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SUMMARY ,

This report contrins the results of some ecolegical and syste-
metic studies on the distoms from the Vas1l Dam catchment area 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 diatom associations.
Water samples from four stations on the Bloukrans River were analysed
chemically at certain intervals during the months of April and August
1967. Distom samples collected from these stations at the beginning
and end of each of these sampling periods were subjected to a
"Thomasson Analysis" to determine the relative densities of the
various species in the diztom associations. A statistical snalysis
of the results reflected a poor but positive correlstion between the
two variables, i.e. high numbers of nitrogen heterotrophic Nitzschizae
were correlated with high concentr=tions of nitrogen, while low
numbers were correlated with low concentrations,

Part 2 presents the results of the ecological studies on the
diatom associations of the Vaal Dam Catchment Area., In this section
the diatom associctions from each sampling point or station were
subjected to a "Thomasson Analysis" to determine the relative
densities of the different species in the associations. Employing
already known 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 whole water of good quality. Points of pollution
were detected, but were generally locrlised and the effects of the
pollution were soon removed, Only the Waterval River showed

evidence of more constant pollution. The =ssociations 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 origiﬁal end 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 and
the Vazl Dam catchment area is discussed, A number of species,
varieties and forms have been recorded for the first time in South
Africa. During the course of this study 20 species have been
described as new to science; the descriptions of some have 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.
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INTRODUCTION, '

In October 1955 the "Special Sub-Committee on Stream Surveys
in the Witwatersrand Area" (Mslan 1960) recommended that hydro-
biological surveys, at that time conducted on the Vaal River below
the Vaal Dam, should be extended to the catchment area of the Vaal
Dam,

Consequently Malan (1960) made a survey of the chemical compo-
sition of the main tributaries of the Varl River, while Chutter (1967)
studied the ecology of the faunal component of the rivers in the
catchment area. On joining the Netional Institute for Water Resesrch,
the author was presented with a collection of diatom material from the
catchment area made by Dr, Chutter =nd Dr. B.J. Cholnoky. This
diatom material was analysed and investigated, and the results of
this study completed the hydrobiological investigetions of the Va=1
Dam Catchment Area.

The objects of the diatom investigations were to establish the
nature of the associations living in the catchment area, end, since
the associations are the resultant of the envirommental 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 systemstics
of the diatoms is required, =nd the second object of this study was
to gain some experience in the systematics and ttaxonomy of the diatoms.

Permission was granted by the Nationel Institute for Water Research
to submit the results of this study 2s a thesis for the degree of Master
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 particular the concentrestion of nitrogen, influenced
the diatom associations, i.e. whether specific associations developed
under high concentrations 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 dintoms 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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PART 1.

The Ecological Study of the Bloukrans 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 criteria of stream conditions have been proposed as
direct evidence of pollution (Butcher l.c.j; Patrick 1950). In this
respect the diatoms are a2 very important group of 2lgae, since not
only are they cosmopolitan in their distribution, but they also
often form the greater part of the ~1lgal component both in number
and volume.

It is well known that certsin algae can utilise organic
nitrogenous compounds as a source of nitrogen, and, 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, and are regarded =s nitrogen
heterotrophic. According to Cholnoky the genus Nitzschia, with
the exception of the following groups, Tryblionellae, Grunowiae,
Sigmoideae, Obtusae (Cholnoky 1960B: 278) and the Scalares
(Cholnoky: personal communicotion), are nitrogen heterotrophic.

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

follows from this that in waters conteining 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 Accorde 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 (Kiitzing) W. Smith,

and N, thermalis (Fhrenberg) fuerswald which deaminates organic

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

diatom species of the associations; Gomphonema parvulum (Kﬁtzing)

Grunow being dominant in the other samples. These three species
were regerded by Cholnoky a2s indicative of organic nitrogen
pollution, He thus concluded that the Bon /fccorde Dam was a highly
polluted water, and in certsin places it occasionally suffered oxygen
depletion (N.thermalis dominant 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) as 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, however, be emphasised that,
while individual species are important as indicators, the whole
assemblage of species in the associations must be studied in
assessing the quality of the water.

With this background in mind zn experiment was designed to
test the general hypothesis that high numbers of nitrogen hetero-
trophic Nitzschise are associ~ted with high concentrations of
nitrogenuus material. 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 African and Coloured locations. The Municipal
Sewage Dispersal Works, which lies just outside the city, discharges

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



1:50,000.

1 mile.

-—~Grahamstown

below Grahamstown.
Scale

:The Sampling Stations on the
Bloukrans River

A
----------
.....

e
~

-

~~ Port Elizabeth



(6).

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

the river,

Station 1:-

Station 2:-

Station 3:-

This was situated about imile above the effluent
outfall (Map 1). Tt was a relatively deep, long and
fairly wide pool with a sludge bottom,. The banks

supported a rich growth of Pennisetum clandestinum Hochst.

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

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 fAugust the water had turned black in colour,
with a black floc clinging to the marginal vegetation.

Samples were collected from the margin of the pool,

This station was located a2t the outfall of the Sewange
Works effluent., At this point the river formed a

fairly deep, narrow pool sbout 3 fit, long formed by

the scouring effect of the effluent. The stream had a
relatively strong flow as a result of the confluence of
the river and the effluent, Water samples were collec-~
ted in the current from this deep pool; the diatom
samples were collected from the muddy verges sbout

5 - 6 ft. downstream. Very often this station was
covered by a large blanket of detergent fcam, which

had to be removed before sampling.

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
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bridge. Water 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,

Station 4:~ This station was situated on the farm Varnum where
the Belmont Valley road crosses the Bloukrans River,
Water samples were collected from the relatively
quickly flowing water in a pool immediately below the
concrete pipes under the road. The strong flow
prevented the formation 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, METHODS AND TECHNIQUES.

1). Collection and Preparation of the Samples.

The effect of storage of water samples for chemical analysis
at room temperature is well known (Hellwig 1964: 215). 1In order
to avoid the problem the sampling stations were selected so that a
period of not longer than 45 minutes elapsed between collection of the
samples and the start of their anelysis, Further all the analyses
were completed on the day of collection, To obviate the effects of
diurnal variation on the chemical constitution of the water, the
stations were sampled in the same 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 April and August 1967. With the
exception of Station 1, 211 the water samples were collected as
near as possible from the flowing water in the middle of the stream;
at Station 1 the samples were collected from the margin of the pool.
Sampling commenced a2t 8,00 a.m, and the same procedure was followed
at each station. First a measurement of the water temperature 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 Whatman's
No, 1 filter paper in the Buchner Funnel, and the analysis of the

samples was commenced immediately.

2). Methods,

(a) Physical Measurements.

Water temperatures were measured in the flowing water with a
mercury thermometer graduated from -~ lOO to 110°C made by Baird and
Tatlock.

pH measurements were recorded using a portable Metrohm
Battery pH Meter, model E 2804, which has a measuring range of pH
0 - 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 Wastes"(American Public Health
Association 1955).

The dissulved oxygen content of the water was measured using

the unmodified Winkler Method., The principle used in this procedure
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1s the oxidation of manganous hydroxide in a highly alkaline
solution, TWhen this is acidified in the presence of iodide, free
iodine is liberated with the solution of manganic hydroxide. The
iodine is liberated in a quantity equivalent to the oxygen dissolved
in the sample. This free iodine is titrated with a2 standard sodium
thiosulphate solution, using starch as an indicator for the firl
determination of the end point of the titration. The samplevwas
collected in 2 250 - 300 ml., ground glass stoppered flask, and 2 ml.
manganous sulphate was added to the sample in the field, On return
to the laboratory 2 ml. alkaline iodide was added, and the subsequent
acidification with 2 ml. of concentrated sulphuric acid and 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 2 phosphate
buffer, which maintained the pH slightly above neutral (pH 7.4).
The ammonia 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 semple, remaining after the armonia
distillation, to digest the organic nitrogen, using copper sulphate
as a catalyst to raise the boiling point of the sulphuric acid.
In this digestion process, which continues until the mixture is
colourless or a pale straw colour, ammonium bisulphate 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 ml. boric

acid solution until 200 mls., had been collected., The boric acid
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solutions from both the ammonia dist&llation and the organic nitrogen
digestion were then titrated with a 0,02N.sulphuric acid solution,
using a screened bromocresol green - methyl orange indicator,

Nitrites were determined by the Diazotisation Method, in which
diazotised éulphanilic acid coupled with 1 naphthylamine produces
a reddish~purple azo dye at pH 2,0 - 2,5, A 1 ml, aliquot, diluted
to 50 mls., was treated with 1 ml. sulphanilic acid, 1 ml. 1 naph-
thylamine hydrochloride and 1 ml. 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 T oon a Beckman DB Spectrophotometer., This
instrument was used in all other determinations requiring colori-
metric measurements.

The Phenoldisulphonic Acid Method was used for measuring the
concentration of nitrate 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 was measured at 410 mp to determine the concentration
of nitrate. An aliquot of either 5 or 1 ml, 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 this titration, the chloride ion concentration is

very small being about 1.0 x 10~

, and the potential of a silver -
silver chloride electrode in this solution is -0,521 volts, A
quinhydroné 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 and the electrode, connected by an agar - potassium
nitrate bridge, would read zero. On this principle a 50 ml. aliquot
of the sample was titrated with a 0.0141N silver nitrate solution

(1 ml. = 0,500 mg. C1).

The procedure used in the determination of the phosphate content
is a modification of the sensitive molybdenum blue colorimetric
method (Steyn 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 700 Wp. In these analyses a 10 ml. aliquot,
diluted to 45 mls., was treated with a 1,25% ammonium molybdate
solution (2 mls.) to form the phosphomolybdate complex. The blue
colour was then formed by the addition of 1 ml, stannous chloride
solution, | The contents of the flask were made up to 50 mls., and
the percentage absorption 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 a sample containing silica, when the medium is
at approximately pH 1.2. The yellow colour is proportional to the
silica present in the sample. Phosphomolybdic acid is elso formed
in this reabtion, but this is destroyed by the addition of oxalic acid to
the treated 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 ml, aliquot, diluted to
50 mls,, was required for treatment in these determinations., 1 ml.
of a 1+1 solution of hydrochloric acid and 2 ml. ammonium molybdate
solution was added to the sample in rapid succession to form the
silicomolybdic acid, 1l.5. ml, oxalic acid was added to the sample
and after 2 minutes, but not longer than 15 minutes after the
addition of the oxalic acid, the optical density of the yellow colour
was determined on the spectrophotometer at a wave length of 410 QP.
Calibration curves and standard solutions were prepared once
at the beginning of each April and August,

(¢). Collection, Preparation and Investigation of the Diatom

Samples.

Diatom samples from each locality on the Bloukrans River were
collected on the 21st April, 1967; 1st May, 1967; 4th August, 1967;
6th September, 1967. These periods corresnond to Autumn and the end
of winter in South i frica.

Scrapings of the thin 21gal film on the stones and mud were
placed in a collecting tube, preserved with 1 ml. 40% Formalin,
and labelled with the sample serial number. The raw distom material
collected in this manner was clezned snd prepared using the method
described by Welsh (1964: 39). The samples, preserved in formalin,
were dried over night in an oven at 80°C to drive off the water and
formalin, Concentrated sulphuric acid was then added to the dried

materisl, and this reduced all the organic matter in the sample.
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The residue from this was bleached ﬁy the addition of concentrated
nitric acid and boiling the mixture on a hot plate until it had
turned = pale white or cream colour. The diatom residue was then
centrifuged off and washed twice with distilled water to remove the
acid by cen%rifuging 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 making the slides.

Permanent slides from this material were made in the following
manner s~

The diatom material was diluted to a pale milky white suspension,
and enough material 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 rapid dryingcauses the material
to dry in concentric rings. When dry the coverslip was inverted
on to a drop of Hyrax mounting medium (R.I. 1.65) on a slide. The
solvent of the hyrax was driven off by placing the slide on a hot
plate until the bubbling ceased. The coverslip was then centred
on the slide, and the mounting medium allowed to dry. When dry
the excess hyrax was 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 semple, the ccllector's
name and the date of collection of the sample. The information
recorded on the right hand side of the slide contained the name of
the mounting medium and the date of preparation of the slide,

The investigation of the slide consisted of two phases,
(2) drawing up a list of species present in the sample, and
(b) calculating the relative density of each species, The
relative density was calculated by using the so-called "Thomasson

Analysis" (Thomasson 1925), which was modified by Cholnoky (1955: 84)
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to eliminate some of its difficulties. Using this method between
350 and 50C individuals were counted by traversing the slide, ensuring
that each individual was only recorded once. The relative density
of each species observed in this analysis was then calculeted as a
percentage of the total number of individual counted according to

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

No. of individuals of species A
Total no. of individualsof all
species.,

Relative Density of Species A = ° X 100,

C. RESULTS,

A summary of the chemical analyses of the Bloukrans River for
the months of April and August are shown in Tables 1 and 2 respectively.
The average values 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 14). 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 CHEMICAL AMALYSIS OF THE BLOUKXRANS RIVER FOR APRIL.

April .

Station No,

1 2 3 4
& Chemical Compound Max, Min. Ave, Max. Min, . 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 9445 5.77 7.01
Ammonia N, 33.1L 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 g.,07 3.7¢ 5.63 5,27 2.89 3.98 4,02 2.43 3.07
Nitrite N. 1.55 0.0 0.47 2,19 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 7.9 . 2.0 492 4 .86 2,20 ‘z*iiga
Chlorides 436.6 95.3 250,25 274.8 83.90  173.66 | 183.9 65.06 129,01 | 143.00 59.65 SM36
Phosphates 0.18 0.004 0.06 0.71 0.05. 0.25 0.18 0.00 0,09 0.06 0.00 0%p3
Silica. 5.52 2.65 4.07 5.12 3.48 441 5,05 .+ 2.40 437 4.30 240 3.49
(6) (6) (6) (6)
D.0. % Saturation 71,55 23.32 50.17 9L.16  71.03  77.38 | T7.38 5406 62,72 |-+ 8.80  76.32 8L.44
(6) ~ (6) (6) (6)
pH 7.60 6.15 7.26 745 6.10 ™ 7.13 745 6.30 7.03 7.31 6.80 7.10
Y (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.




TABLE 2, - THE SHEMICAL ANALYSIS OF THE BLOUKRANS RIVER FOR AUGUST,

. © lugust,
Station no.
1 2 . 3
Chemical Compound Max. Min. Ave. - Max. Min, Ave. Max, Min, Ave, Max, . Min, Ave,
—_— ey - -
' (7) - (7) (6) (7)
TotaX Nitrogen 56,32 14,78 25.97 52,26 27.16 33.40 22.72 12,67 19,138 25,73 12,67 - 18,03
' (7) ' ‘ (7 | 7)
Ammonia N, 31.60 2,38 7.92 32.00 8.40 14,01 12,50 0.37 419! 4220 - 0,00 *  1.95
(7) ' 7) (7) | (7)
Organic N, 11,3 1.40 3.84 8.20 2.05 - 3.80 6.58 1a45 9L | 462+ 1,59 2,20
Nitrite N. - 6,04 3.07 4,92 5.12 3.1 4,08 3.60 1.53 2J73- } 2,50 - 0,05  0.83
Nitrate N. 12.00 6,20 9.14 13.40 8.95 11.43 12,70 6.30 10,47 « | 16,40 + 5,60 * 12,03
Chlorides ) . S02.0  329.6 460.5 390.1 289.1 R2.9 329.6 162,3 282.40 - | 324,5 ¢ 212,9 *° 291.3
Phosphates 0,12 0.00 0.04 0.25 0.00 0,15 0.20 0.03 0.1 + | 0.15 - 0,03 * 0,09
Siliea 665 397 4.9 6.50 491 5,55 5.3 3.83  4u59 | 4.90 3,23 - 440
D.0, % Saturation 76,85 310 6441 |118.70 7L.03 92,67 66,77  41.3h 52,93 b 94,34 - 68,37 - 82,04
pH _ 7.80 7.58 766 7.93 7.50 .70 745 7.21 737 b T M49 7,60
Temperature . 1230 7.20 9.95 13,40 9.00 "310.86 12,30 8.30 9.39 | 11.70 -+ 8,50 9,96

~—— W
— - “— "

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

2). Execept where indicated by the number in brackets, the average value is the mean of 8 samples.
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organic nitregen fractions showed slight decreases in the August
values. The highest concentrations of the different nitrogen forms were
almost always found at Station 2, while the lowest values generally
occurred at Station 4.

The saﬁples of the 11th April, 1967 are interesting since they
were collected after more than 1 in., of rain had fallen in the previous
two days. The chemical analysis revesled a flushing out of the higher
stations (the minimum values for Total 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.

Cn 3rd lugust, Station 1 had » foul odour, and thewater 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
1 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 showed an almost linear decrease in
concentration with distance downstream, This trend was not apparent
in August, when the concentrations were 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 fugust. In most cases the highest values

occurred at Station 2. The lowest phosphate concentrations recorded
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in April were found at Station 4, while in August Station 1 had the
lowest phosphate value, In both April and August the silica concen-

trations were lowest at Station 1.

4)., Dissolved oxygen.

The dissolved oxygen concentration presented a picture rather
different from the expected. Low saturation values were measured
at Stations 1 and 3, and a high values at Stations 2 and 4. Although
it would be expected to have a low oxygen cocncentration 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 eoffluent due to turbulence

as it flows swiftly down a narrow channel,

5). pH and Temperature.

The pH values did not vary significaently from station to station.
The average value for 'pril was about pH 7.1, and the average for
fugust was about pH 7.6. Water temperatures in April ranged between
15.50 and 16.03°C, and in August between 9.39 and 10.86°C. At
Station 2 the temperature readings were always slightly higher than
at other stations.

Table 3 shows the average values cbtained by the Grahamstown
Municipality for the chemical analysis of the water from the Bloukrans
River just sbove the sewage effluent outfall, and of the final
effiuent 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
secn from these graphs that the chloride concentration in the Bloukrans
River was high (ave. 350 ppm) and was extremely varisble, following

the fluctuations of the Total Dissolved Solids concentrstion. The



Table 3,

Chemical Analysis from the Grazhamstown 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 Ta2 7.9

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

Max, Min, Ave,
Free and Saline Ammonia 37 5 1.2
Nitrite N, 3 0.2 1.88
Nitrate N, 18 10 4.1
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 showed the same order cof 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 Thomasson Anelysis of the diatom samples are
reflected in Tables 4 and 5. The tables show that generally the
diavom associations ccllected 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 April, 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 1i, 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 Nitzschize in August. No Thomasson
Analysis was made on the sample collected at Station 2 on the lst May,
1967 because there were too few diatoms. In most of these associa-

tions Nitzschia palea (Kitzing) 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



Table 4.

Analysis of the Diatom Associations collected on 21st April, and 1lst May, 1967.

1

2

4

R1,4,67 1.5.67

21.4.67 1.5.67

21.4.67 1.5.67

Achnanthes lanceolata (Brebisson) Grunow.

Achnanthes lanceolata var, rostrata Ostrup

Achnanthes pseudohungarica Cholnoky~Pfannkuche

Amphora veneta Kitzing

Cocconeis (a).

Gomphonema parvulum (Xlttzing) Grunow

Melosira
Navicula
Navicula
Navicula
Navicula
Navicula
Na&icula
Navicula
Navicula
Navicula
Navicula

Navicula

varians Agardh
cinctaeformis Hustedt
confervacea (KUtzing) Grunow
cryptocephala KUtzing
muralis Grunow.,
perparva Hustedt
Schroeteri Meister
seminuloides Hustedt
seminulum Grunow
submolesta Hustedt
tantula Hustedt
Tuymeniana fArchibeld

Nitgzschia amphibia Grunow

Nitzsechia fonticola Grunow

Nitzschie hungarica Grunow

Nitzschia KUtzingiana Hilse

Nitzschia palea (KUtzing) Grunow

Nitzschia perminuta Grunow

Nitzschia romana Grunow
Nitzschia thermalis (Ehrenberg) Auerswald

Surirella anguste Kutzing
Synedra ulna (Nitzsch) Ehrenberg.

Nitrogen heterotrophic Nitzschiae combined.

20,8 0.5
0.5 1.2
10,5 48
2.4 1,0
0.2
1.2 2.8
0.7 0.8
0.5 1.0
3.4
19.2 13.8
4.9 3.8
4.2 7.0
30.2 61,8
62.6 87,7
ave 75.2

308

26.2

4.1
1.0
15.9

made,

2.3
543

analysis

Ho

0.5

1.0

9.2
3.1
2.8
2,7

39.3
39.3

T 3

Rl.4.67 1,5,67

1.2
0.2

3.5

11.6

0.7

4.6
20.6 2.0
6.8 3.5
1.0

25,5
3.2 14.5
1.4 0.5
8,6 74,0

0.7
6.5 3.8
3.5 005
48,0 93.8

ave 70.9

2.1 0.9
4.8 0.9
244
3.1 042
8‘2 3003
14.7 2.6
7.7
543 3.2
1.2 2.0
8.2 17.9
11.5 9.3
1.2 2,1
2.9 1.6
1.2 045
6.5 9.3
0.7 1.9
0.5
1,0 0.5
107 702
0,2
1.0 0.2
11.8 Tty
9.9 19.6
ave 14.8




Table 5.

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

1

2

3

4

"1

4.8.67 6.9.67

4.8.67 6.9.67

4.8.67 6.9,67

4.8.67 6.9.67

Achnanthes Hauckiana Grunow

Achnanthes lanceolata(Brebisson) Grunow var. rostrata Ostrup

Achnanthes minutissima XUtzing
Amphiprora paludosa W. Smith
Amphora veneta KUtzing

Cocconeis (a).

Cyclotella Meneghiniana KUtzing
Gomphonema parvulum (KUtzing) Grunow
Navicula eryptocephala XUtzirg
Navicula muralis Grunow

Navicula perparva Hustedt

Navicula seminulum Grunow

Navicula submolesta Hustedt
Nitzschia amphibia Grunow

Nitzschia amphioxoides Hustedt
Nitzschia apiculata (Gregory) Grunow
Nitzschia capitellata Hustedt
Nitzschia communis Rabenhorst
Nitzschia fonticola Grunow
Nitzschia hungarica Grunow
Nitzschia KUtzingiana Hilse
Nitzschia linearis W, Smith
Nitzschia palea (KWtzing) W. Smith
Nitzschia perminuta Grunow
Nitzschia romana Grunow

Nitzschia sigma (KUtzing) W, Smith
Nitzschia thermalis (Ehrenberg) Auerswald
Surirella angusta Kitzing

Synedra ulna (Nitzsch) Ehrenberg

Nitrogen hetercirophic Nitzschia combined

0.5
0.5

1.0
2,8
30.9

1.2

0.8

4ab
0.2

0.5
1.4
2.6

30.4
5.0
9.0

57.2
ave 73.6

0.9

0.5
AN
0.9
0.5

1.4

2.5

0.5
85.9
0.5
0.9

0.2

90.0

1.0 0.5
0,2
4.5
16.3 4.0
0.5
1.5 4’.3
0.2 2.6
1.0
5,7
1.8
1.0
10.5 1.4
1.8
ba5
0.5
18.5 29,0
0.5
3R.4 52,0
005 OQS
72.6 82.9
ave 77.9

045
1.2

0.2

0.2
0.2

1.2

90.9

0.7
0.2

92.7

ave 91,

547

0.5

12,3
1.3

2.0
1.4
1.4
12,3

1.9

9.0
3.3

25.6
0.9
1.2

0.5

49.5
1

1‘0

0.6

0.8
11.6
21,2

4.9

0.3
3.5
4,9
6.1

11.3
2.2

4.8
A

0,6
742
1.7

24.7
“ave 28,5

1.0
4,8
1.5
1.0
1.3
1.0
2.5
12,2
13,0
2,0
10,7
0,5

16.0

6.4
2.5

10.4

2.5

2.5

0.8

2.0

1.5
0.5

32.2

%



(18).

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
heterotrophic 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 regrrded 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
lay. The estimating equations were therefore calculated from the two
sets of data, X and 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 of the scatter plots,

Station

Numbers. 1 s 3 4
X Y X Y X Y X Y

Total
Nitrogen a 20,88 62,60 33.86 39,30 13.84 48.00 8.37 9,90
April o9 sm gm0 11.74 93.80 6.64 19,60

(a 25.71 57.20 35.84 72,60 27.36 92.70 18.55 24,70
hugust (95,91 90.00  30.61 82.90  17.91 49.50  17.35 32.20
Armonia N

(a 13.22 62,60 22,08 39.30 5,50 48,00 0.83 9.90
April 4379 g7.70 2.2, 93.80  0.09 19.60

(a 10,32 57.20  16.75 72.60  5.81 92,70  2.15 24.70
hugust (4 939000  10.36 82.90  2.05 49.50  1.65 32.20
Organic N.

(a  5.26 62.60  6.36 39.30  4.51 48.00  3.51 9.90
hpril 5.3 @770 3.45 93.80  2.73 19.60

(a 4,09 57,20 3.94 72,60 2,07 92,70 2.53 24.70
August 5 55 90,00 3.62 82.90  3.36 49.50 1.7 32.20
Nitrite N,

(a 0,25 62.60 0,91 39.30 0.27 48.00 0,22 9.90
April oy 0,69 87.70 0.33 93.80 0.04 19.60

(a  4.43 57.20  3.82 72.60  3.24 92.70  0.95 24.70
hugust (5 45 90,00 4.3 82,90 2.21 49.50 0.70 32.20




Table 6.

-2 -
Station
Numbers. 1 2 3 4
X Y X Y X Y X Y
Nitrate N.
(a  2.14 62.60 449 39.30 4,02 48,00 3.31 9,90
bpril ) 426 87.70 5.82 93,80 3,78 19.60
(2 9.3 57.20  11.33 72.60  11.62 92.70 12,90 24,70
hugust ( g.g5 90.00  11.53 82.90 9.33 49.50  11.16 32.20
Dissolved
Oxygen.
_ (a 47.44 62,60 71.29 39,30 65.73 48,00 77.38 9,90
April oy 51,55 g7.70 61.22 93.80  83.48 19.60
(a 58.22 57.20 94,39 72.60 58,42 92,70 87.58 24.70
hugust 50,59 90.00  91.01 82.90  47.04 49.50  T6.43 32.20




(19).

in the appendix. The value found in the column Y is the relative
density of the nitrogen heterotrephic Nitzschiae ccllected at the
following times (see Tables 4 and 5):=-

April, row (a) - 21.4.67.

April, row (b) 1.5.67.
hugust, row (a) - 4.8.67.
hugust, row (b) - 6.9.67.
To eliminate the effects of season a further scatter plot was
constructed (Graph 5B) in which 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: Two values for each station were

obtained by first summing the April and August values in row (2) and
taking the average; and then similarly summing the values in row (b)
and teking the average.

(b) Relative Densities of nitrogen heterotrophic Nitzschiae: muo

corresponding values were obtained for each station by following the
same procedure as for the Total Nitrogen concentration.

With one exception, the estimeting 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 Nitzschiae had a negstive 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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1

Bacterial breskdown of organic material usually results in
deoxygenation of the water (Hynes 1963: 65), and it would therefore
be expected thet high concentrations of nitrogen would be associated
with low concentrations of dissolved oxygen. It follows from this
that high numbers of nitrogen heterctrophic Nitzschize might also
be asscciated with low concentrations of dissolved oxygen. This
was also tested by means of scatter plots (Graphs 4C =2nd 54).

In correlating the percentage saturation of dissolved oxygen
with the amount of nitrogen in the water, 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 saturation level., At first glance two
completely opposite trends were indicated when Tot»1l Nitrogen con-
centrations 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 2 narrow channel, and a
new estimating equation calculated from the remaining values, a nega-
tive correlation would be indicated for the August values. This was
shown by a broken line in Graph 5A. It is obvious that the whole

correlation was affected by the two values at Station 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
relatively clean and unpolluted Berg River (Harrison and Elsworth
1958: 160, Table 13) established cenclusively that the Bloukrans
River was a highly polluted stream. The nitrogen concentrations
were high and similar in magnitude to those found in the Jukskei
River at Stations 92, 9b and 20a (see Table 7).

If the 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. As would be expected, lower 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 ccllected on 21.4.67
(9.9% of the association), the numbers of nitrogen hetcrotrophic
Nitzschiae indicated organic pcllution (c¢f. Cholnoky 1958A: 210,
Table 3).

The informstion obteined from the scatter plots in Graphs 3 - 5
provide further evidence in support of the hypcthesis, However,
while the evidence from the scatter plots should nct 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).

' N th LS o
| Max. Min. Ave. Max. Min, Ave, Max, Min, Ave,
Ammonia N, [103,50 0.95 37.60| 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, However, with the help of the
estimating equetions, it was evident that a definite trend, indicating
2 positive correlation between the variables,did exist. A number

of reasons\can be given to account for the low degree of correlation
in the scatter plots:-

(a) Ybecause too few values were availeble for the construction of
the plots,

(b) Dbecause cther factors were influencing the composition of the
diatom associations, i.e. it was not a simple linear correlation

of two variables, and

(¢) because the four sampling points did not show encugh contrast
between two extremes.

Additicnal indirect evidence supporting the hypcthesis arises
from the negative correlations existing between the numbers of
nitrogen heterotrophic Nitzschiae and the dissolved oxygen con-
centration (Graph 4C), since bacterial brezkdown of organic matter
is accompanied by deoxygenation of the water. This breskdown
provides the necessary nitrogenous compounds utilized by the
nitrogen heterotrophic Nitzschiae. Evidence that the dissclved
oxygen concentration in the Bloukrans River didin fact decrease
with increasing concentrations of nitrogen is found in Graph 54,
where negative correlations betwecn the two variables were indicated.

It is apparent from the discussicn above thzat the chemical and
diatom evidence from the Bloukrans River fulfils the premises of
the hypothesis, viz. that high numbers cf nitrogen heterotrophic

Nitzschiae are associated with high concentrations of nitrogen.

(2). The Diatom Associations.

The diatom associations 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 19538),
and the Jukskei River near Johannesburg (Cholnoky 19584: Allanson
1961: 64). In such associations the greater part was composed of

nitrogen heterotrophic Nitzschiae, with Nitzschia palea and N.

thermalis the dominant species in the associaticns, Occurring
in smaller numbers, but still important ecologically and characteristic

of polluted waters, were species such as Gomphonema parvulum,

Navicula confervacea, N.cryptocephala, N.muralis, N.perparva,

N.seminulum, and Nitzschia amphibia, A few comments on some of the

more important species in this association should be mede,
On many occasions Cholnoky (1958A: 2463 1960B: 263; 1966B: 205)

has made a distinction between Nitzschia thermalis and N,palea on

the basis of their oxygen requirements., N.thermalis, according to
Cholncky, requires almost anaerobic conditions,; i.e. low dissolved
oxygen concentrations, and its growth is curtailed by high concen-
trations of dissclved 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 deminant at Station 1 in April (ave. % saturation =
50.17%), it was also observed as thed cminant species at Station 2
in August, when the average percentage saturation was extremely
high (92.67%). This suggested a much wider range of tolerance to
the level of oxygen saturation, which is in contradiction to Cholnoky's

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

relatively high numbers at most stations, was observed tc be dominant
at Stations 1 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 analysis of the water (Tables 1 and 2). The

presence of Navicule muralis and the relatively high numbers of

N,perparva at most staticns confirmed this still further. The
presence of these two specles also suggested that 2 certain amount
of self-purification cf the water was taking place, since the
optimal nitrcgen requirements for these two species lies below the
concentration necessary for the good growth of the nitrogen hetero-
trophic Nitpschiae (Cholncky 1960B: 252, 253; 1962B: 87; 1966A: 39).
In cther words these two species indicated the removal of some of

the nitrogen of the water, thus lowering the concentration.

E, CONCLUSIONS.

1). The chemical analysis of the Bloukrans River revealed that it
was a highly polluted stream.

2). Analysis of the diatom asscciations showed that high numbers of
nitrogen heterotrophic Nitzschiae were present at Station 1, 2 and 3,
while at Station 4 smeller, but nevertheless relatively high numbers
were found.

3). Scatter plots, comparing the concentration of the various
nitreogen 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 of nitrogen heterotrophic
Nitzschiae are associated with high concentrations of nitrogen.

4). The diatom associaticns found in the Bloukrans River were
characteristic of polluted waters having 2 high concentration of
nitrogen, which was subject to large fluctuations., A small degree
of self-purification was also evident. Similar diatom associations
have been found in other polluted waters in South Africa (Cholnoky

1953B: 19584).
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The Ecology of the Diztoms of the Vaal Dam Catchment ‘rea.




v
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A. INTRODUCTION,

The Vaal Dam ensures a gocd suppnly of water to the Witwaters-
rand complex, South Africa's most important industrial and mining
centre. The problem of pollution and nrotection of waters flowing
into the Vaal Dam is therefore of very great importance, Ccnsequently
the "Special Sub-committee on Stream Surveys in the Witwatersrand"
(organised by the National Institute for Water Research) in 1955
recommended that a survey of the Vazl 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 water in the rivers
and streams running into the Vasl Dam,

Subsequently Mzlan (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 with a view to assessing pollution effects accurately
and determining the effects of changing industrial end agricultural
activity". In fulfilment of Melan's recommendation Chutter (1967) has
completed the studies of the fauna, and this report on the diatoms
is presented as the finel contribution towards the whole survey of
the Vaal Dam Catchment Area,

In the study of the diatoms the main e2im was to investigate
the diatom associations of the Vasl Dem Catchment Area, against
a background of available physicel and chemical data on the water,
and thus assess the quality ~f the water prevailing 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 and agricultural development.
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A secondary aim was tn build up a2 knowledge of the systematics
and taxonomy of the diatoms, and to contribute towards the knowledge

of the distribution of the diatom species in Scuth Africa.

B, DESCRIPTICN OF THE VAAL DAM CATCHMENT ARE.L.

The catchment area of the Vazl Dam, covering aspproximately
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, and 5,750 ft,
above sea level (Chutter 1967: 47).

Rocks of the Karroo System underlie practically the entire
catchment area (Map 1)? except for isclated places near the Vaal
Dam where the Witwatersrand and Ventersdorp Systems are found in
small outcrops. Most of the area drained by the Vaal River and
its tributaries is underlain by the shales of the Ecca Series, while
nearly all the area drained by the “ilge and Liebenbergsvlei Rivers
is underlain by the shales and sandstones of the Beaufort Series.
The Elands River and the Liebenbergsvlei River with its tributaries
have their scurces 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 Wilge and Liebenbergsvlei Rivers, the two

rivers flow over beds of the Ecca Series.

*111 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 rain falls on the high lying parts in the scuth
and south-ecast. In these areas the annual rainfall ranges between
50" and 60" per annum, The rainfall over a narrcw band along the
southern and eastern borders of the catchment area has an annual
range of 32" to 50" per annum, Over the greater part of the
catchment, 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 produce heavy downpours for
short periods of time, The flows of the streams and rivers in
summer are, as a result, very variable; this variability 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 catchment area, the
Vaal River and its tributaries, and the Wilge River and 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,
Kinress and Trichardt areas. On the southern bank there are again
three tributaries, the Kleinvasl River and the Skulpspruit River
which drain the Amersfoort 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 Wilge River rises in the south and
flows northwards to the Vaal Dem, There are three main tributaries
on its eastern bank, the Molen, Cornelius and Holspruit Rivers, which
drain the area around Warden, 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 Witzieshoek and
Kestell areas; The Russespruit River, and the Liebenbergsvlei River
with its tributaries, 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, a2nd someminor 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 a2 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 Vazl D-m, In the Orange Free State the main towns in the Wilge
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 on agriculture.

In the Vaal River valley and the lower Wilge valley there are large
arezs under maize and sunflower cultivation, while in a strip from

Ermelc to Bethlehem stock farming predeminates,
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C, SAMPLING POINTS AND STATIONS.

The material for this investigation was collected on different
occasicns By Cholnoky, Chutter and the author. A list of the samples,
together with a short description of the locality and the date of
collection of each sample, is feund in Table 8, The samples in the
series Vazl 200 - 299 were collected by Cholnoky in July 1957 and
July 1958, Chutter made irregulasr collections of a large number of
semples from his sampling statiocns (Chutter 1967: 57 and Table 11),
in the whole catchment area during the period of the survey, i.e. 1958 -
1960; these samples are numbered in the Series Va=l 300 - 399.

In August 1960 Cholnoky made a further ccllection of samples, the
series Vaal 400 - 500, from the Vaal River system only., Finelly
the author, while on a2 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 distributicn of the sampling points is depicted.
Each sampling point is indicated by a2 black dot with the sample
number or numbers next to it. If such a sampling pcint should fall
on one of Chutter's stations, the black dot is replaced by a square
containing the number of the station, next tc which is written the
number of the sample or samples collected at that point. In the
text, any sampling point designated "Station" refers to Chutter!'s

sampling stations.
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D, METHODS.

1). Chemical and Physical Analyses.

The chemical analyses gquoted in this study were undertaken by
Malan and Chutter.

The methods used by Malan in his chemical analysis were described
in his report on the chemical survey of the Varl Dam Catchment Area
(Malen 1960: 9 and 10), With a few exceptions he followed the
methods set out in "Standard Metheds for the Examination of Water,
Sewage and Industrial Wastes (American Public Health Asscciation 1955).

In most of his chemical analysis Chutter followed the methods
described by Allanson (1961).  There were, however, some changes
which he described in his report on the fauna of the Vas1l Dam Catchment

Area (Chutter 1967: 45).

2). Diatom Samples.

With one or two minor exceptions, the methcds used for the
collection, preparation and investigation 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 at the time of collection of the
samples, the readings were made with a Lovibend Comparator., Chloro-
phencl 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 =ssessing the quality of the water, the structure
of the diatom associations at each sampling point was used. Cholnoky's
method for determining the structure of the diatom association (a modi-

fication of the Themasson Analysis) has already been described in Part 1.
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By studying the relative densities of the verious species, or groups
of species, it is possible to evaluate the ecological conditions of
a river, by making use of already known cocrrelations between the
organisms iiving 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 impartant
correlations are set out below,

It is well known that the chemical and physical properties
of water play a 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. Amengst the diatoms the most importent group, indicating
pollution of the water, is the nitrogen heterotrophic Nitzschiae.

This group of Nitzschiae, and particularly Nitzschia palea and

N,thermalis, have been discussed in relation to the orgenic nitrogen
concentration in Part 1 of this dissertation.

In a short study on the polluted Bloukrans River (Part 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 Nitzschiase and the nitro-
gen concentration of the water, i.,e. high numbers are associated with
high concentrations, and low numbers with low concentrations, This
experimental evidence and Cholnoky'!s studies (e.g. 1953B; 19584; and
1960B) were used as a basis for the assessment of the concentration

of organic nitrogen in the rivers of the Vaal Dam 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 purificaticn, Cholnoky (1958i: 209)

found that Gomphonema parvulum was characteristic of unstable

conditions, finding its cptimum development in water subjected to

large fluctuaticns of the nitrogen concentration. Navicula confervacea

and N, seminulum have been shown to have similar ecological requirements

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

The two small Navicula species, N.muralis and N.perparva are
very 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 twc species in significant numbers in tiie diatom
association indicates the end stages of self-purification in a body
of water or river,

In determining the dissolved oxygen ccncentrstion of a water
Cholnoky employed certain species which are 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 concentretions of dissolved oxygen in various
pepers (Cholnoky 19584: 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 occurrence of Cymbella

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

concentrations of dissclved oxygen. Most species in these groups



(35).
are katharobic and are seldom seen in highly polluted water.,
Depending on the pH of the water, either acidophilic or
alk=1liphilic associations will develop. In South Africa acidie
waters occur less frequently than alkaline waters, and 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 genera Anomoeoneis and Tebellaris to this proup.

In the acidic streams around Rustenburg in the Transvaal, Chclnoky
(1957B) found the associations to be characterised by Eunotia spp.,

Prustulia rhomboides and F, vulgaris, Pinnularia spp., Surirella

delicatissima and Tabellaria flocculosa, Similar asscciations

have been observed from other acidic waters in South Africa by
Cholnoky (1960B: 270; 1962B: 112; 1965: 80; 1966B: 231). The
assoclations of alkaline water, on the otherhand, are far toc large
to permit discussion here, since the mzjority of diatom species can
be regarded as alkaliphilic,

In 2 recent paper Patrick (1968: 182) produced experimental
evidence that "under very similar conditions, steady state communi-
ties with great similarity cen be produced", On this basis the
correlations, observed by Chclnoky in South African rivers and
discussed above, were applied to the diatom asscciations found in the

Vaal Dam catchment area in crder tco assess the quality of the water,
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E. RESULTS.

Table 9 ® presents a summary of the chemical analysis made by
Malan (1960). This survey indicated quite clearly that the rivers
in the Va2l Dam catchment area carried a low mineral content (Malan
l.c.: 33). Calcium and magnesium bicarbonates constituted the
greater part of the dissclved 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 salts.

Chutter (1967: 62) felt that certain bioclogically important
aspects of the chemistry of the water had been neglected by Malan,

Ais a result Chutter undertock a seccnd chemical survey, mainly of
the Vaal River and its tributaries, the Kaffirspruit, Kleinvaal and
Waterval Rivers. A surmary 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 samplcs from several stations on the Klip and Wilge River
systems. 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
suffielent concentrations to buffer the water adequately.

Consequently there were large fluctuations of the pH,

¥ The tables are 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, 114, 11B, 11C 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 with a relative density of 1% or
more in at least one sample in the relevant table have been reflected,
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 cobserved 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.

(2). 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 and 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), ond one in summer (Vaal 370).
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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
0, Absorbed 10 17.7 1.3 7.9

2
Diateom fnalysis: Table 12.

Comments: The diatom associations found here were characterised by

Funotia sppe., Frustulia rhomboides var, saxcnica, Pinnularia spp.

and Surirella delicatissima var., africana. These associations were

similar to those reported by Cholnoky (1957B: 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 reasonsble seration of the water,

In the winter 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 average 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
Nitzschiae was low, thus indicating only small quantities 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 Cholncky!'s collection
(11.8.60) the water was flowing slowly over a rocky river bed,

Chemical Data: Cholncky:- pH 8,0.

max. min, ave,
Malan:- Total Dissolved Solids 99 53 67
Total alkalinity (as CaCOB) 52 19 31
Total Hardness (as CaCOB) 48 15 27
Chlorides(as C1) 16 6 11
Sulphates (as soA) 13 1 544
Sodium (as Na) 1 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 Cholnoky's 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
wesent 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 two samples were collected from
different habitats, Vaal 306 from marginal mud and Vaal 307 from the
stones in purrent.

Chemical Data:

No. of samples., max, min, ave.
Chutter:- pH 7 8.1 6.4 7.2
Total Nitrogen 1.72 N.D. 0.5
Kjeldahl N. 7 1.1 N.D. 0.4
Ammonia N, g8 0.50 N.D. 0.15
Nitrite N, 11 0,015 N.D. trace,
Nitrate N, 11 0,60 N.D, 0.14
0, Absorbed 11 8.6 1.2 3.3

2
Diatom Analysis: 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 detectable (N.D.). In contrast to this the sample collected
in the summer (Vaszl 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 water. ThisArise in the
concentration in the summer ' could be related to a seasonal variation,
as similar sltuations have been observed at other points in the

catchment area.
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Sample Va=1 477. !

Locality: This sampling point occurred just above the confluence
of the Vasl and Kleinvaal Rivers, south-ecast of Ermelo,

Chemicrl Data: Cholnoky:- pH 7.9.

Diatom Analysis: Teble 15,

Comments: The association found here was almost the same as that of
Vaal 306 from the previous station (see above). Here again the
association indicated extremely well oxygenated, slightly alkaline
water (pH 7.9), containing negligible amounts of organic nitrogenous
material. The water therefore, at this point and at Station 2A

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

Station Wo. 3.

Locality: This locality was found where the Morgenzon-Amersfoort
road crosses the Vaal River., Chutter (1967: 84) remarked that
this station was subject tc large floods heavily 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 1.58 054 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 2k

Diatom analysis: Table 16,

Comments: The remarkable similarity between the three associstions
suggested a stability of the ecological factors in the Vaal River at
Station 3 during the winter. The three associations shuwed 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 various chemical factors was relatively smell. 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
unpoiluted. This fact was further confirmed by the chemical

analysis 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 diztom 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 association will be discussed in more detail later,

Station No., 4.

Locality: This sampling point was found on the Vasl River at
Standerton, below the old railway bridge. Just above this station
the river receives the can washing effluent from a milk processing
factory. Sample Vaal 417 was collected from a2 small stream in this
vicinity, which probably drains the area around the condensed milk
factory. Samples Vaal 315 and 316 werc collected from stones in the
current; no information is available concerning the habitats 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. 0422
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.JD. 0,11
0, Absorbed 13 5.6 1.0 2.9

Diatom Anelysis: Table 17.

Comments: Neither the chemical analysis of Chutter (quoted above)

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

can washing effluent on the chemical quality of the water.

Malan

attributed this to the masking of pollution by dilution in the

Vaal River.

The diatom associations, on the otherhand, indicated rather

unstable conditions. At times the numbers of nitrogen hetero-

trophic Nitgschiae 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 considerable variation in the
organic nitrogen concentration. Chutter!s study of the fauna
(Chutter 1967: 206) confirmed that the water quality was affectéd
by pollution at this station, where he found the most marked changes
of the fauna, particularly the sediment fauns, due to an effluent,
These observations on the diatoms and fauna did not appear to agree
with the chemical analysis of the water.

The diatom associations found in Vaal 417 were very reminiseznt

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 polluted with nitrogenous compounds., However
on account of its small size, the pollution effects were probably

eliminated by dilution in the greater volume of the Vasl River,
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Nevertheless it cannot be discounted entirely as a source of pollution
at this point, The dissolved oxygen concentrations appeared to have
fluctuated in response to the variations of the orgsnic nitrogen
concentrati;ns, being highest in sample Vaal 416 (Achnanthes

minutissima 27.5% and Cymbella Kappii 48.2%), when the concentration

of organic nitrogen is lowest,

Station No. 5.

Locality: Station 5 is situated below Station 4, end lies below the
Standerton Sewage Works. Chutter (1967: 64) reported that at this
station treated sewage was irrigated on to fields sloping towards the
river, He was, however, unsble to find any evidence for surface run
off. Diatom growth was apparently abundant in winter and early
sumner, The river bed consisted of mainly dolerite rock. Sample
Vaal 319 was collected from the stones in the current, while all the
samples were 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 2.9%

Ammonia N, 12 2.0 N.D, 0.34
Nitrite N, 12 0.3 N.D. 0.01

Nitrate N, 12 1.87 N.D. 0.42

0, Absorbed 11 6.0 1.1 3.1

2
Diatom Analysis: Table 18,

Comments: The distom associations fcund here were very similar to
those found at Station 3, and would therefore reflect similar environ-
mental conditions. The high relative densities of Achnenthes

minutissima and Cymbella spp., particularly C.microcephala, indicated

stable, well aerated katharobic conditions during the winter months.
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The low numbers of nitrogen heterotrophic Nitzschiae, suggesting only
smell concentrations of organic matter, support this conclusion.

However, the presence of Gomphonema parvulum, sometimes in fairly

high numberé (12.7% in 1959), gave an indication of a relatively
large fluctuation of the organic nitrogen concentration at
certain times, Evidence from the diatom associations suggested
that the Standerton Sewage Works had little deleterious effect on
the gqusality of the river during the winter.

Chutter (1967: 109) observed that the fauna 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 materizl (note high Kjeldahl

figures).

Station No, 5A.

Locality: This station is situated where the Vaal River is crossed
by the Standerton - Villiers road. Chutter's samples were collected
below a dolerite sill., Samples Vaal 321, 324 and 406 were collected
from stones in the current, while samples Vasl 322, 323 and 375 were
collected from algae trailing in the current.

Chemical Data: Cholnoky:- pH 8,7. Archibald:- pH 8.2.

No, of samples., max, min, ave.
Chutter:- pH 9 8.7 7.2 7.8
Total Nitrogen 1.58 0.5 0.84
Kjeldahl N, 5 0.88 0.5 0,70
Ammonia N, 6 U2 0,20 0,27
Nitrite N. 8 trace N.D. ‘trace
Nitrate N. 8 0.70 N.D. 0.14
02 Absorbed 8 4,0 1.2 2.1

Diatom Anelysis: 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, with a narrow range 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 concentrations 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 Achnanthes 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 indicating an alkaline water. This was
confirmed by the numerous pH readings recorded at ithis 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 Danm,
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Chemical Data: Cholnoky pH 8,6.

max, min, ave,

Malan:~ Total dissolved solids 185 78 133
Total alkalinity (as CaCOB) 152 40 93

Total Hardness (as CaCOB) 140 4t 86
Chlorides (as C1) 18 4 9
Sulphates (as SOA) 10 3 6

Sodium (as Na) 19 8 15

Diatom Analysis: Table 20.

Comments: It is unfortunate that, at the point where the Vaal River
enters the Vasl Dam, only one sample should have been collected.

The high numbers of Gyrosigma scalproides (17,7%), Navicula crypto-

cephala (18.2%), and N,rostellata indicated a high pH value end

oligotrophic water. However the complete absence of any Fragilariea
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 diatom association of sample Vaal 406
suggested, therefore, that the water entering the Va=1l Dam from the
Vaal River was of good quality. This conclusion was supported by

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

above ).

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

The Kaffirspruit River.

