific division between the two species. Cholnoky 

(1. c .) ellso maintained that the f. rostrCl to, should really be a 

variety of N.Woltereckii, because only this vpriety had been 
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found and not the typical forms. LQter having seen mpny other 

examples Cholnoky (1963D: 245) became convinced that this variety 

should in fact be rJ. distinct species of its 01cffi. In consequence 

thereof hE: renamed it N.towutiensis ,qfter the locality from which 

it was found. 

This spe cies is appc1.rently a tropical - subtropicCll 

alke.line ~Jater form. In the c:1tchment aren it was seen in 

one s 2Jnple, so that it is not possible to comment 2.ny further 

on the species. 

N.tridentulo Krasske. 

1926 - Krasske: Abh. u. Per. Ver. f. Nf'.turw. Cassel 56: 46 

T.2, F.31. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflorn Teil 2= 
82, F.1223. 

1930 - Hustedt: B~.cillariophyta. P.276, F .456. 

Synonyms: Navicula bidentul~ Boye Petersen; N8viculn quad­

riundulc:ta Hanguin. 

This small hyaline species, has been recorded on a fe\Ol 

occasions from South Africa. Cholnoky claimed that it is an 

acidophilic species confined to oligotrophic waters (Cholnoky 

1960B: 256; 1962B: 91). Conditions of this kind are rare in 

the catchment area, which may explain why it was found in only 

three s ampl(;s. 

Samples - 403, 412, 456. 

.. 
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N. Twymanicma i\ rchibald. 

1966 - Archibald: Rare Di;=l_toms from S.A. 

21: 264, F.4l - 43. 
NOVCi HedvJigiR_ Supple 

Since first describing this species the opportunity to 

observe many more examples has arisen. It is now possible to 

define the sp ecies more precisely. Due to its structure it 

belongs to the group NaviculClG minuscu128 Cleve emend. Hustedt, 

but it cannot be equated to rJny other species in this group. 

The typical form of NavicuJ_3. TwymanianR (Figs. 167 - 169, 

173 - 175) has a lanceolate to rhombic-lanceolate valve, 10 - 22 

f long, and 3 - 5.5 f broad; the poles are rounded and not 

produced. The rp_phe is strnight and filiform. The axial area 

is narrow and linear, and does not widen Rt the centr~_l nodule 

to form a central areD. The striation of the vdlve is variable; 

the striae are fine, about 27 - 32 in 10 r in the middle, where 

they are parallel; towards the poles they become more dense and 

are generally invisible under the microscope. In some valves, 

however, the polar stri3.8 are visible and are convergent numbering 

about 40 or more in 10 p. This species is named in honour of 

Professor E.So T1-JY17lC'.n, Head of the Department of Botany, Rhodes 

University. 

Two other valveffiapes were seen and could possibly be 

considered as forms of the species. However there is at present 

insufficient evidence to describe them as forms. The one was 

relatively narrower and distinctly rhombic in outline, having more 

acutely rounded poles (Figs. 170, 171), and the other had slightly 

produced rostrate poles (172). 

The autecology of N. Twyrnanirona is qt present unknown. It 

was widespread in the Vaal Dam catchment are2., and this suggests 
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tho.t it prefers waters which are a1k("',line. It did not occur in 

any abundance in the samples. 

Figs. - 167 - 175. 

N.vanidica Cholnoky. 

1962 - Cholnoky: Diatomeenflora iii - Kr'ap-Provinz. 

Rev. de. BioI. 1: 49, F. 69, 70. 

This species has previously been recorded from localities 

in the Cape Province. A single specimen of this species was 

recorded from the 1AJaterval River. 

SalTlple - 410. 

N.variostriata Krasske. 

1923 - Krasske: Bot. Arch. ]: 197, F.12. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflor~ Teil 1: 
201, F.1320. 

1930 - Hustedt: Bacillariophyta. P.273, F.447. 

Synonyms~ Navicu12 bacillum v!lr. densestri~ta Ostrup. 

Cholnoky (1954B~ 219) h2s recorded this species from 

Rhcdesia. A single specimen was observed in the catchment area 

at Station 5 near Standerton. 

Sample - 317. 

N.venezuelensoides n.sp. 

Figs. 176 - 178 illustrate examples of a species of Navicula 

which Cholnoky (personal communication) regarded as N.tenella. 

However on careful examination it was decided that these specimens 
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could not be equ2.ted 1vi th N. tenella, nnd h2ve therefore been 

described as a nmv- species, N. vonezuelensoides. The new species 

differs from N.tenelln in the following points:-

1.). The poles of the new species are broadly rounded 

vJhile in N. tenella they :-JTe Clcut8 nnd relatively narrovJ. 

2). The striae in N.venezuelensoides consist of distinct 

slightly elongate punctae, vrhile in N. tenel10~ they ore indistinct. 

3). The central Drea of the ne1tV" species is well developed, 

sometimes almost reaching the margir: of the valve, whereas in 

N. tenella the central area is a slight lanceolate widening ::It 

the central nodule. 

N.venezuelensoides is very similar to N.venezuelensis 

Hustedt (1952B: 115, F. 33 - 36), from which it differs in the 

shape of the valve and the shape of the central area. The new 

species 2.lso has some affinity to N .Schubarti Hustedt (1952A: 

396, F.l04) from which it differs in its finer structure and the 

absence of the large structureless areas found at the poles of 

N • Schubarti. 

The valves of the new species are lanceolate with broadly 

rounded poles, 30 - 38 f long, and about 7 f wide. The r3.phe 

is straight and filiform with relatively large lunate polar 

fissures, both curving in the same direction. The axial area is 

narrow and linear, and widens more or less abruptly at the central 

nodule to form an irregularly shaped central area, which almost 

reaches the m~rgin of the valve. The transapical striae are 

punctate with linear punctae (Naviculae lineolatae); in the 

middle they are radial while at the poles they are convergent, 

12 - 14 (usuDlly 12) in 10 f. The longitudinal costae are 

visible running parallel to the raphe, Gxcept ~t the central 
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30 in 10 ]1<> Figs. 176 - 178. 

N~venezuelensoides was relatively widely distributed in 

the catchment area. At some localities it was relatively 

Little is known at present about its ecological 

requirements., 

Figso - 176 - 178~ 

N.ventosa Hustedt e 

1927 w. 1964 - Hus-Gedt: Habenhorsts Kryptogamenflor~ Teil 1: 
234, F.1357. 

1957 - Hustedt~ Abh .. n,?tur. Ver. Bremen 34: 281, F. 28 - 31. 

TvJO examples of the typic8.1 N. ventos2 have been illus-

trated (figs. 179, 181). The third example (Fig. 180) 

differed slightly by having slightly rostrate poles. 

The only previous records of this species from Africa 

have been fror;~ South West /\frica (Cholnoky 1966A: 50: 1966B: 

198). In the cctchment area it was observed from seven localities 

scattered over the co.tchment 2rea. 

S~mples ~ 242, 321, 401, 410, 449, 455, 511. 

Speci=nens from sample Vaal 324 bear a strong resemblance 

to N. ventos...§: Hustedt of the l\L{viculae minusculn8 group, but 

differs from this species in the shape of thE valve. These 

specimens could not be equated i-.:-i th 2ny other species of this 

groupo 

The v21ves are linear-lanceolate to rhombic-lanceolate 

with short more or less acutely rostrate poles, 7.5 - 8.5 ? long, 
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and 2.5 - 3.5 ? wide. The r2phe is straight and filiform; 

the central pores are not widely seperatcd and the terminal 

fissures are too small to detect the detail of their structure. 

The axial area is narrow and linear and does not widen in the 

region of the central nodule into a central area; there is 

however an indication of a central area, as in some specimens 

one or two short2ned striae are present at the central nodule. 

The transapical striae are radial throughout the valve ,with a 

more or less constant spacing from the middle of the valve to 

the poles, about 28 in 10 u. Figs. 182, 183. 

This species was observed from one sample collected from the 

lower reaches of the Vaal River. 

Figs. - 182, 183. 

Samples - 324. 

N.viridula Klitzing. 

1844 - Klitzing: Bacill. P.94, T.30, F.47. 

1896 - Cleve: Np.viculoid Di2toms. Kongl.Sv.Vet.Akad.Handl. 

27: 15. 

1930 - Hustcdt: BacillnTiophyt.a. P.297, F.503. 

SJ~onyms: Schizonema Thwaitesii Grunow. 

Hustedt (1937 - 1939, Supple 15: 264) has reverted to 

Cleve r s opinion th2,t N. rostelleta Klitzing should be regarded as 

a variety of N.viridu12. In the course of these studies no 

evidence has been found to substantiate this opinion and for the 

moment it is preferred to keep them separate. 

As Cholnoky (1962B: 92) has remarked this species has been 

found only rarely in South Africa, and little is known of its 2.utO-

cology. In the cntchment area it 1'IT0.S found as isol-'1ted reoords from 

widely separated localities. 
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N.viridulo. var. slesvicensis (Grunow) Cleve. 

1896 - Cleve: Nr.'viculoid Dietoms. Kongl.Sv.Vet.Akpd.Hnndl. 

27: 15. 

1930 - Hustcdt: BpcillpTiophyta. P.297. F.503. 

Synonyms: NClviculo. slesvicensis GrunoVJ; N,~vicu12 viridula 

f. minor; Pinnul~ri~ silesi~c~ Fresenius. 

This vClriety differs from the typical forms by being 

smaller in its dimensions and more coarsely stri~te. It has 

been recorded only twice from South 0...frica by Cholnoky (1953: 

145; 1957C: 74) 2nd once more from Ghp,na by Foged (1966: 95). 

In the catchment area it was recorded from four samples. 

Samples - 353, 411, 456, 478. 

N.Wittrockii (Lagerstedt) Cleve-Euler. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 
124, F.1256. 

1934 - Cleve - EUler:Soc.Sci.Fenn.Comm.Biol. ~ (14): 86. 

Synonyms: stauroneis Wittrockii Lagerstedt; Navicula 

bacilliformi.s. Grunow; Navicula bacilliformis var. bullata 

Ostrup; Navicula trIittrockii V2r. fennica Cleve-Euler; N?vicula 

bacilliformis var. genuina Mayer; N~viculr~ bacilliformis var. 

nud.'1 Mayer; Navicula 1.~ittrockii var. spitzbergensis Cleve-

Euler. 

The species was not common in the Va8l Dam catchment area, 

being found in only two samples. Cholnoky h2.S recorded it from 

the Okawango River (Cholnok,y 1966A: 51). 
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N.Zanonii Hustedt. 

1949 - Hustedt~ Kongo. Exp1. du P9.rc. NC'-tion[11 I',_lbert 8: 

92, T.5, F. 1 - 5. 

In this series of samples I-J. Zanonii l.]'as present in the 

typical form and was easily distinguished from other related 

forms. 

The species is apparently very common in South t1frica, 

and according to Cholnoky (1960A: 87; 1960B: 256; 1962B: 92; 

1962C: 330) the species is .9. "Characterpflanze" of neutral to 

we2kly alk21ine water, poor in nitrogen content. Consequently 

this species is also very common and w~despread in the Vaal Dam 

catchment nrc,"1, occurring in some somples in relatively high 

numbers. 

NEIDIUM Pfitzer 1871 

N.affinc (Ehrenberg) Pfitzer. 

1871 - Pfitzer: Bot. Abh.Geb.Morph.Phys. 2: 39. 

1894 - Cleve~ Naviculoid Di["toms. Kongl.Sv.Vet.Akad.Hand1. 26: 68. 

1930 - Hustedt~ Bacillf'lTiophyta. P.242, F.376. 

1959 - Reimer: The Diatom Genus Neidium. Proc.Acad.Nat.Sc. 

Phila. 111: 7, T.l, F.l. 

Synonyms: N~vicula :lffinis Ehrenberg; Neidium affine var. 

genuina Mayer; Neidium affine v::-~r. genuinum f. minor Mayer; 

Neidiwn affine var. genuinum f. minor subfo. subrostratwn Mayer; 

Neidiurn affine V8r. genuinum f. media Mayer. 

Reimer (1959: 7) in his ppper on the genus Neidium has 

ascribed to Pfi tzer the combination Neidilun <=tffine, which he 

formed in 1871. Cholnoky and Hustedt h2ve both qucted Cleve 

in their use of this combinntion. This error probably nrises 

from Cleve who does not quote Pfitzer in his Synopsis of 
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Naviculoid Diatoms (1894: 68). Pfitzer appears to be the correct 

author of the combination. 

Although it has been recorded quite frequently from South 

Africa,'no comments on its autecology can be found. In the 

Catchment areo. the species HD.S recorded from three localities. 

Samples - 306, 412, 495. 

N.affine var. 2mphirhynchus (Ehrenberg) Cleve. 

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.ftkad.Handl. 

26: 68. 

1930 - Hustedt: Bacil12riophyta. P.243, F.3?7. 

1959 - Reimer: The Di?tom Genus Neidium. Proc.Acad.Nat.Sc. 

Phila. Ill: 7, T.l, F.2. 

Synonyms: Navicul~ amphirhynchus Ehrenberg; Navicula affine var. 

amphirhynchus Grunow; Neidium amphirhynchus (Ehrenberg)Pfitzer; 

Ncvicul~ iridis var. o.rophirhynchus Van Heurck. 

Cholnoky (1957A: 69; 1960A: 88; 1962A 51; 1962B: 92) 

considers the species Neidium affine 8. very variable one, with 

so many intergrading series of forms that any distinction between 

the forms is unnecessary. Furthermore Cholnoky is of the opinion 

that the boundpry lines between the species Neidium affine 3nd 

N.productum (1r.J.Smith) Cleve (cf. Hustedt 1930: 245) are not clearly 

marked 2nd that the position of N.productum as a sepcrate species 

is questionable (Cholnoky 1957./\: 69). Cholnoky finds no clear 

boundary line between N.,~.ffine [: nd N.iridis (Ehrenberg) Cleve 

(cf. Hustedt 1930: 245). On the other hand Reimer in his study 

of the genus Neidium (1959: 9) hDS preferred to mc'?intain the 

varieties as distinct entities and made no comment on the relation-

ship of N.affine, N.productum and N.iridis. 
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!i.ccording to Cholnoky (1960A: 88; 1960B: 257; 1962~,: 51; 

1962B: 92; 1962C: 330) the species h2.S [l preference for neutral 

waters with fluctuations of the pH value towClrds the (lcid side. 

In the oatchment area this v.'"lriety was recorded from (l relatively 

large number of s2~ples, but was neVer present in great quantities 

in the samples. 

N.affine var. longiceps (Gregory) Cleve. 

1894 - Cleve~ Naviculoid Diatoms. Kongl.Sv.Vet.Akad.H2ndl.26: 68. 

1930 - Hustedt: Bacillariophyta. P.244, F.378. 

1959 - Reimer: The Diatom Genus Neidium. Proc.Acad.Nat.Sc.Phila. 

111: 13, T.l, F.3. 

Synonyms: Navicul::, longiceps Gregory. 

In Cholnoky's opinion this v8riety cannot be distinguished 

from var. amphirhynchus (Cholnoky 1957A: 69). Reimer (1959~ 13 

commented RS follows:- "The v?riety is very similar to, but does 

not seem to intergrEtde "ri th VClr. amphirhynchus. 1f He distinguimes 

var .longiceps by its n:-;rrower vC'.l ves [lnd parallel sides. It Hould 

nppear from the comments on this variety, the typical forms, 2nd 

the var. amphirhynchus that there is a great need for '1 systemntic 

and taxonomic revision of this species. 

In the c ~ tchment area this variety occurred far more commonly 

th?n N.affine var. amphirhynchus. 
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N.gracile Hustcdt f .aeqr .1.lis Hustedt. 

1937 - 1939 - Hustedt~ J2.va, B2.1i und SumD-tra. "rch.Hydrobiol. 

Supple 15: 406, T.16, F.IO. 

1959 - Reimer: The Dintom Genus Neidium. Proc."'c2d.Nat.Sc. 

Phil~. Ill: 23, T.3, F.4. 

Synonyms: Neidium dubiurr V2r. triundul;:.tum Cholnoky. 

Hustedt (l.c.) distinguished this form from the typical 

forms on the basis of its equidistant undulr!tions. In N.gracile 

Hustedt the centr~1 undulation is much longer than the others. 

A single example of this form has been observed from Lake 

Chrissie. 

Sample - 485. 

N. inconspicuUIm Hustedt. 

1922 - Hustedt: Zellpflanzen Ostafrikas VI. Bpcillnri~les. 

\ 
Hedwigia 63: 149, T.l, F.21. 

Synonyms: Neidium Hermr.nnii Hustedt. 

Cholnoky (19601',: 89) considered N. inccnspicuu.rn f).nd 

N.Hermr.nnii Hustedt (1937 - 1939, Supple 15: 408, T.16, F.Il) 

to be the s arne species, believing thC'.t Hus tedt had described 

the same thing twice. However, Patrick and Reimer (1966: 399) 

noted the simi12rity between the two species, hut, on nccount 

of the slightly denser striation in N.inconspicuum (38 inste~d of 

34), considered it best not to unit·a them. Cholnoky's opinion 

has been followed in this study. Cholnoky (1957J\: 71, under 

N.Hermannii) has recorded some small specimens which were 22 - 27 

Jl long, 4 - 5 f wide and. cont:--ined about 36 striae in 10 )1. 

A single specimen (Fig. 184) recorded from a locnlity ne2r the 

source of the \'I!ilge river hns been illustrnted. In this exomple 
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the striae in the middle of the valve numbered nbout 35 in 10 u; 

towards the poles they gr~dually bec~me denser until resolution 

WRS difficult and they bec!"lme invisible. 

Fig. - 184. 

Snmple - 328. 

N.iridis (Ehrenberg) Cleve f.vern':'.lis Reichelt. 

1930 - Hustedt: Bpcill~riophytn. P.245, F.380. 

The distinction beb'men the varieties and fo rms of 

Neidium iridis is very sm~ll, ~.nd Cho1noky (1966A: 53) finds the 

separation of N.iridis from N.affine extremely difficult. A 

single specimen of this p~rticu10r form of the species has been 

recorded from the acid waters 2t Station 1 on the Va:-l River ne2r 

Breyten. 

Sample - 370. 

N.iridis var. amphigomphus (Ehrenberg) Van Heurck. 

1880 - V(?n Heurck~ Syn.Di;-~t.Belgique. T.13, F.2. 

(Text P.I04 (1885) ). 

1930 - Hustedt: Bacill~riophyta: P.245, F.382. 

Synonyms ~ Navicula alnphigomphus Ehrenberg; Navicula firma Donkin; 

Navicula affinis var. amphirhynchus Grunow; Navicula di1atata. 

The systematics of this v~riety is confusing. In 1843 

Ehrenberg described two species Navicula iridis Md N[l.vicula 

amphigomphus. L[l~ter Van Heurck considered that N .amphigomphus 

was a variety of N.iridis, and therefore formed the new combination 

N .iridis vnr • .,:'31Tlphigomphus (Ehrenberg) Van Heurck. In the Synopsis 

of the N~.viculoid Diatoms Cleve (1894: 68 and 69) transferred the 

species Navicula iridis to the genus Neidium. At the same time 
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Cleve reconsidered the StRtuS of N[lvicul:::: iridis V2T. amphigomphus 

and supported Ehrenberg's earlier ~ontcntion that th ey were two 

different species; Cleve therefore 8.1s() trC'.nsferred Navicula 

omphigcmphus to the genus Neidium. Cleve agreed with Pfitzer in 

this. Therefore :1ccording to Cleve there vJ ere t"V-JO species Neidium 

iridis Clnd Neiditun 21Tlphigcmphus. However l~ter v,;orkers, e.g. 

Hustedt and Cholnoky, h[1ve returnee to V;;n Heurck's tre2tment 

of the subject retaining Heidium iridis 2nd reg~rding Neidium 

CllTlphigomphus as a variety of Neidium iridis. Thus fin"11ly we 

obt2in the correct combinp..tion Neidium iridis (Ehrenberg) var. 

8.i'nphigomphus (Ehrenberg) Vpn Heurck. It is uncertain vJhy P2.trick 

and Reimer (1966: 387) quoted A.rvI2yer as being the original author 

of this combination. 

In tthe catchment area only two sp ecimens of this v.'1Tiety 

hove been recorded. 

Samples - 343, 441. 

N .productum (VI! .Smi th) Cleve. 

1894 - Cleve: N2viculoid Diatoms. Kongl.Sv.Vet.Aknd.H.qndl. 26: 69. 

1930 - Hustedt: Bacillariophyta. P.245, F.383. 

Synonyms: Navicula producta hI. Smith.; Navicula iridis var. 

producta Grunow; Navicula affinis Van Heurck. 

Cholnoky made it abundantly clear that in his opinion 

the boundary lines between N.productum and N.affine (Ehrenberg) 

Pfitzer and particularly the variety 'Jar. amphirhynchus are 

very indistinct. He recorded many specimens (Cholnoky 1957B: 

355; 1965: 74) which in his opinion were transitional forms 

between this sp ecies and N. ?ffine v ar. CllTlphirhynchus. 
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He also cited other examples which provide connecting links 
t 

between N.productum and N.iridis var. amphigomphu~ (Cholnoky 

1954D: 129). It is apPQrent th at there nre very close connec-

tions beh'Jeen the three sp ecies N. 2ffine, N. iridis, C4.nd N. 

productvm. Cleve himself commented that "this form (N.productum) 

grnduates into N.affinis vnr. amphirhynchus". The uncertointy 

that exists in the differentiation of these various forms points 

to the great need of a thorough revision of the whole genus 

Neidium. 

Only a fevl specimens of this species vJere observed in 

t·wo samples from the voJaterv2.l River and Lake Chrissie. 

Samples - 325, 485. 

NITZSCHIA Hassall 1845 

N.accomodata Hustedt. 

1949 - Hustedt~ Kongo. Expl.du Parc NationRl Albert 8: 

139, T.12, F. 27 - 31, 34, 35. 

This Ni tzschia ~ ecies is very similqr to N. pctlea (KUtzing) 

w. Smith, but differs from it in the coarser structure of the 

v"lve, which mr'kes the stri~.e more easily resolved. In the 

opinion of Cholnoky it is often mist~ken for N.palea (Cholnoky 

1956: 81; 1957A~ 71; 1958A: 126). Cholnoky (1956: 81) has 

recorded specimens which enlarge the rr'.nge of v0riation of the 

species, his specimens being 22 - 40 ? long. He has found further 

specimens in which the number of tr,?,nsapical stri[1e varied from 

32 - 38 in 10 r' and these he regarded as transitional forms 

between this sp ecies and N. capi tellata. 

This species in its t~~ical form was relatively widespread 

in the Vaal Dam catchment area, but never occurred in very large 

nUJnbers in any of the samples. 
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N.acicularis (Ktitzing) lJIJ. Smith. 

1853 - W. Smith: Brit.Diat.Vol.l. 

1930 - Hustedt: Bacillp.riophyt~. 

p.43, T.15, F.122. 

P.423, F.821. 

Synonyms: Synedra acicularis. Kiitzing; Ceratoneis acicu12.ris 

Pritchard; Nitzschiel12 acicularis Rabenhorst; Nitzschia 

acicul:=tris var. ;J.fric[lDa Cholnoky. 

This species h2s been incorrectly ascribed solely to 

H.Smith. According to De Toni (1891: 549) Kiitzing first 

described the species in the genus Synedra. This was lClter 

transferred to the genus Ni tzschi2 by lfJ. Smith in 1853. 

Cholnoky (1957A: 72, F .197) described sm!>ller furms of this 

species (40 - 50 f long, 2 f brond) which he later united 

-vnth the species as he found many transitionpl stages. 

Although most of the specimens observed in this survey lv-ere 

typical eXPJTlples, a few of Cholnokyts smaller forms were seen. 

One such small form has been illustrated in Fig. 185. 

In the Vaal Dnm catchment area this species N~S wide-

spread in its distribution but was never observed in 2.ny grec-:.t 

numbers in any s2Jilples. Cholnoky (1962B: 93; 1966B: 199) 

made the follo1-lTing observations concerning the rm tecology of 

this species. N. ,"cicul;,~ris is a nitrogen heterotrophic 

planktonic diatom species, which is usually found in still 

standing waters or sluggishly flOltJing portions of the rivers. 

During the dry seasons of the year conditions ?ppro8.ching 

those suitable for }IT .C1.ciculClris are obtClined, 2.nd thus they 

are found to be vJidespread, but not occurring in grent numbers. 

Fig. - 185. 
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N.ncutQ Hantzsch. 

1880 - H2ntzsch~ in Cleve et Grunow - Arc. Diat. 

Kongl.Sv.Vet.Akad.Handl. 17: 90. 

1930 - Hustedt~ B[1cillariophytn. P.412, F.790. 

Synonyms~ Nitzschie' dissipat2 v-:r. pcutn VCln Heurck. 

Hustedt (1. c.) has stated that the name N. !J,culr:. H311tzsch 

was ,? typographic error 2l1.d ch~mged the spelling to N.acuta. 

Cholnoky (1959: 55) however strongly criticised Hustedt for this 

change in the spelling as he m!Jint2ined that "pach den Nomen-

klaturregeln hat selbst Hustedt kein Recht, diesen vermutlichen 

t1Druckfehler" richtigzustellen". If, however, Hustedt h2d 

reasonable ground to assume th,~t N. ~lcula H[1.3 a spelling mistD.ke, 

then in terms of Article 73 of the Internation21 Code of 

Botanical Nomenclature he may make the necess~ry alteration 

in the spelling. Cholnoky (l.c.) himself admits that 

liEs mag richtig sein, dass dR_S itJort "2cula" nur auf einem 
.. 

"Uberlieferten Druckfehler" beruht, " . . . . .. . De Toni (1891: 527) 

~lso calls the species N.acuta. Unfortunately access to Hantzsch's 

original description is not possible, and Hustedt's statements 

cannot therefore be verified. However Hustedt's spelling of 

the name N.acuta Hantzsch has been followed. 

This species has seldom been recorded from South Africn, 

and was observed in one sclJnpl2 from the catchment aren. 

Sample - 343. 
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N.adapta Hustedt. 

1949 - Hustedt~ Kongo. Expl. du Parc Nntion21 Albert 8: 

135, T. 12, F.3 - 6. 

Cholnoky (1956: 81; 1957A: 72) hns observed specimens 

which were much smaller in dimensions thnn those cited by 

Hustedt (l.c.). Cholnoky gave the follovring dimensions:-

65 - 85 r long, 3 - 3.5 )1 broad, c",rin"l pores 13 - 16 and 

transapico.l striae 33 to over 44 in 10 f. Nost .Epecimens 

observed in this study ngree with Cholnoky's dimensions but 

some were sm.':"111er. The specimens ranged from 47 - 86 u long, 
I 

about 3 f brond ~nd generally h.'Jd 14 carinal pores o.nd 36 

transapicnl striae in 10 r. The smaller exomples intergrade 

very gradually with the 12rger forms. 

This was one of the most common species in the s.31nples 

from the catchment 2re2. It was, h01.J8ver, never found very 

abundantly in the samples_ The autecology of the species 

is still unknown. 

N.Agnewii Cholnoky. 

1962 - Cholnoky: Ost Transva21. Hydrobiologin 19~ 94, F.18, 19. 

This sm~ll species of Nitzschia which Cholnoky described , 
from the Eastern Transva'11 Crl.n 82sily be overlooked dU8 to its 

small size nnd ~feakly silicified vo.lve ~·lalls. In general the 

typic.'ll forms of the species were observed in the catchment arep. 

However all. 2typical form has be8n illustr['.ted (Fig. 186). 

Morphologicnlly this specimen agrees with Cholnoky's description, 

but it is much larger and has fewer carin21 pores (25 f long, 

2.5 P wide [lnd 13 carinp.l pores in 10 r). It was, however, not 

considered to be N .agni to. on ['ccount of the wectkly silicified vCJlv8 
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walls c::nd sm(',ller dimensions. 

This species was recorded from a feVI samples in whi ch its 

occurrence VIas r~re. Nothing is known of its autecology. 

Fig. - 186. 

Samples - 316, 322, 324, 339, 344, 408, 410, 465, 512, 552. 

N.agnitn Hustedt. 

1957 - Hustedt: Di~tomeenflor~ der I'Jeser. i\bh.d.naturw. 

Ver.Bremen 34: 347, F.51. 

Cholnoky (1962B: 94) has recorded this species once in 

South Afric2 from the Eastern TretnsvClol. The only difference 

between this species and N • Agnewii 3pper:r to be the Itlrger 

dimensions tlnd more strongly silicified v~lve wC'.lls in N. agni tal 

Cho1noky, however, could find no tr2.nsition~l forms. The few 

examples seen in this survey provide no answer to this problem 

either. Records of this species were made from the Grootvlei 

S~~ples - 340, 353, 377, 401, 412, 493. 

N .All~.nsonii Cholnoky. 

1958 - Cholnoky~ Jukskei - Crocodile Rivers. 

Hydrobiologi,'l 11: 257J F.24 - 27. 

This species has been recorded twice outside its type 

locality by Cholnoky (1960A: 91; 1960B: 257). In the SW2.rtkops 

River ne~r Port Elizabeth the cpecies seems to be very much more 

variable thnn the type mClterinl. In the Vn.nl Dam c·.,tchment area 

one specimen from the Grootvlei DD~ has been recorded. 

Sronple - 401. 
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N.amphibia Grunow. 

1862 - Grunow: Verh. zool.-bot. Ges. l.flTien 12: 574, T.12, F.23. 

1930 - Hustedt: B2.cillrtriophyt[t. p.414, F.793. 

Synonyms: Denticul3. decipiens l\rnott; Hi tzschia amphibiD vnr. 

acutiuscula GrunoH; Hi tZschi;1 amphibia v ar. intermedin Hayer. 

Cholnoky (1963A: 35) h~s reported specimens from Idindhoek 

v-Thich were abnorm:111y long and broD.d (65 p- long, 6 f bro2cd), but 

intergrCl.ded (rJi th the typical forms. On the other h~nd some small 

specimens h:,ve been recorded from L'1ke ~)ibDyi C" rch ibald 1966B: 491) 

being only 9. 5f- long 9.nd h'1ving l.~nceolate vf1.1ves wi th protr2.cted 

poles. 

From Cholnoky's observC1tions (Cholnoky 1962B: 94; 1966B: 

199) N.amphibia is ~ nitrogen heterotrophic species with a high 

pH optimum (above pH 8). It can also tolerate fairly high salt 

concentrations as the protopl-'1st has a relntively high permen-

bility. This species has been recorded most frequently from the 

irJaterval River, which has ;-' raised salt concentration and mesotro-

phic water. 

N.amphioxoidss Hustedt. 

1949 - Hustedt: Kongo. Expl. du ?,1TC N~tional /\lbert 8: 

140, T.13, F.65 - 72. 

N.amphioxoides is onc of the less com~on species of this 

genus to be found in South Afric~. Cholnoky has recorded it from 

the C2.pe Province (1959: 55), L'.:'.ke Chrissie (1965: 74), and the 

Okaw~ngo River (1966A: 54). In the Vaal Dam catchment area it 

was found scattered here ~.nd there over 0. fairly vade area, but 

was never observed in l~rge numbers. The autecology of this 

species is not knovm. 
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N.angustato. (vJ.Smith) Grunow. 

1880 - Grunm'l: in Cleve et Grunow - Arc. Di£'t. P. 70. 

1930 - Hustedt~ Bacillp..riophyt:1. p.402, F.767. 

Sy~nnyms,~ Tryblionell,'::: [1.ngustat~ id. Smith. 

Cholnoky (196lB: 314) m.~intC1.ined th,':'.t it was impossible 

to make n distinction between lJ .c:mgust:lto. ::.nd its vr'ricty var. 

acutn, but gove no reaSCDS for this statement. ~mong the few 

specimens of both the typical ,~nd the vari8t['~1 forms found in 

the catchment nTea there VW.S no evidence for ,:,.ny trnnsi tion£'.l 

forms beb,reen the two forms. Hustedtrs (1930: 402) system'ltic 

treatment of the species hi'..s been fcllmved. This sp ecit3s w[',s 

recorded from a tributary (If the Kc.ffirsprui t River. 

Sample - 491. 

N.angustatr" v~.r. <lcutn Grunow. 

1880 - Grunow: in Cleve et GrunoH - Arc. Dint. p.70. 

1930 - Hustedt: B[lcill~riophyt2. P.402, F.768. 

The vo.riety was present o.s isolc:.ted specimens 2t Station 

3 on the Vaal River, Station 19 on the K~ffirspruit River, md 

from the Vrede Stream. Both the typical forms and the variety 

were rDre in the catchment area. 

S2mples - 309, 342, 344, 427, 429, 493. 

N.angustecarin~ta Hustedt. 

1952 - Hustedt: L3.go de Mar:-tcaibo. Ergebnisse d. Deutsch. 

Limnol. Venezuela Expedition 1: 126, F.62. 

Synonyms: Nitzschia crnssepunctata Archibald. 

Having recently received Hustedt's report on the diatoms 

collected in Venezuel::J by a Germ~n limnological expedition, it 
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was discovered th~t N.crassepunct2to, .\rchiba1d (1966A: 266, F .49) 

is synonymous w.i th N. Mgustecarinnta. The specimen from the 

catchment aren does not entirely Ltgree with Hustedt's description, 

but since Hustedt saw only ~ few examples of N.angustecarinata the 

complete r~nge of variation for this species might not h2ve been 

observed. The; Vao.l specimsn (Fig. 196) is sli~~'htly shorter and 
f 

narrower th2n Hustedt's examples, being 48.5 ~c long and 4.5 ? broad, 
~' 

and the striation of the vCi.lve is denser h~v{ng 40 striae in 10 r-
In all other respects it c;,grees with Husterlt' s description. This 

therefore constitutes the first record of this species for South 

Africa. 

a single specimen of N.angustecarinata wns recorded from 

the Vap~ River 2.t Villiers. 

Fig. - 196. 

Sample - 403. 

N.o.picu1at.:1 (Gregory) Grunow. 

1880 - Grunow: In Cleve et Grunow - Arc. Diat. F.73. 

1930 - Hustedt: Bncill:lriophyta. P.401, F .765. 

Synonyms: Tryb1ionella apiculata Gregory; Synedra constrict2 

Ktitzing; Nitzschia constricta Rabenhorst. 

Hustedt (l.c.) regarded this species as a m~rine form, 

which is found in inland br2.ckish vlaters. Cholnoky (1960A: 91) 

remarked that the distribution of this diatom species was limited 

by its sensi tivi ty to the pH value and not to 2. sensi tivi ty to 

osmotic pressure. It appears therefore th!"{t this species inhDbits 

1'ITaters containing a relatively high concentration of snIts and 

whose pH is on the o.lkr.line side. In the V~.al D311l cGtchment area 

it was recorded mainly from the vhterval River v.!here the tot2.1 

dissolved solids value was found to be higher than elsewhere in 

the Catchment area. 



(282). t 

N.bacata Hustedt. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. 

Arch. Hydrobiol. Supple 15: 485, T.4l, F. 30 - 33. 

Synonyms..: Nitzschia bacata f. linearis Hustedt. 

Cholnoky (1956: 81; 1966A: 54) has shmm that the f.linearis 

cannot be clearly differentiated from the typical forms of the 

species and should therefore be sunk into the species. 

N.bacata was recorded in small nl~bers from a relatively 

small number of samples from the catchment area. 

N.capitellata Hustedt. 

1930 - Hustedt: BBcillariophyt8"_ P .414, F. 792. 

An nbnormally short example of this species (Fig. 187) has 

been illustrated. Its length was 25 u. 

N.capitellate is a nitrogen heterotrophic species and is 

therefore found in waters which contain l~Tge quantities of 

organic nitrogen compounds, and whose pH value is relatively 

alkC1.1ine (Cholnoky 19b2A: 52; 1962B: 95)_ Cholnoky (1960A: 

91; 1960B: 258) has found that the species is not particult'_rly 

tolerant of the presence of salts in the water. The species 

was fairly lridespread in the catchment area, 2nd vIas reasonnbly 

common. In some sDmples it was recorded in relatively high 

numbers. 

Fig - 187. 
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N.Ch~sei Cholnoky. 

1954 - Cholnoky: Slid Fhodesien. Port.Acta BioI. ~: 220, F.98. 

In his original moterial Cholnoky (l.c.) vJas unable to 

determine how m~ny carinal pores were present in 10 ? in this 

species. He came to the conclusion thot they appeared to be the 

s~~e in number as the transapical striae (Fig. 190), but did not 

correspond with the tronsapical striae beco.use of their irregulnr 

spacing. Only later vms Cholnoky (1960A: 91) able to 2scertain 

that there were 10 c arinal pores in 10 )1. The specimens 

observed in the sOJrlples from the c,'?tchment are[l agreed with 

Cholnokyl s description of the species, but the same difficulties 

in regnrd to the number of co.rin81 pores were experienced. In 

some specimens the number of carinol pores were difficult to 

determine and o.ppet'::'.red to be the same [l.S the number of trans-

apical striae (Fig. 190), while in others the carinal pores 

were more readily resolved and numbered between 8 and 10 in 10 u. 

(Figs. 188, 189, 191). The specimens observed in these samples 

enabled the range of variation to be broadened. The dimensions 

of these specimens were 7 - 12 ? long, 2 - 2.5 f broad and they 

had 16 - 20 striae in 10 f. An atypical example (Fig. 192) has 

been assigned to this species on t?ccount of its similarity, but 

the striation was denser (24 striae in 10 p) than the typical 

forms and the carinal pores were difficult to resolve. 

Cho1noky (1957A: 74) mo.intains that this species is wide-

spread in tropical to sub-tropical weakly acidic waters. It was 

fairly common in the C['tchment area, and. was present in some 

samples in fairly l[1rge numbers. 

Figs. - 188 - 192. 
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N.Chutteri Archibald. 

1966 - Archibald: Rare Din,toms from S.A. Nova Hedwigip. Supple 

21: 265, F. 47, 48. 

On account of the longitudinal folds in the valve wall, 

this species belongs to the group Nitzschiae tryblionellae 

Grunow. It is very simil~r to N.punctata (W.Smith) Grunow 

(cf. Hustedt 1930: 401, F.762), particularly the formae minores 

of this species (Hustedt 1937 - 1939, Supple 15: 466), but 

differs from the formae minores prim~rily in the number of 

striae D.nd carin~l pores, and in the number of folds of the 

valve surface. This species also closely resembles 

N.subpunctata Cholnoky (1960A: 104, F.314) but differs from that 

species in having longi tudin~l folds of the vnlve surface, which 

are not present in N.subpunctata. 

The valve is linear-elliptical to lanceol~te-elliptic2.1 

wi th very short protracted poles, 15 - 19 Jl long, ond about 

6.5 p wide. The keel is excentric and not prominent, the 

carinal pores are indistinct o.nd appear to be the same number 

as the trans apical striae. The trans apical striae are parallel 

in the middle, and slightly arcuate towards the poles, 16 - 18 in 

10 p. The striae are very clearly punctuate. The re are two 

longitudinal folds of the valve surface, the In.rger and more 

prominent fold lying near the keel nnd the sm~ller one very close 

to the margin of the valve opposite the keel. This species was 

npmed after Dr. F.M. Chutter, who very kindly collected many of 

the s,':'mples in this survey. 

This new species Has recorded from three localities, two 

on the Kalk River rrnd once from a small stream near Villiers. 

At Station 15 N.Chutteri composed 8% of the dintom nssociation. 
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This may suggest some tolerance of this species to salt concen-

tration since the salt concentrntion of the 1rJrtter Cl.t tthis point 

was slightly higher than normal. 

Figs. - 193, 194. 

Samples - 401, 402, 404. 

N .C18.usii Hantzsch. 

1859 - Hantzsch: Hedwigia ~(4): T.6, F.? 

1930 - Hustedt: Bacill.'}riophytn. P .421, F .814. 

This species has in the past been related to N.sigma 

v-l.Smith. This however is not feasible since the two species 

differ in the structure of their keels. N.Clausii has a keel 

which is slightly sunken in the middle, while in N.sigma the 

keel never exhibits this feature. Hustedt (1937 - 1939, Supple 

15: 488) was of the opinion that, since he hrd found some 

specimens without this depression, he had evidence for the 

reduction of the central nodule in this species. In the course 

of this study some specimens (Fig. 195) Here observed h0.ving al-

nost ~ompletely linear v~.lves va th only the poles curving in 

opposite directions. 

In contradiction to Hustedt's views (Hustedt 1930: 421) 

Cholnoky has found this species in alkaline freshwater 

(Cholnoky 1957A: 74; 1960A: 92). It is also a nitrogen 

heterotrophic species (Cholnoky 1962B: 95). The species is 

relatively common in the catchment ~rea and sometimes occurred 

in high numbers. Generally speaking however conditions in the 

region were not ideal for this species. 

Fig. - 195. 



(286). 

N.communis Rnbenhorst. 

1930 - Hustedt : Br.cill:1riophyta. P.417, F. 798. 

According ta Cholnoky (1966B: 200) N.communis is a 

ni trogen hetertrophic speciGs, with a pH optimum ."bove pH r, 

and which requires a frirly high oxygen content in the water. 

Conditions found in tht1 cCl tchment ['ren would apparently be un-

suitable for this species ns it was rarely seen in seven srunples. 

Samples - 245, 312, 334, 342, 413, 433, 493. 

N.commutata Grunow. 

1880 - Grunow: in Cleve et Grunow - A.rc. DiCl t. p. 79. 

1930 - Hustedt: Bacillariophyta. P.405, F.774. 

N. corunutat~ is a br~ckish wnter species (Hustedt l.c.; 

Cholnoky 1966B: 53), and is nitrogen heterotrophic. This may 

be the reason for its single occurrence in the catchment area. 

Sample - 412. 

N.confinis Hust8dt. 

1949 - Hustedt: Kongo. Expl. du Parc National Albert 8: 

145, T.ll, F. 49 - 54; T.13, F. 84 - 90. 

Synonyms: Ni tzschill Erlc.ndsonnii Cholnoky. 

The species is nitrogen heterotrophic and inh~bits neutral 

waters. In the catchment area it was quite widespread and in some 

samples it was relatively ['bundant. 

N.debilis (Arnott) Grunow. 

1880 - Grunm.: in Cleve et Grunow - Arc. Di.) t. p.68. 

1930 - Hustedt: Bacillnriophyta. P.400, F.759. 

Synonyms: Tryblionella debilis Arnott; Tryblionella ovata 

LDgerstedt; 

tryblioneUI' 

Tryblionellr Sauteriann Grunow; 

vcr. debilis (Ar nott) Mayer. 

Nitzschia 
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In the BO'cill'ri ophyta (Hustedt 1930: 400) this spec i es 

is regarded as a v"riety of Ni tzschi" tryblionell a Hantzsch. 

Later, hwever, Hustedt (1937 - 1939, Suppl. 15 : 466) reverted 

to Grunow's ideas e.nd cO'lled it a species on its own, N. debilis. 

Cholnoky a l so follows Grunm, ' s t .uonomy. 

The species does not ~.ppe cT to be very common in South 

Africa. In the VD.nl Dmn ca tchment ar ea, it .,as recorded t,Iice . 

Samples - 417, 420. 

N. diluta /,rchibnld. 

1966 - Archibllld : Rare Di rtoms fr om S. ft . Nova Hedwigia Suppl. 

21: 266, F . 50 . 

This species of which only a f ew specimens have been seen, 

falls into the group Nitzschiae lanceola tae Grunow and has a 

likeness to N. palea (KUtzing ) "I. Smith . It differs from N.pa l ea 

in h llving fewer transD.pic~l stri ae and in the structure of the 

c <:.rinal pores . It nlso shows some similcrity to N. cccomodat e 

Hustedt (1949A: 139) but differs frotl t his species in its 

dimensions. H . accomod2ta is shorter D.nd r elD.tively broader than 

the new species. Since first describing this species mlOther 

four ex=plcs hove beon examined from the c atchment nrea thus 

en".bling the range of v D.ri ·1 tion to be extended . 

The valve is linear with short cuneate and more or l ess 

capitate pol es , length 37 - 51 f' Ilnd width 3 - 4 f. The keel 

is strongly excentric, not depressed in the middle, with about 

13 carinc.l pores in 10 f' of which the c entr-l t wo are no t widor 

D.part than t he others. The tr'lnsapicD.1 striae ar e fine, 33 - 36 

in 10 f. Figs. 197, 198 . 

N. diluta was recorded from a smal l stream near Villiers, 
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Sto.tion 19, on the Knffirspruit, tfrom the "\r.Jitzieshoek ,'}re2, ~.nd 

from nenr the source of the Russespruit River. 

Figs. - 197, 198. 

Srrmples - 203, 249, 405, 493. 

N.diserta Hustedt. 

1949 - Hustedt~ Kongo. Expl. du P"rc Nc.tion"l !\lbert 8: 

139, T.12, F.32, 33. 

Two specimens of this species (Figs. 199, 200) were 

illustrated to shOvJ some small forms. Morphologicnlly they agree 

wi th the description given by Hustedt (1. c. ) • Al though they nre 

sm,~.ller they exhibit a series extending to the Im-.rer limi t given 

by Hustedt. The dimensions of the Van.l specimens ro.nged from 21 -

39 )l in length, 3.5 - 4.5 P in brendth,'"'nd the vnlves contc:lined 

12 - 16 carinal pores and 36 - 40 tr".nsapic2.l striae in 10 1. 

Outside the Congo, the type loc1.1ity, Cholnoky (195SB: 

128) hn.s recorded it from the \"!a terberg area in the Transvaal. 

It "t<Jas recorded from four localities in the catchment area, all 

of which presented evidence of high concentro.tions of organio 

nitrogen. 

Figs. - 199, 200. 

Samples - 313, 377, 417, 489, 493. 

N.dissipnta (Klitzing) Grunow. 

1880 - Grunow: in Cleve et Grunow - Arc. Dint. P.90. 

1930 - Hustedt~ Bacill[lriophytn. p.412, F.789. 

Synonyms ~ Synedr:l dissipt:.to. Klitzing; Ni tzschi~ minutissima vI .Smi the 

N.dissipat~, according to Cholnoky (1962B: 95) is nitrogen 

autotrophic, Rnd is found in well oxygennted Dlko.liIlP'" wD.ters. 



(289) • 

To a cert~in degree these conditions nre found nIl over the 
t 

catchment nre2.; ond as P. result this species ho.s been recorded 

from 0.11 over the region. It WQS, however, normally present 

in sm0.11 numbers, indic2.ting that optimc.l conditions for its 

reproduqtion were seldom found. 

N.ellipticn Hustedt vnr. olexandrino. Cholnoky. 

1958 - Cholnoky: Jukskei - Crocodile Rivers. Hydrobiologi'l 11.: 
258, F. 29, 30. 

Cholnoky (1. ~.) described these forms ns 0. vD.riety of 

N.elliptica on the grounds of their rel~tively narrower valves. 

His later thoughts on the systemo.tics of this species revealed 

that he is now of the opinion that there is only? morphologicnl 

similnrity and that this voriety should really be a separnte 

species. As so few specimens of the variety nnd none at 011 

of the typical forms of the species hnve been seen it is not 

possible to comment critically on the system2tics of the variety. 

The v2.riety was recorded from five sDlTlples only. 

Samples - 377, 402, 438, 489, 497. 

N.epiphytica O. Wuller. 

1905 - O. Muller: Engl.Bot.Jahrbuch 36: 176, T.2, F.17, 18. -
1949 - Hustedt: Kongo. Expl. du Parc N~tional Albert 8: 

143, T.13, F. 56 - 64. 

1,vorking on the Congo mflteri~l Hustedt (1949A: 143) dis-

covered two very similnr Nitzschin species fitting O. ~tillerfs 

description of N.epiphyticn. The one he retained ns N.epiphytica, 

while the other he described as N.epiphyticoides. 

In South /'..frica Cholnoky (1957A: 74; 1958A: 259; 

1962A: 54) has recorded this species, N.epiphytica, from three 
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l ocalities, while in the catchment area it oc curred at f our 

locnli ties in the F~terval River area and in the headwnters region 

of the Klcinvanl River. 

Snmples - 412 , 414, 464, 497. 

N.epiphyticoides Hustedt. 

1949 - Hustedt: Kongo. Expl. du PO.rc Nntionnl /,lbert 8: 

144, T.13, F. 48 - 55. 

This species, as in the case of the preceding species, 

h:ls only rarely been seen in South Africa. The ."mtecology of 

the species is insufficiently known; but from Cholnoky ' s obser-

v"tions it is probobly nitrogen heterotrophic (Cholnoky 1962B: 

96) :o.nd hns n pH optimum lying nenr or below pH 7 (Cholnoky 

1966A: 55). N.epiphyticoides wns rec orded a littl e more 

commonly th ~.n the previous species and was found in seven 

samples. 

S~mples - 375, 401, 410, 411, 412, 417, 468. 

N.exili s Archibnld. 

1966c - t rchib old: New Nitzschine. Port. Acta BioI. §: 230. 

Since describing this species further specimens increasing 

tho range of vari:ltion of the species h~.ve been observed. This 

new species is very s imilo.r to N.medi ocris Hustedt (19491,: 149, 

T .13, F .21 - 24) but differs in its more linear valves n nd very 

much greater length. It differs quite considernb1y from 

N. gr acilis Hnntzsch (cf. Hustedt 1930: 416, F.794) in the Inck 

of cnpitate poles and by being relatively nO.rrower. 
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ll . exilis is long DIld nurrowly lineill' with gradually tapering 

ends, the poles being r egulnrly and sharply rounded and not capi­

tate , 82 - 102 ? long, :md 1. 5 - 2 P brond. ThL keel is excentric 

and has 12 - 16 (gener ally l4) carin~l pores in 10?, of ,nich 

the central two ·.,re not more widely spaced than the others . The 

trans apical str iae DTO too fine to be visible under the light 

microscope. The v,lve '«1lls ~.re relatively "ell silicified. 

Figs. 201, 202 • 

. ~s it wns only rardy seen in the catchment area nothing 

is known about its aut ecology. 

Fig . - 201, 202. 

Samples - 266, 306, 312, 315, 336, 410, 431. 

N • f on ticola Grun01' . 

1930 - H~stedt: Bacillariophyta . P.4l5, F.800. 

N. fonticola, according t o Hustedt (1949,~: l42, T .11, 

F. 75 - 83, 91 - 93) and Cholnoky (1959: 56) is a speCies, 

varinble in its morphology and the numerous examples observed 

here have confirmed this. In the smnple Vp."l 498 the great 

vario.bility was well illustrnted. Figs. 203, 208 show some 

V8ry smn.ll examples ,lith tr:-.nsi tion,".l forms intergrading with 

the mor e typical forms of this species. The smallest speci-

mens in this series were 5 ? l ong and 3.5 f wide. Due to 

irregular spacing of the carinal pores some of these small 

examples were very simile.r to N • epiphytic a O. MUller since they 

sometimes appeared to have the two centr~l pores more widely 

spaced than the others. The description of N.fonticola should 

be altered to tccomodGte these sm~.ll specimens . 
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For its optimal development N .fonticole r equir es a pH around e.bout 

pH 8 Ilnd ,~ relntively high concentr:ltion of nitrogenous compounds j.n 

the wtter (Cholnoky 1960B: 258; 1962J~: 54; 1962B: 96). It also 

r equires a relatively high oxygen content of the ,later (Cholnoky 

1966B: 202). As these requirements 'lre quite often fulfilled 

in the catchment a r ea , N.fonticola was very widely distributed in 

the r egi on ond sometimes wp.s recorded with high r el ative densities. 

This species , in association with other nitrogen heterotrophic 

Nitzschiae was one of the most commonly occurring species in the 

more eutrophic nnd mcsotrophic waters of the r egion. 

Fig. - 203 - 208. 

N.frustulum (KUtzing) Grunow. 

1880 - Grunow: in Cleve et Grunow - !,rc Di ,o.t. P. 98. 

1930 - Hustedt: Bilcillariophyta. p.414, F.795. 

For comments on the systemotics of N.frustulum var. 

perpusill ~ (Rabenhorst) Grunow sec the comments on N .perpusi lln. 

N.frustulum is a brackish wp.ter diatom (Cholnoky 1962A: 

. 55; 1966B : 202) and was f ound in smllll numbers in two sQmples 

fr om the Springfi eld Colli0ry Detm, Grootvlei, ~.nd th e Ka.lk 

River, where the total dissolved solids I'Jere generally high. 

Samples - 401, 402. 

N.gracilis Hantzsch. 

1859 - Hantzsch: Hedwigi~~: T.6, F.8. 

1930 - Hustedt: Bocillnriophyto. P.416, F.794. 

Nitzschi~ gr~cilis is apparently a nitrogen heterotrophic 

species which has a pH optimum lying around 5.8 - 5.9 

(Cholnoky - 196GB: 259; 1962tc: 56; 1962B: 96; 1966B: 202). 

1 
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It thrives in waters ,,0. th 101< concentr,~tions of nitrogenous 

material, e.nd is not often found in ,rnters in which the nitrogen 

concentr~tion is higher. N.gracilis was rec or ded from a number 

of se.mples, but never attnined l nrge numbers in pny of them. 

One speci men is illustrnted in the pl~.tes, Fig . 209 . 

Fig. - 209. 

N.hungnric a Grunow. 

1862 - Grunow: Verh . zool.-bot . Ges . Wi en. Zweite Folgc 12: 

568, T.22, F.13. 

1930 - Hustedt : Bacill~riophyt~ . F. 401, F . 766 . 

This speci es w~s f rmnd in very sm1\l l numbers over n wide 

nrea of the catchment areD. In only two snmpl es w~s it rel~-

tively ,,,bundant, f orming in Vad 485 - 6.6% ~nd VH[>l 245 - 4.5% 

of the associ ntion . The species did not r ench full deve l opment 

in this r egion because it is n brc.ckish w.,ter species . nd generally 

spenking there ,,,re very f ew l OCD-li ties where the water in th e Vae.l 

Dnm catchment ar ea ho.d D high tote,l dissolved solids content. 

The species D-lso r equires alkaline c onditions for good growth nnd 

is nitrogen nutotrophic (Cholnoky 1960B: 260; 1966B: 202). 

N .intermedi~ H~ntzsch. 

1880 - Hnntzsch : in Cleve et Grunow - Arc. Di'lt. p.95 . 

1949 - Hustedt : Kongo. Expl, du Parc Ndi on,l Albert 8: 136, 

T.12, F. 21 - 23 . 

Synonyms: Ni tzschi0. r egule. Hustedt; Ihtzschin regu10i des Cho1noky. 

Hustedt (1937 - 1939, Suppl. 15 : 477, 1949A: 136) h~s 

commented in detnil on the sys tematics of this species. He has 

Sh01ffi thD-t the variable noture of this species is to <c. degree 
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dependant on the locality in which it was found. Cholnoky 

(1963C: 188) r eported specimens which were cbnormclly smull in 

length (52? l ong) "-nd the s pecimons observed her e agreed with 

this, the smallest being 52.5 ? long. These specimens ,·;ere also 

finor i n their structure, hoving 12 cnrincl pores ,:end 24 - 30 

transapic ~l str iae in 10 f' 
;Jo information with reg'1.rd to its autecology can be found 

.ond becB.use only t wo specimens fr om the I'atorv"l River wer e seen, 

no furth er informntion Can be added . 

N.intermissa Hus t edt. 

1949 - Hustedt: Kongo. Expl. du Parc N,tional ! lbert 8: 136, 

T.12, F.ll - 14. 

There is some doubt whether nl l t he species r ecorded 

under this species were in f act N.intermissa since in the earl ier 

parts of this study it might have been confused with N.adapta 

Hustedt (1949A: 135). 

The species was recor ded onl y from the Waterval Ri ver , 

and was nowher e common. 

N.interrupta (Reichelt ) Hustedt. 

1927 - Hus t edt: Bacill. aus dem Aokikosee . .\rch. Hydrobiol. 

18: 168. 

Synonyms: Denticula interrupta Reichelt; Nitzschia moissacensis 

var . Heideni Hei ster. 

Cholnoky (1960B: 260) r egarded this speci es as an indi-

cat or species of neutr[ll t o '.;eakly alkaline , oligotr ophic waters. 

He commented f urther the.t N. int errupta i s nitrogen autotrophic 
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and cannot toler~te poorly oxygenatcd water, or live in water 

with a raised osmotic pressur8 (Cholnoky 1966B: 203). In the 

catchment area the species was widely distributed over the whole 

area, and was f ound particularly in the Vaal River and ,Jaterval 

River. In some samples N.interrupta was present with a rel".tivel y 

high 0.bund:mcc . In many cases l.here this eccurred, but not in all 

such cascs, N.interrupta was f ound to be present in association 

,nth Cymbelln species (dominrmt in the association) particuhrly 

C. runphicephala Naegeli, . C .microceph·o 10. Grunow [lnd C. Kappii 

Cholnoky. It was also D.ssociated wi th Iii tzschi0. line .~ris 

l-I . Smith in relfltively high numbers. 

N.irremissa Cholnoky. 

1959 - Cholnoky: Seltene iv. Kaap-Provinz. Osterr. Bot. Zeitschr. 

106 : 57, F.298 - 300. 

Cholnoky (1.c.) distinguishect this species from N.spiculum 

Hustedt and N.spiculeides Hustedt on the bo.sis that the keel in 

N.irremissa is not sunken . In other respects the species are ve~ 

simil~r in nppear ance . 

The species has only ro.rely been seen in South \fricn by 

Cholnoky (1959 : 57; 1960A : 97) c.nd by Giffen (1966: 143). 

A few specimens were recorded from Station 2lA, a tributnry of 

the Klcinvllc.l Rivcr. 

Sample - 350. 
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N. KUtzingi~.na Hilso. 

1860 - Hilse : Berl. Schl . Ges. vaterl. Cult (Bot.Sect.) P.67. 

1930 - Hustedt: B ~ci11uriophyta. P.416, F .802. 

Hustedt (1937 - 1939, Suppl. 15: 483) stated that the 

mnin difference between this species ~nd N .palea. (KUtzing) \'J.Smi th 

was the lanceolate vnlve of N.KUtzingillna. In the Vnal D~m catch-

ment are~ the shr.pe of the v.,lve of l' • KUtzingian.:J. was extremely 

variable as is shown in Figs. 210 - 213. In e ener"l these two 

SlJecies cP.n be distinguished from each other by the differences 

in structure of the carinRl pores (longish in N .pnlen) and the 

number of carinal pores . In most cases N.Kutzinginn2 cont~ined 

about 16 carinal pores in 10 f. 

The species is s trongly nitrogen hoterotrophic with a pH 

optimum <".round 7.6 - 7.8, and thrives in oxygen rich wnter 

(Cholnoky 1966B: 203). N.KUtzinginna, together with other 

nitrogen heterotrophic Nitzschiue WRS present in high numbers 

at sampling points wherever the concrentrati on of org."nic nitrogen 

in the water was high. Under other conditions the species was 

pr esent, but not in l arge numbers. 

Figs. - 210 - 213. 

N .lauenbergi".na Hustodt . 

1945 - Hustedt: Nordeutscher Seen . Arch. Hydrobiol. 41: 

402, T.40, F.6, 7, 9 - 11. 

In sample Vn"l 411 one specimen of N .buenbergianR 

was observed (Fig. 214). .n though it is very much larger than 

Hustedt's original dimens ions (192 f as compared with 150 r) 
it conformed in nIl other respects with his description. It is 

a new r ecord f or South Afric£ .• 

Fig. - 214. 

Sample - 411. 
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N.levidensis (W.Smith) Grunow. 

1930 - Hustedt, Bacill,oTiophyta. P. 399, F . 760 (under 

N. tryblionell,: var. l ovidensis) . 

Synonyms : Tryblionelln levidensis VI . Smith; Ni tzschiD calidn 

Grunm,; Nitzschia. tryblionella vnr. levidensis (U.Smith) Grunow. 

In recen t times both Hustodt (1957: 338) and Cholnoky 

(1957C: 78; 1960;": 56) mninb.ined that N.levidensis should be 

specifically sep'lrded from N. tryblionelln. 

N.levidensis is an c:lknline wett er form and is r arely found 

in South Africa. In the catchment "re, however, it was f01!illd in 

a numbor of samples but never in ~re"t numbers. 

N .levidensis vI,r. victori ,3 (Grunow) Cholnoky. 

1966 - Cholnoky: Okovongo. Nova Hedwigi2 Suppl. 21: 57. 

Cholnoky (l.c.) regorded the variety v~r. victorine to be 

more closely connected with N.levidensis thvn N. tryblionella 

HC'ntzsch. 

This variety is not common in South 4frica. It is 

nitrogen heterotrophic and has nn optimum pH v alue over pH 8 

(Cholnoky 1962B : 100). In the catchment a r ea. the variety 

occurred in n, number of samples ,?S isolnted eX:lmples. 

N .linearis (.\gardh) VI . Smith. 

1853 - \oJ.Smith: Brit.Dint. Vol. 1. P.39, T.13, F.lO, and 

Suppl. T.31, F.IO. 

1930 - Hustedt: Bacilla.riophyt'1. P.409, F.784. 

Synonyms : Frustuli2. line3ris l\gardh; Synedra praemosa Ehrenberg. 

In the s'1mple Vnnl 321 one abnormn,lly short specimen, 50 p­

in length, was observed (Fig . 215). Otherwise it mIJ.tched the 

description given by Hustedt (1930 : 409). 
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N.linearis is apparently nitrogen <1utotrophic and its 

optimum pH value lies around pH 8 (Cholnoky 1962B: 97; 1966B: 

204) • It is 8.1so found in well oxygenated waters. In the 

Vaal Dam catchment area the species was very common, and was 

distributed over the whole of the region. It was found in 

most samples and in some WI'S present in very high numbers; 

it was dominant in VD.11 239 (64.2%) and Va Cll(63.9%). This was 

one of the commonest species in the region. 

Fig. - 215. 

N.mediocris Hus t edt. 

1949 - Hustedt : Kongo. Expl, du Parc National .',lbert 8: 

149, T.13, F. 21 - 24. 

The chief difference between N.mediocris and N.bacata 

Hustedt (sec above) is the structure of the keel. The keel 

of N.bacata shows a depression at the centre of the v21ve, which 

is not found in N.mediocris. This species is also simil~r to 

N.exilis Archibald but differs in its very much smaller valves. 

Fig. 216 illustrD.tes ,m example of this species. 

In South Africa the species has been rarely seen. Cholnoky 

has rec orded it from the Tugel,~ River Basin (1957A: 75: 1960[,: 99). 

It is r~re in the catchment area where it WaS seen in very few 

sampl<ls. 

Fig. - 216. 

Samples - 245, 251, 253, 324, 330, 331, 333, 353, 411, 478. 
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N.microcephol a Grunow. 

1880 - Grunow: in Cleve et Grunow - Acct. Dint. P.96. 

1930 - Hustedt : B::lCillnriophyt<~. P.4l4, F.79I. 

This small Nitzschi~ is eusily distinguished by its vnlve 

shape. r ccording to Cholnoky (1960;\ : 261) the species thrives 

best in water with a high pH v,>lue. It onn also t ol e r at e a 

considerably high osmotic pressure; and it is nitrogen hetero-

trophic like so meny other species of its group. In the Vanl 

Dam catchment ere" it we.s reasonably widely distributed over the 

whole region, but was not purticularly common in any of the 

samples. 

N.obligata Archibald. 

1966C - I\rchibald : New Nitzschiae. Port. ,\eta BioI. Q: 233. 

Examination of several specimens of N.obligata from 

s;:unplos 307, 417 and 463 m<>kes it possible to supplement the 

origin,-l diagnosis. The sh"pe of the valve dissocintes the 

new species from N . Kiitzingi;ma pnd it cRIlnot be associat ed with 

N .p::tlon on account of the structure of the carinal pores. 

The valve is l;mceol c,te , gr2du2lly tapering to the poles 

which are ni'\rrowly and acutely r ounded 'md slightly capitate; 

30.5 - 45 P long and 2.5 - 3 P wide; the full range of vnri,~tion 

cannot be given as few specimens h7ve been seen. The keel is 

excentric and has 14 - 16 sm:lll carint·l por es in 10 f' of which 

the two central pores are not more widely spaced than the remainder. 

The transP.pica l striae are very fine (possibly about 48 in 10 p) 

usually invisible under the microscope. Figs. 217, 218. 
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The species was r ecorded in the C'l tchment nrea from 

Ste.tions 2A, 4, 17 and 20, bu t at nonG of these points was this 

the species ever abundant . 

Figs. - 217, 218. 

Samples - 307, 412, 417, 463. 

N.obsidiolis Hustedt . 

1949 - Hustedt: Kongo. Expl. du porc Notional ,elbert 8: 

148, T.13, F.25. 

N.obsidi o.lis has n superficial simil.ority to the previous 

species, but differs fr om it in its more Nidely spaced c"lrinal 

pores. ' .n unusual form showing visible strintion of the v t.lve 

(numbering about 40 striile in 10 f) WilS included with N.obsidi"llis 

as it is more like this species the.n .ony other . 

Two specimens werG observed from the catchment ~rea , one 

from a smnll stream near Standerton and the other from Lnke 

Chrissie. 

Fig. - 219. 

S'lffiplcs - 415, 485. 

N.obsolo t a Hustedt. 

1949 - Hustedt: Kongo. Expl . du Parc Nntional t.lbcrt 8 : 

146, T.13, F. 94 - 99. 

As f ar ~s is known this species has only been reccrded 

outside its type 10cCllity from Nat--l in South i,fric." by Cholnoky 

(1960A : 100). In srunple Vnol 486 .'\ specimen only 18 y long WA.S 

recorded. 

Little is knoNn of its autecrlogy, end the species Has only 
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r ecorded from the acirl waters of St".tion 1 on the Vanl River, 

and fr 0m Lake Chrissie . 

Samples - 479, 485. 

N.Oliffii Cholnoky. 

1956 - Cholnoky: Seltene ii - Tugela- Gebiete. Osterr.Bot .Zeitschr. 

103: 84, F.116, ~nd 117. 

Typic"l f orms of N.Oliffii were observed in most cases, 

but one example had slightly more closely spaced carinal pores 

(8inlO?). 

Cholnoky (1962B: 97) moinkined thctt N. Oliffii is 0.ppnr ently 

associated with high pH values and is nitrogen autotrophic . The 

observations from the catchment ar ea in this r egard supported 

Cholnoky's findings, since all the samples f r om .,hich this 

species were r ecorded contained very little orgrunic nitrogen. 

(see Part 2). 

Sample~ - 306, 309, 312, 322. 

N. palea (KUtzinc). \'I. Smith . 

1856 - 1-1 . Smith: Brit. Diat. Vol. 2. P.89. 

1930 - Hustedt: Bacillariophytp. P.416, F.801. 

Synonyms : Synedra p~lea KUtzing; Nitzschip minuta Bleisch; 

Nitzschia palea var. tropica Hustedt; Nitzschia palea var. tenui­

rostris Grunow. 

\'ihile Chclnoky found that in most cases the striation of 

the valve in N. palea was invisible under the microscope, Lund 

(1946: 102) stated that he had observerl 30 - 36 stricte in 10 f 

and only occasionally were the striae invisible . In the ca tch-

ment'l.rea it was unusuctl to detect the striation of the vRlve 
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surface in N.pRlcA, being in most cascs invisible. Three 

abncrmol vAlves were observed , one with Visible striae (Fig. 222), 

and two ,~th mor phol ogical differ ences (Figs. 220, 221). 

Ni t zschia palea is one of' the most important indicator 

species of wat er carryinG l arge quantities of nitrogenous mater ial 

(CholnGky 1962B: 98; 1966B: 205). Cholnoky (l.c.) mRintained 

th at N . p,~lea is strongly nitrogen eutrophic pr eferring 1l1k ~line 

water (pH optimum ar ound pH 8) wi t h ~ high oxygen concentration. 

N.pal ea therefore will be f ound in very large numbers wherever 

strongly flowing w~ter with a high c oncentration of or ganic 

nitrogen is f ound. In the Vaal Dam catchment area N.pal ea was 

pr esent in nearly every sample, generelly in l ow numbers, but 

it w,"s domill'1nt in samples Vaal 417 (82. 2%) ,o,nd Vaal 497 (83.8%). 

Figs. - 220 - 222. 

N . parvula Lewis. 

1930 - Hustedt : BllcHl,oriophyta. P .421, F . 816. 

This species has be~n r ecorded twice from South Africa 

by Cholnoky (1957C: 77; 1962A: 58). It was present in only 

five samples from the catchment are~. Hustedt (l.c.) rem8rked 

that this is r, brackish water diatom, and th i s m"y be the re asc'll 

f or its limited distribution in the catchemtn ar ea, where the t otal 

dissolved salts of the rivers were usuelly very l ow. 

Samples - 301, 307, 328, 350, 370. 
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ll . p:trvuloid( s Chclnoky. 

1955 - Cholnoky: Raytonvlci und Leeufont ein . Hydrobiologi~ 2: 
179, F. 72 - 73. 

Cholnoky (19558: 179) distinguishod this species from 

N. p<1rvul a Lewis , moinly on the basi s cf its r ounded and mn-

capitate pol es . Th" two species also C' iff8r i n their 

ecol ngical r equirements. Cholnoky (1962B : 98) rcgcr ded this 

species as nitro gen autotrophic whose optimum pH value lies 

"round 6.5. ;, f ell isol at ed specimens wer e f ound in a small 

number nf samples , mainly from the Vnnl River. 

S~mples - 249, 301, 327, 330, 370, 479, 485, 486, 553 . 

N. perminutn CrunoH. 

1930 - Hustedt: Bacillariophyta. P.415 (under N.frustulum v~r . 

perminuta GrunoH) . 

Synonyms: Ni tzschie. frustulum v"r. pem.inuta Grunow . 

This species is very v~riable and Cholnoky (19571\ : 75) has 

r eported a series of specimens in whieh some show t he central 

carinnl pores slightly wider apart than the others . These forms 

intergrade with the more typical forms. Specimens observed f rom 

the Vael material showed the same type of valve with slightly 

wi der central cari nal por es (Figs . 224, 225) amongs t t he normal 

ar r angement of the por es (Fig . 223) . 

N. perminut a is a nitr ogen heter 6tl"op',ic cp.)oics found in 

neutral t o weakly alkaline waters (pH optimum about pH 7.6), end 

is sometimes found in water whose pH val ue fluctuated towards the 

acid side (Cholnoky 1960B: 262; 1962B: 98; 1966B: 206). 

N .perminub was found i n most of the s amples collected in the 

catchment are a but gener ."lly in small numbers, sometimes merely 
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as a s ingl e record. However at some points where the organic 

nitrogen concentrA.ti on was high fairly l Drge numbers of this 

species were r ecor ded. 

Figs. - 223 - 225. 

N. perpusilla Rabenhorst. 

1930 - Hustedt: Bacillnriophyta P. 415 (under frustulum vnr. 

perpusilla) • 

Synonyms: Nitzschia frustulum vnr. perpusilla (Rabenhorst) Grunow. 

'tlthough there ore m-ny contrasting opinions concerning 

N.perpusilh "nd N.frustulum (Cholnoky 1960B: 258; 1962A: 55; 

1962B: 96; 1966t: 56; 1966B: 202; 1966C: 167), in this survey 

N.perpusilla hns been considered a seporate species on ecologic~l 

groul\ds. Some of the smaller forms of t his species were very 

simil~r in AppeArance to N.epiphyticoides Hustedt, and CAn 

ensily be confused with this species (Figs. 226, 227). 

N.perpusilla is n freshwater species which is nitrogen 

hct"rotrophw, living in alkaline wnt .,rs. It W<:.S recorded from 

a l arge number of locrli ties in the catchment area , but W2S 

never abundant in the samples . 

Figs. ~ 226, 227. 

N.per spicua Cholnoky. 

1960 - Cholnoky: Swartkops-Boche n~hc P. E. Hydrobiologia 16: 

262 , F. 36 . 

In rc r ecentl y received paper Sovereign (1963: 365) 

described a species of Nitzschia using this same epi t het, "1hich 

was pr eocuppied by Cholnoky (l.c.) three years ear lier. This 

neces s i tates a change in name for Sover eign's new species . 
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No name will be proposed here as it is unknown whether it hBs 

already been renomed or not. 

This very rare species has been recorded from the type 

locality (Cholnoky 1960B : 262) and from three samples in the 

Catchment prea. One example (Fig. 228) agreeing in all details 

with Cholnoky's original description, is illustrated. 

Fig . - 228. 

N. proxima Hustedt. 

1955 - Hustedt : Marine Littor81 Diatoms. Duke University 

M~rine Station Bull. 6 : 46, T.16, F.13. 

Cholnoky (1959: 58) r eported specimens with smaller 

dimensions than those given by Hustedt (1.c.) in his original 

description. The examples from the catchment area agreed 

more with Cholnoky's measurements, and One specimen is illu-

stratcd (Fig. 229). 

In South !.frica this species has be en recorded once 

from the western Cape Province (Cholnoky I.e.). In the 

catchment area it WO.s recorded from two small tributaries 

of the 1;laterval Ri vcr. 

Fig. - 229. 

Samples - 405, 411. 

N.pseudob~c~ta Cholnoky. 

1958 - Cholnoky : Diatomeenflora ii - Vlaterberg-Gebiet. 

Port. Acta BioI. §.: 129, F' .130, 131. 

This species is very rV.re in South Afric". Outside the' 

type locality one or two specimens from La ke Sibayi C\ rchibald 

1966B: 492), and isolated examples from two localities in the 
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catchment are? have been recorded. 

Samples - 306, 485. 

N.Rautenbachi~e Cholnoky. 

1957 - Cholnoky: Seltene iii - Tugela Flusssystem. Os t err. 

Bot. Zeitschr. 104: 76. 

N.Rautenbachiae hRS been r ecorded from Nat al end the 

Cape Province And Cholnoky (1960A: 102) m~.int ~ined that it 

was a coastal water form. In 2. recent person~l communication 

Cholnoky s tated that it was a marine or brackish wat er species. 

However in the c~tchment ere~ the species w~s found fairly 

widely distributed, but wns only present in 

signific~.nt numbers in two samples (V~ "l 419 - 17.9%; Vaal 

447 - 7.8%) . It i s possible that at the time these samples 

were collected, the small rivers, from which they were collected, 

,18re drying up and the salt concentr lltion WIlS higher th an normal. 

N.recta Hantzsch. 

1930 - Hustedt : Bacillariophytq. P.4ll, F. 785. 

I,lthough N .rectn hp.s been recorded on numerous occasiorn 

from South Africa, nothing is known of its ecology. In the 

catchment area it wns recorded from Station 2A on the Var l River 

and from the Grootspruit River. 

Samples - 307, 411. 
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N.rom2na Grunow. 

1880 - Grunow: in V.H. Syn. T.69, F.12 - 13. 

1930 - Hustedt: BRcillariophyta. P.4l5, F. 799. 

As sample Vacl 409 was rich in lJ.roman8. specim"ns, it was 

possible to observe 8. wide rcnge of vori'l tion in the species. 

The valves range from linear to lanceolC\ te in shape; the small 

linear forms hc.ving conical and slightly produced poles , which 

are sometimes slightly c~pitate (Figs. 231, 232, 235). The more 

lanceolate specimens either, taper grcdually to acute slightly 

capitate ends, or Are conically protrncted (Figs. 230, 234, 236). 

In sample Vaal 429 R linear form with a medi(m constriction 

(Fig. 233) was observed. 

It does not appear that this species is particularlY common in 

South .~fricR. It was found in flssociction with N.palea (KUtzing) 

W. Smith end N.perminut a Grunow and from this it can be deduced that 

N.rom~na, like others of its group, is nitrogen heterotrophic. It 

was widely distributed over the catchment area end in some samples 

was reI ".tively abundfmt in its occurrence. 

Fig. 230 - 236. 

N.rufitorrentis Cholnoky. 

1960 - Cholnoky: Nctal. Nova Hedwigia ~ : 103, F. 308. 

The specimens from the Vacl D,~m c?tchment are~ all fell 

within the length limits, 35 - 46 ? long, but one or two 

exhibited slightly narrower vC\lves thRn usunl, being 4.5 )l 

broad. One of these small forms has been illustrcted (Fig. 237). 

The distribution of this species appears to be quite 

widespread in South [,fricn, since Cholnoky hRs found it in Natal 

(l.c.), the Cape Province (1962 ~ : 59) and the Eastern Transva~l 
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(1962B: 98). In the catchment ~ rea it was r ecorded from the 

Grootspruit, Klip, Wilge and Holspruit Rivers. 

Fig. - 237. 

Sampl es - 253, 334, 359, 411, 434. 

N. sigma (Klitzing) W.Smith. 

1853 - W. Smith : Brit. Di et. Vol . 1. P.39, T.13, F.108. 

1930 - Hustedt: Bacilloriophyta . P.420. F.813. 

Hustedt (1937 - 1939, Suppl. 15: 486 : 1949,\: 152) 

maint, ined that N. signp is a brackish water form, sometimes 

found in inland waters containing high salt concentrations . 

In the Grootvlei Dillll where the s p-lt concentration is known 

to be high, N.sigma composed 6.6% of the assoc i 8tion found 

in the dmn. ft Station 7 on the! Wp-terv'll River, ~lso hoving 

high salt concentrptions, this species formed 5.4% of the di~tom 

association. In the r est of the cO.tchment ,"re" the species was 

r ar e in its occurrence. 

N.sigma var. fonticola Hustcdt. 

1937 - 1939 - Hustcdt : Java, Bali unO. Sumatra. ,' rch.Hydrobiol. 

Suppl . 15: 486, T.40, F. 16, 17. 

Hustedt (l.c.) r egarded this variety as provisionally 

endemic to the Sunda Islands. Records of it from three loca-

li ties in the catchment ar ea and other parts of South Itfrica 

(Cholnoky 1959 : 59) extend its r ange of distribution considerabl y. 

Samples - 233, 421, 554. 



(309) • 

N.silica },rchibald. 

1966 - Archibald : Rare Nitzschiae. Port. Act'" Biol . 8: 

234, F. 22 - 24. 

These weakly silicified specimens show a strong resem-

blance to N.bacata Hustedt (1937 - 1939, 3uppl. 15 : 485, T.41, 

F. 30 - 33), but they differ in size of the valve ~nd the number 

of carinal pores. Observations df further specimens from the 

catchment area enabl e the originRl description to be ext ended. 

The v'llves arc lin""T to lanceolatc in sh,ope ; the larger 

forms hpve a linear central portion with par811el sides, while 

the ends Fre relatively long with ?cutely cuneete poles; the 

smaller forms ar e more l anceolate 2nd in consequence the ends 

are less cuneate but still produced and sometimes slightly 

capitate. The vrlves nr e 13 - 29.5 ? long and 2 f wide . The 

keel is excentric and h~rdly visible, there ,o r e 16 - 18 (usually 

18) c'lrinal pores in 10 f; pnd the two centr n..l carinal pores are 

more widely spn.ced than the rest. The trnnsapical striae are not 

visible under the microscope. The valve structure is very 

delicate and the whole diatom cell is weakly silicified. Figs. 

238 - 243. 

This species was found at scattered localities in the 

catchment ar ea generally in low numbers. However, ,,-t Station 8 

on the Sand River the species formed 24.6% of the diatom asso­

ciation, and at Grootvlei D-m (Station 16) it composed 2.4% 

of the diatom '1ssoci~tion. The ~utecology of this species is 

unknown. 

Figs. - 238 - 243. 

Samples - 239, 326, 336, 401, 436. 
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N .siligua Archibald. 

1966 - Archibald: N"w and Rnre Di ,otoms from S . A. Nov? Hedwigi:l 

Suppl. 21: 267, F.62. 

The species belo:1gs t o the group of Ni tzschi2e which are 

similar to ~i . ",mphibia Grun01; , but it h'1.s not been possible to 

rel~te it t o N. amphibi2 or "ny other member of this group . 

Since describing the spocies f urther speci mens have been examined 

And the r ange of variAtion c~n be extended. One specimen 

(Fig. 245) was included >lith this speci es , but on [>,ccount of its 

coars er arrangement of the s triae and carinal pores (in both 

CAses 12 in 10 f) it is uncertain whether it belongs t o this 

species or not. 

The typical forms of the species are linear with parallel 

mRrgins and short cuneat e ends which ar e protracted into slightly 

capitat e poles, 18 - 23 .5 P l ong, nnd 3.5 p wide. The keel is 

excentric and not eo.sily distingui shed from the r est of the 

s tructure . The carinal por es " re usually, though not easily, 

distinguishatle , but ar e sometimes quite distinct and number 

the s ame as the transapical striae , 16 in 10 p. The transapic2.1 

stric,e nrc coerse and c3.sily seen, 16 - 18 (uSUA.lly 16) in 

10 p. The l ongitudinal costae ar c vi sibl e and strai ght, "bout 

27 in 10 u. 

N. s iliqun was rare i n the catchment ar ea and was generally 

present as isolat ed examples i n a few samples. 

Figs . - 244, 245. 

Sampl es - 340, 344, 402, 493, 511, 513. 
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N.spiculoides Hustedt. 

1949 - Hustedt: Kongo. Expl. du Parc N,-,tion1'.l ·' lbert 3: 

151, T.13, F.5, 6. 

Two specimens conforming in most detpils with Hustedt's 

description but differing in the striation of the valve were 

assigned to this species. In these specimens the straie were 

visible, and, although difficult to resolve, numbered about 40 

in 10 ? One eXD.l1lple (Fig. 246) hp.8 been illustrated. The 

specimens ,,,ere recorded from the 1,latervnl and Kleinva"l Rivers. 

Fig. - 246. 

Samples - 356, 498. 

N.spiculum Hustedt. 

1949 - Hustedt : Kongo. Expl. du Perc No.tional Albert 8: 

150, T.13, F. 1 - 4. 

Synonyms: Ni tzschine nciculnrioides Archibald. 

In sample Va"l 242 3 series of forms (247 - 254) were 

observed linking the sm'lller N. acicul~rioides Archibald (1966C: 

229, F. 2 - 4) with the larger N . spiculum. There was a gradation 

between t he parallel sided linear v1'.lves with very long rostrate 

ends (N.acicularioides) to the typical lanceob.te valves with 

shorter protr acted ends of ll .spiculum. The Vapl specimens 

extended the rrmge of varintion of the species to the following; 

length 37 - 100 ?, breadth 1.5 - 2.5?, carinal pores 14 - 18 

in 10 r. 
N.spiculum was fairly well distributed over the catchment 

area, but seldom in high numbers. In a sm~ll tributl1ry of th e 

As River (Vf.'.ul 242) it composed 33.2% of the diatom associp.tion 

and in a head,·raters tributary of the Kleinvual River it composed 
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54.6': of the associr tion. lis insufficient informc.tion about 

the chemical and physic~l conditions at these two widely spaced 

points is Iwailable, i t is not possibl e to comment on the Hute-

cology of this species. 

Figs . - 247 - 254. 

N. stricta Hustcdt. 

1949 - Hustedt: Kongo. Expl. du Parc Nntion"l Alb ert 8: 136, 

T.12, F . 9, 10. 

Synonyms: Nitzschia pilum Hustedt. 

By comparing the descriptions of N.strictll =d !I .pilum 

Hustedt (1957: 353) it appears that Hustedt has described the 

same species under two different names. In the puthor's 

opinion these two species should be united, r.nd following the 

rules of priority the oldest valid nome, N.stricta, should be 

adopted. Nitzschia pilum therefore becomes a synonym. 

N.stricta w~s uncommon in the catchment area, occurring 

in small numbers in the samples . 

Fig. - 255. 

N.subacicularis Hustedt. 

- Hustedt: in A.S. Atl . T.348, F.76. 

1937 - 1939 - Hustedt: Java, Ball und Sumatra . Arch. Hydrobiol. 

Suppl. 15: 490, T.41, F.12. 

The examples of this species fr om the catchment a rEP. con­

formed more with Hustedt's original description and dr~wings 

(Hustedt l .c. ) thQn with the more recent illustrption in his 

Congo pnper (Hustedt 1949:: T.ll, F. 61) . An unusuCl.lly long 

specimen (62.5 ? l ong "nd 3 ? bro"d 'lS compared with 42 ? long 
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p.nd 2.5 1 broad) hCls been illustrated (Fig. 256). 

Hustedt (1957: 357) m~intained that this species was 

"Oligosaprob" implying that the species prefers waters with 

a low organic nitrogen content. Choln6ky (1962B: 99) 

however, strongly disagro,~d on this point claiming that he had 

observed this species at samplin~ points where there were large 

quantities of orgrnic nitroEen. In the catchment area it was 

recorded in low numbers from tho Wc.terval and Va8.1 River systems. 

Fig. - 256. 

Samples - 321, 324, 348, 350, 404, 408, 410, 411, 513. 

N.subvitrea Hustedt. 

1922 - Hustedt: Bacill.Innerasien. (Sven Hedin, Southern Tibet 

VI, 3, Bot). 

1937 - 1939 - Hustedt : Java, Bali und Sumatra. Arch. Hydrobiol. 

Suppl. 15 : 471, T.40, F.12. 

Cholnoky (1966il: 59) maint2.ined that the illustrations 

of this species from the Tibet material sho,Ied only 28 

transapicnl striae in 10 p, while Hustedt (1937 - 1939, Suppl. 

15: T.40, F .12) illustrded r. specimen with 38 striae in 10 l' 

The specimens observed in this study appepred to be intermediate 

forms since the number of transapic'll striae rang8d between 

30 - 36. An .obnormnl form (Fig. 258) with a curved valve has 

been compared with a typical eXQrnple (Fig. 257). 

In both South Africa and the Va c.l Dem catchment aren this 

species is rare. It was recorded from five localities scattered 

over the catchment area. 

Figs. - 257, 258. 

Samples - 238, 344, 410, 415, 447. 
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N.tarda Hustedt. 

1949 - Hustedt: Kongo. 

138, T.12, F.24, 

Expl. du Pnrc Netion,' .l !.lbert 8: 

25 (26?) 

Cholnoky (1965: 74) h<1s r eported examples of this species 

which have between 30 and 32 striae in 10 f. Among the specimuns 

observed here the mrjority have ~bout 28, and some 30 striae in 

10 f' which .- greed with Hustedt's description. Occasionally, 

however, some specimens were more like Cholnoky1s more thickly 

striated examples, having 32 striae in 10,. As Cholnoky 

(1957A: 76) has remprked, these more thickly striat ed examples 

may be regD.rded as transitional f orms between this species arri 

N .c ~pitellata Hustedt (see ,bove). 