Locaility: The Kaffirspruit drains the area around Ermelo and has
been sampled at 2 number of different points. Station 19 lies where
the Ermelo - Standerton road crosses the river. Here the river bed
was samdstone rock, and four samples were collected from this point

(Vaal 342, %3, 344 and 493)., The samples Va2l 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 (Vanl 489);

8.6 (Vaal 491); pH 8.4 (V=21 492).

max, min,
Malan:- Total Disolved Solids 292 175
Total alkalinity
(as CaCOB) 255 124
Total Herdness (as CaCOB) 228 112
Chlorides (as Cl) 20 8
Sulphates (as soé) 14 6,2
Sodium (as Na) 28 14.5
No, of samples,
Chutter:~ pH 8
Total Nitrogen
Kjeldahl N, 7
Ammonia M, 10
Nitrite N, 12
Nitrate N. 12
O2 Absorbed 12

Diatom Analysis: Teble 21.

ave,
230

185
167
15

9.2

22

max.
8ol

5.07
4420
0.60
0.05
0.82
8.0

7.1

0,05
N.D.
N.,D.
N,D,
0.05
1.3

ave.,
749

1.58
1,24
0.15
0.01
0.33
3.1

Comments: It is obvious from the chemical data availeble for Station

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

As a result no traces of any acid water species were 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 summer
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supported a much larger proportion of nitrogen heterotrophic
Nitzschiae (50.6%), which led to the conclusion that in summer

the water contained much greater 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 Vaal 491 and 492 had associations which reflected
conditions similar to those found at Station 19 in the winter,
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 processcs
of self-purification before reaching Station 19. The winter samples
from the Kaffirspruit River were of further interest becausc here again
the Cymbella dominant associations observed at Station 3, were

recorded.

The Blesbok River - Station 18.

Locality: This station lies at the point where the Morgenzon -
Standerton 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 8,5,

max. min, ave,

M2lan:- Total Dissolved Solids 270 127 194
Total alkalinity (as CaCOB) 220 82 Ul

Total Hardness (as CaCOB) 190 75 128
Chlorides (as C1) 22 9 15
Sulphates (as SOA) 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 absence of any nitrogen heterotrophic Hitzschiae suggested
very clean water with no organic nitrogen in solution, Once more
a similer association to that of Station 3 was present, but in this

case A,minutissima was the dominant species.,

The Kleinvaal River - Station 20.

Locality: Station 20 occurred on a headwaters tributary of the
Kleinvazl River, and samples Vaal 347, 348 and 463 were collected
from this point.  Sample Va=1l 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, ave,
Chutter:- pH 9 8.5 6.7 7.8
Tot2l Nitrogen 2.6 0.31 1.33
Kjeldahl N, 4 2.10 0,30 1.12
Ammonia N, 5 0,42 N.D. 0,17
Nitrite N. 8 0.1 N.D. trace
Nitrate N, 8 0.40 0,01 0.21
O2 Absorbed g 4.0 0.50 1.8

Diatom Analysis: Table 23.

Comments: Being in the headwaters region of the Kleinvaal River it
might be expected that the sources of weter 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 Frustuli= vulgaris var. angusta,

Navicula subhamulsata and Pinnularia acoricols. These acidophilic

species in & 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 large increases of the numbers

of the katharobic species Cymbella Kappii (31.9%) and Cymbella

ventricosa (21,6%) showed an improvement in the quality of the weter.
In the summer months of 1958 and 1960 the diatom associations indicated
that the organic nitrogen concentration 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 Stetion 1 could possibly occur here. This will be discussed
in more detail later, Chutter's chemicel analysis provided no
evidence for any heavy enrichment of the water with nitrogenous

organic materials,

The Kleinvaal River - Station 21A.

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.

No. of samples. max, min, ave.
Chutter:- pH 5 8.3 763 7.7

Total Nitrogen 0.82
Kjeldahl N, 1 0.07
Ammonia N, 2 0.84 0.30 0,57
Nitrite N. 2 N.D. N.D. N.D.
Nitrate N, 2 0.2 0.16 0.18
0, Absorbed 8 yARS 1.2 2.3

2
Diatom Analysis: Tabla 24.

Comments: Here again the great similarity between the two associations
of 1959 and 1960 reflected a stability of the enviromment in the winter

months. The extremely high numbers of Achnanthes minutissima

(73.0% and 75.2%) suggested very well 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 Kleinvaal 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 Kleinvaal River with the V2s1 River. Chutter (1967: 118)

observed large growths of diatoms in the winter and dry early spring.

Chemical Data: No., of samples. maX., min, ave,
Chutter:- pH 7 9.0 72 77
Total Nitrogen 2.48 0.75 1.05

Kjeldahl W, 3 2.30 0.25 0.98
Lmmonia N, 6 042 N.D. 0.19
Nitrite N, 8 N.D. N.D., N.D.
Nitrate 8 0.18 N.D. 0.07
02 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 mere or less stable enviromment throughout the year.
The low numbers of nitrcgen heterotrophic Nitzschiae in both these
samples (7.6% and 0,7% respectively) indicated that the high organic
nitrogen content at Station 20 had been reduced in concentration

by self-purification until very little was left in the water 2t

Station 21. In the chemical data given above it can be seen that

the nitrogen concentration was very low, and nitrites were not detected
at all. This confirmed the evidence given by the diatom associations.

The very high numbers of Achnanthes minutissima 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, Both samples were collected in
August 1960.

Chemical Data: Cholnoky:- pH 8.2 (Vacl 465) and pH 8.5 (Vaal 468).

Diatom Analysis: Table 26.

Comments: Here again the samples contained the Cymbella dominant
associations, which reflect steble 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 drawn from the Cymbellas dominance of the
association., Therefore it does not appear that the small village

of Amersfoort polluted the waters of the Skulpspruit River,
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(¢). The Klip River.

The Upper Klip River - Station 24.
2

Locality: Station 24 was situated on the road up MiUller's Pass
between Mémel and Newcastle; two samples were collected from this
point, the one in winter (Vaal 437) and the other in summer (Vaal 358),
A short distance upstream another sample (Vagl 438) was collected in
August 1960. Sample Vasl 358 was collected from stones in the
current,

Chemical Data: Cholnoky:- pH 7.4 (Vazl 438); 8.1 (Vaal 437).

Chutter:-~ pH 8.3
Total Nitrogen 2.6
Kjeldahl N. 1.6
Nitrite & nitrste N. 1.0
0, Absorbed 6.6

~

Further details can be found in Table 11,

Diatom Anelysis: Table 27,

Comments: At Station 24 in the summer (Vazl 358) the nitrogen
heterotrophic Nitzschiae (50,9%) suggested a very high organic
nitrogen concentraticn of the weter, and the low numbers of

chnanthes minutissima (4.2%) reflected a low dissolved oxygen

concentration. On the otherhand the winter samples (Vaal 437
and 438) provided = ccmplcte contrast. The numbers of nitrogen
heterotrophic Nitzschiae dropped considerably (1.5% =nd 4.3%), with

a corresponding rise in the numbers of Achnsnthes minutissima (64.6%

and 29,2%). This suggested a substantial decrease in the organic
nitrogen content, while the dissolved oxygen concentration rose
steeply. The great similarity betwecn samples Vaal 437 and 438
suggested that the ecological character of the two pcints 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 -~ Station 25.

Locality: Staticn 25 is found on the Klip River just above Memel,
The close proximity of Memel to Station 25 might result in some
organic pollution of the water, Two samples were collected, one
in winter (Vazl 434) 2nd the other in summer (Vanl 359).

Chemical Data: Cholnoky:~ pH 8.4.

Chutter:-~ pH €.3
Total Nitrogen 3.1
Kjeldahl N, 1.2
Nitrite & Nitrate N, 1.9
O2 Absorbed 2.6

Diatom Analysis: Table 28,

Comments: Conditions very similar to those of Station 24 were
observed here. The apparent seasonal difference in the organic
nitrogen concentration was agsin very clear, and it would sppear
that the summer organic nitrogen load, carried down from higher up
the river, had been sugmented to some degree (Nitrogen heterotrophic
Nitzschiae 74.2%). This addition2l orgenic 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 2 mild enrichment of the water with organic nitrogen.
The chemical analysis, based on only cne sample, was unable to
show any great difference in the chemistry of the water between

Stations 24 and 25,

The Middle Klip River - Station 26,

Locality: Station 26 was 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 Seekoeivlel

below Memel. The vlei has 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: Cholnoky:- pH 8.3 (Vaal 449).

Chutter:-  pH 8.2
Total Nitrogen 2.7
Kjeldahl N. 1.5

Nitrite & Nitrate N, 1.2

02 Absorbed 447

Diatom Analysis: Table 29,

Comments: The association observed at Seekceivlei was somewhat
different from the associations previously experienced in the

Vasl River, Although the numbers of Achnanthes and 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: 563 1962B: 97). There was

some indication that the pH of the water at the Seekoeivlei occasicnally

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 A,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 Lange's
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 Date: Cholnoky:- pH 8.3.

max, min, ave,

Malan:- Total Dissolved Solids. 285 65 135

Total alkalinity (as 03003) 220 25 92

Total Hardness (as CacOB) 170 30 80

Chlorides (as C1) 24, 5 10
Sulphates (as SOA) 24 2.5 6.5

Sodium (as Na) 48 4 16

Distom Anslysis: 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%) and the @ esence

of Achnanthes minutissimz (9.8%) and Fragilaria Vaucheriae (2.6%)

in smaller numbers indicated a moderate oxygenation of the water.
Since small numbers of nitrogen heterctrophic 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 appear 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 L4 451 453
Cholnoky:- pH 7.4 7.0 8.6 8.2 8.5

Diatom Analysis: Table 31.
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Comments: 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 dissclved oxygen, probably the result of the
high surface to volume ratioc 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 samples 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, running into the Sand River just above
Station 8., All the samples were collected in late winter,

Chemical Data: Cholnoky:- pH 8.2 (Vaal 455); 8.3 (Vaal 456).

Diatom Analysis: Tsble 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 well oxygenated water, 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 same 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 &f the water, The paucity of the nitrogen heterotrophic
Nitzschiae (5.3%) reflected the very small concentrations of organic
nitrogen in the Sand River. ILittle can be said with regard to the
ecological conditions at Station 8 in September 1960, since the
autecology of one of the main species in the association, Nitzschia
silica Archibald (24.6%), is not known having only recently been
described (Archibald 1966C: 234). However thed¢mimenec of Achnanthes
minutissima (50.6%), and the presence of Cymbella spp. would suggest

well aerated and reasonably clean water.

The Kommandospruit River ~ Station No. 30.

Locality: The Kommandospruit River is ane of the main tributary
streams of the Klip River, draining the area between Vrede and Memel
Station 30 was situated where the Vrede - Memel road crosses the
river. At this point the river is not very wide and has a sandy

bottom, conteining few 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
O2 Absorbed 0.8

Diztom Analysis: Table 33.

Comments: The absolute dominance of the katharobic Cymbella

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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Although very little reliance can'be placed on a single chemical
analysis, the result of Chutter's analysis made in August 1961

reflected very low concentrations of nitrogen.

The Kommahdospruit 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 halfway 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 (Vaal 445).

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 was again provided. As at
Stations 24 and 25 the high numbers of nitrogen heterotrophic
Nitzschiae at Station 31 (Vazl 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 greatly
reduced, indicating less organic nitrogen. 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 nitrogen,
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The Vrede Strean,

Locality: An odd assortment of samples falls 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 neme,
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 (Va2l 422) from a small tributary
stream between Vrede and Station 27.

Chemical Data: Sample No, 429 441 427 422
Cholnoky: pH 8.7 8.5 9.0 8.5

Diatom Analysis: Table 35.

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 2.,  These
associations indicated stable, well 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 village of Vrede., In sample Vaal 429, the
relatively high numbers of nitrogen heterotrophic Nitzschiac (14.1%)

indicated some mild enrichment of the water.
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(d)., The Waterval River.

The Waterval River - Upper Regions.

Localitz:\ Sample Vazl 511 was collected from the Waterval River
just below Leslie, and Sample Vaal 512 was collected from a small
tributary of the Watervel River, sbout 17 miles from Leslie.

Chemical Data: Archibald:- pH &,0,

Diatom Analysis: Table 36.

Comments: These two samples, collected in 1965, are of value only
since they give some idea of the conditions which were found in
this area in March 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 Cholnoky (1963D: 254) found this Navicula
species in waters containing very high concentrations of salt.
In both samples the numbers of Achnonthes spp. reflected an

apparently very low concentration of dissolved oxygen.

The Waterval River - Station 17.

Locality: Station 17 was found on the Waterval River at Roodebank,
where the Leslic - Standerton road crosses the river. During the
period of the survey the development of gold mines was taking place
in the Leslie - Kinross - and Trichardt ares, This station lies
about 12 miles below the entry of effluent from a sewage works and =2
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,
Mzlan:- Total Dissolved Solids 431 60 186
Total alkalinity (as CaCOB) 238 24, 110
Total Hardness (as CaCOB) 18¢ 29 93
Chlorides (as C1) 102 8 25
Sulphates (as soA) 25 - 4J5 10,1
Sodium (as Na) 9 6.0 29
No. of samples. max. min, ave.
Chutter:- pH 5 9.4 7.6 8,2
Total Nitrogen 5.46 0.26 1.97
Kjeldahl N, 8 1.3 N.D. 0.7
Ammonia N, 10 0.84 N,D. 0,24
Nitrite N. 13 0.164 0,010 0,068
Nitrate N. 13 4.0 0,25 1.2
0, Absorbed 13 16.8 1.6 5.1

Diatom Analysis: Table 37.

Comments: The impression gzined from the long list of species
observed, and the great variability of the proportions in which they
occurred in the association, was one of a very unstable ecological
enviromment. 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 small 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 atthis
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
nitrogen was low in concentretion, and ammonia nitrogen was of
the normal level for the Vael River catchment area., However,
Chutter (1967: 64) remarked that no Kjeldahl nitrogen analyses
had been made on the two samples containing the highest nitrate
concentration., 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.

With 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 was, 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 Navicula cinctaeformis, Navicula pseudohalophila

and Nitzschia 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), which 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 ERiver 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 Vasl 339 was collected
from the stones in the current, while sample Vaal 340 was collected
from the marginal vegetation. The two samples showed 2lmost the
same type of association, but differed in two respects:-

1). +the presence of Achnenthes and Fragilaria spp. in relatively

high numbers in the stones in current habitat (Vaal 339) indicated
a better aeration of the water here than in the marginal vegetetion
habitat, where neither of the above mentioned oxygen indicators werc
observed.

2). The marginal vegetation habitat was more suited 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 Waterval River a2t the point
where the éalfour - Standerton road crosses the river. Two samples
(Veal 325 and 412) were collected from this station. Just above
Station 7 two samples were collected from two tributaries of the
Watervel River (Vazl 411, the Grootspruit and Var1l 413).

Chemical Data: Cholnoky:~  Sample No., 412 411 413
pH. 8.7 8.7 8.8

Distom Analysis: Table 38,

Comments: The effects of the organic pollution at Station 27 were
still evident at Station 7, although very much reduced, The
distom associations from Station 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%) werec lower in 1959

than they were in 1960 (21.5%), which would indicate a better

oxygenation of the water in 1960, The nurbers 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
similer associations. The high relative densities of the nitrogen
heterotrophic Nitzschiae in both the samples indicated an enrichment
of the water with organic nitrogenous materials. The major
difference between the two samples was the greater number of

Achnanthes minutissima (22.1%) in sample Vaal 413, indicating

better oxygenation of the water in this tributary than in the
Grootspruit. Whether the organic nitrogen contained by these

tributeries has any great effect on the Waterval River is difficult

tc gage,
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The Waterv=l River - Lower Regions.,

Locality: Three samples were collected from a point on the
Waterval River above the confluence of the Silverbank River,
where the road from Villiers teo Greylingstad crosses the river.
One other sample (Vaal 409) was collected from a small tributary
entering the Waterval 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 Vaasl 410 indicated that, from

the low numbers of Achnanthes minutissima (3,0%) and relatively high

numbers of nitrogen heterotrophic Nitzschiae (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 Nitzschiac (20,8%) indicated a poorly
oxygenated and mesotrophic water. Organic pollution would easily
be effected in the small volume of the seepage water, but it had no
apparent effect on the mein 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 assoclation containing few specimens of Achnanthes
minutissima (4.2%), and high relative density of the nitrogen
heterotrophic Nitzschiae (30.37). This reflected poorly cxygenated
water with relatively large concentrations of organic nitrogen.
Again dilution on entering the main river would probably eliminate
any i1l effects on the water quality of the Waterval River derived

from this tributary.

(e) The Lower Vaal River,

Tributaries of the lower Va1l River.

Locality: The samples grouped in this category were collected from
the small tributaries of the Vaal River below Standerton. Three
tributaries were found in the Standerton district (Vazl 414, 415 and
419 and 420), and three much smaller streams were sampled in the
vicinity of Villiers (Vaal 404, 405 and 408), A1l the samples

were collected by Cholnoky in August 1960.

Chemical Data:  Sample No. 404 405 408 414 415 419 420
Cholnokyi- pH. 8.6 8.‘7 8.6 9.6 8.5 80’7 -

Diatom Analysis: Table 40.

Comments: With the exception of sample Vaal 408, the low numbers of

Achnanthes minutissima indicated that 211 these smell tributaries

had low concentrations of dissolved oxygen. In sample Vaal 408

the dominance of A.minutissima (66.2%) indicated a very well aerated

stream.

The orgsnic nitrogen concentrations in the streams under review
differed considerably from stream to stream. The small stream
entering the Vaal River just above Station 5 at Standerton was

sampled twice, once from the stream itself (Vasl 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 concentraticn.

In the main stream the low numbers of nitrogen heterotrophic
Nitgzschiae (8.6%) indicated small organic nitrogen concentrations.
On the otherhand the relatively high numbers of nitrogen hetero-
trophic Nitzschise (33.2%) in sample Vaal 419 indicated that the
tributary was reasonably well enriched with organic nitrogen.
However the effects of this enrichment were not =2pparent at Station 5
(see Table 18). Of the remaining samples, only sample Vaal 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 Cholnoky!s measurements of the pH value. The

dominance of Amphora veneta (54.6%) in sample Vaal 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 situated on the Kalk 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. Staticn 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.
mex, min., ave, max, min., ave,
Malan:- Total dissolved Solids 606 400 503 334 175 256

Total alkalinity (as 03003) 392 261 503 33 175 2

Total Hardness (as 09003) 115 70 95 200 80 1
Chlorides (as C1) 96 52 72 38 14
Sulphates (as SOA) 56 13.5 28 105 13,6
Sodium (as Na) 180 105 151 76 28

Distom Analysis: Table 41.

Comments: The low oxygen content at Station 16, indicated by

56
27
23

29,6

45

the absence of any oxygen indicators, did not appear to be caused by

large concentrations of organic nitrogen, since the numbers of nitr
gen heterotrophic Nitzschiae (18.0%) indicated only mild enrichment
of the water with organic materials. Very evident in this associa

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 analysis, where the average concen-
tration of dissolved solids in the colliery dam was over 500 ppm.

The high numbers of Cyclotells comensis (20.5%) reflected the

suitability of the Grootvlei Dam for planktenic growth,

The association found at Station 15, below the Grootvlei Dam,
indicated the same seort of conditions, but in more diluted concen-
trations. The nitrogen heterotrophic Nitzschiae (9.8%)
represented small concentrations of organic nitrogen, while 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 Grootvlel
Dam, This was supported by Malan's chemical analysis and his

observation (Malan 1960: 27) that very little of the mineralised

Qe

tion
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water from the Grootvlei Dam gazined access to the Kalk River,
Here also the lack of oxygen indicators reflected poorly oxygenated

water,  The large numbers of Navicula cryptocephala (44.3%) and

Rhopalodia gibberula (13,0%) were indicative of highly alkaline water.

This wes confirmed by Cholnoky's measurement of the pH (8.7).

(2). The Wilge River System.

(a). The Wilge River,

Station 9,

Locality: This station occurred near the headwaters of the
Wilge River where it is crossed by the road from Harrismith to
Colling's Pass, Sample Va2l 328 was collected from the stones

in the current,

Chemical Data: Chutter:- pH, 8.3
Total Nitrogen 34
Kjeldahl N, 2o

Nitrite & Nitrate 1.0

O2 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 Achnanthes and Fragilsria suggested a high oxygen concentration,

which, judging from the relatively low numbers of nitrogen hetero-
trophic Nitzschiae (9.8% and 6.6% respectively), conteined very
little organic nitrogencus material, The high numbers 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 data, as only one sample

was analysed.

Station Ne., 10,

Locality: Station 10 was the Wilge River at the village of
Swinburne, where the samples were collected just above the road
bridge. A hotel was situated on the bonks of the Wilge 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
0, Absorbed 6.6

Diatom Analysis: 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 station, 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 pyotassium 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. 11A, 11B, and 110,

Locality: All three stations in this group occurred at or near
Harrismith. Station 11A was found near the bridge where the Wilge
River entefs Harrismith, This station lay below ponds next to the
river in which the effluent from a2 milk processing factory was
treated., Station 11B occurred where the Wilge River left Harrismith,
This station lay below some ponds in which a textile factory effluent
was treated. Station 110 was situated a little way below Herrismith
No diatom collections were made from Station 11C which lay sbout 300
yards below Station 11B. The samples were collected in September
and October 1958,

Chemical Data: Station 11A.

max, min, ave,

Malan:=Total Dissolved Solids, 81 7 57
Total alkslinity (as CaCOB) 42 iyA 27
Total Hardness (as CaCOB) 36 13 23
Chlorides (as C1) 12 3 7
Sulphates (as 804) 7 1.3 3.6
Sodium (as Na) 11.5 3.5 7.0
Station 11A 11B
Chutter:- pH 6.8 7.1
Total Nitrogen 3.2 4.0
Kjeldahl N, 1.2 WA
Nitrite & Nitrate N. 2.0 0.6
O2 Absorbed 9.4 8.6

Diatom Analysis: Table 44.

Comments: The presence of large numbers of Achnanthes minutissima

and Fragilaria Vasucherize reflected well oxygenated water at all

three sampling points, 11A, 11B and 11C. At Station 11A the
relatively large numbers of nitrogen heterotrophic Nitzschiae (25.0%)
indicated some enrichment of the water with organic nitrogencus

compounds . Such organic material could possibly have been derived
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from secpage water from the milk factory effluent ponds. Lower

down at Station 11B 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 Stetion 11B. In this
regard Hynes (1963: 102) remerked that milk wastes are readily
decomposed., At Station 11C there were once more high relative
densities of the nitrogen heterotrophic Nitzschiae (21,8%) indicating
organic nitrogen enrichment of the weater. 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 11B. Chutter's chemical analysis shown

above suggested that at 11A and 11B 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 cbserva-
tions. Chutter (1967: 65) cleimed that the fauna strongly

suggested an sbnormal chemical quality of the water.

Station No, 12.

Locality: This station occurred just below the confluence of
the Cornelius River, where the Wrrden - Reitz road crosses the Wilge
River. One sample was collected in September 1958,

Chemical Dats: Nil.

Diatom Analysis: Tsble 45,

Comments: At this station, also, the Cymbella dominant association
of Station 3 was observed, This association, with its high numbers

of katharcbic Cymbella species, and the high relative density of
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Achnanthes minutissime (22.6%), indicated a stable and unpolluted

water, The relatively low numbers of nitrogen heterotrophic
Nitzschiae (10,2%). The orgsnically rich water at Harrismith
was apparsntly no longer detectsble at Stetion 12, the river having

undergonc self-purification.

_he Wilge River before the Confluence of the Liecbenbergsvliei River.

Locality: This sampling point occurred just before the confluence
of the Liebenbergsvliei River with the Wilge River, where the road

from Frankfort to Reitz crosses the Wilge River, One sample was

collected in July 1958.

Chemical Data: Nil.

Diatom Analysis: Table 46.

Comments: 84.4% of the diatom association was composed of oxygen

indicators, Achnanthes and Fragileria, this led to the conclusion

that the water was very well oxygensted., The correspondingly low
relative 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 known although it was collected by

Cholnoky from Frankfort.
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Chemical Data:

max. min, ave,
Malan:- Total Dissolved Solids 212 65 124
Total alkalinity (as CaCOB) 170 35 26
Total Hardness (as CaCOB) 150 35 75
Chlorides (as Cl1) 15 4 9
Sulphates (as SOA) 20
Sodium (as Na) 13.5 2.3 54
Chutter:- pH 8.6
Total Nitrogen 3.5
Kjeldahl N, 1.7
Nitrite & Nitrate N. 1.8
O2 Absorbed 3.9

Diatom Analysis: Table 47.

Comments: In both samples the numbers of Achnanthes minutissima

(21.6% and 48.3%) indicated a good oxygenation of the water, with
a greater concentration of oxygen in September 1958, The relative

densities of the katharcbic Cymbella microcephala in the two

samples (15.4% and 22.5%) supported this conclusion. However while
showing similarities in this factor, they were quite widely different
in respect to the nitrogen heterotrophic Nitgzschiae. In July 1958
the nitrcgen heterotrophic Nitzschiae (37.2%) were plentiful and this
indicated a fairly heavy pcllution due to organic nitrogenous materials.,
On the otherhand in September 1958 nitrogen heterotrophic Nitzschiae
numbers had decreased to 1.7% of the associatiocn, 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.

Locality: - The precise locality of these sampling points is nct
known, but Cholnoky's samples, Vaal 203 and 204, were collected
frombthe Witzieshoek area in the vicinity of Station 38, either
fr-m the Elands River itself or from its tributaries. Both samples
were collected in July 1957.

Chemical Data: Nil,

Diatom /fnalysis: Table 48.

Comments: The asscciations of both samples were somewhat similar
in their general characteristics, and again the Cymbella dominant
association was present, although not so well developed. The

katharobic Cymbella species in association with 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 orgenic
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 katharcbic species.

The Klerkspruit River - Station No. 40,

Locality: The Klerksprult 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 CaCOB) 194 64, 133

Total Hardness (as CaCOB) 157 55 110

Chlorides (as C1) 18 7 10
Sulphates (as SOA) 10 3.2 5.4

Sodium (as Na) 30 10 19

Diatom Analysis: Table 49.

Comments: Here alsc the high relative densities of Achnanthes

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.

Locality: Two samples wcre collected from the Russespruit River, a
tributary of the Wilge River. Semple Vasl 249 was collected in
July 1958 near the scurce of the Russespruit River, where the
Bethlehem - Warden road crosses the river, snd sample Vaal 363 was

collected from Station 41 in February 1959 near its confluence with

the Wilge River, where the Warden - Reitz rond crosses the Russespruit

River,

Chemical Data: Chutter:- pH 8.5
Total Nitrogen 3.8
Kjeldahl N. 2.8
Nitrite & Nitrate N. 1.0
0, Absorbed 7.8

2
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Diatom Analysis: Table 50.

Comments: At the headwasters of the Russespruit River (Vasl 249)

in July 1958, the numbers of Achnanthes minutissima (11.8%)

indicated 2 reasonable concentrotion of dissolved oxygen in the weater,
The relatively low numbers of nitrogen heterotrophic Nitzschiae
(10.3%) together with the high relative deusity of Gomphonema

parvulum (21.0%) and the presence of Nevicula seminulum (2,2%)

indicated fairly low, but fluctuating organic nitrogen concentrations,
which sometimes reach quite high values,

Near its confluence, however, in February 1959 (Vaal 363)
the quality 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
o result there was & corresponding decrease in numbers of oxygen

indicators so that Achnanthes minutissima (0.0%) head disappeared,

However while this indicated a very low oxygen concentration, the

presence of Nitzschia palea (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
Wilge River and drain the district around Warden, through which

the Cornelius River flows. One sample wes collected from each

of these rivers, In September 1958 Chutter collected = sample

(Vaal 336) from the Molen River a2t Station 14, where the Harrismith -
Warden 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, and the other (Vaal 253) from Station 36 on the Holspruit River,
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where it is crossed by the Warden - Vrede rocad.

Chemical Data: Nil.

Distom Analysis: Table 51.

Comments: The diatem association from the Molen River was composed

mainly of (a) Cyclotella comensis (25,3%) which may indicate the

presence of a relatively quiet pocl, promoting the growth of
plankton, and (b) a variety of katharobic species such as Achnanthes,
Cymbella and Frogilaria species, which indicated 2 relatively stable,
well oxygenated and clean environment, The low numbers cf
nitrogen heterotrophic Nitzschise (8.4%), pointing to low organic
nitrogen concentrations, supported this conclusion.

The Cornelius River nesr its headwzters was dominated by Navicula
cryptocephala, which indicated an alkaline slightly mesotrophic to
oligotrophic water. Evidence for a mesotrophic nature of ithe water
was enhanced by the relatively high numbers of nitrogen hetero-
trophic Nitzschize (13.9%).

At Station 26 on the Holspruit River the association was rather
confusing as it provided elements for a clean water with a reascnably

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
were not clear, but it may be the eerly stages of a transition of

a clean water associastion to a polluted water association,

The Liebenbergsvlei River,

Locality: All the samples in this group were ccllected from small
tributaries of the Liebenbergsvlei River, Vaal 236 was 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 (Vasl 239), and
near its source (Vasl 364: Station 43). Vaal 242 was collected from
a tributary of the As River, and finally Vaal 245 was collected from
a tributery of the Tier River, which flows into the Licbenbergsvlei
River,

Chemical Data: Nil.

Diatom Analysis: Table 52,

Comments: On account of the large numbers of Achnanthes and Cymbella
spp., in sample Veaal 236 the water appeared to be of good quality,
containing a high concentraticn of oxygen, and little or no organic
nitrogenous matter in solution, The relatively small numbers of
nitrogen heterotrophic Nitzschiae (11.2%) confirmed this.,

The associations found in the As River reflected apperently good

quality water. The high numbers of Nitzschia linearis (64.2%) in

ssmple Vaal 239, end the relatively high numbers of Achnanthes

linearis (21.5%) and A.minutissima (36.4%) in Va=1 364, indicated

a high dissolved oxygen concentration in the water., Correspondingly
low relative densities of the nitrogen heterotrophic Nitzschiae

in both samples (3.2% and 5,7%) indicated small concentrations

of organic nitrogen.

In sample 242 the high numbers of Nitzschin linearis (44.8%)

indicated well oxygenated water, while the relative density cf 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 relatively mesotrophic water.
This was confirmed by the high numbers of nitrogen heterotrcphic Nitz-
schize (39.9%) which reflected a reasonably high concentration of

organic nitrogenous materials.
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F, DISCUSSICN.

1). General Summary.

In the preceding paragraphs the ecological conditions
at each sampling point or station have been discussed in detail. It
remains only to summarise the conclusicons drawn from the chemical and
diatom analysis, and evaluate the ccnditions found at these peints.
In this way an attempt will be made to draw up a co-ordinated picture
of the conditions which prevailed at the time of the smrvey.

(a). pH. The evidence presented by the diatom asscciations
indicated that the river water in practically the whole of the Vazl
Dam catchment area was alkaline and well buffered. This was confirmed
by the predominance of calcium and magnesium bicarbonates in all the
rivers (Table 9). The mean pH va2lue for each station ranged between
pH 7.2 and pH 8,2 (Table 10), At certain points in the cetchment
area the diatom asscociations suggested differences in the mean pH
range from that generally found in the catchment area.

The acidophilic association found at Station 1 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 te a large
extent to the marshy nature of the locality. Certein acidophilic
species, present in small but significant numbers, were alsc found
at Station 20, This suggested that marshy conditions occurred at
the headwaters of the Kleinvaal River influencing the pH at
Staticn 20 so that it occasinnally drcpped to below neutral point
(Table 10).

At Stetion 17 and in a small tributary of the Vasl River near

Standerton (Vaal 414) the numbers of Amphora veneta (54.6% in Vaal

414) suggested that the pH occasionally rose well over pH 8,0,

Measurement of the pH revealed that this was true.



(83).

*

(b) Organic nitrogen concentrstion and Water Quality.

Map 3 shows the distribution of the nitrogen hetero-
trephic Nitzschiae, each dot representing cne sample. Since the
nitregen heterotrophic Nitzschiae are regarded as indicators of
organic nitrogen pollution, this map reflects the quality of the
water in the catchment area,

(1) The Vaal River.

Evidence frcm 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 associations
provided evidence for a natural enrichment of the water with organic
materials., This enrichment was probably dependant on a seasonal
variaticn in the organic nitrogen concentration; this will be
discussed later, The diatom associations from Station 4, showed
that at Standertcn the organic nitrogen concentrations were variable,
but generally high. The corganic pollution was probably derived
from the can weshing effluent, which is pumped intc the river at
this point. Chemical analysis of the water at Station 4, however,
was unazble to confirm this conclusion, since the effects of the
effluent on the chemical quality of the water could not be detected,
On the otherhand Chutter's observation that "the most marked changes in

the fruns of 2 sediment, due to an effluent, was found at Station 4"
(Chutter 1967: 206), supported the diatom evidence.

Similarly at Station 5A the chemical analysis of the water
was uneble to confirm the diatom evidence of large fluctuations
in the organic nitrogen concentration,

Station 5 was interesting since here the cpposite case was

observed., While the chemical analysis of the water showed higher
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than normal concentrations of nitrogen, the distom associations
indicated a stable environment which was not polluted, containing little
or no nitrogen, Chutter (1967: 109) supported the di=tom evidence by
observing that the fauna of this station showed little change.

(1ii). Tributaries of the Vaal River,

In considering the tributaries of the Vaal River, the Waterval
River will be dealt with as 2 separate 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 meost
sampling points on the tributaries of the Vas1l River was good, the
diatom associations showing low organic nitrogen concentrations.
Exceptions to this, however, were found at one or two places.

Cn the Kaffirspruit near Ermelo (Vaal 489) and at Memel on the Klip
River the diatoms indicated organic pollution, particularly at
Ermelo, where the relative density of the nitrogen heterctrophic
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 alsc sppeared to contain lerge concentrations of
organic nitrogen in winter (Table 23). A similar situation was
observed at Station 1.

Many of the smaller tributaries of the Klip River, and scme of
the smaller tributeries of the Va=l River (e.g. Vesl 414, 415, 419 =nd
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 sma2ll streams 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 concentrations 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 tributaries was not as ominous as it
appeared at first glance,

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 seascon of the year, Thus at Stations 19, 24, 25 and 31
the diatoms indicated very much larger concentrations of organic
nitrogen in the summer or wet season than in the winter cr dry
Season, At Station 20 the picture was not clear, and it is
possible that, although the organic nitrogen concentration is high
in summer, the cocncentrations in winter were generally relatively
higher than in summer. This would again parallel the situation
at Station 1.

The available chemical evidence from stetions on these
tributaries provided no real support for any seasonal variation,
nor could it show any unduly high concentrations of orgesnic
nitrogen at any of these staticns. At Station 19, however, the
chemical analysis showed a reasonably large fluctuation of the
nitrogen concentrations, in which scme of the highest values were

recorded in the summer months,
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(iii). The Waterval River,

The diatom associations found in the Waterval River indicated
that the whole river was tc some extent orgenically polluted.
Effluents from the developing gold mines, and sewage works effluents
from the mine settlements in the headwsters region of the Waterval
River, appeared to have caused the high pollution at Staticn 17,
the point just below the gold mines. The diatom associations
indicated a varieble organic nitrogen ccncentraticn, which was
generally high. The relative densities of the nitrogen heterc-
trephic Nitzschiae in many cf the samples from Staticn 17, particularly
Vaal 497, were comparable to those found in the highly pclluted
Bloukrans River (see Part 1). The chemical 2nalysis of the water
at Station 17 lent support to the idea of pollution at this point
gince the water was enriched with nitrites and nitrates. Furthermore
the mean value for the 4-Hour oxygen absorbed from potassium
permenganate test at Station 17 was, with the excepticn of Station 1,
the highest recorded in the catchment area.

The high organic nitrogen concentrations at Station 17 appeared
tc influence the lower regions of the river, since at Station 7 the
organic nitrogen concentration, although reduced, was still relatively

high, The presence cf Gomphonemz parvulum and 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 thet of Station 7. The influence of some of
the smaller tributaries cf the Waterval River on the main stream
itself was probably slight, although in scme 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 of the water entering the



(87).

Vaal Dam, since at Villiers (Station 6) below the confluence of

the two rivers, there was no evidence for any high concentration of
crganic nitrogen. Although Chutter (1967: 206) cbserved the largest
and most permanent chenges in the chemical quality of the water in
the Waterval River, he was unable to demonstrate any effects of this
change on the feauna,

(iv). The Kalk River,

The diatom analysis showed that, although therevwas evidence
for some organic enrichment of the water in Greootvlei Dam (Station
16), this had been removed from the water by the time it had reached
Station 15.

(v). The Wilge River System.

In the Wilge River System most of the samples 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
isclated 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 Harrismith enrichment of the water due to seepage from the
effluent ponds of the milk processing factory, and lower down due to
seepage from the effluentponds of a textile factory, was indicated by
the diatom associatiocns. 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 of the water below Harrismith

to any extent., At Station 12 only small concentrations of organic
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nitrogen were indicated.

The conditions of the weter at Frankfort (Table 47) was
confusing, since the two samples collected at this point reflected
the opposite conditions; the one sample (Vaal 231) indicated high
organic nitrogen concentrations, while the other reflected low
concentrations (Vazl 335).

The diatom associations from the tributaries of the Wilge
and Liebenbergsvlei Rivers (no diatom analysis availsble for the
Liebenbergsvlei River itself) indicated a few isolated points of
orgenic enrichment. Since these points were not in the immediate
vicinities of any town or villages, the organic enrichment was
probably nstural in origin, and apparently had little effect on
the quality of the water in the Wilge and Liebenbergsvlei Rivers.

The paucity of dicbom samples did not permit an accurate
assessment of the quality of the water entering the Vaal Dam via
the Wilge River System. However with the limited information
available it would appear that the quality of the water in the

Wilge River System is fair.

(¢). Dissolved Oxygen Concentraticn.

The dissolved oxygen concentrstion 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, Cymbella and Fragilaria were dominant in the associations.,

Wherever low oxygen concentrations were cbserved, they were ncrmally
the result of high organic nitrogen concentrations, which require
greater amounts of oxygen for their oxidaticn, However at no point
in the catchment area were conditicns ever anaerobic, since no samples

reflected the presence of any specimens of Nitzschia thermalis in




(89).

13

the Thomasscn Analyses. In the Waterval River which has been shown
to be organically enriched throughout its course, the oxygen concen-

trations at all sampling points appeared tc be low.

(d). Salt Concentration,

Distom and chemical evidence both showed that only
two localities had salt concentrations which were higher then normal,
One was Grootvlei Dam, whose water was mineralised due to the
effluents from the Springfield Colliery., The other was the Waterval
River, which received effluents from the developing gold mines,
whose mineralised effluents caused a rise in the salt concentrstion
in the Waterval fiver, In all other parts of the catchment area

salts were found in small concentrations only.

It is clear from the points discussed above that thewter,
entering the Vaal Dam via its two main river systems, The Vaal and
Wilge Rivers with their tributaries, was of gocd quality., Poeints
of pollution in the catchment area did occur, but were localised,
and the organic nitrogenous materials were socon removed either by
self-purification or by dilution on entering the main river of the
system, where it encountered larger volumes of water.

In the results the diatcm associations 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 asscciations 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 indicetors were more reliable

in determining the chemical quality of the water then 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 view cof. Chutter's comment that the faunal changes due to the
effects of the effluents were only minor (Chutter 1967: 204), it
might be true to say that the diatom asscciations were more sensitive
to changes in the chemical composition of the water, thus reacting

to changes in a relatively 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

Chuttert!s faunal survey.

2). Seascnal Variation.

In the course of this investigaticn it became apparent
that there was some evidence for a seasonal variation of the
species in the diatom asscciations at certain stations. The
evidence for this was admittedly slender as no proper investigcation
intc seasonal variation was planned, However at a number of
staticns it so happened that at least cne sample was collected from
these peints in beth surmer and winter, Table 53 reflects the
analysis of the winter and summer associations of various stations,
It is clear from the dates of collection of the samples that, while
the samples were collected in summer or winter, the year of collec-
tion and the time period elapsing between twe associated samples,
was very varizble, In some cases the time interval was six months
between collecticns, while in others the time interval was eighteen
months. For this reason the evidence was nct regarded as foolproof,

but rether as an indication of a seasconal variation.
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A study of Table 53 revealed that the two groups most
affected by the apperent seasonsl veriation were firstly, the cxygen

indicators Achnanthes, Cymbella and Fragilaria, and secondly the

organic nitrogen indicators, i.e. the nitrogen heterotirophic
Nitzschiae. The other species in the associations showed no

apparent seascnal trend, but in some instances species of Cymbella
showed slight indications of higher numbers in winter than in summer.,
The table alsc revealed that the trend at Station 1 was the reversal
of the trends found in the other samples., Furthermcore Station 21 was
the only sample which did not reflect a seasonal veriation.

At Station 1 the greater numbers of nitrogen heterctrophic
Nitzschiae in winter (Va=1l 479) indicated that the crganic nitrcgen
concentration of the water was 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 variaticn, the opposite trends were observed, In the winter

or dry season it was found that Achnanthes and Fragilaria species were

present in the asscciaticns in relatively greater numbers than in the
summer or rainy seascn. On the otherhand the nitrogen heterotrophic
Nitzschiae composed the greater part of the diatom associations in
summer, while the proportions were considerably reduced in theuinter
pericds. Thus the diatom associaticns indicated the following
seasonel pattern:- In winter the water contained greater amcunts

of dissclved oxygen and a relatively low concentration of organic
nitregen., In summer the concentrations of orgenic nitrogen rose te
high levels, and was accompanied by a corresponding decrease in the

dissclved oxygen concentrations of the water.
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Can this seasonal veriation be explained? The follcwing
hypothesis is put forward as an attempted explanatir-n of the trends
described sbove. During the dry season meny of the smaller streams
dry up, leaving only the marshy sponges, from which most of these
small streams originate, =s the only natural source of water for
livestock, Waste products from the livestock, enriching the water
with organic nitrogen, are accumulnted in the sponges as there is
ne water flow to carry this enrichment away. This accumuleticn
is further supplemented by organic matter derived from plant decay
in the sponges. BSuch conditicns would giverise to high organic
nitrogen concentrations, such as were cbserved 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 streams and rivers in the winter,

However with the coming of the heavier summer rainfall, the
accumulated organic nitreogen in the sponges would be flushed cut,
decreasing the organic nitrcgen concentration in the sponges,
while increasing the concentration in the streams. The increased
organic nitrogen content of the streams is supplemented by the
greater loads of organic matter carried into the streams by the
increased surface run off from the surrcunding country-side.
Consequently in the sponges, such as at Station 1, the numbers of
nitrogen heterctreophic Nitgschiae drop in summer, while in the

streams and rivers the numbers increase considerably.
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Since oxygen is required feor bacterial decomposition of
crganic material (Hynes 1963: 58), greater amounts of oxygen would
be required in summer when the organic nitrcgen content is highest,
This increased oxygen demand in summer could reduce the concentration
of oxygen available to the datcoms 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 cf

Achnanthes and Fragilaria were lower in summer than in winter,

The hypothesis as set out above appeared to fit the observaticns
of a seasonal variation in the species 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 whele question of seasonal
variation needs greater and more intensive investigation befcre
any definite opinions can be formed. At present all that can be
said is that, in the Vaal Dam catchment area, there is some evidence,
which points to a seasocnal variation of the species composition in

the diatom associations,

3)., The Diatom Associations of the Vaal Dam Catchment Area.

The Vaal Dam catchment areec developed two distinct types
of diatom associations, the cne an alkaliphilic associaticn and the
other an acidophilic association. Vhile the alkaliphilic associaticns
were found over practically the whole catchment area, there was only
one locality which produced a true acid water association, visx,
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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Eunctia, Frustulia rhcmboides var, saxonics, Surirella delicatissima

var, africana, and some Pimnularia species. These acid water indicators
were further supported by the presence of the less common acido-

philic species such as Achnanthes microcephala, Caloneis Chasei,

Cymbella grocilis, Navicula subtilissima and Nitzschia gracilis,

all of which occurred in relatively significant numbers in the
asscoclations, This type of =zssociation was limited to Station 1,
and 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 feund elsewhere.

With the excepticn of Station 1, all the diatom associations
found in the Vazl Dam catchment area were alkaliphilic, These
diatom associations differed from sampling peint to sampling peint
depending on the envircmmental factors prevalent at the station
concerned, On the whole the species compositicn of the associations
was similar throughout the catchment area, and it was therefore
mainly the proportiocns in which the species occurred, which were
affected by the environmental factors,

One of the most interesting diatom associations cbserved in
the catchment area was first seen at Station 3 (Table 16). This
type of association was domineted by species of the genus Cymbells,
and was in most cases accompanied by relatively high numbers of

Achnanthes minutissima. Other species such as Navicula cryptocephala,

N.rhynchcephala, N,tenella, N,Zanonii, Nitzsehis interrupta, and

N.linearis were almost invariably present in the same associaticn,
The numbers of nitrogen heterotrophic Nitzschize were always 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 associaticns were found at many stations
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 important Cymbella species were Cymbella amphicephala,

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 bella

species, while still present in high numbers, were reduced in
impertance, Examples of this type of association can be seen at
Station 13 (Vaal 335), Station 17 (Vaal 337) and Station 18.
Ecological ccnclusions drawn from the latter type of association
would be very similar tc those drawn from the former associstions,
Teble 54 also showed that the Cymbella dominant associations
were a2ll collected in the winter menths of August and September,
It is therefore pessible that these Cymbella dominant, and sometimes
Achnanthes dominant, associations composed a basic association, which
would be found at any stable unpolluted and alkaline sampling point
in the catchment area during winter. Any changes away from the
stable winter conditions at any point would be reflected by =
change in the relative proportions of the different species in this
basic asscciation.
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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Vaal Dam catchment area, During the winter months, wherever stable,
unpolluted and alkaline envircnmental conditions are experienced,
2 basic asscciaticon of diatoms, which ected as a species pool, is
developed. This basic asscciation is composed firstly of those
specics which are dominant; secondly certain species, which,
although present in smaller proporticns, are also indicative of
the stable unpolluted conditions; and finally of other species,
such as the nitrogen heterotrephic Nitzschiae, which are present
in very small numbers, In the Vaal Dam catchment area this basic

association consists of Cymbella species or Achnanthes minutissima

as dominants, together with the less common constituents, Navicula

cryptocephala, N,rhynchccephala, N,Zancnii, Nitzschia interrupta

and ¥,linearis, and finally low numbers of nitrogen heterotrophic

Nitzschiae., As long as the conditions remain the same, stable and un-

pclluted, this basic asscciation is found.

“hen a change of the quality cof the water due to natural or
human =2gencies is encountered, it appears that the first group to
be affected is the Cymbella species. As the crganic nitrogen
concentration increesses the numbers of nitrogen heterotrophic
Nitzschize rise to the detriment of the Cymbella species which are
reduced in numbers. This process ccentinues until the nitrogen
heterctrophic Nitzschiae beceme dominent 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 catchment area,
At Station 4 on two occasions during winter this basic winter
asscciation was found (Table 17: Vaal 313 and 416), however,
when the quality of the water changed, the numbers of Cymbella
species decrezased, with a corresponding increase in the numbers

of nitrogen heterotrophic Nitzschiae (Vazl 315 and 316).
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Similar situations were cbserved at Station 19 (Table 21), where
the change was induced by the apparent seascnal incresse in the
organic nitrogen concentration in summer, and at Roodebank (Table 37:
Staticn 17), where the change was probably due more to pollution
of the water by mine and sewage works effluents.

Alteration of this basic asscciaticn can proceed in 2 different
directicn, This was observed whencver the water, for some reszson,
was extremely well oxygenated. The basic association is changed by

an increase in the proportions of the oxygen indicators, and

Achnanthes minutissima becomes quite clearly the dominant species

of the associations. The numbers of Fragilaria 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 Cymbella
species, Examples of this can be found in Tables 13, 14, 15, 22,
24, 25,

At the sampling points where this basic association has been
altered due to organic pollutiocn effects, the resulting associaticns
were deminated by or compesed to a large cxtent of the nitrogen

heterctrophic Nitzschiae. Nitgzschia feonticola, N.KUtzingiana
& 3 3 5

N,palea, N,perminuta and sometimes N.,romana form the bulk of this

group, and were all indicators of eutrophic water caused by organic
materials, In many cases, although the organic pollution appeared

to be high, the relatively high numbers of Achnenthes minutissima

in the associations indicated a good degree of dissolved oxygen
in the water. In the associations indiceating organic polluticn

Gomphonema parvulum was frequently found in high numbers. However

the development of Cholnoky's G.parvulum, Nevicula seminulum, N.

muralis associaticn, indicating a fluctuating organic nitrogen

concentration due to self-purification processes, was poor, Evidence
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for this type of association was observed in very few samples.,
Although the composition of the diatom associations varied
from sampling point to sampling peint within the catchment area the
assocciations found in both the major basins of the catchment ares,
i.,e., the Vaal River basin and the Wilge River basin, were extremely
similar. This provided evidence for the presence of more cr less

similar envircnmental 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 Wilge River
Systems. These associations indicated further that the water
entering the Vazl Dam from the catchment area was of goed quality.

2). With the exception of the Waterval River, scurces of
pollution were found at Ermelo, Standerton and Harrismith. However
the effects of this pcllution were localised, and were soon removed by
self-purification, or by dilution in the main river. The Waterval
River was organically 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 Vasl River, as very little organic
nitrogen was detected at Villiers (Station 6).