Cholnoky (1956: 84) cl~imed that N.tarda is associated 

with weakly alkaline water. In the catchment area it was 

found in P. relatively l arge number of localities but never in 

great abundance. 

N. thermalis (Ehrenberg) Imerswald. 

1930 - Hustedt : Bacill~riophyta . P.403, F.771. 

Synonyms: Nitzschi a stagnorum Rabenhorst. 

N.thermalis is a species characteristic of water containing 

high concentrations of nitrogenous compounds and with a low oxygen 

content. (Cholnoky 1960B: 263; 1962A: 60; 1962B: 99) and Saubert 

(1957) has shown that it is nitrogen heterotrophic. It was seldom 

seen in the catchment area, being recorded as single specimens 

from three samples collected from Station 17 on the Waterval River. 

Samples - 338, 497, 498. 
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N.transvaalensis Cholnoky. 

1958 - Cholnoky: Diatomeenflora ii - Waterberg-Gebiet. 

PortJcta Biol. 6: 131, F.139. 

This very rare but quite easily distinguishable species 

was present in two samples as single specimens. One specimen, 

60 P long, was slightly shorter than normal, ~nd the original 

description should be amended with the addition of this infor-

mation. 

,s('.mples - 340, 344. 

N.tropica Hustedt. 

1949 - Hustedt: Kongo. Expl. du Parc National Albert 8: 

147, T.ll, F.34 - 48. 

Synonyms: Nitzschia pseudotropica Manguin; Nitzschia sub­

tropica Manguin. 

This species is rare in the catchment area, and was 

recorded in small numbers from seven locQlities in the Vaal 

River System. An example (Fig. 259) has been illustrated. 

Samples - 401, 410, 411, 412, 417, 418, 485. 

N. t ryblionella Hantzsch. 

1930 - Hustedt: Bacillariophyta. P.399, F.757. 

This species is uncommon in ,south Africa, and in the 

catchment area was found in small numbers in il few samples 

collected in the viaterval and Va,"l River systems. 

Samples - 342, 344, 401, 402, 405, 415, 417, 489, 493. 
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N.umbilicata Hustedt. 

1949 - Hustedt : Kongo. Expl. du PArc N8tional Albert 8: 

129, T.ll, F.65. 

This species is very simil~r to N.levidensis Grunow 

but differs from it in the shape of the vAlve end its much 

finer structure. In this survey some of the ~xamples agree 

fully with Hustedt's original description, while others 

differed in their dimens i ons, thus enl~rging the range of 

variation of the species. The following observAtions give 

the new r ange of variation:- length, 27 - 40 ?; breadth 

7 - 8?; carinal pores 8 in 10?; transDpical striae (Rippen) 

18 - 22 in 10 r. These ar e the first records of this species 

in South Africa. Two examples h~ve been illustrated, one 

showing a typical form (Fig. 261) and the other (Fig. 260) 

showing one of the smaller examples with shorter protr ac t ed 

poles. 

This species was recorded mainly from the Wa t erval River, 

but never in grent numbers. 

Sa~ples - 340, 363, 378, 511, 513, 553, 554. 

N. valdestriata neem et Hustedt. 

1951 - Al eem ct Hustedt: Diat. Slidkuste Englands. Bot.Not. 

1951 (1) : 19, F.5. 

Thi s is a marine species and it is very surprising that 

it should be found pr esent in these two sampl es. It cnn only 

have been present her e by ~ccident. Cholnoky (1959 : 61; 

1962A: 60) has recorded it only from marine habitats in the 

Western C8pe Province. 

Samples - 404, 406. 
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N.vandermerwei Cholnoky. 

1957 - Cholnoky: Siidafrikanischen Di.otomeenflora. Port. Acta 

BioI. 6: 78, F. 113 - 115. 

One very typical specimen was found in sample Vaal 422; 

this was illustrated in Fig. 262. 

seen in South f.fricn. 

Fig. - 262. 

Sample - 422. 

N.vermicularis(KUtzing) Grunow. 

This species h~s rarely been 

1930 - Hustedt: Bacillariophytn. P.419, F.811. 

This species is also very seldom seen in South Africa. 

Cholnoky (1956: 94; 1957C: 78) has recorded it twice, while a 

single specimen was recorded from Station 5A on the Vaal River. 

Sample - 323. 

N.vitrea Norman var. salinarum Grunow. 

1862 - Grunow: Verh. zool.-bot. Ges. Wien 12(2nd Part) : 566. 

1930 - Hustedt : Bacillariophyta. P.411. 

Cholnoky (1957A: 77) was doubtful whether this species 

is a marine or brackish water form. In the Vaal Dam catchment 

area H was found in. only two samples. One specimen (Fig. 263) 

was illustrated in the plates. 

Fig. - 263. 

Samples - 409, 478. 
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PINNULARIA Ehrenberg 1840. 

P.adoricola Hustedt. 

- Hustedt : A.S.Atlas T.390, F.13 - 16. 

- Hustedt: Foss. Diat. de Tobasees. P.159, T.3, F.24 a, b. 

1937 - 1939 - Hustedt: Jova, Bali und Sumatra. Arch. Hydrobiol. 

Suppl.15 : 293, T.21, F. 11 - 16. 

This species has been recorded from many acidic waters in 

South Africa (Cholnoky 1954B : 221; 1956 : 85; 1960A : 106). In the 

Vaal D8ID catchment nrea it was not pRrticularly common, being found 

in significant numbers in only three samples. Two were from the 

headwaters of the Vaal River (Va81 301, 479) where the average pH 

value was about pH 6. The other (Vaal 345) was from a headwater 

tributary of the Kleinvaal River. 

P. acrosphaeria (Brebisson) Rabenhorst. 

1896 - Cleve: Naviculoid Diatoms. Kongl"Sv. Vet.Akad.Handl. 27: 86. 

1930 - Hustedt : Bacil lariophyta. P.330, F.610. 

Synonyms: Frustulia acrosphaeria Brebisson; Navicul a ~ 

sphaeria Klitzing ; Navicula var. sandvicensis. 

This species is relatively common in South Africa. However 

in the catchment area only 2 few typical specimens wer e observed 

from Station 2A on the Va~l River and Station 17 on the Waterval 

River. 

Sampl es - 307, 339. 
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P.brevicost~ta Cleve var. sumntrann Hustedt. 

- Hustedt: in A.S.Atl. T.389, F. 7 - 9. 

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch. Hydrobiol. 

Suppl. 15: 398, T.22, F. 4 - 6. 

The specimen figured in the illustrations (Fig. 264) was 

the only one of this species observed in this study. It was 

found in a sample from Lake Chrissie (Vnl 485). This vp.riety 

is rare in South Africa, and Cholnoky has recorded it only twice 

(Cholnoky 1962B: 101; 1966A: 61). 

Fig. - 264. 

Sample - 485. 

Pinnulnria eburne~ (Carlson) ZB.non. 

1941 - Zanon: Diatomea dell'Africa occident~.le Frrncese. 

Pont. Acad.. Sci. Corom. 5: 29, T.3, F. 16 - 19. 

Synonyms: Pinnulnria borenlis vnr. rectongulnris Cnrlson; 

Pinnularj.B. borealis var. rectangulnta Hustedt; Pinnuleria 

dubi tn.bilis Hustedt. 

This is one of the more frequently occurring species 

of Pinnularia in South Africa. Cholnoky (1962B: 101) regards 

this species as aCidophilic. On account of the generally 

alkaline conditions in the catchment area P.eburnea occurred in 

sm~ll numbers in a few samples. 

Fig. - 265. 



(320) • 

P.gibba Ehrenberg. 

1930 - Hustedt: B1'..cillnriophyta. p. 327, F .600 . 

Synonyms: Pinnulnrin stauroptern Grunow. 

It appears that " thorough revision of this species 

is necessary. Cholnoky (1955C: 33; 1962A: 63; 1962B: 101; 

1964 : 78; 1966A: 62; 1966B: 210,) chimed that intermedi1'.te 

stages between the t ypical species, its forms ~nd varieties were 

so numerous th?t it was impossible to distinguish between them. 

However as so few specimens of this species have been observed i n 

the catchment area the different forms and varieties have been 

retained, since the presence of intermedi'lte forms wer e not 

detected. 

According to Cholnoky (1962B : 101) this species finds 

its optimum development at pH 6. Its slight occurrence in a 

few samples from the catchment area may be due to the lack of 

suitable conditions . 

Samples - 345, 347, 350, 353, 370, 479, 485. 

P.gibba f. subundulate Mayer. 

1930 - Hustedt: Bacil1ariophyta . P.327, F.601. 

This form of the species was recorded from Station 1 on 

the Vaal River, from a small stream near Ermelo, and from Station 

8 on the Klip River . 

Samples - 370, 454, 456, 478. 
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P.gibbu var. linearis Hustedt. 

1930 - Hustedt : Bacillariophyta. P.327, F.604. 

This variety was recorded in one sample from the acid 

w~ters of Station 1 on the Vaal River. 

Sample - 370. 

P.gibba var. parva (Ehrenberg) Grunow. 

1930 - Hustedt: Bncillariophyta. P.327, F.603. 

This vari ety was also recorded only from Station 1 

near Breyten. 

P.gibba var. sancta Hustedt. 

1937 - 1939 - Hustedt: J"va, Bali und Sumatr a. Arch. 

Hydrobiol. Suppl . 15: 395, T.20, F.35. 

According to Hustedt (l.c.) this v ariety is an acid water 

form, p8rticul arly common at pH 6.5. Cholnoky (1960B: 263) 

has recorded it from waters containing high concentrptions of 

organic nitrogen, and stated that it is autochthonous in the 

drainage channels of the Pretori ~ Sewage Works. In the catch-

ment area it was recorded in small numbers from Lake Chrissie, 

Station 21 on the Kleinvarl River, ,~nd St.-ltion 24 on the Klip 

River. 

Samples - 353, 437, 485. 
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P. grQciloides Hustedt. 

- Hustedt : in A.S. Atl. T.392, F. 2, 3. (as P.gro.cilis : 

see Hustedt 1949A: 103). 

- Hustedt : Foss. Di nt. d. Tobasees. P.159, T.2, F.13. 

1937 - 1939 - Hustedt : Java, Bali und Sumatra. Arch. 

Hydrobiol. Suppl. 15: 293, T.22, F. 9, 10. 

Synonyms: Pinnula.ria gr~cilis Hustcdt. 

Cholnoky (19548: 103; 1957B : 356; 1957C: 80; 1950B: 135) 

has recorded this species many times from South Africa, 2nd ha.s 

found me,ny varifltions from the original material which are all 

linked to the original by transi tional forms. 

The distribution of this species is limited to those 

rivers in which acid oonditions are obtained. It is therefore 

not pe.rticularly common in the catchment area. 

Samples - 301, 306, 307, 370, 554. 

P.interrupta W. Smith. 

1853 - W.Smith: British Di~t. Vol. 1. P.59, T.19, F.IB4. 

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 27: 76. 

1930 - Hustedt: Bncillariophyta. P.317, F.573. 

Synonyms: Pinnularia interrupt a f. minutissima Hustedt; 

Pinnularia biceps Gregory; Pinnulariv. termes Ehrenberg. 

According to Cholnoky (1960A: 110) this species is 

apparently very vATiable in shDpe and particularly in the 

development of the central area, which C 1n be completely 

different on the two valves of the same diatom cell. 

In the alkaline waters found in the catchment area, 

this species "'hose pH optimum lies a little under pH 7 (Cholnoky 

1962B : 102) was rare, being found 'in only three samples. 

Samples - 301, 330, 449. 
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P.meso18pta (Ehrenberg) H.Smith. 

1853 - ,I. Smith: British Diat. Vol. 1. P.58, T.19, F.182. 

1896 - Cleve: Naviculoid Dbtoms. Kongl.Sv.Vet.Ak'ld.Handl. 

27: 76. 

1930 - Hustedt: B~cilbriophyta. P.319, F.575a . 

Synonyms: Navicula mesolepta Ehrenberg; Navicul" mesolepta 

var. - genuin£l, Grunow; N[lviculD mesoleptn V[lr. flfric .~na 

Fritsch et Rich. 

P.mesolepta wps found almost exclusively in the Vaal 

River, where it is probnb1y not ,outochthonous, 8xcept in the 

samples from the headwaters of the V?'ll River (V~.al 301, 370, 

479) where it might be ~utochthonous in the acid conditions of 

the river at this point. Cholnoky (1962B: 102) cbimed that 

this species has a pH optimum of pH 6, and therefore cannot be 

classed as "indifferent" (cf. Hustedt 1957: 307). 

Samples - 301, 307, 345, 356, 370, 409, 464, 477, 479, 485. 

P.microstauron (Ehrenberg) Cleve. 

1896 - Cleve: Naviculoid Diotoms. Kongl.Sv.V8t. Akrd . Handl. 

27: 77. 

1930 - Hustedt: BacillBriophyta . P.]20, F.582. 

Synonyms: St'luroptera microstauron Ehrenberg; Stauroneis 

microstECuron KUtzing; N"vicul,o. diver gens f. minor; Ncvicula 

Brebissonii var. subproducta v~n Heurck; Navicula bic8,pi tata 

ve,r. hybrida; PinnulariA RO.benhorstinnc, Hilse; Np,vicul a 

divergens va.r . prolongata Brun. 

This Pinnularin species occurred 0. little mor e frequently 

in the catchment aren since its pH optimum lies ar ound pH 7 

(Cholnoky 1962B: 102) . It wns, however, not as common (1S the 

vnr. Brebissonii (KUtzing) Hustedt. 
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P .microstauron f. biundulat 2. O. MUller. 

1930 - Hustedt: Bacill-3riophyta. P. 320, F. 583. 

This very r are form has seldom boen reported fr om South 

Africa. It was recorded from only t wo l ocalities fr om the 

catchment area, from the As River just below Bethlehem and from 

the Waterval River. 

Samples - 259, 554. 

P.microstauron var . Br ebi ssonii (Klitzing) Hustedt. 

1930 - Hus t edt : Bacillariophyta. P.321, F. 584. 

Synonyms : Navicul"- Brebissonii KUtzing; Pinnul".ria Brebissonii 

(Klitzing) Rabenhorst; Pinnularia Brebissonii v~r.mormonorum 

(Grunow) Cleve-Euler; Pinnulori,o. microstRuron var. dahomeyensis 

Zanon; Pinnularia micr os t "ur on f. diminut'l Gr unow . 

The vnriety V2r. Br ebi ssonii is f .o.irly common i n South 

Ilfrica, and i n the catchment ·or ea it is the most commonly occurring 

Pinnularia . It was r ecorded from a relatively l arge number of 

l ocalities and is most abundant at Station 19 on the Kaffirspruit. 

P.minuta Zanon . 

1941 - Zanon : Diat omea dell 'Africa occidentale Fr rrncese . 

Pont . Acad. Sci . Comm. 2: 51, T.3, F.23. 

Synonyms: Pinnularia Claasseniae Cholnoky . 

Cholnoky (1960A: 112) hn.S sunk his Pinnul arirr Claasseni D.e 

into P .minuta . 

Since the optimum pH of the species lies ~.round pH 6 

(Cholnoky 1962B: 102), it was recorded in small numbers from t wo 

sampl es, one from the ],.J" terval River a nd one from the Wilge River 

near Frankfort. The pH at neither of these places was low. 

Samples - 233, 324 . 
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P.stomatophora (Grunow) Cleve. 

1896 - Cleve: lIaviculoic1 Die.toms . Kongl.Sv .VotJkac1.HlUldl. 

27: 83. 

1930 - Hustedt: Bacillariophyt'l. P. 327, F .605. 

Synonyms: Navicul" stomatophora Grunow; PinnulpTio sub­

stomg.t ophor a Hustedt. 

The "strichartigen Zeichnung" on either side of the 

central nodule describad eeTlier by Hustedt (1930: 327) was 

later found to be unreliable as a dipgnostic··.chl'racteristic 

(Hustedt 1937 - 1939, Suppl. 15: 396), as occasionally it was 

found on one valve and not on the other of the sama diatom cell. 

The specimen (Fig. 266) with the characteristic l ong poler 

fissures did not have this marking. It also agreed with the 

smaller f orms of this species found in the Okavango material 

by Cholnoky (1966il: 65) which Nere 35 ? long and 5.5 P broad. 

This species was recorded from Lake Chrissie which is 

fed by some acid water streams (Cholnoky 1965), and from th e 

headwaters of the Russespruit River. 

Fig. - 266. 

Samples - 249, 495. 

P.subdivergentissima Cholnoky. 

1958 - Cholnoky: Diatomeenflor a ii - WRt erberg-Gebiet. 

Port. Acta BioI. ~: 136, F.137. 

A single typical specimen (Fig. 267) of the species was 

r ecorded from Station 24 on the Klip River near its headwaters. 

Fig. - 267. 

Sample - 437. 
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P.vir i di s (Nitzsch) Ehrenberg. 

1838 - Ehr enberg : Infusionsthierchen als volko~~ene Organismen. 

P.182. 

1896 - Cleve: Navicul oid Di~toms. Kongl . Sv .Vet.Akad.Handl . 27 : 91. 

1930 - Hustedt: Bacillari ophyta. p.334, F.617a. 

Synonyms: Be..cillaria viridis Nitzsch; Frustulie. viridis (Nitzsch) 

l\utzing; Navicula viridis (;li i tzsch) Klitzing; Pinnularia medio­

constricta Rabenhorst; NwiculR Gutwinski Pantocsek. 

There ar e many recor ds of P.viridis from South Africa 

(Cholnoky 1960B: 265; 1962A: 65; 1962B: 103). Cholnoky (l,c.) 

h~.s found that its pH optimum lies between pH 6 and 7, and that 

it is al so found in oligotrophic waters. On account of the 

generally alkaline waters in the catchment area this species was 

found in small numbers in a f e!; samples. 

p. viridis vp.r. intermedia Cleve, 

1891 - Cl eve: Diat . of Finnland. P.22. 

1896 - Cl eve: Naviculoid Diatoms. Kongl .Sv.Vet . Akad, 

Handl. 27: 9l. 

1930 - Hustedt: Bacillariophyta . P.335. 

Synonyms: NRvicula maior, Navicul a vi ridis Pantocsek. 

A single specimen of this variety was recorded from the 

aci d waters of .Station 1 on the Vaal River. 

Sample - 301. 

p. viridis var. sudetic~. (Hilse) Hustedt, 

1930 - Hustedt: Bacillariophyta. P. 335 , F.617 b. 

Synonyms, PinnulRria viridis F . Smith; Navicula commutata 
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Grunow; Pinnularia Heufleri Padicino; Pinnularia sudetica Hilse; 

Navicula decumana Pantocsek. 

This v~riety is r are in South ~frica and only two specimens 

have been recorded from the catchment area from a small stream 

near Stander ton and from the source r egion of the Russespruit 

River. 

Samples 249, 415. 

RHOPALODIA O.M"Uller 1897. 

R.gibba (Ehrenberg) O. M"uller. 

1930 - Hustedt: Bacillariophyta. P.390, F.740. 

Synon~ns: Navicula gibba Ehrenberg; Eunotia gibba Ehrenberg; 

Epithemia gibba (Ehrenberg) Klitzing; Cystopleura gibba 

(Ehrenberg) Kunze; Navicula uncin~ta Ehrenberg; Cymbella 

incrassata Brebisson. 

This species was quite widely distributed over the 

whole catchment area, but generally in small numbers. At 

scattered isolated points on tributaries of the Waterval River 

and Vaal River it was found in greater abundance in the samples 

(Vaal 405 - 15.4%; VaAl 411 - 11.9%; Vaal 413 - 16.~%), and in 

sample Vaol 420 it was the dominant species (55.8%) in the asso-

ciation. Unfortunately little is known of the physical and 

chemical conditi ons of these sampling spots, making it impossible 

t o comment on the ecology of this species. Cholnoky (1962B: 103) 

maintained that the optimum pH of ~.gibba was around pH 8. 

This might account for its Hide distribution. 
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R.gibberula (Ehrenberg) O. Muller. 

1930 - Hustedt : Bpcillariophyta. P.391, F.742. 

Synonyms : Eunotia gibberula Ehrenberg; Epithemia textricula 

Kutzing; Epithomia gibberula (Ehrenberg) Kutzing; Cystopleura 

gibberula (Ehrenberg) Kunz e ; Rhopalodia gibba var. pseudo­

gibberula Cholnoky; Rhopalodia musculus (Kutzing) O. Muller. 

R.gibberula has apparently a high pH optimum and prefers 

well buffered water; this species is r I so able to tolerp.te 

fluctuations of the osmotic pressure (Cholnoky 1954D: 130; 

1962B: 103; 1966B: 212). In the catchment area R.gibberula 

had approximRtely the same distribution pattern as that of 

R.gibba, but was generally less abundant than R.gibba. 

STAURONEIS Ehrenberg 1843. 

S.acuta W. Smith. 

1853 - W. Smith: Brit. Diat.Vol.l, P.59, T.19, F.187. 

1894 - Cleve : Naviculoid Diatoms. Kongl.Sv.Vet.AkBd.Handl. 

26: 150. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 

819, F.1l63. 

1930 - Hustedt: Bacillariophytn . P.259, F.4l5. 

Synonyms : Pleurostauron acutum Rabenhorst; Stauroneis Kochii 

Pantocsek; Navicula acuta Schutt; St2uroneis Frickei Heiden. 

This Inrge Stauroneis is seldom seen in South Africa and 

the Vaal Dam catchment area was not different in this respect. 

Only one specimen was r ecorded from a headwater tributary of the 

Kleinvaal River . 

Sample - 464. 
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S.anceps Ehrenberg. 

1841 - Ehrenberg : Abh.Akad.'liss . P.34, T.2, P.l, 18 (1843). 

1894 - Cleve : Ilaviculoici Dbtoms. Kongl.Sv .Vet.Akad .Handl. 26: 147. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflore. Teil 2: 

771, F.1l20a. 

1930 - Hustedt : Bc.cillRriophyte .• P.256, F.405. 

Synonyms: Stauroneis birostris Ehrenberg; Stauroneis amphicephp~~ 

Klitzing; Stauroneis linearis Grunow; Stauroneis gallica Pera­

gallo et Heribaud; Navicula. anceps MarL"'. 

For further synonyms see Hustedt in Rabenhorst (l.c.). 

Among the normal typical forms of this species one example 

(rig. 268) of the small forms which Cholnoky (1957A: 83) f elt 

to be transitional between S.anceps and S.dahomensis Hustedt 

was observed. 

Stauroneis anceps is found in waters, which are 

relatively acidic (pH optimum, according tc Cholnoky (1966B: 213) 

is about 6.5 - 6.7), and which do not contain high concentrations 

of nitrogenous material. In the catchment area it was compara-

tively rarely seen and was never present in lp.rge numbers. 

Fig. - 268. 

Samples - 325, 358, 402, 404, 412, 437, 449, 479, 489. 

S.anceps f.gracilis Rabenhorst. 

1864 - Rabenhorst: Flor. Eur. Alg. P.247. 

1927 - 1964 - Hustedt : R~benhorsts Kryptogamenflora Teil 2: 

771, F.1l20 b. 

1930 - Hustedt : B8cill~riophyta. P.256, F.406. 

Synonyms: Stauroneis anceps var. rhomboidalis A .M~yer; 

Stauroneis anceps var. gracilis f. maior Mayer; Stauroneis anceps 

var. gracilis (Ehrenberg) Cleve. 

This particular form has been listed from numerous localities 

in South Africa, but no details of its ecology have been proposed. 
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It was recorded in small numbers fr om a few s ~mples in the 

catchment ar ea mAi nly from the ac i d wat ers of Station 1. 

Samples - 239, 301, 370, 479, 480. 

S. anceps var. j avAnicum Hus t edt. 

- Hustedt: Foss. Di~t. d. Tebasees. P.154, T.l, F. 10 . 

1937 - 1939 - Hustedt : Java, Bal i und Sumatra. 

Arch.Hydrobiol. Suppl. 15:222, T.15, F.4. 

A single specimen of this variety was recor ded from 

Station 21A, a tributary of the Kleinvae.l River. This is the 

first record of this variety for South H rica. 

Sample - 350. 

S.Borrichii (Boye Petersen) Lund. 

1927 - 1964 - Hustedt : Rabenhorsts Kryptogamenflorn Teil 2: 

803, F.1151 a, b . 

1946 - Lund : Observations on Soil Al gae. New Phytologi st 46: 

63, F. 3 C - H. 

Synonyms: Navicula Borrichii Boye Peters en. 

S.Borrichii is very variable, and two examples hAve been 

illustr at ed to show the range of variation f ound in the catchment 

area. Fi g. 270 shows c typical specimen, while Fig. 269 

illustrates a smaller form with slightly denser stri ,otion (34 

striae i n 10)1. According to Cholnoky (1957~,: 83) the species 

is widespread in acidic w~ters in Sout h ,~fric ". . Al though it was 

one of the more common Stauroneis speci es in the r egion, only a 

few examples were r ecorded from relatively few samples. 

Figs. - 269, 270. 
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S.cimbebasi ae Cholnoky. 

1966 - Cholnoky: Quellen aus S .1V.A. l:ova Hedwigia Suppl. 21, 

213, F. 110, 111. 

A single specimen of this recently described species 

was recorded from the l';ilge River at Hnr r ismith. Since the type 

l ocality and Harrismi t h a,re so dis t ant from each other this small 

species may be more ,Jidespr ecd than is ",t present known. 

Fig. - 27l. 

Sample - 331. 

S.dahomensis Hustedt. 

1910 - Hustedt : Bacil12riales aus Dehome. Arch. Hydrobiol. 

2' 378, T.l, F.ll. 

Synonyms: Stauroneis pygmaea Krieger; Stauroneis Kriegeri 

Patrick. 

A specimen (Fig . 272) in which t he striae t owJrds the 

poles become invisible has been illustrat ed . This species was 

recorded from t wo localities, Station 9 on the ~Iilge Ri ver and 

Stati on 21A, a tributary of the Kleinvael River . 

Fig. - 272. 

Samples - 328, 464 . 

S.merrimacensis (Grunow) Hoodhead nnd Tweed . 

1960 - l.Joodhend et Tweed: Freshwater .Ugae of Sierra. Leone 3. 

Rev . -Ug. N.S. 2: 143. 

Synonyms: Schizostauron crucicul·o Gr unow; stauroneis crucicula 

(Grunow) Cleve; Capartogri''llllln crucicula (Grunow) Ross. 

S.merrimacensis has been recor ded from neutral to slightly 

alkaline wat ers in South Afric a (Cholnoky 1956 : 87; 1957A: 83; 
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1962B: 104). In the Va81 Drun catchment area the species was 

found in very small numbers in five sampl es. 

Samples - 306, 307, 331, 356, 477. 

S.palustris Hustedt. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 

795, F.1140. 

1945 - Hustedt: Arch . Hydrobiol. 40: 914, T.42, F.30 - 32. 

Only two specimens of S.palustris were recorded from 

this area. It has previously been recorded in South Africa 

only from the Okawango River (Cholnoky 1966A: 69). 

Samples - 342, 433. 

S.phoenicenteron (Nitzsch) Ehrenberg. 

1843 - Ehrenberg: Abh.Akad. Wiss. Berlin (1841) T.2, F. V, 1. 

1894 - Cleve: Naviculoid Di2toms. Kongl.Sv.Vet.Akad.Handl. 

26: 148. 

1927 - 1964 - Hustedt : R"benhorsts Kryptogamenflora Teil 2: 

766, F.ll13 a. 

1930 - Hustedt : Bacillariophyta. P.255, F.404. 

Synonyms: Bacillaria phoenicenteron Nitzsch; Cymbella phoeni­

centeron Agardh; Ne.vicula phoeniccnteron Ehrenberg; Stauroneis 

amphilepta Ehr enberg; Stauroneis Bail eyi Ehrenberg; Stauroneis 

pteroidea Ehrenberg; Stauroneis Boryanc Pantocsek; Stauroneis 

crumenifera Mayer. 

For further synonyms see Hustedt in Robenhorsts Kryptogamenflora 

(I.e.) . 

According to Cholnoky (1962B: 104) this very large and 

easily recognised species is nitrogen 2utotrophic rnd inhabits 

wat ers which are neutral (pH optimum about 7) R.nd whose pH value 
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fluctuates towards the acid side. This statement is in almost 

direct conflict with Hustedt's observations in the Sunda Islands 

(Hustedt 1937 - 1939, Supple 15: 220), where he describes the 

species as "Indiffer ente Litor alform, besonders in eutrophen 

Gewassern verbrei tet" . It was recorded from a few s ampl es 

from the ar ea under survey, and mninly from localities where 

there was evidence of acidic condjtions. 

Samples - 249, 301, 330, 370, 438, 478, 479, 485. 

S. thermicola (Petersen) Lund. 

1927 - 1964 - Hustedt : Rabenhorsts Kryptogamenflorn. 

Teil~: 800, F. 1148, a, b . 

1930 - Hustedt: Bacil lnriophytR . P.259, F.418. (Under S.montana 

Kr8sske) • 

1946 - Lund: Observations on Soil Algae . New Phytol ogist 45, 

61, F.3 K-AA. 

Synonyms: Navicula thermic-ola Petersen; Navi cula contempta 

Krasske; Staur oneis montana Krasske . 

A few specimens of this sm1'.l l St;mroneis species were in 

full Rgr eement with description given by Hustedt (1927 - 1964, 

Teil ~: 800). These speci mens wer e found mRinly in the Wilge 

River in the vicinities of the headwaters (VaRl 328), Swinburne 

(Va~l 330) and Harrismith (Vaal 331). I t was recorded also from 

the upper reaches of the Vaal River (Vaal 307). Although Cholnoky 

has rec orded the species frequently he has been unable to clarify 

its autec ology. 

Samples - 307, 328, 330, 331. 
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S."Iislouchii Poretzky et Anisimowa. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 

792, F.1l37. 

1933 - Poret~ky et Anisimowa: Expl.d.lacs de l'U.R.S.S. 

1933 Fasc. ~: 51, T.9, F. 3 - 5. 

Synonyms: Stauroneis "/islouchii f. parva. Poretzky et Anisim01'la; 

Stauroneis salina var. vIislouchii Cleve- Euler. 

Since this species appears to be a brackish water form 

(Hustedt 1927 - 1964, Teil ~: 792; Cholnoky 1966A: 71; 

1966B: 214) the identification of this species from the catchment 

area is doubtful, as the water is generally fre e of large concen-

trations of salts. The species was rare, and was always found 

in small numbers in the samples. 

Samples - 251, 330, 340, 421, 422, 432, 441, 455. 

STENOPTEROBIA Brebisson 1867. 

S.intermedia Lewis. 

1863 - Lewis: Intermediate Forms. Proc.Acad.Nat.Sci.Phila, 

Philadelphia. 

1930 - Hustedt : Bacillariophyta. P.428, F,830 . 

There appears to be some considerable confusion over the 

author of the species . In the Bacillariophyta Hustedt (l,c,) 

merel y quoted Lewis in parentheses. As a result Cholnoky (1958B: 

138) wrote S,intermedia (Lewis) Hustedt. Later Hustedt (1937 -

1939, Suppl, 15: 492) quoted S.intermedia (Lewis) Fricke. Once 

again this was altered and Cholnoky (1960B: 266; 196OC: 362) 

showed that Van Heurck was the author of the species. Then 

finally Cholnoky (1966A: 71) quoted only Lewis as the author. 

In ~he Syl loge Algarum, De Toni (1891: 567) transferred the genus 

in its entirety to what he called Suriraya (Surirella) with this 
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note to his synonyms of the generic name:- "Stenopterobia sp. 

omnes Breb. > Le,ns, Grunow." Lewis here is cited as the sole 

author of Suriraya intermedia. The author 's conjecture is that 

Le.Qs described the species in the genus Stenopterobia, Which 

De Toni then transferred to Suriraya. Mor e recently Stenopterobia, 

has again been accepted as a valid species; therefore Lewis is 

the only valid author of S.intermedia. 

The species was found only in the aci dic headwaters of the 

Vaal River (Vaal 301, 370); this supported the observations of 

Cholnoky (1958B: 138; 1960B: 266). 

Samples - 301, 370. 

STEPHANODISCUS Ehrenberg 1845. 

S.astraea (Ehrenberg) Grunow var. minutula (KUtzing) Grunm,. 

1881 - Grunow: in V.H.Syn. T.95, F.7, 8. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1: 

369, F.193, d, e. 

1930 - Hustedt: Bacillariophyta. P .llO, F.86. 

Synonyms: Cyclotella minutula Klit~ing; Discoplea oregonica 

Ehrenberg; Cyclotella oregonica Ralfs ; Stephanodiscus bala­

tonis Pantocsek. 

Very few specimens of this planktonic form were seen in 

this survey. It was found in only three localities, the Kalk 

River, the Waterval River and a small tributary near Standerton. 

Samples - 401, 412, 414. 
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SURIRELLA Turpi n 1828. 

S.angusta Klitzing. 

1844 - Klitzing : Bacill. P. 61 , T. 30, F.52. 

1930 - Hustedt: Ba.cillariophyta . P.435, F . 844, 845 . 

S. angusta is found in water with a hieh oxygen content , 

pr .~f crring nlk"line ;Iater as it has a pH optimum of about pH 8 

(Cholnoky 1960B : 266; 1962A: 72; 1962B : 105) . Cholnoky also 

claimed that it was nitrogen autotrophic, thus inhabiting water 

wi th 10" concentrations of organic nitr ogen. This probabl y 

accounts for its widespread distri bution in the catchment area, 

wher e it sometimes occurred in high numbers i n the samples . 

S. delicatissima Lewis var . africana Cholnoky . 

1959 - Cholnoky: Seltene iv - Kaap- Provinz . Osterr.Bot. 

Zeitschr . 106 : 65, F . 345. 

Cholnoky (1960B: 266; 1962B: 105) mai ntained that this 

species was found in oligotr ophic acid water with pH val ues 

around 6 . 0 - 6.2. The presence of var. africana in the acid 

waters (ave. pH value 6 . 3) of Station 1 confirmed Cholnoky's 

evidence. 

Sampl es - 301, 370, 479 . 

S. fimbriata Hustedt . 

1942 - Hustedt: Indom?layischen Archipels. Int. Rev • d . ges . 

Hydrob . u . Hydrog. 42 : 164, F . 409, 410 . 

Surirella fimbriata is rare in South Africa, previously 

being reported only from Natal (Cholnoky 1957A: 85; 1960A: 118) . 

Typical forms of S. fimbriata wer e recor ded from the upper reaches 
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of the Klip River near Muller ' s Pass. (Vaal 437, 438). However, 

a specimen (Fig. 274) showing dis t inct striat ion of t he valve 

surfRce and r el atively narrower v~lves (cf. Ch0lnoky 1957A: 85 ) 

was observed in a sample from Station 2lA . It has be en assigned 

to this species on account of the similRrities between the two 

species. This atypical specimen is also similar to S.Chasei 

Cholnoky (1954B: 225, F. llB, 119), but differ s from this species 

by the coarser striation of the valve surface and the absence of 

the thorn-like projections in the centr~l ar ea. This may possi-

b l y be a new speCies , but further specimens must be examined 

before describing it. 

Fig. - 274 . 

Samples - 437, 438, 464. 

S.linearis 11. Smith . 

1853 - W. Smith; Brit.Diat . Vol. 1. P . 31, T. 8, F . 58 a . 

1930 - Hustedt : Bacillariophyta. P.434, F .B37, 83B. 

Synonyms: Surirella linearis f. constricta (Ehrenber g) Hustedt. 

This species having a pH optimum around neutral point 

(Cholnoky 1962B: 105) was recorded in one sample from the acid 

wat ers of Station 1 on the Vac.l River . 

Sampl e - 479. 

S.ostentata Cholnoky. 

1962 - Cholnoky: Diatomeenflora iii - KaAp Provinz . 

Rev . de Biol. 2: 73 . 

1962 - Cholnoky : Ost Transvaal. Hydrobiol ogia 19 : 106. 

Synonyms: Surirella ovata var . africana Cholnoky . 

This small hyaline Surirolla species was described 
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originally by Cholnoky (1955A: 28, F.46) as a variety, var. 

a.fricana, of S. ovata KUtzing, on the basis of its very much 

smaller dimensions, and hyaline valves. Later Cholnoky thought 

these characters ,mrr;mted specific separation. Accordingly 

in 1962 in t wo papers he proposed that the variety should be 

raised in r ank to species and gave it a new name S.ostentata. 

It is difficult to tell .·!hich is the original description for 

this new combination as Cholnoky quoted first one paper and then 

the other in different citations. 

The species was one of the more commonly occurring Surirell a 

species in the catchment area. It is apparently found in neutral 

to weakly alkaline water (Cholnoky 1955A: 46 1956: 90; 1962B: 

106) • 

S.ovalis Br ebisson . 

1930 - Hustedt: Bacillariophyta. P.441, F.860, 861. 

Hustedt (l.c.) claimed that S. ovalis is a marine or 

brackish water form, normall y found in coastal waters or brackish 

inland waters. This makes the distribution of the species in South 

Africa surprisin~ as the loc~liti es from which it has been re­

corded are certainly not all brackish (Cholnoky 1958A: 261; 

1960A: 119; 1960B: 266; 1962B: 73; 1965: 76) . In the Vaal 

Dam catchment area this species is very wide spread and found in 

a large number of localities, although never composing a large 

proportion of the association. The water in the catchment 

area, however, has generally a relatively low dissolved salt 

content. 
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S.ovat a Klitzing. 

1844 - Klitzing: Bacill . P.62, T.7, F. 1 - 4. 

1930 - Hustedt : Bacillariophyta . P.442, F.863, 864 . 

S.ovata, although a common species in Europe (Cholnoky 

1960B: 266), was seldom seen in this survGY. In two samples, 

however, it occurred in relati-ely large numbers (Vaal 253 -

5.0% and Vaal 417 - 2.4%) . In both these samples the species 

was associat ed with large numbers of nitrogen heterotrophic 

Ni tzschiae. 

Samples - 253, 333, 336 , 360, 401, 417, 431, 445. 

S.striatule. Turpin. 

1828 - Turpin: Mom.d. Museum d'Hist. Nat . 16 : 362. 

1930 - Hustedt : Bacillariophyta. P.445, F.869. 

This is a very rare Surirella species in South Africa. 

Previously a few of the earlier >mrker s on South Africo.n material 

had recorded it from South Africa (cf. Cholnoky l.c.). 

Since then Cholnoky has recorded it once (Cholnoky 1962A: 73), 

and Giffen (1963: 254) once. In the catchment area one spec i-

men was observed in sample Vaal 343. 

Sample - 343 . 

S.tener a Gregory. 

1856 - Gregory: New species British Fr eshwater Di atomaceae. 

Q.J.M.S . ~: 10, T.l, F.38. 

1930 - Hustedt: Bacillariophyta. p.438, F.853 . 

Si nce this sp ecies has a pH optimum of 8 (tnolnoky 

1962B: 106), it wes one of the more widespread and common 

species in the catchment aroa, being particularly common in 

the Vaal River and its tributaries. 
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SYNEDRA Ehrenberg 1830. 

S.acus Klitzing f. radians (Klitzing) Hustedt . 

1927 - 1964 - Hustedt : Rabenhorsts Kryptogamenflora Teil 2: 

202, F . 693 b. 

1930 - Hustedt: Bacillariophyta. P.155, F.171 

Synonyms: Exilaria tenuissima Brebisson; Frustulia tenuissima 

Klitzing; Synedra tenuissima Klitzing; Synedra radians Kiitzing; 

Synedr a acula Klitzing; Synedra delicatissima W. Smith; Synedra 

amphicephala H.L. Smith; Synedra paludosa Meister. 

This form has been recorded commonly in South Africa . In 

the catchment area, however, it is scarce, and was r ecorded mainly 

from the Vanl River and its tributaries. 

S.acus var. angustissima Grunow. 

1881 - Grunow: in V.H. Syn . T.39, F.IO. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflor a Teil 2: 

202, F. 693 c. 

1930 - Hustedt: Bacillariophyta. P.155, F.172. 

Synonyms: Synedr? delicatissima vaT. angustissima Grunow; 

Synedra Lemmermannii W. & O.S . West; Synedr a Schroteri 

Meist er. 

As far as is known this is the first r ecord of the v ariety 

for South Africa. It was found in one sampl e from Station 5A on 

the Vaa.l River. 

Sample - 323. 

S .Allansonii Cholnoky. 

1958 - Cholnoky: JUkskei - Crocodile System. Hydrobiologia 11: 

262 , F. 33, 34. 

Cholnokyls type material (Cholnoky I.e.) showed differences 

of valve shape and construction of the pseudoraphe which 
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distinguished this species from S.nana Meister or S.tenera W. Smith. 

Lat er on he (Cholnoky 1962C: 338) found other exampl es of this 

species which differ ed from the other two only in the construction 

of the pseudoraphe . The two specimens observed here were more 

like Cholnoky1s original type material. 

Samples - 410, 485. 

S.mystica n.sp. 

This new species, of .hich a relatively large number of 

valves were s een in this survey, is similar in outline to 

S.minuscula Grunow (cf. Hustedt 1927 - 1964, Teil 2: 210, F.700) 

but differs from it in a better development of the central area and 

the transapical striae which are finer in their arrangement. The 

longer exeJnples ar e also similar to S. tenera but the well developed 

central area of S .mys tica excludes it from this species. 

The valves of S.mystica are linear in the middle portion, 

sometimes slightly concave at the centre in t he smaller specimens, 

with l onger or shorter cuneate and acutely rounded pol es ; 

21 - 36 f long, and 2 - 3? wide . The pseudoraphe is narrow and 

linea.r, sometimes very slightly la.nceolo.te towards the centre. 

A well developed central area is present. The tr~nsnpical striae 

are fine, but <?asily seem and number bet,men 24 and 28 in 10 p. 

Figs. 275, 276 . 

S. mystica was recorded fr om Stations 21 and 21A on the 

Kleinvaal River, Station 24 on the Klip River, and from the 

headpaters r egion of the Elands River in the 1Iitzieshoek ar ea. 

Figs. - 275 , 276. 

Samples - 204, 350, 353,'437. 
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S .npna Meister. 

1912 - Meister: Kieselalg. Schweiz. P.76, T.8, F.9. 

1927 - 1964 - Hustedt : Rabenhorsts Kryptogamenflora Teil 2: 

212, F. 704. 

1930 - Hustedt: Bacillariophyta, P.158, F.183. 

According to Cholnoky (19540: 130; 1966A: 74) this species 

is an acidophilic pl anktonic form. The lack of suitable conditions 

might explain the small number of specimens obser ved in the catch-

ment area. It was recorded in smell numbers from a f ew samples 

mainly in the upper re,ochcs of the Vaal River and in the l<Jilge 

River system. 

S.rumpens Kutzing. 

1844 - Kutzing : Bacill. P.69, T.16, F.Vl. 

1927 - 1964 - Hustedt: Rabenhorsts KryptogrlInenflora Teil 2 : 

207, F. 697 a, b, 

1930 - Hustedt: Bacillariophyta. P.156, F. 175. 

Synonyms: Desmogonium KUtzingii Rabenhorst; Synedra campYla 

Hilse; Fr a.r,ilaria r ump ens Carlson; Synedra scotica M<~yer; 

Synedra scotica var. eenuina and VBr . undulata Mayer . 

Cholnoky recorded this species from neutral to alkaline 

water (Cholnoky 1960B : 267; 1962C: 339), and has stated that 

its pH optimum lies above pH 8 (Cholnoky 1962B: 107). It was 

recorded in the Vaal D~m catchment area from four samples. 

Samples - 331, 332, 403, 410. 
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S.tabulata (Agardh) Klitzing. 

1844 - Klitzing: Bacill. P.68, T.15, F.X, 1 - 3. 

1927 - 1964 - Hustedt: Rabenhor sts Kryptoge.menflor n Teil 2: 

218, F. 710 a-d . 

1930 - Hustedt: Bacillar iophytR. P.159, F.184. 

(Under S.cffinis Klitzing) . 

Synonyms: Diatoma tabulatum t gardh; Exilaria fasciculata minor 

Ag~rd~ Frustulin subtilis Klitzing; Navicula ~ Ehrenberg; 

SynedrR subtilis Klitzing; Synedra tenuis Klitzing e.p . ; Synedr a 

affinis Klitzing; Synedra gracilis Klitzing; For further synonyms 

sec Hustedt in Rabenhorst (l . c . ). 

Cholnoky (1960B: 267) mai ntoined that this species required 

a high s alt concentration for its optimal growth . A single speci-

men of this species was r ecorded from the Grootvlei Dam (Station 

16) ",here the concentration of total dissolved solids was the 

highest in the catchment area. 

Sample - 401. 

S. tenera H. Smith. 

1856 - .1. Smith : Syn. Brit . Diat. Vol. 2 . P .98. 

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflorc Teil 2: 

211, F . 703. 

1930 - Hustedt : Baci11ATiophyta . P. 158, F . 182 . 

S. t ener a is found in the neutral to acidic waters (cf. 

Cholnoky 1956: 161; 1960B : 267; 1962B: 106) of South Afri ca . 

In the Vaal Dam catchment area only t ",o speci mens of this species 

were recorded. 

Samples - 321, 364. 
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S.ulna (Nitzsch) Ehrenberg . 

1838 - Ehrenberg: Infusoria. P.211, T.17, F.l. 

1927 - 1964 - Hustedt : Rabenhorsts Kryptoge~enflora Toil 2: 

195, F. 691A a -c. 

1930 - Hustedt: Bacillariophyta. P.151, F.158, 159. 

Synonyms : Bacilluria ulna Nitzsch; Echinell e. vitree. Bory; 

Bacillaria vi tree. Bory; Bacillc.rie. p'lXill~ Bory; Bacillaria 

Lyngbyei Bory; r rustulia splendens Klitzing; Synedre. 

l pnceolata Klitzing; Synedr n splendens Klitzing; Synedr a vitrea 

Klitzing; Synodr a mesolepta Klitzing; Synedra aequalis Klitzing; 

Synedra mes ocampa Brebisson; Synedra radians " Smith; Synedra 

selina 'J. Smith; Synedra interrupta Aucrswald; Synedra 

bicurvata Bi ene. For further synonyms s ee Hustedt in Rabenhorst 

(1.c.). 

S. ulne. was one of the most common a.nd one of the most 

variable diatom species of the Va.ol Dam ca tchment area . Following 

Cholnoky (1962A: 74 ; 1962B: 106; 1963C: 195) no distinction 

between the differ ent varietics has been mAde . 

It has been recorded by Cholnoky (1962 .'. : 74; 1962B: 106; 

1962C: 339) in weakly alkaline to relatively alkaline ,,,ater. For 

this r eason the waters of t he Vaal Dam catchment area rivers were 

probably suitable f or good growth of this species. In s ome 

samples it occurred ,·,ith a r elatively high percentage frequency. 

TABEL~RIA Ehrenborg 1839. 

T.flocculosa (Roth) Klitzing. 

1644 - Klitzing : Bacill . P.127, T.17, 21 . 

1927 - 1964 - Hustedt : Rabenhorsts Kryptogamenflora Teil 2 : 

29, F . 558. 

1930 - Hustedt : Bacillariophyta. P.123, F.10l. 

Synonyms : Conferva flocculosa Roth; Di atoma flocculosum 

Lyngbye; Bacillaria tabellaris Ehr enber g; Tabellaria amphicephala 

Ehrenberg; Tabellaria gastrum Ehrenber g; Te.bellaria trinodis 
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Ehrenberg; TabellariA flocculosa var. ventricosa Grunow; 

Tabellaria flocculose. var. :JJ1lphiceph"la Grunow; Tabellaria 

flocculosa var. genuina Kirchner. 

Cholnoky (1955B: 184; 1957A: 87; 1960B: 268; 1962B: 107) 

has found that T.flocculosR grows best in acid waters, since its 

pH optimum lies around pH 6; it also requires a high oxygen 

content of the wat8r. In the catchment area the species was 

recorded from a sample from Lake Chrissie (Vaal 485) and in a 

sample from the Kleinv~ ~l River . 

Samples - 353, 485. 

THALASSIOSIRA Cleve 1873. 

T.decipiens (Grunow) Joergensen. 

1905 - Joere;cnsen: Hydrogr. BioI. Invest. Norw. Fjords P.96. 

1927 - 1964 - Hustedt: Rabenhor sts Kryptogamenflora Teil 1: 
322, F. 158. 

Synonyms: Coscinodiscus excentricus ~.Schmidt; Coscinodiscus 

excentricus va.r? dccipiens Grunow; Coscinodiscus decipiens Grunow; 

Thalassiosira gelatinosa Hensen; Coscinodiscus cxcentricus var. 

gola.tinosa Cleve; Coscinodiscus excentricus var. catenata Gran; 

Coscinodiscus gelatinosus Le~~crmann. 

The single r ecor d of this species from the catchment area 

is the second time it has been reported from South AfricA. Cholnoky 

(1962 ' : 75) has previously recorded it from the Cape Province . 

Sronple - 344. 
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Some new and rare Diatoms from South Africa 

By 

R. E. M. ARCHIBALD 

(Council for Scientific and Industrial Research; National Institute for 
Water Research, Grahamstown, South Africa) 

With 2 plates 

The material which has been investigated in this study was collected from 
the Vaal River Catchment Area in the districts of Villiers and Standerton, 
both from the Vaal River itself and from some small tributaries. It was 
collected in August, 1960, by Dr. B. J. ChoLNOKY and F. M. CHUTTER, 
both of the Hydrobiological Research Group of the National Institute for 
Water Research in Grahamstown. The following are brief descriptions of the 
sampling points from which the material was collected: -

Vaa1401. Grootvlei - a colliery dam situated on the road between Balfour 
and Villiers. pH 8.5. 

Vaal 402. Stream from the Grootvlei colliery dam, sample taken from 
under the bridge at the point where the road from Balfour to 
Villiers crosses the stream. pH 8.7. 

Vaal 403. The Vaal River below the bridge on the north side of Villiers on 
the main national road to Johannesburg, pH 8.6. 

Vaal 404. A small stream east of Villiers, about 5 -7 Km from the town 
on the road to Standerton. The stream was drying up, and the 
water was not flowing. pH 8.6. 

Vaal 405. Another stream 1.5 Km further east from Vaal 404. Large pools 
in a dry stream bed. pH 8.7. 

Vaal 406. The Vaal River where it is crossed by the Villiers-Standerton road. 
There were growths of a Cladophora sp. on the stones. pH 8.7. 

Vaal 407. The same locality; slowly moving water on a wall. pH 8.7. 

Vaal 408. A small stream about 3 Km east of Vaal 406. The stream had a 
rocky bed, and the water was not flowing. pH 8.6. 

Vaal 409. A small swampy stream between Vaal 407 and Standerton. There 
was a large amount of algal growth on the surface of the water. 
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Vaal 485. A swamp between Lake Chrissie and the road to the village of 
Chrissie. It was entirely covered with reeds and other partly 
submerged plants. pH 7.0. 

The diatom species found in this material are very interesting, and a 
number of new species, which are described in this paper, were discovered. 
There were also a few species whose systematic position was unclear and 
I have commented on these in an attempt to clarify their systematic position. 
The material includes new diatom records for South Africa. These are 
discussed. 

I wish to acknowledge my thanks and indebtedness to the following 
people: -
Dr. G. J. STANDER, Director of the National Institute for Water Research, 
by whom this study was made possible; Professor E. S. TWYMAN, Head of 
the Department of Botany, Rhodes University, Grahamstown, through 
whose kind permission the facilities of his Department were made available 
to me; and in particular to Dr. B. J. CHOLNOKY, for his help and advice. 

The interesting species found in the material investigated are enumerated 
below, with comments. Descriptions of the new species are also given in this 
section. 

CYMBELLA AGARDH 1830 

Cymbella aequaloides n. sp. 
This diatom bears a superficial resemblance to C. aequalis W. SMITH 

(cf. HUSTEDT, 1955: 52), but differs from it in having dorsally turned polar 
fissures, and a one-sided central area on the dorsal side. In fact, it is more 
closely related to C. amphicephala NAEGELI (cf. HUSTEDT, A. S. Atl. T. 377, 
F. 31 -41 ; CHOLNOKY, 1960: 31). However, on account of the more lanceolate 
shape of the valve, and since the central area is unilateral and extends to the 
margin of the valve, I am obliged to describe these specimens as a new species. 
This species is also slightly more finely striated, having 18 striae in 10 [L. The 
valves are naviculoid, almost symmetrical, lanceolate, with short protracted 
ends, the ends being bent slightly ventrally. The valves are about 23 [L 

long, and about 5 [L wide, but the complete range of variation cannot be 
given as too few specimens were seen. The raphe is almost straight and 
only slightly excentric, with small dorsally bent polar fissures. The axial 
area is narrow and linear, the central area is unilateral and extends to the 
valve edge on the dorsal side, and on the ventral side the striae are only 
slightly shortened in the middle. The transapical striae are radial throughout, 
18 in 10 [L, becoming gradually closer together towards the poles. - Fig. 1. 
- Vaal 408. 

Valvae naviculiformes, paene symmetricae, apicibus breviter protractis, 
in sensu ventrale levissime declinatis, circiter 23 [L longae, 5 [L lataeque. 
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Rhaphe fere directa et haud excentrica fissuris terminalibus brevibus, in 
directione dorsale declinatis. Area axialis anguste linearis, area central is 
vitta una unilateralis marginem dorsal em valvae attingens, in latere ventrale 
abbreviatione leve striarum medianarum nonnullarum significata. Striae 
transapicales in tota longitudine valvae radiantes, in media parte lateris 
dorsalis 18 in 10 [J., ad polos versus densior positae. 

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte super 
fluvio Vaal inter pagos Villiers et Stander ton Africae Meridionalis. 

Typus: praeparatum No. V.aal 408 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figura nostra No. 1. 

FRUSTULIA GRUNOW 1865 

Frustulia subvulgaris CHOLNOKY (1959: 27, F. 160.) 
Two specimens of this species have been illustrated in the plates, which, 

although generally agreeing with the original diagnosis of CHOLNOKY, show 
slight differences which necessitate minor alterations of the original de­
scription. In the original description CHOLNOKY gave the dimensions as 
27 -33 [J. long, about 6 [J. wide, and having about 30 striae in 10 [J.. Later 
CHOLNOKY (1962a:74) altered his diagnosis to widen the range of variation. 
His new dimensions were 20-33 [J. long, 5-6 [J. wide, and 30-36 striae in 
10 [J.. The specimen from Lake Chrissie (Vaal 485) is small and has over 
40 striae in 10 [.L, which are so fine that they are invisible with the ordinary 
light microscope. The second specimen, from sample Vaal 406 (Fig. 3) is 
broader than previously described specimens, being 7.5 [.L wide. The original 
diagnosis must therefore be amended to 20 -33 [.L long, 5 -7.5 [.L wide, 
and 30 - over 40 striae in 10 [J.. - Fig. 2, 3. - Vaal 485, 406. 

GOMPHONEMA AGARDH 1824 

Gomphonema dichotomum KUTZING emend. ARCHIBALD 
From a study of the drawings in A. SCHMIDT'S Atlas (PI. 234, F. 47 -50, 

56-57,58;PI.235,F.15-17,34-39;Pl. 236, F.1-8)andGRUNow'sdraw­
ings in VAN HEURCK (1880-1881: PI. 24, F. 28-29,35-36) it is clear that 
there is only a superficial similarity between G. intricatum KUTZING and its 
variety var. pumila GRUNOW. This is supported by CHOLNOKY (1962a:75) 
who says "Ich halte es flir sehr wahrscheinlich, daB diese kleinen Formen 
nur auf Grund einer recht oberflachlichen morphologischen Ahnlichkeit zu 
G. intricatum gestellt wurden." G. intricatum var. pumila is a small diatom 
and occurs very much more frequently than the typical form, which is much 
larger. I feel therefore that the variety should be raised to the rank of a true 
species. Having done this the position of the variety G. intricatum var. 
dichotoma (KUTZING) GRUNOW must also be discussed. HUSTEDT 1937 -39, 
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Sup pI. 15 :436) states that "die kleinen Formen var. pumila und var. 
dichotoma sind kaum voneinander zu trennen. Sie kommen im Material 
meistens nebeneinander vor; ... ". In fact the only difference between the 
two varieties is the number of striae (cf A. S. Atl. PI. 234, F. 51-55; 
PI. 235, F. 30-33). Var. pumila has 8 -11 striae and var. dichotoma has 
11 -13 striae in 10 [L. In CHOLNOKY'S experience var. pumila in fact has up to 
16 striae in 10 [L. It seems clear, therefore, that these two varieties intergrade 
and should be united. The oldest valid name which can be applied to this 
new combination is Gomphonema dichotomum KUTZING. I propose, there­
fore, that the name for this variety which has been raised in status to species 
shall be Gomphonema dichotomum KUTZING emend. ARCHIBALD because 
the var. pumila has been incorporated. - Fig. 4. - Vaal 406. 

NA VICULA BORY 1824 

Navicula adamanti/ormis n. sp. 
This species falls into the group Naviculae minusculae CLEVE emend. 

HUSTEDT, and in general appearance resembles N. perpusilla GRUNOW 
(cf. HUSTEDT, 1962: 213, F. 1330). It differs from N. perpusilla in the more 
widely arranged striae and the very widely separated central pores. Those 
valves seen, are rhombic-lanceolate to rhombic-ovate, with very broad and 
rounded ends, which are not protracted, 6-8.5 [L long, 4.5 [L wide. As few 
examples were seen the full range of variation is not known. The raphe is 
straight and filiform with central pores relatively widely separated. The axial 
area and central area combine to form a very wide lanceolate or elliptical 
area. The transapical striae are very short, radial at the poles, becoming 
less so towards the middle of the valve, where the striae are parallel, 23 - 28 
striae in 10 [L. Longitudinal striae are not visible. - Fig. 5, 6. - Vaal 401, 
and 403. 

Valvae rhomboideo-lanceolatae sive rhomboideo-ellipticae apicibus late, 
regulariterque rotundatis, non protractis, 6-8.5 [L longae, circiter 4,5 [L 

latae. Rhaphe direct a, filiformis, poris centralibus in relatione valde distanti­
bus. Area axialis late lanceolata sive elliptica, area centralis nulla. Striae 
transapicales brevissimae, in media parte valvae modice, ad polos versus 
valde radiantes, 23 - 28 in 10 [L. Costae longitudinales invisibiles. 

Habitat in lacu artificiale Grootvlei-Dam dicto et in emissario ei putei 
carbonis uni inter pagos Balfour et Villiers Africae Meridionalis. 

Typus: praeparatum No. Vaa1401 in collectioneC. S. 1. R., Grahamstown. 

Iconotypus: figurae nostrae No.5 et 6. 

Navicula aquosa n. sp. 

This species belongs to the Naviculae bacillares CLEVE emend. HUSTEDT, 
since it has an axial rib running down the centre of the valve, although in 
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this species the rib is not very well developed. It shows a very close af\inity 
to N. omissa HUSTEDT (1961: 160, F. 1295) but is separated from this species 
by parallel striation at the poles, which are not produced. The valves are 
elliptical to linear-elliptical with blunt and broadly rounded ends, 12-13 [L 

long, 4 - 5 [L wide. The full range of variation is not known since only 3 speci­
mens were seen. The raphe is filiform, with slightly bent branches. The 
axial area is narrow and linear and does not widen, or widens very slightly 
into a central area round the central nodule. The transapical striae are radial 
in the middle and parallel or le~s radial in the vicinity of the poles, 24 in 
10 [L. Longitudinal costae are present but not very prominent. - Fig. 7,8. -
Vaal 408. 

Valvae ellipticae sive lineari ellipticae, apicibus late regulariterque 
rotundatis, non protractis, 12-13 [L longae, 4-5 [L latae. Fissurae rhaphae 
leviter arcuatae, filiformes. Area axialis anguste linearis, area centralis nulla 
sive dilatatione solum modica areae axialis apud nodulum centralem indi­
cata. Striae transapicales radiantes in parte mediana valvae, sed parallelae 
sive minor radiantes ad polos versus, circiter 24 in 10 [L. Costae longitudinales 
indistinctae vix visibiles. 

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte viae 
publicae super fiumine Vaal inter pagos Villiers et Standerton Africae 
Meridionalis. 

Typus: praeparatum No. Vaal 408 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figurae nostrae No.7 et 8. 

Navicula barbarica HUSTEDT (1949: 97, T. 4, F. 14-17) 
This small diatom has not been previously recorded from South Africa. 

It was originally described from the Belgian Congo by HUSTEDT, and 
HUSTEDT'S record was reported again by WOODHEAD and TWEED (1958: 350), 
and also by VAN MEEL (1954: 372). This specimen agrees in every detail with 
the original diagnosis of HUSTEDT and there is therefore no doubt that this 
is N. barbarica HUSTEDT. - Fig. 9. - Vaal 404. 

Navicula chrissiana CHOLNOKY (1965: 69, F. 13, 14). 
This species was originally recorded from Lake Chrissie in the Eastern 

Transvaal by Cholnoky. - Fig. 30, 31. - Vaal 485. 

Navicula chordata n. sp. 
This small and finely structured species is similar to N. perpusilla GRUNOW 

(cf. HUSTEDT, 1962: 213, F. 1330) but differs from it in the shape of the valve 
and the arrangement of the striae, the valve being linear and the striae 
radial in the middle and parallel or less radial at the poles. The valve is 
linear-elliptic with broadly rounded ends which are not produced, 14 [L long, 
and 3 [L wide. The raphe is straight and filiform with distant central pores. 
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The axial area suddenly widens into a relatively wide but linear area, which 
widens again around the cent:al nodule to form an elliptical central area. 
The transapical striae are fine in structure, 30 in 20 fL, radial in the middle 
and becoming less radial at the poles. - Fig. 10. - Vaal 485. 

Valvae lineari-ellipticae, apicibus late, regulariterque rotundatis, non 
protractis, circiter 14 fL longae, 3 fL latae. Rhaphe directa filiformis, poris 
centralibus distantibus. Area axialis apud polos subito dilatata et in parti­
bus reliquis late linearis. Area centralis abbreviatione striarum apud nodu­
lum centralem formata, elliptica. Striae transapicales subtiles, circiter 30 
in 10 fL, in partibus medianis valvae radiantes, ad polos versus minor 
inclinatae sed radiantes. 

Habitat in palude inter lacum Chrissie et viam public am in coloniam 
Chrissie dictam ferentem in vicinitate pagi transvaalensis Ermelo Africae 
Meridionalis. 

Typus: praeparatum No. Vaal 485 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figura nostra No. 10. 

Navicula con/ervacea (KUTZING) GRUNOW (cf. HUSTEDT, 1962: 205, F. 
1324a-d). 

Morphologically tl:e specimen figured is without doubt N. con/ervacea 
(KUTZING) GRUNOW. The valve is elliptical-lanceolate, with broadly rounded 
ends. The axial area and central area form an ill-defined lanceolate space. 
The transapical striae are fine but clearly punctate. This particular specimen 
has, however, dimensions very much larger than those given by HUSTEDT 
(1. c.). The valve is 35 fL long, 10 fL wide, and has 16 striae in 10 fL. - Fig. 
12. - Vaal 409. 

Navicula digitulus HusTEDT (1962:252, F. 1378) 
There is no doubt that these specimens (Fig. 14, 15) are N. digitulus 

HusTEDT. This is a new record for South Africa. This species has previously 
been found only in northern European mountainous regions. - Fig. 14, 
15. - Vaal 485. 

Navicula diuturna CHOLNOKY (1962a:83, F. 8, 9) 
This small species has until now only been recorded from a small tribu­

tary of the Crocodile River near Nelspruit, in the Eastern Transvaal. The 
present specimen was found in the Heidelberg district, in a stream flowing 
from a colliery dam. - Fig. 16. - Vaal 402. 

Navicula diuturnoides n. sp. 
This small but common diatom looks very like N. diuturna CHOLNOKY 

(1962 a: 83, F. 8, 9), but has fewer striae and is never protracted at the poles. 
It also bears a similarity to N. tenellae/ormis HUSTEDT (1937 -39: Suppl. 15, 
269, T. 19, F. 14, 15) but differs from it in that the valve is more, elliptical, 
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has no central area and the striae are parallel at the poles and of grea.ter 
number than in N. tenellaeformis HUSTEDT. The valves are linear to linear­
elliptical with broadly rounded ends, 8 -11 [.1. long, and 3.0 - 3.5 [.1. wide. 
The raphe is straight and filiform, with small fairly closely situated central 
pores. The axial area is narrow and linear and does not widen into a central 
area in the region of the central nodule. The transapical striae are delicate 
but easily seen, radial in the middle and parallel or slightly convergent at the 
ends, 24 in 10 [.1.. - Fig. 17 -23. - Vaal 405, 409 and 485. 

Valvae lineares, sive lineari-ellipticae, apicibus late regulariterque 
rotundatis, non protract is, neque acutis, 8 -11 [.1. longae, 3 -3.5 [.1. latae. 
Rhaphe directa, filiformis, poris centralibus parvis, modice approximatis. 
Area axialis angustissime linearis, area centralis nulla, neque abbreviatione 
striarum medianarum indicata. Striae transapicales subtiles sed distinctae, in 
media parte valvae radiantes, ad polos versus parallelae, sive leviter con­
vergentes, circiter 24 in 10 [.1.. 

Habitat in rivulis parvis in vicinitate pagorum transvaalensium Stander­
ton et Ermelo Africae Meridionalis. 

Typus : praeperatum No. Vaal 409 in collectione C. S. 1. R., Grahamstown. 
Iconotypus: figurae nostrae No. 17 -23. 

Navicula Grimmei KRASSKE (d. HUSTEDT, 1930:274, F. 448) 

The shape of the valve is very variable in this species. HUSTEDT depicts a 
very elliptical form with capitate ends. CHOLNOKY (1963: 34, F. 13, 14) 
shows the other extreme in the range, a rhombic-Ianceolate valve with 
non-protracted ends. The specimen seen here has a linear valve with fairly 
large protracted and capitate ends. Fig. 24 - Vaal 485. 

Navicula helensoides n. sp. 

Since it has a very prominent axial rib, this new species belongs to the 
group Naviculae bacillares CLEVE emend. HUSTEDT. It differs from N. 
helensis SCHULZ (d. HUSTEDT, 1962: 179, F. 1314) in that it does not have 
a lateral area which runs parallel to the axial costae, and since the striae in 
the middle are radial and not parallel as in N. helensis SCHULZ. The valves 
are linear with very broadly rounded and blunt ends, 18.5 [.1. long, and 6 [.1. 

wide. The raphe is straight and filiform, the central pores are fairly close 
together, and the polar fissures bend slightly towards the same side. The 
axial area is linear and narrow, widening into a central area owing to the 
irregular shortening of the central striae. The axial rib running down the 
centre of the valve is prominent. The transapical striae, 22 in 10 [1., are 
radial throughout and slightly arcuate towards the centre of the valve. -
Fig. 25. - Vaal 485. 

Valvae lineares, apicibus late, leviter obtuse rotundatis, non protractis, 
18.5 [.1. longae, 6 [.1. latae. Rhaphe direct a, filiformis, poris centralibus 
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approximatis, fissuris terminalibus unilateraliter leviter dec1inatis. Area 
axialis anguste linearis, area centralis abbreviatione irregulare striarum 
median arum nonnullarum formata. Costa axialis rhaphen ferens distinctissi­
rna et distinctissime definita. Striae transapicales in tota longitudine valvae 
radiantes, in vicinitate noduli centralis leviter arcuatae, circiter 22 in 10 [1., 

neque ad polos versus densior positae. 
Habitat in palude uno inter lacum Chrissie et vi am publicam in coloniam 

Chrissie dictam ferentem in vicini tate pagi Transvaalensis Ermelo Africae 
Meridionalis. 

Typus: praeparatum No. Vaal 485 in collectione C. S. 1. R., Grahams­
town. 

I conotypus: figura nostra No. 25. 

Navicula longicephala HUSTEDT (1943: 277, T. 8, F. 17) 

The specimen illustrated here is undoubtedly N. longicephala HUSTEDT 
according to its general morphological characteristics. However it shows 
one small difference in that its valves have very slightly undulate margins, 
instead of the straight and parallel walls described by HUSTEDT (1. c.). 
Fig. 28. - Vaal 485. 

Navicula manubialis n. sp. 

This species falls into the group Naviculae bacillares CLEVE emend. 
HUSTEDT on account of the well developed axial rib. The general appearance 
of the valve is similar to N. fluviatilis HUSTEDT (1961: 158, F. 1291). It 

differs from this species in not having the constricted middle section of the 
axial area. The valve is linear-elliptical with fairly broadly rounded ends, 
about 12 [1. long, and 4.5 [1. wide. The raphe is straight and filiform, and it 
lies in a better developed axial rib. The axial area is narrow and linear and 
does not widen around the central nodule to form a central area. The 
transapical striae are radial throughout, 21 - 24 in 10 [1., wider apart in the 
middle than at the poles. - Fig. 29. - Vaal 406. 

Valvae lineari-ellipticae, apicibus late, regulariterque rotundatis, non 
protractis, circiter 12 [1. longae, 4.5 [1. latae. Rhaphe directa, filiformis, in 
costa axiale bene evoluta, distinctissima, in media parte non contracta 
inc1usa. Area axialis angustissime linearis, superficiem costae axialis solum 
occupans, neque apud nodulum centralem dilatata, itaque area centralis 
nulla. Striae transapicales in tota longitudine valvae radiantes, in vicini tate 
noduli centralis 21-24 in 10 [1., ad polos versus notabiliter densior positae. 

Habitat in aquis celeriter fluentibus fluvii Vaal sub ponte viae publicae 
inter pagos Villiers et Standerton Africae Meridionalis. 

Typus: praeparatum No. Vaal 406 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figura nostra No. 29. 
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Navicula molesta KRASSKE (cf. HUSTEDT, 1962: 252, F. 1379) 

This species has until now been reported only as an arctic fre~hwater 
form, being found in Spitzbergen. The specimens found in Lake Chrissie 
fit HUSTEDT'S description very well and leave little doubt that they are 
N. molesta KRASSKE. Some specimens are, however,.a little larger, being 
up to 21 [J. long, and some have protracted but not capitate ends (Fig. 32). 
HUSTEDT remarks that N. submolesta HUSTEDT (1962: 253, F. 1380) is very 
similar and is found only in tropical Africa; but the Lake Chrissie examples 
are much larger than N. submolesta HUSTEDT and have a greater number of 
striae. These specimens are undoubtedly N. molesta KRASSKE. - Fig. 32, 
33. - Vaal 485. 

Navicula parsura HUSTEDT (1962: 183, F. 1365) 

This small species has not previously been found in South Africa. In the 
specimen figured here, the central striae are more definitely radial than those 
shown by HUSTEDT (1. c.) - Fig. 35. - Vaal 485. 

Navicula pascuorum CHOLNOKY (1965: 72, F. 5, 6) 

This diatom is found in the Lake Chrissie area. - Fig. 26. - Vaal 485. 

Navicula scabellum HUSTEDT (1962: 275, F. 1405) 

This is a very small form from the Lake Chrissie area. Only a few speci­
mens were seen. - Fig. 36. - Vaal 485. 

Navicula Schubarti HUSTEDT nov. var. aj'ricana 

As HUSTEDT (1952: 396, F. 104) gives the length of N. Schubarti HUSTEDT 
as 40 [.L, without mentioning any range of length, it would appear that he 
saw only one or, at the most, very few specimens. This length may, there­
fore, not be sufficient to define the whole range of variation for the species. 
The specimens seen in this sample cannot be morphologically differentiated 
from the description given by HUSTEDT; they differ only in their dimensions. 
These specimens are 30 - 34 [.L long, and about 7 [.L wide, and have 12 -14 
striae in 10 f.l. These African examples should therefore be made a new 
variety, var. a/dcana, with the reservation that should specimens be found 
which are intermediate, this new variety should be contracted to N. Schu­
barti HUSTEDT. N. Schubarti HUSTEDT has until now only been found in 
Brazil. - Fig. 13. - Vaal 406, 408. 

Differt a typo valvis minoribus, 30 - 34 [.L longis, circiter 7 r latis, et 
striis densioribus, 12-14 in 10 [.L. 

Habitat in aquis celeriter fluentibus fluvii Vaal sub ponte viae publicae 
inter pagos Villiers et Standerton Africae Meridionalis. 

Typus: praeparatum No. Vaal 406 in collectione C. S. 1. R., Grahams­
town. 

1 conotypus: figura nostra No. 13. 
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Navicula Standeriella n. sp. 

This species shows a very close similarity to N. insociabilis (cL HUSTEDT, 
1962: 183, F. 1317, under the name N. monoculata HUSTEDT; CHOLNOKY, 
1960: 66, F. 209), and thus falls into the group Naviculae baci11ares CLEVE 
emend. HUSTEDT. It differs from N. insociabilis KRASSKE in the shape of the 
valve, the central area and the number of striae. This species has a linear 
valve with blunt and broadly rounded ends, 11 -19 fL long, and 4 - 5 fL 
wide. The raphe branches are slightly bent and the small polar fissures 
bend towards the same side. The raphe lies in a fairly well thickened axial 
costa. The axial area is narrow and linear and due to a shortening of the 
middle transapical striae, a more or less rectangular shaped central area is 
formed. The trans apical striae are delicate and radial throughout, 20-22 
striae in 10 fL. Between the axial costa and the valve edge, a hyaline line, 
probably a thickened longitudinal rib, cuts across the striae; this line bulges 
out towards the valve edge in the region of the central area. Closer to the 
axial costa on either side of the central area a further short hyaline line cuts 
across the first two or three transapical striae. This species was named in 
honour of Dr. G. J. STANDER, Director of the National Institute for Water 
Research, through whom this study was made possible. - Fig. 37, 38. -
Vaal 402. 

Valvae lineares, sive lineari-ellipticae, apicibus late obtuseque rotundatis, 
11-19 fL longae, 4-5 fL lataeque. Fissurae rhaphae in costa axiale una 
distinctissima inclusae, levissime arcuatae, fissuris terminalibus unilateraliter 
declinatis. Area axialis anguste linearis, superficiem costae axialis solum 
occupans, area centralis abbreviatione striarum medianarum nonnularum 
formata, irregulariter rectangularis. Striae transapicales subtiles et in tota 
longitudine valvae radiantes, 20 - 22 in 10 fL. Inter costam axialem et 
marginem valvae linea una longitudinalis hyalina, costa longitudinalis 
incrassata forsan, strias transapicales decussat, quae in vicini tate noduli 
centralis ad marginem valvae versus convexe semicirculariter decurrit. In 
vicini tate areae centralis, area axialis approximata, linea longitudinalis 
brevis una secunda striis transapicalibus transversaria visibilis est. 

Habitat in aquis rivuli uni ex lacu artificiali Grootvlei-Dam orientis, sub 
ponte viae publicae inter pagos Balfour et Villiers Africae Meridionalis. 

Typus: praeparatum No. Vaal 402 collectionis C. S. 1. R., Grahams­
town. 

Iconotypus: figurae nostrae No. 37 et 38. 

Navicula subarvensoides n. sp. 

Because of the invisible structure of the valve at the poles, this small 
diatom, of which only one specimen was found, falls into the group Navi­
culae subtilissimae HUSTEDT. It resembles N. subarvensis HUSTEDT (1961: 87, 
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F. 1230) from which it differs in the shape of the valve, the invisibility. of the 
striae at the poles, and the straight raphe. The valve is lanceolate with slightly 
produced, but not capitate, ends about 11 fL long and 3 fL wide. The raphe 
is straight and filiform. The axial area is narrow and linear and does not 
widen in the middle to form a central area. The structure is delicate and 
the trans apical striae are slightly radial throughout the middle third part 
of the valve, about 30 striae in 10 fL, becoming invisible towards the poles. -
Fig. 39 - Vaal 408. 

Valvae lanceolatae, apicibus..leviter protractis, non capitatis, regulariter 
rotundatis, circiter 11 fL longae, 3 fL latae. Rhaphe directa, filiformis. Area 
axialis angustissime linearis, apud nodulum centralem non dilatata, itaque 
area central is nulla. Striae transapicales in media parte valvae solum visi­
biles, subtiles, apud nodulum centralem circiter 30 in 10 fL, ad polos versus 
densior positae, plus quam 40 in 10 fL, itaque invisibiles. 

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte viae 
publicae super fluvio Vaal inter pagos Standerton et Villiers Africae Meri­
dionalis. 

Typus: praeparatum No. Vaal 408 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figura nostra No. 39. 

Navicula subcoccus CHOLNOKY (1960: 80, F. 247, 248) 

This species was recorded by CHOLNOKY from the Oribi Gorge area near 
Port Shepstone in Natal, where the species was common. This specimen was 
found in Lake Chrissie, in the Eastern Transvaal. - Fig. 40 - Vaal 485. 

Navicula submolesta HUSTEDT (1962: 253, F. 1380) emend. ARCHIBALD. 

In the sample Vaal 404 a series of valves were seen, in which the shape of 
the valve and its size is very constant. They are linear-Ianceolate to elliptical­
lanceolate, with a length of 21-21.5 fL and a width of 6.0-6.5 fL. These 
features and the widely spaced central pores, constant in all of the them, 
make it evident that they all belong to the same species. However, in the 
arrangement of their transapical striae the series shows a range extending 
from a typical N. submolesta HUSTEDT having in the middle about 18 striae 
in 10 fL and at the poles 21 striae in 10 fL (Fig. 65 a), through an intermediate 
form having 21 striae in the middle and 30 striae at the poles in 10 fL (Fig. 
65b), to a typical N. molestiformis HUSTEDT (1962: 256, F. 1383) which has 
27 striae in 10 fL in the middle and about 34 striae in 10 fL at the poles (Fig. 
65c). HUSTEDT saw only a few specimens of both N. molestiformis HUSTEDT 
and N. submolesta HUSTEDT and would therefore not have been able to 
determine the full range of variation of the species concerned. Thus although 
the specimens found here are larger and broader, morphologically they 
represent a series linking HUSTEDT'S two species. Since N. submolesta was 
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the first species described in tJ1e original paper (HUSTEDT, 1949: 86) and 
since it occurs more frequently than N. molestiformis, the two species have 
been contracted into one with the name N. submolesta HUSTEDT emend. 
ARCHIBALD. The following will then be the new diagnosis. The valves are 
thin-walled, linear, linear-Ianceolate to elliptical-Ianceolate, with short pro­
tractedends, 14-21 fL long, 3.5 -6.5 fL wide. The raphe is straight and filiform, 
sometimes with central pores widely separated. The axial area is narrow 
and linear, the central area is absent. The transapical striae are parallel 
throughout, in the middle 17 - 30 in 10 fL, at the poles closer together, 21 to 
35 in 10 fL. Fig. 34 and in the text 65a, b, and c. - Vaal 404 and 408. 

Navicula temeraria CHOLNOKY (1965: 73, F. 28, 29) 

The specimen figured (Fig. 11), although undoubtedly N. temeraria 
CHOLNOKY, shows some differences. The specimen seen has very thick raphe 
branches which end at the poles in much thinner polar fissures, which are 
slightly bent in the same direction. This specimen is also slightly longer 
than CHOLNOKY'S specimen, being 16 fL long. - Fig. 11 - Vaal 485. 

Navicula Twymaniana n. sp. 

The affinities of this new species are difficult to determine, as it is not easy 
to relate it to any species known to me. In appearance it is similar to N. 
subarvensoides n. sp. but in size and structure of the transapical striae it is 
quite different. The valves of this species are lanceolate and sometimes 
slightly produced at the poles, 12-18 fL long, and 3.5 -5.0 fL wide. The raphe 
is straight and filiform. The axial area is narrow and linear and does not 
widen in the region of the central nodule to form a central area. The structure 
is delicate, and the transapical striae in the middle third part of the valve 
are visible and parallel, about 27 in 10 fL. In the remaining parts of the valve 
towards the poles the striae are invisible, probably over 40 striae in 10 fL. 
This species is dedicated to Professor E. S. TWYMAN, Head of the Depart­
ment of Botany, Rhodes University, Grahamstown, through whose kind 
permission the facilities of his Department have been made available to me. 
Fig. 41-43. - Vaal 405, 408. 

Valvae lanceolatae, apicibus non, sive nonnumquam leviter, 12-18 fL 
longae, 3.5 -5 u.latae. Rhaphe direct a, filiformis. Area axialis anguste linearis, 
neque apud nodulum centralem dilatata, itaque area centralis nulla. Striae 
transapicales subtiles, parallelae, in parte tertia mediana valvarum solum 
visibiles, apud nodulum centralem circiter 27 in 10 fL, ad polos versus densior 
positae, usque ad plus quam 40 in 10 fL, itaque invisibiles. 

Habitat in rivulo uno circiter 8 Km ad orientem versus ab pago Villiers 
sub ponte viae publicae ad pagum Standerton Africae Meridionalis ferentem. 

Typus: praeparatum No. Vaal 405 in collectione C. S. 1. R., Grahamtown. 
Iconotypus: figurae nostrae No. 41-43. 
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NITZSCHIA HASSALL 1845 

Nitzschia Agnewii CHOLNOKY (1962 a: 94, F. 18, 19) 
This specimen of N. Agnewii CHOLNOKY is larger than the dimensions 

given by CHOLNOKY, being 25 (1. long, and 2.5 [.L wide, and it has only 
13 carinal pores in 10 [.L. Due to its smaller measurements and since it is 
very weakly silicified it is not considered to be N. agnita HUSTEDT (1957: 
347, F. 51) - Fig. 44 - Vaal 408. 

Nitzschia bacata HUSTEDT (1937 -1939: Suppl. 15, 485, T. 41, F. 30-33) 
This diatom is fairly common in South African rivers. - Fig. 45, 46. -

Vaal 406. 

Nitzschia Chutteri n. sp. 
This species has longitudinal folds of the valve wall and therefore falls 

into the group Nitzschiae tryblionellae GRUNOW. It is very similar to N. 
punctata (W. SMITH) GRUNOW (cf. HUSTEDT, 1930: 401, F. 762) but differs 
primarily in the number of transapical striae and carinal pores, and in the 
number of folds of the valve surface. This species also closely resembles N. 
subpunctata CHOLNOKY (1960: 104, F. 314), but differs from that species in 
having longitudinal folds of the valve surface, which are not present in N. 
Subpullctata. The valve is linear-elliptical to elliptical-lanceolate with very 
shortly protracted poles, 15-19 [.L long, and about 6.5 [.L wide. The keel is 
excentric and not prominent, the carinal pores are not distinct and may be 
the same number as the transapical striae. The transapical striae are parallel 
in the middle, slightly arcuate nearer the poles, 16 -18 (generally 18) in 
10 [.L. The striae are very clearly punctate. There are two longitudinal folds 
of the valve surface, the larger and more prominent fold lying near the 
keel, and the smaller one very close to the margin of the valve opposite 
the keel. This species was named after F. M. CHUTTER, who very kindly 
collected most of the samples. Fig. 47, 48. - Vaal 401, 402 and 404. 

Valvae lineari-ellipticae, sive lanceolato-ellipticae, apicibus brevissime 
protractis, non capitatis, 15 -19 [.L longae, circiter 6.5 [.L latae. Carina excen­
trica, moderate evoluta, pori carinales indistinctae, probabiliter numerus 
eorum numero striarum aequabilis. Striae transapicales in parte mediana 
valvae parallelae, ad apices versus leviter arcuatae, 16 -18 (fere 18) in 10 [.L, 

distincte punctatae. Superficies valvae cum rugis duo bus munita, quarum 
una carina approximata est, altera minor evoluta, apud marginem valvae 
carina remotum decurret. 

Habitat in lacu artificiali putei uni carbonis Grootvlei dicto inter pagos 
Balfour et Villiers Africae Meridionalis. 

Typus: praeparatum No. Vaal 401 in collectione C. S. 1. R., Graharns­
town. 

Iconotypus: figurae nostrae No. 47 et 48. 
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Nitzschia conjinis HUSTE~T (1949: 145, T. 11, F. 49-54; T. 13, F. 84-90) 

This species is fairly common in South Africa. The specimen seen here is 
slightly different from HusTEDT's material, having only 27 transapicai striae 
in 10 fL. The specimen agrees with the rest of the description, being 30 fL long, 
2.5 fL wide and having 14 carinal pores in 10 fL. - Fig. 53 - Vaal 409. 

Nitzschia crassepullctata n. sp. 

This fairly large species falls into the group Nitzschiae dubiae GRUNOW, 
and shows some similarity to N. thermalis KUTZING (cf. HusTEDT, 1930: 
403, F. 771), but differs from this species in its greater number of striae and 
very large carinal pores. The valve is linear, with protracted, almost capitate 
ends, in some positions ("Kiellage") bending slightly towards the side away 
from the keel, 48.5 fL long, and 4.5 fL wide. The keel is prominent and ex­
centric and has very large prominent carinal pores elongated in the direction 
of the apical axis, 10 in 10 !J. The keel is constricted in the middle and the 
two central carinal pores are slightly more distant than the others. The 
transapical striae are very fine and delicate, about 40 in 10 fL. - Fig. 49. -
Vaal 403. 

Valvae lineares, apicibus conice attenuatis, protractis, paene subcapitatis, 
in situ "Kiellage" dicto ad marginem carina carentem valvae declinatis, 
48.5 fL longae, 4. 5 (J.latae. Carina valde excentrica, bene evolu ta, poris carinali­
bus magnis, apicaliter elongatis, circiter 10 in 10 fL, medianis duobus distan­
tioribus. Carinae parte mediana constrict a et emarginata. Striae transapicales 
subtiles et modice distinctae, circiter 40 in 10 fL. 

Habitat in fluvio Vaal sub ponte viae pub lice ad oppidum Johannesburg 
ferentem in limitibus borealibus pagi Villiers in Africa Meridionale. 

Typus: praeparatum No. Vaal 403 in collectione C. S. I. R., Grahams­
town. 

Iconotypus: figura nostra No. 49. 

Nitzschia diluta n. sp. 

This species, of which only a few specimens were seen, falls into the group 
Nitzschiae lanceolatae GRUNOW and has a likeness to N. palea (KUTZING) 
W. SMITH (cf. HUSTEDT, 1930: 414, F. 801). It differs from N. palea in having 
fewer striae. It also shows a similarity to N. accomodata HUSTEDT (1949: 
139, T.12, F. 27-31, 34,35), but differs from this species in its size. N. acco­
modata is shorter and relatively broader than the new species. The valve is 
linear with short cuneate and more or less capitate poles; length 48 (J., and 
width 3 fL. The keel is strongly excentric, not depressed in the middle, with 
about 14 carinal pores in 10 fL, of which the middle two are not wider apart 
than the others. The trans apical striae fine, 33 in 10 fL. - Fig. 50. - Vaal 405 . 