3). Evidence fecr minecralisation of the water was found only in
the Groctvlei Dam, receiving effluents from the Springfield Collierys;
and in the Waterval River, which rcceived 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, biclogical analyses were more
relisble than chemical analyses 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 which is found at eny stable, unpolluted and alkaline
envirconment. Changes in the environment resulted in the zlteration
of the proportions in which the species cccurred in the associations;
and in this manner changes in the quality of the water could be

detected,
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PART 3,

The Systematics and Taxonomy of the Diatoms of the

Veal Dam Catchment Lrea.
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A, INTRODUCTION,

One of the basic requirements in an ecological study is the
necessity of identifying the orgsnisms being studied as accurately
as possible, Without an accurate definition of the subject
organisms, an ecological study is prectically valueless, since
different conclusions can be drawn from two different species,
even though, morphologically, they may sppear to be quite closely
related. The science of systematics and taxonomy deals with the
precise description and naming 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 speciles 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 was given
wherever 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 » complete list of synonyms can be found. Any taxonomic
or systematic comments on the taxon followed the list of synonyms.
In the case of a new taxon the description was written 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, Wherever 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 which 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 Hustedt and Cholnoky, who follows
Hustedt's éystem, the classification set out by Hustedt in
"Die Susswasserflora Mitteleuropas", Heft 10; Baclllariophyta
(Hustedt 1930) has been followed., However, following Cholnoky
(1960A: 13), in commenting on the diatoms the arrangement
of the genera and the species within the genera is alphabetical.
This arrangement was adopted for two reasons:-

1) because on practical grounds it is a simpler method
for later use in secking 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 fom
within the diatoms, Hustedt (1937R) has reviewed the variability
of diatoms and the underlying causes of this variation, and has
summarised his findings as follows (Hustedt l.c.: 192):-

1). Diatom variations can only be regarded as varieties, when
they remain constant in a 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 majority of abnormalities which have hitherto been described
as varieties do not conform to this requirement and should
therefore be retracted into the species or regsrded as forms.

2). Abnormalities resulting regularly from the mode of division
are differentiated neither as varieties nor as forms, but should
be regrrded as within the species range.

3). In an ecological 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 with the systematics of the diatoms from the
Vaal Dam catchment area were published (Archibald 1966A =nd C).
Specics described in these two papers have been acknowledged in
this report under the author's name with the reference to the
original description. The descriptions of these species have
been repeated here, but with amendments due to further information
acquired by observing additional specimens., No species have been

described without prior consultation with Dr. B.J. Cholnocky.

B, SYSTEMATICS AND TAXONOMY.

The following species have been recorded from the Vaal

Dam catchment area:-

ACHNANTHES Bory 1822,

A,adamantiformis Archibeld nov.comb,

Synonyms: Navicula adamantifor@gg Archibald.

This species was first described as a small Navicule, 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- and raphovalves. It was

quite evident, therefore, that this wes not a Navicula and nust

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 similsrity to A.montana
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Krasske and A,lacunarum 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 B, and the width
4.5 - 5.0 p, The raphovalve: the raphe branches are straight
and filiform and have extremely widely separated central pores
(2bout one third of the valve length between the two central
pores); due to the shortening of the transapical striae the
axial area ~nd central area combine to form a2 large wide
lanceolate area; the transapical striae are rndial throughout,
extending sbout 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; 1in contrast with the raphovalve, the areovalve has
a narro’slinear central area or pseudoraphe; the transapical
strige are radial throughout and extend right to the apical
axis thus forming a very narrow pseudoraphe, about 21 - 24 in
10 p; there ere no shortened striae in the areovelve. The
longitudinal costae are occasionally just visible.

Not enough is known of the ecology of this species to be
able to make any comment on this aspect. It was found in small
numbers from the Waterval River and one sample from the Vaal
River,

Figs. - 1 - 5,

Samples - 316, 324, 3395 3403 4—013 403, 553-
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A,coarctata (Brebisson) Grunow

1880 - Grunow: Kongl. Sv.Vet., Akad. Handl, 17(2):20,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil
2:419,F.872 a-c.

1930 - Hustedt: Bacilleriophyta., P.210, F.3082,

Synonyms: Achnanthidium coarctatum Brebisson;

Achnanthidium otrantinum Rebenhorst; Achnanthes binodis Ehrenberg;

Achnanthes coarctata var. elliptica Krasske,

This species has been found over quite 2 widespread 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,cogitata n,.sp.

This species can only be related to A,adamentiformis

nov, comb., which is described above, It might be better to

describe these two valves as a variety of A.adamantiformis;

however, it differs from A.adamantiformis in two respects. In

the raphovalve of A.cogitata, the axial aree is narrowly linear

with no indication of a central asrea, while in A,adamantiformis

the axial area and centrasl arca 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 central 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 velves are rhomboidal in shspe with rounded ends, and
are not protracted; they are sbout 6 P in length and 4 P broad,
The raphovalve has o straight filiform raphe which has very short
branches, éo that the central pores are relatively very widely
separated (about one third of the length of the apical axis of
the valve), The central pores and terminal pores are incon-
spicuous, The areovalve has =2 narrower linear axial area which
widens at the centre into an oval central area, On both valves
there are 24 transapical striae in 10 P which are radial
throughout. In the raphovalve there are one or two shortened
striae, The longitudinal ccstae are too fine to be observed.
Figs. - 6 - 7.

Sample - 412,

A,Engelbrechtii Cholnoky.

1955 - CholnoKy: Salzhaltigen Binnengewtdssern Ber.d.Deutsch,

Bot, Ges. 68: 16, F, 1 - 8,

This small Achnaenthes species bears 2 similority to
A.pinnata Hustedt (1937-1939, Suppl.l5:201,T.13,F.54-57),
with which it can easily be mistakenly identified. It differs
in having mcre lanceolate valves and » finer structure of the
valve surface.

According to Cholnoky (1962 B:60) this species prefers
waters with 2 high pH value and a high osmotic pressure; he has
found it in coastal river waters and inland brackish waters
(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
 2:386, F.832.

Synonyms: Stauroneis exilis KUtzing; Stauroneis quadrata

Heribaud; Stauroneis tylophora Reichelt; Microneis exigua Cleve;

Cocconeis exigua Torkas; Achnenthes exigua var, tenuirostrata

Guermeur; Achnanthes exigus var. tenuistriata Guermeur
(ex Woodhead & Tweed).

Cholnoky (1960 A:14) reported this as a katherobic species
living in neutral to weakly alkaline waters; sometimes found
abundantly in waters in which the pH does not fluctuate to any
great extent (Cholnoky 1966 B:171). It was found in two samples
from the Waterval River as isolated specimens,

Samples - 409, 412,

A.exigua var. heterovalvata Krasske.

1923 - Krasske: Bot,Arch., 3:193, F.9.

1930 - Hustedt: Eacillariophyta. P,202, F.288,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflors Teil
2:386, F.832 c-f.

Hustedt (1949:75) has reunited this variety with the
typical form, but in neither Cholnoky's researches nor in this
present study have any transitional forms been seen, which linked
the variety with the typicel 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

var., 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 4:39), it is preferable to meintain the var,

heterovalvata as distinct from the typical forms.

This variety was observed more commonly than the typical
form in many samples. In South Africa i1t has been found in
neutral to wcakly a2lkaline waters, and was 2ble to tolerate
small fluctuations of the pH value towards the acid side

(Cholnoky 1960A: 14)

A,lanceolata (Brebisson) Grunow,

1880 - Grunow: Kongl. Sv,Vet.Aknd.Handl. 17(2):23

1930 - Hustedt: Bacillariophyta. P.207, F.306a

1927 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 408,
F, 863 a-d.

Synonyms: Achnanthidium lanceolatum Brebisson; Achnanthes

Haynaldi var. oblongo-elliptica Schasrschmidt; Stauroneis

truncata Schumenn; Achnanthes pseudoantigua Peragallos;

Achnanthes Pagesi Peragallo. For further synonyms c,.f.
Hustedt 1927-1964, Teil 2:408.

Hustedt (1930: 207) erroncously 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 2: 408) correct this and transfer
it to the genus Achnanthes. Hustedt (1937-1939, Suppl. 15:203)

described A,lanceolata as "krenophil!", but Cholnoky working on

the springs of South West Africa and Bechuanaland (Cholnoky 1966
B: 171) found this species in very small numbers (0.3% of the
distom associstion) in one sample. In this present study in
which no springs were investigated, the species although in

small numbers occurs over a relatively wide 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 probably accounts for its scarcity in the samples, as most
of the rivers in which it was found had pH values above 8,0,

Samples - 239, 261, 266, 307, 316, 411, 454, 498.

A,lanceclata var, elliptica

1891 - Cleve: Acta Soc. Proc, et Fl. Fean. 8(2):51, T.3, F,10,11,

1930 - Hustedt: Bacilleriophyta, P.208, F.306c.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
410,F.863n,0.

Synenyms: Achnanthes lanceolata var., elliptica f, minor,

This variety has been recorded only from the Hennops
River by Cholnoky (1953:139); and was found in the Va»l Dam
Catchment Area in five places, Cholnoky's record was the first

for this variety from South Africa.

A.lanceolata var., rostrata (Ostrup) Hustedt.

1911 - Hustedt: Abh. Netur., Ver. Bremen 20: 279, T.3, F.34.

1930 - Hustedt: Bacillariophyta. P,208, F.306b.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
410, F.863 i-m,

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 19624: 6), this
variety occurred in the region under investigation far more
commonly than the typical forms, »nd over a wide area,

Figs. - 6 - 11.
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A,linearis (W.Smith) Grunow.

1930 - Hustedt: Bacillariophyta. P.198, F.276.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
378, F.821a, b,

Synonyms: Achnanthidium lineare W, Smith; Achnanthidium Jackii

Rabenhorst: Achnanthes linearis var. Jackii Grunow; Microneis

linearis Cleve,

This small Achnanthes species bears a strong similarity

and 1s closely related to A.minutissima Kitzing. A.linearis,

however, differs from A.minutissime ecologically and by having

a relatively broader valve and a more pronounced central area,
The transapical striae are coarser and are clearly defined in

A.linearis, Hustedt described a new variety of A.minutissima

frem “he Sunda Islands, A.minutissima var. rostrata Hustedt

1937 - 1939, Suppl.l5: 192, T.13, F.41 - 46) about which he
comments in the following manner:-

"Schalen =ber verh¥ltnismissig breiter mit sehr stumpfen
Polen, Die transapikale Streifung is wesentlich grtber als bei
der Art, es kommen etwa 26 Streifen auf 10 p. Zentral Area der
Raphenschale rundlich erweitert. Die Form n#hert sich in manchen

Hinsicht der Achnanthes linearis ist aber mit A.minutissima

verbunden, wihrend A.linearis in Gebict nicht vorkommt",
Hustedt's veriety, var. rostrata, is in fact the same as

A.linearis and has nothing to do with A.minutissima, and the

variety must therefore become 2 new synonym of A.linearis. In
the same publication (cf, Hustedt 1937 - 1939, Suppl 15: 19, T.
13, F. 37 - 40) he also described a ncew species A. crassa Hustedt,
which he described as being near to A.linearis from which it
differs in its squat structure. According to Cholnoky (personal

communication) A.linearis var. pusilla and A,crassa are the same
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thing; and in his opinion they should be united, and remain as a
separate taxonomical unit, A.crassa.

A.linearis has been reported from weakly acidic waters
(Cholnoky 1960A: 16; 1962A:7; 1966B: 172). It was found
commonly in the samples from the Klip and Wilge Rivers, and was
sometimes present in relatively high numbers. These localities

were all alkaline in cheracter.

A.microcephala (Kiitzing) Grunow,

1880 -~ Grunow: Kongl. Sv. Vet,ikad.Handl, 17(2): 22.

1930 - Hustedt: Bacillariophyta., P,198, F.273,

1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora Teil 2:
376, F.819.

Synonyms: Achnanthidium microcephalum Kitzing; Navicula

pachycephala Schumann; Achnanthes delicatula Brun; Microneils

microcephala Cleve,

The distribution of this diatom species is limited to
waters with a high percentage oxygen saturation. Its optimum
development is found in such oxygen-rich waters with a neutral
pH which fluctuates towards being ccidic, Thus conditions were
not often obtained in the rivers under investigotion and as a
result it was found in only a few samples.

Samples - 333, 338, 370, 403, 411, 456.

A,minutissima Kitzing.
1883 - KiUtzing: Alg. Exs. Nr. 75.
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.fAkad.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: Achnanthes exilis W,Smith; Achnenthes minutissima

var, microscopica Ostrup; Micronels minutissima Cleve;

Microneis gracillima Meister.

Cholnoky (1957B: 343) no longer regards the var,

cryptocephzala as separate from the typical forms of the species

on the grounds that there are transitional forms between thc
typical forms and the variety, which make a separation of the

two forms superfluocus. The many exemples of A.minutissima

studied in my samples certsinly supported Cholnoky's conclusions
in this regard, For a further discussion on the systematics
of this species seec the remarks on A.linearis (W,Smith) Grunow.

On account of the autecology of this species, A.minutissima

is regrrded as an indicator species of oxygen rich kathsrobic

water, Cholnoky (1962B: 61) stated that A.minutissima reproduces

best in oxygen rich, weakly =lkaline water, and cannot tolerate
a high osmotic pressure or a 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 Vasl Dam
Catchment Area. At some sampling points it was the dominant

diatom species in the association,

A.pinnata Hustedt,

1922 ~ Hustedt; Bacillariales aus Inﬁer-Asien.

1937 - 1939 - Hustedt: Java, Bali und Sumatra.
Arch. Hydrobiol. Suppl.l5: 201.

As mentioned earlier this species is very similar to

A.Bngelbrechtii Cholnoky and it is very easy to misidentify

A,Engelbrechtii as A.pinnata. It is 2 little doubtful whether
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this one example occurring in one sample is in fact A.pinnata,

Sample - 412,

A.pseudohungarica Cholnoky-Pfannkuche,
1966 - Cholnoky-Pfannkuche: Eine neue .chnanthes-Art.
Nova Hedwigia 11: 413, F. 1 - 16,

This species was first discovered from a culture
prepared from a diatom sample from the Bloukrans River. The
examples, which were discovered in the Transvaesl, =2gree in all
respects with the smaller forms of the originally described
species, and two valves have been drawn to illustrate this,
(Figs. 12, 13).

This species was observed in one sample from the Klerk-
spruit stream near Kestell in the Orange Free State, in which
it composed 3.2% of the diatom association,

Figs, - 12, 13,

Sample - 362,

AMPHIPLEURA Kiitzing 1844.

A,pellucida Kitzing

1844 - Kiftzing: Bocill. P.103, T.3, F.52 & T,30, F.8.

1930 - Hustedt; Bacillariophyta, P,218, F,321.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogrmenflora Teil 2:
724, F.1095,

Synonyms: Frustulis pellucida Klitzing; Navicula pellucida

Ehrenberg.

In most cases the valves of A.Eellucida observed in

this study fell within the dimensions given by Hustedt
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(1927 - 1964, Teil 2: 7243 1930: 218), but there were some
isolated cases which agreed with Cholnoky!'!s smaller dimensions
(cf. Cholnoky 19574: 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 weakly 2lkaline waters, which are poor
in nitrogenous substances (Cholnoky 1960L: 20). On the other
hand Hustedt (1937 - 1939, Suppl. 15: 213), although he found
it in oligotrophic lakes, observed it in great quantities in
"stErker eutrophierten Teilen der Uferregion', From the
observations carried out in this survey no further comment can
be made in this regard, os the species, although widespread in
its distribution, was present in most c ases as single specimens

only.

AMPHORA  Ehrenberg 1840,

A,coffaeaformis (Agardh) Kiitzing.
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad,Handl.27: 120,
1930 - Hustedt: Bacillariophyta. P.345, F.634.

Synonyms: Frustulia coffaeaformis %gardh; [mphora aponina

Kitzing; Amphora salina W, Smith; Amphora lineata Gregory;

Amphora Neupaueri Pantocsek; Amphora Taylori Gruncw,

Since Agardh described this species in the genus Frustulia,
Cholncky is quite correct in remarking that both Cleve and Hustedt
have incorrectly written the author of this species as fAgardh only.
Kutzing was the first to place this species in the genus Amphora,
and therefore should be acknowledged in the author's names; thus

the correct name for this species should be Amphora coffaeaformis

(Agardh) Kitzing.
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Cholnoky regards this species as sutochthonous in neutral

to slightly alksline waters, and in waters in which the osmotic
pressure is of a small value (Cholnoky 1957h: 42; 1960B 234;
19624: 10; "1962B: 63). This spccies occurs fairly commonly

in many localities, but never in great numbers,

£,fontinalis Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatra, Arch. Hydrobiol.
Suppl. 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; 1957A: 42)
and once from the Eastern Cape Province (Giffen 1963: 217).
In the sample Vaal 412 one single valve was found which con-
formed in all respects but onc with Hustedt's original des-
cription (l.c.). The only Jdifference betwecn this specimen .
(illustrated in Tig. 14) is that it had 20 transapical striae
comparec with 24 in the original description. This difference
is so negligible that the correctness of this identification
is without doubt,

Cholnoky (1956: 57) reported that this species was
acidobiontic from the Tugela area of Natal, On the basis of
one valve no further comments on the autecology of Amphora
fontinalis can be added.

Fige - 14.

Sample - 412,

A.ovalis Kitzing.
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet,2kzd.Handl,27: 104.
1930 - Hustedt: Bacillariophyta. P.342, F.628,
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#lthough A,ovalis has been reported from 211 over South
Africa, it never occurred frequently at any one place. In the
Vaal Dam Catchment Area it was found, in most cases, as single
specimens and consequently no conclusion can be drawn with regard

te its autecology.

i.ovalis var. libyca (Ehrenberg) Cleve.

1896 - Cleve: Naviculoid Diatoms, Kong.Sv.Vet,ik~d,Handl.
27_: 104.

1930 - Hustedt: Bacillariophyta. P.342.

Syncnyms: Amphora libyca Fhrenberg; Amphora affinis Kitzing;

Amphora ovalis var. affinis (KUtzing) Grunow; ‘mphora r~bbreviatta

Bleisch; Amphora Szontaghii Pantocsek; [mphora Staubii

Pantocsek; Amphorns verrucosa Pantocsek; Amphora svavii Pantocsek,

In a discussion on A.ovalis var, libyca (cf. Cholnoky
19624: 10) it is evident that Cholnoky no longer regards this
variety as being cleorly 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 variety in his most recent papers as
a separate entity with no further systematic comments. In this
present study examples of the typical forms and of the variety
have been seen but never with trensitionsl forms linking the two
forms together,

This species occurred as isolated examples in 2 number

of samples.
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A.ovalis var, pediculus (Kiitzing) Grunow,
1896 - Cleve: DNaviculoid Dietoms. Kongl.Sv,Vet,Akad,Handl,27: 105.
1930 - Hustedt: Bacillariophyta. P.343, F.629,

Synonyms: Cymbelle pediculus Klitzing; Amphora minutissima

W. Smith; ‘mphora globcsa Schumann; ‘mphora libyca var,

interrupta Pantocsek; Amphora borezlis Schumnrnn.

Cholnoky (1966B: 173) regarded this variety as inter-
grading with the typical forms of the species, and should,
therefore, no longer be distinguished es a separate variety,
However, no transitional forms have becn observed in these
samples, and for this reason it has been meintained a2s a distinct
variety.

The autecclogy 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,submontana Hustedt,
1949 -~ Hustedt: Kongo., Expl. du Parc National Albert,
Fasc, 8: 112, T.11, F.4.

The examples of this species, observed in this study, agreed
with Hustedt's (l.c.) original descripticn. However, in most cases
the transapical striae were too fine to be seen with the light
microscope and as a result probably number more than 40 in 10 Pe
As with Cholnoky (1963C: 162) the transapical striae in the
staurcs were not seen.

Amphora submontana has been found over most parts of South

Africa in water which ranges from weakly basic (Cholnoky 1960A: 25)
to weakly acid (Cholnoky 1956: 57). 'ccording to Cholnoky it finds
its optimum in neutral to weakly alkaline waters, in which a certain

amount of dissolved organic nitrogen compounds were present
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(Cholnoky 1962B: 64). As conditions’ in the Catchment area do not
suit the development of this species, it was found in small

numbers, but over a wide area.

A,thermalis Hustedt
1949 - Hustedt: Kongo, Expl.du Parc Nation=l *lbert, Fasc.8;
111, T.11, F. 1 - 3.

The specimen seen here was a little smeller (17 A long
and 3.5 p wide) than the dimensions given in the original
diagnosis (length 18 - 35 J» 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 Africa,

A.veneta Kitzing.
1896 - Clcve; Noviculoid Diatoms. Kongl.Sv.Vet,Akad.Handl.27: 118.
1930 - Hustedt: Bacillariophyta. P.345, F.631.

Synonyms: Amphora Hohenackeri Rabenhorst; Amphora quadricostata

Rabenhorst; Amphora tumidula Grunow; Amphora hyalins var,

parvula Gruncw; Jmphora coffaesaformis H, Smith; Amphora libyca

H. Smith; Amphors Gouwsii Cholnoky.

In sample Vaal 498 some very smell specimens were cbserved
(Fig.15), which were only 4 P long. These smell forms inter-
graded gradually with the more typical specimens of the species.

This diatom species has been found in well buffered waters
with a high pH wvalue. Tts 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 commonly all over the catchment
area; and in samples Vasl 414 (54.6%) and Vaal 498 (25,.3%)

it was the dominant species.,

ANOMOEONEIS Pfitzer 1871.

A.brachysira (Brebisson) Cleve.

1882 - Cleve and M@ller: Diat., Nr. 324.

1930 - Hustedt: Bacillariophyta. P.264, F.427,

1927 ~ 1964 - Hustedt: Rabenhcrsts Kryptogamenflora Teil 2:
748, F.1112 e - h,

Synonyms: Navicula brachysira Brebisson; Cymbella Beverleinii

A.Schmidt; Anomoeoneis zillensis var, subovata Cleve-Euler;

Anomoeoncis Frenguellii Manguin; .nomoeoneis serians var,
‘nomoeoneis seriens var, brachysira

brachysira (Brebisson) Cleve;
f. thermalis (Grunow) Hustedt; For further synonyms see Hustedt

1927 - 1964: 748.

Cholnoky (1955B: 158; 1960C:352) no longer subscribes

to Hustedt!s opinion that A.brachysirs is a variety of ",seri-ns,

on the grounds that not only is it ecclogically different but
also that it bears only a superficislly morphclogical likeness.

As only one specimen of A,brachysira and no examples of A.serians,

have been observed, it is not possible to comment any further on

the taxonomy and systematics of this particular species.

A,brachysira 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 (Kiitzing) Cleve.

1896 - Cleve: Naviculoid Dietoms. Kongl.Sv.Vet.Akad.Handl. 27: 8.

1930 - Hustedt: Bacillariophyta. P.264, F.429,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 751,
F.1114 a - c.

Synonyms: Navicula exilis Kutzing; Achnsnthidium microcephalum

W. Smith; Colletonema exilis Grunow; Gomphonema vitreum Grunow;

Navicula gomphonemacea Grunow; Anocmoeoneis exilis var.

gorphonemacea Cleve; Anomoeoneis exilis var. genuina A Mayer;

Anomoeoneis microcephala /,Berg; Anomoeoneis serians forma Berg.

The ecological term "indifferent" used by many authors
implies that an "indifferent species" can reproduce equally well
and thrive under all ecological conditions. With regard to
heexilis Jorgensen (1948:49) and Foged (1953: 40) consider the
species, indifferent to pH. Cholnoky, however, disagrees with
this opinion. From his observations in South Africa, Cholnoky
has found that the pH optimum of this species lies between 6,7
and 7,0 (Cholnoky 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 nct preclude the possibility of observing the
species in waters with pH values outside this range. They can
be observed but in very low numbers end would certainly not be
autochthonous in such conditions, or will be present as single
valves which have been washed down stream from some other source.
In the area under investigation the pH-values of the water arc
always high and as a result A.exilis is present as isolated
examples in the samples.

Sample Nos - 233, 309, 312, 317, 324, 342, 344, 347, 350, 418,
422, 441, 468,
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A.sphaerophera (Kiitzing) Pfitzer.
1871 - Pfitzer: Bau und Entwicklung der Diatomeen. P.77.
1896 - Cleve: Naviculoid Diatoms. Kongl,Sv.Vet.’kad,Handl, 27: 6.
1930 - Hustedt: . Bacillariophyta. P,262, F.422,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
740, F,1108a,

Synonyms: Navicula spheerophora Kiitzing; Navicula biceps

Ehrenberg; Navicula denudata Pantocsek; “nomoeonels rostrata

Frenguelli; Anomoeoneis Okadae Skvortzow,

The rutecology of this species is not clear at present.
Hustedt (1937 - 1939, Suppl.l5: 218) regards this species as
found in polluted water in the proximity of human settlements,
Cholnoky has also reported it from relatively alkaline springs
with 2 good buffer system (Cholnoky 1966B: 175)., In the samples
investigated it was present only as isclated 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: Staurcneis Bacillum Grunow; Caloneis fasciata

(Lagerstedt) Cleve p.p.; Navicula Dartevillei Kufferath;”

Caloneis bacillum f, inflata Hustedt; Caloneis bacillum var.
lancettula (Schulz) Hustedt.

The authorship of the binomizl combination C.bacillum is
genera2lly taken to be Mereschkowsky. However Hustedt (1937/: 184)
has found that Cleve had actually used this combination some years

before. The distinction between Caloneis bacillum and Caloneis

silicula (Ehrenberg) Cleve is very difficult to define, and indeed
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more careful examinaticn 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) intc 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
Cesilicula the band is either narrow or absent. This is a very
doubtful distinction, particularly as Hustedt describes the
central area of C.,bacillum as "eins bis an den Schalenrsnd
reichende Querbinde von wechselnder Breite" (Hustedt l.c.).

For further comments on the systematics of this group of

diatoms see Caloneis fasciata (Lagerstedt) Cleve. Fig. 16

1llustrates an abnormal form of C,bacillum, in which the valve

has a slight constriction of the walls at the central nodule.
This is a tropical-subtropical species which has been

found in neutral to weskly alkaline waters which are more or

less cligotrophic (Chclnoky 19604: 27; 1962B: 19). It was

found tc be widespread in the catchment area, particularly

in the Varl and Waterval Rivers.

Fig. - 16.

C.bacillum (Grunow) Cleve var., fontineslis Grunow,
1937 - 1939 - Hustedt: Java Bali und Sumatra. Arch, Hydrobiol.
Suppl.l5: 282, T.15, F.17 - 19.

This variety has previously been recorded from South Africa
only in Natal (Cholnoky 1956: 58). 1In 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 - Chelnoky: Std Rhodesien.  Port., Acta Biol. 4: 206,
This small variety differs from the typical forms of

the species only in its much smaller dimensions, In South

Africa Cholnoky has recorded it only once and the type locelity

lies near Umtali in Rhodesia (Cholnoky l.C.). It was seen in

very few samples.

Fig - 17.

Sample Nos. - 326, 327, 331, 362, 364, 411, 436, 451, 456.

C.Chasei Cholnoky,
1954 - Cholnoky: Stid Rhodesien. Port. Acta Biol. 4: 206, F. 4,5.

Most of the examples of C.Chasel, 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}1. The
original diagnosis should therefore be 2ltered to accomodate
these observations, It is interesting to ncte that in three
samples from the upper reaches of the Wilge River (Vaal 328,

331, 333) in which the species was recorded the transapical
striae were so fine th~t they were practically 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 weakly acid waters with a pH range of 6-7 (Cholnoky
1960 B: 237). It was found in a few samples from the 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.
1894 - Cleve: Naviculoid Diatoms., Kongl.Sv.Vet,Akad,Handl. 26: 51.
1930 - Hustedt: Bacillariophyta. P.236, F.359.

Synonyms: Navicula Clevel Lagerstedt; Naviculs Beccariana

Grunow; Caloneis Reccariana (Grunow) Cleve; Celoneis

acquatorialis Hustedt; Caloneis aequatorialis var, capitata

Caloneis pseudoclevei Cholncky.

Cholnoky (1963C: 162) has been able to show by means of

transitional forms that Caloneis Clevei, C.,Beccariana and

C.a2equatorialis are in fact, all the same species and since

C.Clevei (Lagerstedt) Cleve is the oldest legitimate combination,
all other combin=tions are younger synonyms. An unusually
short form was illustrated in Fig. 19 (21 u long).

This is one of the most commonly found Caloneis species of
the Vaal Dam Catchment Ares, but it never occurs freguently in
any one 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 - Gebiecte. asterr. Bot.
Zeitschr. 103: 58, F. 7 - 10.

1962 - Cholnoky: Swaziland, Hydrobiologia 20: 317,

Syncnyms: Caloneis aequatorialis var. tugelae Cholnoky.

Since Cholncky criginally described this variety, he
has found further examples which brocaden the range of variation
within the variety, The transapical striae now range from
being parallel 2t the poles to being strengly convergent
(Cholncky 19574: 42), and they number from 22 - 30 in 10 B

(Cholncky 1959: 14).



(125), .

Nothing much isknown about the autecology of the variety,
but Cholncky maintained that its distribution is apparently
limited by low pH-values with a narrow range of fluctustion,

It occurred in the Waterval River and its tributaries as isolated
examples.

Samples - 401, 402, 404, 405, 406, 4O8.

C.fasciata (Lagerstedt) Cleve.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl.gé: 50,

Synonyms: Navicul» fasciata Lagerstedt; Caloneis bacillum (Grunow)

Cleve p.p.; Pinpularia fascista (Lagerstedt) Hustedt; Calcneis
Lagerstedtii (Lagerstedt) Cholncky.

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 Naviculoid Diatoms (189%4: 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 synonym of Caloneis fasciata (Lagerstedt)

Cleve. Cleve then changed the name to Caloneis bacillum (Grunow)

Cleve (Diatomiste 1894, 2(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 Calcneis fasclata Cleve hinfHllig ist". At this

stage he placed Navicula faggiata Lagerstedt in the genus

Pinnularia (Hustedt 1930: 316), but in a later publication he

(Hustedt 1937: 184) changed his opinions and wrote the following:-
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"Auf die verworrenen systematischen Verhdltnisse gehe
ich an anderer Stelle nFher ein, hier will ich nur bemerken,

dass ich Navicula fasciata Lagerstedt in Cal. bacillum einbegriffen

habe",
Hustedt (1949: 99) once more changed his mind when, in

cemmenting on C.bacillum, he said "...... Navicula fasciata

Lagerst., die Cleve mit den zu Caloneis bacillum gehtrenden Formen

identifizierte und als Caloneis fasciata Lagst. bezeichnete (1894:

50). Diese Verbindung ist sehr wahrscheinlich ein Irrtum,
wenngleich eine sichere Entscheidung iber Lagerstedts Form kaum
méglich sein wird", It is uncertain what Lund (1946: 58)
believed the position to be, but it appears that he regarded

Caloneis fasciata (Lagerstedt) Cleve as synonymous with Navicula

fasciata Lagerstedt, and as 2 species separate from Caloneis

bacillum (= Stauroneis bacillum Grunow), which two species

differ in the arrangement of their transapical striae. Cholnoky

(1957A: 43) adhered to the opinion that Pinnulsria fasciata

(Lagerstedt) Hustedt (= Navicula fasciata Lagerstedt) is a

species distinct fr-m Caloneis bacillum (Grunow) Cleve

(= Stauroneis bacillum Grunow), but he reinstated Pinnularia

fasciata in the genus Calconeis under 2 new specific epithet

Caloneis Logerstedtii (Lagerstedt) Cholnoky. Patrick and Reimer

(1966: 586) adopted the opposite view and considered Navicula

fasciata and Stauroneis bacillum Grunow to be the same species,

correctly named Caloneis bacillum (Grunow) Cleve. From the

review of the situation given above, i1t seems clear that the

prime question to resolve is whether Navicula fasciata and

Stauroneis bacillum are, indeed, one and the same species.

s the original descriptions of Navicula fasciata and Stauroneis
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bacillum were not available, it was not pessible 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 with Staurcneis bacillum Grunocw), with the descrip-

tiocns of Pinnularia fasciata (Lagerstedt) Hustedt (1930: 316)

end Navicula fasciata Legerstedt (= Pinnulariafrsciata) in De

Toni (1891: 117), the only character that separates these two
species 1s the arrangement of the striae, According to Lund

(1946: 58), Lagerstedt's original description of Navicula fasciata

stated that the striae are all parallel, and De Toni's description

(l.c.) agreed with this; while the striae of 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 Van Heurck's Synopsis (1880: P1.12, F.34),

which Cleve cites under Navicula fasciata (Cleve l.c.) illustrates

a specimen with convergent polar strise. 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 character, 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 (ef, 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 Lagerstedt's original

description, where the polar striae are said to be parallel,
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with later diagnoses in which the polar striae are convergent.

No difference can be found between Caloneis fasciata (Lagerstedt)

Cleve (sensu Lund) and Caloneis Lagerstedtii (Lagerstedt) Cholnoky.

It seems clear then that there are two different species. The

one species is Caloneis bacillum (Grunow) Cleve; and the other

is Caloneis fasciata (Lagerstedt) Cleve. Cholnoky (l.c.) has,

however, stated that Caloneis fascista is a synonym of Caloneis

bacillum; but from the argument set out ~bove this dces not
appear to be the case, as they are two distinct species, which
were erroneously united by Cleve (1894: 50), On these grounds
Cholnoky's specimens, which he regarded as " ...... mit der

urspriinglichen Navicula fasciata Logerstedt 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 illustrate two very small valves,
of which the smallest was 12.5 P long. Two other ebnormalities
have been illusirated 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 2 new form.

The autecology of this species is not clearly known.
It occurred fairly commonly in the Catchment area, but was
never abundant.

Figs., - 20 - 23,




(129).

*

C.hyalina Hustedt.
1937 - 1939 - Hustedt: Java, Bali, und Sumatra., Arch.Hydrobiol,
Suppl. 15: 281, T.15, F. 8 - 10.

The specimen, which was illustrated in Fig., 24, did not
entirely ;gree with the original description given by Hustedt,
However, it corresponded more closely ﬁith this species than
with any other Caloneis. This specimen was more lanceolate
than the typical forms and had more acutely rounded poles
(cf. Hustedt l.c. T.15, F.10). The central pores were widely
spaced and agree with the description. In this specimen the
transapical striae were not visible and must therefore number
more than 40 in 10 P where as Hustedt's specimens had 36 - 38
in lO}A. The differences found in this specimen do not warrant
its description as a new species.

Fig. - 24.

Sample - 307.

C.incognita Hustedt,
1910 - Hustedt: Bacillariales aus Dahome. Arch. Hydrobiol.
5: 373, T.3, F. 7.

In his studies on African diatoms Cholnoky has been able
to establish a wider range of variation for this species than
was originally described. Many of his examples reached a lower
limit with regard to their length, the smallest being 22 P long
(Cholnoky 1962: 65); and the narrowest specimen was 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 few specimens. This species was
found in only four samples from the Waterval, 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: Bacillariophyta P,269, F.369 (as C.Schumanniana

var, biconstricta)

Synonyms: Navicula trinodis Lewis; Navicula biconstricta

Grunow: Navicule Schumanniana var., biconstricta Grunow.

This variety is not common in South Africa and is reported
only twice by Cholnoky (1958%: 249; 1966A: 11). In the Catch-
ment Area only one or two isolated examples of the variety were
seen in a number of samples, mainly from the Vaal River. The

typical forms of Caloneis Schumanniana (Grunow) Cleve, however,

have not been cbserved.

C.silicula (Ehrenberg) Cleve,
189 =~ Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 26: 51.
1930 - Hustedt: Bacillariophyta. P.236, F.362.

Synonyms: Navicula silicula Ehrenberg; Naviculs limosa Donking

Caleneis silicula var, truncatula Grunow; Caloneis silicula var,

cuneata Manguin,

The lines of demercation between many species in the genus
Caloneis and batween varicties within o species are extremely
difficult to determine. Tt is possible that C.silicule and

C.bacillum (see above) form part of the same varistional range.
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Cholnoky's view that C,silicula var, truncatula should be sunk
into the species was followed in this investigation.
C.silicula, whose autecology is unkncwn, occurred fairly

commonly in the catchment area, but never in any abundance.

Ceosilicula f. intermedia Hustedt.
1942 - Hustedt:

This form has been reported only once from South Africa
by Cholnoky in Natal (Cholnoky 1960: 29) , 2nd it was recorded
once from Station 19 on the Kaffirspruit River.

Sample - 342,

C.silicula (Ehrenberg) Cleve var. alpina Cleve.
1894 - Cleve: WNaviculoid Diatoms. Kongl.Sv.Vet.ﬁkad.Handl.gé: 51.
1930 - Hustedt: Bacillariophyta. P,238, F.366.

The varieties of this species appear to be far less common
than the typical forms. The var. alpina is very seldom seen and
it was cbserved in one sample from the Grootvlei Dam (Station 16).

Sample - 401,

C.silicula (Ehrenberg) Cleve var., tumida Hustedt.

1930 - Hustedt: Bacillariophyta. P.238, F.367.

This is the first time this variety has been reported from
South Africa. It was recorded in two samples, one from a tribu-
tary of the Vaal River, and the other from a sample collected
near Tweeling in the Wilge River System.

Samples - 236, 420.
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COCCONEIS Ehrenberg 1838,

C.micrcscopica Chelnecky.
1959 - Cholnoky: Seltene iv -~ Kaap Provinz, asterr.Bot.Zeitschr.
106: 1’70

The specimens of this very seldom seen species were slightly
smaller than Cholnoky's criginel dimensions, and the original
diagnosis should be altered:= length 6 - 9 o breadth 3 - 4 P
and transapical striae of both valves 28 - 33 in IO,P‘

It was recorded from one sample near the source of the
Vaal River.

Sample - 486.

C.placentula Ehrenberg.
1838 -~ Fhrenberg: Infusoria P.194.

1896 - Cleve: Naviculoid Diatoms Kongl.Sv.Vet.ikad.Handl, 27: 169.
1930 - Hustedt: Bacillariophyta. P.189, F.260.
1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora

Teil 2: 347, F. 802 a, b,

Synonyms: Cocconeis punctata Schumann; Cocconels Reicheltii

Al.Schmidt; Cocconeis producta /., Schmidt; Cocconeis grovei

Ostrup; Cocconeis Ostrupii Heribaud; Cocceoneis Grosii Heribaud,

In this species, as in many others, there is no clear cut
division between the typical and varietal forms, There is more
often than not = gradation between the two and, if not particularly
clear, it is left to the taxonomist tc make a decision. Cholnoky
(1963C: 164) has found transitional forms, which link the typical
forms with variety, and he remarked thet 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 dibotesble,
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The typical forms were found in a2 number of localities

in the Catchment “rea but never in great quantities.

C.placentul2 Ehrenberg var. euglypta (Ehrenberg) Cleve,

1896 - Cleve: Naviculoid Distoms. Kongl,Sv,Vet.'kad,Handl.27:

1927 ~ 6/ - Hustedt: Rabenhorst Kryptogamenflora
Teil 2: 349, F.802, c.
1930 - Hustedt: Bacillariophyta. P,190, F.261,

Synonyms: Cocconeis euglypta Ehrenberg: Cocconeis trilineata

Heribaud et Peragallo; Cocconeis pleocentulz var, trilineata

Cleve,

In this study the variety var. euglypta occurred more
frequently than the typical forms, and in a few samples was

relatively abundant in its occurrence.

C.placentul= Fhrenberg var, klinorephis Geitler

1927 - Geitler: Arch.Protistenkunde 59: 514, F.2a,b, T.12, F.l.

1930 - Hustedt: Bacillariophyta. 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 raphe sc that it is inclined at an
angle of szbout 5° from the ncrmal 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 'frica .

Samples - 337, 375, 410, 449,

169.
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C.placentula FEhrenberg var. lineats (Ehrenberg) Cleve.
1896 - Cleve: Naviculeid Diatoms. Kongl.Sv.Vet,iksd,Handl, 27: 169.
1930 - Hustedt: Bacillaricphyta. F.190, F.262,
1927 - 1964 - Hustedt: Rabenhcrsts Kryptogamenflora
Teil 2: 348, F, 802d.

Synconyms: Cocconeis lineata Ehrenberg; Cocconels lineata

var, minor Pantocsek; Cocconeis lineata var, pygmaea

Pantocsek; Cocconeis Bennieri Heribaud et Peragallo.

Giffen (1966: 129) has found this variety in only one
sample from the Hogsback frea in the Eastern Cape Province.
It was found in two samples, one from the Vaal River (Station 5)
and the other from Station 13 on the Wilge River.

Samples - 231, 319,

C.scutellum Ehrenberg.
1896 - Cleve: WNaviculoid Diatoms Kongl.Sv.Vet.’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; Cocconeils adriatica

Kiitzing; Cocconeis mediterranea Kiitzing; Cocconels peruviana

Kitzing; Cocconels Morrisii W, Smith; Rhaphoneis marginata

Grunowy Cocconeis Pethti Pantcocsek; Cccconeis Haradaae Pantocsek:

Cocconeis baldjickiana A, 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 and only occurs in estuaries or river mouths, It has been
found in cnly one sample and must be regarded as an intrusion and
definitely not autochthonous,

Sample - 405,
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COSCINCDISCUS Ehrenberg 1838,

C.exentricus Ehrenberg,

1839 - Ehrenberg. Abb.Berl.ikad. 1839. 5.146.

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil 1: 388, F.201.

Synonyms: Odontodiscus excentricus Ehrenberg; Coscinodiscus

labyrinthus Roper; Coscincodiscus mincor A, Schmidt; Thalassiosira

excentrica Cleve; Coscincdiscus heliczoides Siddall.

This is 2lsc a marine species which has been found in
South Africa in merine and brackish habitats, It must be
regarded as occurring here as an intruder, and definitely not
autochthonous.

Sample - 401,

C.lacustris Grunow.

1880 - Grunow: Kongl. Sv.Vet.‘kad,Handl. 17(2): 114.

1927 - 1964 - Hustedt: Rabenhorsts Xryptogamenflora Teil 1:
432, F.235 a, b,

1930 - Hustedt: Bacillariophyta. P.113, F.90,

Syncnyms: Cyclotella punctate W, Smith, Stephancdiscus punctata

Grunow,

Although this diatom is mainly a marine or brackish water
form it has been found to occur in freshwater (Hustedt 1927 -
1964: 432)., In Scuth "frica it hes been reported from the mouths
of rivers and sometimes from freshwater. In the Vaal Dam Catch-
ment Area it is found in one sample from the Watervel River, and
cannot be regarded as autochthcnous in this area.

Sample - 410.
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CYCLOTELLA KXutzing 1834.

C.comensis Gruncw,
1881 - Grunow: In V.H.Syn.T.93, F.16, 17.
1927 - 1964 - Hustedt: Rabenhorsts Xryptogsmenflora
Teil 1: 353, F.182,

1930 - Hustedt: Bacillariophyta. P.102, F,70.

The specimens which have been placed in this species
were in general smaller than the dimensions given for Cyclotella
comensis, but there was 3 gradual transition to the typical
forms. The minimum observed size was A.S}u in diameter,
The striae are generally greater in number, being up to 20 in
10 P‘ These specimens cannot be assigned to any other species
but this.

In the catchment area, they occurred very commonly in
the Waterval River, where sometimes it was found in sbundance.
In other places it was present and quite frequent in occurrence,
Giffen (1963: 226, F.42, 43) illustrated two small Cyclotella
specimers whose dimensions appear to be similar to the valves which
were seen here, In 211 the specimens cbserved the structure of
the central area and the length of the striae were very veriable.

Fig. - 26,

C.Kitzingisna Thwaites.

1848 - Thwaites: Ann.M2g.Nat. Hist.1l (2): 169.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogsmenflora Teil 1l:
338, F.171a.

1930 - Hustedt: Bacillariophyta. P.98, F.62.

Synonyms: C,operculata f. rectangula Kitzing; C. Kiitzingiana

var, cataractarum Grunow, C.Kltzingiana var. pelagica Grunow;

C.Kutzingiana var, nobilis /., Cleve.
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This small species occurs rarely in Socuth Africe., In
the Vasl Dam catchment area it was recorded once from a sample
collected at Villiers (Station 6) on the Vaal River,

Sample - 403,

C.Meneghiniana Kilitzing.

1844 - Kitzing: P.50, T.30, F.68.

1927 - 1964 - Hustedt: Rezbenhorsts Kryptegamenflora Teil 1:
341, F,174.

1930 - Hustedt: Bacillariophyta P,100, F.67,

Synonyms: Surirella melosiroides Meneghini; Cyclotella

melosiroides Meneghini; Cyclotella saline Marsson; Cyclotella

Meneghiniana var, vogesiaca Grunow; Cyclotella rectangula

Brebisson; Cyclotella Meneghinians var. binotata Grunow,

The diatom species has been reported from many localities
in South /frica, In the area under investigation it was found
at relatively few localities and never in great quantities.
Cholnoky regarded this specices as autochthoncus in relatively
eutrophic and alkaline water (cf. Cholnoky 1958h: 250;

1960B: 238; 1966B: 177).

C.pseudostelligera Hustedt.4

1939 - Hustedt: Klistengebietes der Nordsee. ‘bh.nat.Verein
Bremen 31: 581, F.l1, 2.

Synonymss C. Woltereckii Hustedt.

Foged presumably misunderstcod the differences between

C.pseudostelligera and C.stelligera Cleve et Grunow, as he

assigned to the species C,stelligera n specimen which he

illustrated a2s possessing about 10 marginal spines in 10}1
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(Foged 1966: 50, Pl1.1, F.3). His drawing and description,

however, make it quite clear that this specimen has ncthing 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 thc Vaal Dam Catchment Area only one
damaged valve of this species (Fig. 28) was observed. This
specimen had a slightly denser arrangement of the striae (22 in
1O,P) than was given in Hustedt's original description; this,
however, does nnt warrant the description of this specimen as a
new species. Fig. 27 illustrates » valve szbout which there:
is some doubt. Originally it was considered as 2 new species
since nothing like it could be found in the available literature.
However Belcher, Swale and Heron (1966: 335) photographed some
valves which cculd be equated with the specimen illustrated in
Fig. 27. Belcher et al,, in studying the morphological varia-

tions of a2 clcnal culture of C,pseudostelligera, cbserved 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 was low »nd there was a silica deficiency,
cells of ancther form were found; these they identified as

C,Weltereckii, and were weakly silicified. Since beth forms were

derived from the same clonsl culture they must be the extreme
morphological forms of the same species, which, by priority,

should be called C.pseudestelligera Hustedt. The specimen

illustrated in Fig. 27 is very similar to the weakly silicified

forms of C.pseudostclligera (of Belcher, Swale and Heron 1l.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 valves were the only two specimens of the
species to be observed in the Vasl Dam Catchment Area, and
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.9%, F,22 - 27.

1927 - 1962 -~ Hustedt: Rabenhorsts Kryptogamenflora
Teil 1: 339, F, 172.

1930 - Hustedt: Bacilleriophytns. P.100, 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 favourable for planktonic
diatoms the occurrence of such planktonic specics is nowhere very
common, Only cne specimen was observed in a sample from the
Vaal River near ‘'ts scurce. Foge” erroneously records this
species frem Ghanaj this has alreedy been shown to be
C.pseudostelligera Hustedt,

Sample - 486,

C.stelligeroides Hustedt,
1945 - Hustedt: Balkan-Halbinsel Arch,Hydrobiol 40: 899,
T.Z}z, F.68’ 690

As far as is known this is the first record of this species
for South Africa, Twn specimens have been illustrated in Figs,

29, 30, and agree with Hustedt's original description of the
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species. This species was reccrded from the Vael River at
Station 54, and from the Skulpspruit near “mersfeort,
Figs. - 29, 30.

Samples - 322, 465.

CYLINDRCTHECA Rabenhrrst.

C.gracilis (Brebisson) Grunow,

Cholnoky, (1966C:164) maintained that the relative
paucity of records for this species is due to its extremely
weak silicification of the valve walls, making it difficult
to observe., C.gracilis was present in twc samples from the
Vaal River at Station 3, ond from the Vrede Streeam,

Samples - 312, 429.

CYMATOPLEURA W, Smith 1851

C.solez (Brebisson). W, Smith,

1930 - Hustedt: Bacillariophyta., P.425, F,823, a.

Only this species of Cymatonleura was found in the Catch-

ment Area, and it represents cne of the mcre commonly occurring
diatom species of this region, In a few samples it was observed
as quite abundant. It has been found to tolerate nitrogen
compounds relatively well (Cholnoky 1958L: 250); and has been
observed from weakly alkaline waters in the Eastern Transvaal

(Cholnoky 1962B: 67).
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CYMBELLA Agardh 1830.

C.acqualis W. Smith,
1856 -« ¥, Smith: Syncpsis cof the British Diatoms 2:24.

1955 - Hustedt: DNeue und weniger bekannte Diatomen 8, Abh,

Neturw, Verein Bremen 34: 52, F,17 - 21,
Hustedt (19554: 52, F, 17 - 21) showed conclusively

that C.,aequalis W. Smith and Cymbella cbtusa Gregory are two

distinct species, 2nd was able to give 2 descriptiocn of the
C.aequalis W,SMith based on the original material, Cholncky
(1960C: 352) maintained that the earlier records from South
Africa under the name C.,aequalis actually referred tc C.obtusa
Gregory.

The species occurred in the Catchment area in a number of
samples from the Vaal and Klip Rivers, but was never present in

large numbers,

C.amphicephala Naegeli.

1894 - Cleve: Naviculeid Diastoms. Kongl,Sv.Vet.ikad,.,Handl,
gé: 164

1930 - Hustedt: Bacillariophyta, P.355, F.651.

Synenyms:  Cymbells neviculiformis Heiberg (nec. C.naviculi-

formis Auerswald)

The specimersof Cymbella amphicephals, which have been

observed in this study, suppcrt Cholnoky's findings (1953: 140;
1955B: 160; 1960A: 31) that therc are, tcgether with ncormal
typical forms, much smaller forms. The valves observed here
are generally betwecn 20 and 24 P long, and 6 - 7‘P broad.

The species appears in neutral to weakly =2lkaline water
(cf.Cholnoky 1962B: 67) and in a personal communication Cholncky

stated that its optimum pH is 7.2. In this survey the species
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was present in a relatively large number of samples, while in
some it was feound in great asbundance, In a few samples it was

the deminant or ceo-dominant diatom species,

C.aspera (Ehrenberg) Heribaud,
1894 - Cleve: DNaviculeid Diatems. Kongl.Sv.Vet.ikad.Handl. 26: 175.
1930 - Hustedt: Bacillariophyta. P.365, F.680,

Syncnyms: Cocconeis asperum Ehrenberg; Cymbella lanceolata var,

aspera Brun; Cymbella gastroides Kitzing; Cymbella gigantea

Pantccsek,

Cymbella aspera is very similar to C,bengalensis Grunow,

but differs in possessing radial transapical strise at the poles,

whereas in C.bengalensis the polar striae are convergent,

This species has been recorded rarely from Scuth Africa,
and in the Vasl Dam catchment area was feound in smell numbers
at a few localities,

Samples - 266, 306, 328, 330, 331, 343, 344, 358, 437, 438,
L4Y, 456, 4777, 485, 486,

C.bengalensis Gruncow,
1875 - Grunow: A,S., Atl, T.9, F. 12, 13, T.71, F. 79;

Hustedt: T.375, F. 23 and 6,

Syncnyms: Cymbella aspera var, bengelensis (Grunow) Cleve.

Chelnoky (1953: 140; 1954: 410) has reported very smell
forms of this species, with velves measuring only 50 P in length
and 19 P in width among normel forms. The specimens observed
here were generally mcre than 100 P in length, but one specimen

measured only 79.5 P
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C.bengnlensis Gruncw has been feund to inhabit neutral

tc weakly =lkaline waters in Africa (cf. Cholncky 19544: 4103
1956: 59; 19604: 32; 1962B: 67), It is uncommon in the
catchment a;ea, where it is found in 2 few samples from the
Vasl River, and once in the Klip River.

Samijles - 350, 353’ 4‘22, 4913 4‘92, 4950

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;

Cocconema arcticum A, Schmidt:; Cocconema cornutum Gregory;

Cymbella eburnea Zanon; Cymbella cistula ver. maculata (Kiitzing)

van Huerck,

According to De Toni (1891: 365) Dr. O. Kirchner was the

first to use the combination Cymbella cistula Hemprich which

preceded Grunow's use of the same combination 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
waters of South Africa (cf. Cholnoky 1960A: 32; 1962B: 67),
It was one of the more commonly occurring Cymbella species of
the catchrment area, but with low percentage occurrence in the

samples.
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C.celicatula Kitzing,

1849 -~ Kitzing: Sp. Alg. P.59

1894 - Cleve: Naviculoid Diatoms, Kongl.Sv,Vet,Akad.Hondl, 26: 161.
1930 - Hustedt: Bacillsriophyta. P.352, F,642,

This Cymbella species is uncommon in South Africa; it was
found in the Blesbok, Kaffirspruit and Skulpspruit Rivers, at
Station 3 on the Vasl River and in two samples near Vrede.

Semples - 427, 441, 465, 491, 495, 496,

C.gracilis (Rabenhorst) Cleve.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv,Vet.Akad.Handl. 26: 169.
1930 - Hustedt: Bacillariophyte. P.359, F.663,

Synonyms: Encyonema gracile Rabenhorst; Cymbella scotica
W. Smith; Cymbella lunata W, Smith,

Hustedt (1937 - 1939, Suppl, 15: 428, T.25, F.15, 16)
illustrated two valves under the neme C.gracilis which he described
28 possessing an isolated stigma over the central transapical
striae on the dorsal side. Having seen simile~r specimens in

South Africa Cholnoky has described them as Cymbella turgida

(Gregory) Grunow var, pseudogracilis Cholnoky (1958B; 112).

None of the specimens of C,gracilis from the Varl Dam catchment
aren showed any evidence for an isolated stigma, and in this
agreed with Cholnoky's observations, According to Cholnoky
(1960A: 32) many of the ecarlier records of this species for
South Africa are dubious due to confusion with C,turgida var,

pseudogracilis,

While Hustedt (l.c.) stated that C,gracilis is found in a
pH range of 4 - 8.5, Cholnoky (1960B: 238) maintained that it
inhabits 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 acidic (see Part 2), and once from the Holspruit River
in the Orange Free State, This observation supported the more
limited renge of tolerance to pH put forward by Cholnoky.

Samples - 253, 301, 370, 479.

C.Kappii Cholnoky.
1956 -~ Cholnoky: Seltene ii-Tugela-Gebicte. asterr.Bot.
Zeitschr, 108: 61, F,17 - 20,

Synonyms: Cymbella turgiduls var.Kappii Cholnoky.

C.Kappii has been found in subtropical areas in oligo-
trophic, neutral to alkaline waters of South Africa (Cholnoky
1060A: 33; 1962B: 68), In the Vazl Dam catchment area it is
one of the most common Cymbella species, often occurring in

association with C,amphicephala, C.microcephala and C.ventricosa,

in high numbers.

C.Kolbei Hustedt,
1949 - Hustedt: Sinai-Halbinsel. Hydrobiologia 2: 46, F.20 - 26,

Synonyms: Cymbella sumatrensis Hustedt; (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, who regarded it as a characteristic
species of oligotrophic, nlkaline water (Cholnoky 1962B: 68), in
many different localities in South Africa having neutrsl to weakly
a2lkaline waters (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.microcephala Grunow.

1880 - Grunow: in V,H. Syn, P.63, P1.8, F,36 -~ 39,

189 - Cleve: Naviculoid Dintoms. Kongl.Sv.Vet,Akad,Handl, 26: 160,
1930 - Hustedt: Bacilleriophyta. P.351, F.637.

Synonyms: C.minuscula (A,S. 4t1.1X, £ 58 - 61,)

C.microcephals appears to be limited to weakly slkaline

to neutrel waters with a pH fluctuntion towards being slightly

acid, In a personal communication from Cholnoky C.microcephnla

has a pH optimum of 7,2. It is also found in waters which have
a high percentage oxygen saturation, It is not surprising,

therefore, that in the catchment area it often occurred in great
numbers, in some samples dominant, and in others in association

with C.,amphicephala, C,K2ppii end C.ventricosa as co-dominant

species, This species is one of the most commonly occurring

Cymbella species in the Catchment area,

C.naviculiformis Auerswald.,
1894 - Cleve: Naviculoid Distoms. Kongl,Sv.Vet.Akad,Handl., 26: 166,
1930 ~ Hustedt: Bacillariophyta. P,356, F.653.

Synonyms: Cymbells cuspidata W, Smith; Cymbells anglica Lagerstedt,

According to Cholnoky (1960B: 239; 1962B: 68)

Ce.naviculiformis is found in neutral to weakly =alkaline waters

with » low nitrogen content., It is not 2 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: Cymbelln 01iffii var, minor Cholnoky; Nevicula confusa

Manguin; Cymbella aequaloides Archibald,
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On closer examination some specimens described as

C.nequaloides Archibald (1966/L: 254) were found to be C,0liffii

Cholncky (Rig.31), which Cholnoky had described earlier,

C.aequaloides ’‘rchibald must, therefore, be reduced to 2 synonym

of C,01iffii,

The autecology of this species is not particularly well
known but Cholnoky reported it to te generally 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.perpusille A, Cleve - Huler,
1930 - Hustedt: Bacillariophyta. P.361, F.666,

Syncenyms: Cymbella bipartita A, Mayer,

It is apparent from Cholnoky's researches that C,perpusilla

is more variable in tropical and subtropical waters (cf,Cholnoky
1954B: 207). This species is found in a pH range of 5,5 - 6,8
(Hustedt 1937-39, Suppl. 15: 428) while 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 mrinly from the
Waterval and Vaal Rivers,

Fig, - 32.
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C.raytonensis Cholnoky.,

1955 - Cholnoky., Raytonvlei und Leeufontein. Hydrobiologia 7:
162, F. 19 - 21,

Synonyms: Cymbellz Schubartii Hustedt.

Since Cholnoky (1955B: 162) first described this species
the range of variation has chenged immensely, The originnl
description should be smended to cover this new range, viz,

10 - 44 p long and 3 - 8 n wide (cf.Cholnoky 1956; 1960C: 352).
The single specimen observed here fell 2~mongst the smaller
examples of this species.

Cholnoky (1960A: 54) found this species in Natal in water
with a low pH, fluctunting 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 Cholnoky.
1953 - Cholnoky: Hennops Rivier., Verh., zool-bot.Ges.Wien
93: 141, F, 6 - 11,

The specimens observedin this study =greed with the
original disgnosis given by Cholnoky (1953: 141) without any
deviation,

The species is rare in South Africe, and has been reported
only from the Waterval River at Station 7, and 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.'kad.Handl.26: 168.
1930 - Hustedt: Bacilleriophyta, P.358, F,660

Synonyms: Encyonem~ turgida (Gregory) Grunow.

Hustedt (1930: 358) incorrectly quoted the author's names
as (Gregory) Cleve. However, Gregory himself in 1856 used the

combination Cymbella turgida (cf. De Toni 1891: 372) in his

original description. Tt was only later in 1880 that Grunow,
in van Heurck's Synopsis, transferred it to the genus Encyonema,
which was subsequenﬁly included as a subgenus by Cleve in the
genus Cymbella. Cholnoky (1958B: 111, F.46) discovered an
isolated pore at the end of the central transapical stria, which
‘takes 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 autecoclogy of this
species, Hustedt (1937-39, Suppl. 15: 427) claimed that the pH
range was between 6,5 to over 8 and stated that "die Haupten-
twicklung liegt jedenfalls bei einem pH um 8".  Cholnoky
(19604:36) mentioned only that he had found the species to be
widespread and often asbundant in the neutral waters of Natal,
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., 6: 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 variety apparently finds its optimum development in
acidic waters, and consequently was recorded in very small numbers
from one locality on the Waterval River, and ~t Station 12 on the
Wilge River.

Samples - 334, 554.

C.ventricosa Agardh,

1894 ~ Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl,
26: 168,

1930 - Hustedt: BRacillariophyta. P.359, F.661.

Synonyms: Encyoneme ventricosa (Agardh) Grunow; Frustulia

ventricosa Kitzing; Encyonema prostratum Kiitzing; Encyonema

caespitosum Kiitzing; Encyonemr Auerswaldii Rabenhorst; Cymbells

maculats W, Smith; Cymbells affinis var, semicircularis

Lagerstedt; Cocconema lunula Ehrenberg; Cymbella silesiaca

Bleisch; Cymbella varigbilis Wartmsnn,

The author of this species is not Kiitzing as cited by
Hustedt (1930: 359), but Agardh, Agardh described it first as

Cymbelle ventricosa in 1830 and later Kitzing (1834) transferred

it to the genus Frustulia. Grunow called this species Encyocnema
ventricosa, and it was fin2lly Cleve who replaced the species in
the enlarged genus Cymbella, and in so doing Cleve erroneously

quoted Kitzing as the author, Cymbella ventricosa and C,turgida

Gregory are very closely relnted to each other, and indeed the
smaller forms of the latter are sometimes very difficult to

distinguish from C,ventricosa.

In South *frica the species has becn reported from
oligotrophic, neutral to weakly »lkaline waters (Cholnoky
1960A: 36; 19624:19; 1962B: 70) in which it finds its optimum

conditions (Cholnoky 1962C: 319), For this reason it is found
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in a great meny samples from this area, =2nd sometimes with high
relative densities in the samples. This was one of the most

commonly found diatoms in the catchment area.

DIPLONEIS Ehrenberg 1844,

De.marginestriata Hustedt.

1922 - Hustedt: Int.Rev,d.ges.Hydrobiol, Hydrogr. 10: 78, F,5.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora, Teil 2:
677, F,1068 b,

1930 - Hustedt: Bocilleriophyta., P,250, F,1068 b,

One specimen of this species was observed in the catchment
area, It differcd from Hustedt's description (1l.c.) only in its
breadth, being rclatively 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, = tribu-
tary oi the Waterval River,

Fig. - 33.

Sample - 411.

D,ovalis (Hilse) Cleve,

1891 - Cleve: Diat, Finl, P.44, T.2, T.13.

1894 - Cleve: Naviculoid Distoms. Kongl.Sv.Vet.,Akad.Hand1,26: 93.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogsmenflora, Teil 2: 671,
F.1065 a - .

1930 ~ Hustedt: Bacill-riophyta. P.249, F.390.

Synonyms: Pinnularia ovalis Hilse; Navicula ovalis A, Schmidt;

Navicula elliptica A, Schmidt; Navicula carpathorum Pantocsek;

Diploneis ovalis var, Hilseanz Meister:
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This species is rare in South Africa, and Cholnoky
(1962B: 70) meintained that many of the earlier records of this
species for South Africa by others were in error, =nd should be

assigned to D, subovalis instead.

In the Vaal Dam catchment area this species was found in
small numbers from relatively few samples mainly frem the Water-

val and Va=1 Rivers.

D.pseudovalis Hustedt.

1927 - 1664 - Hustedt: Rabenhorsts Kryptogsmenflora.
Teil 2: 668, F,1063 c,

1930 -~ Hustedt: Bacillariophyta. P.253, F.403,

D.pseudovalis can very easily be mistaken for D,subovalis

Cleve, being superficially very similsr, The difference can

only be observed on closer examination, when it can be seen th-t

the two rows of poroids between the costae are »orranged opposite

each other snd not diagona=lly ("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 fact D.pseudovelis,

Cholnoky has reported this species mrinly from waters in
the coastal regions of the Cape Province (1959: 22; 1960B: 240)
and of Natal (1960A: 37) where he alsc found it in localities
removed from the sea, It was recorded from Stations 15 and 16
on the Kalk River, in samples from the Waterval and Vaal Rivers,
and in 2 small tributary cf the Klip River.

Samples - 4«01, 402, 406, 410’ 1&4—’70
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D.Smithii (Rrebisson) Cleve var, pumila (Grunow) Hustedt.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil g:
650, F.1052 d.e.

Synonyms: Navicula ovalis var. pumila Grunow; MNavicula puella

Schumann,

Single specimens of this variety were seen in samples from
two localities on the upper Waterval River, in one sample from a
tribut=ry of the Vaal River near Standerton, and from the Vaal
River itself near Ermelo,

Samples - 419, 477, 511, 512.

D.subovalis Cleve.
1894 - Cleve: WNaviculoid Diatoms., Kongl,Sv.Vet,Akad,Handl, 26: 96,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:

667, F,1063, 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,

EPITHEMIA Brebisson 1838,

E.sorex Kitzing,
1930 - Hustedt: Bacillariophyta, P.388, F.736.

Synonyms : Cystopleura ksmerunensis Gutwinsky et Chmielewsky;

Epithemia komerunensis Woodhead et Tweed,

There is little information on the ecolegy 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 values were 8,7, indicating
that this species prefers rel-tively zlkaline waters.

Samples - 323, 326, 365, 402, 405, 411, 412, 413, 420.

E.zebra (Ehrenberg) Kd@tzing.
1930 - Hustedt: Bacillariophyta, P.304, F,729.

Synonymss: FEunotiz gzebra Ehrenberg; Navicula zebra Ehrenberg;

Epithemia adnata Brebisson; Cymbella zebra Hassall; Frustulia

adnata Kiitzing; Epithemia intermedia Wartmann; Cystopleura

zebra (Kiitzing) Kunze; Epithemia zebra var. porcellus (Kutzing)

Grunow; Epithemia zebra var. saxonica (Xlitzing) Grunow,

Cholnoky (19624: 21; 1962B: 71) no longer regards the
varieties var. porcellus and vor, saxonica as distinct from E.zebra
as there are trensition=l forms m~king precise diagnosis difficult.
In the catchment area E.zebra is recorded in low percentages from
13 samples. No data on its ecology is svaileble,

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 - Hustedt: Rabenhorsts Kryptogamenflora,
Teil 2: 276, F.742,

1930 - Hustedt: Bacillariophyta. P.173, F.,207.

Synonyms: Eunotia minutula Grunow; Eunotia camelus Schumann;

Funotis diodon var, diminuta Grunow; Funotia diodon f, minor Grunow;

Bunotia diodon var, minutula v Schonfeldt.
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E.diodon has been reported once from South Africa (Cholnoky

1955B: 164)

2

nd once from Ghana (Foged 1966: 55). As far =s is
known thes? are the only two records of this species from Africa.
In the Vaal Dam catchment area this species occurred in one sample
as a single record.

Sample-479,

E.exigua (Brebisson) Rabenhorst.

1864 - Rabenhorst: Fl.Bur.Alg. P.73.

1927 -~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil g: 285, F.751, a - v,

1930 - Hustedt: Bacillariophyta. P.176, F,223,

Synonyms: Himantidium exiguum Brebisson; FEunotia minuta

Hilse; Eunotia gracilis W, Smith; Eunotia paludosa Grunow;

Funotia monodon var, minuta Rabenhorst; Bunotia Nymanniana

Grunow; FEunotia Smithiil Gutwinsky; FBunotia exigua var,

genuina A, Mayer; FEunotia pseudoelegans Cholnoky.

Cholnoky has quoted two different authorities for this
species., In his earlier works he cited the ~uthors (Brebisson)
Grunow, while in later publications he changed to (Brebisson)
Rabenhorst, without giving any resasons for this change. According
to De Toni (1891: 792) Rabenhorst first used the specific combina-
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 (Vaal 301, 370 and 479)
were collected at the headwaters of the Vaal River at Station 1,

where the pH was recorded as fluctuating between 6,0 - 6.8, In
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two of these samples the relative 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 values were not
measured,

Fig., - 24.

Samples - 301, 327, 331, 370, 479.

E.flexuosa (Brebisson) Kiftzing.

1849 - Kltzing: Sp.Alg. P.6,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflors
Teil 2: 312, F.778.

1930 - Hustedt: Bacilleriophyta., P.186, F.258,

Synonyms: Synedra flexuosa Brebisson; Synedrs flexuosa var,

angusta Brebisson; BEunotia pachycephala Kiitzing; Exilaria

flexa Brebisson; Eunotin biceps Kutzing; Synedra pachycephala

Ralfs; Ceratoneis flexuosa Grunow; Cerstoneis pachycephala

Grunow; Pseudoeunotia pachycephala De Toni; Pseudoeunotia

biceps De Toni; Pseudoeunotia flexuosz De Toni,

Most Eunotia species are acidophilic and this species is
no excention. In the Va2l Dam catchment arca it was found only
at the headwaters of the Vaal River where the pH was found to be
around 6,5. One or twc specimens were seen in each sample,

Samples - 301, 370,

F.garusica Cholnoky.
1952 - Cholnoky: Algenflora Portugiesisch Ost-Afrika,
Biocl.Soc.Portug.Cienc.Nat.4:

E.gerusica is found in relatively acid waters in South
Africa and is fairly widespread throughout the country. In the

catchment area it has been found only at the headwaters of the
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Vaal River and in one sample from Lzke Chrissie which lies just
outside the Catchment area near the source of the Vanl River,

Samples - 301, 485, )

E.gracilis (Ehrenberg) Rabenhorst.

1864 - Rabenhorst: Fl,Eur,Alg. P,72.

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil 2: 305, F.771.

1930 - Hustedt: Bacillariophyts. P,185, F.253.

Synonyms: Himantidium gracile Ehrenberg: Eunotia gracilis

var, fossilis Pantocsek; E.gracilis var. capitata Peragallo et

Heribaud; Eunotia gracilis f. minor Dippel; Eunotia glacialis

Meister; Bunotia maior var., genuina A, Mayer.

This species has been seen in relatively few localities
in South Africa, Cholncky has reported it from the Transvasl
(Cholnoky 1955B: 1663 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 Kleinvarl River, where only
one specimen was seen,

Sample - 464,

E,lunaris (Fhrenberg) Grunow,

1881 - Grunow: in V,H., Syn.T.35, F. 3,4,6.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil 2: 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 Kiitzing; Ceratoneis lunaris Grunow; Eunotis curvata

Lagerstedt; Pseudoeunotia lunaris var. falcata, var, bilunaris

var, minor, var, cuspidata De Toni,

When Hustedt worked on the Congo materisl (Hustedt 1949A: 70)
he discovered a small backward projecting appendage which was
attached to the polar end of the rudimentary raphe of E.lunaris,
This had hitherto been unknown in this species, although it does
occur in others, On comparison with European maﬁerial of the
same species Hustedt found that the European material also possessed
this eppendage which in many instances was very difficult to see,
This appendage has since become one of the main diagnostic
characters of the species, E.lunaris, Cholnoky (1962C: 320)
suggested a revision of the statemcnt of the number of striae in
this species since he found specimens with 19 strize in 10 P
In 211 the examples seen in this study, the specimens fulfilled
the description correctly, but possessed 18 striae in 10 Po

Cholnoky (1962B: 71) maintained that this species is
found in acidic and oligotrophic waters, and that its pH
optimum lies around 6.0, The species occurred in small numbers
from three localities, Station 1 on the Vaal River, Station 17 on
the Waterval River, and once from Lake Chrissie, which lies just
outside the catchment area near Ermelo.

Samples - 301, 340, 485,

E.pectinalis (Kiitzing) Rabenhorst.

1864 - Rabenhorst: Fl.Eur.Alg. P.73.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil 2: 296, F, 763 a, k.

1930 - Hustedt: Bacillariophyta. P,180, F.237.
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Synonyms: Fragilaria grandis Ehrenberg; Fragilaria pectinalis

Ralfs; Eunotia depressa Fhrenberg; Himantidium pectinale Kitzing;

Fragilaria hiemale Duby; Himantidium Soleirolli Kitzing;

Himantidium strictum Rabenhorst.

There is some doubt concerning the authority of the
specific epithet of this species., Both Hustedt (1927 - 1964,

Teil 2: 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 0.F. Muellcr, and Agardh (1824: 7)

cited O.F. Mueller as the earliest 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 C,F., Mueller is synonymous with Fragilaria capucina

Desmazieges (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 Lyngbye. 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 Klitzing,

and Kutzing 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 2t pH values above 6.5 -

6.6, and will die at pH values over 7. The distribution of
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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.pectinalis var. minor (Kiitzing) Rabenhorst,

1864 - Rabenhorst: Fl.Bur.Alg., P.74.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflors Teil 22:
298, F.,763 d - £,

1930 - Hustedt: Racillariophyt~. P.182, F,238,

Synonyms: Himentidium minus Kitzing; Funotia pectinalis var,

minor f, minutissima A,Mayer; Eunotia pectinalis var. minor

f. impressa (Ehrenberg) Hustedt; Eunotia impressa Ehrenberg;

Eunotia pectinalis var. impressa 0. Miller; FEunotia impressa

var. angusta Grunow.

E.pectinalis var. minor f. impressa is no longer regarded

as a separate entity from the varietal forms, since a series of
transitional forms have been found linking the variety with f.
impressa.

This variety, like the typical form, is acidophilic and as
a result is seldom secn 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 2: 292, F.759, a,b.
1930 - Hustedt: Bacillariophyta. P,179 (under E.tridentula
FEhrenberg).
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Synonyms: Eunotia quinaria Ehrenberg; Eunotia quaternaria

Ehrenberg; Eunotia tridentula Ehrenberg; Eunotia tridentula

var, perminuta Grunow; Eunotia tridentula var, geniuna, var,

perminuta, f, typica, f. guadridentata A. Mayer; Eunotia

tridentdla var. quadridentata A, Mayer.

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 and 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) and according to
Cholnoky it has been found in tropical - subtropical acidic
and oligotrophic waters (Cholnoky 1960A: 41) in which the species
appears to thrive when the pH of the water reme2ins around pH 6,0,
Its occurrence in the catchment area was extremely rare, one
specimen being recorded at Station 114 at Harrismith.

Fig. - 35.

Sample - 331.

E.praerupta Ehrenberg.
1841 - Bhrenberg: Rer. Berl.iksd. P.414.

1927 - 1964 - Hustedt: Rr-benhorsts Kryptogemenflora
Teil 2: 280, F.747, o - e.
1930 - Hustedt: Bacillariophyta. P.174, F.211.

Synonyms: Funotia praerupta var. genuina and var, acuta Grunow;

Bunotia praerupta var, laticeps Grunow and f, curta Grunow;

Bunotia praerupta var. genuins f, subimpressa and f, curta A.Mayer;
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Eunotia praerupta f, perminuta Fontell; Funotia praerupta var,

monodonoides and f, ventricosa A. Mayer.

This species has been recorded by Cholnoky from many
localities in Rhodesia and in South Africa, but mainly from
the Transvaal =2nd Natal., 1In other parts of Africa, Foged
records it from Ghana, Hustedt from the Congo and Cholnoky from
the Ruwenzori Mountains. It has been recorded from one sample
from Lake Chrissie which lies just outside the Catchment area.

Sample ~ 485,

Eunotia pseudoveneris Hustedt.

1942 - Hustedt: Indomalayischen Archipels. Internat.Rev.d,Ges.
Hydrob.Hydrogr. 42: 29, F., 24 - 29,

As the rivers in the“estchment 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 samples 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: Bunotia raytonensis Cholnoky; Eunotia tenella var,

densestriata Cholnoky; Eunotia tenella var, capensis Cholnoky.

This small species (Fig. 36) has been 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 a2 completely new species,

E.raytonensis Cholnoky (1955B: 169) and twice as varieties

of B.tenella Hustedt, var. densestriata (1955B: 169) and vor,

capensis Cholnoky (1959: 106). Cholnoky now regards these as

synonyms of E.rhombeidea Hustedt.

E.rhomboidea is found in oligectrophic, acidic waters and

particularly in the acid waters on Tsble Mountain Sandstone
(cf. Cholnoky 1962B: 72). It was recorded from the acid waters

of Statiocn 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 originslly 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 Po Cholnoky's original description must,
on account of this new observatiocn, be changed to accomodate the
new dimensions,

Sample - 370.

E.similis Hustedt.
- Hustedt: in A,S.Atl, T,382, ¥, 11 ~ 24,
1937 - 1939 -~ Hustedt: Java, Bali und Sumatra.
Arch,Hydrobiol.Suppl.l5: 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.Cholnoky
1954C: 279; 1957A: 52; 1962B: 72). In the Vaal Dam Catchment
Area it was recorded from the headwaters of the Wilge River,
Fig.~- 3%

Sample - 328,

E.subaequalis Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatre,
Arch.Hydrobiol. Suppl.l5: 170, T.12, F.1 - 4.
- Hustedt: in A.S.At1. T.382, F,5 - 10.

Synonyms: Eunotia sudetica O. Miller var, incisa Manguin;

Funotia veneris (Kitzing) 0. Miller; FEunotia veneris var,

rhynchocephala Manguin; 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 waters (Cholnoky 1954C: 279), This
species is 2 characteristic epiphyte on submerged parts of aquatic
macrophytes (Cholnoky 1954B: 211). It was found in only two
samples from the catchment arez.

Samples - 485, 464,

E.tenella (Grunow) Hustedt.

1913 - Hustedt: in A,.S..tl. T.387, F.20 - 25.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 284, F.749.
1930 - Hustedt: Bacillariophyta. P,175, F,220.

Synonyms: Eunotia arcus var. tenelloc Grunow; Eunotia arcus var,

hybrida Grunow; Eunotia minime Gutwinsky; Bunotia pectinalis var,

pusilla A, Mayer.,
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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, FJ34 -~ 41), considering it to be synonymous. He has also
sunk the f, undulata Hustedt (1949A: 69, T.3, F,30 - 31) into

the species on account of the transiticnal forms linking the
typical forms and f., undulata (c.f. Cholnoky 1964: 64). Although
quite widespread 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 Kryptogeamenflora
Teil 2: 168, F,676 a - e,

1930 - Hustedt: Bacillariophyta P.145, F,151.

Synonyms: Fragilaria acuta Ehrenberg; Fragilaria brevistriata

var, subacuta and var, pusilla Grunow; Fragilaria rostrata

Pantocsek; Fragilaria brevistratavar. linearis A. Mayer.

From the many references that Cholnoky has made with
regard to observing abnormal forms, it would appear that the
complete range of morphological variations for this species
is still to be fully defined, One of the examples seen in
this investigation was smaller than the dimensions given by
Hustedt (8 P long). Similar short forms have also been observed
in Lake Sibayi (Archibald 1966B: 486).

Cholnoky reported it from wezkly 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 Kryptogemenflora.
Teil 2: 169, F,676 h,

1930 -~ Hustedt: Bacillsriophyta. P.145, F,152.

Synonyms: Fragilarir inflata Pantocsek.

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 variety 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 2: 156;?.670 a - C,

1930 - Hustedt: Bacillariophyta. P,140, F.135.

Synonyms: Staurosira construens Ehrenberg; Odontidium tabellaria

W, Smith; Dimerogramm~ tabelloria Ralfs; Fragilaria construens

var, genuin- Grunow; Fragilaria construens f, biceps Strose;

Fragileri=a rhombica Ostrup; Fragilorina mutabilis var, assymetrica

A, Cleve; Fragilaris construens var, venter (Ehrenberg) Grunow,

In this species Cholnoky (1964: 6635 1966A: 21) has in
many instances seen so many transitional stages between var,
venter and the typicsl forms that he has considered it best to
sink the variety and include it with the typical forms of the
species,

F.construens apparently thrives in oxygen 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. subsalina Hustedt,

1925 - Hustedt: Mit.Geogr.Ges.v.d.Naturlist.Mus,Libeck,2,
Reihe 30: 106, F.5 - 8.

1927 - 1964 - Hustedt: Rebenhorsts Kryptogsmenflora
Teil 2: 159. F. 670 p - 8.

1930 - Hustedt: Bacillariophyta. P.141, F.139.

This is a rare variety of F.construens and, indeed, only

one specimen was seen,

Sample - 322,

F.familiaris (Kiitzing) Hustedt,
1957 - Hustedt: Flusssystems der Weser, Ath.d.Naturw,Ver,
Bremen 34: 229,

Synonyms: Synedra rumpens var, familiaris (Kiitzing) Grunow;

Synedra rumpens var. scotica Grunow.

This diatom species is found in neutral to weakly
alkaline water (cf. Cholnoky 1962B: 73; 1962C: 321). Its
distribution is fairly widespread in South Africa, and it was
one of the most commonly occurring species of the genus Fragilaria
in the catchment area, It was psrticularly common in the Vaal

River and its tributories, sometimes appecring in high numbers,

F.fonticola Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatra,
Arch,Hydrobiol.Suppl.1l5: 151, T.10, F.61, 62,

In Natal Cholnoky (1960A: 43) has found individuals which
have up to 20 striae in 10)1 and are 4 p broad. Thus = scrics 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 2bundantly in South Africa, nor in
the Vaal Dam catchment area, the =sutecology of the species is
not properly known, but it apparently favours neutral to weakly
alkaline waters (Cholnoky 1962B: 73).

Samples - 339, 377, 378, 410, 412.

F.fragilarioides (Grunow) Cholnoky.

1963 - Cholnoky: Holl¥ndisch-Neuguinea, Nova Hedwigia 5: 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 Grunow 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.: T1, F, iii, 7; T.3, F, iii, 18;
T.5, F.i, 32, iii, 48; T.6, F.i, 45.ii, 24.
etec. (1854).

1927 - 1664 - Hustedt: Rabenhorsts Kryptogamenflora.
Teil 2: 160, F.671 a - i.

Synonyms: Fragilaria striolata Ehrenberg; Odontidium pinnatus

Kiitzing, Odontidium striolatus Kitzing; Odontidium mutabile

W. Smith; Dimerogramma mutabile Ralfs; Fragilsris mutabilis

Grunow; Odontidium ventriculosum Schumann; Fragileria elliptica

Schumann, Fragilari2 minutissima Grunow; Odontidium minimum

Neegeli,

This small species of Fragilaria, which was found in small

numbers in the Varl Dem catchment area, thrives in water having 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.
Cholncky 1962B: 73).  Cholnoky (1960B: 244; 1963D: 241) hes
found it in brackish waters indicating that it can withstand 2
high sal£ content,

Samples - 239, 306, 307, 409, 437, 441, 485, 486.

F.pinnata ver. lancettula (Schumann) Hustedt,

1913 - Hustedt: in A.S, Atlas T.297, F.51, 59 - 64,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
161, F.671 m - o,

Synonyms: Fragilaria lancettula Schumsann.

The autecology of this variety is the same as that 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 Seeckoeivlei
near Memel,

Samples - 261, 486,

F.Vaucheriae (Kitzing) Boye Petcrsen.

1938 -~ Boye Petersen: Fragilaria intermedia - Synedra Vaucheriae?
Bot.Not.1938 (1/3): 167, F.1 c - g.

Synonyms: Exilaria Vaucheriae Kiitzing; Frustulia anceps Kitzing;

Frustulia parvula Kitzing; Synedra minutissima Kitzing; Synedra

parvula Kitzing; Synedra exilis Kiitzing; Synedra deformis W.Smith;

Synedra Vaucheriae Kiitzing; Staurosira intermedis Grunow;

1

Fragilaris mutebilis var. intermedia Grunow; Odontidium mutabile

var, intermedia De Toni; Synedra Vaucheriae var, distans and var.

deformis Grunow; Fregilaria 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 cpithet intermedia. Lccording to
Patrick énd Reimer (1966: 120), Boye Petersen was the first to

use the combination Fragilaria Vaucheriae correctly. In sample

Vaal 412 some abnormally short forms of this species were observed
(Fig. 38, 39); these specimens were only 7 j long =nd intergraded
with the more typical forms.

The autecology of this species indicates that it has a
preference for neutral to relatively alkaline waters, containing
a good supply of oxygen. The waters of the Vesl Dam crichment
area often fulfilled these conditions, with the result that this
species was widely distributed, sometimes occurring in very high
numbers, |

Figs - 38, 390

F.virescens Ralfs,

1843 - Ralfs: Ann.Mag,Nat.Hist. 12: T.2, F.b6.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2: 162,
F.672A, a, b,

1930 -~ Hustedt: Bacillariophyta. P.142, F,144,

Synonyms: Diatoma sulphurescens Agardh; Fregilaria confervceides

Greville; Fragilaria pectinnlis Fhrenberg; Diatom2 virescens

Hassall; Fragilaria virescens v=r, diatomsces Grunow; Fragilaria

producta (Lagerstedt) Auct. nonnull, For further synonyms see
Hustedt 1927 - 1964, Teil 2z 162,

F.virescens 1s a very varizble 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 y) observed in the catchment area had
the smaller dimensions mentioned by Cholnoky (1954A: 413).

Sample - 410,

FRUSTULIA Grunow 1865.

F.rhomboides (Ehrenberg) De Toni.
1891 - De Toni: Syll. Alg., P.277.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.'kad.Handl.26: 122,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora. Teil 2:
728, F. 1098 a.
1930 - Hustedt: Bacillariophyta. ©P.220, F.324.

Synonyms: Navicula rhomboides FEhrenberg; Vanheurckia rhomboides

Brebisson; Frustulia rhomboides var, genuina A, Mayer,

Hustedt (1937 - 1939, Suppl 15: 215) described F.rhomboides

as an "indifferent" form, thriving in a pH range of 5.5 - 8.2.
However, Cholnoky (1962B: 74; 1966B: 184) has found that in
South Africa this species is limited to waters with a narrow pH
range around 6.0. The species was observed in three samples
from one locality, nemely the head-waters of the Vaal River,
where the waters are acidic, due to marshy cenditions.

Samples - 301, 370, 479.

Frustulia rhomboides var. saxonica (Rabenhorst) de Toni,
1891 - De Toni: Syll.Alg. P. 277.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl.gé: 123,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
729, F. 1099 a.
1930 - Hustedt: Bacillariophyta., P.221. F.325.

Synonyms: Frustulia saxonica Rabenhorst; Navicula crassinerva

Brebisson; Frustulia torfacea Braun,
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Both the two different forms of this variety f. undulata
and the f,capitats (A.Mayer) Hustedt heve been included with
typical forms on account of the transitionsl stages between all
these forms (cf, Cholnoky 1955B: 170). Cholnoky has observed
specimens which he regarded as linking the variety var, saxonica

with the typical Frustuliaz rhombeides, but no such transitional

forms have been observed in the semples from the catchment area,
The autecology of the variety is the same 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 211 these samples were taken from the
upper reaches of certain rivers and tributaries, e.g., the Vaal,
Kleinvasl, Klipspruit and Wilge River, where the waters in some.:

cases were acidic,

F.subvulgaris Cholnoky,
1959 ~ Cholnoky: Seltene iv - Kaap-Provinz, Otserr.Bot.Zeitschr.
106: 27, F.160.

Frustulia subvulgaris occurred rarely in the catchment

area, being found mainly in the Waterval River,

Semples ~ 31, 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 Africa" (Archibald 19664) a
specimen’ (Fig.2) was erroneocusly assigned to the species F.
subvulgaris Chelnoky; this was infact the straight sided form
of F.tugelae,

This species was uncommen in the catchment area, where it
was found in a number of samples from the upper reaches of the
Vazl, Klip and Wilge 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 Distoms. Kongl.Sv,Vet,Akad. Handl,
26: 122,

1927 - 1964 - Hustedt: Bacillariophyta. P.,221, F.327.

Synonyms: Colletonema vulgare Thwaites; Navicula rhomboides

var. cbtusa Grunow; Navicula vulgaris Heiberg; Schizonema

vulgare Rabenhorst; Navicula dirhynchus Donkin; Vanheurckia

vulgaris Van Heurck,

In common with Cholnoky (1960B: 245) the typical forms
were rarely seen in the catchment area, They eppeared to be
limited to the Waterval River whers it cccurred as single records

in a small number of samples.

F.vulgaris var. angusta Cholncky.
1954 - Cholnoky: SHd Bhodesien. Port.Acta Biol. 4: 214, F.6l.

In contrast with 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 alkeline waters of South
Africa, ° These conditions were widespread in the catchment
area, resulting in a widespread distribution of the variety
in the catchment area,. The paucity of records from the
Waterval River might have resulted from some confusion with

the typical forms.

F.,Weinholdii Hustedt.

1927 - 1964 - Hustedt; Rabenhorsts Kryptogamenflors
Teil 2: 731, F.1101.

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 Africa, As far as

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 which was illus-

trated (Fig. 44) because of its slightly smaller length, 36 P

as compared with Hustedt's lower limit of 40 Pe 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
Wilge River, and once from Station 24 on the Klip River.
Fig. - 44.

Samples - 327, 330, 437.
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GOMPHONEMA  Agardh 1824,

G.angustissime Hustedt wvar. africana Cholnoky.
1959 - Cholnoky: Seltene iv - Ka~p Provinz.
Osterr.Bot.Zeitschr, 106: 28, T, 161.

Due to its extremely narrow and long valves and larger
punctae at the end of the striae near the raphe, this variety
was identified without too much difficulty.

In the catchment srea one example in full agreement with
Cholnoky's description was recorded from Station 1 on the Vaal
River,

Sample - 370.

G.Clevei Fricke.

- Fricke: in A.S. Atl. T.234, F.44 - 46,

Synonyms: Gomphonema brachyneura O. Miller; Gomphonema

rhombicum A, Schmidt and Fricke; Gomphonema navicella O. Muller;

Gomphonema Frickei 0. Miiller.

G.Clevei can easily be distinguished from the smaller

G.Schweikerdtii by looking closely at the transapical striae.

In each stria there are two rows of pores which are arranged in
such a way as to form a "quincunx" or diagcnal r ows, In

G.Schweikerdtii there is a simple single row of pores.

This species of Gomphonema is characteristic of neutral to
weakly basic or =lkaline waters, in which it shows a great variabi-
lity. In the catchment =area it was one of the most commonly
occurring species of the genus, 2s the conditions found in the
rivers were suitable over » wide aresn, Older authors have

recorded this species on mony occasions as G,brachyneura,
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G.constrictum Fhrenberg.

1831 - Ehrenberg: Abh.Berl.Akad, P.63,

1895 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad,Handl,
26: 186,

1930 - Hustedt: Bacillariophyta P.377. F.714.

Synonyms: Gomphonems pohliaeforme Kiitzing; Gomphonema subramosum

Kitzing; Gomphonema constrictum var. subcapitata Grunow;

This species occurred in quite 2 number of samples but in

none was it ever very sbundant,

G.constrictum var, capitata (Ehrenberg) Cleve,

1894 ~ Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Hanl.
26: 186,

1930 - Hustedt: Facillariophyt~ P.377, F.715.

Synonyms: Gomphonema cspitatum Ehrenberg; Gomphonema turgidum

Ehrenberg; Gomphonema italicum Kiitzing; Gomphonema clavatum

Ehrenberg.

The autecology of this species cennot be properly
ascertained as the species and its varieties occur so infrequently.
This variety mry sometimes provide a transitional stage to

G.constrictum var, Gautierii (van Heurck) Cholnoky., It was

recorded from the Sand River ot Station 8, and from the Wilge
River near Frankfort,

Semples - 233, 456,

G.constrictum var, Gautierii (van Heurck) Cholnoky.
1957 - Cholnoky: Rustenberg. Bot,Not. 110: 350, F43, 44,

Synonyms: Gomphonema augur Ehrenberg var, Gautierii van Heurck,

This variety, which Cholnoky (1l.c.) transferred from the

species Gomphonema augur to the species Gomphonemz constrictum,
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seldom occurs in South Africa, or in the Vaal Dam catchment
area, It was reccrded from scattered localities on the Vaeal,
Klip =2nd Wilge Rivers.,

Samples - 301, 327, 335, 437, 486,

G.dichotomum Kiitzing emend. Archibald.

1966 - Archibald: New =nd Rare Diatoms. Nova Hedwigia Suppl.
21: 255, F.4.

Synonyms: Gomphonems intricatum var, dichotomum (Kiitzing) Grunow;

Gomphonems intricatum veor, pumila Grunow; Gomphonema grncillimum

Schumann; Gomphonema pulvinotum.,

Cholnoky (1962B: 75) maintrined that there was only a

superficial similority between G.,intricatum and its voriety var.

pumila. A close examination of the drawings in A, Schmidt's
Atles (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,intricatunm, On account of its superficisl similerity

and its relatively greater frequency in the samples it is felt that
the variety should be raised in rank to species. Before adopting
a specific epithet for this resurrected species, the taxonomic

position of G.intricatum var. dichotoma should be revised.

Hustedt (1937 - 1939; Suppl. 15: 436) stated that "die Kleinen
Formen var, pumila und var. dichotomz sind kaum voneinender zu
trennen, Sie kommen im Material meistens nebeneinander vor,
eeeses’e The only difference that can be found between the two

varieties is in the number of striae (cf. A.S.At1.P1.234, F.51-55;
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Pl., 235, F.30 - 33). Hustedt's description (1930: 375) stated
thet var, pumila has 8 - 11 striae and ver. dichotome has 11 - 13
strize in 10 R Cholnoky (personal communication) found that
vor, pumila sometimes had up to 16 strisze in 10 P It appears
that the two varisties intergrade one with another »~nd should,
therefore, be united, Kutzing's epithet dichotomum is the
oldest valid epithet available, and the new combinrction is,

therefore, Gomphonem~ dichotomum Kiitzing emend. Archibald,

Its distribution in the Vanl Dam catchment area is wide spro-d,

Fig - 45,

G.gracile Ehrenberg,

1838 - Ehrenberg: Infusionsthierchen P. 217, T.18, F.3.

1895 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet,Akad.Hsndl,
26: 182,

1930 - Hustedt: Bacilleriophyta. P.376, F,702,

Synonyms: Gomphonema gracile var. lanceolata (Kitzing) Cleve;

Gomphonema turris var. apiculata Grunow.

An unusually short and broad form of the species hos been
illustrated in Fig, 46. Cholnoky (1962B: 75) hes reported this
species in oligotrophic, neutrsl waters, having fluctuations of
the pH value towards the acid side. Its distribution in the
catchment area appeared to be quite widespread, although never
occurring in great abundance.

Figo - 46.

G.gracile f.turris (Ehrenberg e,p,) Hustedt,
1937 - 1939 - Hustedt: Java, B21li und Sumatra,
Arch, Hydrobiol. Suppl.l5: 439.

This form of the species is very rare in the catchment area
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and was reported from only two localities. As far as is known
this is the first timc that the f.turris has been reported from
Scuth Africa,

Samples - 306, 338,

G.javenicum Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatra.
frch,Hydrobiol, Suppl. 153 435, T, 27, F. 2 = 5,

G.jovonicum Hustedt is very similar to G.prrvulum(Kitzing)
Grunow and indeed it is sometimes difficult to distinguish the
two species. G.javenicum differs in the shape of the valve and
slightly in the structure of the transapical strise.
Two examples have been illustrated (Figs. 47, 48).

Cholnoky has recorded this species once from the de Hoek
Forest Reserve in the Northern Transvaal. In the catchment area
it occurs in a small number of samples tzken msinly from the Klip
River and its tributaries.
Fig. - 47, 48,

Semples =335, 354, 364, 431, 436, 445, 449, 451.

G.lanceolatum Ehrenberg

1843 - Ehrenberg: Sud-und Nord-'merika. Abl.Berl,’k-d,T.2, 1, F.37.
1894 - Cleve: Neviculeid Dintoms. Kongl.Sv.Vet,\kad.,Handl.26: 183,
1930 - Hustedt: Bacillariophyta., P,376, F,700,

Synonyms: Gomphonems 2ffine Kitzing; Gomphonems Szaboi Peontocsek,

This is a rare species in South Africa =nd it was recorded
from only three samples in the Vasl Bam catchment area. Nothing
certain is known of its autecology.

Samples - 401, 414, 497.
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G.longiceps Ehrenberg.
1930 - Hustedt: Bacillariophyta., P.375, F.,704.

It is extremely rare to sec the typical forms of this
species. . Cholnoky (1956: 92) has mode one record of it, and
it was present in one sample from Loke Chrissie.

Sample - 485,

G.longiceps var, subclavata Grunow,

1930 - Hustedt: Bacillariophyta. P,375, F.705,

Synonyms: Gomphonems subclaevatum (Grunow) Cleve; Gomphonema

longiceps var. subclavata f, gracilis Hustedt.

In his "Synopsis of the Naviculeid Diatoms'", Cleve
(1894: 183) raised the variety, ver. cabclavata, to the rank of
species., This was, however, reduced once more to subspecific
rank., Cholncky (1966B: 185) has more recently queried the status
of this variety, and sppears to be reverting to Cleve's originzl
opinicn, Observations of this variety in the catchment area
provide no onswer to this question a2s only a single specimen
of the typical form was reccrded, thus preventing & proper com-
periscon with the variety.

G.longiceps var., subclavata is extremely common in South
Africa in oligotrophic, neutral waters. It was one of the most
commonly occurring Gomphonema forms in the catchment area, where

its distribution was widespread, sometimes occurring abundantly.
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G.olivaceum (Lyngbye) Kiitzing,

1844 - Kitzing, Bacillarien. P.85, T.7, F,XIII and XV,

1894 - Cleve: Naviculoid Diatoms. Kengl.Sv.Vet, Akad,Handl,
26: 187.

1930 - Hustedt: Bacilleriophyta. P.378, F.719.

Synonyms: Echinella olivaceum Lyngbye; Gomphonem= sphaenelloides

Schumann; Gomphonema subramosum Kiitzing; Sphenells vulg-ris

Kiitzing.

The first record of this species in Africa is from the
Congo (Hustedt 19494: 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 Africa.
It occurred in a single sample from Roodebank (Station 17) on the
Waterval River,

Sample - 339,

Geparvulum (Kitzing) Grunow,

1894 - Cleve: Naviculoid Diatoms. Kongl.Sv,Vet,Akad, Handl,
26: 180.

1930 - Hustedt: Bacilleriophyta. P.372, F.713.

Syncnyms: Sphenella parvulum Kiitzing; Gomphonema psrvulum var,

subcapitata Grunow; Gomphonema psrvulum ver, lanceolata;

Gomphonema micropus Kiitzing; Gomphonemsa parvulum var, micropus

(Kitzing) Cleve: Gemphonema ~ngustatum var, intermedis Grunow;

Gomphonems angustum Brebisson; Gomphonema lagenula Grunow;

Gomphecnema parvulum var, lagenula (Grunow) Hustedt.

The varizbility of this species is so grest, that transitional
forms between 21l the varieties cited by Hustedt (1930: 373), can be
found, It is clear that the demarcation into varieties is entirely
superflucus ~nd of no good purpesc 2t cll, Therc is 2 possibility

thot G,oorvulum ver, lagenuls is only a phenotype found in slightly
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more acid waters than the other forms (cf. Cholnoky 1962B: 77).
The variety, var. lagenule, is sometimes still mrintained purely
on sentimental grounds,

The autecoleogy of this species has been clearly set out
by Cholnoky (1962B: 76). G.parvulum is found in great abundance
in neutral to relatively slkaline water, and it has also been
reported on occasions from weakly acid water (Cholnoky 1960A:
47; 1960B: 247; 19624: 303 1962B 77 under var. lagenula).

A pre-requisite fer the good development of this species is a
fluctuating concentration of crganic nitrogen compounds. It
cannot, however, withstand high concentrations of salts.

Its distribution in the catchment area was widespread in
many samples. It was cne of the most commenly occurring diatom

species, and was sometimes recorded in very high numbers.

G.Schweikerdtii Cholnoky.

1953 - Cholnoky: Hennops - Rivier. Verh.,zool - bot,
Ges,Wien 93: 143, F,18, 19,

This small Gomphonema species is similar to G.Clevei,
but is easily distinguished by examination of the transapical

striae. In G.Schweikerdtii the treg#spical striae are composed

of a single row of simple punctae. In contrast to this G.Clevei
has a double row 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
arranged in diagonals.

Cholnoky (19€04A: 47) has reported the species from neutral
to weakly alkaline water. In the Catchment area it was found in
relatively few samples mainly from the Kiip River System.

Samples - 261, 331, 410, 434, 441, 445.
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Ge.sphizerophorum Ehrenberg var. parvum Cholnoky.

1954 - Cholnoky: Neue und seltene Diatomeen, Usterr.Bot,Zeitschr.
101: 416, F.40.

This is the second time this variety has been observed;
it was recorded from one sample collected from the Grootvlei Dam
(Station 16).