Valvae lineares, apicibus breviter cuneato-attenuatis, capitatis, sive sub­
capitatis, 48 fL longae, 3 fL latae. Carina valde excentrica, bene evoluta, in 
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media parte non impressa, neque emarginata, poris carinalibus circiter 14 
in 10 [J., quorum mediani duo non distantior positi. Striae transapicales sub­
tiles sed distinctae, circiter 33 in 10 fl.. 

Habitat in rivulo uno circiter 8 Km ad orientem versus ab pago Villiers 
sub ponte viae publicae ad pagum Standerton Africae Meridionalis ferentem. 

Typus: praeparatum No. Vaal 405 in collectione C. S. 1. R., Grahams­
town. 

Iconotypus: figura nostra No. 50. 

Nitzschia intermissa HUSTEDT (1949: 136, t. 12, F. 11-14) 

This species has not been frequently recorded, but since CHOLNOKY (1960: 
96, F. 283 - 285) found it quite often in Natal rivers, it may be more wide­
spread in South Africa than is at present known. It has also been found in 
the Eastern Transvaal (CHOLNOKY, 1962 a: 97). - Fig. 51. - Vaal 403. 

Nitzschia proxima HUSTEDT (1955: T. 16, F. 13) 

This is not a very common diatom in South Africa, where CHOLNOKY has 
found it only in the Western Cape Province (CHOLNOKY, 1959: 58, F. 311, 
312: 1962 b: 59, F. 94,95). My specimen agrees with the smaller measure­
ments given by CHOLNOKY. - Fig. 54. - Vaal 405. 

Nitzschia romana GRUNOW (d. HUSTEDT, 1930: 415, F. 799) 

In the sample Vaal 409 many examples of this species are to be seen, and 
a series of drawings has been made to illustrate the very wide range of 
variation of the form of the valve. The valve ranges from linear to lanceolate 
in shape. The ends are produced and sometimes capitate, sometimes cone­
like, or in other cases may be beak-like or only very slightly produced. The 
dimensions of the valve range from 15-46 f1. long, 2.5-5 u. wide, there 
being 12-14 carinal pores in 10 t,J., and 24 trans apical striae in 10 fl.. -
Fig. 55-61. - Vaal 405 and 409. 

Nitzschia siliqua n. sp. 

This species belongs to the group of Nitzschiae which are similar to N. 
amphibia GRUNOW (d. HUSTEDT, 1930: 414, F. 793). I have, however, been 
unable to associate it with N. amphibia or any other species of the group 
known to me. The valve is linear with parallel sides and cuneate poles which 
are protracted into slightly capitate ends, 22 - 23 f1. long, and about 3 f1. wide. 
The keel is not easily distinguishable from the rest of the structure and the 
carinal pores are either not visible or are of the same number as the trans­
apical striae. The transapical striae are coarse and easily seen, 16 - 18 in 10 fl.. 
Longitudinal costae are visible and straight, about 27 in 10 fl.. - Fig. 62. -
Vaal 402. 

Valvae lineares, marginibus parallelis, apicibus cuneato-attenuatis, pro­
tractis, levissime capita tis, 22 - 23 f1. longae, circiter 3 f1. latae. Carina non 
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bene visibilis, pori carinales tindistinctae, probabiliter striis aequidistantes. 
Striae transapicales crassae, distinctissimae, 16 -18 in 10 [.L. Costae longi­
tudinales distinctae, directae, circiter 27 in 10 [J.., itaque striae ex punctis 
distinctis compositae esse conspiciuntur. 

Habitat in decurso lacus artificiali putei uni carbonis Grootvlei dicti inter 
pagos Balfour et Villiers in Africa Meridionale. 

Typus: praeparatum No. Vaal 402 in collectione C. S. I. R., Grahams­
town. 

Iconotypus: figura nostra No. 62. 

Nitzschia subacicularis HUSTEDT (1937-1939, Suppl. 15: 490, T. 41, F. 12). 
The original description of N. subacicularis HUSTEDT gives 14-16 carinal 

pores in 10 [.L, and about 33 striae in 10 [.L, but in a drawing in his Congo 
paper (HUSTEDT, 1949: 150, T. 11, F. 61), HUSTEDT shows carinal pores and 
striae which are further apart than those dimensions. The specimens in this 
collection fit the description of N. subacicularis except that they have only 12 
carinal pores in 10 [.L, and 27 transapical striae in 10 [.L. In view of HUSTEDT'S 
Congo material I consider that the specimens in this collection can be as­
signed to this species. - Fig. 52. - Vaal 485. 

PINNULARIA EHRENBERG 1840 

Pinnulariaacoricola HUSTEDT (1937-1939, Suppl. 15: 293, T. 21, F. 11-16) 
This is a common species in suitable South African waters. The specimen 

here is more linear than the typical form illustrated in A. SCHMIDT'S Atlas 
(T. 390, F. 13-16) and by CHOLNOKY (1959: 61, F. 327; 1964: 76, F. 93). -
Fig. 52. - Vaal 485. 

Pinnularia stomatophora GRUNOW (cf. HUSTEDT, 1930: 327, F. 605; 1937 to 
1939, Suppl. 15: 396, T. 22, F. 7) 

The specimen has the very long polar fissures which are characteristic of 
P. stomatophora GRUNOW. The length of this specimen is only 35 [.L long, 
and its width 5.5 [.L. - Fig. 64. - Vaal 485. 

Summary 

1. 15 new species of diatoms and 1 new variety from the Vaal River Catch­
ment Area are described and figured. 

2. A number of other species are commented on, and in a few cases their 
systematic position is discussed. 

3. The details are to be found in the text. 
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Plate 1. 
1. Cymbella aequaloides n. sp. - 2,3. Frustulia sub vulgaris CHOLNOKY. - 4. 

Gomphonema dichotomum comb. nov. - 5, 6. Navicula adamantiformis n. sp. _ 
7, 8. Navicula aquosa n. sp. - 9. Navicula barbarica HUSTEDT. - 10. Navicula 
chordata n. sp. - 11. Navicula temeraria CHOLNOKY. - 12. Navicula con/ervacea 
(KUTZING) GRUNOW. - 13. Navicula Schubarti HUSTEDT nov. var. a/ricana. - 14, 
15. Navicula digitulus HUSTEDT. - 16. Navicula diuturna CHOLNOKY. - 17-23. 
Navicula diuturnoides n. sp. - 24. Navicula Grimmei KRASSKE. - 15. Navicula 
helensoides n. sp. - 26. Navicula pascuorum CHOLNOKY. - 27. Achnanthes lanceolata 
v(lr. rostrata (Oestr.) HUSTED Navicula letulenta n. sp. - 28. Navicula longicephala 
HUSTEDT. - 29, Navicula manubialis n. sp. - 30, 31. Navicula chrissiana CHOL­

N'OKY. - 32,33. Navicula molesta HUSTEDT. - 34. Navicula submolesta HUSTEDT. _ 

35. Navicula parsura HUSTEDT. - 36. Navicula scabellum HUSTEDT. - 37,38. Navi­
cula Standeriella 11. sp. - 39. Navicula subarvensoides n. sp. - 40. Navicula sub­
coccus CHOLNOKY. - 41-43. Navicula Twymaniana n. sp. - 44. Nitzschia Ag­
new;; CHOLNOKY. - 45,46. Nitzschia bacata HUSTEDT. - 47,48. Nitzschia Chut­
teri n. sp. - 49. Nitzschia crassepunctata n. sp. - 50. Nitzschia diluta n. sp. 





Plate 2. 
51. Nitzschia intermissa HUSTEDT. - 52. Nitzschia subacicularis HUSTEDT. -

53. Nitzschia conjinis HUSTEDT. - 54. Nitzschia proxima HUSTEDT. - 55-61. 
Nitzschia romana GRUNOW. - 62. Nitzschia siliqua n. sp. - 63. Pinnularia acoricola 
HUSTEDT. - 64. Pinnularia stomatophora GRUNOW. 
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In studies of the ecology of diatOllls, particularly in the case 
of studies concerned in any way with organic pollution, one of 
the nlost important genera of diatoms concerned is the genus 
);itzschia Hassall. This is, moreover, a genus of which the system­
atics is not well known, and, in consequence, the identification 
of some species is difficult. In any ecological study, however, the 
correct identification of all the species concerned is of prime 
importance, since misidentification of any of the species (and partic­
ularly of the ecologically important species) inevitably leads to 
misleading results and wrong conclusions. 

In this paper some apparently new species of Nitzschia are 
described, and other species are commented upon or discussed in 
order to make available further facts about their distribution. 
Certain of the latter species have not previously been recorded 
from South Africa, and are thus new records for this country. 

The samples on which these observations are based were 
collected during a survey carried out for the Xational Institute 
for "Vater H.esearch by two of its officers, Dr. B. J, Cholnoky 
and ~Ir. F. ~I. Chutter, during the year 1960. The survey covered 
the catchment area of the Yaal Dam in the Transvaal. I anl very 
grateful to these hvo gentlemen for lllaking the material collected 
available to me, and in particular to Dr. Cholnoky for his unfail­
ing help and guidance. 

The collecting stations from which the samples investigated 
were taken are listed below. The pH values given were taken by 
Mr. Chutter, using a Colour pH meter. 

Vaal 401. Grootvlei - a colliery dam, situated on the road 
between Balfol:lr and Villiers. pH 8.5 .. 
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Vaal 409. A sfnall swampy stream between the \7 aal River. 
where it is crossed by the Villiers-Standerton road, 
and Standerton. There was a large quantity of fila­
mentous algae floating on the \\'ater surface. 

Vaal 410. The \Vaterval River between Standerton and the Vaal 
River where it is crossed by the Villiers-Standerton 
road. pH 8.5. 

Vaal 411. The Grootspruit streanl near its confluence with the 
\Vaterval l\.lver alongside the road to Standerton. 
pH 8.7. 

Vaal 412. \Yaterval Ri\Ter belmv the bridge on the road to Grey­
lingstad from Standerton. pH 8.7. 

Vaal 413. Small stream bet\veen station Vaal 412 and Stander­
ton; flowing very slowly. pH 8.8. 

Vaal 498. The \Vaterval River at Roodebank bet\veen Stander­
ton and Leslie, above the waterfalls; very fast flowing 
water. pH 9.4. 

In the samples collected from the above stations, the species 
of ~itzschia described or discussed below \\'ere found. In each 
account the number or numbers quoted at the end are those of 
the station(s) at which the specimens were collected. 

Nitzschia Hassall 1845. 

Nitzschia acicularis (K titzing) \V. Smith. (d. H ustedt 1930 :423, 
F. 821). 

The specimen figured here is only 32[10 long and 20 wide, and 
is one of the smaller examples of this species. Such smaller spec­
imens ,,'ere also found by O. ~\Itiller, (1905: 137-205), "Tho describ­
ed them as a new form of the type, namely forma angustior 
O. ~Itiller. ~Iiiller's forma angustior is nmv regarded by Cholnoky 
(personal communica.tion) as being more typical of the species than 
the specimens originally described. In these 5mall specimens the 
valve shape is more lanceolate than in the forma typic a, and thus 
the ends, though produced, are relatively short. Fig. 1-Vaal 410. 
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Nitzschia acicularioides n. sp. 

These specimens fall into the group Xitzschiellae (Rabenhorst) 
Grunow on account of the structure of the yalves. They show a 
strong resenlblance to Nitzschia acicularis (Kiitzing) \Y. Smith 
(d. Hustedt 1930: 423, F. 821), from which they differ only in 
that the two central carinal pores are more widely separated than 
the rest. This \vider separation was a constant feature in all the 
specinlens seen; they can therefore not be assigned to the species 
Nitzschia acicularis. This characteristic feature, namely the great­
er separation of the two central carinal pores, is reminiscent of 
N. spiculum Hustedt (1949: 150, T 13, F. 1-4.), in which the 
same separation is seen; the valve of N. spiculum, however, dif­
fers in shape from that of the new species, being linear and not 
produced at the poles, and also being relatively narro'wer than 
that of N. acicularoides. The valves of N. acicularoides are 
spindle-shaped in the middle, and vary somewhat in shape in 
different individuals, the central part is sometimes linear with 
parallel sides, sometimes more lanceolate; the ends are long and 
narrowly produced, in some cases consisting of little more than 
the keel. Length 51-59[l, width 2-2.511.. The keel is excentric, 
and has 16-18 (usually 18) small carinal pores in 10(1., of which 
the hvo central pores are more \videly separated than the rest; 
there the keel is sometimes visibly impressed. The transapical 
striae are too fine to be seen under the light microscope. The 
cell walls are \veakly silicified. Fig. 2-4 - Vaal 410 and 411. 

Valvae in parte mediana filiformes, angustissime lineares 
sive lanceolatae, apicibus angnstis, car~nam solum contingentibus, 
51-59fL longae, 2-2,5[l latae. Carina valde excentrica, poris cari­
nalibus parvis, 16-18 (fere 18) in 10[l, centralibus duobus distan­
tioribus. In positione opportuna impressio levis carinae super 
canale nlediano visibilis. Striae invisibiles. Membranae cellularum 
levissime silificatae. 

Habitat: in lacu artificiale putei uni GrootYlei dicto ad vi am 
publicam inter pagos Balfour et Villiers Africae ::\Ieridionalis. 

Typus: praeparatum n: 0 Vaal 401 in collectione C. S.1. R., 
Grahamstown. 

Iconotypus: figurae nostrae n: 0 2-4. 
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Nitzschia amphioxoides Hustcdt (1949: 140, T. 13, F. 65-72). 

The valve of N. amphioxoides is typically linear, and gener­
ally has slightly concave sides and cuneate ends with more or 
less capitate poles. The specimen illustrated here does not entire­
ly conform to the typical shape, but nevertheless conforms to 
the rest of the diagnosis, having a length of 39(J., a width of 4lL, 
13 carinal pores in lOlL, and 24 transapical striae in lOlL. The 
shape of the valve of this specimen is more lanceolate than that 
of the type, with only a very slight concavity on the keel side 
of the valve; the ends are, however, cuneate and the poles are 
capitate. The keel is slightly sunken in the middle, and the 1\:\'0 

central carinal pores are farther apart than the others. Such a 
slight difference in the shape of the valve is insufficient ground on 
which to differentiate this specimen from the typical N. amphio­
xoides, and I am therefore referring it to that species. Fig. 5 
- Vaal 401. 

Nitzschia capitellata Hustedt (1930:414, F. 792). 

The specimen illustrated is of a shape ,,-hich is abnormally 
short compared "dth the type. In the Belgian Congo Hustedt 
(1949: 139, T. 12, F. 36-38) found small examples of this species 
which had a length of 3511-' In South Africa Cholnoky (1957: 73, 
F. 205-208) has also fOllnd similar small forms. This specimen is, 
ho\vever, only 25lL long, but it nevertheless conforms to the rest 
of Hustedt's description, which he has modified slightly in his 
Congo paper (1. c.). It can therefore be assigned to the species 
N. capitellata Hustedt. Fig. 6 - Vaal 498. 

Nitzschia exilis n. sp. 

The affinity of this new species is difficult to determine, as 
I have only seen one specimen. I ha,'e not been able to associate 
this specin1en with any species knovvn to me, and I am therefore 
obliged to describe it as a new species. \Vhen n10re n1aterial 
becomes available it n1ay prove possible to associate this species 
with N. gracilis Hantzsch (d. Hustedt 1930: 416, F. 794); N. gra­
cilis is, however, broader has capitate ends and is weakly silici-
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fied. ThE" new species is long and narrO\vly linear with gradually 
tapering ends, the poles are regularly and sharply rounded and 
are not c~"pitate, 86[1- long and l.5[1- wide. The keel is excentric 
and has 12 carinal pores in 10[1-, of \\'hich the central two are not 
n10re widely separated than the rest. The transapical striae are 
too fine to be seen under the light microscope. The valve walls 
are fairly well silicified. Fig. 7 - Vaal 410. 

Valvae anguste lineares, apicibus lange protractis, angustis, 
polis regulariter sed anguste rotundatis, non capita tis, circiter 
86[1- longae. 1.5t). lataeq.ue. Carina excentrica, paris carinalibus 12 
in 10[1-, medianibus non distantioribus. Striae transapicales sub­
tilissimae, invisibiles. Cellulae bene silificatae, non hyalinae. 

Habitat: in rivo \Yaterval River inter pagum Standerton et 
pontem viae ad Villiers super fluvio ,T aal in Africa Meridionale. 

Typus: praeparatum n: a Yaal 410 in collectione C. S. 1. H .. , 
Grahamstown. 

Iconotypus: figura nostra n: a 7. 

Nitzschia fonticola Gruno\v (d. Hustedt 1930: 415, F. 800). 

In the sample Vaal 498 a series of specimens was found in 
\vhich some very small examples of N. fonticola and the typical 
forms were linked. Drawings have been made to illustrate this 
linkage. The smallest specimen found in this series is 5:). long 
and 2.51). \vide. In some of the smaller examples a resemblance 
to N. epiphytic a O. Muller (d. Hustedt 1949: 143, T. 13, F. 53-65) 
is shown. This is due to the irregular spacing of the carinal pores, 
which sometimes causes the two central pores to be more widely 
separated than the rest. This is, however, not a constant feature. 
This is well illustrated in Figs. 10 and 11. The original diagnosis 
of the species should be altered to accommodate these small forms, 
and corrected so that the range of length is 5-30(). long. Fig. 8 
- Vaal 498. 

Nitzschia immunda n. sp. 

The specimens of this ne\v species shO\v a strong similarity 
to N. tropica Hustedt (1949; 147, T. 11, F. 34-38), from which 
they differ in that the valve is narrower and has a greater number 

1,1 II 

I' 
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of transapical striae in lOp. than N. tropica. The valves are lance­
olate with slightly produced and capitate ends; about 27(L long 
and 2(L wide. Few specilnens were seen and thus the full range 
of variation could not be deterntined. The keel is excentric and 
has 14 carinal pores in 10(L, of which the central two are wider 
apart than the rest; the keel is visibly impressed. The transapic­
al striae are easily visible under Phase Contrast and are 27-30 
In 10fL. Fig. 14 - Vaal 410. 

Valvae lanceolatae, apicibus leviter protract is et levissime 
capitatis, circiter 27(L longae, 2fL lataeque, sed numerus specimi­
nium observatorum pro determinatione variationis non satis esse 
opinatur. Carina excentrica in parte mediana impressa, poris 
carinalibus circiter 14 in lOfL, medianibus duobus modice distan­
tibus. Striae transapkales distinctae, 27-30 in 10fL. 

Habitat: in ri vo \Yatcf\7 al River inter pagum Standerton et 
pontem viae publicae ad Villiers super flu vio Vaal in Africa 
:\Ieridionale. 

Typus: praeparatum n: 0 Vaal 410 in collectione C. S. 1. R., 
Grahamstown. 

Iconotypus: figura nostra n: 0 14. 

Nitzschia Kiitzingiana Hilse (d. Hustedt 1930:416, F. 802). 

This species, very common in South African rivers, is very 
variable in shape. I have included in this paper some drawings 
to illustrate this variability. In all the specimens illustrated the 
transapical striae are too fine to be seen under the light micro­
scope. Fig. 1G shows an extren1ely narrow form, which is only 
1.5fL \,."ide. Fig. 15-18 -- Vaal 410, 411 and 413. 

Nitzschia 1auenburgiana Hustedt (1945: 402, T. 40, F G, 7, 9-11). 

Apart from the length of the vah'e, this specimen conforms 
to the description of N. 1auenburgiana and I am therefore assign­
ing it to that species. Hustedt found specimens reaching a 
length of 150fL, while this specimen is 190(L long. N. lauenbur­
giana has not previously been recorded from South Africa and 
further large specimens may well be found here. Hustedt's orig-
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inal specimens \"ere found in some i\orth German Lakes (1. c.), 
and the species was again found at a later date by Cholnoky 
(1963: 189, F. 89) in Dutch ~ew Guinea. This is a ne\v record 
for South Africa. Fig. 19 - Vaal 411. 

Nitzschia obligata n. sp. 

This species, which \vas rare in the sample, cannot be assoc­
iated with N. Kiitzingiana Hilse (d. Hustedt 1930: 416, F. 802) 
which it resembles, because of its greater length and because it 
has more widely spaced carinal pores. Neither can it be associat­
ed with N. palea (Kutzing) \V. Smith (d. Hustedt 1930: 416, 
F. 801) on account of the shape of the valve. I am obliged, 
therefore, to describe this diatom as a new species. The valve is 
lanceolate, gradually tapering to the poles which are sharply 
rounded and very slightly capitate. The vah'es are 45[.L long 
and 2.5[.L \vide; the full range of variation cannot, howe\'er, be 
gi ven, as few specimens were seen. The keel is excentric and 
has 14 carinal pores in 10(J.. The two central pores are not far­
ther apart than the rest. The transapical striae are very fine and 
are not visible using the light microscope. Fig. 20 - Vaal 412. 

Valvae anguste lanceolatae, apicibus gradatim attenuatis, 
anguste sed regulariter rotundatis, non sive levissime protractis, 
non capitatis, circiter 45[.L longae, circiter 2,5[.L latae, sed variatio 
tot a ignota. Carina excentrica, poris carinalibus circiter 1-1 in lOll.. 
Striae transapicales invisibiles. 

Habitat: in ri\'o \Yaten'al River sub ponte viae publicae 
inter pagos Standerton et Greylingstad Africae ::\Ieridionalis. 

Typus: praeparatum n: 0 Vaal 412 in collectione C. S. 1. R., 
Grahamstown. 

Iconotypus: figura nostra n: 0 20. 

Nitzschia perspicua Cholnoky (1960: 262, F. 36). 

Cholnoky described this species from the Swartkops River 
near Port Elizabeth in the eastern Cape Province. The specimen 
illustrated here conforms to Cholnoky's description. In this spec­
imen the keel and carinal pores are very well silicified and prom-
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inent, but the margin of the vah7 e opposite the keel is very 
weakly silicified and barely visible. Fig. 21- Yaal 413. 

Nitzschia silica n. sp. 

These 'weakly silicified valves show a strong resemblance to 
N. bacata Hustedt (1937-39: 485, T. 41, F. 30-33), but differ in 
the shape and size of the valv-e, and the number of carinal pores. 
The valves are linear to lanceolate in shape. The larger forms 
have a linear central portion with parallel walls, the ends are 
relatively long and cuneate, with sharply rounded poles. The 
smaller forms are more lanceolate and in consequence the ends 
are less cuneate. The valves are 20-29.5(.L long and 2[1. \"ide. The 
keel is excentric and scarcely visible, there are 16-18 (usually 16) 
carinal pores in IOfL, of which the central two are more widely 
separated than the rest. The transapical striae are too fine to be 
seen under the light microscope. The structure of the valves is 
very delicate and the whole diaton1 is weakly silicified. Fig. 22-
-24 - Vaal 401. 

Valvae maiores in n1edia parte lineares, apicibus longe cnneato­
attenuatis, minores longe et anguste lanceolatae, 20-29.5(.L longae, 
circiter 2fL latae. Carina excentrica indistincta, poris carinali­
bus 16-18 (fere 16) in 10(.L, medianis duobus distantiores, sed 
carina super canalem centralem non impressa. Striae transapi­
cales subtilissimae, invisibiles. :;\Iembrana cellularum levissime 
silifica ta. 

Habitat: in lacu artificiali putei uni Grootvlei dicto ad v1an1 
publicam inter pagos Balfonr et Yilliers Africae l\Icridionalis 

Typus: praeparatnm n: 0 Vaal 401 in collectione C. S. 1. R., 
Grahamstown. 

Iconotypus: fignrae nostrae n: 0 22-24. 

Nitzschia spiculoides Hustedt (1949: 151, T. 13, F. 5-6). 

According to the original diagnosis of this species given by 
Hustedt (1. c.) the striae are too fine to be seem with the light 
microscope. The specimen found here conforms to the description 
of N. spiculoides with exception that the striae are visible. 

1 
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Although clfficult to see there are about 40 striae in 10[-1J t Consid­
ering that the striae are difficult to see, and that the specimen 
conforms to the rest of the description I am assigning it to 
N. spiculoides. This then necessitates the alteration of the diag­
nosis by inserting the observation that N. spiculoides has 40 or 
nl0re striae in 10[-1. Fig. 25 - Vaal 498. 

Nitzschia subacicularis H,ustedt (1937-39:490, T. 41, F. 12), 

Hustedt seems to have been uncertain about this species 
since a drawing given in his Congo paper (Hustedt 1949: 150, 
T. 11, F. 61) differs fronl his original description (1. c.). The 
original description gives 14-16 carinal pores and 33 transapical 
striae in 1°11., while the Congo specimen had about 9 carinal pores 
and 23 transapical striae in 10fl-. This would suggest either that 
the Congo specimen is a nlis-identification, or else that Hustedt 
had insufficient material to enable him to gh'e the full range of 
variation in his original description. The specimen illustrated 
here has dimensions very much larger than those gi\'en by Hustedt, 
being 62.5[-L long and 3[-L wide. In its other characteristics 
this specimen conforms to Hustedt's original description, and I 
am therefore referring it to this species. Fig. 26 - Vaal 410. 

Nitzschia subvitrea Hustedt (1872-1960:T. 347, F. 18·19). 

The typical valve of N. subvitrea is linear with parallel sides; 
this can be seen in Hustedt's dr8.wings in Schmidt's Atlas (1. c.) 
and in his paper on the Sunda Islands (Hustedt 1937-39: 471, 
T. 40, F. 12). The valve in the present specimen is, hmvever, 
slightly concave on the keel side of the valve and slightly convex 
on the side away from the keel. Fig. 27 - Vaal 410. 

Nitzschia vitrea Korman var. salinarum Gruno\y (d. Hustedt 1930: 
411, F. 787). 

This \'ariety is uncommon in South African ri vers and it is 
thus of interest to note its presence in this sample. Fig. 28 
- Vaal 498. 
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SPl\i:.\lARY 

1. 5 new species of Nitzschia from the Vaal Dam Catchment 
Area are described and figured. These are Nitzschia acicula­
roides, N. exilis, N. immunda, N. obligata and N. silica. 

2. A number of other Nitzschia species are comn1ented on, in 
some cases making new records for South Africa. The ne\v 
record for South Africa is Nitzschia lauenburgiana Hustedt. 

3. The details are to be found in the text. 
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Map 1. 

The Geology of the Vaal Dam Catchment Area. 
(From a 1:1,000,000 geolog ical survf!'j map print~ by the Govern­

ment Printer, Pretoria. 1955). 
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The Samphng points and Stations of 
the Vaal Dam Catchment Area. 
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The Distribution of the Nitrogen heterotrophic Nitzschiae 
in the Vaal Dam Catchment Area. 



Table 8. 

Short Descriptions of the Sa~pling Points of the Vaal Dam 

Catchment Area. 

Vaal 203 ,- A large river near the tAli tzieshoek Reserve on the road 

from Kestell to Tdi tzieshock. 24.7.57. 

Vaal 204 - A swiftly flowing river nearer to the Witzieshoek Reserve. 

24.7.57 

Vaal 231 - The Wilge River at Frankfort. Station No. 13 of Chutter. 

11.7.58. 

Vaal 233 - The Wilge River south of Frankfort, above the bridge on 

the Frankfort - Reitz road. 11.7.58. 

Vaal 236 - A small stream near t he village of Tweeling on the 

Frankfort - Reitz road. 11.7.58. 

Vaal 237 - Another small river south of Tweeling on the Tweeling -

Reitz road. 11.7.58. 

Vaal 238 - A large river three miles north of Reitz on the 

Tweeling - Reitz road. 11.7.58. 

Vaal 239 - The Liebenbergsvlei River between Bethlehem and Reitz. 

11.7.58. 

Vaal 240 - A marshy river about 10 miles from Kestell on the Ke~tell -

Bethlehem road. This is probably the Tier River. Ice 

was present on the w2ter surface. 12.7.58. 

Vaal 242 - A large tributary of the As River, about 15 miles east 

of Bethlehem on the Kestell - Bethlehem road. 12.7.58. 

Vaal 245 - A small tributary of the Tier River on the Bethlehem -

Warden road, near the Sherbrooke Station. 12.7.58. 

Vaal 249 - A. small spring on the side of the rOEld about 20 miles 

west of Warden on the Bethlehem - Warden road. Probably 

the Russespruit stream. 12.7.58. 

2/ ....... II • •• , 
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Vaal 253 - The Holspruit, swiftlytflowing, where it is crossed 

by the Vrede - 1'V2Tden road. 12.7.58. 

Vaal 261 - The Seekoeivlei near Memel. 13.7.58. 

Vaal 266 - The Cornelis River, 18 miles south of Memel on the Memel -

Harrismi th road. 13.7.58. 

Vaal 301 - The headwaters of the Va8l River between Breyten and Lake 

Chrissie. St2tion No. 1 of Chutter. 16.9.58. 

Vaal 306 - The Va8l River 1~ere it is crossed by the Ermelo -

.Amsterdam road. Marginal mud. Station No. 2A 

of Chutter. 22.7.59. 

Vaal 307 - The same locality as Vaal 306. 

19.1.60. 

stones in Current. 

Vaal 309 - The Vaal River where it is crossed by the Morgenzon­

Amersfoort road. Station No.3 of Chutter. 15.9.58. 

Vaal 312 - The same locality as Vaal 309. stones in Current. 

23.9.59. 

Vaal 313 - The Vaal River at Standerton. Below the creamery 

effluent. Station No.4 of Chutter. 15.9.58. 

Vaal 315 - The same locali~ as Vaal 313. Stones in current. 

22.9.59 .. 

Vaal 316 - The same locality as Va~l 313. stones in current. 

19.1.60. 

Vaal 317 - The Va81 River below Station No.4, below the Sewage 

Works at Standerton. Station No. 5 of Chutter. 

15.9.58. 

Vaal 319 - The same locality as Vaal 317. Stones in Current. 

22.9.59. 

Vaal 321 - The Vaal River where it is crossed by the Standerton -

Villiers road. Station No. 5A of Chutter. stones 

in current. 20.7.59. 

3/ •.......• 
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Vaal 322 - The same locality as Vaal 321. Algae trailing in 

the current. 18.8.59. 

Vap.1 323 - The same locality as Vaal 321. Algae trailing in 

the current. 22.9.59. 

Va21 324 - The same loc2_lity as Va8l 321. Stones in current. 

19.1.60. 

Vaal 325 - The Haterval River r,.rhere it is crossed by the Balfour -

Standerton road. Station No.7 of Chutter. 10.9.59. 

Vaal 326 - The Sandspruit stream atSandspruit on the national road 

from Standerton to Volksrust. Station No. 8 of Chutter. 

16.9.58. 

Vaal 327 - The headw8.ters of the l'Jilge River, where it is cm ssed 

by the Harrismith - Colling's Pass road. Station No.9 

of Chutter. 15.10.58. 

Vaal 328 - The same locality as Vap.l 327. Stones in current. 

9.12.58. 

Va91 330 - The Wi1ge River ~t Swinburne. Station No. 10 of Chutter. 

17.9.58. 

Vaal 331 - The Wilge River at the bridge at its entrance to Harri-

smith. Station No. llA of Chutter. 17.9.58. 

Vaal 332 - The Wilge River ~vhere it leaves Harrismith. Station 

No. lIB of Chutter. 17.9.58. 

Vaal 333 - The ltJi1ge River a little below Harrismith. Station No. 

llC of Chutter. 14.10.58. 

Vaal 334 - The Hilge River where it is crossed by the road from 

Warden to Harrismith. Station No. 12 of Chutter. 

15.9.58. 

Vaal 335 - The ltJilge River at Frankfort. Station No. 13 of 

Chutter. 18.9.58. 

4/ •.......... 
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Vaal 336 - The Molen River where at is crossed by the Warden -

Harrismith road. Station No. 14 of Chutter. 17.9.58. 

Vaal 337 - The Waterval River 1t<Therc it is crossed by the Standerton 

- Leslie Road at Roodebank. Stones in current. Stntion 

No. 17 of Chuttero 20.7.59. 

Vaal 338 - The same locality as Vaal 337. 22.9.59. 

Vaal 339 - The same locality as Va2.l 337. Stones in Current. 

19.1.60 

Vaal 340 - The same locality as Va21 337. Marginal veget~tion. 

19.1.60. 

Vaal 342 - The Kaffirsprui t stream where i t'is crossed by the 

Morgenzon - Ermclo road. Station No. 19 of Chutter. 

15.9.58. 

Vaal 343 - The serne locality as Vaal 342. Stones in current. 

22.7.59. 

Vaal 344 - The same locality as Vaal 342. 20.1.60. 

Va0.1 345 - From a seepR.ge on a bank of a headwaters tributary of 

the Kleinvaal River. 10.12.58. 

V2.21 347 - A headwaters tributary of the Kleinvaal River. Stones 

in current. Station No. 20 of Chutter. 23.9.59. 

Vaal 348 - The same locali~ as Vaal 347. 20.1.60. 

Vaal 350 - The Kleinvaal River near Station No. 20. Station No. 

21A of Chutter. 23.9.59. 

VaCll 353 - The Klein~raal River near its confluence with the Vaal 

River. Station No. 21 of Chutter. 

23.9.59. 

Muddy margin. 

Vaal 356 - The same locality as Vaal 353. Stones in current. 

20.1.60. 

Vaal 358 - The Klip River on the road up MUlIers Pass between Mernel 

and Newcastle. Station No. 24 of Chutter. Stones in 

current. 13.1.59. 

5/ ••.....•..... 
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Vaal 359 - The Klip River at ~·1emEtl. Station No. 25 of Chutter. 

stones in current. 14.1.59. 

Vaal 360 - The Kommandospruit strep~ where it is crossed by the 

Vrede - Volksrust road. St8.tion No. 31 of Chutter. 

14.1.59. 

Vaal 361 - The Klip River where it is crossed by the Vrede - Volks­

rust road. Station No. 26 of Chutter. 14.1.59. 

Vaal 362 - The Klerkspruit Stream where it is crossed by the 

Harrismith - Kestel1 road. Station :No. 40 of Chutter. 

14.10.58. 

Vaal 363 - The Russespruit stream where it is crossed by the Warden -

Reitz road. St2tion No. 41 of Chutter. 9.2.59 

Va2.1 364 - Headwaters of the As River, south of Bethlehem. Station 

No. 43 of Chutter. 18.11.58. 

Vapl 365 - The Liebenbergsvlei River "tv-here it is crossed by the 

Reitz - Petrus Steyn road. Stption No. 44 of Chutter. 

17.11.58. 

VHal 370 - The he;=ldwaters of the VaEll River, between Breyten and 

LRke Chrissie. Station No. 1 of Chutter. 21.3.60. 

Va;=ll 374 - The V2~1 River where it is crossed by the Standerton -

Villiers road. Station No. 5A of Chutter. 3.6.60. 

Vaal 375 - The same locality as Vaal 374. Algae trailing in the 

water. 3.6.60. 

Vaal 377 - The IrJC'terval River where it is crossed by the Leslie -

Standerton road. Stption No. 17 of Chutter. 6.5.60. 

Va~l 378 - The SRIDe locality as Vaal 377. 3.6.60. 

Vaal 401 - Grootvlei, the Springfield Colliery dam on the Kalk 

River. Stption No. 16 of Chutter. pH 8.5 8.8.60. 

Vaal 402 - The Kalk River below Grootv1ei, where it is crossed by 

the Heidelberg - Vi11iers ropd. Station No. 15 of 

Chutter. pH 8.7. 8.8.60. 

6/ ••..•••••..• 
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Vaal 403 - The Vaal River below the national road bridge at 

Villiers. pH 8.6. 8.8.60. 

Vaal 404 - A small stream east of Villiers, about 3-4 miles on the 

road to Standerton. The stream was in the process of 

drying up and was not flowing. pH 8.6. 8.8.60. 

Vaal 405 - Another small tributary 1 mile further along this road. 

Large pools in a dry river bed. pH 8.7. 8.8.60. 

Va21 406 - The Vcwl River 1,vtiere it is crossed by the Standerton -

Villiers road. Station No. SA of Chutter. Stones in 

current. pH 8.7. 8.8.60. 

Vaal 407 - The same locAlity as Va~l 406. Slowly flowing water 

on the banks of the river. pH 8.7. 8.8.60. 

Vaal 408 - A small stream about 2 miles east of Vaal 406. Rocky 

bottom and there 1,-las no flowing water. pH 8.6. 

8.8.60. 

Vaal 409 - A small marshy stream between Vaal 406 and Standerton. 

Large quantities of algae were present on the water 

surface. 8.8.60. 

Vaal 410 - The VJaterval River between Vaal 406 and Standerton. 

Sample taken from below the road bridge. pH 8.5. 

8.8.60. 

Vaal 411 - The Grootspruit stream near the Balfour-St8nderton 

road, just before its confluence with the "I/ITaterval 

River. pH 8.7. 8.8.60. 

VaR.l 412 - The 1rJaterv?l River where it is crossed by the Balfour -

Sta.nderton road. Station No.7 of Chutter. pH 8.7. 

8.8.60. 

Vaal 413 - A small stream betvleen VaDl 412 and Standerton. The 

water was flowing very slowly. pH 8.8. 8.8.60. 

7/ .........•... 
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Vaal 414 - Another small stream nearer Standerton. Lprge masses 

of Oedogonium were present. pH 9.6. 8.8.60. 

Vaal 415 - A small stream 5 miles west of Standerton on the Balfour -

Standerton road. pH 8.5. 8.8.60. 

VaC11 416'- The VaC11 River at Standerton, below the old railway 

bridge and belm.;r the milk processing fActory. Station 

No.4 of Chutter. pH 8.2. 8.8.60. 

Vaal 417 - A smc;ll stream near Vaal 416; prob8bly drains the 

area around the milk processing factorJ. pH 8.2. 

8.8.60. 

Vaal 418 - The Va:11 River below the Standerton Sewage 1rJorks. 

Station No. 5 of Chutter. The river bed is granite 

rock. pH 8.5. 8.8.60. 

Vaal 419 - The first small stream outside Standerton on the road 

to Vrede. pH 8.7. 9.8.60. 

Va!11 420 - The second sm:ll str(:aIn on th~ B[lm8 ro~d. 9.8.60. 

Vaal 421 - The Klip River P.t de Lange's Drift PCAT :tl;;te bridge on 

the Standerton - Vrede road. pH 8.3. 9.8.60. 

Vaal 422 - A small stream between de Lange's Drift and Vrede. 

pH 8.5. 9.8.60. 

Vaal 427 - A small stream on the northern boundary of Vrede. pH 9.0. 

9.8.60. 

Vaal 429 - The Klipspruit Stream between Vrede and Memel. pH 8.7. 

9.8.60. 

Vaal 431 - The Maddenspruit Stream between Vrede and Memel. pH 8.5. 

9.8.60. 

Vaal 432 - The Kommandospruit Stream between Vrede and Memel. 

pH 8.6. 9.8.60. 

Vaal 433 - A smallEpring at the side of the road between the 

Kommandospruit stream and Meme1. pH 7.0. 9.8.60. 

8/ .......•...... 



Table 2 (cont.). 
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Vaal 434 - The Klip River just above Memel. pH 8.4. 9.8.60. 

Vaal 436 - The Dwarsspruit between Memel and Hliller's Pass. 

pH 7.4. 9.8.60. 

Vaal 437 ,- The Klip River betvJeen Memel and HUller's Pass. 

pH 8.1. 9.8.60. 

Vaal 438 - A marsh alongside the road about 2 miles from ~uller f s 

Pass. pH 7.4. 9.8.60. 

Vaal 441 - The River flowing from Vrede Dam. pH 8.5. 10.8.60. 

Va21 445 - The Kommandospruit stream where it is crossed by the 

Vrede - Volksrust road. pH 8.4. 10.8.60. 

Vaal 447 - A very small stream between Vaal 445 and Vael 449. 

pH 8.6. 10.8.60. 

Vaal 449 - The Klip River where it is crossed by the Vrede -

Volksrust road. Station No. 26 of Chutter. 

pH 8.3. 10.8.60. 

Vaal 451 - A small strep;m between Vaal 449 and Volksrust. pH 8.2. 

10.8.60. 

Vaal 453 - A very small stream near Volksrust. The stream was in 

the process of drying up. pH 8.5. 10.8.60. 

Vaal 454 - An unnamed river where it is crossed by the Vrede -

Volksrust road. pH 8.5. 10.8.60. 

Vaal 455 - Ii small stream 'fest of Volksrust on the road to Vrede. 

pH 8.2. 10.8.60. 

Vaal 456 - The Sandspruit River where it is crossed by the Volksrust 

- lunersfoort road. Station No. 8 of Chutter. pH 8.3. 

10.8.60. 

Vaal 463 - A small headwaters tributary of the Kleinvaal River. 

Station No. 20 of Chutter. pH 8.5. 10.8.60. 

Vaal 464 - The Kleinvaal River between Amersfoort and Wakkerstroom. 

Station No. 21A of Chutter. pH 8.3. 10.8.60. 

9/ ............ . 
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t 

Vaal 465 - The Skulpspruit Stream near Amersfoort. pH 8.2. 

11.8.60. 

Vaal 468 - The Rietsprui t stream between tLmersfoort a.nd Sheepmoore. 

pH 8.5. 11.8.60. 

Vaal 477 - The Vaal River just above the confluence of the Vaal 2nd 

the Kleinvaal Rivers. pH 7.9. 11.8.60. 

Vaal 478 - A marsh between Vaal 477 and Ermel0, on the Farm vIJelge-

legen. pH 8.3. 11.8.60. 

Va81 479 - The headwaters of the Va~l River between Breyten and 

Lake Chrissie. St2.tion No. 1 of Chutter. pH 6.8; 

6.0; 6.3. 11.8.60. 

Vaal 480 - L2ke Chrissie. 

Vaal 486 - The Vaal River between Lake Chrissie and Ermelo. \'I[ater 

flowing slowly over a rocky river bed. pH 8.0. 11.8.60. 

Vaal 489 - The Kleinkaffirspruit stream near Ermel0. pH 9.2. 

12.8.60 .. 

Vaal 491 - The Kaffirspruit between Ermelo and Bethal. Shallow 

water on a rocky bed. pH 8.6. 12.8.60. 

Vaa.l 492 - Ii. small tributary of the Ka.ffirsprui t stream beh'ITeen 

Erme10 and Standerton, on the property Ne1span 4. 

pH 8.4. 12.8.60. 

Vaal 493 - The Kaffirsprui t Strea."!l between Ermelo ~nd Stpnderton. 

Station No. 19 of Chutter. Scmdstone rocks. pH 8.1. 

12.8.60. 

Vaal 495 - The Vaal River where it is crossed by the Morgenzon -

P~ersfoort road. Station No. 3 of Chutter. pH 8.5. 

12.8.60. 

Vaal 496 - The Blesbok River between Morgenzon and Standerton. 

Station No. 18 of Chutter. Sandstone bed. pH 8.5. 

12.8.60. 

10/ ••••••••••••• 
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Vaal 497 - The Haterval River where it is crossed by the Standerton 

- Leslie rald at Roodebank. Station No. 17 of Chutter. 

A waterfall on a sandstone base. pH 9.4. 12.8.60. 

Vap.l 498 ,- The same locality as Va21 497, but the sample was 

collected from above the v-raterfall, where the water was 

flowing very s\riftly. 

Vaal 511 - The 1A!aterv21 River, 7 miles from Leslie on the Leslie -

Standerton road. Cattle d rink here. pH 8.0. 15.3.65. 

Vaal 512 - The Kaffirsprui t strep.m Hhere it is crossed by the Leslie -

Standerton road. About 17 miles from Leslie. 15.3.65. 

Vaal 513 - The Waterval River i;vhere it is crossed by the Leslie -

Standerton road at Roodeb2,nk. Station No. 17 of 

Chutter. pH 8.4. 15.3.60. 

Vaal 552 - The VJaterval River ",There it is crossed by the Villiers -

Standerton road at G1addedrift. pH 8.2. 19.3.65. 

Station No. 5),-. 

Vaal 553 - The lrlaterval River where it is crossed by the Villiers -

Greylingstad road. 19.3.65. 

Vaal 554 - The lrJatervo.1 River Hhere it is crossed by the Vi11iers -

Grey1ingstad road. A seepage from the river bank. 

19.3.65. 



-
Table 9. • 

A Summary of Malan's (1960) analys(~s of l-1ater from ,::o:"1e streams anrl rivers in the Vaal Dam Catchment Area. Sampling points are numbered according to 
the station nurn'b6rs 0::. ths ~.::;.p. (Hap ) . All reE::ult~ 2..re in ppm. and are based on daily '\-rater samples. (From Chutter 1967). 

River Sampling point 

Vaal 2. 

6 

Kaffirspruit 19 

WaterVal 17 
• 

Klip River • 27 

Wi-1ge River lla 

• 

13 

Cornelis 35 

LiQbenbergsvlei 42 

• 
<.? 

The mean values are underlined. 

maximum 

mean 

minimum 

maximu.-rn 

mean 

minimum 

maximum 

mean 

minimum 

maximum 

. mean 

minimum 

maximum 

, mean 

minimum 

ma.ximum 

mean 

minimum 

maximum 

mean 

minimum 

maximum 

mean 

minimum 

maximu.m. 

mean 

minimum 

Tot;ll 
Dissol"l'J'ed 

solids 

99 

67 

53 

185 

133. 

78 

292 

230 

175 

431 

106 ...-' 
60 

285 

135, 

65 

81 

21. 
27 

212 

l24. 
65 

219 

128 --' 65 

289 

167 .. 

75 

Totr.._l 
AlkaUJUty 
(as c~ 003) 

52 

31' 

19 

152 

93 

40 

I .... 

255 
185" 

124 

238 

110 -
:> 

220 

92" -' 
25 

',42 

~ 
14 

170 

86 -
35 ., 

182 

, 88 

\ 25 

250 
\ , 

124;1, 

34 

Total 
Hardness 

(as OaC0
3

) 

48 

27 

15 

140 

86 

44 

228 

167 

112 

188 

93 

29 

170 

80 

30 

36 

23 

13 

150 

75 

35 

157 

76 
30 

212 

103 

29 
" ... -

Chlorides 
(as 01) 

16 

11 

6 

18 

2 
4 

20 

15 

8 

102 

25 
8 

24 
10 

5 

12 

7 

3 

15 

2 
4 

23 

2 
3 

20 

1Q. 
6 

Sulphates 
(as S04) 

13 

.2d:. 
1 

10 

6 

3 

14-
9,,2 

6.2 

25 

!Q..J: 
4.5 

24 
6.5 

2.5 

7 

3.6 

1.3 

20 

14 
8 

12 

5.4 

2.8 

13 
7.7 
4.5 

Sodium 
(as Na) 

J4 

2 
5.2 

19 
15 

8 

28 

22 

14.5 

94 
29 

6.0 

48 

16 

4 

11.5 

7.0 
3.5 

13.5 

5.4 

2.3 

27 

15 
6 

34 
20 

9 



-

• 

• 
• 

• 

Table 10. 
A Summary of Chutter's Chenncal analyses of regularly 88.Inpl€d st~'t:wns, in -the Va2.1, Kleinv2.al 2nd the WCl.terva1 and the Kaffirspruit. (Chutter 1967: Table 15) • 

. ~ 

pH (field measure­
ments) 

pH (Laboratory" 
measurement 8) • 

, .. 
Free and saline 
Ammooia (ppm N). 

Ni~rites (ppm N) 

• 

• 
Nit~ates (ppm ~) 

• 
Kje\dahl Nitro$en 

(ppm N) 
• 

· .. ~gen absorbed in 
4 hdUrs from KMh04 

• (ppm 02) " 

max 

mean 

min 

1 

6.8 

6.3(9) 

5.8 

max 7.6 

mean 6.6(9) 

min 5.8 

max ~ 0.67 

mean 0.40(8) 

min f 0.01 

• 

:. 

2A 

8.1 

7.2(7) 
6.4 

8.1 

.. 7.8(8) 

6.6 

.0.50 

" 0.15(8) 
;: .D. 

3 

8.4 
7 .. 9(8) 

7.2 

8.3 
7.8(7) 

7.2 

0.80. 

0.39(5) 

N.D. 

max * 0.03 0.015 0.01 

mean . 0.004(10) "trace (11) trace (7) 

min N.D. 

max • 0.18 

mean • 0.11(9) 

min 0.03 
e 

max 21.0 • 
mean .. 4.7(7) 

min. ' 0.8 

max ;17.7 

mean ,7.9(10) 

min • 1.3 

N.D. N.D. 

• 0.60 Ii 0.47 
• 0.14(11) if 0.19(7) 

~J .D. 
• 

.. 1.1 

· 0.4(7) 

• N.D. 

0.04 

1.1 

0.9(4) 

0.5 

• 8.6 . 3.3 
• 3.3(11) 2.4(7) 

• ~412 • 1.3 

4 

s~ 

7".9(7) 

7".5 

0.40 

0 .. 21(9) 

N .. D. 

• I 

tTace 

t.race(13 

N .• D. 

4.50 
1.11 (13) 
!'{. D. 

.q.5 
q.l1(13) 

!\l.D. 

5 

s'.5 

7 •• 8'(9) 

7 .. 2 

& .. 9(6) 

7 •• 4 

·2.-.0 

0..34(12) 
• N .. D. 

0.3 

0.01(12) 

.-N .. D. 

1.87 

0.42(12) 

.. i'hD. 

1~.3 

2.51(8) 

·0 ... 20 

4 -4 .---S ). 

5A 

s.? 
7,,8(9) 

• 8.L~ 

.. 8.0(7) 

7.0 

y 0.42 

0.27(6) 

0.20 

17 

,9.4 
. 8.2(5) 

· 7.6 

· 9.5 
. 8.2(8) 

y 0.84 

, 0.24(10) 

N.D. 

trace : 0.164 

trace(8) 0.068(13) 

N.D. ·0.010 

0 .. 70 4.0 

0.14(8) ~ 1.2(13) 

• N.D. 

" 0.88 

.. 0.70(5) 

0.5 

" 4.0 

• 2.1(8) 

· 1.2 

0.25 

'1.3 

• 0.7(8) 

"N.D. 

16.8 

"5.1(13) 

"1.6 

19 

.. S.4 
, 7 .. 9(8) 

· 7.1 

• 8.4 
~ 8.1(9) 

.. 7.3 

• 0.60 
.. 0.15(10) 

... N.D. 

,·0.050 

: 0.010(12) 

; N.D. 

. 0.82 

. 0.33(12) 

• 0.05 

.... 4.20 

~ 1.24(7) 

• N.D. 

20 

S.5 
7 .. 8(9) 

6.7 

7.9 

7.8(7) 

7.4 

0.42 

0.17(5) 

N.D. 

0.1 

trace(8) 

N.D. 

0.40 

0.21(8) 

0.01 

2.10 

1.12(4) 
0.30 

4.0 
1.8(8) 

0.50 

21 

9.0 
7.7(7) 
7.2 

8.1 

7.7(8) 
7.0 

0.42 

0.19(6) 

N.D. 

N.D. 

N.D. (8) 

N.D. 

0.18 

0.07(8) 

N.D. 

2.30 

2lA 

S.3 
?7(5) 

7.3 

7.8 

7.5(4) 

?2 

0.84 

0.57(2) 

0.30 

N.D. 

N.D. (2) 

N.D • 

0 • .20 

0.18(2) 

0.16 

0.98(3) 0.07(1) 

0.25 

3.6 

2.3(8) 

4.6 
2.3(8) 

1.2 
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Table 11. 

Water analyses for sampling p0ints in the southern p2.rt of the Catphment of the Vaal D2m. tIl results are derived from single snap samples collected in 

Augu.st, 1961.: (Chuttcr 1967 
= 

Table 16). • 

Station number 9 10 llA IlB III 13 24 25 26 30 41 42 44 • 
pH (Field mea.suremen ts) •. 8..3 8.4 , 6.8 7.1 7.4 8.6 . 8.3 8.3 8.2 ~.4 8.5 7.8 8.4 

pH (Lab. measurements) .. 7 .. 7 7.9 • 7.6 ~ 7.6 .. 8.2 
" 8.'7 • 7.6 7.'7 7.4 8.0 8.6 8.3 8.6 

Total dissolved solids at 

105°0 ppm. 83 59 99 9.0 lr:J7 113 83 53 104 112 190 179 132 

Total Nitrogen in ppm N (A) 3.4 3.4 . 3.2 . 4.0 .. 8.6 .. 3.5 2.6 3.1 2.7 2.6 3.8 3.1 2.2 

Kj eWahl ni trogen ppm !+ (B) ~.4 1 .. 7 ; 1.2 " 3.4 ~ 6.9 1.7 1.6 1.2 1.5 1.8 2.8 2.7 1.6 

Nitrates + Nitrites 

(p! - B) ppn! N. • l.O 1. '7 a 2.0 • 0.6 1.7 . 1.8' ~ 1.0 1.9 1.2 0.8 1.0 0.4 0.6 
~ 

Total Alkalinity ppm 

CaC0
3 

26 26 2.6 31 38 116 36 28 51 89 164 91 161 

Total Hardness ppm 

CaCO) 28 30 36 37 40 90 46 39 62 94 13 104 150 

Calcium Hardness ppm 

CaC0
3 

13 12 11 17 25 67 16 15 32 54 10 62 104 

Magnesium Hardness ppm 

CaC0
3 

15 18 15 20 15 23 30 24 30 40 3 42 46 

'\ ChlOrides pp~ C1. 25.8 25.8 36.1 41.5 · 62.0 • 46.7 28.4 .. 25.9 36.1 . 25.8 72.4 108.9 64.5 
~ 

Su1Ph$. tes ppm SO 4 12.5 13.5- 13.5 .. 8.0 .. 10.5 ;, 5.0 . 7.5 2.0 4.0 2.0 11.5 26.0 15.0 . • 
Sodium ppm N~ 10.0 10.0' 11.6 . 12.8 . 19.0'- , 21.8 " 9.4 .. 10.0 12.2 15.4 48.4 30.0 32 .. 0 .. 
Turbidity ppm Si02 12 33 64 62 58 2.C 2 0 .v 16 28 9 30 50 43 

Oxygen absorbed in 

4 hours from KMN04 

ppm °2- ~.8 6.6 9.4 " 8.6 ' . 9.4 . 3 .. 9 .. 6.6 2.6 4.7 0.8 7.8 12.7 8.4 
a .. -



Table 12. 

THE VAAL RIVER. STATION 1. 

301 

16.9.58 

Achnanthes microcephala ~utzing 

Achnanthes minutissima Klitzing 14.3 

Caloneis Chasei Cholnoky 5.1 

Cymbella gracilis (Raberulorst) Cleve 8.6 

Cymbella naviculiformis Auerswald 3.0 

Cymbella ventricosa ~utzing 4.6 

Eunotia diodon Ehrenberg 

Eunotia pectinalis (~titzing) Rabenhorst + 

Eunotia rhomboidea Hustedt 

Frustulia rhomboides (Ehrenberg) 

De Toni var. saxonica (Rabenhorst) 

De Toni 

Gomphonema gracile Ehrenberg 

Gomphonema parvulum (Klitzing) Grunow 

Navicula cryptocephala Kutzing 

Navicula diuturnoides Archibald 

Navicula esamangensis Foged 

Navicula molesta Krasske 

Navicula muralis Grunow 

Navicula promota n.sp. 

Navicula submolesta Hustedt 

Navicula subtilissima Cleve 

Navicula tenella Brebisson 

Navicula tenuissima n.sp. 

Navicula Twymaniana Archibald 

Neidium affine (Ehrenberg) Cleve var. 

amphirhynchus (Ehrenberg) Cleve 

Nitzschia gracilis H2ntzsch 

Nitzschia KUtzingiana Hilse 

Nitzschia palea (Kutzing) V.I. Smith 

Nitzschia perminuta GrunOH 

Nitzschia stricta Hustedt 

1.0 

1.9 

0.3 

11.0 

5.7 
4.6 

0.3 

0.5 

1.0 

1.3 

2.4 

2.2 

1.3 

0.3 

1.3 

1.0 

6.5 

13.3 

370 

21.3.60 

4.9 

2.4 
+ 

0.5 

4.4 

2.1 

25.3 

2.9 

7.0 

11.6 

0.5 

1.1 

+ 

3.4 

1.8 

0.3 

0.5 

0.8 

1.8 

6.2 

479 

11.8.60 

11.8 

1.5 

1.3 

2.1 

4.4 
2.8 

7.7 

0.3 

11.3 

3.6 

4.6 

0.5 

1.3 

0.5 

1.3 

4.1 

3.6 

0.5 

1.0 

1.8 

3.1 

9.2 

9.7 

1.0 

2/ ............ . 



Table 12 (cont.). 

- 2 -

The Vaal River station 1. 

Pinnularia acoricola Hustedt 

Pinnularia mesolepta (Ehrenberg) 

vI. Smith 

Stauroneis anceps Ehrenberg f. 

gracilis (Ehrenberg) Cleve 

Surirella delicatissima Lewis var. 

africana Cholnoky 

Surirella linearis "'I. Smith 

Surirella tenera Gregory 

other species 

Nitrogen heterotrophic Nitzschiae 

combined 

Eunotia species combined 

301 

16.9.58 

2.4 

+ 

+ 

1.0 

0.5 

4.6 

22.4 

1.6 

370 

21.3.60 

0.8 

0.3 

1.1 

13.4 

1.6 

5.3 

8.3 

3.2 

479 

11.8.60 

1.5 

1.0 

+ 

2.3 

1.3 

4.9 

24.2 

3.5 



Table 13. 

THE VAAL RIVER. STATION 2. 

Achnanthes minutissima Klitzing. 

Cocconeis microscopica Cholnoky. 

Cymbella ventricosa Klitzing. 

Fragi12.ria fJJTliliaris (Grunow) Hustedt. 

Fragilaria pinnata Ehrenberg. 

Fragilaria Vaucheriae (Klitzing) Petersen 

Gomphonema parvulum (~utzing) Grunow. 

N2vicula Zanonii Hustedt 

Nitzschia obsoleta Hustedt 

Nitzschia palea (Ktitzing) V.I. Smith 

Nitzschia perminuta Grunow 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae combined 

486 

45.9 
1.6 

2.7 

4.2 
28.9 

3.5 
1.8 

1.0 

1.5 
1.0 

1.8 

4.4 
1.5 

4.5 



Table 14 •. 

THE VAAL RIVER. STATION 2A. 

Achnanthes minutissima Klitzing 

Cymbella Kappii Cholnoky 

Fragilaria construens (Ehrenberg) 

Grunow 

Fragilaria familiaris (Klitzing) 

Hustedt 

Fragilaria Vaucheriae (Klitzing) 

Petersen 

Gomphonema parvulum (Klitzing) 

Grunow 

Navicula cryptocepho.la Ktitzing 

Navicula diuturnoides Archib81d 

Navicula pascuorum Cholnoky 

NC:lvicula rostellata Klitzing 

Nitzschia Rcicularis H. Smith 

Nitzschia Ktitzingiana Hilse 

Nitzschia obligata Archibald 

Nitzschia palea (Klitzing) W. Smith 

Ni tzschi2 perminuta Gruno~J. 

Nitzschia spiculum Hustedt 

Synedra ulna (Nitzsch) Ehrenberg 

other species 

Nitrogen heterotrophic Nitzschiae 

combined 

306 

23.9.59 

90.5 

1.4 

+ 

4.3 

+ 

0.5 

+ 

+ 

0.5 

0.5 

+ 

+ 

0.9 

1.4 

1.0 

307 

19.1.60 

37.9 
+ 

1.1 

5.8 

2.2 

2.0 

6.5 

1.8 

1.8 

3.1 

1.5 

5.6 

8.3 

5.6 

2.7 
2.2 

1.3 
10.6 

23.1 



Table 15. 

THE VAAL RrvER SAMPLE 477. 

477 

11.8.60 

Achnanthes minutissima Klitzing 85.9 

Cymbella Kappii Cholnoky 1.4 

Cymbella ventricosa Klitzing 2.7 

Fragilaria Vaucheriae (Kutzing) Petersen 4.7 

Other species 5.3 

Nitrogen heterotrophic Nitzschiae combined 1.3 



Table 16. 

THE VAAL RIVER. STATION 3. 

309 312 495 

15.9.58 23.9.59 10.8.60 

Achnanthes minutissima Ktitzing 13.6 5.9 12.5 

.tunphora coffaeaformis Ag8Tdh + + 2.6 

Cymbella amplii~phal2.. Naegeli 22.5 6.3 35.7 
Cymbella microcephala Grunow 43.0 56.5 27.4 

Navicula cryptocephala Klitzing 0.5 2.2 1.7 

Navicula rhynchocepha12c Klitzing 1.4 0.9 
Navicula rostel18tn Klitzing + 1.2 1.2 

NC'cvicula tenella Brebisson 0.5 1.9 0.9 
Navicula Zanonii Hustedt 1.4 0.5 + 

Nitzschia adapta Hustedt 3.1 1.2 0.5 

Nitzschia fonticola Grunow + 1.4 0.9 

Nitzschia interrupt2 (Reichelt) 

Hustedt 5.1 12.9 6.9 

Nitzschia Klitzingian~ Bilse 1.4 0.7 0.5 

Nitzschia linearis "lr.J. Smith + + 3.1 

Nitzschia palea (Klitzing) vv. Smith 1.4 0.2 0.2 

Ni tzschic\ permir,u:,a Grunow. + 2.4 + 

Nitzschia spiculum Hustedt 1.4 1.4-

Other species 4.7 5.3 5.0 

Nitrogen heterotrophic Nitzschiae 

combined 7.8 8.6 2.1 



Table 17. 

THE V rl,AL R.IVER.. STATION 4. 

313 315 316 416 417 

15.9.58 22.9.59 19.1.60 8.8.60 8.8.60 

Achn2.nthes adamantiformis 

Archibald 2.7 

Achncmthes minutissima 

Ktitzing 19.7 9.0 2.1 27.5 

Caloneis fasciata 

(Lagerstedt) Cleve + 2.4 + + 

Cyc10tella comensis Grunow + 2.9 + + 

Cymatopleura solea 

Brebisson 1.5 + 

Cymbella cistula (Hemprich) 

Grunow + 0.2 1.2 

Cymbella Kappii Cholnoky 1.5 6.3 + 48.2 + 

Cymbella microcephala 

Grunow 23.0 1.2 0.8 6.0 

Cymbe11R ventricosa 

Ktitzing 0.5 2.8 2.7 1.2 

Fragi1aria familiaris 

(~utzing) Hustedt 0.2 0.3 1.9 

Fragilaria Vaucheriae 

(Ktitzing) Petersen 0.5 + 13.2 1.7 + 

Frustulia vulgaris 

(Thwaites) De Toni var. 

angusta Cho1I[()ky 1.3 + + 

Gomphonema parvulum 

(KUtzing) Grunow 0.3 1.2 8.0 + 1.1 

Melosira granulata 

(Ehrenberg) Ralfs var. 

angustissima o. MU~lero + 0.8 1.0 + 

Navicula atomus (I\utzing) 

GrunOvJ 1.5 0.5 0.3 

Navicula cinctaeformis 

Hustedt. 0.5 + 1.3 + 

2/ ...... 0 ••••• 



Table 17 (cont.). 

The Vaal River 

- 2 -

Station 4. 

313 

15.9.58 

Navicula cryptocephala 

Klitzing 5.6 

Navicula minima Grunow 

Navicula mura1is Grunow 

Navicula rh:ynchocephEtla 

K'titzing 12.8 

Navicula Schroeteri Meister + 

Navicula tenella Brebisson 3.3 

Navicula Twymaniana 

Archibald 0.3 

Navicula Zanonii Hustedt 0.5 

Nitzschia acicularis 

w. Smith 

Nitzschia adapta Hustedt 1.3 

Nitzschia capitellata 

Hustedt 

Nitzschia confinis Hustedt 

Nitzschia diserta + 

Nitzschiaexilis Archibald 

Nitzschia fonticola Grunow 6.6 

Nitzschia hungarica Grunow + 

Nitzschia interrupta 

(Reichelt) Hustedt 1.0 

Nitzschia Kiitzingiana Hilse + 

Nitzschia linearis W. Smith 1.8 

Nitzschia palea (Klitzing) 

vJ. SmitHy' 5.4 

Nitzschia perminutp Grunow 1.5 

Nitzschia romana Grunow + 

Nitzschia spiculum Hustedt 

Nitzschia tarda Hustedt 0.5 

Surirella angusta K'utzing 0.8 

Surirella ovata Klitzing 

315 316 416 417 

22.9.59 19.1.60 8.8.60 8.8.60 

2.0 0.3 

1.3 

2.4 0.3 

0.8 0.5 + + 

0.2 1.6 0.5 

0.2 0.5 0.7 + 

1.3 

0.8 1.0 

1.8 

4.0 0.7 

3.8 1.6 

3.3 

1.1 

1.0 

10.8 1.1 

1.3 + 1.1 

0.5 0.5 + 

9.5 7.6 3.2 

1.5 1.4 + 

13.3 10.8 2.7 82.2 

13.0 1.0 

3.3 0.8 + 5.0 

1.2 

1.3 

0.8 + 1.1 

2.4 

3/ ............. 



Table 17 (cont.). 

The V aal River. 
- 3 -

Station 4. 

313 315 316 416 417 

15.9.58 22.9.59 19.1.60 8.8.60 8.8.60 

Synedra nana Meister 4.1 + 

Synedra ulna (Nitzsch) 

Ehrenberg. 0.8 30.8 2.4 0.5 
other species 4.2 3.4 2.2 0.9 1.2 

Nitrogen heterotrophic 

Nitzschiae combined 15.8 66.8 22.4 4.4 91.8 



THE VAAL RIVER. STATION 5. 

Achnanthes minutissima Kutzing 

Cymbe11a 2IDphic epha12> Naegeli 

Cymbel1a Kappii Cho1noky 

Cymbel1a microcephala Grunow 

Cymbe11a ventricosa Kutzing 

Gomphonema Clevei Fricke 

Gomphonema longiceps Ehrenberg 

var. subc1avatum Grunow 

Gomphonema parvu1um (Klitzing) 

Grunow 

Navicula cryptocepha1a Ktitzing 

Navicula rhynchocephala Klitzing 

Navicula tenel1a Brebisson 

Nitzschia hung2.rica Grunow 

Nitzschia linearis H. Smith 

Nitzschia pale a (Ktitzing) 'f'T. Smith 

Nitzschia perminuta Grunow 

Synedra nan2. Meister 

Other species 

Nitrogen heterotrophic 

Nitzschiae combined 

317 

15.9.58 

27.9 

10.7 

0.5 
32.0 

1.4 
+ 

+ 

0.5 
6.1 

3.0 

1.4 
1.3 

1.7 

5.6 

1.7 

1.4 

4.8 

8.7 

319 

22.9.59 

23.2 

0.5 
23.0 

34.8 

0.5 

0.3 

1.0 

12.7 

0.3 
+ 

0.8 

+ 

0.3 

1.0 

1.6 

1.3 

418 

8.8.60 

34.8 
+ 

19.8 

30.6 

2.3 

1.3 

0.3 

0.5 

0.5 

0.3 

2.9 
+ 

0.5 
2.6 

+ 

3.6 

3.1 



-
Table 19. • 

THE VAAL RIVER STf.TToN 5A. 
---"-~ ----~- -----

321 322 323 324 375 406 552 

20.7.59 18.8.59 22.9.59 19.1.60 3.6.60 8.8.60 19.3.65 
; . 

Achncmthes adamantif orrnisr~rehi bald 1.5 
Achnmthes le.neeolata (Bre1iisson) Gruft01-J vetr. r08trat~ Ostrup 0.4 0.5 1.0 1.5 + 0.5 

Achn .. ntfles minutis,sima KUt:iing .. 1.(_ 14.6 20.2 0.5' If- 38.1 

f~hipleura pellucida KUtzing 0.3 1.2 

• AmphQra veneta KUtzing + 2.9 3.5 0.5 0.3 1.6 

• Caloneis fasciata (Lagerstedt) Cleve · 2.3 0.3 0.3 + 1.0 

Coccsneis ?lacentu1a Ehrenberg + 1.0 

CoccGneis plac8ntula yare euglypt2. (E~renb8rg) Clove 0.5 5.9 1.8 1.5 O.B 10.5 

Cyc18tella come~si~ Grunow· 10.6 18.0 17.7 20.3 1.6 2.3 6.7 

Cyclotella Heneghinie.na ICU~zing 3.0 0.5 

Cymbella microc89hala Grunow • 0.9 0.5 1.0 + + + 

Cymbella perpusi11a Cleve . 2.5 + 

Fragi1aria f2~iliaris (KUtzing) HiJsteclt 41.6 

Fragilari~ VaucRcriae (KUt!.ing) Boye r8torsen 0.5 31.1 4.0 0.3 2.7 35.3 

• Gompkonema parvwlura (KUtziPLg) Grunow \. 1.4 1.3 1.0 1.3 37.6 1.0 3.1 

• Gyro~igma scalproides (:':t2b~nhorst) Cl~ve • 1.4 0.3 0.3 0.2 + 0.5 10.8 

# N2vicula agrestis Hustedt 1.6 

Navicula rltomus (Klitzing) B-runow 1.6 0.3 

Navicula bryophila Boye Petersen + + 13.5 + + 

Navicula cintaeformis Hust~dt 0.9 0.5 1.0 0.2 + 6.2 

• '\ Navieula cI'Y'})tocephala KUtting 25.2 0.8 3.5 1.0 0.8 9.3 

Navicula diuturna Cholnoky 0.4 2.6 

.. Navieula diuturnoides Archibald + 1.3 0.3 1.6 

• Navicula Fritschii Lund 1.0 

N~vicula minime? Grunow 0.3 0.8 2.0 + 

• Navicula mutali!l Grunow 0.9 0.3 2.8 + 0.3 0.3 3.6 

Navi cuI 2. permi tis Hustedt 0.5 0.8 2.3 + 

Navicula perparva Hustedt ~ 1.0 1.0 

• Navicula rostel~ata KUtzing • 5.5 0.3 + 0.8 + 2.6 

• Navicula Schroeteri Meistgr 4.1 0.3 0.5 1.5 1.8 + 4.1 

Navi'Cula tenel1~ Brebisson .' 12.8 4.0 6.0 12.4 10.9 1.0 2.1 

Ne.vicula tenelloides Hustedt • 2.3 0.5 0.8 + + + 1.6 

• Navicula Twymarrlana t.rchi1:l'ald 0.9 1.0 0.3 6.7 

Nitzschia acicularis W. Snfith 1.5 1.3 + 

Nitzschia Agnewii Cholnoky + 2.0 1.0 

Ni tz"schi2. bacata Hustedt 5.0 2.0 

Nitzschia Clausii Hantzsch ' .. 1.5 

2/ ............... . 



-

• 

• 

Table 19 (cont.). 

. . 
Nitzschia dissipata (KUtzing) Grun0w 

Nitz~chia fontico1a Grunow 

Nitz~chia intermissa Hustedt 

Nitzschia KUtzingiana Hils8 

Nitz~chia 1evidensis V.I. Smith. var. victoriae Grunow 

Nitzschia 1inearis 1:,[. Smith 

Nitzschia palea (Ktitzing) 1t[ • Smith . 
NitzschiR perminuta Grunow 

\; 

Nitzschia perpusi11a (Rabenhorst) Grunow 

Ni tzschia rOID3112. Grunow . 
Rhop'alodia gib~a (Ehrenberg) O. MUller 

Syn~dr~ ulna (~itzsch) Eh~enberg 

.Dther species 

.. 
Nitrogen heterotrophic Nitzschiae combined 

- . .;2 \ -

The Vaal River _Stat;i;tPn 5A. 

321 

20.7.5c; 

4.1 

0.9 

9.6 

4.6 

+ 

+ 

+ 

+ 

0.5 

5.5 

15.1 

322 

18.8.59' 

0.8 

0.5 

1.3 

5.3 

+ 

+ 

1.1 

1.3 
+ 

4.6 

9.0 

323 

22.9.59 

1.0 

3.5 
7.3 

1.5 

+ 

2.8 

0.3 

1.8 

1.0 

4.6 

21.7 

324 

19.1.60 

1.3 

14.0 

3.8 

4.8 
0.3 

1.0 

+ 

4.7 

29.0 

3'75 

3.3.60 

0.3 

+ 

+ 

0.3 

0.5 

0.0 

406 

+ 

0.3 

0.8 

0.3 

+ 

+ 

1.0 

3.7 

3.1 

552 

19.3.65 

0.5 

19.1 

2.1 

4.6 
1.0 

0.5 

3.5 

27.2 



Table 20. 

THE VAAL RI VER • STATION 6. 

Achnanthes lanceolata (Brebisson) 

Grunow var. rostrata Ostrup. 

Achnanthcs minutissima Kutzing 

Cyclote11a comensis Grunow 

Cyclotel1a KUtzingiana Thw8ites 

Cymbel1a amphicephala Naegeli 

Cymbella microcepha1a Grunow 

Cymbella perpusil1a Cleve 

Cymbella ventricosa ~utzing 

Gyrosigma sca1proides (Rabenhorst) Cleve 

Hantzschia amphioxys (Ehrenberg) Grunovl 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala ~utzing 

Navicula microcephala Grunow 

Navicula roste1lata KUtzing 

Navicula Schroeteri Meister 

Navicula tenel1a Brebisson 

N2vicu1a Zanonii Hustedt 

Nitzschia intermissa Hustedt 

Nitzschia palea (Kutzing) W. Smith 

Other species 

Nitrogen heterotrophic Nitzschiaecombined 

403 

8.8.60 

1.2 

5.1 
4.0 
1.2 

3.4 
1.7 

1.2 

1.7 

17.7 

1.7 

6.8 

18.2 

1.2 

8.6 

1.1 

4.0 

1.7 

4.6 
1.1 

13.8 

8.7 



-

. , 

• 

• 

• 

• 
• 

Table 21. 

Acrtnanthes mirrutissima KUt~ing 

Ca!oneis Clevei (Lagerstedt) Cleve 

Caloneis Schmflc.nni~nc. (GrunO'tv) Cleve 

Cymatopleur2. solea Brebisson 

Cymbella aequalis W. Smith 

Cyrobella mnphicephala Naeg~li 

Cyffibella Kappii Cholnoky 

Cyrobella microcephala Grunbw 

Diploneis subov~lis Cleve 

Gyrosigma KUtzingii (Grunow) Cleve 

Navicula cinctaeformis Hus~edt 

Na;'icula cryptoccphala KUt·zing 

Navicula esamangensis Foged 

Navicula py~aea KUtzing ., 

Navicula rhynchocephala Ktrtzing 

N~lvicula rostellata KUtzing 

Navicula. Schroeteri Meister 

Naviculc. tsnella Brebisso~ 

Nivicula Zanonii Hustedt • 

Ni tzschia acicularis vi. Smith 

Nitzschia adapta Hustedt • 

Nitzschia dissip~ta (KUtzing) Grunow~ 

NitzschiC'. e1iiptica Hustedt yare a1exandrina Cholnoky 

Ni tzschi~ fo;'ticola GrunovT 

Ni tzschi2. [Tacilis H~-.ntzsch 
.. 

Nitzschia hungarica Grunow 
'I • 

Nitzschi~ interrupta (Reichelt) Hus~edt 

Hi tzschia KUtzingian2. Hi:lse 
.. ~ u 

Nitzschia linearis W. Smith 
• • 
Ni tzschi2. p21ea (KUtzing} vJ. Smith .. 

~ 

Nitzschia perminutB. Grunow 

TpE KJ.:FFIRspa UIT STRE!: .... 1'vl • 
. , . 

342 

.. . 15.9.58 

5.7 

• 5.5 

1.1 

+ 

23.2 

0.8 

4.4 

+ 

4.9 

• 1.4 

5.7 
1.1 

0.5 

9.3 

1.1 

0.5 

9.0 

2.5 

0.5 

+ 

5.2 

+ 

5.5 

0.3 

St2.tion 19. 

343 344. 

22.7.59 20.1.60 

3.1 14.8 

2.1 2.8 

1.0 + 

+ 0.5 

+ 

34.9 3.1 

0.3 

28.1 1.0 

+ 1.0 

1.3 + 

+ 2.3 

1.8 8.5 

+ 

+ 

+ 

2.9 + 

+ 1.0 

0.3 0.8 

1.8 + 

2.1 

0.5 3.6 

1.8 0.5 

1.0 

2.1 

0.8 

+ 3.9 

+ 18.4 

14.0 + 

+ 17.1 

+ 3.9 

.--
493 489 491 492 

12.8.60 12.8.60 12.8.60 12.8.60 

0.5 13.9 0.5 20.7 

+ 0.7 + 

+ 2.8 

+ + + 

+ 18.3 

62.8 + 8.7 23.8 

+ 5.6 3.3 

5.4 64.8 0.5 

+ 0.3 + 

0.8 

0.3 + + 

7.4 13.7 1.8 

1.2 0.3 + 
0.3 5.3 + 

+ 

2.2 0.5 2.9 + 

2.0 8.5 + 

~ + 

1.2 + 0.2 

0.3 + 

1.6 

+ 1.6 

+ 

+ 6.6 

0.5 4.9 29.0 

0.5 5.0 + + 

8.4 . 0.3 0.2 1.4 
0.5 13.4 0.5 0.2 

+ 1.6 + 0.5 

2/ •...•......• ~. 



-

.. 

Table ·21 (cont.). 

Tributaries of the Upper Var-.l R:i.ver -

NitZ'schiC? romart'a Grunow 

Pinnularia microstauron (Ehrenberg) Cleve "lar. 

~rebissonii (KUtzing) Hu~tedt 

Surirel1a angu~ta KUtzing 

Surirel12 ov?lis Brebisson 

Other species " 

Nittogen heterdtrophic Nitz~chiae combined 

-2-·: .". 

Il\e Kaf'firsp lui t ·strc ~_L • 

342 

15.9 .. 5~j 

+ 

3.5 

0.5 

1.4 

6.4 

1.3 

station 19. 

343 344. 

22.7.59 20.1.60 

1.0 

') , 0.5 ~ . ./ 
+ 0.3 

0.8 + 

2.5 9.0 

2.3 50.6 

493 489 491 492 

12.8.60 12.8.60 12.8.60 12.8.60 

+ 25.0 0.2 

3.8 + + 

0.3 2.3 + + 

+ + + + 

1.6 5.8 o.? 2.1 

2.5 48.4 0.7 0.9 



Table 22. 

TRIBUT/~RIES OF THE UPPER VAAL RIVER. 

THE BLESBOK RIVER - ST~lI_TION 18. 

Achnanthes minutissim2 Klitzing. 

Cymbella Kappii Cholnoky 

Cymbel18 microcephala Grunow 

Cymbella ventricosa KUtzing 

Fragilaria V8ucheriae (KUtzing) 

496 

12.8.60 

59.3 

1.6 

16.6 

1.6 

Boye Petersen. 1.6 

Gomphonema parvulum (Klitzing) Grunow 1.3 

Navicula tenella Brebisson 1.3 

Nitzschia interrupta (Reichelt) Hustedt 12.6 

Synedra nana Heister 2.2 

Other species 1.9 

Nitrogen heterotrophic Nitzschiae combined 0.0 



Table 23. 

TRIBUTf\RIES OF THE UPPER VAf'L RIVERo 

THE KLEINVAAL RIVER - STATION 20 0 

345 347 348 463 

Achnanthes minutissima Klitzing 

Cymbella Kappii Cholnoky 

CymbellB_ microcephala Grunow 

Cymbella ventricosa Klitzing 

Fragi12ria familiRris (Kutzing) 

Hustedt 

Frustulia vulgaris (Thwaites) 

De Toni var. Rngusta Cholnoky 

Gomphonema parvulum (Klitzing) 

Grunow 

Navicu12 cryptocephala Klitzing 

Navicula diuturnB Cholnoky 

Navicula microcephala Grunow 

Navicula pascuorum Cholnoky 

Navicula rhynchocephala KUtzing 

Navicula Schroeteri Meister 

Navicula subhamulata Grunow 

Navicula Twymaniana Archibald 

Nitzschia aciculpris W. Smith 

Nitzschia adapta Hustedt 

Nitzschia fonticola Grunow 

Nitzschia Klitzingiana Hilse 

Ni tzschia linearis "ltl. Smith 

N i tz schia pale a (Klitz ing) lilT. Smith 

Nitzschia perminuta Grunow 

Nitzschia spiculum Hustedt 

Pinnularia acoricola Hustedt 

Synedr2. ulna (Ni tzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

10.12.58 23.9.59 20.1.60 10.8.60 

24.6 

+ 

1.0 

11.5 

7.9 

3.3 

5.9 

5.2 

1.6 

0.5 

0.2 

2.8 

4.4 

5.9 

9.6 

3.2 

7.6 

4.8 

l8.7 

15.5 

0.5 

+ 

0.7 

2.2 

+ 

3.6 

1.2 

2.8 

0.2 

5.4 

2.0 

+ 

1.2 

2.8 

0.7 

1.2 

1.5 

54.6 

+ 

3.9 

63.8 

35.2 

1.0 

0.3 

9.7 

0.8 

1.6 

5.0 

1.6 

2.5 

1.3 

+ 

1.3 

2.3 
~.3 

0.5 

10.2 

1.8 

7.6 

1.8 

1.6 

8.4 

6.0 

25.8 

5.7 

31.9 

+ 

21.6 

+ 

0.3 

11.1 

+ 

1.3 

6.0 

+ 

+ 

1.6 

0.3 

+ 

1.6 

6.0 

+ 

1.3 

4.2 

0.3 

6.8 

10.4 



Table 24. 
TRIBUTARIES OF THE UPPER VAAL RIVER .. 

THE KLEINVJ\.;~L RIVER - STII.TION 21A. 

A.chnanthes minutissimB Klitzing 

Cymbella microcephal~ Grunow 

Cymbel12 ventricosa !\:litzing 

Fragiliaria V~ucheriae (Klitzing) 

Petersen 

Navicula indifferens Hustedt 

Navicula promot? n.sp. 

Nitzschia ~dapta Hustedt 

Nitzschia interrupta (Reichelt) 

Hustedt 

Nitzschia. palea (Klitzing) H. Smith 

Nitzschia perminuta Grunow 

Nitzschia spiculum Hustedt 

Synedra nana Meister 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

350 

23.9.59 

73.0 

3.6 

1.3 

8.2 

1.1 

1.8 

2.0 

0.9 

0.2 

2.0 

1 .. 1 

4.8 

5.5 

464 

10.8.60 

75.2 

0.5 

8.0 

1.3 
6.7 
+ 

+ 

+ 

1.0 

1.3 
2.1 

3.9 

4.9 



Table 25. 
TRIBUTARIES OF THE UPPER VA.f\L RIVER. 

THE KLEINVAAL RITER - STf'TION 21. 

353 

23.9.59 

Achnanthes lanceolata (Brebisson) 

Grunow var. elliptic a Cleve 

Achnanthes lanceolata var. rostrata 

Ostrup 

Achnanthes minutissima ~utzing 

Cymbella K~ppii Cholnoky 

Cymbella microcephala Grunovl 

Cymbella ventricosa Klitzing 

FragilAria familiaris (Klitzing) 

Hustedt 

Fragilaria Vaucheriae (Kiitzing) 

Petersen 

Gomphonema Clevei Fricke 

Gyrosigma Kiitzingii (Grunow) Cleve 

Navicula cryptocephala Kiitzing 

Navicula rhynchocephala Kiitzing 

Navicula rostell~ta I\'utzing 

Navicula Zanonii Hustedt 

Nitzschia interrupta (Reichelt) 

Hustedt 

Nitzschia Klitzingiana Hilse 

Hi tzschia linearis vI. Smith 

Nitzschia palea (Klitzing) W. Smith 

Nitzschia spiculum Hustedt 

Surirella angusta Klitzing 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

+ 

50.1 

1.9 

5.3 
2.8 

2.3 

5.0 

+ 

1.3 

5.0 

2.0 

2.5 

6.5 

1.0 

4.3 
1.9 

1.3 

1.0 

1.0 

4.8 

7.6 

356 

20.1.60 

1.0 

1.0 

31.3 

0.5 

1.0 

1.0 

55.9 

+ 

4.0 

1.0 

+ 

0.5 

0.7 

0.7 

0.2 

+ 

0.2 

0.7 



Table 26. 
THE TRIBUTARIES OF THE UPPER VAAL RIVER. 

THE SKl~PSPRUIT RIVER~ND RIETSFRUIT RIVER 

Achnanthes minutissima Kutzing 

Amphora veneta ~utzing 

Cymbella amphicephala Naegeli 

Cymbella Kappii Cholnoky 

Cymbella microcephala GrunOvJ 

Cymbella ventricosa KUtzing 

Navicula cryptocephala KUtzing 

Navicula muralis GrunovJ 

Navicula tenella Brebisson 

Navicula Zanonii Hustedt 

Nitzschia adapta Hustedt 

Nitzschia interrupta (Reichelt) 

Hustedt 

Nitzschia KUtzingiana Hilse 

Nitzschia perminuta Grunow 

Rhopalodia gibba (Ehrenberg) 

O. M'uller 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

465 

11.8.60 

20.2 

12.8 

0.5 

43.6 

4.0 

1.3 

0.5 

1.0 

0.5 

12.4 

+ 

1.0 

2.2 

2.0 

468 

11.8.60 

11.6 

1.0 

0.8 

1.0 

64.0 
2.8 

2.0 

1.0 

1.8 

1.3 
1.0 

6.2 

1.0 

+ 

1.0 

3.5 

2.3 



Table 27. 

THE KLIP RIVER - STATION 24. 

Achnanthes linearis ~V. Smith 

Achnanthes minutissima Klitzing 

Amphora coffaceaformis Agardh 

Cymbella aspera (Ehrenberg) 

Cleve 

Cymbella naviculiformis 

iluerswald 

Cymbella ventricosa Klitzing 

Fragilaria Vaucheriae(Klitzing) 

Petersen 

Gomphonema CleveiFricke 

Gomphonema parvulum (Klitzing) 

Cleve 

N;:1vicula cryptocephala 

KUtzing 

Navicula microcephala Grunow 

Navicula muralis Grunow 

Navicula rostel1ata Klitzing 

Navicula Schroeteri Meister 

Navicula Twymanictna I\rchiba1d 

Nitzschia accomodata Hustedt 

Nitzschia amphioxoides Hustedt 

Nitzschia Clausii Hantzsch 

Nitzschia dissipata (Kutzing) 

Grunow 

Ni tzschia K"utzingi~nct Hilse 

Ni tzschia linearis itT. Smith 

Nitzschia palea (Klitzing) 

It!. Smith 

438 

9.8.60 

29.2 

4.3 

15.6 

17.3 

3.4 

10.1 

0.7 

0.5 

15.6 

Station 24. 