Sample -~ 401,

G.subtile Ehrenberg.
1843 - Ehrenberg: Siid-und Nord-Amerika., Abh.Berl.Akad,
P 115, N.115.

1895 ~ Cleve: Naviculoid Diastoms. Kongl.Sv.Vet.Akad.Hendl,
26: 182,
1930 - Hustedt: Bacillariophyta. P.376, F.709.

"Cholnoky (1954D: 126) has found specimens of G.,subtile
which are much smaller than the dimensions given by Hustedt
(1930: 376): and in the Eastern Transvesl he has found other
examples which are very much larger than Hustedt's dimensions.
The dimensions should be altered then to include these examples;
Length 28 - 80 p, breadth 4 - 5 - 10 p, According to Hustedt
(1937 - 1939, Suppl. 15: 440) the pH influences the formation
of the capitate ends and the more acidic the water becomes the
more the capitate end disappears. Cholncky (1957B: 350) has
reported evidence to substantiate this, and in this note he
reported that he could find no "var. sagitta (Schumann) Cleve
in the truly acidic waters."

Cholnoky (1962B: 77) reported that the optimum pH value for
this species was around pH 6,0. As a result of this it was found
in one sample from Lazke Chrissie.

Sample - 485,
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GYROSIGMA Hassall 1845.

G.acuminatum (Kitzing) Rabenhorst,

1894 -~ Cleve: Naviculoid Distoms. Kongl.Sv.Vet,Akad.Handl,
26: 114.

1930 - Hustedt Bacillariophyta. P.,222, F,329.

Synonyms: Frustulia acuminesta Kitzing; Pleurosigma acuminatum

Grunow; Pleurosigma lacustre W, Smith; Pleurosigma transsil-

vanicum Pantocsek,

This Gyrosigma species is not common in South Africa 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.Kizingii
(Grunow) Cleve or G.Spencerii (W.Smith) Cleve, which are both very
common in South Africa.

Samples - 405, 408, 432, 468, 491

G.acuminatum var, gallica 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 (19624: 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 Waterval River,

Sample - 411.
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G.Kitzingii (Grunow) Cleve.

1894 -~ Cleve: Naviculoid Diatoms, Kongl.Sv.Vet,ikad.Handl,
26: 115,

1930 - Hustedt: Bacillariophyta. P.224, F.333.

Synonymss’ Pleurosigma Klitzingii Grunow; Pleurosigma Spencerii

var. Kitzingii Grunow; Pleurosigma gracilentum Rabenhorst;

Pleurosigma Wormleyi Sulliven; Pleurosigma Spencerii var,

acutiuscula Grunow; Gomphoneme distortoides Manguin,

This is one of the most common species of Gyrosigma
in South Africa; and also in the catchment area. Cholnoky
(1960%: 48; 1960B: 247; 1962B: 77) has reported it from
neutral to weakly alkaline waters. These conditions are

widespread in the catchment area.

G.scalproides (Rebenhorst) Cleve.

1894 - Cleve: Naviculoid Diatoms, Kongl,.Sv.Vet,Akad.Handl.
26: 118,

1930 - Hustedt: Bacillariophyta. P,226, F.338.

Synonyms: Pleurosigma scalproides Rabenhorst; Pleurosigma

Spencerii var., scalproides Peragallo,

This species, in conjunction with G.Kitzingii (Grunow)
Cleve, 1s very common in South Africa and the catchment area,
since the conditions under which the two species thrive are
similar, This species has a preference for neutrel to weakly

alkesline waters,

G.Spencerii (W,Smith) Cleve.
1894 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet.Aked.Handl.26: 117.
1930 - Hustedt: Bacilleriophyta. P.225, F.336.

Synonyms: Pleurosigma Spencerii W, Smith; Pleurosigma Spencerii

var. Smithii Grunow; Pleurosigme Spencerii var. Arnottii Grunow;
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. . * . L
Pleurosigma var. borealis Grunow; Pleurosigma Spencerii var,

Antillarum Grunow; Pleurosigma curvula Grunow;

G.Spencerii was found in only two samples from the Vazal
Dam catchment ares, composing 1.0% of the diatom associztion in
Vasl 413,

Samples - 403, 413,

HANTSZCHIA Grunow 1880,

H.amphioxys (Ehrenberg) Grunow,

1880 - Grunow: in Cleve et Grunow - Arctischen Diatomeen,
Kongl,Sv.Vet.Akad Handl., 17: 103,

1930 - Hustedt: Bacillariophyta. P.394, F.747.

Synonyms: Hantzschia amphioxys var. africana Hustedt; Hantzschia

amphioxys var. africana f, minutz 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 able to establish that his f, minuta Cholnoky (1955B: 171)
was =zlso linked to the typical forms through transitionel
examples. It would appear that the pH might have some influence
over the size of the valve and the density of the striations.
Cholnoky (1962A: 31) reported the typical forms from weakly
alkaline to alkaline waters; the more densely stristed examples
("var. africana") from neutral waters (cf. Cholnoky 1962B: 78);
and the very small examples ("f,.minuta") from weakly 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 speciecs was recorded in a

relatively large number of samples.
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H.emphioxys var. vivax (Hantzsch): Grunow,

1880 - Grunow: in Cleve et Grunow - Arctischen Diatomeen.
Kongl.Sv.,Vet.ikad.Handl. 17: 103.

1930 ~ Hustedts: Bacillariophyta. P.394, F.750.

T@e var. vivax has not been recorded as commonly from
South ifrica as the typical forms of the species. In the catchment
area it was recorded as isolated examples from only four samples,
Cholnoky (1966A: 28) has 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 sample (Vaal 479) the valve
length of a specimen wes only 72.5 p long >nd contained 28
transapical striae per 10 n.

Samples - 306, 353, 478, 479.

H.distinctepunctata Hustedt.
- Hustedt: A.S. Atl., T.329, F.21, 22.
1937 - 1939 - Hustedt: Java, Bali und Sumatra.
Arch, Hydrobiol. Suppl. 15: 462, T.40, F.4.

This is not a commonly observed species in South Africa,
It has becn recorded from neutral to weakly basic waters (cf.
Cholnoky 19554: 18), which have a slightly raised salt concen-
tration (cf. Cholnoky 1966A: 28)., In the Ve2al Dam catchment
area it occurred in only two samples, one from Station 24, and
the other from a2 headwaters tributsry 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. capitellata 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 virgate, according to Cholnoky (19554: 18;

19604 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 a result H,virgata is probably sn intruding
species in the catchment area,

Sample - 362,

MASTOGLOIA Thwaites 1856,

M.elliptica (Agardh) Cleve.
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl,
27: 152,

1930 - Hustedt: Bacillariophyta. P.,217, F.317.

Synonyms: Frustulia elliptica Agardh; Mastogloia Dansei var,

elliptica Grunow; Mastogloin 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), =nd it was Cleve
who transferred it to the genus Mastoglois,

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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MELOSIRA Agardh 1824,

M.distans (Ehrenberg) Kiitzing.

1844 - Kiitzing: Becillarien, T.2, F,12,

1927 = 1964 - Hustedt: Rabenhorsts Kryptogamenflora,
Teil 1: 262, F,110a - f, i.

1930 - Hustedt: Bacillariophyta., P.92, F.53.

Synonyms: Gaillcnella distans Bhrenberg; Coscinodiscus minor

W, Smith; Melosira nivalis W, Smith; Orthosira nivalis Kitton;

Melosirn distans var, nivalis Grunow; Melosira solids var.

Sarsii Gran; Melosira polymorpha subsp. distans Bethge;

Melosira polymorpha subsp. distans var, nivalis Bethge; Gail-

lonella (Discoplea- Melosira-) gallica Ehrenberg?

Only two previous records of this species from ffrica
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 Pritcherd's History of Infusoria. P.820.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 1:
248, F,104, a - c, e, f.

1930 - Hustedt: Bacillariophyta, P.87, F.44.

Synonyms: Gaillonella gronulnta Ehrenberg; Gaillonella

decussata Fhrenberg; Melosira decussata Kutzing; Melosira

granulata var. maxima Fhrenberg; Orthcsira punctata W, Smith;

Melosira lineolata Grunow; Melosira punctatze Juhlin-Dannfeldt,

Cholnoky (1963C: 175) was of the opinion that the var,

angustissima O.,Miller 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 transitiocnal forms
linking the variety with the typical forms. In this present
study so few examples of M.granulata have been seen that it is
not possible tc 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 could only have developed properly as a planktonic species
in Lake Chrissie, from which the sample Vaal 485 was tsken,

In both the remaining samples it was probably washed down from
higher up the river, where conditions for planktonic growth
were better,

Samples = 306, 485, 486,

M.granulata var, angustissima O. Muller.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1:
250, F.,104 4.

1930 - Hustedt: Bacilleriophyta., P.38, F. 45.

Synonyms: Gaillonella tenerrima Ehrenberg; Melosira

arundinacea Castracane; Melosira granulata var. procera f,

tenerrima O, Muller,

This variety, which Cholnoky now prefers to unite with
the species (see 2zbove) 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 vrriety.
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M.varians Agardh,

1817 - Agardh: Synopsis Algerum. P,78.

1832 ~ Agardh: Conspectus criticus Diatomacearum, P.64.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1:
240, F,10C.

1930 - Hustedt: Bacillariophyta. P.85, F.41,

Synonyms: Conferva hiemalis Roth; Conferva fasciata Dillwyn;

Nematoplata quadrata Bory; Melosira aequalis Agordh;

Gaillonella varians Ehrenberg; Meclosiraccarctata Ehrenberg;

Melosira varians var. aequalis Kitzing; Vesiculifera composita

Hassall; Lysigonium varians De Toni.

Lecording to Giffen (1966: 137) this species is abundant
in neutral to slightly acid waters of the Hogsback Region of the
Cape Province, Cholnoky (personal communication) mainteined
that M.varians was nitrogen-heterotrophic, =nd therefore, is
found in rivers where some organic nitrogenous material is
present. In the Vaal Dam Catchment area this species was
found in a small number of samples, and in some cases in
relatively high numbers. It was recorded mainly from the

Klip River system,

NAVICULA Bory 1824,

N.adsidua 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 relstively well
developed for this group of Neviculas. This new species is

most like N.pseudohalophila Cholnoky (1960A: 74, F.231, 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 brecader poles than the more lanceolzste valves, in which the
poles are relatively acutely rounded and rostrate; the length
of the valves is 18 -~ 24 P and the width 5.5 - V'S,P' The
raphe is straight ond filiform; the central pores are not too
widely spaced and the terminsl fissures are not clear 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 absent in others, The transapical striae are quite
characteristic of this species; they are 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 vealve surface is slightly concave between the
margin of the valve and the rsphe; they are slightly wider apart
in the middle, about 20 - 21 in 1OAP’ and slightly denser at the
poles, about 24 in 10 F- Occasionnlly at the central nodule
shortened striae sre found. Figs. 49 - 51,

The species was recorded in a small number of samples
from all over 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.

Samples - 317, 326, 336, 338, 339, 377, 378, 427.
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N.agrestis Hustedt.

1927 ~ 1964 - Hustedt: Rabenhorst Kryptogamenflora.
Teil 3: 235,F, 1358,

1937 - 1939 - Hustedt: Java, Bnli und Sumatra, Arch.Hydrobiol,
Suppl. 15: 246, T.20, F.21, 22,

This small Navicula species has been reported very rarely
from South Africa, Cholnoky (1957C: 67, F.65) recorded it from
the Pienaars River near Pretoria and from the Okawango and Cunene
Rivers from South West Africa (1966A: 29, F. 70 - 73). From the
Okawango Cholnoky illustrated three specimens (Figs. 70 - 72) which
he regarded 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. However, this specimen agrees with the description

of Navicula diuturnoides Archibald, which will be found below,

The species was not common in the V~al Dam catchment area,
Two specimens, one of which differs slightly from Hustedt's
original description in the possession of a relatively thicker
axial costa, enclosing the raphe (Fig. 53), have been illustrated.
Figs., - 52, 53.

Samples - 358, 403, 410, 411, 412, 455, 512, 552.

Ne.aquosa Archibald,
1966 - Archibald: Some new and rare Diatoms from South Africa.
Nova,Hedwigia Suppl, 21: 256, F, 7, 8,

This species belongs to the Neviculae 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, Teil 3: 160, F.1295) but differs from this species
in the possessicn of parallel transaepical striae at the poles,
which are not produced, Since the species was first described,
other exgmples of the species have been discovered which makes
it necessary tc redescribe the species taking into account any
changes in morphology or dimensions,

The valves ere elliptical, linear-elliptical, to lanceolate
with blunt and broadly rounded poles in the elliptical forms, and
more acutely rounded poles in the lanceolate forms. The length
of the valve is 9 - 13 P.and the breadth 3 - 5 P' The raphe
is filiform with slightly curved branches. The axial area is,
narrow and linear and does not widen, or widens only very
slightly into a central area round the central nodule. The
transapical striae are radial in the middle and parallel in the
vicinity of the poles, 24 - 26 in 10}1. Longitudinal costae
are present, but not very prominent, Fiés. 54 - 57.

N.,aquosa was nct particularly common in the area under
investigation but was found throughout the region in small

numbers,

Figs. - 54 - 57,

N,arvensis Hustedt,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
86, F. 1229,

1936 - Hustedt: A.S. Atl. T.401, F, 22 -~ 26,

1937 - 1939 - Hustedt: Java, Bali und Sumatra. Arch., Hydrobiol.
Suppl.l5: 249. T.17, F.40, 41.

According to Cholnoky (19574: 58) and Cholnoky and
Claus (1961: 333) N.arvensis inhnbits wezkly acid, oligotrophic

waters of South Africa, In the catchment areas the species was
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recorded only once from the Waterval River, This specimen was
illustrated in Fig. 58.
Fig. - 580

Sample -~ 410,

N.atomus (Kitzing) Grunow.

1860 - Gruncw: Verh.zool.-bot, Gesell.Wien 10: 552, T.4, F.6.

1896 - Cleve: Naviculoid Diatoms. Kongl.Sv,Akad.Handl.27: 4.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
169, F.1303.

1930 - Hustedt: Becillsriophyta, P.288, F.484.

Synonyms: Amphora? atomus Kitzing; Synedrs atomus Nacgeli;

Navicula caduca Hustedt; WNavicula psecudatomus Lund; Navicula

spicoides Fusey,

The systematics of this species is very confusing.
In the first place there appcars to be some discrepancy as
to which author the species should be attributed. De Toni

(1891: 166) regarded the description of fmphora? atomus Kitzing

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) Kiitzing himself in his Specics

Algarum (1849: 40) gave Synedra atomus Naeg, in litt = Amphora?

atomus Kiitzing. Hustedt (1930: 288) at first attributed the
authorship to Naegeli, but later geve Kitzing the honour
(1927 - 1964, Teil 3: 169) From the foregoing it appears
that the epithet atomus was first used by Kiitzing in 1844

in the genus Amphora, and that Synedra atomus Naegeli is a

synonym of this combinntion. Kiitzing should therefore be
regarded as the author of the specific epithet atomus in this

case, There is eapparently full agreement by 211 authors that
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Gruncw was the first to place this 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 strize as 30
in 10 P which led to the description of two new species Navicula

caduca Hustedt and Navicula pseudatomus Lund, which had 18 - 20

transapical strise. However, Hustedt had the good fortune to
study Van Heurck's type material and was able to establish from

this thet N,caduca and N.pseudatomus were sctually synonyms of

N,atomus ancd that there was a very large variation in the number
of striae in 10 p.  According to Cholnoky (1964: 69) the des=-
cription of the species should be altered to read, "19 bis uber
30" transapical striae in 10 P The specimens found in this
survey generally contained 28 - 30 transapical s£riae in 10 P

According to Cholnoky (1958C: 817) N,atomus is found in
weakly basic waters of South Africa, In the catchment area it
was found quite frequently over the whole area under survey.

In some samples it was present in relatively high numbers.,

N.avenacea Rrebisson,

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 2 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 from Stations

3 and 5A on the Vaal River, and in 2 small tributary of the
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Klip River.

Samples - 309, 325, 451, 554.

N,pbacilloides Hustedt.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora,
Teil 3: 117, F.1250.

1945 ~ Hustedt: Balkan Halbinsel. Arch,Hydrobiol.40: 922,
T.42, F.,29.

This appears to be the first record of this species
(Figs. 58, 59) in Africa. While there is no doubt of the
correctness of the identification, tbere appears to be a
wider range in the number of transapicel striae in 10 P
The specimens observed from the cetchment area contained 18 -
24 striae in IO-P; there were, however, intermediate forms
making the creation of 2 new taxon unnecessary.

The specimens occurred in a few samples from the whole
catchment area, but was never sbundant,
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.
189/ - Cleve: Naviculoid Diatoms. Kongl.Sv,Vet.Akad,Handl.26: 137.
1927 - 1964 - Hustedt: Rabenhorst Kryptogemenflora Teil 3:
113, F,2248 a - d.
1930 - Hustedt: Bacillariophyta P,280, F.465,

Synonyms: Navicula laevissima Donkin; Navicula2 bacillum var.

genuina Grunow; Navicula pseudobacillum Grunow,




(198).

r

This species 1s not common in South Africa and only a
single specimen was found in the Vaal River at Villiers. Nothing
can be said about its autecology for this reason.

Sample 403.

N.barbarica Hustedt,
1949 - Hustedt: Kongo. Exp.du Prrc, N=tion2l Mlbert &:
97, Tozlr, Fo 14 - 179

N.barbrrica has 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 original description, and is therefore
undoubtedly N.barbarica, This specimen was recorded from a
small stream near Villiers.,
Fig., - 60.

Sample - 404,

N.,belliatula n.sp.

This new species undoubtedly belongs to the Naviculae

orthostichae and is very closely similsar to N.halophila (Grunow)

Cleve f. tenuirostris Hustedt (cf. Patrick and Reimer 1966: 467,

Tobt, Fo5). It differs, however, from this species by the finer
striation which is convergent at the poles. The axial =rea in

N.belliatula has =21so a slight constriction at the central nodule,

The valves are lanceolate with narrow capitate poles,
36.5 - 40 p long, and 6.5 - 8.0 p broad,  The raphe is straight
and filiform with indistinct polar fissures; the centrnl pores
are not more widely speced than the others. The axial area is

narrow and linear, =nd is slightly constricted at the central
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nodule; as a result there is no central area., The transapical
striae are paresllel in the middle ~nd slightly convergent at the
poles, 24 - 28 in 10 F in the middle becoming denser towards the
poles, The longitudinal costae are visible. Fig. 61.

&his species was very rare and was observed from only
three samples from the Kaffirspruit and Wilge Rivers.

Fig., - 61.

N.brevissima Hustedt,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
238, F.1362.

1936 - Hustedt: A.S. Atl. T.401, F.41l - 43.

1937 - 1939 -~ Hustedt: Java, Bali und Sumatra. Arch,Hydrobiol,
Suppl.l5: 273. T.19, F. 22 - 24.

This small diatom species is not common in South Africa,
Cholnoky recorded it once from Natal (1956: 76) and twice from
the Cape Province.  (1959: 343 1962A: 35). In the catchment
area it was found in four samples only, from Station 2A on the
Vazl River, and from the Klip River System.

Samples - 307, 359, 431, 449.

N.bryophila Boye Petersen.

1927 - 196/ - Hustedt: Rabenhorsts Kryptogamenflora, Teil 3:
91, F, 1237.

1928 - Petersen: Botany of Iceland 2: 388, F.13,

Synonyms: Navicula subtilissime var, bryophila A.Cleve-Euler;

Navicula subtilissimz2 var. minor Magdeburg.

In the plates two small examples of this species (Figs. 62,

exhibiting capitate poles were illustrated. This characteristic

63)
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is reminiscent of N,bryophila var. lapponica Hustedt (1927 - 1964,
Teil 3: 93, F,1238.) The transapical striae of these specimens
were only visible in the central part of the valve, where they
numbered-about 38 in 10 Pe In all other characteristics they
agreed with the description of the species, and so they have been
assigned to N.bryophila. The other examples of this species
found in the Catchment area have been typical forms,

N.bryophila occurs quite frequently over a wide area of
South Africa and according to Cholnoky (1960B: 249; 1962A: 35)
the species has a pH optimum of below pH 6,0. This probably
aCCOunté for the peucity of numbers.

Figs, - 62, 63,

N.bushmanorum “holnoky.

1957 - Cholnoky: Sudafrikanischen Diatomeenflora. Port.Acta.
Biol.b: 67, F.67.

This small species of Navicula has previously been reported
twice, once from Northern Natal in the Bushmans River, ~nd the
other from Zululand near Mtubatuba., 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: Bacilleriophyta. P.299, F,512.

Synonyms: Navicula cincta var. cari (Ehrenberg) Cleve.

N.cari hes been widely observed in South Africa from
alkaline waters (Cholnoky 1962B: 80) and can appsrently withstand
high salt concentr~tions, In the catchment aresa it was observed
in three samples, one of which showed evidence for slightly higher
than normal salt concentrations,

Samples - 402, 404, 485,

N.cari var. angusta Grunow,
1880 - Grunth in V.Hosy-rla Tc’?, Fol’?.
1930 -~ Hustedt: Bacillariophyta P,299,

Synonyms: Navicula cincta var., angusta (Grunow) Cleve.

This variety was found as infrequently in the catchment
aree 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 throw light on the systematic
relationships of this variety.

Samples - 485, 493.

N.,chrissiana Cholnoky.
1965 - Cholnoky: Chrissie-Sees. Arch.Hydrobiol.6l: 69, F.13, 1l4.

As the name implies Cholnoky (l.c.) first described the
species from Lake Chrissie. 1In 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~ted 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) Kiitzing,

1896 - Cleve: Naviculoid Diatoms, Kongl.Sv,Vet,Akad,Handl,
27: 16.

1930 - Hustedt: Bacillariophyta. P,298, F,510.

Synonyms: Pinnularia cincta Fhrenberg; Pinnularis Heufleri

Pedicino; Navicula Kltzingiana H.L. Smith; Pinnularia nana

Gregory.

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,
Suppl. 15: 265, T.19, F.11, 12,

Cholnoky (1957C: 68; 1958B: 119; 1962A: 36) has recorded

spedimens of N.cinctaeformis which were smaller than 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 smaller than

normal, have been illustrated.
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This species is one of the commonest occurring in the
catchment area, and in some samples it was present in relatively
high numbers. Not much is known of its autecclogy, but apparently
it inhabits waters with a weakly alkaline to neutral pH. Such

conditions are prevalent in the catchment area,

Figs ~ 67, 68,

N,citrus Krasske,

1923 - Krasske: Bot. Arch. 3: 199, F.l4.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
780, F.1753.

1930 - Hustedt: Bacillariophyta. P.303, F.529.

In a sample collected from the Waterval 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 iirst 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.confervacea (Kiitzing) Grunow.

1880 - Grunow: in V,H. Syn. T.1l4, F.36.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
205, F. 1324 a - 4,

1930 - Hustedt: Bacillariophyta. P.278, F.460.

Synonyms: Diadesmis confervacea Kiitzing; Diadesmis peregrina

WeSmith; Navicula confervacea var, peregrina Grunow; Navicula

confervacea var, hungarica Grunow; Navicula semivirgata Krasske;

Navicula confervacea var, nipponica Skvortzow; Navicula confervacea

var, baikalensis Skvortzow,
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Hustedt in the Bacillariophyta (l.c.) erroncously
quoted the author of this species as Kutzing only. Kiitzing,
however, described the species in the genus Diadesmis, 2nd Grunow
later transferred it to the genus Navicula, Fig. 69 illustrates

an extremely large specimen of N.confervacea. 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 P long and 10 P wide,

According to Cholnoky (1960B: 250; 1962B: 80) the species
is found in alkaline water, and is characteristic of water 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 Burope 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 area the species was 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 3
209, F.1328 e - g,

1928 - Boye Petersen: Danske. Bot.Ark., 5: 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 Station 24 on the Klip River., Although it has been
recorded from different localities from most of South Africa nothing
much is known of its autecology.

Fig. - 71
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N.cryptocephala Kiitzing.

1844 - Kitzing: Bacill., P.95, T.3, F.26. g
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad,Handl. 27: 14.
1930 ~ Hustedt: Bocillariophyta. P.295, F.496.

Synonyms: Navicula cryptocephala var. exilis (Kiitzing) Grunow;

Navicula veneta Kiitzing; Navicula cryptocephala var. veneta

(Kitzing) Grunow.,

During the investigation of the samples in this survey it
became quite clear that there was a very lsrge ronge of variation
in the morphology of this species. In numerous cases series of
forms were found that showed quite plninly that the separation
of this speciles into the varieties var. exilis @nd ver. veneta
was impracticable and that 211 forms should be regnrded as the

typical N,cryptocephala. Two examples of this species (Figs., 72, 773)

having unusually thick striae around the central nodule have been
illustrated.

N.cryptocephala is one of the commonest diatoms found in

the catchment area., It was observed in nearly every sample over
the whole region; and in some cases it was present in very high
numbers, Cholnoky (1960B: 250) regarded the species as an
inhabitor of alkaline waters, with an optimum volue lying around
pH 7.8, The species is also capable of tolerating fairly high
concentrations of salts (Cholnoky 1962B: 82).  Although

N,cryptocephala is not nitrogen heterotrophic, it is usunrlly found

in relatively mesotrophic waters (Cholnoky 1962C: 325).

Fig, - 72, 73.
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N.cryptocephsla var, intermedia Grunow.

1930 - Hustedt: Becillariophyta. P.295, F.497 b,

Cholnoky hss recorded this variety from numerous localities
in South.’frica., He has however, mrde no comment on its systematics
or its autecology, Only one specimen was observed from Grootvlei,
the Springfield Colliery Dam (Va-1 401).

Sample - 401.

N.cuspidate Kitzing.
1844 - Kutzing: Bacill. P.94, T.3, F.24 and 37.
1894 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet,fkad.Handl.26: 109,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
59, F.1206 a,
1930 - Hustedt: Bacillariophyta. P.268, F.433.

Synonyms: Bacillaria fulva Nitzschs; Cymbella latefasciata

Lgardh; Frustulia cuspidata Kiitzing; Navicula fulva Ehrenberg;

Navicula Reinickiana Rabenhorst; Vanheurckia cuspidata Brebisson,

For further synonyms see Hustedt in Rabenhorst (l.c.).

It is interesting to note that the nomenclatursl rules of
priority have not been applied in this case. Cleve in his Synopsis
(Cleve 1894: 110) remarked that it would have been more correct to

call this species Navicula fulva, as Bacillaris 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 =cidic waters. It has been
recorded from only five samples from the Vaal River, twice in the
acidic waters of Station 1, twice from Station 2A, and once from

Station 3.
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N.cuspidata var. ambigua (Bhrenberg) Cleve.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl.géz 110,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
62, F, 1203 b.
1930 - Hustedt: Bacillariophyta. P.268, F,434.

Synonyms: Navicula sphaerophora Donking; Navicula birostrata

Gregory; Navicula quarnerensis Grunow; Vanheurckia ambigua

Brebisscn.,

It would appear that it is merely on sentimental grounds
that var. ambigus is mointained as a variety of N.cuspidata, The
differences between the two 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 vériety is far more common than the
typical forms and was recorded from a reletively large number of

samples.,

N,cuspidata var, Heribsudii Peragallo.

1893 ~ Peragallo: in Heribaud, Diat. d'Auvergne P,108, T.., F.16.

1894 - Cleve: Naviculoid Distoms. Kongl.Sv.Vet.Akad.Handl, gé:
110,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3: 60,
F.1207.

1930 - Hustedt: Bacillariophyta. P.268, F.435,

Synonyms: Navicula ambigua var, craticula Van Heurck; Navicula

semota /.Schmidt; Navicula Elsae Thum Pantocsek; Navicula cuspidata

var. Mayeri Cleve-Fuler; Navicula cuspidata var. ambigua f.

Heribaudii A,Cleve-Euler.

This variety is most uncommon in South Africa, 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 smell stream near Vrede,

Semple - 422.
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N.dicephala (Ehrenberg) W. Smith,

1853 - W, Smith: Brit, Diat, Vol.l. P.87, T.17, F.157.

1896 ~ Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.kad.,Handl.27: 21,
1930 - Hustedt: Beocillariophyta. P.302, F,526,

Synonyms: Pinnularia dicephala Ehrenberg; Nevicula undula

Schumann,

Hustedt (1937 - 1939, Suppl. 15: 274) regarded this species
as living entirely in alkaline water. It has a generzal distribution
in freshwater, but in the Va»l Dam catchment area it is not common.

It is usually found singly or in very small numbers,

N.dicephala 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 Watervel River System was the only system in which it
did not occur, Hustedt (1937 - 1939, Suppl. 15: 275) claimed that
the variety was recorded from water with z pH-range of 4.8 - over
8 with approximately the same frequency, Cholnoky (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 that 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:
g5, F.1227,
1950 ~ Hustedt: Norddeutscher Seen. Arch.Hydrobiol. 43:
‘ 436, T.36, F.86 - 82,

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 a 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, which in this
specimen was linear lanceolate, with broadly rounded poles that
were not produced. The poles were slightly thickened.agreeing
with the description. COne other specimen of this species was
recorded from the Vaal River,

Fig., - 74.

Samples - 253, 307.

N.digitulus Hustedt.
1927 -~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:

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
"Siisswasserform, in neutralen bis humussauren GewHssern lebend,
vielleicht nordisch montan".  This species was recorded in two

samples (Vaal 370 and 479) from the headwaters of the Va=l River,
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where the mershy conditions are suitable for humic acid produc-
tion, The pH-values for this sampling point remein constant

at ebout pH 6.0, The specimens found in Lake Chrissie have
probably-been washed into the lake, as the lake itself is alkeline,
Fig., =~ 75, 76.

Samples - 370, 479, 485.

N.diuturna Cholnoky .
1962 - Cholnoky: Ost Transvazl., Hydrobiologia 19: 83, F.8, 9,

This small species has only been recorded from the Eastern
and Southeastern Trensvaal, Due to its rerity nothing is known
of its autecology. On. xemplc of this small diston (Fig, 77) has been
1llustrated so that it can be compared with the following species,

Fig - 77.

N.diuturnoides Archibald.
1966 - Archibald: Rare Diatoms from S.A. Nova Hedwigis Suppl.21:
258, F,17 - 23.

Since first describing the species meny other specimens
have been observed which meke it possible to improve on the des-
cription of the species by noting the greater renge of variation
in form and dimensions. As the nome suggests this species has a
great similarity to N.diuturna Cholnoky (see above), but differs
from that species by the more coarsely strinted velves and because

it is not protrrcted 2t the poles. N.diuturnocides also bears a

resemblance to N,tenellaeformis Hustedt (1937 - 1939, Suppl.l5:

269, T.19, F.14, 15.) but differs from this spccies in that the

valve is more elliptical, has no centrel area, °nd the striae



(211).

which are psrallel at the poles are greater in number than in

N.tenellzeformis,

The valves are linear, linear-elliptical to lenceolate;
the poleé in the linear to linear-elliptical forms sre broodly
rounded, while in the lanceolate forms the poles are more
acutely rounded; the valves are 7.5 - 13.0 p long, and 2.5 -
3¢5 F.broad. The raphe is straight =nd filiform, with small
relatively closely situated central pores. The axial area is
narrow and linear, and does not widen into a éentral area in
the region of the central nodule. The trensapical 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
strise. Figs., 78 - 90.

The Latin diagnosis will be found with the original
description of the species.

In the V221 Dam catchment area this new species is quite
common but never occurs in large numbers. This seems to indicate
that it never experienced its optimal growing conditions, As the
species is so little known it is not possible to comment on its
autecclogy. It was recorded mainly from the Waterval and Vaal
Rivers.

Figo - '78 - 90-



(212).

N.elginensis (Gregory) Ralfs.,

1861 - Ralfs: Diatomscese in Pritchard's Infusoria.
London. P.902,
1930 - Hustedt: Bacilleriophyta. P.303. (under N.dicephala

var, elginensis).

Synonyms: Pinnularia elginensis Gregory; Navicula dicephala var,

elginensis (Gregory) Cleve,

According to De Toni (1891: 57) Ralfs described N.elginensis

in 1861, which is some time previous to Grunow, and he is,
therefore, the correct and valid author of the species together
with Gregory. Cholnoky (19604: 58) recognised this, but later
reverted once more to the incorrect combination of authors,
(Gregory) Grunow (cf., Cholnoky 1962A: 39).

This species was not particularly common in the rivers under
study, end never occurred in great numbers in any sample., 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 Naviculz2 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
Hustedt (1937 - 1939, Suppl. 15: 273, T.19, F.19 - 21). However
on further examination of this species certain differences were

found warranting a distinction between N, helensoides and N.vasta.

The diagnostic features sepsrating this species from N.vasta are

the prominent axial rib which encloses the raphe in N.helensoides,
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and the markedly different central area, According to Hustedt
(1.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 area the centrnl arca is distinct, round
or rectangular in outline. Furthermore the srrsongement of the
striae around the central nodule in these specimens was different,
being widely 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 that

N.esamangensis Foged (1966: 74) was identicsl 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.esamangensis observed in this study serve to widen

the renge in dimensions, 2nd should be included in any future
descriptions of the species. The valves were 10 - 26 h long and
3.5 - 6 p broad, and conteined 20 - 28 striae in 10 Pe

N,esamangensis wes recorded from 2 number of samples,

mainly from the Vaal River, but was not common in any of them.

Migs., - 91 - 93,

N.exigua (Gregory) O.Miller.
1930 - Hustedt: Bacillariophyta, P.305, F,538,

Synonyms: Pinnulari~ exigua Gregory; Navicula gastrum var. exigua

(Gregory) Grunow,

Cholnoky (1960A: 58) stated thot he found this species in
neutral to weakly alkaline waters of Natal. Here the species
was found in samples from 211 over the catchment aree, but it
never occurred in great numbers; it was usually found as isolated

records.,
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N,exiguiformis Hustedt.
1945 - Hustedt: Balkan-Halbinsel. Arch,Hydrobiol. 40: 929,
T 42, F.21, 22.
Synonyms: Navicula tenebrata Hustedt; Nevicula von Hauseniae
Cholnoky,

Before Cholnoky received Hustedt's paper on the Ccongo

material (Hustedt 1949A), he described o species, N,von Hauscniae

(Cholnoky 1954A: 419), which he subsequently found to belong to

N,exiguiformis Hustedt, Hustedt, working with rich material

from the Congc, was 2ble to extend »nd amplify the range of
variation of this species. Cholnoky's species fell into this
new range of dimensions ~nd thus it became a syncnym of

N.exiguiformis,

N.exiguiformis lives in neutral to weakly alkaline

waters (Cholnoky 1960A: 58; 1960B: 252), and has an optimum
arcund pH 7.8 (Cholnoky 1966A: 34), It was uncommon in the
catchment area, being found in only seven samples,

Samples - 312, 321, 362, 364, 403, 412, 422.

N.exilissima Grunow.

1880 - Grunow: in V,H. Syn. T.14, F.30.

1896 - Cleve: Naviculoid Diatoms. Kongl,Sv.Vet.Akad.Handl.27: 3.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
261, F,1389,

1930 - Hustedt: Bacillariophyta. P,288, F.487,

The one very smell example of this species, seen here,
had very fine transapical strise which were just visible, and
therefore probably number more than 40 in 10 #e Cholnoky
(19664A: 34) has illustrated a specimen which has shortened striae

on either side of the central ncdule.
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As there have been so few records of this species,

nothing much is known of its autecology.

N.fluens Hustedt.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
258, ¥, 1386,

1930 - Hustedt: Bocilleriophyta. P.285, F.474.

Synonyms: Nevicule exilissima var, dubia Hustedt,

Two examples of specimens (Figs. 9, 95), WhiCh are
slightly narrower than normal (4 g wide), have been drawn.
In all other respects they agreed with Hustedt's description.
Agein this is a very little known species, and was found in
only thrce samples from the catchment area.

FigS. - 91‘,’ 95-

N,Fritschii Lund.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:

181, F.1315 a - h, (under Navicula insociabilis

Krasske).
1946 - Lund: Observations on Soil Algae. The New Phytologist
45: 77, Fu7 A - Qa

There has been some confusion over the Systemrtics and
taxoncmy of this species. However, both Lund (l.c.) and Cholnoky
(1957A: 62; 1960A: 59) have clearly refuted Hustedt's (l.c.)

contention that N,Fritschii is identical tec N.insociabilis Krasske.

On the basis of these arguments it is prefersble to follow Lund's
systematics with regard to this species.
In South Africa the species has been found in weak to

relatively alkaline waters., In the Vaal Dam catchment area it
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was not common and was recorded from only three samples, two
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 analysing these samples some specimens of Navicula
were identified as Y,tenera Hustedt (1937 - 1939, Suppl.l5:
259, T.18, F.11, 12). On a reconsideration of the specimens

it is thought best to call them N,Fritschii ver, dissipatoides

although it does not quite fit the description for this variety.
The m2in reasons for assigning these specimens to var, dissi-
patoides are because the valves are linear with more or less
parallel sides and broadly rounded ends, the raphe branches are
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 1s a progressive series linking my specimens
with this veariety. The valves are generally from 11 - 15 P.long,
and 4,5 - 5 P broad, and contained 18 - 20 transapical striae in
10/1. I heove illustrated an example in Fig. 96.

As far 2s is known this is the first record of this variety
for Africa, It was found in a number of samples from the Waterval
and Vaal Rivers, but in very small numbers, usuelly 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: Java, Bali und Sumatra,
Arch.Hydrobiol.Suppl. 15: 263, T.,18, F.3%.

Synonyms: Navicule irreversa Cholnoky.

In sample Vael 449 one specimen (Fig.105) fitting the

description of both N,Geitleri Hustedt and N.irreversa Cholnoky

(1965: 71, F,23) equally well, was illustrated. This posed the

question whether these two species are essentially different,

In the table below the descriptions of the various characters

as written by Cholnoky and Hustedt have been compared:-

N.irreversa Cholnoky N,Geitleri Hustedt.

ie beobachteten wenigen Schalen | Schalen waren breit

aren breitlanzettlich, mit i elliptisch-lanzettlich

R

b

iemlich spitz vergezogenen, . mit kurz und spitz

ileichm'a'ssig gerundeten Enden. . geschn®belten Enden,

g

18 - 23 p l=ng, ctwa 8 P

breit,
H

16 p 1l-ng, 7 p breit.

i

Rephe gerade, fadenformig, mit | Rephe ger=de.
ey P gy ‘ P g

%leinen voneinsrnder missig

Jentfernt gestellten Zentralporen f
pnd einseitig sbgebogenen, in é
%er Schalenfldche beinahe gerade |

;erscheinenden Endspalten,

Mxialarea schmellanzettlich in ‘- Axialarea schmal linear,
lder Mitte nicht zu einer Zentral- = der Mitte kaum erweitert.

area crweitert.
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N.irreversa Cholnoky N.Geitleri Hustedt,
; | 3
;Transapikalstreifen durchwegs ; Transapikalstreifen stark g
radial, in dér Wrhe des - radial, 16 - 18 in 10 P> %
EWittelknétens oft mit , ven der Mitte gegen die Endeni
;einzelnen verkliirzten : etwas enger werdend, in der E
‘zwischengeschobenen in der ' Mitte des Schalenrandes mit E
| : |
IMitte 15 in 10 p, gegen die einigen (meistens 3-4) i
éPole nur unbedeutend dichter eingeschobenen kurzen ?
iwerdend. Streifen. i
: ?

Apert from smell differences in dimensions (Cholnoky stated
that he had not seen the full range of variation) and the number
of transapical striae in 10 P there seems little evidence to
justify two species, and should therefore, be united. Following
the rules of priority N,Geitleri Hustedt is the most volid name
for this species. N.irreversa Cholnoky is therefor a synonym,

This species was recorded from Station 26 on the Klip
River, and from one sample from the "Atzieshoek area,

Fig., - 105.

Samples - 204, 449.

N.gilva n.ap.

This new specles belongs to the group of diatoms similar
to N.omissa Hustedt (1927-1964, Teil 3: 160, F,1295) and N.aquosa
Archibald (19664: 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 pclar striae are parallel
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while in the new species they are radial throughout. N.gilva
differs from N,omissa in the shape of the valve and the much
coarser striation.

The valve is ellipticel to linear-elliptical with
broadly rounded ends which are not rostrate, about 7.5 - 10 P
long and sbcut 4 P.broad. The full range of variation cannot
be given as so few specimens have been seen, The raphe, which
lies in a relatively well developed axial rib, is filiform with
slightly arcuate branches; the central pores are not widely
separated and thepolar fissures havec not yet been observed,

The axial area is narrow and linear, and the central area is
absent. The transapical striase are radial throughout and do
not become more dense towards the poles, about 18 in 10 Pe
Figs. - 97, 98.

This small species was rare in the catchment area and was
found only in two samples from the Vazl River (Station 5%) »nd
from a small stresm near Standerton,

Figs. - 97, 98.

Samples = 375, 420,

N.gregaria Donkin.

1861 - Donkin: Marine Dist, of Northumberland., Q.J.M.S. 1l: 10,
T.6, F.10.

1894 - Cleve: Naviculoid Din~toms, Kongl.Sv.Vet.Akad,Handl.
26: 108.

1930 - Hustedt: Bacillariophyta. P.269, F,437,

Synonyms: Navicula cryptocephala W, Smith (nec N.cryptocephala

Kitzing); Navicula lanceolats W.Smith; Navicula veneto Schumann;

Navicula Granum Avenae Schumann; Navicula kaikonkiensis Woodhead
et Tweed,
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Hustedt (1957: 265) has described this species as being
halophilous, but Cholnoky (1955C: 81; 1960A: 62; 1960B: 251;
1062B: 84) hns shown conclusively through his studies on fresh
water material in South Africa, that N.gregaria is not halophilous.
It has been found in waters which are relatively alkaline in
nature. It was recorded from cne sample collected from a small
stream near Villiers,

Sample - 404.

N.Grimmei Krasske,
1925 - Krasske: fbh,u.Ber.Ver.f.Naturk.Cassel 56: 45,
T.1, F.1l4.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
769, F,1742.
1930 ~ Hustedt: Bacillariophyta. P.274, F.448.,

Synonyms: Navicula bicapitell-~ta Hustedt; Navicule Grimmei var,

rostellata Hustedt; Navicula elephantis Cholnoky.

The valve shape of this species is very veoriable indeed,
It is so varizble that Cholnoky (1963%4: 34) described some forms
from the one end of the vaoriation range as 2 completely new

species, N.elephantis. However subsequently Cholnoky (1966B: 189)

discovered transitionnl forms which linked N.,elephantis with

N.,Grimmei, N.elephantis thus became 2 synonym of N.Grimmei,
In the same paper Cholnoky gave 2 series of drawings (Figs. 28 -

30 and 32 - 40) which illustrated the transitiocn from N,elephantis

through N.Grimmei var, rostellata Hustedt (1937 - 1939, Suppl.l5:
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. rostellata is, therefore,
also 2 synonym.. Further Cholnoky (1963D: 242) has pointed

out a discrepancy between Hustedt's descripticon 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 mumber cof striae is given

as about 25 in 10 P while his drawings depicted from 20 - 22

in 10 P Both Checlncky and the author have found specimens

possessing most commonly from 22 - 24 transapical striae in 10)1.

Most specimens in this series cof samples were of the type with

capitate poles, one of which has been illustrated (Fig.99).
fceording to Cholnoky (1960A: 63) N.Grimmei is widespread

in neutral to weakly alkaline waters, and has a pH coptimum of

around pH 7. In the catchment n~rea the species was found in

many samples, but with low percentage occurrences, This would

indicate that the pH of the water in the catchment area is

generally higher than pH 7,

Figo - 990

N.,halophila (Grunow) Cleve,
189 - Cleve: Naviculoid Distoms. Kongl.Sv.Vet,Akad,Handl,26: 109.
1927 - 1964 - Hustedt: cbenhorsts Kryptogamenflora Teil 3:
64, F,1209,
1930 - Hustedt: Bacillariophyta, P.268, F.436.

Synonyms: Navicula cuspidata var. helonhila Grunow;

Brebissonia Boeckii Pantocsek; Navicula halophila var, meior

Heribaud; Navicula halophila var. Eusebioi Heribsud;

Navicula halophila vor, arvernensis R.d'Aubert; Navicula

halophila ver, minut2 R.d'Aubert; WNavicula halophila f, minor

Hustedt; Navicula halophila ver., brevis Skvortzow.

As its name implies this species find its optimum in
brackish or saline waters. It is therefcre not surprising
that this specieswas found in such small numbers, The

specimens were probably washed down stre=am from waters where
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there is a higher selt concentration, It was found in five
samples only, as isolated specimens, One example, Fig., 100,
has been illustrated.

Fig, - 100.

Samples - 330, 343, 468, 477.

N.halophila f.robusta Hustedt,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogsmenflora Teil 3:
65, F,1210,

1959 - Hustedt: Osterr, Bot.Zeitshr. 106: 401, F.1 - 3.

A specimen from the Waterval River (Fig. 101) was assigned
to this form of the species N.,halophila as it fits the descriptian
of this form most clasely. The only real difference was that
the longitudinal costae were not clearly visible in this specimen,
The f.rcbusta has not previously been repcorted from South Africa.

It was found in only one sample from the Waterval River
(Vasl 554).

Fig, - 101

Samplc -~ 554,

N.halophila f,tenuirostris Hustedt.
1942 - Hustedt: Internat. 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 and Reimer (1l.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 Scuth Africa, and it occurred in one sample from the Groot-
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spruit stream, which is a tributary of the Waterval River,
Fig. - 102,

Sample - 411.

N, Hambergii Hustedt.

1925 - Hustedt: Bacill.Sarekgebirges. P,562, T.17, F.2.

1937 - 1939 - Hustedt: Java, B21li und Sumatra., Arch.Hydrobiol,
Suppl. 15: 263, T,18, F,35 - 37. (under
N.quadripsrtita Hustedt).

1943 - Hustedt: Neue und wenig bekannte Diatemean, Ber.d.Deutsch,
Bot.Ges. 61: 282,

Synonyms: Navicula quadripartita Hustedt.

Cholnoky (1954C: 283) has reported the occurrence of small
forms of this species (12 P long) in South ‘frica. The small
specimen (Fig. 103) observed in this study supported Cholnoky!'s
observaticns, This specimen was 14 P.long and 6,P broad.

Although Cholnoky (1960A: 64) has stated that this well
defined speciles appears tc be widely distributed in South Africa,
it cccurred in only two samples from the catchment area.

Fi?. - 1030

>

N.hungarica Grunow var, capitata (Ehrenberg) Cleve,

1896 ~ Cleve: Naviculoid Di-~toms. Kongl.Sv,Vet,fked, Hondl.
_”7: 16,

1930 - Hustedt: Bacillericphyta., P.298. F,.508.

Synonyms: Pinnuloris capitata Bhrenbergs; Pinnularia signata

Ehrenberg; Pinnularia garganicn Rabenhorst; Novicula inflata

W. Smith; Neavicula globiceps Lagerstedt; Navicula humilis

Donkin.
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The variety occurs more commonly than the typical forms
of the species, and in the catchment area only the variety was
observed, It is usually found in weakly alkaline waters
(Cholncky 1962B: 85), and as a result it occurred in many samples

from the catchment area, but never in great abundence,

N, Hustedtii Krasske.

1923 - Krasske: Bot.Arch.3: 198, F.3.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
150, F,1281.

1930 - Hustedt: Bacillariophyta. P.274, F.449,

This species is seldom seen in South *frica, and only a
single specimen was observed in the catchment area from the

Grootspruit, a tributary of the Waterval River,

Sample - 411.

N.indifferens Hustedt.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
84, F.1226,

1942 - Hustedt: Ber.d.Deutsch.Bot.Ges,60: 67, F. 27 - 30.

The smnll hyaline species of Navicula are extremely
difficult to identify with certainty. The mein diagnostic
characters in these diatoms are the shope and dimensions of
the valve, The valve shape con, however, be very variable.
It is therefore possible that scme of these hy=line spccies
have becen described under different names, and it might only
require transitional forms to unite them, In this regard
Chelncky (1964: 69; 1966B: 190) put forward the idea that

N,indifferens, with slightly protrocted poles, might in fact be
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N.arvensis Hustedt (1937 - 1939, Suppl. 15: 249, T.20, F,19, 20).
Chelnoky has however not been 2ble to confirm this, The
specimens from the catchment area conform to Hustedt's description

of N.indifferens =~nd ne transitionel forms were seen.

The distribution of this species in the catchment nrea was

wicespread, occurring, however, in low numbers in the samples,

N.,insocizbilis Krasske,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogomenflora, Teil 3:
183, F.1317 (under N.monoculata Hustedt).
1932 - Krasske: Diatomeenflora der *lpen. Hedwigia 72: 114, F.17.

Synonyms: Navicula monoculata Hustedt; Navicula pseudagrestis Lund,

According to Cholnoky (personal communicaticn) the

iconotypes of N.,insociabilis are the figures in A.S.Atlas

T.400, F,103 - 105, which were drawn by Hustedt from marked
specimens on the originel slide of Kraosske. Cholnoky is of the

cpinion that N,insocisbilis Krasske and N.monoculata Hustedt

(1927 - 1964, Teil 3: 183) are the ssame species, and therefore

N,moncculata must fall away ~nd beccme 2 synonym, Husted?t

(1.c.) quite correctly regarded N.pscudngrestis Lund (1946: 76)

as synonymous with N.monoculata = N,insocisbilis, In this

survey a few specimens of this species were observed, one of
which was illustrated (Fig.104).

Little is known of its sutecolcgy. It was recorded from
samples ccllected =2t Stations 3, 5, and 19 in the Vaal River
system, from near Memel, and some scattered localities in the
Wilge River system.

Fig. - 104,

Samples - 240, 332, 365, 417, 422, 429, 441, 493, 495.
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N,letulentz n.sp.

The examples illustrated in Figs, 106, 107 fall into
the N,Hambergii group cof HNaviculae, The new species, however,
differs quite widely in its structure from N,H-mbergii Hustedt
(1924: 562, T.,17, F.2), and the other species of its group.

The valve is lanceolnte with relatively acutely rounded
and rostrate poles, 17.5 - 20 ja leng, ~ud 5 = 6 R wide. The
raphe is straight and filiform with relatively leng slightly
lunate polar fissures, The axial are= is narrow at the poles,
but widens intc a lanceclate area occupying abcut cne third of
the valve width. The centrel area is consequently absent. Due
to the lanceolate axial area the transpicsl striae are relatively
short, projecting about one third of the way into the valve, In
the central part of the valve there are many shortened striae
scmetimes giving an altern~tely longer and shorter pattern, and
sometimes at irregular intervels; the striae around the central
nodule are also somewhat curved in ne defined manner; they
number about 18 in 10 B, and are redisl in the middle »nd parallel
to very elightly convergent =t the poles.

In the catchment aren only threce specimens of this species
were cbserved, one from the ¥Wirterval River, one from the Kaffir-
spruit stream and the other from the Russespruit stream.

Figs. - 106, 107.

N.longicephala Hustedt.

1943 - Hustedt: Neue und wenig bekonnte Diatomeen.
Ber,d,Deutsch,Bot,Ges,61: 277, F.17.

Synonyms: Nevicula bicephala Hustedt.

Cholnoky (19624: 41) has shown that N.longicephala ond
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N.,bicephala Hustedt (1952: 398, F.106) are synonymous. In the
catchment orea only twc specimens were seen. Cne of them was
slightly aberrsnt in the sheape of the valve, hoving slightly
undulate ﬁargins te the valve instead of the nermal straight
wall (Fig. 108). This species is widesprend in =2lkaline
waters (Chelnoky 195%  44).

Fig., -~ 108,

Samples - 301, 485,

N.manubi=lis Archibald.

1966 - Archibzld: Rare Diatoms from S.A. Nova Hedwigia Suppl.21:
260, F.29.

This species falls into the grour Naviculece bacillares

Cleve emend, Hustedt, on account of the raphe lying in a well
developed axial rib, The general appearance of the valve

is similar to N.fluviatilis Hustedt (1927 - 1964, Teil 3:

158, F.1291). It differs from this species by the 2absence
of the constricted middle section of the axial areca. During
the course of the study further specimens were observed, with
the result that the range of variaticn of the species can now
be enlarged.

The valve 1s linear-elliptical with frirly broadly rounded
ends, akout 12 P long end 4.5 p wide, The reohe is straight and
filiform, and lies in a well developed axiel rib, The axial area
is nerrow and linear, end does not widen 2round the central nodule
to form a2 central area. The transapical striae are radial
throughout, 21 - 24 in 10 P wider apart in the nmiddle than

at the poles. Fig., 109, 110.
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This species was recorded from two samples in the
catchment area.
Figs. ~ 109, 110C.

Samples - 406, 512.

N.Mengeae Cholnoky.
1954 - Neue und seltene Diatomeen., Osterr, Bot. Zeitschr, 101:
418, F.58 - 60,

Cholnoky (persconal communication) no longer believes
this species to be a Navicula, He now maintsine 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 betier placed in the genus
Stauroneis. However, these views have not yet been published
and for this reason this species has been retasined as a Nevicula,

A single specimen (Fig. 273), slightly narrower than
normal (3 p instead of 4.5 })s was recorded from Station 24
on the Klip River,

Fig. - 273.

Sample - 358,

N.microcephala Grunow.

1880 - Grunow: in V,H, Syn., T.14, .29

1896 - Cleve: Naviculoid Diastoms. Kongl.Sv,.Vet,Akad.
Handl, 27: 4.

1964 - Hustedt: Rabenhorsts Kryptogamenflora
Teil 3: 258, F,1385.

1930 - Hustedt: Bacillariophyta., P.289, F.401

1927

Synonyms: Achnanthidium microcephala W, 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 Archibald (1966A: 262, F,39) are

now thought to be better placed with this species. These forms
were generally weakly silicified, linear-lenceolate in shape and
slightly protracted at the poles. The transapical striae were
sometimes too fine to be seen (Fig., 114), while in others they
numbersd about 36 in 10 p (Figs. 111 - 113).

N.microcephala was found in a relatively large number of

samples, but, due to its preference for 2 neutrszl to acid pH-value
of the woter, itdid not occur in very high numbers.

Fig, - 111 - 114.

N.minima Grunow.

1880 - Grunow: in V. H. Syn. T.1l4, F.15, 16.

1894 ~ Cleve: Neaviculoid Diatoms., Kongl,Sv.Vet,Akad.Handl,
26: 124,

1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora Teil 3:
249, ¥,1374.

1930 - Hustedt: Beocill-riophyte. P.272, F. 441,

Synonyms: Neviculs minutissima Grunow; Novicula Ssugerii ver,

Grunow; Navicula atomoides var., subserians Grunow; Syncdra

pusilla Kutzing; Novicule minima ver, nstomoides Cleve; Navicula

minima var, genuins Cleve-Euler,

In the catchment area the specimens of this species were
very small, ranging from 5.5 - 6,0 p in length,

It has not been possible to gather much information about
the autecology 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.1l4, F.3
1896 - Cleve: Naviculoid Diatoms. Kongl,Sv,Vet,Akad.Handl, 27: 4.
1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora Teil 3:
25/, F.1381.
1930 - Hustedt: Bacilloriophyta. P,288, F.483,

Synonyms: Novicula importuna Hustedt; Naviculn paucivisitatz
L 3 p
Patrick.

Some irreguler forms, onc of which is illustrated (Fig. 115),
have been assigned to this species since they are more akin to
N,minuscula than any other species, These forms were elliptic-
lanceolate, 8.5 F.long and 3.5 P borad, and had convergent trans-
apical striae at the poles, Cholncky has also found similar
small examples,

Cholnoky (1960A: 70) reportec this species from neutrel,
unpelluted waters, heving a high oxygen concentration. In the
catchment area it was recorded in the Kalk River (Station 15),
the Va2l River (Stotion 54), the Waterval River (Station 17) and
o small tributary of the Vanrl River near Stetion 5A,

Fig. - 115,

Semples - 321, 337, 402, 408,

N.molesta Krasske,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
252, F,1379,

1938 - Krasske: Arch, Hydrobiol., 33: 528, T.11, F,20.

There is little doubt that the specimens assigned to this
species are indeed N.molesta, since they agree with Hustedt's
description (Hustedt l.c.) very well. Some specimens, were

hewever, a little longer, being up to 21 P long, and some hnd
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protracted but not capitate poles, Two examples are illustrated
in Figs, 116 - 118,

The species, until now, has only been reported as an arctic
freshwater form found by Krasske in the Spitzbergen. In the
catchment area it was recorded twice from Station 1, once from
Loke Chrissie and in 2 sample from Station 17 on the Waterval
River, This constitutes a new record for South Africa.

Figs, 116 - 118,

N.montisatrae 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, The only difference
here was that this specimen has slightly less radial to almost
parallel striae at tbe poles. - In 21l other réspects it agrees
~with'Chdlﬁoky's aescription.

As this species has only rarely been seen, the autecology
of the species remsins unknown, The species was recorded from
only one sample from the Veal River.

Fig. - 1190

N,muralis Grunow,
1880 - Grunow: in V,H.Syn., T.14, F.,26 - 28,
1896 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet,Akad.Handl. 27: 3.
1927 - 1964 - Hustedt: Robenhorsts Kryptogamenflora Teil 3:
236, F.1359.

13930 - Hustedt: acillariophyta. P,288, F.482,
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Synonyms: Navicula atomus Schumann (nec N,atomus (Kitzing)

Grunow) .

Cholnoky (196CB: 252; 1962B: 27) studicd the diatom
associations in relation to the purification of sewsge water
at the Pretoria and Johannesburg Sewage Works., He followed the
succession of one diatom association to another as the water was
progressively purified, As a result he was 2ble to determine,
among others, the asutecology of N.mur-lis in fairly close detail,
In contrast with Hustedt's nllegations that the species is
"Oligohalob (indifferent), pH-indifferent, acrophil"(Hustedt
1957: 277), Cholnoky (l.c.) has found that N.muralis was able
to reproduce at pH values hetween 7.5 - 8.5. Furthermore
Cholncky discovered that the species was not nitrogen autotrophic,
but thrived best in conditions where there was a decline in the
concentrstion of the organic nitrogen compounds (below 5,0 ng N/
litre), replocing the nitrogen heterotrophic Nitzschiae as the
concentration of organic nitrogen diminishes.

As Navicula muralis also requires = high oxygen content it is

generally the dominant diatom species at the end of a purifi-
cation process, when the oxygen content is high »~nd the organic
nitrogen content of the watcr lies between 1,0 and 5.0 mg.l/
litre. It is repleced by other algae at concentrotions of
nitrogen less than 1.0 mg.N/litre. In the catchment area the

species was relatively common nsnd widespread over the whole area.
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N.,mutica Klitzing.

1844 - Kiitzing: Bacill. P,93, T.3, F,32,
1894 - Clcve: Naviculoid Distoms. Kongl.Sv,Vet,Akad.Handl,
26: 129,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogsmenflora Teil 3:
583, F.1592 a - £,
1930 - Hustedt: Bacilleariophyta. P.274, F.453 a.

Synonyms: Stauroneis scmen Ehrenbergs; Steurcneis Cohnil

Schumann; Nevicula Charcottii Peragallo; Placoneils mutica
Mereschkowsky.

The systematics of this species seems to be particularly
muddled and confused, In later years Hustedt has added tc the
confusion by regarding the forms and varieties, as set out in the
Bacillariophyta (Hustedt 1930: 274), as separate species, or as
forms of other species. For instance the case of N,mutica var,
ventricosa appears toc be very confused, Hustedt transferred the
description of var, ventricosa given in the Bacillariophyte

(Hustedt 1930: 275) to N,Heufleriann (Grunow) Cleve (cf.Hustedt

1927 - 1964, Teil 3: 618); while the illustraticn of var,
ventricosa in the Bacillericphyte refers to on entirely different

species, N, palaearctica Hustedt (1927 - 1964, Teil 3: 613),

It appeers that this species with its many related forms and
varieties is in need of = thorough revision. Cholnoky (1954D: 127)
maintained that more delicately structured forms in acid waters
were duc to the physical conditicns of the water, Normal 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 2 number of samples, was never

abundant in any of the samples,
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N.mutica var. nivalis (Ehrenberg) Hustedt.
1911 - Hustedt: Abh. naturw. Ver. Bremen 20: 290,
1930 - Hustedt: Bacilleriophyta. P.275, F, 453 c.

Synonyms: Navicula nivalis Ehrenberg; Naviculs nudosa Donking

Naviculae mutica var, guinguenodis Grunow; Haovicula mutica var,

subundul~ta Grunow; Navicula mutica ver., pulchra McCall;

Navicula mutica vnr, capitata Wislouch et Poretzky; N-~vicula

mutica var, capitata Hustedt; DNeviculn mutics ver, distinguenda
Hustedt.

Hustedt in Rabenhorst (1927 - 1964, Teil 3: 620) h-s

reinstated this v-riety as Navicula nivalis Ehrenberg on the

basis that these capitate forms have 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
var. 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 (Vasl 445) a specimen
(Fig. 151) differing from the normel varietal forms was observed,
This specimen conformed in most respects to the description of
var, nivalis, but differed in the density of the striae, possessing
about 28 striaze in 10 2 in the middle of the valve and about 34
st the poles. This falls outside the range of varietion (16 - 24
striae in 10 p) given for this variety by Bock (1963: 236). It is
therefore possible that this specimen enlarges the range still
further,

The var., nivalis was not as common in the catchment area
as the typical 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 3: 598, F,1602.

1949 - Hustedt: Kongo. Expl. du Parc Notional Albert 8:
82, T.4, F.33 - 36,

Due to the position of the pore on the vslve edge, and
the much finer stristion, this species is relativdy easy to
distinguish from N.mutica KUtzing. There is no dcubt that the

three specimens which were seen were Hustedt's N.muticoides,

Tts autecology is not properly known, due to the rare
occurrence of this species. It was recorded from Station 31
on the Komandospruit River, =and from Ststions 10 and 11C on the
Wilge River,

Samples - 330, 333, 445.

N.,nyassensis 0. Muller,
1910 - 0, Miller: Bacill, aus dem Nyassalande. Engl.Bot,
Jahrb. 45: 83, T.1, F. 5, 6,

Synonyms: Navicula Mereschkowskii O, Miller; Navicula

nyassensis f. minor O.Miller; Navicula nyassensis var, longirostris

0. Miller; Navicula nyassensis var, elliptica 0. Muller;

Navicula Mereschkowskii f. minor O.Miller; Navicula Mereschkowskii

var, recta 0. Miller; Navicula Mereschkowskii var., recta f,

minor O. Miller,

Cholnoky (1966A: 40: 1966B: 192) has drawn attention to
the fact that the systematics of this species is in need of

revision, The distinctions between N.,nysssensis, N.pupul~ Klitzing

are minimsl, In this study the criteria used to distinguish

N.nyassensis from N.pupul~ were the number of striae 2t the central

nodule, i.e. 18 in 10 p for N.nynssensis, end 21 or more for

N.pupula, =nd the shape of the centr=l =re~, The central area
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of N.pupula is normally clearly demarcated and rectangular,

while in N.nyassensis it is not so clecar 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 2 relatively smell

number of samples,

N,pascuorum Cholnoky.
1965 - Cholnoky: Chrissie-Sees, Arch, Hydrobiol. 61: 72,
Fo 24, 25.

This small Navicula falls into that group of small
hyaline diatoms which are most difficult to identify. The
shape of the valve is rhombic-lanceolate and the weakly silici-~
fied valve has =2 prominent axial rib which demarcates 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 catchment arez it was found in small
numbers in » few samples, mninly from the Vaal River system,
Figs., - 120, 121,

Samples - 307, 447, 453, 464, 465, 485, 486, 512,

N.,permitis Hustedt,

1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora Teil 3:
174, F,1306.

1945 - Hustedt: Balkan~Halbinsel, Arch,Hydrobiol. 40:
919, T.41, F, 8, 9.

N.permitis is yet another of these small hyaline Navicula

species. It is very closely related to N.pelliculosa (Brebisscn)
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Hilse (cf. Hustedt 1927 - 1964, Teil 3: 173) from which Hustedt
separated it becouse N,permitis has narrower volves and the

axial rib is not so well developed, Hustedt (1l.c.) #lso pointed
out that M.nolins Simonsen (cf. Hustedt 1927 - 1964, Teil 3: 174)
differed from N.permitis only in its physiology; N.nolens being

a freshwater species. In this survey some unusually smell hyaline
diatoms, whose length was more or less constantly & P’ and whose
width was about 2 s Were observed (Fig, 122). Generally only
the raphe and axial ares were clearly visible, as the valve was
very weakly silicified.,  The valves, when just visible, were
linear-elliptical to lanceolate, On the basis of the shape of
the valve these sm2ll Naviculas have been referred to this species.
If this identification is correct then these measurements enlarge
the range of varistion of the species,

The autecology of this species is not known and the few
typical forms of this species which were seen do not throw any
light on the subject, However, mention must be mede of the
sm2ll unusunl forms. In the smmple Va~l 377 they composed 88,7%
of the association and in V22l 378 obout 14.4% of the association.
Both these samples were taken from the Watervel River at Roodebank
(Station 17) where, from the dinstom associations found at that
point, there is evidence of large concentrotions of nitrogenous
compounds., This then might indicate that these small forms zre
nitrogen heterotrophic,

Figs.- 122 - 124,
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N.,perparva Hustedt,
1927 - 1964 - Hustedt: Reabenhorsts Kryptogamenflora
Teil 3: 283, F,1355.
1937 - 1939 - Hustedt: Java, Bali und Sumotra,
) Arch, Hydrobiol. Suppl. 15: 246, T,20, F.16 - 18,

Cholnoky (1960B: 253: 1962B: 88) rccorded this uncommon
species from polluted waters and remorked that its autecology was
similor to N.muralis. This means that the species is found where

the trophic conditions are no longer optimal for Nitzschia palea

(Kutzing) W. Smith, but where the water still contrins some organic

1,

nitrogen in solution. The distribution of the species in the
catchment area substantiates this, as it is found mainly in the
Waterval River, wherc the water apparently contrined plenty of

organic nitrogen.

N.promota n.sp.
N,promota belongs to the group Naviculae orthostichae

(Cleve) Hustedt, and has some affinity to N.cuspidata Kiitzing

var, ambigua (Ehrenberg) Cleve (cf. Hustedt 1927 - 1964, Teil 3:
62). It differs from this species in the possession of finer
strise and a central area, This new species cannct be assoclated
with =ny other specics of this group known to the author.

The valves are lanceolate with rostrate to slightly capitate
poles, 32.5 - 40 P long, and 7 - 9 P wide. The raphe is straight
and filiform; the central pores are inconspicuous and are not
hocked; the terminsl fissures are small, lunate and are turned
towards the same side., The axial area is narrow and linear;
at the central nodule it widens to form an oval to circular

centra2l ares, in width about one third of the valve breadth,
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The transapical striae are slightly radisl in the middle and
convergent at the poles, 20 - 24 in 10 Ps the longitudinal
costae are indistinct. Fig, 125.

This new species was found in » number of scmples from
the Vaal River System, and in two others, from Station 24 on the
Klip River, and in a sample from the Cornelius River, In none
of the samples was the species common,

Fig. - 1250

N.pseudohalophile Cholnoky.
1960 - Cholnoky: Natal. Nove Hedwigia 2: 74. F.231 - 235.

This species has beecn reported by Cholncky from Natal
(Cholnoky l.c.), the Cape Province (1962A: 44) and the Okavango
River (1966A: 42), and by Giffen from the Eastern Cape Estuaries
(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 Kryptogamenflora Teil 3:
236, F.1360.

1937 - 1939 - Hustedt: Java, B21li und Sumetra. Arch,Hydrobiol.
Suppl. 15: 245, T.19, F.25 - 27.

This sm~11 Navicula species is very rarely seeny; and was
recorded from the Voal Dam catchment arez in one sample from the
Waterval River, Nothing much is known of its autecology.

Sample - 498,
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N.pscudoventralis Hustedt.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogomenflora Teil 3:
153, F.1285,
1934 - Hustedt: in A.S. Atl. T.401, F,116 ~ 118,

Synonyms: Navicula modica Hustedt e.p. (Hustedt 1950: Arch,
Hydrobiol. 43: T.38, F.71 = 73); nec Novicula modica Hustedt
(1945: 916, T.41, F,21 - 23); Novicula curta Hustedt,

In this survey the sm~1l specimens of this species were
easily recognised, »nd nc difficulty was cxperienced in assigning

them to N.pseudoventr=lis. This species hns only rarely been

seen in South Africn and therefore two specimens (Figs. 126, 127)

were illustrated.  Cholnoky (1960A: 44) has recorded

N.pseudoventralis from South Africa under the nsme N.curta Hustedt,

but Hustedt himself has united N.curto with N.pseudoventralis

(Hustedt 1927 - 1964, Teil 3: 154).

This species was observed from six samples, predominantly
from the Waterval River,
Figs. =~ 126, 127,

Samples - 324, 337, 339, 340, 436, 485.

N.pupule Kitzing.

1844 - Kitzing: Beocill, P.93, T.30, F.40.

1894 - Cleve: Naviculoid Distoms. Kongl.Sv,Vet,Akad.Hondl.
26: 131.

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
120, F,1254 = - g.
1930 - Hustedt: Bacillariophyta, P.281, F,467 a.

Synonyms: Naviculas pupula f. minuta Grunow; Nevicula pupula

var, genuina Grunow; Stauroneis tatriks Gutwinski;

Schizostauron tatrika Dz Toni; Sellaphora pupula Mereshkowsky;

Naviculs pupuls var, subcapitata Hustedt; Neavicula pupulan var,

sinica Skvortzow; Navicula pupula var, minutula Cholnoky.
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1

In the catchment area the species was amongst the
commonest found. Cholnoky (1960A: 75; 1960B: 253; 1962A: 45;
1962B: 88) has recorded N.pupula from neutral to weakly alkaline

water, which contains very little nitrogenous compounds.

N.pupula f. rostrato Hustzdt.

1911 - Hustedt: Abh.naturw, Ver, Bremen 20: 211, T.3,
F.39 (25 a variety).

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
121, F,1255.

1930 - Hustedt: Bacillariophytn. P.282. F.467 e.

There is some discrepancy between the description and
figures of f.rostrzts given by Hustedt in the Becillariophyta
(Hustedt l.c.) with those given by him in Rebenhorst (l.c.).

In the Bacillariophyta F, 467 e (f.rostrata) is more like the
figures of N.pupula var. mutatz (Krasske) Hustedt given in
Rabenhorst. The description of f.rostrata differs in the two
books as well; in the Bacillariophytn there is no mention of
capitate poles, while in Rrbenhorst the poles =re described os
being capitate. However, Hustedt (1946 - 1950: T,37, F.21 - 23)
illustrated some smnll specimens of f,rostrata from the Nord-
deutscher Seen, in which the poles are produced but not capitate.
Two specimens have been tentatively assigned to this form, one
showing slightly capitate poles (Fig. 129), while the other being
only QAP,long and 4 p broad, is similrr to the small forms without
capitate poles (Fig. 128).

This form has not been reported from South Africr before.
It was recorded from Lake Chrissie and from s teibutory of the
Sand Rivern
Figs., - 128, 129.

Samples - 455, 485,
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N.pupuloides Chclnoky.

1955 -~ Cholnoky: Raytonvlei und Leeufontein. Hydrobiologia
7: 175, F.62, 63,

This is a small and very little known diatom and in this
survey was found as a single specimen in one sample from Station
3 on the Vaal River. Nothing is known of its eccological

requirements.

N.pygmaezs Kiitzing.
1849 - Kiitzing: Spec. Alg. P.77.
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv,Vet,Akad.Handl, 27: 65,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
538, F.157.
1930 - Hustedt: Bacillariophyta. P.312, F,561.

Synonyms: Navicula minutula W, Smith; Navicula rotundata

Hantzsch,

211 the specimens in this study were guite typical and
thus provided no preblems with regard to their identification,

N.pygmees has been recorded in South Africsa from both
freshwater and in water contrining higher ccncentrotions of
dissolved salts. Chclnoky (1958B: 121; 1960A: 76; 1962B: 88)
recorded it from alkaline waters ~nd rem~rked thet in the
Swartkops River (Cholnoky 1960B: 253) "Die Art erweist sich hier
als eine richtige Salzwssserart'. Previously he had recorded it
from freshwater samples only. In the catchment 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.rhynchocephala Kiitzing.

1844 - Kiitzing: Bacill. T.30, F.35.

1896 - Clcve: Naviculoid Dirtoms. Kongl.Sv.Vet.Akad,Handl. 27: 15,
1930 - Hustedt: Bacillariophyta. P.,296, F,501.

Synonyms: Nevicula cryptocephala var, rhynchocephala Str@sse;

Navicula rhynchocephaln var, amphicercs (Kitzing) Grunow.

Cholnoky (1960A: 78; 1962A: 45; 1962B: 89) has reported

N.rhynchgcephala as widely distributed from alkaline waters in
South Africa, The alkaline conditions prevailing in the catche
ment orea appeared to suit the development of this species.

It was found in nearly 211 the samples, ~nd on some occasions

was relatively sbundant.

N.rostellata Kitzing,.
1844 - Kiitzing: Bacill. P.905, T.3, F,65.
1896 - Clgve: Naviculoid Diatoms. Kongl.Sv,Vet.Akad,Handl,

27: 15 (under N,viridula var. rostellata).
1930 - Hustedt: Bacillsriophyta. P.297, F.502.

Synonyms: Navicula rhynchocephala var, rostellata Grunow;

Navicula viridula var., rostellata (Kiitzing) 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 wide distribution in the catchment area, where it sometimes

occurred in relatively high numbers.
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N Ruttneri Hustedt,
1937 -~ 1939 - Hustedt: Java, Bali und Sumatra,
Arch,Hydrobiol., Suppl,l5: 238, T.17, F.18 - 23,

There is some difference of opinion over the autecology
of this épecies of Navicula, Hustedt (l.c.) in his comments
on the ecological character of the species remarked that it has
a preference for alkaline water with a pH range from 6.7 to 8.3.
Chelnoky on the other hand has reccrded it on a number of
occasions from South Africa and has regrrded it as an acidophilic
species (Cholnoky 1955B: 1763 1958B: 121; 1960B: 254)., In the
catchment area a single example was found in the Kommandospruit
stresm near Vrede,

Semple 432,

N,Schroeteri Meister.

1932 -~ Meister: Kieselalgen 2us Asien, Berlin, P,38, F,100,

1937 - 1939 ~ Hustedt: Java, Bali und Sumatra. Arch, Hydrobiol.
Suppl. 15: 267, T.18, F,.16.

Synonym: Navicula sudonensis Bastow,

Among the many specimens of this species two types of valve
have been observed, While the dimensions of both types remain
the seme, and a complete renge of intermediates exists, one type was
more strongly silicified with larger punctae, whereas the other
was weckly silicified with smeller punctae, This m~y be the
result of different physical conditions in the water.

The species spparently inhabits alksline waters and has
a pH optimum of about pH 8. Cholnoky (1962B: 89) remarked that
this species cannot tolerate fluctuations of the pH towards the

acid side. On the otherhand Giffen (1966: 141) has recorded it
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as plentiful in neutral to slightly acid waters of the Hogsback
Region. In the Vaal Dam catchment area the pH values of only

one or two stations were below pH 7, and N,Schrocteri was not

present ét these acidic stations. On the whole the pH value

of the rivers in the catchment aren remein sbove snd 2round

pH 8, The species wes present in many samples, and in some

had high relative densities, Cholnoky (personal communication)
has put forwerd the theory that this species is influenced by

the presence of sugers in the water, as it is of common occurrence
in the Nonoti River in Natal, where wastes from a sugar mill

pollute the water.

N.Scottiae Cholnoky.
1961 - Cholnoky: Wemmershoek Drm, Osterr. Bot.Zeitschr. 108:
334’ Fols_’ 160

There is no doubt that the specimen found in the Vaal
River is N.Scottiae. It conformed to the morphological charac-
teristics given by Cholnoky in =11 details.  The dimensions,
however, were slightly larger then those given in the description,
The length of this specimen (Fig. 130) was 16.5,p and its breadth
5 P the striae in the middle were 18 in lO‘p, becoming 2 little
denser towards the poles.

N.Scottiae has previously only been recorded from its type
locality, end as a result very little is known of its autecology.
One specimen was recorded from the catchment area at Station 3 on
the Vaal River.

Fig. - 13C.

Sample = 495.



(246).

N.seminuloides Hustedt.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
244, F 1369,

1936 - Hustedt: in A.S, Atl. T.401, F,68 - 71,

1937 - 1939 -~ Hustedt: Javae, Bzali und Sumetra. Arch, Hydrobiol,
Suppl. 15: 239, T.17, F.29 - 33.

Synonyms: Navicule seminuloides var., sumatrana Hustedt,

Both Hustedt (l.c.) and Cholnoky have found that the
ellipticel var. sumatrana cannot 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 than the variety (cf., Cholnoky 1958B: 122).

N.seminuloides is apparently acidobiontic (Cholnoky

1958B: 122; 1960B: 255), and this probably 2ccounts for its

relatively sm=ll occurrence in this region.

N.seminulum Grunow,

1860 - Grunow: Verh. zool.-bot. Ges.Wien 10: 552, T.4, F.3.

1894 -~ Cleve: Naviculoid Disteoms. Kongl,.Sv,Vet.Akad.Handl,
26: 128,

1927 - 1964 - Hustedt: Rabenhersts Kryptogamenflora Teil 3:
241, F,1367.

1930 - Hustedt: Bacillariophyta. P.272, F.443.

Synonyms: Navicula Saugerri Desmazieres; Navicula seminulum

var, fragilsaricides Grunow; Naviculs seminulum f, maior Grunow,

Two examples of this species have been illustrated
(Figs. 131, 132) one of which (Fig. 132) had a slightly denser
striation. In =211 othier respects this irregular form conformed

to the description of the species.
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Cholnoky (1962B: 90) has stated that this specics together

with N.confervacea snd Gomphonema porvulum (Kitzing) Grunow are

characteristic of waters with 2 considersble fluctuation of the
orgonic nitrogen concentration of the water., It was recorded from
a relatively small number of samples from scattered localities.

Figs. - 131, 132,

N,.simplex Krasske var. minor Cholnoky.
1954 = Cholnoky: Neue und seltene Distomeen, Osterr.Bot.Zeitschr.
101: 419, F.62.

Hustedt (19497: 93, T.5, F, 6 -~ 8) illustrated a very small
example of N,simplex, but did not comment on its smallness,
Cholnoky (l.c.) also found similar small examples in Rhodesia,
and thought them sufficiently different to warresnt the creation
of & new variety. An example (Fig. 135) showing 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 variety occurred in a few samples from the catchment

area, and always in low numbers,

Fig0 - 1350
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N,sthrensis Krasske f, capitata (Krasske) Hustedt.

1925 - Krasske: Abh. u.Ber.Ver.f.Naturk.Cassel 56: 47, T.2,
F.37 (as Var,)

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
215, F.1331 e.

1930 - Hustedt: Bacillariophyta. P.289,

Synonyms: Pinnularia schrensis var, capitata Krasske,

This small form of N,sthrensis is rare in South Africa, and
has been reccrded only éwice before, It is apporently a pan-
tropical form, and in South Africe it has not been found further
south than the Transvaal., In the catchment area it was found as
isolated specimens in only twe samples from the Vaal River.

Samples ~ 403, 477.

N.sthrensis f. muscicola (Boye Petersen) Krasske.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
215, F.1331 f - h.

1929 - Krasske: Bot.Arch.27: 373 (as Var,)

1930 - Hustedt: Becillariophyta, P.289 (as var.)

Synonym: Pinnularis muscicola Boye Petersen.

In his comments on N,sthrensis var, muscicola from the
Cape Province Cholnoky (19624: 46) wrote as follows:-  '"Die
VariabilitHt der Schelenform war, wie die Fig, 60 - 63 zeigen,
sehr gross, n*herte sich aber nicht dem Formenkreis der typischen
N.sthrensis, Krasske verband die beiden wahrscheinlich nur auf
Grund einer einzigen morphologischen Merkmnls, uzw, der Streifung,
meines Er~chtens nach liegen cher hier zwei veoneinander verschienene
Vermehrungsgemeinschaften vor, deren spezifische Trennung kaum
obwegig wfre, In diesem Falle misste die jetztige VarietHt den

Namen Navicula muscicola (Boye Petersen) comb, nova tragen,"
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From this it can be concluded that the variety and the typc are
two different things and Cholnoky has raised the status of the
variety to species, N.muscicola, However in a later comment on

N.sbhrensis f. muscicola (= N.sbthrensis var. muscicolz) from the

Ruwenzori Mountains (Cholnoky 1964: 73) Cholnoky gave 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 ﬁbergeht, ist zwecklos, demzufolge muss die
Benennung der Art verfdndert werden," Here Cholnoky has reversed
his earlier opinion 2nd now clsimed that the form and the type are
the same thing, and a sepzration of the two is purposeless,
Cholnoky also called this new combination N.muscicola (Boye

Petersen) n., comb. (= Pinnularia muscicols Petersen 1928: 407,

F.27). Cholnoky, however, did not follow the rules of priority
here and the nomenclature of this new combination is incorrect,
N.sBhrensis was described by Krasske in 1923 (cf. Hustedt 1927 -
1964, Teil 3: 214) and therefore following the rules of priority
N.,sChrensis is the oldest legitimate neme for this species and

all other combinstions sre synonyms, For the present it is better
to maintain the forms of this species 2s set out in Hustedt 1927 -
1964, Teil 3: 215. One further comment should be made on the
illustrations which Cholnoky drew from his Cape material (Cholnoky
19624: 46, F. 60 - 63). Fig. 60 with its straight walls and

capitate ends belongs, in my opinion, to N.sChrensis f, capitata

rather than to N.sChrensis f, muscicol=, which has no capitate
poles, Figs. 133, 134 illustrate examples of this form found
in the catchment area.

N.séhrensis f, muscicola, an aerophytic acidobiont
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(Cholnoky 1955B: 177), was found as isoloted specimens in a
small number of samples,
Figs - 133, 134.

Samples - 203, 309, 331, 3%, 359, 360, 4%, 436, 456.

N.spirata Hustedt.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:

237, F.1361,
1936 - Hustedt: in A.S. Atl, T.401, F,114, 115,
1937 - 1939 - Hustedt: Java, Bali und Sumatra.
Arch, Hydrobiol, Suppl. 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
(19624: 47; 1962B: 90). In the Vaal Dam catchment area a single

specimen was recorded from Station 2A on the Vasl River.

Sample 307,

N.Standeriella Archibald,

1966 - Archibald: Rare Dintoms from S.A. Nova Hedwigia Suppl. 21:
262, F,37, 38.

The renge of variation of this new species is extended by
the discovery of further specimens frem three localities in the
catchment area, This species shows a very close similarity

to N.insociabilis Krosske (cf. Hustedt 1927 - 1964, Teil 3: 183,

F.1317, under N.monoculata Hustedt), and because of its very well

developed axial rib it belongs to the group Naviculae bacillares

Cleve emend, Hustedt. It differs from N.insociabilis in the

shape of the valve, the central area and the number of transapical

striae,
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The valves arc linear to linear-elliptical with blunt
and broadly rounded ends, 9,5 - 19 P long, and 4 - 5 P wide,
The raphg branches are slightly arcuate, and the small polar
fissures curve towards the same side of the velve. 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 rectangular central
area is formed. The transapical striae are delicate and radial
throughout, 20 - 22 in 10}1. Betwecn the axial costa and the
valve edge, a hyaline line, probably = thickened longitudinal
rib, cuts across the striae; this line bulges out towards the
valve edge in the region of the central nodule. Clecser to the
axial costa, and on either side of the centrsl nodule, 2 further
short hyaline line cuts across the first two or three strine.
As the valves become shorter this second line tends to disappear.
Figs., 136 - 138,

The species was recorded from the Kalk River and the Water-
val River,
Figs. 136 - 138,

Samples -~ 321, 402, 553,

N.subatomoides Hustedt.

1927 - 1964 -~ Hustedt: Rabenhorsts Kryptogsmenflora Teil 3:
271, F.1400,

1936 - Hustedt: in A.S. Atl. T.404, F. 33 - 35,

1950 - Hustedt: Arch Hydrobicl. 43: 437, T.38, F. 77- €9,

This diatem, although very small, is nevertheless reletively
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 small occurrence in this area.

Samples - 333, 359, 437, 485,

N,subbacillum Hustedt,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 3:
117, F.1251,

1937 - 1939 - Hustedt: Java, Bali und Sumatra, Arch,Hydrobiol,
Suppl.l5: 256, T.18, F, 3 - 6.

Three specimens from tributaries of the Vaal 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: Natal, Nova Hedwigia 2: 80, F.247, 248.

The specimens of this species, seen in the catchment area,
agreed well with Cholnoky's description.,

Chelncky (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 prcvides 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 var, avittatza Cholnoky.

1959 - Cholnoky: Seltene iv - Kaap-Provinz, Osterr.Bot.
Zeitschr, 106: 51, F, 265 - 269,

One specimen from the Kalk River has been identified as

N,subcostulata var., avittata. ILittle is known of its ecological

requirements.
Fig., - 141.

Sample - 402,

N.subhamulata Grunow.
1880 - Grunow: in V,H. Syn. P.106, T.13, F,1l4.
189 - Cleve: Naviculoid Distoms. Kongl.Sv,Vet,’kad,Handl. 26: 138,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
126, F, 1258,
1930 -~ Hustedt: Bacilleariophyta. P.282, F, 468 a.

This diatom, easily recognised by the long terminal
fissures and the slightly sunken portion of the valve surface,
occurred in a2 number of samples in its typical form, usually
as single specimens, but sometimes with relatively high

percentages. N.subhamulata is found in neutrz2l to weakly

alkaline waters, and has a pH optimum around pH 7 (Cholnoky

19574: 62; 1962B: 90).

N,submclesta Hustedt emend, Archibald,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
253, 1380.
1949 - Hustedt: Kongo. Expl. du Porc Notion2l Albert 8:
g8, T.5, F.16 - 18,
1966 - Archibald: Rore Diatoms in S.A. Nova Hedwigia Suppl. 21: 263.

A series of specimens from the catchment area (Figs 142 - 150)

show a gradation from the typical N.submolesta (Fig. 148) with

17 striae in 10 p in the middle end 24 at the poles, through
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intermediate forms to the typical N.molestiformis (Hustedt

1949.: 86) containing 27 striae in 10 P in the middle 2nd 34
striae at the poles. From this evidence it 2ppears that the
two species are linked, and should therefore be united, Ais
both species were described in the same paper (Hustedt 1l.c.) the

neme N, submolesta has been adopted, since its description pre-

ceded thaet of N.molestiformis. M.molestifcrmis therefore

beccmes a synonym. This same series of specimens also showed
a wide range in the dimensicns of the species. The description
of this species should, in consequence of the observations

mentioned #bove, 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 h wide.
The raphe is straight and filiform, sometimes with the central
pores widely separated, The axial area is narrow and linear,
and there is no central area, The trensapical striae r~re
parallel throughout, sometimes slightly convergent at the poles,
in the middle 17 - 30 striae in 10 P and more dense ~t the
poles 21 - 35 in 10 Pe

This species was relatively commen throughout the catchment
area, but never occurred with any great abundance in any sample.

Figs - 142 - 15C.

N.subrotundgzg Hustedt,

1927 - 1964 - Hustedt: Rabenhcrsts Kryptogamenflora Teil 3:
272, 1402 a - m,
1945 - Hustedt: Arch. Hydrobiol. 40: 917, T.41, F, 30 - 33.

Synonyms: N,rotundata var, lanceolata,

Two specimens (Figs. 152, 153) have been assigned to
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N.subrotundats, as they fulfil the requirements of the

description for this species,

Cholnoky (1966A: 48; 1966B: 197) has recorded it from
South Wegt African alkaline waters. In the catchment area it
was reported from the Watervsl River (Station 17), the Vaal
River (Stations 2 and 24), 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, 8: 37, T.2, F.1l5.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad,Handl. 26: 141,
1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil EE
89, F.1235, 1236,
1930 - Hustedt: Bacillariophyta. P,285, F,475.

Synonyms: Navicula dutoitana Cholnoky.

Cholnoky has recorded this species from many localities
in South Africa, However owing to the very low pH optimum of
the species (around and below pH 6) it was found in only two
samples, one from the headwaters of the Va2l River where the pH
is low, and the other from a sample lower down the river,

Sample - 307, 479.

N.tantula Hustedt.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
250, F.1375.

1934 - Hustedt: in A.S,Atl. 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).

The =utecology of this species has yet to be determined
accurately. Cholnoky has found it widespread in certain acid
waters (1957A: 67) and occasionally in neutral to weakly alkeline
water (19604: 64). From the distribution of the species in the
Vaal Dem catchment area it would appear that this species can
thrive equally well in waters that are generslly 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 smell form (Fig. 157) whose dimensions were 10)u
long and 6.5 P.broad, was recorded from Station 24 on the Vanl
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: Naviculoid Diatoms. Kongl.Sv.Vet.Aknd.Handl.
27: 17 (under N.radiosa var. tenella),

1930 - Hustedt: Bacillariophyta. P.299. (under N.radiosa

var. tenella).

Some clarification concerning this species 1s 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 KUtzing, except that 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 appenr to be quite clear, Some examples
were drawn (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 centrel nodule to form a small
lancecolate central area, The transapical striee are prominent
and number zbout 14 in 10 P They are radiel in the middle and
convergent at the poles. Generally the central striae are long
and reach almostto the axial area. On either side of these
striae there are generally shortened striae, which give the
appearance of alternating longer and shorter striae, which is
quite characteristic for N.tenella,

During this survey Cholnoky assisted the author in the
identification of some problematical specimens, Figs. 176 - 178
show some examples of a relatively common species, which Cholnoky
mainteined 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

regarded as two different species. These forms hrve, therefore,
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been described as a new species, N,venezuelensoides, and further

comments on this species may be found below,

N.tenelln is widespread in the neutrel to slighily nlkaline
waters\of the Vael Dam catchment area, where it sometimes occurred
in very high numbers in the samples. It was one of the commonest
species found here.

Fig. - 159 - 1600

Netenellaeformis Hustedt,
1937 - 1939 - Hustedt: Java, Bali und Sumatra, Arch.Hydrobiol.
Suppl. 15: 269, T,19, F.l4, 15.

This smell and seldom seen species was observed in only
three samples. Fig, 164 shows the more typical form of

N,tenellseformis. There i1s 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 any other, Fig., 163 shows forms which have very
strongly radiate central strize.

Figs. -~ 162 - 164.

N.tenelloides Hustedt.
1937 - 1939 - Hustedt: Java, Boli und Sumatra., Arch. Hydrobiol.
Suppl. 15: 269, T,19, F.13.

This species is apparently widespread in neutrel to weakly
alkaline waters of South Africs. According to Cholnoky (1962B:
91) its optimal development is in weakly alk~line water, It is
thercfore not surprising to find it in so many samples, and some-

times occurring in relatively high numbers,
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N.tenuissima n,sp.

N.tenuissima belongs to the group Noviculze subtilissimse

Hustedt, snd is very similar to N.subtilissima Cleve (cf.Hustedt,

1927 - 1964, Teil 3: 89, F,1235). It differs from N,subtilissima

in its dimensions and the arrangement of the striae, It is also

reminiscent of N.subarvensis Hustedt (1927 - 1964, Teil 3: 87,

F.1230) from which it differs in the shape of thevalve and the
direction of the striae,

This new species has a linear-lanceolate valve with sm2ll
capitate poles, 11.5 - 16.5 p long, and 2.5 - 4 p broad. The
raphe is straight and filiform with unclearly defined polar
fissures. The axial area is nerrow and linear and does not
widen at the central nodule to form a centrsl area. The trans-
apicnl striae 2re fine and pnarallel throughout, sbout 32 - 36 in
the middle and becoming more dense towards the poles, where they
number about 40 in 10 p. Figs. 165, 166.

This small species had quite a wide distribution in the
catchment aresz. It occurred in a few samples as single specimens
in cthers it was found to be more abundant.

N.terrestris Boye Petersen.

1915 - Boye Petersen: Danske =erofile Alger. D.Kgl.Danske
Vidensk., Selskrift, "7 Raekke, Naturw, og Msth Afd,
12: 285, F. 7, 8,

1930 - Hustedt: Bacillariophyta. P.285, F.477 (under
N.gibbula Cleve).

1946 -~ Lund: Observations on Soil Algee., New Phytologist
45: 80, Fo 7 M - X,
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Synonyms: Navicula gibberula Lagerstedt; Navicula gibbula Cleve

(sensu 6strup, Bachman, Hustedt and McCz211); Navicula terricola

Bristol; Navicula relicta McCall; Navicules gibbula Cleve var,

terrestris Boye Petersen; Diploneis van der Merweil Cholnoky.
ol ER S

Lund (1946: 80) has given a very clear picture of the
systematics and taxonomy of this particular species, and pointed

out quite clearly that 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 at the central nodule; these features according to Cholnoky
(19624: 48) are easily seen a2t lower powers of magnification and
in dry systems. The Vasl specimens were quite in agreement with

Lund's description of N,terrestris, and were found as isolated

examples at three localities, where the water was acidic in
nature.

Semples - 251, 301, 331, 370, 479.

N.towutiensis (Hustedt) Cholnoky.

1942 - Hustedt: Indomalayischen Archipels und Hawzaii Inseln,
Internat. Rev, d. Hydrob. u Hydrogr. 42: 68,
1963 - Cholnoky: Swzkop-Flusses in S.W.A., Rev. de Biol. 3: 245

(under N. Woltereckii var. rostrata).

The systematics of this species is a 1little confusing.

Hustedt first described a species, Navicula Woltereckii, later

uniting it with N.helvetica (Hustedt 1942: 68)., However,
according tc Cholnoky (1959: 279) in doing so, Hustedt actually
stated sufficient characteristics and differences which would
warrant g specific division between the two species. Cholnoky
(1.c.,) also maintained that the f,rostrata should really be a

variety of N,Woltereckii, because only this veriety had been
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found and not the typical forms. Later having seen meny other

examples Cholnoky (1963D: 245) became convinced that this variety
should in fact be a~ distinct species of its own. In consequence

thereof he renamed it N,towutiensis after the locality from which

it was found.

This species is appsarently a tropical - subtropical
alksline water form. In the catchment area it was seen in
one sample, so that it is not possible to comment any further

on the species,

N,tridentuln Krasske,

1926 - Krasske: Abh, u. Ber. Ver. f, Noturw. Cassel 56: 46
7.2, F, 31,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
g2, F,1223,

1930 - Hustedt: Bacillariophyta. P.276, F.456,

Synonyms: Navicula bidentula Boye Petersen; Navicula guad-

riundulsta Manguin,

This small hyaline species, has been recorded on a few
occasions from South Africa. Cholnoky claimed that it is an
acidophilic species confined to oligotrophic waters (Cholnoky
1960B: 2563 1962B: 91). Conditions of this kind are rare in
the catchment area, which may explain why it was found in only
three samples.

Samples - 403, 412, 456.
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N,.Twymanisna Archibald.
1966 - Archibald: Rare Diatoms from S.A. Nova Hedwigia Suppl.
21: 264, F.41 - 43,

Since first describing this species the opportunity to
observe many more examples has arisen., It is now possible to
define the species more precisely. Due to its structure it

belongs to the group Naviculac minusculae Cleve emend, Hustedt,

but it cannot be equated to any other species in this group.,

The typical form of Navicula Twymaniana (Figs. 167 - 169,

173 = 175) has a lanceolate to rhombic-lanceclate valve, 10 - 22
F long, and 3 ~ 5.5 P broad; the poles are rounded and not
produced, The raphe is straight and filiform. The axial area
is narrow and linear, and does not widen at the centrsl nodule
to form a central ares, The striation of the valve is variables
the striae are fine, about 27 - 32 in 10 P 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 striae are visible and are convergent numbering
about 40 or more in 10 Re This species is named in honour of
Professor E.S. Twyman, Head of the Department of Botany, Rhodes
University.

Two other valve shapes 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 sutecology of N,Twymanirna is at present unknown. It

was widespread in the Vaal Dam catchment area, and this suggests
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that it prefers waters which are alkaline, It did nct occur in

any abundance in the samples.

Figs, - 167 - 175,

N.vanidica Cholncky.
1962 -~ Cholnoky: Diatomeenflora iii - Koap-Provinz.

Rev. de. Biol. 3: 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 Waterval River.

Sample = 410.

1923 - Krasske: Bot. Arch. 3: 197, F.12.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
201, F,1320,

1930 - Hustedt: Bacillariophyta. P.273, F.447.

Synonyms: Navicula bacillum var, densestrista Ostrup.

Cholnoky (1954R: 219) has recorded this species from
Rhcdesia, A single specimen was observed in the catchment area
at Station 5 near Standerton,

Sample - 317.

N,venezuelensoides n.spe.

Figs. 176 - 178 illustrate examples of a species of Navicula
which Cholncky (pcrsonal communication) regarded as N,tenella.

However on careful examination it was decided that these specimens
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could not be equated with N.tenella, and heve therefore been

described as a2 new species, N.venezuelensoides, The new species

differs from N.tenella in the following points:-
1). The poles of the new species are broadly rounded
while in N,tenella they nre acute and relatively narrow.

2). The striae in N,venezuelensoides consist of distinct

slightly elongate punctae, while in N.tenells they ore indistinct.
3). The central area of the new species is well developed,

sometimes almost reaching the margir of the valve, whereas in

N.tenella the central area is a slight lanceclate widening at

the central nodule.

N,veneguelensoides 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 also has some affinity to N.Schubarti Hustedt (1952A:
396, F,104) 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‘p long, and about 7 f,wide. The raphe
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 margin 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 (ususlly 12) in 10 p.  The longitudinel costae are

vigible running parallel to the raphe, cxcept »t the central



nodule where they curve towards’'the margin of the valve, zbout
30 in 10 p,  TFigs. 176 - 178,

N,venezuelensoides was relatively widely distributed in

the catchment area, At some localities it was relatively
abundant, Little is known at present about its ecological
requirements.

Figs, - 176 - 178.

N.ventosa Hustedt.

1927 - 1964 - Hustedt: Kkabenhorsts Kryptogamenflora Teil 3:
234, F,1357.

1957 - Hustedt: Abh, nztur. Ver. Bremen 34: 281, F, 28 - 31,

Two examples of the typical N.ventosa have been illus-
troted (figs. 179, 181). The third example (Fig. 180)
differed slightly py having slightly rostrate poles.

The only previous records of this species from Africa
have been from South West Africa (Cholnoky 19664: 50: 1966B:
198), 1In the cctchment area it was observed from seven localities
scattered over the catchment area,

Semples ~ 242, 321, 401, 410, 449, 455, 511.

N.ventosoides n.sp.

Specimens from sample Vaal 324 bear a strong resemblence

to N,ventosa Hustedt of the Naviculae minusculce group, but

differs from this species in the s hape of the valve, These
specimens could not be equated with any other species of this
group.,

The velves are linear-lanceolate to rhombic-lanceolate

with short more or less acutely rostrate poles, 7.5 - 8.5 p long,
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end 2,5 - 3.5 p wide.  The rapﬁe is straight and filiform;
the central pores are not widely sepsrated and the terminal
fissures are too small to detect the detail of their structure,
The axizl area is narrow and linear and does not widen in the
region bf the central nodule into a central area; there is
however an indication of a central area, as in some specimens
one or two shortcned strise are present at the central nodule,
The transapical striaze are radizl throughout the valve with a
more or less constant spacing from the middle of the valve to
the poles, about 28 in 10 w. 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 Kitzing,.