358 437 

13.1.59 9.8.60 

0.8 7.8 

4.2 64.6 

+ 1.3 

+ + 

4.4 3.2 

+ 11.4 

+ 1.3 

1.8 1.3 

3.4 + 

1.6 + 

7.6 

12.1 1.3 

1.0 + 

1.3 

1.0 + 

1.0 

4.4 + 

+ 1.3 

38.3 1.8 

+ + 

7.4 0.2 

2/ •............. 



Table 27 (cont.). 

- 2 -

The Klip River - Station 24. 

Nitzschia perrninuta Grunow 

Surirella ostent2ta Cholnoky 

Other species 

Nitrogen heterotrophic 

Nitzschiae combined 

438 

9.8.60 

1.0 

2.3 

1.5 

Station 24 

358 437 

13.1.59 9.8.60 

2.4 1.0 

2.6 1.0 

4.7 2.5 

50.9 4.3 



Table 28. 

THE KLIP RIVER - STATION 25. 

Achn8.nthes linearis VI. Smith 

Achn8nthes minutissima KUtzing 

Amphora coffaeaf ormis t\.gardh 

Cymbella ventricosa Klitzing 

Fragilaria Vaucheriae (Klitzing) 

Petersen 

Gomphonema parvulum (Klitzing) 

Grunow 

Navicula atomus (Kutzing) Grunow 

Navicula cryptocephala Kutzing 

Navicula microcephala Grunow 

Navicula roste11ata Klitzing 

Nitzschia acicu1aris W. Smith 

Nitzschia Klitzingiana Hilse 

Ni tzschia linearis vI. Smith 

Nitzschia palea (Klitzing) W. Smith 

Nitzschia parminuta Grunow 

Surirella ostentata Cholnoky 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

359 

14.1.59 

1.8 

4.4 

2.6 

1.6 

3.0 

1.0 

2.6 

1.0 

2 .. 6 

1.0 

54.8 
1.0 

11.2 

5.9 
+ 

5.5 

74.2 

434 

8.8.60 

5.3 
16.6 

1.0 

0.2 

26.0 

1.7 

2.9 

11.3 

12.3 
1.0 

3.9 

4.1 

2.9 

+ 

1.7 

1.0 

8.1 

12.1 



Table 29. 

THE KLIP RIVER - STATION 26. 

Achnanthes linearis vJ. Smith 

Achnanthes minutissima KUtzing 

Cocconeis placentula Ehrenberg 

var. euglypta (Ehrenberg) Cleve. 

Cymbella ventricosa KUtzing. 

Fragilaria Vaucheriae (Klitzing) 

P8tersen 

Frustulia vulgpris (Thwaites) De 

Toni var. 2_ngusta Cholnoky. 

Gomphonema Clevei Fricke 

Gomphonema javanicum Hustedt. 

Gomphonema parvulum (Klitzing) Grunow 

Gyrosigma Kutzingii (Grunow) Cleve. 

Melosira varians 1',_gardh. 

Navicula atomus (Kutzing) Grunow 

Navicula crytocephala Klitzing 

Navicula rostel19ta Klitzing 

Navicula Schroeteri Meister 

Navicu12_ Twyrn2"niana Archibald 

Nitzschia accomodata Hustedt. 

Ni tzschi2. aciculc;ris vI. Smith 

Nitzschia Klitzingiana Hilse 

Ni tzschia linearis v!. Smith 

Nitzschia perminuta Grunow 

Pinnularia acoricola Hustedt 

Surirella angusta Ktitzing 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

261 

13.7.58 

3.6 

6.2 

7.9 

1.8 

0.5 

1.5 

1.0 

2.4 
1.2 

20.1 

2.0 

0.2 

0.5 

1.0 

3.6 

1.8 

35.0 
2.0 

1.0 

2.2 

+ 

4.5 

8.6 

449 

28.3 

21.0 

10.9 

0.2 

5.0 

0.2 

2.5 

1.8 

0.5 

+ 

7.9 

4.5 
1.0 

0.2 

1.3 

3.0 
+ 

0.5 

0.7 

+ 

1.3 

+ 

5.9 

3.3 

3.2 



Table 30. 
THE KLIP RIVER - STATION 27. 

Achnanthes minutissima Klitzing 

!@phora coffaeaformis Agardh 

Amphora submontana Hustedt 

Cyclotella comensis Grunow. 

Cymbella microcephala Grunow 

Cymbella ventricosB.Klitzing 

Fragilaria Vaucheriae (Klitzing) Petersen 

Frustulia vulgaris (Thwaites) De Toni 

var. angusta Cholnoky 

Gomphonema Clevei Fricke 

Gyrosigma Klitzingii (Grunow) Cleve 

Gyrosigma scalproides (Rabenhorst) Cleve 

lJpvicula cryptocephala Klitzing 

Navicula muralis Grunow 

Navicula rostellat2 Klitzing 

Navicula tenella Brebisson 

NaviculC1. Twymaniana Archib2.1d 

Ni tzschi2~ adapta Hustedt 

Nitzschia dissipata (Ktitzing) Grunow 

Ni tzschia Klitzingic:ma Hilse 

Ni tzschia linearis vJ. Smith 

Ni tzschia sigma (Klitzing) vJ. Smj.th 

var. fonticola Hustedt. 

Rhopalodia gibberula (Ehrenberg) 

O. M'uller 

ether species 

Nitrogen heterotrophic Nitzschiae 

combined 

421 

9.8.60 

9.8 

2.6 

1.5 

1.7 

1.7 

1.7 

2.6 

2.8 

1.5 

2.1 

9.5 

16.5 

1.0 

2.8 

2.6 

1.0 

2.1 

1.0 

2.6 

19.6 

1.0 

1.3 

3.2 

7.8 



Table 31. 

SM/\.LL TRIBUTARIES OF THE KLIP RIVER. 

436 433 447 451 453 

9.8.60 9.8.60 10.8.60 10.8.60 10.8.60 

Achnanthes lanceo1ata 

(Brebisson) Grunow var. 

rostr2.ta Ostrup 1.3 29.6 3.6 1.0 

Achnanthes linearis vJ. 
Smith 2.4 1.5 

Achnanthes minutissima 

Kutzing 2.9 7.2 37.1 23.7 13,,7 

Amphora submontana Hustedt 3.3 1.2 0.5 

Cywbe11a &~phicepha1a 

Naegeli + 3.3 5.6 12.6 0 .. 7 

Gymbella Kappii Cho1noky 0.5 0.8 6.6 9.0 2.7 

Cymbe11a microcephala Grunow + 11.0 0.5 4.7 

Cymbella ventridosa Klitzing 2.9 0.2 1.5 0.7 1.0 

Diploneis subova1is Cleve 1.9 + 

Fragilaria Vaucheriae 

(Klitzing) Petersen 18.9 0.2 

Frustu1ia vulgaris 

(Thwaites) De Toni var. 

angusta Cholnoky 0.5 0.4 1.2 0.2 

Gomphonema dichotomurrl 

(Klitzing) l1-rchibald 0.3 3.1 

Gomphonema parvulum 

(Klitzing) Grunow 0.8 3.3 1.2 2.1 

Gyrosigma Klitzingii 

(Grunow) Cleve + + 1.2 + 

Navicula atomus (KUtzing) 

Grunow. 1.2 

Navicula avenacea Brebisson 1.2 

N8vicula cryptocephala 

K"utzing 10.5 0.4 2.0 2.4 12 .. 0 

Navicula indifferens 

Hustedt 3.4 

Navicula microcephala 

Grunow + 1.5 

2/ .............. 



Table 31 (cont.). 

- 2 -

Small tributaries of the Klip River. 

436 433 447 451 453 

9.8.60 9.8.60 10.8.60 10.8.60 10.8.60 

Navicula muralis Grunow 5.6 0.8 2.6 1.2 

N2vicu12 pupula Klitzing + 1.0 

Navicula rhynchocephala 

Klitzing + 1.7 1.0 

Navicula rostel1~ta 

Klitzing 1.3 + 

NRvicula submolesta 

Hustedt 2.1 1.0 

Navicula tantula Hustedt 0.5 1.9 + 

Navicula tenella Brebisson + 0.6 2.0 6.8 2.0 

Navicula Twymaniana 

Archibald 1.1 0.8 0.5 

Nitzschia acicularis 

vI. Smith 5.4 1.0 

Nitzschia adapta Hustedt 0.3 0.7 3.8 0.5 

Nitzschia dissipata 

(Klitzing) Grunow 1.6 + + 

Nitzschia fonticola 

Gruno~-l 1.1 0.7 0.7 4.9 

Nitzschia interrupta 

(Reichelt) Hustedt 4.9 29.9 

Nitzschia Klitzingiana 

Hilse 29.1 21.4 1.2 9.0 1.5 

Nitzschia linearis 

H. Smith 1.6 12.3 0.5 6.2 1.0 

Nitzschia palea (!\titzing) 

W. Smith 1.6 0.4 0.5 0.7 

Nitzschia perminuta Grunow 7.0 0.6 14.1 0.2 8.6 

Nitzschia Rautenbachiae 

Cho1noky 7.8 

Nitzschia romana Grunow 1.5 + 2.2 

Surirel1a angus ta K"titz ing 0.5 1.7 + 1.2 + 

Surirella ovalis Brebisson + 1.4 

Other species 5.8 3.2 1.1 1.3 1.6 

Nitrogen heterotrophic 
Nitzschiae combined 46.3 24.3 26.7 14.1 19.4 



Table 32. 

THE S!\ND RIVER - STATtoN 8. 

Station 8 

Achn2nthes linearis W. Smith 

Achnanthes microceph3.la Klitzing 

Achn2.nthes minutissimEl. KUtzing 

Cocconeis p18centula Ehrenberg 

var. euglypt2. (Ehrenberg) 

Cleve 

Cyclotella comensis Grunow 

Cymbella Bmphicephala Naegeli 

Cymbell~_ cistula (Hempri ch) 

Grunow 

Cymbella Kappii Cholnoky 

Cymbella microcephala Grunow 

Cymbella ventricosa Klitzing 

Gomphonema parvulum (KUtzing) 

Grunow 

IvIelosira v RTians l\gardh 

Navicula cryptocephala Klitzing 

Navicul2. permi tis Hustedt 

N8.vicula rhynchocephala Klitzing 

Navicula tenella Brebisson 

Navicula tenelloides Hustedt 

Navicula Twymaniana 1\rchibald 

Navicula Zanonii Hustedt 

Nitzschia acicu12ris H. Smith 

Nitzschi2 fonticola Grunow 

Nitzschia interrupta (Reichelt) 

Hustedt 

Nitzschia K"utzingiana Hilse 

Ni tzschia linearis tv. Smith 

,r Ni tzschia palea (Ktitzing) vI. Smi t 

Nitzschia perminuta Grunow 

326 

16.9.58 

2.8 

50.6 

1.6 

+ 

1.2 

+ 

4.2 

7.3 

0.2 

+ 

+ 

0.5 

0.2 

0.7 

0.2 

+ 

0.5 

2.3 

456 455 

10.8.60 10.8.60 

43.1 

1.9 

10.1 14.8 

12.7 

6.7 

9.3 

+ 13.6 

1.3 14.8 

1.1 1.0 

0.4 + 

1.3 5.9 

3.8 + 

0.9 1.0 

+ 5.9 

6.7 + 

3.8 0.3 

1.7 2.3 

1.0 

0.6 4.6 

0.2 1.5 

1.5 1.5 

1.5 

0.4 1.0 

2.4 + 

2/ ............... . 



Table 32 (cont.). 

- 2 -

The So.nd River - St2tion 8. 

Nitzschia romana Grunow 

Nitzschia silica Archibald 

Rhopalodia gibba (Ehrenberg) 

O. }fuller 

Rhopalodia gibberula 

(Ehrenberg) O. Muller 

Other species 

Nitrogen hetrotrophic 

Nitzschiae combined 

Station 

326 

16.9.58 

24.6 

+ 

+ 

3.1 

3.7 

8 

456 455 

10.8.60 10.8.60 

+ 2.1 

2.4 1.3 

1.0 

3.7 9.8 

5.3 12.3 



Tsble 33. 

THE KOMMf\NDOSPRUIT STREAH - STATION 30. 

Achnanthes linearis itT. Smith 

Achnanthes minutissima Klitzing 

Cymbella Kappii Cholnoky 

Cymbella microcephala Grunow 

N2vicula cryptoccphala Klitzing 

Navicula tenella Brebisson 

Navicula Ze.nonii Hustedt 

Nitzschia dissipata (Klitzing) GrunovJ 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

432 

9.8.60 

2.1 

4.2 
5.6 

64.4 
5.2 

4.4 
2.3 
1.2 

10.6 

3.3 



T~ble 34. 

THE KOlv!j\~ ANDOSPRUIT STRE1~JYi t_ STfJ. TION 31. 

Achnanthes minutissima KUtzing 

Cocconeis placentula Ehrenberg 

var euglypta (Ehrenberg) Cleve 

Cymbella amphicephala Naegeli 

Cymbella Kappii Cholnoky 

CJ~bella microcephala Grunow 

Fragilaria Vaucheriae (KUtzing) 

Petersen 

Gomphonema javanicum Hustedt 

Gomphonema longiceps Ehrenberg 

var subclavatum Grunow. 

Gomphonema parvulum (Klitzing) 

Grunow 

Navicula atomus (Kutzing) Grunow 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala KUtzing 

Navicula perparva Hustedt 

Navicula rhynchocephala Klitzing 

Navicula rostel1ata Kutzing 

Navicula Schroeteri Heister 

Navicula tenella Brebisson 

Navicula TlrJYffianiana Archibald 

Nitzschia accomodata Hustedt 

Nitzschia aciculriris W. Smith 

Nitzschia capitellata Hustedt 

Nitzschia fonticola Grunow 

Nitzschia KUtzingiana Hilse 

Hi tzschia linearis vJ. Smith 

Nitzschia palea(Kutzing) 

vI. Smith 

Ni tzschia perminuta Grunmv 

Nitzschia spiculum Hustedt 

r-

431 

9.8.60 

+ 

+ 

4.3 

0.4 

+ 

+ 

+ 

0.9 

13.3 

+ 

0.4 

2.4 

+ 

0.2 

7.0 

0.9 

63.9 

1.1 

1.1 

0.4 

Station 31. 

360 445 

14.1.59 10.8.60 

+ 16.5 

8.0 

0.5 1.2 

0.5 4.6 

0.2 2.2 

24.2 

3.1 

2.2 

0.9 14.5 

1.6 0.5 

7.0 + 

2.6 1.2 

+ 1.9 

2.3 1.0 

3.0 + 

5.3 3.9 

0.5 3.4 

4.2 0.2 

1.9 + 

0.9 + 

1.9 

1~2 0.5 

49.9 0.5 

0.9 0.5 

10.4 + 

0.2 

1.0 

2/ •........... 



Tcble 34 (cont.). 
- 2 -

The Kommandosprui t strearn - stC=ttion 31. 

Synedra ulna (Nitzsch) 

Ehrenberg 

Other species 

Nitrogen heterotrophic 

Nitzschiae combined 

r 

431 

9.8.60 

0.2 

3.5 

12.3 

Station 31. 

360 445 

14.1.59 10.8.60 

1.9 

4.3 6.8 

66.9 3.4 



Table 35. 
THE VREDE STREAM. 

429 441 427 422 

9.8.60 10.8.60 9.8.60 9.8.60 

Achnanthes linearis "lrJ. Smith 0.8 1.0 1.5 

Achnanthes minutissima Kiitzing 1.5 2.6 10.1 3.0 

Cyrnbel1a aequ21is it!. Smith + 0.5 1.1 

Cymbella amphiceph3_1a Naegeli 66.4 12.8 3.8 62.5 

Cymbel12. KRppii Cholnoky + 7.8 1.8 2.2 

Cymbel1a microcephala Grunow 1.5 62.3 22.2 6.4 

Cymbella ventricosa ~utzing 1.0 + 1.2 + 

Navicula cryptocephala 

Ktitzing 4.2 0.6 1.2 5.4 
Navicula exiguiformis Hustedt 1.1 

Navicula tenella Brebisson + 1.5 + 4.3 
Navicula Zanonii Hustedt 0.4 1.0 0.5 0.9 

Nitzschia adapta Hustedt 0.4 0.2 1.0 2.2 

Nitzschia amphioxoides 

Hustedt 1.3 

Nitzschia fonticola Grunow 5.5 2.0 0.2 

Nitzschia gracilis Hantzsch 4.0 + 1.2 

Nitzschia interrupta 

(Reichelt) Hustedt 5.9 6.6 29.9 0.9 

Nitzschia Klitzingiana Hi1se 0.2 1.0 + 

Nitzschia linearis "". Smith 0.2 0.2 + 1.1 

Nitzschia palea (Kiitzing) 

VI. Smith 0.2 + 12.6 0.4 

Nitzschia Rautenbachiae 

Cholnoky 1.1 + + 

Nitzschia roman;? Grunow 0.2 9.1 

Surirella :mgusta Kiitzing 1.0 + + 

Other species 5.0 2.6 1.9 6.8 

Nitrogen heterotrophic 

Nitzschiae combined 14.1 1.4 26.4 3.0 



Table 36. 

THE vIA TERV 1\L R IV~R - UPPER REG I ON S • 

Achnanthe's Engelbrechtii Cholnoky 

l1mphora submontana Hustedt 

\rnphora veneta Klitzing 

Caloneis fasci2.ta (L8gerstedt) Cleve 

CaloneE silicula (Ehrenberg) Cleve 

Diploneis Smithii (Brebisson) Cleve 

var. pumila (Grunow) Hustedt 

Diploneis subovalis Cleve 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala Klitzing 

Navicula elginensis Gregory 

Navicula minima Grunow 

Navicula muralis Grunow 

Navicula pascuorum Cholnoky 

Navicula perparva Hustedt 

Navicula pupula ~utzing 

Navicula rostel18ta Klitzing 

Navicula tenella Brebisson 

Navicu12. tenelloides Hustedt 

Navicula Twymaniana ~rchibald 

Nitzschia accomodata Hustedt 

Nitzschia adapta Hustedt 

Nitzschia dissipata (Klitzing) Grunow 

Nitzschia fonticola Grunow 

Nitzschia Klitzingiana Hilse 

Ni tzschia levidensis 1~. Smith 

Nitzschia levidensis var. victoriae 

Grunow 

Nitzschi2 romana Grunow 

Nitzschia siliqua Archibald 

Nitzschia stricta Hustedt 

Rhop2.1odia gibberula (Ehrenberg) 

O. }fuller 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

511 

15.3.65 

1.0 

1.0 

1.0 

0.5 

37.5 

19.9 

1.0 

1.0 

6.2 

1.0 

2.1 

4.1 

2.6 

+ 

3.6 

+ 

2.1 

0.5 

1.0 

3.1 

1.0 

1.6 

2.6 

1.0 

+ 

4.5 

12.4 

512 

15.3.65 

2.3 

3.3 
+ 

3.3 
2.8 

+ 

2.8 

+ 

+ 

2.8 

3.3 

1.4 
15.4 

32.8 

2.8 

2.8 

+ 

1.4 
+ 

8.4 
1.9 

+ 

1.4 

11.1 

14.9 



-

• 

• 

• 

• 

Table 37 a 

Il~hncmthes rainutissim'i KUtzing 

Amphora oVCl.lis KUtzing var. TJediculus j~U.tzing 

t~phora ven~ta KUtzing 

Caloneis fasciata (L2gerstedt) Cleve 

Cyclotel12 ceomensis G~unow 

Cymbel12 Kappii Cholnoky 

C~~bella ve~tricosa KUtzing 

Fragilaria familiaris (KUtzing) Hustedt 

Fragilaria fonticola Hustedt 

Fragilaria Vaucheriae~(KUtzing) Boye Petersen 

Frustuli2. vulgaris (Thwai tes) De Toni 

Gomphonema longiceps Ehrenberg Var. sub(}lavata Gruno'Ttl 

Go..mphonema RC1rvulurn (1\tttzing) Grunow 

Navicula adsidup. n.sp. 

Navicula atomus (KUtzj.pg) Grunmv 

Navicula cinctaeformis Hustedt 

Navicula confervacea (KUtzing) GrunON" 

Naviculn cry:ptoceph212. KUtzing 0; 

Navicula diuturnoides Lrchibald 

Na.viculR indifferens Hustedt 

Navicula minima Grunow 

N~yicula muralis Grunow 

Navicula permitis Hustedt 

Navicula perp2Tv2. Hustedt 

Navicula psqudohalophila Cholnol~ 

Navicula rostellata KUtzing 

Navicula Schroeteri I'1eister 

Navicu12 se~nuloides Hustedt 

Navicula submolesta Hustedt 

Navicula tenellr'. Brebi8son 

Navicula Twymcmicma !i~hibald " 

Ntizschia amphibi!l Grunm"f 

Ni.tzschia 2.p.iculElta (Gl'egory) Grunow 

Ni.tzschia capi tellata Hustedt 

Ni~zschia fonticola G~ow 

• 

• • 
• 

• 

• 

• 

." 

33'7 

20.7.59 

37.9 

'7.4 

0.3 

0.3 

15.4 

+ 

1.3 

9.8 

+ 

+ 

9.S 

0.3 

0.3 

+ 

+ 

+ 

5.6 

+ 

0.2 

0.8 

0.3 
+ 

1.8 

+ 

33h 

22.').59 

8.9 

0.3 

11.8 

0.3 

O .-: 
.:1 

+ 

+ 

+ 

4.2 

11.8 

+ 

1.[ 

0.5 

+ 

+ 

0.3 

2.1 

1.2 

2.1 

339 

19.1.60 

9.5 

1.2 

0.7 

0.2 

+ 

+ 

0.'7 

4.5 

4.2 

1.0 

4.5 
+ 

2.0 

0.7 

0.5 

L.2 

0.2 

0.5 

18.3 

0.7 

1.5 

'7.1 

340 

19.1.60 

+ 

0.8 

1.6 

0.8 

+ 

+ 

1.3 

+ 

2.'7 

26.9 

1.6 

1.3 

1.1 

2.4 

0.3 

+ 

+ 

4.6 

+ 

0.5 

4.3 

1.9 

0.3 

+ 

2.4 

377 

6.5.60 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0.5 

88.'7 

+ 

+ 

+ 

+ 

0.8 

+ 

+ 

0.3 

378 497 

3.6.60 12.8.60 

1.8 

+ 

26.4 

1.0 

1.0 

+ 

+ 

6.3 

+ 

29.1 

+ 

2.1 

0.3 

1.0 

+ 

+ 

0.5 

2.4 
1.0 

1.6 

+ 

0.5 

0.9 

+ 

2.9 

+ 

0.2 

+ 

0.2 

+ 

0.2 

+ 

0.2 

+ 

+ 

1.3 

0.4 

+ 

+ 

4.2 

3.3 

498 

12.8.60 

2.5 

25.3 

+ 

+ 

+ 

+ 

+ 

+ 

0.2 

+ 

+ 

8.8 

12.4 

+ 

+ 

2.0 

+ 

0.5 

0.5 
0.5 

0.2 

1.3 

31.6 

513 

15.3.65 

+ 

0.5 

0.5 

+ 

+ 

3.7 

6.0 

8.9 

+ 

0.3 

0.7 
0.5 

5.2 

15.4 
22.8 

+ 

3.2 

2.0 

3.5 
7.4 

+ 

+ 

4.7 

2/ ..•.....••.... 



-

" . 

• 

• 

Table 37 (cont.). 

. , o " 

Nitzschia :i.,nterrupta (Reichelt) Hustedt 

I'Utzschia KUtzingiana Hilse • 
Nitzschic levidensis H. Smith • 
tll tzschi2. IO[-J.ea (KUtz.i ':1g) W. 5t';li th 

ru tzschia perminuta 1runOii 

Nitzschia perpusil1a (Rs.benhorst) Grunow 

S,)medra uln~_ (Ni tzscl.) Ehrenberg 

Qther species 

ro trogen haterotrophi...c Ni tzschi[l.8 combj~nec 

2--

. .. 

.. 

337 339 

20.7.59 22.1.59 19.1.60 19.1.6c 

2.0 1.0 1.5 + 

1.8: 6.3 5.9 10.2 

1.0 0.3 

0.3 0.5 3.3 13.'7 

1.1 12.8 9.5 6.5 

+ 32.2 + + 

0.3 4.6 9.4 

2.3 1.1 4.8 2.7 

1+« 0 56.3 27.9 34.7 

377 378 497 498 513 

6.5.60 3.6.60 12.3.60 12.8.60 15.3.65 

+ 1.8 + 

1.4 1.8 4.3 5.5 

5.4 0.5 7.8 1.5 

0.5 5.6 0.8 1.0 

.... + + 

+ 1.3 .... 3.2 

2.4 1.4 0.9 1.3 3.5 

10.0 10., 1'7.0 46.3 20.8 



Table 38. 

THE WATERVAL RIVER - STAtION 7. 

Station 7. Groot-
spruit 

Achnanthes 1~nceol?t2 (Brebisson) 
•• Grunow var. rostrata Ostrup 

Achnanthes minutissima KUtzing 

Amphora veneta KUtzing 

Caloneis Schumanniana (Grunow) 

Cleve 

Caloneis silicula (Ehrenberg) 

Cleve 

Cocconeis placentula Ehrenberg var. 

euglypta (Ehrenberg) Cleve 

Cyclotella comensis Grunow 

Cymatopleura solea Brebisson 

Cymbella Kappii Cholno~ 

Cymbella ventricosa KUtzing 

Diploneis ovalis (Hilse) Cleve 

Diploneis subovalis Cleve 

Epithemia sorex ~utzing 

Epithemia zebra (Ehrenberg) KUtzing 

var. saxonica (~utzing) Grunow 

Fragilaria fonticola Hustedt 

Fragilaria Vaucheriae (~utzing) 

Petersen 

Frustulia vulgaris (Thwaites) 

De Toni 

Gomphonema parvulum (Klitzing) 

Gru.l'10W 

Gyrosigma KUtzingii (Grunow) Cleve 

Gyrosigma Specerii (W.Smith) Cleve 

Navicula atomus (Klitzing) Grunow 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala Kutzing 

325 

10.9.59 

2.7 

3.9 

10.5 

0.2 

0.2 

+ 

0.2 

1.2 

2.5 

1.0 

9.1 

412 411 413 

8.8.60 8.8.60 8.8.60 

0.7 1.1 

21.~ 2.7 22.1 

7.0 + 1.5 

0.2 1.1 + 

1.6 

4.9 
+ + 

1.4 0.3 1.0 

4.1 2.2 

1.8 1.1 

0.2 1.1 

+ 4.6 0.5 

4.1 

5.7 

2.8 

+ 1.0 

4.5 1.5 

1.0 

1.0 

1.4 + 1.0 

1.2 7.0 11.6 

2/ •............... 



Table 38 (cont.). 

- :2 -

The v.Taterval River - Sttation 7. 

Station 7 

Navicula diuturna Cholnoky 

Navicula diuturnoides ArchibClld 

Navicula muralis Grunow 

Navicula permitis Hustedt 

Ndvicula rhynchocephala Klitzing 

Navicula rostellata Kutzing 

Navicula Schroeteri Meister 

Navicula tenella Brebisson 

Navicula tenelloides Hustedt 

Navicula Zanonii Hustedt 

Nitzschia bacata Hustedt 

Nitzschia communis R~benhorst 

Nitzschia confinis Hustedt 

Nitzschia epiphytica O. Kliller 

Nitzschia epiphyticoides Hustedt 

Nitzschia fonticola Grunow 

Nitzschia interrnissa Hustedt 

Nitzschia Klitzingiana Hilse 

Nitzschia linearis H. Smith 

Nitzschia microcephala Grunow 

Nitzschia palea (Kutzing) W. Smith 

Wi tzschia perminuta Grunovl 

Nitzschia perspicua Cholnoky 

Nitzschia recta Hantzsch 

Nitzschia sigma (Klitzing) W. Smith 

Rhopalodia gibba(Ehrenberg)O.MUller 

Stephanodiscus astraea (Ehrenberg) 

Grunow var. minutula (Klitzing) 

Grunow 0 

Surirella ovalis Brebisson 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic 

Nitzschiae combined 

325 

10.9.59 

1.5 

36.0 

2.9 

2.0 

0.2 

2.7 

1.7 

8.1 

6.6 

6.8 

12.6 

412 

8.8.60 

0.7 

1.6 

+ 

0.5 

0.7 

+ 

2.1 

3.7 

1.0 

5.4 

1.2 

0.2 

1.6 

1.2 

1.2 

7.3 

+ 

1.8 

0.2 

2.5 

8.1 

23.5 

Groot-
spruit 

411 413 

8.8.60 8.8.60 

0.3 

1.1 

2.4 

4.2 

0.8 

+ 

1.4 

5.1 7.2 

11.9 + 

2.4 3.4 

1.1 

1.8 

1.4 

0.5 0.8 

2.2 

10.3 13.7 

0.8 

0.3 0.8 

3.5 3.9 

1.4 + 

1.3 

2.4 

11.9 16.5 

4.1 

0.5 

9.6 3.5 

25.2 22.3 



THE 'rJATERVAL RIVER - LOt>JERt REGIONS 0 

~chnanthes lanceolata (Brebis6on) .. 
Grunovl var. rostrata Ostrup 

Achnanthes minutissima Ktitzing 

Amphora veneta Klitzing 

Caloneis bacillum (Grunow) Cleve 

Caloneis Clevei (Lagerstedt) Cleve 

Caloneis fasciata (Lagerstedt) 

Cleve 

Caloneis silicula (Ehrenberg) 

Cleve 

Cyclotella comensis Grunow 

Cymatopleura solea Brebisson 

Cymbella Kappii Cholnoky 

Cymbella microcephala Grunow 

Cymbella ventricosa Klitzing 

Diploneis subovalis Cleve 

Fragilaria fonticola Hustedt 

Fragilaria Vaucheriae (Kutzing) 

Boye Petersen 

Gomphonema parvulum (I\utzing) 

Grunow 

Gyrosigma Klitzingii (Grunow) Cleve 

Gyrosigma scalproides (Rabenhorst) 

Cleve 

Navicula aquosa /'trchibald 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala Ktitzing 

Navicula diuturnoides Archibald 

Navicula Grimmei Krasske 

Navicula microcephala Grunow 

Navicula muralis Grunow 

Navicula pupula Klitzing 

Navicula rostellata Ktitzing 

Navicula Schroeteri Meister 

410 553 554 409 

8.8.60 19.3.65 19.3.65 8.8.60 

+ 

3.0 

0.9 

+ 

0.3 

47.0 

1.1 

0.3 
3.8 

0.3 

1.4 

5.7 

1.1 

+ 

+ 

1.4 

+ 

1.1 

+ 

0.8 

1.6 

3.2 

6.9 

0.3 

+ 

+ 

3.6 

2J.S 

7.2 

0.3 

0.5 

1.6 

4.5 

1.3 

0.8 

16.7 

0.3 

0.3 

1.9 

0.2 

+ 

0.2 

2.0 

1.3 

+ 

1.8 

4.3 

0.8 

2.0 

22.7 

6.6 

1.6 

1.0 

2.3 
2.0 

+ 

0.2 

4.2 
1.6 

2.1 

2.1 

1.6 

1.1 

1.6 

3.7 

1.6 

1.1 

2.1 

2.6 

6.3 

19.1 

1.1 

+ 

2/ ........ ID ••••••• 



T2.ble 39 (cont.). 
- 2 -

The "\rITaterval River - Lower Regions 

410 553 554 

8.8.60 19.3.65 19.3.65 

Navicula submolesta Hustedt 

Navicula tenella Brebisson 

N8vicula tenelloides Hustedt 

N8vicula T't-.1J7ITlaniana .',rchibald 

Nitzschia acicul~ris W. Smith 

Nitzschia amphibia Grunow 

Nitzschia capitellata Hustedt 

Nitzschia Clausii Hantzsch 

Nitzschia confinis Hustedt 

+ 

0.9 

0.3 

+ 

1.9 

+ 

1.1 

+ 

Nitzschia epiphyticoides Hustedt 1.9 

Nitzschia fonticola Grunow 

Nitzschia gracilis Hantzsch 

Nitzschia intermissa Hustedt 

Nitzschia ~utzingiana Hi1se 

Nitzschia linearis H. Smith 

Ni tzschic. palea (Klitzing) 'VIT .Smi th 

Nitzschia perminuta Grunow 

Nitzschia Rautenbachiae Cholnoky 

Nitzschia romana Grunow 

Nitzschiae sigma (KUtzing) W.Smith 

Nitzschia spicul~ Hustedt 

Nitzschia tropica Hustedt 

Nitzschia wnbilic8.ta Hustedt 

Nitzschia vitrea Norman var. 

salinarum Grunow 

Pinnularia mesolept~ (Ehrenberg) 

"ltJ. Smith 

Rhopalodia gibberula (Ehrenberg) 

O. HUller 

Surirella angusta KUtzing 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

+ 

1.1 

3.3 
3.0 

+ 

5.1 

+ 

0.3 

3.8 

1.1 

+ 

+ 

1.1 

5.3 

23.5 

1.3 

6.4 
6.0 

0.3 
+ 

1.1 

+ 

2.4 

1.3 

1.6 

1.6 

4.8 

5.9 

1.0 

2.3 

3.5 

1.8 

3.3 
1.6 

0.2 

1.3 

6.1 

4.5 

7.1 

1.5 

0.8 

1.0 

3.5 

0.8 

6.8 

+ 

3.9 

20.S 

409 

8.8.60 

3.2 

1.1 

1.1 

1.1 

4.2 

3.2 
17.5 

1.1 

2.1 

4.2 
1.1 

4.2 
4.0 

30.3 



-
Table 40. 

L~04 405 402 414 415 419 420 
.- - ----~-~-------

Q - .. .60 ['. cS. 60 8.8.60 8.8.60 8.8.60 9.8.60 9.8.60 

. Lchnanthei minutissima Klitzing :,6.2 3.0 4.2 10.8 2.9 

Amphor2 ov~,lis Klitzing vp.r. libyc:-> (Ehrenberg) Cleve 1.0 

• L..mph or 2. v@n2t2. /~Utzing • 0.6 0.3 54 .• 6 0.3 2.4 

.. Caloneis ~levei (La~erstedt) Cleve 0.3 1.5 0.8 0.3 

• .. Cc:loneis f,~.sci2t2 (L,;gerstedt) Cleve 1.4 0.5 1.2 C.5 

Caloneis ~i1icu12c (Ehrenberg) Cleve 1.3 0.3 

.. Cymbel12. ventricose:>. KUtzing 0.6 1.9 3.2 

Epithemi2, sorex }(Utzing 9.9 

Epithemi2 zebra (Ehre.pberg) YUtzing V?T. sp-xonic{' ~ Orttzintr) Grunow "1.7 

Fragi1ari2. Vaucheri8.e (KUtzing) Boye Petersen 2.1 

.Gomphonem~. parvulum. (KUtzing;) "GrunovT 0.3 2.4 0.5 1.2 C.5 

G~rrosigma 2.cumin.'?tum (ICUtzing) R?benhorst 19.3 

Navicula 2.tomus (KUtzing) Grunow 43.1 

.. r:; avicul!l ainct2eformis Eustedt 1.C 0.2 0.3 1.2 0.5 

Ne.vicula confervi?C8i. (KUtzin~~} GrU110H 0.2 1.9 0.3 

.Navicula c ryJt~ cephi.la Xtit7,ing 11.2 9.9 3.2 2.7 33.3 2.9 

'\ Navicula diuturnoid(!,s l~rchibald 1 () .7 0.3 

aNavicu12. r.J.~ra1is :-~r'\1navJ 0.3 0.2 0.5 0.8 1.1 

Navicula permitis Hustedt 12.3 

Naviculr. ~u')u12 KUt!'ing 1.5 0.3 

N2vicu12 l"nynchocep}l.al3. KUtzing 2.6 0.3 

Nc:.viculCi. ~ostel1atn~KUtzing 1.3 0.3 

Navicula ~ubmolest2.' Hustedt 3 r-,. ( 0.8 0.3 

·Navicula tenellp. Br~bisson .. 20J; 1.7 9.9 5.3 1.8 

·NcNiculp. ~anonii Hu~tedt 3.t· 1.2 39.6 1.2 0.5 

·Nitzschi~~adapt2 Hu~tedt 6.5 1.1 0.3 

Ni tzschi2." C"'.r.1phibia S'runov-T 1.3 0.6 24.9 0.3 0 .. 3 

Nitzschi?-aDiculat2 (Gregory) Grunm.,y 1 (~ .'- 1.1 

·Ni tzschi:o. b2cat;.: Hustedt 1.9 0.3 

Nitzschia dissipat2~(KUtzing) GrunOlJ 3.4 

Ni tzschi.:t v fcnticCll~· Grunm'! 5.0 1.7 0.3 1.1 

Ni tzschi,::,. gre.cilis laT:->ntzsch 1.7 

Nitzschia"hung2rica'GrunoH 0.5 1.0 0.3 0.8 

Nitzschia interrr.iss2. Hustedt 2.2 1.7 

vNitzschia·interruQta ('1.eichelt) ELi.stec1 t,* 7.1 0.8 0 .. 8 

2/ ............ 



-
Table 40 (cont.). 2 .-

I~O/t 405 if·Of: 414 415 419 420 

.~ .• 60 C. r~ .60 fj .C· .60 8.8.60 8.8.60 9 .. e.60 9.8.60 
(; • ~ 

. ) .. " e '" 

NitzschiiJ. Klitz ingi~ln& Bi1se 
/:.Ij 1.9 1.7 1.9 0.5 

Nitzschia 1ineari3. \~T • Srrith 2.5 6.5 

• Ni tzschi;, microceph2.1e. GrunO\A! 0.3 3.7 2.0 
;, 

Nitzschip. palea (KUtzing) H., Smith 5.7 5.4 1.6 1.0 1.5 2.6 

.. }IIi tzschii'- perminut(;1. Grunow 0.3 3.2 2.6 

Nitzschif· R2.U tenb !lc::i 8,6 C~'l(Jlnoky 1.7 0.3 17.2 

Ni tzschir· rom2np. Grun01-J 1.6 0.8 3 .. 9 0.5 

Nitzschi:J. sigm2, CKtitzi ng) vl. Sy,i th 1.9 1.6 

Nitzschi2. try'olionel1.? }{pntzsch 

Pinnulari? microst,:mron (Ehrenberg) Cle've VElT. 3rebissonii 

(}(litzing) ~1ustedt 3.0 

Rhop alod i ~. t:ib}) (1 (Z':1.renberg) c. ~'1.:11cr 
15.L!. 0.5 0 .. 8 55.8 

Rhopalodi8. gi~Jberuls (~hrenbcrg) c. l·JUler 15.3 

Surirel12. 2.ngusta ;,[Utzing 
r ("\ 0.5 .<-.• "--,' 

'\ Synedre. ulne. (Nitz.ch) Ehren'berg O.t 8.6 0.3 

other s~~cies 
1+.5 3.8 4.0 2.2 5.0 4.6 3.2 

• 
Nitrogen~hete~otro]hic >ii tZ9~hi ae ccmb~nGd 17.3 6.5 15.2 26.5 17.1 33.2 8.6 



Table 41. 

THE K!~LK RIVEn - STATIOOS 15 A.ND 16. 

station 16 station 15 

Cyclotella comensis Gr un Ov-J 

Diploneis ovalis (Hilse) Cleve 

N8viculC1. cinctaeformis Hustedt 

Navicule. cryptocephala Klitzing 

Navicula hungarica Grunow var. 

capit2.ta (Ehrenberg) Cleve 

Navicul~ rostellata Klitzing 

Navicula tenella Brebisson 

Navicula tenelloides Hustedt 

Nitzschia amphibia Grunow 

Nitzschia apiculat2 (Gregory) Grunow 

Nitzschia capi tellp.ta Hustedt 

Nitzschia Chutteri Archibald 

Nitzschia elliptica Hustedt var. 

alexandrina Cholnoky 

Nitzschia epiphyticoides Hustedt 

Ni tzschia fonticol? Grunow 

Ni tzschiA microcephala Grun01.v 

Nitzschia palea (Klitzing) W. Smith 

Ni tzschi2. perpusillo. (Rabenhorst) 

GruncvJ 

Nitzschia sigma (Ktitzing) vI. Smith 

Nitzschia silica i\rchibald 

Nitzschia tropica Hustedt 

Nitzschia tryblionella Hantzsch 

Rhopalodia gibberula (Ehrenberg) 

O. Huller 

Other Species 

Nitrogen heterotrophic Nitzschiae 

combined 

401 402 

8.8.60 8.8.60 

20.5 

9.5 

1.1 

1.1 

1.5 

36.7 
2.2 

0.2 

2.4 

2.2 

7.0 

5.4 

2.4 

1.4 

2.9 

3.5 

18.0 

1.5 

2.3 

44.3 

0.5 

3.5 
7.3 

4.5 

8.0 

1.0 

3.5 
0.5 

2.8 

13.0 

7.3 

9.8 



Table 42. 

THE ~TILGE RIVER STATION 9. 

Achnanthes minutissima Klitzing 

Cocconeis p1acentula Ehrenberg 

v~r. eug1ypta (Ehrenberg) Cleve 

Cyc1otel1a comensis Grunow 

Cymbel1a v8ntricos~ Klitzing 

Fragilaria fami1iaris (Klitzing) Hustedt 

Fragi1aria Vaucheriae (Klitzing) 

Boye Petersen 

Gomphonema parvulum (Klitzing) Grunow 

Gyrosigma KUtzingii (Grunm'J) Cleve 

Navicu12. cryptocepha1a Kutzing 

Navicula roste11ata ~utzing 

Navicul~ Schroeteri Meister 

Navicula tene110ides Hustedt 

Nitzschia Clausii Hantzsch 

Nitzschia KUtzingiana Hi1se 

Nitzschia pa1ea (KUtzing) W. Smith 

Nitzschia perminuta Grunow 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

327 

15.10.58 

18.0 

1.3 

3.3 

2.3 

7.0 

28.9 

4.3 
0.5 

15.0 

0.8 

1.5 

1.3 

3.3 

2.8 

1.5 

1.0 

0.5 

6.7 

9.8 

328 

9.12.58 

33.6 

1.4 
4.1 

7.2 

27.2 

1.2 

12.8 

1.4 

0.2 

+ 

2.9 

2.7 

+ 

1.0 

4.3 

b.6 



Table 43. 

THE WILGE RIVER - STATION 10. 