1844 - Kutzing: Bacill. P.94, T.30, F.47.

1896 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet,ikad,Handl.
27: 15.

1930 ~ Hustedt: Bacillariophyta, P.297, F,503,

Synonyms: Schizonema Thwaitesii Grunow.

Hustedt (1937 - 1939, Suppl. 15: 264) has reverted to

Cleve's opinion that N.rostellata Klitzing should be regarded as

a variety of N,viridula. 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: G2) has remarked this species has been
found only rarely in South Africa, and little is known of its aute-
cology. In the catchment arca it was found as isolated records from

widely separated localities,
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N.viridula var. slesvicensis (Grunow) Cleve,

1896 = Cleve: Neoviculoid Distoms. Kongl.Sv.Vet.Akad,.Handl,
27: 15,

1930 - Hustedt: Bacillariophyta, P.297. F,503,

Synonyms: Neviculza slesvicensis Grunow; Nevicula viridula

f. minor; Pinnularia silesiaca Fresenius.

This variety differs from the typical forms by being
smaller in its dimensions and more coarsely strinte, It has
been recorded only twice from South Africa by Cholnoky (1953:
145; 1957C: 74) and once more from Ghana by Foged (1966: 95).
In the catchment area it was recorded from four samples.

Samples - 353, 411’ 456) 4'780

N.Wittrockii (Lagerstedt) Cleve-Euler.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 3:
124, F,1256,

1934 - Cleve - Euler: Soc.Sci.Fenn,Comm.,Biol. 4 (14): 86.

Synonyms: Stauroneis Wittrockii Lagerstedt; Navicula

bacilliformis Grunow; Naviculas bacilliformis var. bullata

Ostrup; Navicula Wittrockii var, fennica Cleve-Euler; Navicula

bacilliformis var., genuina Mayer; MNoviculs bacilliformis var,

nuda Mayer; Navicula Wittrockii var., spitzbergensis Cleve-

Buler,

The species was not common in the Vaal Dam catchment area,
being found in only two samples. Cholnoky has recorded it from

the Okawango River (Cholnoky 1966A: 51).
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N.Zanonii Hustedt.
1949 - Hustedt: Kengo. Expl. du Parc, National flbert 8:
92, T.5, F, 1 - 5.

In this scries of samples N.Zanonii was present in the
typical\form and was easily distinguished from other related
forms.

The species is apparently very common in South Africe,
and according to Cholnoky (1960A: 87; 1960B: 256; 1962B: 92;
1962C: 330) the species is 2 "Characterpflanze" of neutral to
weskly 21kaline water, poor in nitrogen content, Consequently
this species is also very common and widespread in the Vaal Dam
catchment arca, occurring in some samples in relatively high

numbers,

NEIDIUM Pfitzer 1871

N.affine (Ehrenberg) Pfitzer.

1871 - Pfitzer: Bot. Abh,Geb,Morph.Phys. 2: 39.

1894 - Cleve: Naviculoid Dictoms., Kongl.Sv.Vet.Akad.Handl. 26:

1930 - Hustedt: Bacilleriophyta. P.242, F,376.

1959 - Reimer: The Diatom Genus Neidium. Proc,Acad.Nat.Sc,
Phila. 111: 7, T.1, F.1.

Synonyms: Navicula affinis Ehrenberg; Neidium affine var,

genuina Mayer; UNeidium affine var, genuinum f, minor Mayer;

Neidium affine var, genuinum f. minor subfo, subrostratum Mayer;

Neidium affine var. genuinum f. media Mayer,

Reimer (1959: 7) in his paper on the genus Neidium has

ascribed to Pfitzer the combination Neidium affine, which he

formed in 1871. Cholnoky and Hustedt have both qucted Cleve
in their use of this combination, This error probably o~rises

from Cleve who does not quote Pfitzer in his Synopsis of

68.



(269).

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 area the species was recorded from three localities.

Samples - 306, 412, 495,

N,affine var. emphirhynchus (Ehrenberg) Cleve,

1894 - Cleve: Naviculoid Distoms. Kongl.Sv.Vet.Akad,Handl,
26: 68.

1930 = Hustedt: Bacillariophyta. P.243, ¥.377.

1959 - Reimer: The Diatom Genus Neidium, Proc,.,Acad.,Nat.Sc,
Phila, 111: 7, T.l, F.2.

Synonyms: Navicula amphirhynchus Ehrenberg; Navicula affine var,

amphirhynchus Grunow; Neidium amphirhynchus (Ehrenberg)Pfitzer;

Neviculn iridis var, amphirhynchus Van Heurck,

Cholnoky (1957i: 69; 19604: 88; 1962A 51; 1962B: 92)

considers the species Neidium affine a 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 boundary lines between the species Neidium affine and

N.productum (W,Smith) Cleve (cf. Hustedt 1930: 245) are not clearly
marked and that the pesition of N.prcductum as & sepcrate species
is guestionable (Cholnoky 1957A: 69), Cholnoky finds no clear
boundary line between N.affine and N.iridis (Ehrenberg) Cleve

(cf. Hustedt 1930: 245). On the other hand Reimer in his study

of the genus Neidium (1959: 9) has preferred to mointain 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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Lccording to Cholnoky (19604: 88; 1960B: 257; 19624: 51;
1962B: 92; 1962C: 330) the species heas a preference for neutral
waters with fluctuations of the pH value towards the acid side.
~In the catchment arez this variety was recorded from a relatively
large number of samples, but was never present in great quantities

in the samples.

N,affine var., longiceps (Gregory) Cleve,

1894 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet.Akad.Handl.26: 68,

1930 - Hustedt: Bacillariophyta, P.244, F,378,

1959 - Reimer: The Diatom Genus Neidium, Proc.Acad,Nat,Sc.Phila,
111: 13, T.1, F.3.

Synonyms: Naviculs longiceps Gregory.

In Cholnoky's opinion this variety cannot be distinguished

from var, amphirhynchus (Cholnoky 1957A: 69), Reimer (1959: 13

commented as follows:~ "The variety is very similar to, but dees

net seem te intergrade with var. amphirhynchus," He distinguishes

var.longiceps by its narrower velves and parallel sides. It would
appear from the comments on this variety, the typical forms, a=nd

the var., amphirhynchus that there is a great need for 2 systematic

and taxonomic revision of this species,
In the catchment area this variety occurred far more commonly

then N,affine var. amphirhynchus.
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N.gracile Hustedt f.aeqr.lis Hustedt.

1937 - 193G - Hustedt: Java, Beli und Sumatra, ‘rch,Hydrobiol,
Suppl. 15: 406, T,16, F.10.

1959 -~ Reimer: The Diatom Genus Neidium. Proc, ‘cad,Nat.Sc,
Phile, 111: 23, T.3, F.4.

Synonyms: Neidium dubium var, triundulatum Cholnoky.

Hustedt (l.c.) distinguished this form from the typical
forms on the basis of its equidistant undul~tions. 1In N.gracile
Hustedt the centrol undulation is much longer than the others.

A single example of this form has been observed from Lake
Chrissie.

Sample -~ 485,

N.inconspicuum Hustedt.
1922 - Hustedt: Zellpflangen Ostafrikas VI, Bacillarinles.
Hedwigia 63: 149, T.1, F.21.

Synonyms: Neidium Hermannii Hustedt.

Cholnoky (1960%: £9) considered N,inccnspicuum 2nd

N.Hermonnii Hustedt (1937 - 1939, Suppl. 15: 408, T.16, F,11)
to be the same species, believing that Hustedt had described
the same thing twice, However, Patrick and Reimer (1966: 399)
noted the similerity betwecn the two species, but, on account

of the slightly denser striation in N.inconspicuum (38 instead of

34), considered it best not to unite them. Cholnoky's opinion
has been followed in this study. Cholnoky (1957.: 71, under
N.Hermannii) has recorded some small specimens which were 22 - 27
A long, 4 - 5}1wdde and contrined about 36 striae in lO}L

A single specimen (Fig. 184) recorded from a2 locality near the

source of the Wilge river has been illustrated. In this example
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the striae in the middle of the valve numbored sbout 35 in 10 uj
towards the poles they gradually become denser until resolution
was difficult and they becnme invisible,

Fig. - 184,

Sample - 328,

N.iridis (Ehrenberg) Cleve f.vernnlis Reichelt.
1930 ~ Hustedt: Bacillariophyta, P.245, F,380.

The distincticn between the varieties and forms of

Neidium iridis is very smell, and Cholnoky (1966A: 53) finds the

separation of N.iridis from N,affinc extremely difficult, A
single specimen of this particuler form of the species has been
recorded from the acid waters ot Station 1 on the Vanl River neor
Breyten,

Sample - 370,

N.iridis var. amphigomphus (Ehrenberg) Van Heurck,

1880 =~ Ven Heurck: Syn.Dint,Belgique. T.13, F.2.
(Text P,104 (1885) ).

1930 - Hustedt: Bacilleriophyta: P.245, F,382,

Synonyms: Navicula amphigomphus Chrenberg;  Navicula firma Donking

Navicula affinis var, amphirhynchus Grunow; Navicula dilatata,

The systematics of this variety is confusing., In 1843

Ehrenberg described twe species Navicula iridis and Navicula

amphigomphus, Later Van Heurck considered that N,amphigomphus

was a variety of N,iridis, and therefore formed the new combination

N.iridis var. amphigomphus (Ehrenberg) Van Heurck. In the Synopsis

of the Neviculoid 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 status o Noviculs iridis var. amphigomphus

and supported Ehrenberg!s earlier contention that they were two
different species; Cleve therefore also transferred Navicula
p 5

amphigomphus to the genus Neidium., Cleve agreed with Pfitzer in

this,. Therefore according to Cleve there were two species Neidium

iridis and Neidium amphigcmphus. However lster workers, e.g.

Hustedt and Cholnoky, hove returned to Von Heurck's trectment

cf the subject retaining Heidium iridis and regarding Neidium

amphigomphus as a variety of Neidium iridis. Thus finrlly we

obtein the correct combination Neidium iridis (Ehrenberg) var.

amphigomphus (Ehrenberg) Ven Heurck. It is uncertain why Potrick

and Reimer (1966: 387) quoted A,Meyer as being the original author
of this combination,

Intthe catchment area only two specimens of this variety
have been recorded.

Samples - 343, 441,

N,productum (W,Smith) Cleve.
1894 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet,Akad.Handl, 26: 69,
1930 - Hustedt: Bacillariophyta. P.245, F,383.

Synonyms: Navicula products W, 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 (Bhrenberg)

Pfitzer and particularly the variety var., amphirhynchus are

very indistinct. He recorded many specimens (Cholnoky 1957B:
355; 1965: 74) which in his opinion were transitional forms

between this species and N,2ffine var. amphirhynchus,
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He also cited other examples which provide connecting links

between N.productum and N,iridis var, amphigomphus (Cholnoky

1954D: 129). It is apperent that there are very close connec-

tions between the three species N.2ffine, N.iridis, and N,

productum, Cleve himself commented that "this form (N.productum)

graduates into W,affinis var, 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 few specimens of this species were observed in
two samples from the Watervel River and Lake Chrissie,

Samples -~ 325, 485.

NITZSCHIA Hassall 1845

N.,accomodata Hustedt.,
1949 - Hustedt: Kongo. Expl.du Parc National Albert 8:
139, T.12, F, 27 - 31, 34, 35.

This Nitzschia species is very similar to N.palea (Kitzing)
W, Smith, but differs from it in the coarser structure of the
v~lve, which m~kes the strice more easily resolved, In the
opinion of Cholncky it is often mistrken for N,pzlea (Cholnoky
1956: 81; 1957A: 71; 1958A: 126), Cholnoky (1956: 81) has
recorded specimens which enlarge the rrnge of veriation of the
species, his specimens being 22 - AC)P.long. He has found further
specimens in which the number of transapical striase varied from
32 - 38 in 10 P and these he regarded as transitional forms

between this species and N.capitellata,

This species in its typical form was relatively widespread
in the Vaal Dam catchment area, but never occurred in very large

numbers in any of the samples.
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N,acicularis (Kitzing) W, Smith.
1853 - W, Smith: Brit.Diat.Vol.l. P.43, T.15, F.,122,
1930 - Hustedt: Bacillariophyta. P.423, F,821,

Synonyms: Synedra acicularis KuUtzing; Ceratoneis aciculeris

Pritchard; Nitzschielle acicularis Rabenhorst; Nitzschia

acicularis var. africana Cholnoky.

This species hes been incorrectly ascribed solely to
W.Smith, According to De Toni (1891: 549) Kiitzing first
described the species in the genus Synedra. This was later
transferred to the genus Nitzschis by W. Smith in 1853.
Cholnoky (1957A: 72, F.197) described smrller Hrms of this
species (40 - 5O‘P long, 2 P.broad) which he later united
with the species as he found many transitionsl stages.
Although most of the specimens observed in this survey were
typical examples, a few of Cholnoky's smaller forms were seen.
One such small form has been illustrated in Fig, 185.

In the Vaal Dam catchment area this species was wide-
spread in its distribution but was never observed in any great
numbers in any samples. Cholnoky (1962B: 93; 1966B: 199)
made the following observations concerning the sutecology of

this species, N.ncicularis is a nitrogen heterotrophic

planktonic diatom species, which is usually found in still
standing waters or sluggishly flowing portions of the rivers.,
During the dry seasons of the year conditions epproaching

those suitable for N,acicularis are obtained, and thus they

are found to be widespread, but not occurring in great numbers,

Figc - 185-
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N.acuta Hantzsch,

1880 - Hantzsch: in Cleve et Grunow - Arc, Diat.
Kongl.Sv.Vet.Akad Handl, 17: 90.

1930 -~ Hustedt: Bacillariophyta., P.412, F,790.

Synonyms: Nitzschic dissipate vor., ccuta Van Heurck.

Hustedt (1l.c.) has stated that the name N,aculs Hentzsch
was 2 typographic error =nd changed the spelling to N.,acuta,
Cholnoky (1959: 55) however strongly criticised Hustedt for this
change in the spelling as he mointeined that "rach den Nomen-
kleturregeln hat selbst Hustedt kein Recht, diesen vermutlichen
"Druckfehler" richtigzustellen", If, however, Hustedt h=d
reasonable ground to assume thot N.acula was a spelling mistake,
then in terms of Article 73 of the International Code of
Botanical Nomenclature he may make the necessary alteration
in the spelling. Cholnoky (l.c.) himself admits that
"Es mag richtig sein, dass das Wort "acula" nur suf einem
"ﬁberlieferten Druckfehler" beruht, ......". De Toni (1891: 527)
also calls the species N.acuta, Unfortunately access to Hantzsch's
original description is not possible, 2nd 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 Africa,
and was observed in one sample from the catchment area,

Sample - 343.
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N,adapta Hustedt,
1949 - Hustedt: Kongo, Expl., du Parc National Albert 8:
135, T. 12, F.3 - 6.

Cholnoky (1956: 81; 1957A: 72) has observed specimens
which wére much smallcr in dimensions than those cited by
Hustedt (l.c.). Cholnoky gave the following dimensions:-

65 - 85Jp long, 3 - 3.5 n broad, carin~l pores 13 - 16 and
transapical striae 33 to over 44 in 10 P Most specimens
observed in this study agree with Cholnoky's dimensions but
some were smoller, The specimens ranged from 47 - 864P long,
about 3 P.broad and generally had 14 carinal pores and 36
transapical striae in 104P' The smaller examples intergrade
very graduclly with the larger forms,

This was one of the most common species in the samples
from the catchment area., It was, however, never found very
abundantly in the samples. The autecology of the species

is still unknown.

N.Agnewii Cholnoky.
1962 - Cholnoky: Ost Transvanl,  Hydrobiologia 19: 9%, F.18, 19.

This small species of Nitzschia which Cholnoky described
’ _—

from the Eastern Transvasl can eesily be overlooked due to its
small size and weakly silicified velve walls. In gener=l the
typical forms of the species were observed in the catchment aree,
However an atypical form has been illustrated (Fig, 186).
Morphologically this specimen agrees with Cholnoky's description,
but it is much larger and has fewer carinol pores (25 P.long,

2.5 P wide and 13 carinel pores in 10 P). It was, however, not

considered to be N.,agnita on cccount of the weakly silicified valve
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'
walls and sm~ller dimensions,

This species was recorded from a few samples in which its
oCcurrence wWas rare. Nothing is known of its autecclogy.
Fig. - 186,

Samples - 316, 322, 324, 339, 344, 408, 410, 465, 512, 552.

N.agnita Hustedt,
1957 = Hustedt: Distomeenflora der Weser, Abh.d.naturw,
Ver.Bremen 34: 347, F.51.

Cholnoky (1962B: 94) has recorded this species once in
South Africa from the Eastern Transvasl, The only difference
between this species and N,Agnewii appear to be the larger
dimensions and more strongly silicified volve wealls in N,agnita,
Cholnoky, however, could find no transitional forms, The few
examples seen in this survey provide no answer to this problem
either, Records of this species were made from the Grootvlei
Dem, Watervzl and Vaanl Rivers.,

Sffmples - 340, 353’ 3'77, 401’ 412, 493.

N.All~nsonii Cholnoky.
1958 ~ Cholnoky: Jukskei - Crocodile Rivers.
Hydrobiologin 11: 257, F.24 - 27,

This species has been recorded twice outside its type
locality by Cholnoky (1960A: 91; 1960B: 257). In the Swertkops
River near Port Elizabeth the species seems to be very much more
variable than the type material. In the Vaal Dam cntchment area
one specimen from the Grootvliei Dam has been recorded.

Sample - 401,
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No,amphibia Grunow,
1862 - Grunow: Verh. zool.-bot., Ges, Wien 12: 574, T.12, F.23,
1930 - Hustedt: Bacillariophyta., P.4l4, F,793.

Synonyms: Denticula decipiens Arnott; UWNitzschia amphibis var,

acutiuscula Grunow; Nitzschin amphibia var, intermedia Maycr,

Cholnoky (1963A: 35) has reported specimens from Windhoek
which werc abnormally long and broad (65 p long, 6 P broad), but
intergraded with the typicsl forms. On the other hand some small
specimens hnve been recorded from Loke Sibayi (Archibald 1966B: 491)
being only 9.5 P long 2nd having lonceolate valves with protracted
poles,

From Cholnoky's observations (Cholnoky 1962B: 94; 1966B:
199) N,amphibia is 2 nitrogen heterotrophic species with a high
pH optimum (above pH 8). It can 2lso tolerate fairly high salt
concentrations as the protoplast has a rel-tively high permec-
bility. This species has been recorded most frequently from the
Waterval River, which has » raised selt concentration and mesotro-

phic water,

N,amphioxoides Hustedt.
1949 - Hustedt: Kongo, Expl. du Parc National Albert 8:
140, T.13, F.65 - 72,

N,amphioxcidaes is one of the less eommon species of this

genus to be found in Scuth Africa. Cholnoky has recorded it from
the Cepe Province (1959: 55), Loke Chrissie (1965: 74), =nd the
Okawango River (1966A: 54)., In the V22l Dam catchment area it
was found scattered here nnd there over a fairly wide area, but
was never observed in lerge numbers, The autecology of this

speciecs is not known.
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N,angustats (W.Smith) Grunow.
1880 - Grunow: in Cleve et Grunow - Arc. Diet, P,70.
1930 - Hustedt: Bacillariophyta. P.402, 7,767,

Svnanyms: Tryblionells angustata W, Smith.

Cholnoky (1961B: 314) meintoined that it was impossible
to make 2 distinction between MN,angustate and its veriety var,
acuta, but goeve no reascns for this statement.  Among the few
specimens of both the typical and the varietal forms found in
the catchment area there was no evidence for -ny transitionel
forms between the two forms. Hustedt's (1930: 402) system~tic
treatment of the species hns been fcllowed,  This species was
recorded from a tributary of the Keffirspruit River.

Sample = 491,

N,angustate var, acuta Grunow,
1880 - Grunow: in Cleve et Grunow - Arc, Dint, P,70,
1930 - Hustedt: Bocilloriophyte. P,402, F,768,

The variety was present 2s isoloted specimens a2t Station
3 on the Vaal River, Station 19 on the Kaffirspruit River, =nd
from the Vrede Stream. Both the typical forms and the variety
were rere in the catchment area,

Semples - 309, 342, ¥4, 427, 429, 493.

N,angustecarinata Hustedt.,

1952 -~ Hustedt: Lago de Maracaibo, Irgebnisse d. Deutsch,
Limnol, Venezuela Expedition 1l: 126, I, 62,

Synonyms: Nitzschia crassepunctata Archibald,

Having recently received Hustedt's report on the diatoms

collected in Venezuels by a German limnological expedition, it
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was discovered thot N.crassepuncéata Archibald (19664: 266, F,49)

is synonymous with N,sngustecarinata., The specimen from the

catchment area does not entirely agree with Hustedt's description,

but since Hustedt saw only a few examples of N.angustecarinata the

complete\range of variation for this species might not have been
observed, The Vazl specimen (Fig. 196) is slizhtly shorter and
narrower than Hustedi's examples, being 48.5éfl@ng and 4.5 P broad,
and the striation of the valve is denser havfng 40 striae in 10)1.
In 21l other respects it agrees with Hustedt's description. This
thercfore constitutes the first record of this species for South

Africa,

A single specimen of N,angustecarinata was recorded from

the Vaal River ot Villiers.
Fig. - 1960

Sample - 403,

N.opiculata (Gregory) Grunow,
1880 - Grunow: In Cleve et Grunow - Are., Diat. P.73,
1930 - Hustedt: Bacillariophyta. P.401, F,765,

Synonyms: Tryblionella apiculata Gregory; Synedra constricte
Kiitzing; Nitzschia constricta Rabenhorst.

Hustedt (l.c.) regarded this species as a marine form,
which is found in inland brackish waters. Cholnoky (1960A: 91)
remarked that the distribution of this diatom species was limited
by its sensitivity to the pH value and not to = sensitivity to
osmotic pressure. It appears therefore that this species inhabits
waters cdntaining a. relatively high concentration of salts and
whose pH is on the alksline side, In the Voal Dam catchment area
it was recorded mainly from the Watervel River where the totel
dissolved solids value was found to be higher than elsewhere in

the Catchment area,
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N,bacata Hustedt.
1937 - 1939 - Hustedt: Java, Ball und Sumatra,
Arch, Hydrobiol. Suppl. 15: 485, T.41, F. 30 - 33,

Synonymss Nitzschia bacata f, linearis Hustedt,

Cholnoky (1956: 813 1966A: 54) has shown 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 numbers from a relatively

small number of samples from the catchment area.

N,capitellata Hustedt.,
1930 - Hustedt: Bacillariophyta. P.414, F,792.

An abnormally 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 large quantities of
organic nitrogen compounds, and whose pH value is relatively
alkaline (Cholnoky 1962A: 52; 1962B: 95)., Cholnoky (1960A:
91; 1960B: 258) has found that the species is not particulorly
tolerant of the presence of salts in the water. The species
was fairly widespread in the catchment area, =nd was reasonasbly
common, In some samples it was recorded in relatively high
numbers.,

Fig - 187,
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N,Chasei Cholnoky.
1954 - Cholnoky: Std Rhodesien. Port,Acta Biol. 4: 220, F.98,

In his original material Cholnoky (1.c.) was unsble to
determine how many carinal pores were present in lO’p in this
species, He came to the conclusion that they appeared to be the
same in number as the transapical striae (Fig. 190), but did not
correspond with the transapical striae becouse of their irregular
spacing, Only later was Cholnoky (1960A: 91) able to ascertain
that there were 10 carinal pores in lO'p. The specimens
observed in the samples from the catchment aren agreed with
Cholnoky's description of the species, but the same difficulties
in regard to the number of cerinal pores were experienced, In
some specimens the number of carinel pores were difficult to
determine and oppecred to be the same as the mumber of trans-
apical striae (Fig. 190), while in others the carinal pores
were more readily resolved and numbered between & 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 n long, 2 - 2.5 P broad and they
had 16 -« 20 striae in 10 Je An atypical example (Fig. 192) has
been assigned to this species on account 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,

Cholnoky (1957A: 74) mointains that this species is wide-
spread in tropical to sub~tropical wezkly ncidic waters. It was
fairly common in the Catchment area, and was present in some
samples in fairly large numbers.

Figs, - 188 - 192.
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N.Chutteri Archibald,
1966 - Archibald: Rare Distoms from S.A. Nova Hedwigi» Suppl.
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 similar to N.,punctata (W,Smith) Grunow
(cf. Hustedt 1930: 401, F.762), particularly the formae minores
of this species (Hustedt 1937 - 1939, Suppl. 15: 466), but
differs from the formae minores prim-rily in the number of
striae ond carinsl 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 longitudinal folds of the valve surface, which

are not present in N,subpunctata,

The valve is linear-elliptical to lanceolate-elliptical
with very short protracted poles, 15 - 19 M long, ond =bout
6.5 P.wide. The keel is excentric and not prominent, the
carinal pores are indistinct ond appear to be the same number
as the transapicals triae. The transapical striae are parallel
in the middle, and slightly arcuate towerds the poles, 16 - 18 in
10 Pe The striae are very clearly punctuate, 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 Dr, F.M. Chutter, who very kindly collected meny of
the scmples in this survey.

This new speciecs was recorded from three localities, two
on the Kalk River and once from a small stream near Villiers.

At Station 15 N.Chutteri composed 8% of the diatom association.
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This may suggest some tolerance of this species to salt concen-
tration since the salt concentration of the wnter ot tthis point
was slightly higher than normal,

Figs. - 193, 1%.

Samples - 401, 402, 404,

N.,Clausii Hantzsch.
1859 - Hantzsch: Hedwigia 2(4): T.6, F.7.
1930 - Hustedt: Bacillariophyta, P.421, F,814,

This speciecs has in the past been related to N.sigma
WeSmith, 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, Suppl.
15: 488) was of the opinion that, since he had 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) were observed haoving al-
nost cémpletely linear vclves with 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 2lso a nitrogen
heterotrophic species (Cholnoky 1962B: 95). The species is
relatively common in the catchment area and sometimes occurred
in high numbers, Generally spezking however conditions in the

region were not ideal for this species.

Figc - 195.
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N.communis Robenhorst.
1930 - Hustedt: Bacillariophyta. P.417, F.798.

According to Cholnoky (1966B: 200) N,communis is a
nitrogen hetertrophic species, with a pH optimum nbove pH ),
and which requires a foirly high oxygen content in the water.
Conditions found in the catchment srea would apparently be un=-

sultable for this species as it was rarely seen in seven samples.

Samples - 245, 312, 33, 342, 413, 433, 493.

N.commutata Grunow,
1880 - Grunow: in Cleve et Grunow - Arec, Dint, P,79.
1930 -~ Hustedt: Bacillariophyta. P.405, F,77%.

N.commutata is a brackish water species (Hustedt l.c.;
Cholnoky 1966B: 53), and is nitrogen heterotrophic. This may
be the reason for its single occurrence in the catchment arec,

Sample - 412,

N,confinis Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc National Albert 8:
145, T.,11, F. 49 - 543 T.13, F, 8 - 90,

Synonyms: Nitzschia Erlondsonnii Cholnoky.

The species is nitrogen heterotrophic and inhabits neutral
waters, In the catchment area it was quite widespread and in some

samples it was relatively ebundant.

N.debilis (Arnott) Grunow.
1880 - Grunow: in Cleve et Grunow - Arc, Diat, P.68,
1930 - Hustedt: Bacillariophyta, P.400, F.759.

Synonyms: Tryblionella debilis Arnott; Tryblionella ovata

Lagerstedt; Tryblionells Sauteriana Grunow; Nitzschia

tryblionella ver, debilis (Arnott) Mayer.
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In the Beeillnriophyta (Hustedt 1930: 400) this species

is regarded as a v-riety of Nitzschin tryblionella Hantzsch.

Later, however, Hustedt (1937 - 1939, Suppl. 15: 466) reverted
to Grunow's ideas and called it a species on its own, N.debilis,
Cholnoky also follows Grunow's taxonomy,

The species does not appecr to be very common in South
Africa, In the Vaal Dam catchment area, it was recorded twice,

Samples = 417, 420,

N.diluta Archibald,
1966 - Archibald: Rare Dictoms from S.A. Nova Hedwigia Suppl.
212 266, F.50,

This species of which only a few specimens have been seen,

falls into the group Nitzschiae lanceolatae Grunow and has a

likeness to N.palea (Kitzing) W, Smith, It differs from N.palea
in having fewer transapical striae and in the structure of the

carinal pores. It also shows some similsrity to N.-ccomodata

Hustedt (1949%: 139) but differs from this species in its

dimensions. N.accomedata is shorter and relatively broader than

the new species. Since first describing this species another
four examples heve been examined from the catchment area thus
enn~bling the range of varintion to be extended.,

The valve is linear with short cuncate and more or less
capitate poles, length 37 - 51 P and width 3 - 4 He The keel
is strongly excentric, not depressed in the middle , with sbout
13 carinal pores in 10 P of which the centr~l two are not widecr
apart than the others, The transapicel striae are fine, 33 - 36
in 10 Pe Figs. 197, 198,

N.diluta was recorded from a small stream near Villiers,
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Station 19, on the Kaffirspruit,’from the Witzieshoek ares, 2nd
from near the source of the Russespruit River.
Figso - 19‘7, 198.

Samples - 203, 249, 405, 493.

N.diserta Hustedt.
1949 - Hustedt: Kongo., Expl. du P-rc Netion~l Albert 8:
139, T.12, F,32, 33.

Two specimens of this species (Figs. 199, 200) were
illustrated to show some small forms. Morphologically they agree
with the description given by Hustedt (1l.c.). Although they are
smaller they exhibit a2 series extending to the lower limit given
by Hustedt. The dimensions of the Vanl specimens ranged from 21 -
39 P in length, 3.5 - 4.5 P in breadth, ~nd the valves contained
12 = 16 carinal pores and 36 - 40 tronsapicsl striae in 10}1.

Outside the Congo, the type locality, Cholnoky (1958B:
128) hns recorded it from the Waterberg area in the Transvaal.

It was recorded from four localities in the catchment area, all
of which presented evidence of high concentrations of organic
nitrogen.

Figs, - 199, 200.

Samples - 313, 377, 417, 489, 493.

N.dissipata (Kiitzing) Grunow,
1880 - Grunow: in Cleve et Grunow -~ Arc, Diat, P,90.
193C - Hustedt: Bacilloriophyta. P.412, F,789.

Synonyms: Synedra dissipata Kitzing; Nitzschia minutissima W,Smith.

N,dissipata, according to Cholnoky (1962B: 95) is nitrogen

autotrophic, and is found in well oxygenated 2lkzline waters,
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To =z certsin degree these condit%ons are found all over the
catchment area; ond as 2 result this species has been recorded
from 21l over the region. It was, however, normally present
in small numbers, indicating that optimal conditions for its

reproduction were seldom found,

N.elliptica Hustedt var. alexandrina Cholncky,
1958 - Cholnoky: Jukskei - Crocodile Rivers. Hydrobiologin 1l1:
258, F, 29, 30.

Cholnoky (1.z.) described these forms as o veriety of
N.elliptica on the grounds of their relntively narrower valves,
His later thoughts on the systematics of this species revealed
that he is now of the opinion that there is only 2 morphological
similarity and that this voriety should really be a separate
species, As so few specimens of the variety and none at all
of the typical forms of the species have been seen it is not
possible te comment critically on the systemetics of the variety.

The variety was recorded from five samples only.

Samples = 377, 402, 438, 489, 497.

N.epiphytica O. Mifller.

1905 - 0. Miller: Engl.Bot.Jehrbuch 36: 176, T.2, F,17, 18,

1949 - Hustedt: Kongo. Expl, du Parc National Albert 8:
143, T.13, F. 56 - 64,

Working on the Congo mnterinl Hustedt (19494A: 143) dis-
covered two very similar Nitzschia species fitting O, Miiller's

description of N.epiphytica, The one he retained as N.epiphytica,

while the other he described as N,epiphyticoides,

In South ’frica Cholnoky (1957A: 74; 1958A: 259;

19624: 54) has recorded this species, N,epiphytica, from three
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localities, while in the catechment area it occurred at four
localities in the Woterval River arca and in the headwaters region
of the Kleinvaal River,

Samples = 412, 414, 464, 497.

N,epiphyticoides Hustedt,
1949 - Hustedt: Kongo. Expl. du Parc National Albert 8:
U4, T,13, F, 48 - 55,

This species, as in the case of the preceding species,
has only rarely been seen in South Africe, The ~utccology of
the species is insufficiently known; but from Cholnoky's obser-
vations it is prob~bly nitrogen heterotrophic (Cholnoky 1962B:
96) ond has a pH cptimum lying near or below pH 7 (Cholnoky

1966A: 55). N.epiphyticoides was recorded 2 little more

commonly thaon the previous species and was found in seven
samples,

Smmples - 375, 401, 410, 411, 412, 417, 468.

N,exilis Archibald,
1966C - Lrchibnld: WNew Nitzschiae. Port, Acta Biol. 8: 230,

Since describing this species further specimens increasing
the range of variation of the species hnave been observed. This
new species is very similar to N.mediocris Hustedt (1949A: 149,
T.13, F.21 -~ 24) but differs in its more linear valves and very
much greater length. It differs quite considercbly from
N.gracilis Hantzsch (cf. Hustedt 1930: 416, F.794) in the lack

of capitate poles and by being relatively nerrower.,
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N.exilis is long and narrowly linear with gradually tapering
ends, the poles being regularly and sharply rounded and not capi-
tate, 82 - 102 1 long, and 1.5 - 2 A bro~d. The keel is excentric
and has 12 - 16 (generally 14) carinal pores in 10 P of which
the central two nre not more widely spaced than the others. The
transapical striae are too fine tc be visible under the light
microscope. The valve walls ~re relatively well silicified.
Figs, 201, 202.

As it was only rarely seen in the catchment area nothing
is known about its autecology.

Fig, - 201, 202,

Samples - 266, 306, 312, 315, 336, 410, 431.

N.fonticola Grunow,.
1930 - Hustedt: Bacillariophyta. P.415, F.800.

N.fonticcla, according to Hustedt (19492: 142, T.11,
F. 75 - 83, 91 - 93) and Cholnoky (1959: 56) is a species,
variasble in its morphology and the numercus examples observed
here have confirmed this. In the sample Varl 498 the great
variability was well illustrated. Figs. 203, 208 show some
very smoll examples with tronsitionnl forms intergrading with
the more typical forms of this species. The smallest speci-
mens in this series were 5 P long and 3.5 P wide., Due to
irregular spacing of the carinal pores some of these small

examples were very similar to N,epiphytica 0. Miller since they

sometimes appeared toc heve the two central pores more widely
spaced than the others. The description of N,fonticola should

be altered to cccomodate these small specimens.
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For its optimal development N,fenticole requires a pH around about
PH 8 and na relatively high concentration of nitrogenous compounds in
the water (Cholnoky 1960B: 258; 1962i: 543 1962B: 96). It also
requires a relatively high oxygen content of the water (Cholnoky
1966B: 202)., As these requirements are quite often fulfilled
in the catchment area, N.fonticola was very widely distributed in
the region and sometimes was recorded with high relative densities.
This species, in association with other nitrcgen heterotrophic
Nitzschiae was one of the most commonly occurring species in the
more eutrophic and mcsotrophic waters of the region.

Fig. - 203 - 208.

N.frustulum (Kiitzing) Grunow.
1880 = Grunow: in Cleve et Grunow - Arc Dint. P.O8,
1930 - Hustedt: Bacillariophyta. P.41l4, F,795.

For comments on the system~tics of N.frustulum var.

perpusilla (Rabenhorst) Grunow see the comments on N,perpusilla,

N.frustulum is a brackish water diatom (Cholnoky 1962A:
55; 1966B: 202) and was found in small numbers in two samples
from the Springfield Colliecry Dam, Grootvlei, ~nd the Kalk
River, where the teotal dissolved solids were generally high,

Semples - 401, 402,

N.gracilis Hantzsch,
1859 - Hantzsch: Hedwigia 2: T.,6, F.8,
1930 -~ Hustedt: Bnreillariophyt-, P.416, F.794.

Nitzschin gracilis ig apparently a nitrogen heterotrophic

species which has a pH optimum lying around 5.8 - 5.9

(Cholnoky - 1960B: 259; 1962h: 56; 1962B: 96; 1966B: 202).
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It thrives in waters with low concentrntions of nitrogenous
material, and is not often found in waters in which the nitrogen
concentration is higher, N.gracilis was recerded from a number
of samples, but never attained large numbers in any of them,

One specimen is illustrated in thc plaotes, Fig. 209.

Fig, - 209.

N.hungarica Gruncw,
1862 - Grunow: Verh. zool.-bot, Ges.Wien., Zweite Folge 12:

568, T.22, F,13.
1930 - Hustedt: Bacillariophyta., F.401, F.766,

This species woes feound in very small numbers over o wide
area of the catchment ares, In only two samples wrs it rela-
tively nbundant, forming in Vaal 485 -« 6,6% ond Vanl 245 - 4.5%
of the association., The species did not reach full development
in this region because it is 2 brackish woter species and generally
speaking there are very few locclities where the water in the Vaal
Dam catchment area had 2 high tcetal dissolved solids content.

The species also requires alkaline conditions for good growth and

is nitrogen autotrophic (Cholnoky 1960B: 260; 1966B: 202).

NJ.intermedia Hantzsch.

1880 - Hontzsch: in Cleve et Grunow - Arc, Diat. P.95.

1949 - Hustedt: Kongo. Expl. du Parc Notioncl Albert 8: 136,
T.18, ¥ 21 - 123,

Synonyms: Nitzschin regula Hustedt; UNitzschia reguloides Cholnoky.

Hustedt (1937 - 1939, Suppl, 15: 477, 1949A: 136) has
commentcd in detall on the systematics of this species, He has

shown thet the varisble nnture of this species is to o~ degree
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dependant on the locality in which it was found. Cholnoky
(1963C: 188) reported specimens which were cbnormally small in
length (52 ! long) and the specimens observed here agreed with
this, the smallestbeing 52.5 } long.,. These specimens were also
finer in their structure, having 12 carinel pores and 24 - 30
transapical striae in 10 Pe

o information with regard to its autecology can be found
and because only two specimens from the Waterval River were seen,

no further information caon be added,

N.intermissa Hustedt,

1949 - Hustedt: Kongo. Expl. du Parc Nntional /lbert 8: 136,
Tadity Tl = 14,

There is some doubt whether all the species recorded

under this species were in fact N.intermissa since in the earlier

parts of this study it might have been confused with N,adapta
Hustedt (1949A: 135).
The species was recorded only from the Waterval River,

and was nowhere cocmmon,

N.interrupta (Reichelt) Hustedt,
1927 - Hustedt: Bacill. aus dem Acokikosee, Arch. Hydrobiol,
.1_8: 1680

Synonyms: Denticula interrupta Reichelt; Nitzschiaz moissacensis

var, Heideni Meister.
Cholnoky (1960B: 260) regarded this species as an indi-
cator species of neutral to weakly alkaline, oligotrophic waters.

He commented further that N,interrupta is nitrogen autotrophic
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and cannct tolerate poecrly oxygenated water, or live in water
with a raised osmotic pressure (Cholnoky 1966B: 203)., In the
catchment area the species was widely distributed over the whole
area, and was found particularly in the Vaal River and Waterval

River., In some samples N,interrupta was present with a rel~atively

high abundance. In many cases where this cccurred, but not in all

such cases, N.interrupta was found to be present in association

with Cymbella species (dominant in the association) particularly

C.amphicephala Naegeli, . C.microceph~la Grunow and C,Kappii

Chelnoky. It was also associated with Nitzschia linenris

We Smith in relatively high numbcrs.

N.irremissa Chelnoky.
1959 - Cholnoky : Seltene iv, Koap-Provinz, Osterr., Bot. Zeitschr.
106: 573 F1298 — 300l

Cholnoky (l.c.) distinguished this species from N.spiculum

Hustedt and N,spiculoides Hustedt on the basis that the keel in

N.,irremissa is not sunken. In other respects the species are very
similar in cppearance,

The species has only rorely been seen in South ‘frica by
Cholncky (1959: 57; 1960A: 97) and by Giffen (1966: 143).
I few specimens were recorded from Station 214, a tributary of
the Kleinvaal River.

Sample = 350.
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N.KUtzingiena Hilse,
1860 - Hilse: Berl, Schl. Ges. vdterl. Cult (Bot.Sect.) P.67.
1930 - Hustedt: Bacillariophyta. P.416, F.802.

Hustedt (1937 - 1939, Suppl. 15: 483) stated that the
main difference between this species ~nd N.palea (Kiitzing) W.Smith

was the lanceclate valve of N.Kiitzingiana, In the Vaal Dam catch-

ment ares the sheape of the volve of l.Kiitzingiana was extremely

variable as is shown in Figs. 210 - 213. In genernl these two
species can be distinguished from each other by the differences
in structure of the carinal pores (longish in N.palea) and the

number of carinal pores. In most cases N.Kutzingiana contsined

about 16 carinal pores in 10 p,
The species is strongly hitrogen heterotrophic with a pH
optimum around 7.6 - 7.8, and thrives in oxygen rich water

(Cholnoky 1966B: 203). N.Kiitzingiana, together with other

nitrogen heterotrophic Nitzschiae was present in high numbers

at sampling points wherever the coneentraticn of orgrnic nitrogen
in the water was high. Under other conditions the species was
present, but not in large numbers,

Figs. = 210 - 213,

N.lauenbergiana Hustedt.
1945 - Hustedt: Nordeutscher Seen., Arch. Hydrobiol. 41:
408, T.40, Pb; T, 9 ~ 1l.

In sample Varl 411 one specimen of N.lauenbergiana

wos observed (Fig, 214). Although it is very much larger than
Hustedt's original dimensions (192 j as compared with 150 P)

it conformed in all other respects with his description., It is
a new record for South Africa,

Fig. - 214.

Sample -~ 411.
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N.levidensis (W,Smith) Grunow.
1930 - Hustedt: Bacillrriophyta. P.399, F.760 (under

N.tryblionells var. levidensis).

Synonyms: Tryblionella levidensis W, Smith; Nitzschia calida

Grunow; Nitzschia tryblionella var. levidensis (W,Smith) Grunow.,

In recent times both Hustedt (1957: 338) and Cholnoky

(1957C: 78; 19604i: 56) mninteined that N,levidensis should be

specifically separated from N,tryblionella,

N.levidensis is an alknline water form and is rarely found

in South Africa, In the catchment are, however, it was found in

a number of samples but never in great numbers.

N.levidensis var, victoria (Grunow) Cholnoky.
1966 - Cholnoky: Okavongo. Nova Hedwigia Suppl. 21: 57.

Cholnoky (l.c,) reg-rded the variety vor, victoriae to be

more closely commected with N,levidensis then N,tryblionella

Hantzsch,

This variety is not common in South Africa. It is
nitrogen heterotrophic and has an optimum pH value over pH 8
(Cholnoky 1962B: 100). In the catchment area the variety

occurred in a number of samples 25 isolated examples.

N.linearis (Agardh) W,Smith,

1853 - W,Smith: Brit.,Diat. Vol. 1. P,39, T.13, F,10, and
Suppl. T.31, F,10,

1930 - Hustedt: Bacillariophyta. P.409, F,784,

Synonyms: Frustulio linearis fAgardh; Synedra praemosa Ehrenberg,

In the sample Vaal 321 one abnormally short specimen, 50 )
in length, wes observed (Fig. 215). Otherwise it matched the

description given by Hustedt (1930: 409).
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N,linearis is apparently nitrogen autotrophic and its
optimum pH value lies around pH 8 (Cholnoky 1962B: 97; 1966B:
204). It is also 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 scme was present in very high numbers;
it was dominant in Vanl 239 (64.,2%) and Vaal(63.9%). This was
one of the commonest specics in the region.

Fig, - 215,

N.mediocris Hustedt.
1949 - Hustedt: Kongo, Expl. du Parc National Albert 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 depressiocn at the centre of the valve, which
is not found in N,mediocris, This species is alsosimilar to
N.exilis Archibald but differs in its very much smaller valves,
Fig, 216 illustrates an example of this species.

In South Africa the species has been rarely seen. Cholnoky
has recorded it from the Tugela River Basin (19574: 75: 19604i: 99).
It is rare in the catchment area where it was seen in very few
samples.
Fig, - 216,

Samples - 245, 251, 253, 324, 330, 331, 333, 353, 411, 478.
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N,microcephnla Grunow.
1880 - Grunow: in Cleve et Grunow - Aret. Diat. P.96.
1930 - Hustedt: Bacillariophyte, P.414, F.791.

This small Nitzschis is easily distinguished by its valve
shape. /ccording to Cholnoky (1960i: 261) the species thrives
best in water with 2 high pH value. It can also tclerate a
considerably high osmotic pressure; and it is nitrogen hetero-

trophic like so meany other species of its group. In the Vanl
Dam catchment srea it was reasonably widely distributed over the
whole region, but was not particularly common in any of the

samples.,

N.obligata Archibald,
1966C ~ Archibald: New Nitzschiae. Port, Acta Biol. 8: 233.

Examination of several specimens of N.obligata from
samples 307, 417 and 463 makes it possible to supplement the
originrl diagnosis. The shape of the valve dissociates the

new species frem N.Kiitzinginna snd it cannot be assoclated with

N.pales on account of the structure of the carinal pores.

The valve is lanceolste, gradually tapering to the poles
which are narrowly and acutely rounded and slightly capitate;
30.5 = 45 p long and 2.5 - 3 p wide; the full range of variation
cannot be given as few specimens hove been seen. The keel is
excentrie and has 14 - 16 small carinesl pores in 10 M of which
the two central pores are not more widely spaced than the remainder.
The transapical 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 recorded in the catchment area from
Stetions 24, 4, 17 and 20, but at none of these points was this
the specics ever abundant.

Figs. - 217, 218,

Samples - 307, 412, 417, 463.

N.obsidiclis Hustedt,
1949 - Hustedt: Kongo., Expl. du Porc N-tional albert 8:
148, Tal3; F25:

N,obsidinslis has a superficial similarity to the previous

species, but differs from it in its more widely spaced carinal
poOres., 'n unusual form showing visible stristion of the valve

(numbering about 40 striae in 10)1) was included with N,obsidialis

as it is more like this species then =~ny other.

Two specimens were observed from the catchment area, one
from a small stream near Standerton and the other from Lake
Chrissie.

Fig. - 219.

Samples - 415, 485,

N.cobsoleta Hustedt,
1949 - Hustedt: Kongo. Expl. du Parc National Albert 8:

146, T,13, F. 94 - 99.

As far as is known this specics has only been recorded
outside its type locality from Nat-l in South /fric~ by Cholnoky
(19604: 100), In sample Vanl 486 a specimen only 18 ha long was
recorded,

Little is known of its autecclogy, snd the species was only
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recorded from the acid waters of Stntion 1 on the Vaal River,
and from Lake Chrissie,

Samples - 479, 485.

N.01iffii Cholnoky.
1956 - Cholnoky: Seltene ii - Tugela-Gebiete. Osterr.Bot.Zeitschr.
103: 84, F.116, and 117,

Typic-l forms of N,0liffii were observed in most cases,
but one example had slightly more closely spaced carinal pores
(8 in 10 n).

Cholnoky (1962B: 97) mointained that N.0liffii is apparently
asgociated with high pH values and is nitrogen autotrophic, The
observations from the catchment area in this regard supported
Cholnoky'!s findings, since all the samples from which this
species were recorded contained very little organic nitrogen.

(see Part 2).

Samples - 306, 309, 312, 322.

N.palea (Kiitzing). W, Smith,
1856 - W, Smith: Brit, Diat. Vol., 2. P.&9.
1930 ~ Hustedt: Bacillariophyta, P.416, F.801.

Synonyms: Synedra p~lea Kiitzing; Nitzschic minuta Bleisch;

Nitzschia palea var, tropica Hustedt; Nitzschia palea var. tenui-
rostris Grunow,

While Chelnoky 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 observed 30 - 36 striae in 10 e
and only occasicnally were the strise invisiblec, In the catch-

ment area it was unusual to detect the striation of the valve
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surface in N.palea, being in most cases invisible. Three
abnermol valves were observed, one with visible striae (Fig. 222),
and two with morphological differences (Figs. 220, 221).

Witzschia palea is one of the most important indicator

species of water carrying large quantities of nitrogenous material
(Cholncky 1962B: 98; 1966B: 205), Chelnoky (l.c.) meintained
that N.palea is strongly nitrogen eutrcophic preferring alkeline
water (pH optimum around pH 8) with a high oxygen concentration,
N.palea therefore will be found in very large numbers wherever
strongly flowing water with a high concentration of organic
nitrogen is found. 1In the Vaal Dam catchment earea N.palea was
present in nearly every sample, generslly in low numbers, but

it was dominant in samples Vaal 417 (82,2%) =nd Vaal 497 (83.8%).

Figs. = 220 - 222,

N.parvula Lewis.
1930 - Hustedt: Bacillariophyta. P.421, F,816,

This species has becn recorded twice from South Africa
by Cholnoky (1957C: 77; 1962A: 58). It was present in only
five samples from the catchment area. Hustedt (l.c.) remarked
that this is a2 brackish water diatom, and this mny be the reason
for its limited distribution in the catchemtn arcea, where the total
dissolved salts of the rivers were usuelly very low,

Samples - 301, 307, 328, 350, 370.
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N.porvulcides Chelnoky.
1955 - Cholnoky: Raytonvlei und Leeufontcin. Hydrobiologia 7:
1793 F- 72 - 73-

Cholnoky (1955B: 179) distinguished this species from
N.parvula Lewis, mrinly on the basis of its rounded andron-
capitate poles. The two species also differ in their
ecological requirements. Cholnoky (1962B: 98) regarded this
species as nitrogen autotrophic whose optimum pH value lies
around 6,5, 4 few isclated specimens were found in a small
number of samples, mainly from the Vaal River,

Samples - 249, 301, 327, 330, 370, 479, 485, 486, 553.