Achnanthes line~ris W. Smith 

Achn2.nthes minutissima KUtzing 

Caloneis Cha.sei Cholnoky 

Cyrnbella ventricosa KUtzing 

Fragilari2 Vaucheriae (Klitzing) 

Roye Petersen 

FrustuliCJ Heinholdii Hustedt 

Gomphonema pPTvulum ~Klitzing) Grunow 

Gyrosigma sca1proides (Rabenhorst) Cleve 

Navicula cryptocephp,la Klitzing 

Navicula muralis Grunow 

Navicula rostellata KUtzing 

Navicula tenelloides Hustedt 

Nitzschia accomodata Hustedt 

Nitzschia amphioxoides Hustedt 

Nitzschia Clausii Hantzsch 

Nitzschia confinis Hustedt 

Nitzschia Klitzingiana Hilse 

Surirella ostentata Cholnoky 

Other species 

Nitrogen heterotrophic Nitzschi~e 

combined 

330 

17.9.58 

3.2 
18.0 

1.0 

1.6 

2.1 

2.5 

3.5 

1.0 

13.9 

1.8 

2.3 
16.4 
2.1 

2.7 

9.0 

1.8 

2.7 

4.3 
10.1 

20.7 



Table 44. 

THE HILGE RIVER - STATIONS llA, lIB, 11C. 

Achnanthes linearis tiJ. Smith 

Achnanthes minu tissimc=t Ktitzing 

Cyclotel12 c omensis Grunm-! 

Cymbella Kappii Cholno~~ 

Cymbel12 microcepha1a Grunov.J 

Cymbella ventricosa Klit§ing 

Fragilaria familiaris (Klitzing) Hustedt 

Fragilaria Vaucheriae (Klitzing) 

Boye Petersen 

Frustulia vulgaris (Thwaites) De Toni 

var. angust2 Cholnoky 

Gomphonema parvulum (Klitzing) Grunow 

Navicula cryptocephala Klitzing 

Navicula indifferens Hustedt 

Navicula pupula Klitzing 

Navicula rhynchocephala Ktitzing 

Navicula rostellata KUtzing 

Navicula Schroeteri Meister 

Navicula tantu1a Hustedt 

Navicula tenelloides Hustedt 

Navicula Zanonii Hustedt 

Nitzschia accomodata Hustedt 

Nitzschia Clausii Hantzsch 

Nitzschia confinis Hustedt 

Nitzschia fonticola Grunow 

Nitzschia Klitzingiana Hilse 

Nitzschia linearis H. Smith 

Nitzschia microcephala Grunow 

Nitzschia palea (KUtzing) vI. Smith 

Nitzschia perminuta Grunow 

Ni tzschia roman.? Grunow 

Nitzschia spiculum Hustedt 

f\ 
II. 

331 

B 

332 

C 

333 

17.9.58 17.9.58 14.10.58 

0.8 

13.4 

0.3 

4.5 

1.0 

9.8 

3.4 

2.4 
8.6 

0.3 

1.5 
+ 

2.4 

1.8 

4.2 

1.8 

1.3 

9.4 

0.8 

8.6 

4.5 

1.5 
1.5 

0.3 

4.8 

34.0 

12.2 

4.1 

1.4 

1.6 

7.3 

0.2 

1.8 

3.9 
1.6 

+ 

+ 

0.2 

1.6 

7.5 

+ 

4.1 

1.1 

1.8 

+ 

0.5 

1.1 

1.4 

1.1 

0.2 

2.1 

6.7 

0.5 

0.5 

4.3 

1.5 

45.0 

0.2 

3.3 
4.5 

0.2 

1.5 
0.7 

0.5 

0.2 

+ 

0.2 

0.2 

1.8 

2.6 

1.0 

6.4 
0.2 

3.8 

2.4 

+ 

1.3 

2/ ...... 0 ••••••••••• 



Table 44 (cont.). 
- 2 -

Stations 11A, 11B, 11C. 

The ~vilge River. 

A. B C 

331 332 333 

17.9.58 17.9.58 14.10.58 

Surirella angusta Kiitzing 0.5 2.1 1.8 

Surirella ostentata Cholnoky 2.1 + 

Synedra nana Ileister 2.6 1.8 0.2 
Synedre, ulna (Nitzsch) Ehrenberg 0.8 0.7 2.0 

Other species 9.9 2.1 4.2 

Nitrogen heterotrophic Nitzschiae 

combined 25.0 11.1 21.8 



Table 45. 

THE HILGE RIVEP STATION 12. ---

Achnanthes linearis 1/J. Smith 

Achnanthes minutissima (Kutzing) 

Cyclotella comensis Grunow 

Cymbella amphicephala Naegeli 

Cymbella microcephala Grunow 

Cymbella turgida (Gregory) Cleve 

Cymbella ventricosa Klitzing 

Navicula cinctaeformis Hustedt 

Navicula cryptocephala Klitzing 

Navicula muralis Grunow 

NRvicula rostellata Klitzing 

Nit~schia adapta Hustedt 

Nitzschia ~titzingiana Hilse 

Nitzschia palea (KUtzing) W. Smith 

Nitzschia spiculum Hustedt 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

334 

15.9.58 

1.7 

22.6 

2.0 

1.0 

36.9 

2.9 

8.0 

1.0 

4.8 

1.0 

2.5 

3.8 

1.5 
1.0 

1.5 

7.4 

10.2 



Table 46. 

THE 1iflILGE RIVER 
BEFORE THE CONFLUENCE OF THE LIEBENBERGSVLEI RIVER. 

l\.chnc:mthes line2ris 1tJ. Smith 

Achnanthes minutissima Klitzing 

Fragilaria familiaris (Klitzing) Hustedt 

Fragi1aria Vaucheriae (Klitzing) Petersen 

Gomphonema longiceps Ehrenberg yare 

subcla~ata Grunow 

Gomphonema parvulum (Klitzing) Grunm..r 

Ni tzschia acicu1aris vJ. Smith 

Nitzschia palea (Kutzing) W. Smith 

Nitzschia perminuta Grunow 

Nitzschi~ spiculum Hustedt 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

233 

11.7.58 

14.5 

60.3 
6.0 

4.8 

1.8 

1.5 

1.5 

1.0 

1.0 

1.8 

5.S 

6.0 



Table 47. 

THE WILGE RIVEr - STATION 13. 

i~chnanthes linearis W • Smith 

Achnanthes minutissima KUtzing 

hnphora coffaeaformis '\gRrdh 

Caloneis fasciata (Lagerstedt) Cleve 

Cyclotella comensis Grunow 

Cymbella Kappii Cholnoky 

Cymbella microcephala Grunow 

Cymbella ventricosa Klitzing 

Fragilaria Vaucheriae (Kutzing) 

Petersen 

Gomphonema parvuluIn(KUtzing)Grunow 

Navicula cryptocephala Klitzing 

Navicula rhynchocepha1a Kutzing 

Navicula rostellata KUtzing 

Navicula tenella Brebisson 

Navicula Zanonii Hustedt 

Nitzschia accomodata Hustedt 

Nitzschia adapta Hustedt 

Nitzschia KUtzingiana Hilse 

Ni tzschia linearis v.J. Smith 

Nitzschia palea (Klitzing) W. Smith 

Nitzschia spiculum Hustedt 

Nitzschia stricta Hustedt 

Synedra nana Meister 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

231 

11.7.58 

+ 

21.6 

1.5 

1.3 

0.4 
15.4 

3.4 

0.6 

+ 

6.0 

1.9 

1.5 

1.5 
2.6 

2.6 

5.1 

3.4 

2.1 

14.1 
8.3 

1.5 

+ 

4.2 

37.2 

335 

18.9.58 

3.5 

48.3 

0.7 

1.2 

0.5 

2.3 

22.5 

0.7 

2.9 

1.6 

1.4 

0.2 

+ 

1.4 

1.2 

0.5 

0.2 

0.5 

0.5 

0.5 

5.7 
3.7 

1.7 



Table 48. 

TRIBUTARI~S OF THE \NILGE RIVER - THE ELANDS RIVER. 

Achncmthes 1inearis W. Smith 

Achnanthes minutissima KUtzing 

Amphora coffaeaformis r'.gardh 

Amphora submontana Hustedt 

Cymbella amphicephala Naegeli 

Cymbe11a cistula (Hemprich) Grunow 

Cymbella Kappii Cholnoky 

Cymbel1a microcephala Grunow 

Cymbella ventricosa ~utzing 

Gomphonema parvulum (KUtzing) Grunow 

Navicula cryptocephala Klitzing 

Navicula microcephala Grunow 

Navicula rostellRta Klitzing 

Navicula tenelloides Hustedt 

Nitzschia adapta Hustedt 

Nitzschia fonticola Grunow 

Nitzschia KUtzingiana Hilse 

Ni tzschi2. linearis W. Smith 

Nitzschia palea (Klitzing) W. Smith 

Surirella angusta KUtzing 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

203 

24.7.57 

3.8 

2.0 

1.0 

19.9 

2.4 

31.2 

2.4 

0.2 

14.6 

2.0 

0.4 

1.3 

0.4 

3.3 

5.3 
2.8 

1.0 

1.0 

5.0 

11.3 

204 

24.7.57 

2.0 

4.2 

+ 

8.6 

1.0 

33.9 

0.5 

23.2 

2.7 

13.5 

0.2 

1.0 

1.5 

1.2 

+ 

2.7 

0.7 

0.5 

1.0 

1.6 

3.9 



Table 49. 

TRIBUTARIES OF THE WILGE RIVER - THE KLERKSPRUIT RIVER~ STATION 40. 

Achnanthes minutissima Klitzing 

Achnanthes pseudohungaric2 

Cholnoky-Pfannkuche 

[~phora submontana Hustedt 

Caloneis Clevei (Lagerstedt) Cleve 

Cymbella amphicephala Naegeli 

Cymbella microcephala Grunow 

Navicula cryptocephala Klitzing 

Navicula exiguiformis Hustedt 

Nitzschia amphibia Grunow 

Nitzschia fonticola Grunow 

Nitzschia microcephala Grunow 

Nitzschia perminuta Grunow 

Rhopalodia gibberula (Ehrenberg) 

O. 1'-rtiller 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

362 

14.10.58 

32.5 

3.2 
1.2 

1.4 

14.'7 

32.5 
1.2 

1.7 

1.4 

1.0 

1.2 

2.2 

3.2 
2.6 

6.3 



THE TRIBUTilliIES OF THE lrJILGE RIVER - THE RUS,SESPRUIT RIVER. 

Achnanthes minutissima KUtzing 

~mphor2 veneta KUtzing 

Cymbella naviculiforrnis Auerswald 

C)~bella turgida (Gregory) Grunow 

Cyrnbella ventricosa Klitzing 

Diploneis subovalis Cleve 

Frustulia vulgaris (Thwaites) De Toni 

va.r. cmgusta Cholnoky 

Gomphonema parvulum (Klitzing) Grunow 

Navicul3. cinct2,eformis Hustedt 

Navicula cryptocephaln Klitzing 

N2vicula microcephala Grunow 

Navicula permitis Hustedt 

Navicula rhynchocephala KUtzing 

Navicu12_ rostellata Klitzing 

Navicula Schroeteri Meister 

NClvicula seminulum Grunow 

Navicula tenella Brebisson 

Naviculcl. t8nelloides Hustedt 

NaviculCl T-wyrn3_niCl,na Archibald 

Ni tzschia adapt~l Bus tedt 

Nitzschi::t dissipata (Klitzing) Grunow 

Nitzschia fonticolR Grunow 

Nitzschia KUtzingiana Hilse 

Nitzschia linearis it!. Smith 

Nitzschia palea (KUtzing) W. Smith 

Nitzschia perminuta Grunow 

Nitzschia romana Grunow 

Rhopalodia gibba(Ehrenberg)O.Mliller 

Surirella angusta Klitzing 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 
combined 

. 

249 

12.7.58 

11.8 

1.7 

2.2 

1.4 

8.2 

1.7 

21.0 

8.6 

1.0 

1.7 

2.4 

+ 

2.2 

+ 

4.8 

1.9 

1.9 

+ 

3.4 

7.0 

1.9 

2.6 

0.7 

1.4 

6.7 

3.8 

10.3 

Station 41. 

363 

9.2.59 

+ 

0.7 

2.4 

0.7 

6.3 

13.3 

1.5 

0.9 

9.8 

2.0 

12.0 

1.3 

2.8 

0.9 

1.5 

10.3 

21.9 

3.9 

1.3 

1.1 

+ 

+ 

5.4 

43.7 



T?bl.;:; 51. 
THE TRIBUTARIES OF THE vITLGE RIVER -

f 

THE MOLEN, CORNELIUS AND HOLSPRUIT RIVERS. 

MOLEN CORNELIUS HOLSPRUIT 

Achnanthes linearis W. Smith 

ti.chnanthes minutissim2- KUtzing 

Amphipleura pellucida KUtzing 

Amphora coffaeaformis "~gardh 

Caloneis fasciata (Lagerstedt) Cleve 

Cyclotella comensis Grunow 

Cymbella Kappii Cholnoky 

Cymbella microcepha12_ Grunow 

Fragilaria Vaucheriae (KUtzing) 

Boye Petersen 

Gophonema parvulum (KUtzing) Grunow 

Gyrosigma KUtzingii (Grunow) Cleve 

Gyrosigma scalproides (Rabenhorst) 

Cleve 

Melosira v~rians :Lgardh 

N2,vicula atomus (Klitzing) Grunow 

Navicu12c cinctaeformis Hustedt 

Navicula cryptocephala KUtzing 

Navicula exigua (Gregory) O.MUller 

Navicula perparva Hustedt 

Navicula rostel12ta Klitzing 

Navicu12_ Schroeteri Meister 

Navicula tenella Brebisson 

Navicula tenelloides Hustedt 

Nitzschia accomodata Hustedt 

Ni tzschia acicularis \'1. Smith 

Nitzschia adapta Hustedt 

Nitzschia Clausii H2ntzsch 

St. 14 

336 

17.9.58 

1.0 

12.2 

1.0 

1.5 

25.3 

7.7 

4.8 

3.8 

1.8 

0.3 

0.3 

1.3 

1.8 

1.3 

8.5 

2.0 

2.5 

4.5 
+ 

1.5 

+ 

1.8 

+ 

266 

13.7.58 

1.0 

0.8 

0.2 

1.0 

5.1 

1.8 

+ 

50.9 

1.3 

+ 

6.6 

0.8 

0.8 

1.5 

+ 

1.0 

,St. 36. 

253 

12.7.58 

0.5 

1.3 

1.1 

0.3 

12.0 

0.5 

0.3 

+ 

+ 

0.3 

1.9 

0.5 

5.8 

+ 

+ 

0.5 

5.3 

2.1 

0.3 

1.9 

1.9 

2/ ...........• 



Table 51 (cont.). 
- 2 -

The Tributaries of the \rVilge River -
The Molen, Cornelius and Holspruit Rivers. 

MOLEN CORNELIUS HOLSPRUIT 

Nitzschia dissipata (~utzing) Grunow 

Nitzschia exilis Archibald 

Nitzschia fonticola Grunow 

Nitzschia Klitzingiana Hilse 

Ni tzschia linearis \oJ. Smith 

Nitzschia mediocris Hustedt 

Ni tzschia pc.lea (Klitzing) trJ. Smith 

Ni tzschia perminuta Grunm'l 

Nitzschia spiculum Hustcdt 

Pinnularia viridis Ehrenberg 

Surirel1a angusta Klitzing 

Surirel12 avata KUtzing 

Synedra ulna (Nitzsch) Ehrenberg 

Other species 

Nitrogen heterotrophic Nitzschiae 

combined 

st. 14 

336 

17.9.58 

0.5 

0.5 

0.5 
1.8 

3.3 

1.5 
1.8 

0.5 

+ 

+ 

1.0 

3.7 

8.4 

266 

13.7.58 

1.5 

4.8 
1.0 

8.1 

3.3 
1.3 

2.0 

5.2 

13.9 

St. 36. 

253 

12.7.58 

0.5 

1.1 

3.7 
22.9 

1.1 

3.5 
14.7 

2.9 

2.4 

5.0 

0.5 

5.2 

32.6 



T~ble 52 (cont.). 

The Liebenbergsvlei~RivcrSystem. 

Navicu1e. Ze.nonii Hustcdt 

Nitzschia acicu1~ris V. SMith 

Ni tzschi2. a.mpltibie. GrunovJ 

Ni tzschiC'. Chnsei Cho1noky 

Nitzschia dissip~tR~Utzing) 

Grunow 

Ni tzschiD. fonticola Gruno}J 

Nitzschia hung2rica Grunow 

Nitzschia XUtzinginna Hilsc 

Nitzschia linearis W. Smith 

Nitzschia mediocris Hustedt 

Hi tzschi[t. pel.lea (KUtzing) 

Grunow 

Ni tzschi:3. perminut;:1, Grunow 

Nitzschia romana Grunow 

Nitzschin spiculum Hustcdt 

Pinnularia lliicrostauron 

(Ehrenoerg) Cleve V-CiT. 

Brebissonii (KUtzing) Hustedt 

5urirG11a ?ngusta KUtzing 

Syncdr~ ulna (Nitzsch) Ehrenber 

other species 

Nitrogen heterotrophic Nitzschi 

combined 

" . 

236 

11.7.58 

1.8 

1.8 

0.4 

+ 

+ 

0.4 

0.9 

2.7 

+ 

0.7 

2.5 
0.2 

0.8 

. 
0.4 

g 3.3 
2.7 

ne 

11.2 

239 

11.7.58 
.. 

0.9 

1.5 

64.2 

0.4 

2.8 

0.4 

1.7 

3.2 

st. 43 

364. 242 245 

18.11.58, 12.7.58 12.7.5E 
" 

+ 

0.7 

0.4 1.2 0.4 

1.5 
2.8 

1.5 

0.4 1.8 2.7 

3.5 
+ 2.2 16.0 

0.4 44.8 0.4 
1.1 

0.6 0.2 11.2 

1.3 0.4 1.3 

+ 6.4 

33.2 

+ 1.2 0.9 

+ 

5.3 1.7 1.8 

5.7 39.7 39.9 



-

• 

• 

Table 53. 

l;.chnanthes 12.Dceolp.tB v~.r. elliptic a 

Lchnenthes lctTIceolat3. V2.r. rostr2,t2. 

'~chnC'.nthes linecoris 

:~chn2.nthes microcephp.12, 

:-~'manth~s minutissima 

i;mphore. coffo.82.fcrmis 

Ca10neis Chasei 

C2.1oneis.Clevei 

Cocconeis p1acentule veT. euglypt2. 

C;yJ:1bella .tmphicepl~2 .. 1a 

Cymbella gr2.ci1is 

• Cymbellr' Kt:']Jpii 

C;;lTi1bel12 .• r~icroceph.9.1a 

Gymbe11? n2-viculiformis 

• 

Cymbel1;:>. ventricosCl 

Diplonei~ subove.lis 

Eunoti~ diodon 

Eunotia pectin2_1is 

Fr2.gilari .:?, cons truens 

Fragilaria fami1i2ris 

Fragilarie. V2uchsriae 

}'rustulie. rl10mboides "'Jar. Se.:X0l1ica 

Gomphonem~. Clevei 

Gomphonem2 gracile 

Gomphonemp j 2V cmi cum 

Gomuhone:m;:' longic8ps var. subclE'.vc,tlli,~ 

Gomphonem9. pc.rvulU!iJ. 

G;vrosigmB ?~Utzingii 

Navicula 2.tOn:.US 

I'J.:'.viculc. cinctRerormis 

St2.tior~ 1 
-----

0 0 
'-f) ~..n . . 
0\ C) 

~ . 
rl rl 
C\l rl 

37C 479 

~ ~ 
I •• " 

11.8 

2 .L~ 1.5 

+ 1.3 

0.5 2.1 

4.4 4.L:. 

2.f' 

2.1 

25.3 7.7 

2.9 0.3 -

7.0 11.3 

11.6 3.6 

3tc:.tion 2"'>. 
I--

0 0' 
~ l(\ . . 
rl C" . . 
0' 0\ 
rl N 

30? 306 

37. C) 90.5 

+ 1.4 
" 

1.1 + 

5.8 4.3 
') ,." _ • .c + 

2.0 0.5 

6.5 + 

.~-r"'I-'. 

V~J •.. . " 

._-
St'~tivrl 

-, f~ 

,l :.: st· ".t,j_cn 71 st~tiC'n 24 Station 25 St2.tion 31 
+-_ .. __ ._-1---. 

0 C 0 (';'. 0' 0 0" 0 0' 0 --.0 '-c: '-.C l..!\ tr\ '-f) Lr\ --.0 l(\ -..0 . . ... . . . . . . . 
rl t:: rl 0' rl to rl to rl m . . . . . . . . . • 0 (\( 0 0\ 0\ 0' -..q- CJ' -..;t 0 N rl ('~ N rl rl rl rl ""-_. ~f-

3:~l L~')=. ?C.:.. 353 358 437 359 434 360 445 ~",' ~-; '.-

_._--

1.0 
'" 

1.0 ... 
0.0 7.8 1.P 5.3 

14.J! 0.5 31.3 50.1 4.2 64.6 4.4 16.6 + 16.5 

+ 1.3 1.0 

" 
2.S + 

C.O 
3.1 62.,- 0.5 1.2 

:; 

• + 0.5 1.9 0.5 4.6 

1.0 5.4 1.0 5.3 0.2 2.2 

" " 

1.0 2.2 l+-.L 3.2 2.6 0.2 

1.0 + 

c 

. 
.. 

,. .. 55.9 2.3 
, + 5.0 + 11.L:_ 1.6 26.0 24.2 

" 

4.0 + + 1.3 

.. . 
... --

3.1 

2.2 
.. l.t?; 1.3 3.0 1.7 0.9 14.5 

+ O.f~ 1.3 

1.0 2.9 1.6 0.5 
'"' ") '::'.j (). ;. 7.0 + 
~ '" .) ?L 1.G 5.G 3.l~ + 2.6 11.3 2.6 1.2 

2/ ........ 
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Table 53 (cont.). 

Navicule. diuturnojdes 

Navicula eS2Ti12.ngensis 

Navicu12_ microcephe.lo. 

Navicula molesta 

N aviculc: mur['.lis 

lTaviculc: pascuorum 

Havicula perpr:.rva 

Navicule. promota 

NavicuIF' pygmaea 

N avicul~ rhyrtcl:.oceph9.12 

Navicula rostellat~ 

• Naviculn Schroeteri 

Navicula sUbmolestpc 

N avicu12. subtilissim2. 

, Navicula tensIle 

N avicule. T1'!YT(~~lni2.n2. 

lJavicu12 Ze.nonii 

NeidiUIf1 c.ffine I,~p.r. amptirhynchus 

Nitzschia ecconod~t2 

Nitzschi2 acicu10ris 

Nitzschia ;.->dapt2. 

Ni tzschia mnphioxoidcs 

Ni tzschi2. capi tel1ata 

Ni tzschi2. C12.lisii 

Nitzschia dissipata 

Nitzschia fonticola 

Nitzschia gracilis 

Ni tzschi2. interrupta 

Nitzsc~in ~Utzingi2na 

Nitzschia linearis 

Ni tzsc!:cip obligate? 

Ni tzschi2. p?lea 

- 2 -
The Hinter ~mcl ji~to~ ~ssocintions fro~ certain SPJT1~)lir1~< 3t2tions. 

stc:1'~:,jon 1 r.? 

0 0 0 0' '-.C' '-D ~ t.r\ . . . . 
(Y\ (\) rl 0' . . . 
r-I ,1 0' 0\, 
0-./ r-I rl C\l 

c C 
'.C1 ~ . 
rl ,: 

o C\i 
C\l r 

--, . 
.. 

--; 

+-------- "- - -.-- .... ------ r----:-.---------, - '" - --~. 

37() 4.7''1 307 306 
I----~--- •. --

C.5 4.6 1.0 

1.1 C.5 

1.3 

0.5 

1.S 

1.3 

3.1 + 

3.4 LI-.1 

3.t:. 

1.E 0.5 

1.0 

1.5 

O ,G . ~. 

3.1 5.6 0.5 

[:.3 

6.2 5.6 0.5 

,) 3.v.;. ! ... '? i;J 

+ 

+ 

+ 

1.0 

o.e 

+ 

3.6 

0.5 
1.0 

241 

3.9 

18.4-

+ 

17.1 

r--, 
.:.: 1. 

0 .3 

" 

2 .2 

" ,:. .0 

<, 

" .'-1 

o oJ 
+ 

o 
o 

o 

.5 
r 

.J 

.4· 

.5 

St ~\t5_(~-·,~ 2J Stction 24 
-..o ___________ ..... ~~_,_. 

-"'--~. - - --... -c (~ 0' 0 -....[:, l;"'\ t.r\ -..c . .. . . 
rl 0"- rl . . . 
C 0\ (Y\ 0' 
02 ('~ rl 

-- . --~ ,---.~~ --..... -.-- --.... 
;·56 353 358 437 

~ 

1.6 + 

" 7.6 

" 

+ 2.0 
o ~ ./ 2.5 12.1 1.3 

1.0 + 

~ 

'. 
.. 

. 1.3 
0.7 6.5 

1 .. 0 

1.0 

4.4 + 

+ 1.3 

0.7 1.0 

0.2 4.3 38.3 1.8 

1.? + + 

+" 1 ~ 
.~ 7.4 0.2 

St~tion 25 St::>.tion 31 
0'- 0 0' 0 l'\ --0 t.r\ '-.0 .. . .. . 
rl W rl W . . .. .. 
'-1 0' ~ 0 rl r-I rl 

-----.~-.-.-+ f--._---_ 
359 434 360 445 

1.0 12.3 

+ 1.9 

2.3 1.0 
2.6 1.0 3.0 + 

5.3 3.9 

0.5 3.4 
4.2 0.2 

1.9 + 

1.0 3.9 0.9 + 

1.9 

1.2 0.5 

54.8 4.1 49.9 0.5 
1.0 2.9 0.9 0.5 

11.2 + 10.4 + 

3 ............. 
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Table 53 (cont.). 

Nitzschia romana 

Nitzschia spiculUk 

Nitzschia stricta 

Finnu12ri~ ?corico12 

Pinnul~riR mesolepta 

Pinnu12cri2 rdcrostcmron '.:-;;.r. Brebissonii 

Stcmroneis anceps f. grE'.cilis 

Surirel12 2Dgusta 

Surirel1C'. delicatissi:r;:a v~_r. ['i'ric2"na 

Surirell~ linearis 

Surirel12 ostent2ta 

Surirelle tenerE'_ 

Synedra ulna 

Nitrogen beterotrophic Nitzschi.2e combined 

EUYlotia combined 

0 
---.c . 
(Y'\ . 
r1 
01 

1---

370 

0.[; 

0.3 

1.1 

13.4 

1.6 

e.3 
3.2 

c 
'.() . 
to . 
r1 
r-I 

479 

9.7 

1.0 

1 S .~ 

1.0 

+ 

? ~ 
~ . ./ 
1.3 

') / " "::'L:_./ 

3.5 

- 3 -

st~:,ion 2L 

. . 
(Y\ 0 
(\/ (\/ 

307 30f 34/, 

2.7 + 3.7 + 

1.0 + 

2.2 + 

0.5 3.8 

0.3 0.3 

1.3 0.9 

23.1 1.0 50.('" 2 " . '" 

st:<.ticn '2 1 

rl . 
o 
0' 

356 

0.7 

--

. . 
~ 

'l 
.J 

1. c 

1. c 

r .c r;; 

... 
StC'tion 2L 

(j\ 0 
1.1\ --.0 . . 
rl tD . . 
(Y\ C' 
rl 

358 437 

2.L 1.0 

2.6 1.0 

50.9 4.3 

St'ltion 25 station 31 

(j\ 0 (j\ 0 
1.1\ --.0 1.1\ -..0 . • . . 
rl tc rl (;0 . . . . 
~ (j\ -..:t 0 
rl rl rl 

359 434 360 445 

5.9 1.7 

0.2 

1.0 

+ 1.0 

1.9 

74.2 12.1 66.9 3.4 
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Table 54. 

Achncl.nthes linee.ris 

Achnanthes minutissim,'_ 

.L\chnanthes pseudohung9.rica 

j\mphorc. coffaeE'Scrmis 

Ce.loneis Clevei 

Cyclotellp. comensis 

Cymbella aequalis 

Cymbe112. 8_m?hice~h2.1a 

Cymbel1e. 2.spera 

Cymbel1a cistu1a 

Cymbel:J-2. Kappii 

Cymbell~ microcephala 

Cymbel1a n2viculifcrmis 

Cymbel12 ventricosa 

Fragilaria f8~iliaris 

FrpgilariC': Vaucheriae 

Frustulir. vulg2.ris var. eni::;uste 

Gomphonemc:~ p2.rvulum 

Gyrosigma KUtzingii 

NC1.vicu12. cryptoce:pha12 

Naviculc~ microceph2.1p. 

Navicula mur21is 

Navicu12. rhynchoceph21c::. 

Navicula roste11~ta 

N c:.vi cuI 2, tene113. 

Navicula Zanonii 

Nitzschia adapta 

Nitzschia fonticola 

Nitzschia gr2cilis 

Ni tzschi2. interrupta 

Nitz8chia KUtzingi8D2. 

Hi tzschia line2.ris 

Ni tzschia palea 
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Table 54 (cont.). 

Nitzschia perminuta 

Ni tzschiEl. Rnutenbachia8 

Ni tzschi2. romana 

Nitzschia sDicu1um 

:?innu1ari~< microst2.uron var. 

Brebissonii 

Rhopa1odi~. gibberul.? 

Surirel12 angusta 

Synedra nana 

SynedrCl ulnE'. 

Other species 

\ Nitrogen heterotrophic 

Nitzschiae combined 

Cymbel1a spp. combined 

- 2 -
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Table 55. 

The Detailed Results of the Chemical Analysis of the B10ukrans River. 

Total Nitrogen 

.April 1 2 3 4 f'"ugust 1 2 3 4 

3.L~.67 32.44 44.55 16.99 8.52 3.8.67 56.32 52.26 25.73 

5.4.67 26.90 40.92 12.69 7.15 7.8.67 20.75 27.16 22.72 20.02 

11.4.67 9.89 18.05 11.72 9.45 9.8.67 14.78 33.82 21.56 14.69 

13.4.67 14.27 31.85 13.97 14.8.67 21.22 30.10 16.79 13.77 

17.4.67 14.24 19.06 14.51 6.38 16.8.67 16.91 28.64 19.39 12.67 

19.4.67 41.65 31.68 12.55 5.77 21.8.67 29.78 30.46 21.66 17.91 

24.4.67 23.19 33.27 9.33 7.17 23.8.67 22.03 32.74 12.67 21.40 

26.4.67 10.79 30.76 10.91 7.22 25.8.67 

Ammonia Nitrogen. 

April 1 2 3 4 August 1 2 3 4 

3.4.67 20.81 29.18 4.81 0.19 3.8.67 31.60 32.00 12.50 4.20 

5.4.67 19.11 27.23 4.49 0"~18 7.8.67 3.55 10.64 5.88 4.20 

11.4.67 4.90 10.31 5.32 2.24 9.8.67 2.38 13.11 3.36 0.09 

13.4.67 8.07 21.61 7.56 0.65 14.8.67 3.74 11.25 1.49 0.19 

17.4.67 8.40 11.29 5.37 0.28 16.8.67 3.27 10.46 2.24 0.00 

19.4.67 33.l4 20.44 3.59 0.09 21.8.67 7.75 8.40 3.55 3.17 

24.4.67 11.01 20.90 0.00 0.00 23.8.67 8.77 12.23 0.37 1.77 

26.4.67 2.61 15.22 0.00 0.00 25.8.67 



Table 56. 

The Detailed Results of the Chemical ",na1ysis of the Bloukr2ns River. 

Organic Nitrogen. 

April 1 2 3 4 August 1 2 3 4 

3.4.67 7.00 8.07 5.27 3.37 3.8.67 6.00 3.11 3.02 2.51 

5.4.67 6.53 7.53 4.92 3.15 7.8.67 1.68 2.57 2.24 2.10 

11.4.67 3.59 1+-29 4.20 4.02 9.8.67 1.68 2.94 2.01 1.77 

13.4.67 3.92 5.56 3.64 14.8.67 1.68 2.05 1.96 1.63 

17.4.67 3.31 3.78 3.87 2.85 16.8.67 1.40 2.66 2.05 1.77 

19.4.67 4.06 5.69 3.55 2.43 21.8.67 7.75 5.97 6.58 1.59 

24.4.67 3.27 4.67 3.50 2.71 23.8.67 1.40 2.24 1.45 1.96 

26.4.67 4.29 5.46 2.89 2.94 25.8.67 

Nitrite Nitrogen. 

April 1 2 3 4 i\.ugust 1 2 3 4 

3.4.67 0.49 1.15 0.36 0.10 3.8.67 6.00 3.l1 3.02 2.51 

5.4.67 0.04 1.20 0.34 0.05 7.8.67 4.84 3.75 3.60 0.72 

11.4.67 0.20 0.49 0.10 0.39 9.8.67 3.07 4.37 3.49 0.43 

13.4.67 0.28 0.80 0.29 0.34 14.8.67 3.80 4.05 2.84 0.15 

17.4.67 0.21 0.49 0.43 0.05 16.8.67 6.04 4.27 3.25 0.05 

19.4.67 1 .. 55 0.75 0.49 0.05 21.8.67 4.18 3.39 1.53 1.35 

24.4.67 0.69 0.80 0.13 0.02 23.8.67 5.86 5.12 1.70 1.27 

26.4.67 0.29 2.18 0.08 0.02 25.8.67 5.58 4.56 2.37 0.14 



Table 57. 

The Detailed Results of the Chemical ;",.na1ysis of the B10ukrans River. 

Nitrate Nitrogen. 

April 1 2 3 4 August 1 2 3 4 

3.4.67 4.14 6.15 6.55 4.86 3.8.67 7.38 8.95 12.28 14.40 

5.4.67 1.22 4.96 4.93 3.36 7.8.67 10.68 10.20 11.00 13.00 

11.4.67 1.20 2.96 2.10 2.80 9.8.67 7.65 13.40 12.70 12.40 

13.4.67 2.00 3.88 2.48 2.20 l4.8.67 12.~~ 12.75 10.50 11.80 

17.4.67 2.32 3.50 4.70 3.20 16.8.67 6.20 11.25 11.85 10.85 

19.4.67 2.90 4.80 4.92 3.20 21.8.67 10.10 12.70 10.00 11.80 

24.4.67 8.22 6.90 5.70 4.44 23.8.67 11.60 ).3.15 9.15 16.40 

26.4.67 3.60 7.90 7.94 4.26 25.8.67 7.50 9.00 6.30 5.60 

Percentage Saturation of Dissolved OAygen. 

!i.pril 1 2 3 4 August 1 2 3 4 

3.4.67 3.8.67 37.10 71.03 66.77 80.56 

5.4.67 7.8.67 76.85 81.62 57.24 85.33 

11.4 67 71.55 71.03 73.13 78.03 9.8.67 62.76 106.00 59.88 90.10 

13.4.67 28.32 71.55 58.30 76.32 14.8.67 56.18 118.70 51.40 94.34 

17.4.67 55.65 79.50 77.38 81.62 16.8.67 63.60 83.73 57.24 91.16 

19.4.67 45.58 71.55 54.06 82.68 21.8.67 76.85 81.62 43.46 68.37 

24.4.67 46.55 79.50 54.06 84.80 23.8.67 72.07 105.40 41.34 68.84 

26.4.67 58.30 91.16 59.36 84.80 25.8.67 64.41 92.67 52.93 82.04 



Explanation of Figu;es. 

1-5. Achnanthes ada~antiformis ~rchiba1d n.comb. - 6,7. Achnanthes 

cogitata n.sp. - 8. Achnanthes Enge1brcchtii Cholno10J. - 9-11. Achnan­

thes Ip,nceQla ta (Brebisson) Grunow var. rostrata Ostrup. -

12,13.'\chnanthes pseudohungarica Cholnoky-Pfannkuche. - 14. Amphora 

fontinalis Hustedt. - 15. f~phora veneta rlitzing. - 16. Caloneis 

bacillum (Grunow) Cleve. - 17. Caloneis bacillum var. minima Cholnoky. 

- 18. Caloneis Chasei Cholnoky. - 19. Ca10neis Clevei (Lagerstedt) 

Cleve. - 20-23. Caloneis fasciata (Lagerstedt) Cleve. - 24. Caloneis 

hyalina Hustedt. - 25. Caloneis incognita Hustedt. - 26. Cyc1ote11a 

comensis Grunow. - 27, 28 pseudoste11igera Hustedt. - 29, 30. Cyclo­

tella stelligeroides Hustedt. - 31. Cymbe1la Oliffii Cholno~J. -

32. Cymbe1la pusi1la A. Cleve-Euler. - 33. Diploneis margine striata 

Hustedt. - 34. Eunotia exigua (Brebisson) Rabenhorst. - 35. Eunotia 

polydentula Brun. - 36. Eunotia rhomboidea Hustedt. - 37. Eunotia 

similis Hustedt. - 38, 39. Fragilaria Vaucheriae (Kutzing) Boye 

Petersen. - 40. Frustulia subvulgaris Cholnoky. - 41-43w Frustulia 

tugelae Cholnoky. - 44. Frustulia v.Teinholdii Hustedt. - 45. Gomphonema 

diohotomum KUtzing emend. Archibald. - 46. Gomphonema gracilo 

Ehrenberg.-47. 48. Gomphonema javanicum Hustedt. - 49-51. Navicula 

adsidua n.sp. - 52, 53. Navicula agrestis Hustedt. - 54-57. Navicula 

aquosa Archibald. 

58,59. Navicula bacilloides Hustedt. - 60. Navicul~ barbarica Hustedt. 

-61. Navicula belli~tu12_ n.sp. - 62, 63. N2.vicula bryophila Boye 

Petersen. - 64. N2vicula bushmanorum Cholnoky. - 65,66. Navicula 

chrissiana Cholnoky. - 67,68. Navicu=l-a cinctaeformis Hustedt. - 69. 

Navicula citrus Krasske. - 70. Navicula confervacea (KUtzing) Grunmv.-

71. Navicula contenta Grunow f. p2.rallel~:t Boye Petersen. - 72,73. 

Navicula cryptocephala KUtzing. - 74. Navicula difficillima Hustedt. -

75,76. Navicula digitulus Hustedt. - 77. Navicula diuturna Cholnoky. -

78-90. Navicula diuturnoides I\rchibald. - 91-93. Navicula esamangensis 

Foged. - 94,95. Navicula fluens Hustedt. - 96. Navicula Fritschii Lund 

. V2,r. dissipatoides Hustedt. - 97.98 0 Navicula gil va n. sp. - 99. Navicula 

Grimmei Krasske. - 100. Navicula halophila (Grunow) Cleve. - 101. 

Navicula halophila f. robusta Hustedt. - 102. Navicula halophila f. 

tenuirostris Hustedt. - 103. Navicula Hambergii Hustedt. - 104. N!lviculo:t 

insociabilis Krasske. - 105. Navicula Geitleri Hustedt. 



106,107. Navicula letulent,g n.sp. - 108. Navicula longicephala 

Hustedt. 109,110. Navicula manubi2.1is I~rchibald. - 111-114. Navicula 

microcephala Grunow. - 115. Navicula minuscula Grunow. - 116-118. 

Navicula molesta Krasske. - 119. Navicula montisatrae Cholnoky 

120,121. N?vicula pascuorum Cholnoky. - 122-124. Navicula permitis 

Hustedt. - 125. Navicula promota n.sp. - 126,127. Navicula pseudoventre­

lis Hustedt. - 128,129. Navicula pupula Ktitzing f. rostrata Hustedt. -

130. Navicula Scottiae Cholnoky. - 131,132. Navicula seminulum Grunow.-

133,134. Navicu12 sohrensis Krasske f. muscicola (Boye Petersen) 

Krasske. - 135. Navicula simplex Krasske var. minor Cholnoky. -

136-138. Navicu12. Stenderiel12 hrchibald. - 139.Navicula microcephala 

Grunow - 140. Navicula subcoccus Cholnoky. - 141. Navicula subcostu­

lata Hustedt o V2,r. pvi ttata Cholnoky. - 142-150. NAvicula submolesta 

Hustedt. - 151. Navicula mutica Kutzing var. nivalis (Ehrenberg) Hustedt. 

152,153. Navicula subrotundata Hustedt. - 154-156. Nctvicula tantule 

Hustedt. - 157,158. Navicula temeraria Cholnoky. - 159-161. Navicula 

tenella Brebisson. - 162-164. Navicula tenellaeformis Hustedt. -

165,166. Navicula tenuissima n.sp. 

167-175. Navicula THymaniana Archibald. - 176-178. Navicula venezue­

lensoides n.sp. - 179-181. Navicula ventosa Hustedt. - 182,183. N2vicula 

ventosoides n.sp. - 184. Neidium inconspicuum Hustedt. - 185. Nitzschia 

acicularis (Ktitzing) vI. Smith. - 186. Nitzschia Agnewii Cholnoky. -

187. Nitzschia capitellata Hustedt. - 188-192. Nitzschia Chasei 

Cholnoky. - 193.194. Nitzschia Chutteri Archibald. - 195. Nitzschia 

Clausii Hantzsch. - 196. Nitzschia angustecarinata Hustedt. -197,198. 

Nitzschia diluta ;",rchibald. - 199,200. Nitzschia diserta Hustedt. -

201, 202 • Nitzschia exilis Archibald.-203-208. Nitzschia fonticola Grunow. 

209. Nitzschia gr::,.cilis Hantzsch. - 210-213. Nitzschia Ktitzingiana 

Hilse. - 214. Nitzschia lcmenbergi8.na Hustedt. - 215 • Nitzschia 

linearis (Agardh) v·I. Smith. - 216. Nitzschia mediocris Hustedt. -

217, 218 Nitzschia obligata Archibald. - 219. Nitzschia obsidialis 

Hustedt 0 - 220-222. Nitzschia pale2. (Ktitzing) \4 • Smith - 223-225. 

Nitzschi8 perminut2 Grunow. - 226,227. Nitzschia perpusilla Rabenhorst. 

- 228. Nitzschia perspicua Cholnoky. - 229. Nitzschi,g- proxima Hustcdt.-

230-236. Nitzschia romana Grunow. 



237. Nitzschia rufitorrentis Cholnoky. - 238-243. Nitzschia silica 

~rchibald. - 244,245. Nitzschia siliqua Archibald. - 246. Nitzschia 

spiculoides Hustedt. - 247-254. Nitzschia spiculum Hustedt. - 255. 

Nitzschia stricta Hustedt. - 256. Nitzschia subacicularis Hustedt. 

257 ,258. Nitzschia subvi tre2. Hustedt. - 259. Nitzschi~. troDica 

Hustedt. - 260,261. Nitzschia umbilicata Hustedt. - 262. Nitzschia 

vandermerwei Cholnoky. - 263. Nitzschia vitree Norman VClr. salinarum 

Grunow. - 264. Pinnularia brevicostata Cleve VR.r. sumatrana Hustedt. -

265. Pinnularia eburne2. (Carlson) Zanon. 

266. Pinnularia stomatophora (Grunow) Cleve. - 267. Pinnularia 

subdivergentissima Cholnoky. - 268. stauroneis anceps Ehrenberg. -

269, 270. stauroneis Borrichii (Petersen) Lund. - 271. stauroneis 

cimbebasiae Cholnoky - 272. stauroneis dahomensis Hustedt. -

273. Navicula Mengeae Cholnoky. - 274. Surirella fimbriata Hustedt. -

275,276. Synedra mystica n.sp. 
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