N,perminuta Crunow,
1930 - Hustedt: Bacillariophyta. P.415 (under N.frustulum var,

perminuta Grunow).

Synonyms: Nitzschia frustulum v-r. perminuta Grunow.

This species is very variable and Cholnoky (1957h: %5) has
reported a series of specimens in which some show the central
carinsl pores slightly wider apart than the others. These forms
intergrade with the more typical forms. Specimens observed from
the Varl material showed the same type of valve with slightly
wider central carinal pores (Figs. 224, 225) amongst the normal
arrangement of the pores (Fig. 223).

N.perminuta is a nitrogen heterotropliic speeies found in
neutral to weakly alkaline waters (pH optimum about pH 7.6), and
is sometimes found in water whose pH value fluctuated towards the
acid side (Cholnoky 1960B: 262; 1962B: 98; 1966B: 206).
N.perminutz was found in most of the samples collected in the

catchment area but generrlly in smell numbers, sometimes merely
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as a single record, However at some points where the organic
nitrogen concentration was high fairly large numbers of this
species were recorded,

Figs, - 223 - 225,

N,perpusilla Rabenhorst.
1930 - Hustedt: Bacillariophyta P.415 (under frustulum var,

perpusilla),

Synonyms: Nitzschia frustulum var, perpusilla (Rabenhorst) Grunow,

f1lthough there ~re m~ny contrasting opinions concerning

N.perpusilla =nd N.frustulum (Cholnoky 1960B: 258; 19624: 55;

1962B: 96; 1966f: 565 1966B: 202; 1966C: 167),in this survey

N,perpusilla hrs been considered a seprrate species on ecologicel

grounds, Some of the smaller forms of this species were very

similar in sppesrance to N.epiphyticoides Hustedt, and can

easily be confused with this species (Figs. 226, 227).

N.perpusilla is a freshwater species which is nitrogen

heterotrophiw, living in alkaline watcrs, It wcs recorded from
a large number of locelities in the catchment area, but was
never abundant in the samples.

Figs, = 226, 227,

N.perspicua Cholnoky.
1960 - Cholnoky: Swartkops-Boche nehe P.E. Hydrobiologia 16:

262, P, 3.

In » recently received paper Sovereign (1963: 365)
described a species of Nitzschia using this same epithet, which
was preocuppied by Cholnoky (l.c.) threc years earlier. This

necessitates a change in name for Sovereign's new species.
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No name will be propcsed here as it is unknown whether it has
already been rensmed or not.

This very rare  species has been recorded from the type
locality (Cholnoky 1960B: 262) and from three samples in the
Catchment ~rea. One example (Fig. 228) agreeing in all deteails
with Cholnoky's original description, is illustrated.

Fig. - 228,

N.proxima Hustedt.
1955 - Hustedt: Marine Littoral Diatoms. Duke University
Marine Station Bull. 6: 46, T.16, F.13,

Cholnoky (1959: 58) reported specimens with smaller
dimensions than those given by Hustedt (l.c.) in his original
description. The examples from the catchment area agreed
more with Cholnoky's measurements, and one specimen is illu-~
strated (Fig. 229).

In South frics this species has been recorded once
from the western Cape Province (Cholnoky l.c.). In the
catchment area it was recorded from two small tributaries
of the Waterval River,

Fig. - 229.

Samples - 405, 411,

N.pseudobacata Cholnoky.
1958 — Cholnoky: Diatomeenflora ii -~ Waterberg-Gebiet,
Port. Acta Biol. 6: 129, F,130, 131.

This species is very rare in South Africa, Outside the
type locality one or two specimens from Lake Sibayi (Archibald

1966B: 492), and isolated examples from two localities in the
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catchment ares have been recorded.

Samples - 306, 485.

N.Rautenbachise Cholnoky,
1957 - Cholnoky: Seltene iii - Tugela Flusssystem, BSterr.
Bot. Zeitschr. 104: 76,

N,Rautenbachiae has been recorded from Natal and the

Cape Province and Cholnoky (1960A: 102) moint-ined that it

was 2 coastal water form, In 2 recent personsl communiczation
Cholnoky stated that it was a merine or brackish water species.
However in the catchment srea the species was found fairly
widely distributed, but was only present in

significont numbers in two samples (Veal 419 - 17.9%; Vaal

447 - 7.8%). It is possible that at the time these samples
were collected, the small rivers, from which they were collected,

were drying up and the salt concentration was higher then normal.

N.recta Hantzsch,
1930 - Hustedt: Bacillariophyta. P.411, F. 785,

"1though N,recta has been recorded on numerous occasiors
from South Africa, nothinz is known of its ecology. In the
cabtchment area it was recorded from Station 24 on the Vasl River
and from the Grootspruit River.

Samples - 307, 411.
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N.romzna Grunow.
1880 - Grunow: in V,H. Syn. T.69, F,12 - 13.
1930 - Hustedt: Bacillariophyta. P.415, F. 799,

As sample Va~l 409 was rich in l.romana specimens, it was
possible to observe a wide renge of verintion in the species,
The valves range from linear to lanceolate in shape; the small
linear forms hrving conical ﬁnd slightly produced poles, which
are sometimes slightly capitate (Figs. 231, 232, 235). The more
lanceolate specimens either, taper grrdually to acute slightly
capitate ends, or are conically protracted (Figs. 230, 234, 236).
In sample Vazl 429 a linear form with a2 median constriction
(Fig. 233) was observed.

It does not sppear that this species is particularly common in
South Africa, It was found in associstion with N.palea (Kiitzing)
We Smith ond N.perminuta Grunow and from this it can be deduced that
N.romana, like others of its group, i1s nitrogen heterotrophic. It
was widely distributed over the catchment area and in some samples
was rcl-tively abundant in its occurrence.

Fig. 230 - 236,

N.rufitorrentis Cholnoky.
1960 - Cholnoky: Nrtal. Nova Hedwigia 2: 103, F, 308,

The specimens from the Varl Dam catchment area all fell
within the length limits, 35 - 46 j long, but one or two
exhibited slightly narrower valves than usual, being 4.5 P
broad. Onedf these small forms has been illustrated (Fig. 237).

The distribution of this species appears to be quite
widespread in South Africa, since Cholnoky has found it in Natal

(L.c.), the Cape Province (1962i: 59) and the Eastern Transvaal
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(1962B: 98)., In the catchment area it was recorded from the
Grootspruit, Klip, Wilge and Holspruit Rivers,
Fig. - 237-

Samples - 253, 334, 359, 411, 434,

N.sigma (Kiitzing) W.Smith.
1853 - W, Smith: Brit. Dint, Vol. 1. P.39, T.13, F.108.
1930 - Hustedt: Bacilloriophyta., P.420, F.813,

Hustedt (1937 - 1939, Suppl. 15: 486: 19494: 152)
maintained that N.sigme is a brackish water form, sometimes
found in inland waters containing high salt concentrations.

In the Grootvlei Dam where the salt concentration is known

to be high, N.sigma composed 6.6% of the association found

in the dam. !t Station 7 on the Waterval River, 2lso having
high salt concentrations, this species fommed 5.4% of the diatom
association, In the rest of the catchment ~res the species was

rare in its occurrence.

N.sigma var. fonticola Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatra. ‘rch.Hydrobiol,
Suppl. 15: 486, T.40, F, 16, 17.

Hustedt (l.c.,) regarded this variety as provisionally
endemic to the Sunda Islands. Records of it from three loca-
lities in the catchment area and other parts of South Africa
(Cholnoky 1959: 59) extend its range of distribution considerably.

Samples -~ 233, 421, 554.



(309).

N.gilica Archibald,
1966 - Archibald: Rare Nitzschiae. Port.Actsa Biol. 8:
234, F. 22 - 24,

These weakly silicified specimens show a strong resem-
blance to N.bacata Hustedt (1937 - 1939, Suppl. 15: 485, T.41,
F. 30 - 33), but they differ in size of the valve and the number
of carinal pores. Cbservations of further specimens from the
catchment area enable the originrl description to be extended.

The valves are linecar to lanceolats in shrpe; the larger
forms have a linear central portion with parailel sides, while
the ends sre relatively long with ascutely cuneste poles; the
smaller forms are more lanceolate end in consequence the ends
are less cunezate but still produced and sometimes slightly
capitate. The velves are 13 -~ 29.5 P long end 2 P.wide. The
keel is excentric and hrrdly visible, there sre 16 - 18 (usually
18) carinal pores in 10 P and the two central carinal pores are
more widely spaced than the rest. The transapical striae are not
visible under the microscope., The valve structure is very
delicate =2nd the whole diatom cell is weakly silicified, TFigs.
238 ~ 243.

This species was found at scattered localities in the
catchment area generally in low numbers. However, at Station 8
on the Sand River the species formed 24.6% of the diatom asso
ciation, and at Grootvlei Drm (Station 16) it composed 2.4%
of the diatom sassocistion. The sutecology of this species is
unknown.

Figs. = 238 - 243.

Samples - 239, 326, 336, 401, 436,
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N,siliqua Archibald,
1966 - Archibald: New and Rare Di~toms from S.A, Nove Hedwigia
Suppl. 21: 267, F,62,

The species belongs to the group of Nitzschize which are
similar to N.-~mphibia Grunow, but it has not been possible to
relate it to N.amphibi» or ~ny othcr member of this group.

Since describing the species further specimens have been examined
and the range of variation can be extended. One specimen

(Fig. 245) was included with this species, but on account of its
coarser arrangement of the striae and carinal pores (in both
cases 12 in 10 PJ it is uncertain whether it belongs to this
species or not,

The typical forms of the species are linear with parallel
margins and short cuneate ends which are protracted into slightly
capitate poles, 18 - 23.5 p long, and 3.5 p wide. The keel is
excentric and not ensily distinguished from the rest of the
structure. The carinal pores are usually, though not easily,
distinguishable, but are sometimes quite distinct and number
the same as the transapical striae, 16 in 10 Pe The transapical
strise are coerse and easily seen, 16 - 18 (usually 16) in
10 P The longitudinal costae are visible and straight, about
27 in 10 u.

N,siliqua was rare in the catchment area and was generally
present as isolated examples in a few samples.

Figs. = 244, 245,
Samples - 340, 344, 402, 493, 511, 513.
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N,spiculoides Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc Hational “lbert 8:
151, 1,13, ¥,5, 6.

Two specimens conforming in most detoils 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 tc resolve, numbered about 40
in 10 P One example (Fig. 246) has been illustrated. The
specimens were recorded from the Watervel and Kleinvaal Rivers.
Fig. = 246,

Samples - 356, 498,

Ne.spiculum Hustedt.
1949 - Hustedt: Kongo. Expl. du Porc Nnational Albert 8:
150, T.13, F. 1 - 4.

Synonyme: Nitzschiae acicularioides Archibald.

In sample Vaal 242 a series of forms (247 ~ 254) were

observed linking the smaller N.aciculorioides Archibald (1966C:

229, F, 2 - 4) with the larger N.spiculum. There was a gradation
between the parallel sided linear velves with very long rostrate

ends (N.acicularioides) to the typical lanceolate valves with

shorter protracted ends of il.spiculum. The Vasl specimens
extended the range of varintion of the species to the following;
length 37 - 100 P breadth 1.5 - 2,5 j» carinal pores 14 - 18
in 10 F.

N,spiculum was fairly well distributed over the catchment
area, but seldom in high numbers. In a smrll tributary of the
As River (Vaoal 242) it composed 33.2% of the diatom associntion

and in a headwaters tributary of the Kleinvaal River it composed
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54 .6% of the associction, As insufficient informaticn about
the chemical and physical conditions at these two widely spaced
points is available, it is not possible to comment on the aute-
cology of this species.

Figs. - 247 - 254.

N.stricta Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc Nationel Albert 8: 136,
1,12, F. 9, 10,

Synonyms: Nitzschia pilum Hustedt.

By comparing the descriptions of N.stricta and N.pilum
Hustedt (1957: 353) it appears that Hustedt has described the
same species under two different names, In the author's
opinion these two species should be united, and following the
rules of priority the oldest valid n~me, N.stricta, should be

adopted. Nitgzschia pilum therefore becomes a synonym.

N.stricta was 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, Bali und Sumatra., Arch. Hydrobicl,
Suppl. 15: 490, T.41, F.12,

The examples of this specics from the catchment arescon-
formed more with Hustedt's original description and drawings
(Hustedt l.c.) than with the more recent illustretion in his
Congo paper (Hustedt 1949/ : T.11, F.,61), An unusually long

specimen (62.5 P long and 3 P.broad ns compared with 42 P.long
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and 2.5 P.broad) has been illustrated (Fig. 256).

Hustedt (1957: 357) maintained that this species was
"Oligosaprob" implying that the species prefers waters with
a low organic nitrogen content. Cholnoky (1962B: 99)
however, strongly disagrecd on this point claiming that he had
observed this species at sampling points where there were large
quantities of orgrnic nitrogen. In the catchment area it was
recorded in low numbers from the Waterval and Vasl River systems,
Fig. - 256,

Samples - 321, 324, 348, 350, 404, 408, 410, 411, 513.

Nesubvitrea 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 (19664: 59) maintained that the illustrations
of this species from the Tibet material showed only 28
transapical striae in 10 P while Hustedt (1937 - 1939, Suppl.
15: T.40, F.12) illustreted o specimen with 38 striae in 10 p.
The specimens observed in this study appeared to be intermediate
forms since the number of transapical s triae ranged between
30 - 36, An ~bnormal form (Fig. 258) with a curved valve has
been compared with a typical example (Fig. 257).

In both South Africa and the Va-l Dam catchment area this
species is rare. It was recorded from five localities scattered
over the catchment area,

Figs, - 257, 258,

Samples - 238, %4, 410, 415, 447.
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N,tarda Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc National ’lbert 8:
138, T.12, F.24, 25 (262)

Cholnoky (1965: 74) has reported examples of this species
which have between 30 and 32 striae in 10 P Among the specimens
observed here the mojority have about 28, and some 30 striae in
10 P which -greed with BHustedt's description, Occasionally,
however, some specimens were more like Cholnoky's more thickly
striated examples, having 32 striae in 10}1. As Cholnoky
(1957A: 76) has remerked, these more thickly striated examples
may be regarded as transitional forms between this species and

N.capitellata Hustedt (see ~bove),

Cholnoky (1956: 84) claimed that N,tarda is associated
with weakly alkaline water. In the catchment area it was
found in a relatively large number of localities but never in

great abundance.

N,thermalis (Ehrenberg) fAuerswald,
1930 - Hustedt: Bacillariophyta. P.403, F.771.

Synonyms: Nitzschia stagnorum Rabenhorst.

N.thermalis is a speciecs characteristic of water containing
high concentrations of nitrogenous compounds afid 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.
Port,icta 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 ncrmal, and the original
description should be emended with the addition of this infor-
mation,

Samples = 340, 344.

N.tropica Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc National Albert 8:
14—‘7, T.ll, F.% - 48.

Synonyms: Nitzschia pseudotropica Manguing Nitzschia sub-

tropica Manguin.

This species is rare in the catchment area, and was
recorded in small numbers from seven localities in the Vaal
River System.  An example (Fig. 259) has been illustrated.

Samples - 401, 410, 411, 412, 417, 418, 485.

N,tryblionella 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 a few samples
collected in the Waterval and Vanl River systems.

Samples . 3423 344—3 4.01, 402, 4055 415, 4'1’?, 489; 493«
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N.,umbilicata Hustedt.
1949 - Hustedt: Kongo. Expl. du Parc National Albert 8:
189, T.1l, B.Bs;

This species is very similar to N.levidensis Grunow

but differs from it in the shape of the valve and its much
finer structure. In this survey some of the cxamples agree
fully with Hustedt's original descripticn, while others
differed in their dimensions, thus enlarging the renge of
variation of the species. The following observations give
the new range of variation:- length, 27 - 40 Ps breadth
7 - 8 p; carinal pores 8 in 10 J; transapical striae (Rippen)
18 - 22 in 10 P. These are the first records of this species
in South Africa. Two examples haove been illustrated, one
showing a typical form (Fig, 261) and the other (Fig. 260)
showing one of the smaller examples with shorter protracted
poles,

This species was recorded mainly from the Waterval River,
but never in grest numbers,

Samples - 340, 363, 378, 511, 513, 553, 554.

N,valdestriata /leem et Hustedt.
1951 - Aleem et Hustedt: Diat., Stidkuste Englands. Bot.Not.
1951 (1): 19 F.5

This is a marine species and it is very surprising that
it should be found present in these two samples. It can only
have been present here by accident. Cholnoky (1959: 61;
1962A: 60) has recorded it only from marine habitats in the
Western Cape Province.

Samples - 404, 406.
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N.vandermerwei Cholnocky.
1957 =~ Cholnoky: Sudafrikanischen Dintomeenflora, Port. Acta
Bicl. 6 778, ¥, 113 = 115,

One very typical specimen was found in sample Vaal 422;
this was illustrated in Fig., 262, This species has rarely been
secn in South Africa.

Fig. - 262.

Sample - 422,

N.vermicularis(Kiitzing) Grunow.
1930 - Hustedt: Bacillariophyta. P.419, F,811.

This species is also very seldom seen in South Africa,
Cholnoky (1956: 943 1957C: 78) has recorded it twice, while a
gingle 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 fhis species
is a marine or brackish water form. In the Vaal Dam catchment
area it 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 FEhrenberg 1840,

P.adoricola Hustedt.,
~ Hustedt: A.S.Atlas T.390, F.13 - 16.
- Hustedt: Foss. Diat, de Tobasees. F.159, T.3, F.24 a, Db.

1937 = 1939 -~ Hustedt: J=va, Bali und Sumatra. Arch, Hydrobiol,
Suppl.l5: 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 Dam catchment area it was not particularly common, being found
in significant numbers in only three samples. Two were from the
headwaters of the Vaal River (Vaal 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: Bacillariophyta, P,.330, F,610.

Synonyms: Frustulia acrosphaeria Brebisson; Navicula acro=

sphaeria Kitzing; Navicula var, sandvicensis.

This species is relatively common in South Africa, However
in the catchment area only » few typical specimens were cbserved
from Station 2A on the Varl River and Station 17 on the Waterval
River.

Samples - 307, 339.



(319).

P.brevicostata Cleve var., sumatrana 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 & sample from Lake Chrissie (Vanl 485). This variety
is rare in Scuth Africa, and Cholnoky has recorded it only twice
(Cholnoky 1962B: 101; 1966A: 61).

Fig. = 264.

Sample - 485,

Pinnularia eburnea (Carlson) Zanon.

1941 - Zanon: Diatomea dell'Africa occidentnle Frencese.
Pont, Acad, Sci., Comm., 5: 29, T.3, F. 16 - 19.

Synonyms: Pinnularia borealis var, rectangularis Carlsong

Pinnularia borealis var. rectangulata Hustedt; Pinnularia
dubitebilis Hustedt.

This is one of the more frequently cccurring 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
small numbers in a few samples.

Fig, - 265,
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P.gibba Ehrenberg.
1930 -~ Hustedt: Bacillariophyta. P,327, F.600.

Synonyms: Pinnularis stauroptera Grunow.

It appears that a thorough revision of this species
is necessary. Cholnoky (1955C: 33; 1962A: 63; 1962B: 101;
1964: 78; 1966A: 62; 1966B: 210,) claimed that intermediste
stoges between the typical species, its forms and varieties were
so numerous that it was impossible to distinguish between them.
However as so few specimens of this species have been observed in
the catchment area the different forms and varieties have been
retained, since the presence of intermediate forms were 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., subundulata Mayer.
1930 - Hustedt: Bacillariophyta. 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.gibba var. linearis Hustedt.
1930 -~ Hustedt: Bacillariophyta. P.327, F.604.
This variety was recorded in one sample from the acid
waters of Station 1 on the Vaal River,

Sample - 370.

P.gibba var, parva (Ehrenberg) Grunow.,
1930 - Hustedt: Bacillariophyta. P.327, F.603.

This variety was also recorded only from Station 1

near Breyten.,

P.gibba var. sancta Hustedt.
1937 - 1939 - Hustedt: Java, Bali und Sumatra., Arch,
Hydrobiol. Suppl. 15: 395, T,20, F.35.

According to Hustedt (1l.c.) this variety is an acid water
form, particularly common at pH 6.5. Cholnoky (1960B: 263)
has recorded it from waters containing high concentrations of
organic nitrogen, and stated that it is =utochthonous in the
drainage channels of the Pretorie Sewage Works. In the catch-
ment area it was recorded in small numbers from Laske Chrissie,
Station 21 on the Kleinvarl River, and Station 24 on the Klip
River,

Samples - 353, 437, 485,
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P. graciloides Hustedt.

- Hustedt: in A,S. Atl, T.392, F, 2, 3. (as P.gracilis:
see Hustedt 1949A: 103).
- Hustedt: Foss. Diat. 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: Pinnularia gracilis Hustedt,

Cholnoky (1954B: 103; 1957B: 3563 1957C: 80; 1950B: 135)

has recorded this species many times from South Africa, snd has
found many varistions from the original material which are all
linked to the original by transitional forms.

The distribution of this species is limited to those
rivers in which acid conditions are obteined. It is therefore
not particularly common in the catchment area.

Samples - 301, 306, 307, 370, 554.

P.interrupta W. Smith.

1853 - W,Smith: British Diat. Vol, 1. P.59, T.19, F.184.

1896 -~ Cleve: Naviculoid Diatoms. Kongl.Sv.Vet,Akad.Handl, 27:
1930 - Hustedt: Bacillariophyta. P,317, F.573.

Synonyms: Pinnularia interrupta f, minutissima Hustedt;

Pinnularia biceps Gregory; Pinnularis termes Fhrenberg.

According to Cholnoky (1960A: 110) this species is
apparently very variable in shape and particularly in the
development of the central area, which c-n be completely
different on the two valves of the same diatom cell,

In the alkaline waters found in the catchment area,

this species whose pH optimum lies a little under pH 7 (Cholnoky

1962B: 102) was rare, being found in only three samples.

Samples -~ 301, 330, 449.

76,
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P.mesolepta (Fhrenberg) W,Smith,

1853 - W, Smith: British Diat. Vol. 1. P.58, T.19, F.182.

1896 ~ Cleve: Naviculoid Diatoms. Kongl,Sv.Vet.Akad.Handl.
27: 16,

1930 - Hustedt: Bacillariophyta. P.319, F,575a,

Synonyms: Navicula mesolepta Ehrenberg; Navicula mesolepta

var, _ - genuina Grunow; Neoviculs mesolepta var, ~fricaona
Fritsch et Rich.

P.mesolepta was found almost exclusively in the Vanl
River, where it is probebly not ~utochthonous, except in the
samples from the headwaters of the V=2l River (Veal 301, 370,
479) where it might be autochthonous in the acid conditions of
the river at this point. Cholnoky (1962B: 102) clnaimed that
this species has a pH optimum of pH 6, and therefore cannot be
classed as "indiffercnt" (cf. Hustedt 1957: 307).

Samples - 301, 307, 345, 356, 370, 409, 464, 477, 479, 485.

P,microstauron (Ehrenberg) Cleve,
1896 ~ Cleve: Naviculoid Di~toms. Kongl.Sv.Vet.Aked,Handl.
27: T7.

1930 - Hustedt: Bacillariophyta, P.320, F.582.

Synonyms: Stauroptera microstauron Ehrcnberg; Staurcneis

microstauron Kiitzing; Nevicula divergens f. minor; Navicula

Brebissonii var. subproducta van Heurck; Navicula bicapitata

var, hybrida; Pinnularia Rabenhorstiana Hilse; Navicula

divergens var. prolongata Brun.

This Pinnularia species occurred 2 little more frequently
in the catchment area since its pH optimum lies sround pH 7
(Cholnoky 1962B: 102). It was, however, not as common as the

var. Brebissonii (Kiitzing) Hustedt.
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P.microstauron f. biundulata 0, Miller,
1930 - Hustedt: Bacillariophyta. P.320, F.583.

This very rare form has seldom becen reported from South
Africa. It was recorded from only two localities from the
catchment area, from the As River just below Bethlehem and from
the Waterval River.

Samples = 259, 554.

P.microstauron var. Brebissonii (Kiitzing) Hustedt.
1930 - Hustedt: Bacillariophyta. P.321, F. 584.

Synonyms: Naviculn Brebissonii Kiitzing; Pinnularia Brebissonii

(Kiitzing) Rabenhorst; Pinnularia Brebissonii var.mormonorum

(Grunow) Cleve-Euler; Pinnularis microstauron var. dahomeyensis

Zanon; Pinnularia microstruron f. diminuta Grunow.

The variety var. Brebissonii is fnirly common in South
Africa, and in the catchment area it is the most commonly occurring
Pinnularia. It was recorded from a relatively large number of

localities and is most abundant at Station 19 on the Kaffirspruit.

P.minuta Zanon.
1941 - Zanon: Diatomea dell'Africa occidentale Francese,
Pont, Acad, Sci, Comm. 5: 51, T.3, F.23.

Synonyms: Pinnularia Claasseniae Cholnoky.

Cholnoky (1960A: 112) has sunk his Pinnulariz Claassenioe

into P.minuta.

Since the optimum pH of the species lies around pH 6
(Cholnoky 1962B: 102), it was recorded in small numbers from two
samples, one from the Waterval River and 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: Naviculoid Diatoms, Kongl.Sv.Vet.likad, Handl,
27: 83.

1930 - Hustedt: Bacillariophyta. P.327, F.605.

Synonyms: Naviculn stomatophora Grunow; Pinnulerins sub-

stomatophora Hustedt.

The "strichartigen Zeichnung" on either side of the
cenbral nodule described earlier by Hustedt (1930: 327) was
later found to be unreliable as a disgnostic-:characteristic
(Hustedt 1937 - 1939, Suppl. 15: 396), as occasionally it was
found on one valve and not on the other of the samz diatom cell.
The specimen (Fig. 266) with the characteristic long polar
fissures did not have this marking. It also agreed with the
smaller forms of this species found in the Okavango material
by Cholnoky (1966A: 65) which were 35 R long and 5.5 p broad.

This species was recorded from Lake Chrissie which is
fed by same acid water streams (Cholnoky 1965), and from the
headwaters of the Russespruit River,

Fig. - 266,

Samples - 249, 495.

P.subdivergentissima Cholnoky.
1958 ~ Cholnoky: Diatomeenflora ii - Waterberg-Gebiet.
Port. Acta Biol. 6: 136, F.137.

A single typical specimen (Fig. 267) of the species was
recorded from Station 24 on the Klip River near its headwaters.
Fig & = 267 -

Sample -~ 437.
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P,viridis (Nitzsch) Ehrenberg,
1838 ~ Ehrenberg: Infusionsthierchen als volkommene Organismen.
P, 182,
1896 - Cleve: Naviculoid Diatoms. Kongl.Sv.Vet.Akad.Handl. 27: 91.
1930 - Hustedt: Bacillariophyta. P,.334, F.617a,

Synonyms: Bacillaria viridis Nitzsch; Frustulias viridis (Nitzsch)

Kitzing; Navicula viridis (Witzsch) Kiitzing; Pinnularia medio-

constricta Rabenhorst; WNavicula Gutwinski Pantocsek.

There are many records of P,viridis from Scuth Africa
(Cholnoky 1960B: 265; 19624: 65; 1962B: 103). Cholnoky (l.c.)
has found that its pH optimum lies between pH 6 and 7, and that
it is also found in oligotrophic waters. On account of the
generally alkaline waters in the catchment area this species was

found in small numbers in a few samples.

P.viridis ver. intermedia Cleve.

1891 - Cleve: Diat. of Finniand, P.22,

1896 - Cleve: Naviculoid Diatoms, Kongl.Sv.Vet.Akad.
Handl., 27: 9l.

1930 - Hustedt: Bacillariophyta. P.335.

Synonyms: Navicula maior, Navicula viridis Pantocsek.

A single specimen of this variety was recorded from the
acid waters of Station 1 on the Vasl River.

P,viridis var. sudetica (Hilse) Hustedt.
1930 -~ Hustedt: Bacillariophyta. P.335, F.617 b,

Synonyms: Pinnularia viridis ¥, Smith; Navicula commutata




(327).

Grunow; Pinnularia Heufleri Pedicino; Pinnularia sudetica Hilse;

Navicula decumana Pantocsek.

This variety is rare in South .frica and only two specimens
have been recorded from the catchment area from a small stream
near Standerton and from the source region of the Russespruit
River.

Samples 249, 415.

RHOPALODIA O.Miller 1897.

R.gibba (Ehrenberg) O. Miller.
1930 - Hustedt: Bacillariophyta., P.390, F.740.

Synonyms: Navicula gibba Fhrenberg; Eunotia gibba Ehrenberg;

Epithemia gibba (Ehrenberg) Kiitzing; Cystopleura gibba

(Ehrenberg) Kunze; Navicula uncinata Ehrenberg; Cymbella

incrassate Brebisson,

This species was guite 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 - 16.3%), and in
sample Va»1 420 it was the dominant species (55.8%) in the asso-
ciation. Unfortunately little is known of the physical and
chemical conditions of these sampling spots, making it impossible
to comment on the ecology of this species, Cholnoky (1962B: 103)
maintained that the optimum pH of R,gibba was around pH 8.

This might account for its wide distribution.
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R.gibberula (Ehrenberg) 0. Miiller,
1930 - Hustedt: Bacillariophyta., P.391, F.742,

Synonyms: Eunotia gibberula Ehrenberg; Epithemia textricula

Kiitzing; Epithomia gibberula (Ehrenbirg) Kiitzing; Cystopleura

gibberula (Ehrenberg) Kunze; Rhopalodia gibba var. pseudo-

gibberula Cholnoky; Rhopalodia musculus (Kiitzing) O. Mifller.

R.gibberula has apparently a high pH optimum and prefers
well buffered water; this species is »1lso able to tolerate
fluctuations of the osmotic pressure (Cholnoky 1954D: 130;
1962B: 103; 1966B: 212). In the catchment area R.gibberula
had approximately the same distribution pattern as that of

R.gibba, but was generally less abundant than R.gibba.

STAURONEIS Ehrernberg 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.Akad.Handl.
26: 150.

1927 - 1964 ~ Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
gLe, F. 1163,

1930 - Hustedt: Bacillariophyta. P.259, F.415,

Synonyms: Pleurostauron acutum Rabenhorst; Stauroneis Kochii

Pantocsek; Navicula acuta Schiitt; Stauroneis Frickei Heiden,

This large Staurconeis is seldom seen in South Africa and
the Vaal Dam catchment area was not different in this respect.
Only cne specimen was recorded from 2 headwater tributary of the
Kleinvaal River.

Sample = 464.
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S.anceps Ehrenberg.
1841 - Ehrenberg: Abh,ikad.Wiss. P.34, T.2, F,1, 18 (1843).
1894 - Cleve: llaviculoid Diatoms. Kongl.Sv.Vet,Akad.Handl. 26: 147.
1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
771, F.1120a.
1930 ~ Hustedt: Bacillariophyta. P.256, F.405.

Synonyms: Stauroneis birostris Ehrenberg; Stauroneis amphicephela

Kitzing; Stauroneis linearis Grunow; Stauroneis gallica Pera-

gallo et Heribaud; Navicula anceps Mann.

For further synonyms see Hustedt in Rabenhorst (l.c.).

fmong the normal typical forms of this species one example
(Fig. 268) of the small forms which Cholnoky (1957A: 83) felt

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 to 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 lerge numbers.

Fig., - 268.

Samples - 325, 358, 402, 404, 412, 437, 449, 479, 489.

S.anceps f.gracilis Rabenhorst.

1864 - Rgbenhorst: Flor. Eur. Alg. P.247.

1927 - 1964 - Hustedt: Rebenhorsts Kryptogamenflora Teil 2:
il 120 By

1930 - Hustedt: Bacillariophyta, P.256, F.406.

Synonyms: Stauroneis anceps var., rhombeoidalis A.,Mayer;

Stauroneis anceps var, gracilis I, 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 from a few samples in the
catchment area mainly from the acid waters of Station 1.

S.anceps var. javanicum Hustedt.
- Hustedt: Foss, Diat. d. Tebasees. P.154, T,1, F.10.
1937 ~ 1939 - Hustedt: Java, Bali und Sumatra.
Arch,Hydrobiol. Suppl. 15:222, T,15, F.4.

A single specimen of this variety was recorded from
Station 21A, a tributary of the Kleinvaal River. This is the

first record of this variety for South Africa.

Sample -~ 350.

S.Borrichii (Boye Petersen) Lund,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
803, F.1151 a, b.

1946 ~ Lund: Observations on Soil Algae. New Phytologist 46:
63, F.3C -~ H,

Synonyms: Navicula Borrichii Boye Petersen.

S.Borrichii is very variable, and two examples have been
illustrated to show the range of variation found in the catchment
area. Fig. 270 shows ¢ typical specimen, while Fig., 269
illustrates a smaller form with slightly denser striction (34
striae in 10 p. According to Cholnoky (1957h: 83) the species
is widespread in acidic waters in South Africa. Although it was
one of the more commen Staurcneis species in the region, only a
few examples were recorded from relatively few samples.

Figs, - 269, 270.
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S.cimbebasiae Cholnoky.
1966 ~ Cholnoky: Quellen aus S.W.A. Nova Hedwigia Suppl. 21:
213, ¥, 110, 131l.

L single specimen of this recently described species
was recorded from the Vilge River at Harrismith. Since the type
locality and Harrismith are so distant from each other this small
species may be more widespresd than is 2t present known.

Fig, - 271.

Sample ~ 331,

S.dahomensis Hustedt,
1910 ~ Hustedt: Bacillariales aus Dahome. Arch, Hydrobiol.
5: 378, T.1l, F.1l.

Synonyms: Stauroneis pygmaea Krieger; Stauroneis Kriegeri

Patrick.,

A specimen (Fig. 272) in which the striae towards the
poles become invisible has been illustrated, This species was
recorded from two localities, Station 9 on the Wilge River and
Station 21A, a tributary of the Kleinvael River.

Fig, - 272,

Samples - 328, 464.

S.merrimacensis (Grunow) Woodhead and Tweed.

1960 -~ Woodhead et Tweed: Freshwater Algae of Sierra Leone 3.
Rev., Mlg. N.S. 5: 143.

Synonyms: Schizostauron cruciculn Grunow; Stauroneis crucicula

(Grunow) Cleve; Capartogramma crucicula (Grunow) Ross.

S.merrimacensis has been recorded from neutral to slightly

alkaline waters in South Africa (Cholnoky 1956: 87; 1957A: 83;
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1962B: 104). In the Vaal Dam catchment area the species was
found in very small numbers in five samples.

Samples - 306, 307, 331, 356, 477,

S.palustris Hustedt.

1927 = 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
795, F.ll40,

1945 - Hustedt: Arch. Hydrobiol., 40: 914, T.42, F.30 - 32.

Only two specimens of S.palustris were recorded from
this area. It has previcusly been recorded in Scuth Africa
only from the Okawango River (Cholnoky 1966A: 69).

Samples - 342, 433.

S.phoenicenteron (Nitzsch) Fhrenberg.

1843 =~ Fhrenberg: Abh.Akad, Wiss. Berlin (1841) T.2, F. V, 1.

1894 - Cleve: WNaviculoid Distoms. Kongl.Sv.Vet,Akad,Handl,
26: 148.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
766, F,1113 a,

1930 -~ Hustedt: Bacillariophyta., P.255, F.404.

Synonyms: Bacillaria phoenicenteron Nitzsch; Cymbella phoeni-

centeron Agardh; Navicula phoenicenteron Ehrenbergs; Stauronels

amphilepta Ehrenberg; Stauroneis Baileyl Ehrenberg; Stauroneis

ptercidea Ehrenberg; Stauroneis Boryana Pantocsek; Staurcneis

crumenifera Mayer.
For further synonyms see Hustedt in Rebenhorsts Kryptogamenflora
(ilivy ¥

According to Cholnoky (1962B: 104) this very large and
easily recognised species is nitrogen sutotrophic snd inhabits

waters which are neutral (pH optimum about 7) and 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, Suppl. 15: 220), where he describes the
species as "Indifferente Litoralform, besonders in eutrophen
Cewdssern verbreitet", It was recorded from a few samples
from the area under survey, and mainly from localities where
there was evidence of acidic conditions.

Samples - 249, 301, 330, 370, 438, 478, 479, 485,

S.thermicola (Petersen) Lund.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora,
Teil 2: 800, F, 1148, a, b.

1930 - Hustedt: Bacillariophyta. P.259, F,418, (Under S.montana
Krasske).

1946 - Lund: Observations on Soil Algae, New Phytologist 45:
61, F.3 K-AA,

Synonyms: Navicula thermicola Petersen; Navicula contempta

Krasske; Stauroneis montana Krasske.

A few specimens of this small Stauroneis species were in
full agreement with description given by Hustedt (1927 - 1964,
Teil 2: 800). These specimens were found mainly in the Wilge
River in the vicinities of the headwaters (Vaal 328), Swinburne
(Vasl 330) and Harrismith (Vaal 331). It was recorded also from
the upper reaches of the Vaal River (Vaal 307). Although Cholncky
has recorded the species frequently he has been unable to clarify
its autecology.

Samples - 307, 328, 330, 331.
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S.Wislouchii Poretzky et Anisimowa,

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
792, F.,1137.

1933 - Poretzky et Anisimowa: Expl.d.lacs de 1'U.R.S.S.
1933 Fasc. 2: 51, T.9, Fo 3 - 5.

Synonyms: Stauroneis Wislouchii f. parva Poretzky et Anisimowa;

Stauroneis salina var. Wislouchii Cleve~Euler.

Since this species appears to be a brackish water form
(Hustedt 1927 - 1964, Teil 2: 792; Cholnoky 1966A: 71;
1966B: 214) the identification of this species from the catchment
area is doubtful, as the water is generally free 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 (1l.c.)
merely guoted 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; 1960C: 362)
showed that Van Heurck was the author of the species. Then
finally Cholnoky (1966A: 71) quoted only Lewis as the author.
In the Sylloge Algarum, De Toni (1891: 567) transferred the genus

in its entirety to what he called Suriraya (Surirella) with this




(335).

note to his synonyms of the generic name:- "Stenopterobia sp.

omnes Breb., Lewis, Grunow.," Lewis here is cited as the sole

author of Suriraya intermedia., The author's conjecture is that

Lewis described the species in the genus Stenopterobia, which

De Toni then transferred to Suriraya. More 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 acidic 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 (Kitzing) Grunow.

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.110, F.86.

Synonyms: Cyclotella minutula Kiitzing; 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 Turpin 1828.

S.angusta Kiitzing.
1844 - Kitzing: Bacill. P.61, T.30, F.52.
1930 - Hustedt: Bacillariophyta. P.435, F.844, 845.

S,angusta is found in water with a high oxygen content,
praferring alkaline water as it has a pH optimum of about pH &
(Cholnoky 1960B: 266; 19624: 72; 1962B: 105). Cholnoky also
claimed that it was nitrogen autotrophic, thus inhabiting water
with low concentrations of organic nitrogen. This probably
accounts for its widespread distribution in the catchment area,

where it sometimes occurred in high numbers in the samples.

S.delicatissima Lewis var, africana Cholnoky.
1959 =~ Cholnoky: Seltene iv - Kaap-Provinz. Osterr.Bot.
Zeitschr, 106: 65, F.345.

Cholnoky (1960B: 2663 1962B: 105) maintained that this
species was found in oligotrophic acid water with pH values
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,

Samples - 301, 370, 479.

S.fimbriata Hustedt.
1942 - Hustedt: Indomalayischen 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 were recorded from the upper reaches
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of the Klip River near Miiller'!s Pass. (Vaal 437, 438). However,
a specimen (Fig, 274) showing distinct striation of the valve
surface and relatively narrower valves (cf. Chnlnoky 1957A: 85)
was observed in a sample from Station 21A. It has been assigned
to this species on account of the similarities between the two
species, This atypical specimen is also similar to S.Chasel
Cholnoky (1954B: 225, F, 118, 119), but differs from this species
by the coarser striation of the valve surface and the absence of
the thorn-like projections in the centrsl area. This may possi-
bly be a new species, but further specimens must be examined
before describing it,

Fig, - 274.

Samples - 437, 438, 464,

S.linearis V. Smith.
1853 - W.Smith; Brit.Diat. Vol. 1. P.31, T.8, F.58 a.
1930 -~ Hustedt: Bacillariophyta. P.434, F.837, 838,

Synonyms: Surirella linearis f, constricta (Ehrenberg) Hustedt.

This species having a pH optimum around neutral point
(Cholnoky 1962R: 105) was recorded in one samplc from the acid
waters of Station 1 on the Varl River.

Sample - 479.

Se.ostentata Cholnoky.

1962 - Cholnoky: Diatomeenflora iii - Kasp Provinz.
Rev. de Biol. 3: 73.

1962 - Cholnoky: Ost Transvaal. Hydrobiologia 19: 106.

Synonyms: Surirella ovata var. africana Cholnoky.

This small hyeline Surirclla species was described
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originally by Cholnoky (1955A: 28, F.46) as a variety, var.
africana, of S,ovata Kitzing, on the basis of its very much
smaller dimensions, and hyaline valves, Later Cholnoky thought
these characters warranted specific sepsration. Accordingly
in 1962 in two papers he proposed that the variety should be
raised in rank to species and gave it a new name S.ostentata.
It is difficult to tell which 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 Surirella
species in the catchment area. It is apparently found in neutral
to weakly alkaline water (Cholnoky 1955A: 46 1956: 90; 1962B:

106).

S.ovalis Brebisson.,
1930 -~ Hustedt: Bacillariophyta. P.441, F.860, 861,

Hustedt (l.c.) claimed that S.ovalis is a marine or
brackish water form, normally found in coastal waters or brackish
inland waters. This makes the distribution of the species in South
Africa surprising as the localities 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,ovata Kitzing,
1844 ~ Kittzing: 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 survey. In two samples,
however, it occurred in relatively large numbers (Vasl 253 -
5.0% and Vaal 417 - 2.4%). 1In both these samples the species
was associated with large numbers of nitrogen heterotrophic
Nitzschiae.

Samples - 253, 333, 336, 360, 4013 417: 4313 445,

S.striatula Turpin.
1828 - Turpin: Mem,d. Muscum 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 earlierworkers on South African 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 speci-
men was observed in sample Vaal 343.

Sample - 343,

S.tenera Gregory.

1856 -~ Gregory: New species British Freshwater Diatomaceae.
Q.J.M. 8. 4: 10, T.1, F.38.

1930 - Hustedt: Bacillariophyta. P.438, F.853.

Since this species has a pH optimum of 8 (Cholnoky
1962B: 106), it was one of the more widespread and common
species in the catchment area, being particularly common in

the Vaal River and its tributaries.
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SYNEDRA Ehrenberg 1830,

S.acus Kiitzing f. radians (Kiitzing) 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

Kiitzing; Synedra tenulssima Kiitzing; Synedra radians Kiitzing;

Synedra 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 recorded mainly

from the Vaal River and its tributaries.

S.acus var, angustissima Grunow.

1881 - Grunow: in V,H. Syn. T.39, F.10.

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
202, F. 693 c.

1930 - Hustedt: Bacillariophyta. P.155, F.172.

Synonyms: Synedre delicatissima ver., angustissima Grunow;

Synedra Lemmermennii W. & G.S5. West; Synedra Schroteri

Meister.

As far as is known this is the first record of the variety
for South Africa., It was found in one sample from Staetion 5A on
the Vaal River.

Sample - 323.

S.Allensonii Cholnoky.
1958 - Cholnoky: Jukskei - Crocodile System., Hydrobiologia 11:

Cholnoky's type material (Cholnoky l,c.) showed differences

of wvalve shape and construction of the pseudoraphe which
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distinguished this species from S.nana Meister or S.tenera W.Smith.
Later on he (Cholnoky 1962C: 338) found other examples of this
species which differed from the other two only in the construction
of the pseudoraphe. The two specimens observed here were more
like Cholnoky's original type material.

Samples - 410, 485,

S.mystica n.sp.

This new species, of which a2 relatively large number of
valves were seen 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 examples are also similar to S.tenera but the well developed
central area of S.mystica excludes it from this species.

The valves of S.mystica are linear in the middle portion,
sometimes slightly concave at the centre in the smaller specimens,
with longer or shorter cuneate and acutely rounded poles;

21 - 36 P.long, and 2 - B)u wide. The pseudoraphe is narrow and
linear, sometimes very slightly lanceolate towards the centre.

A well developed central area is present. The trensapical striae
are fine, but casily secn and number between 24 and 28 in 10 Je
Figs. 275, 276.

S.mystice was recorded from Stations 21 and 21A on the
Kleinvaal River, Station 24 on the Klip River, and from the
headwaters region of the Elands River in the '"Hitzieshoek area,
Figs. - 275, 276,

Samples - 204, 350, 353, 437,
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S.nena Meister.

1912 -~ Meister: Kieselalg. Schweiz. P.76, T.8, F.9.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
212, ¥, 704,

1930 - Hustedt: Bacillariophyta, P.158, F.,183.

According to Cholnoky (1954D: 130; 1966A: 74) this species
is an acidophilic planktonic form. The lack of suitable conditions
might explain the small number of specimens observed in the catch-
ment area, It was recorded in smrll numbers from a few samples
mainly in the upper reoches of the Vaal River and in the Wilge

River system.

S.rumpens Kitzing.
1844 - Kutzing: Bacill. P.69, T.16, F.V1.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
207, . 697 a, b,
1930 - Hustedt: Bacillariophyta., P,156, F. 175.

Synonyms: Desmogonium Kiutzingii Rabenhorst; Synedra campyla

Hilse; Frapgilaria rumpens Carlson; Synedra scotica Mayer;

Synedrz scotica var. genuina and ver. 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 Dam catchment area from four samples.

Samples - 331, 332, 403, 410.
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S.tabulata (Agardh) Kitzing.

1844 - Kiitzing: Bacill. P.68, T.15, F.X, 1 - 3.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogemenflora Teil 2:
218, F, 710 a - d,

1930 - Hustedt: Bacillariophytz. P.159, F.184.
(Under S.offinis Kiitzing).

Synonyms: Diatoma tabulatum !gardh; Exilaria fasciculata minor

Agardh; Frustulia subtilis Kiitzing; Navicula acus Ehrenberg;

Synedra subtilis Kutzing; Synedra tenuis Kiitzing e.p.; Synedra

affinis Kiitzing; Synedra gracilis Kiitzing; For further synonyms
see Hustedt in Rabenhorst (l.c.).

Cholnoky (1960B: 267) maint~ined that this species required
a high salt concentration for its optimal growth. A single speci-
men of this species was recorded from the Grootvlei Dam (Station
16) where the concentration of total dissolved solids was the
highest in the catchment area.

Sample = 401.

S.tenera W. Smith,

1856 - W, Smith: Syn, Brit, Diat., Vol, 2, P.98.

1927 ~ 1964 - Hustedt: Rabenhorsts Kryptogamenflors Teil 2:
211, F, 703.

1930 - Hustedt: Bacillariophyta. P,158, F,182,

S.tenera is found in the neutral to acidic waters (cf,
Cholnoky 1956: 161; 1960B: 267; 1962B: 106) of South Africa.
In the Vaal Dam catchment area only two specimens of this species
were recorded,

Samples - 321, 364.
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S.ulna (Nitzsch) Ehrenberg.

1838 - Ehrenberg: Infusoria., P.211, T.17, F.1.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
195, F. 691A a - c,

1930 - Hustedt: Bacillariophyta, P.151, F,158, 159.

Synonyms: Bacillaria ulna Nitzsch; Echinelle vitrea Bory;

Bacillaria vitrea Bory; Bacilloria paxillum Bory; Bacillaria

Lyngbyei Bory; Irustulia splendens Kitzing; Synedra

lenceolata Kiitzing; Synedrs splendens Kiitzing; Synedra vitrea

Kiitzing; Synedra mesolepta Klitzing; Synedra aequalis Kiitzing;

Synedra mesocampa Brebisson; Synedra radians "', Smith; Synedra

salina W, Smith; Synedra interrupta Aucrswald; Synedra

bicurvata Biene. For further synonyms see Hustedt in Rabenhorst
(1.c.).

S.ulna was one of the most common and one of the most
variable diatom species of the Vanl Dam catchment area. Following
Cholnoky (1962h: 743 1962B: 106; 1963C: 195) no distinction
between the different varieties has been made.

It has been recorded by Cholnoky (19627: 743 1962B: 106;
1962C: 339) in weakly alkaline to relatively alkaline water. For
this reason the waters of the Vaal Dem catchment area rivers were
probably suitable for good growth of this species. In some

samples it occurred with a relatively high percentage frequency.

TABELLARIA Ehrenberg 1839.

T.flocculosa (Roth) Kiitzing.

1844 - Kutzing: Bacill, P,127, T.17, 21.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 2:
29, ., 558,

1930 ~ Hustedt: Bacillariophyta. P,123, F,101.

Synonyms: Conferva flocculosa Roth; Diatoma flocculosum

Lyngbye; Bacillaria tabellaris Ehrenberg; Tabellaria amphicephala

Ehrenberg; Tabellaria gastrum Ehrenberg; Tebellaria trinodis
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Ehrenbergs; Tabellaria flocculosa var, ventricosa Grunow;

Tabellaria flocculosa var. amphicephsla Grunow; Tabellaria

flocculosa var, genuina Kirchner.

Cholnoky (1955B: 184; 1957A: 87; 1960B: 268; 1962B: 107)

has found that T.flocculosa grows best in acid waters, since its

PH optimum lies around pH 6; it also requires a high oxygen

content of the water. In the catchment area the species was

recorded from a sample from Lake Chrissie (Vaal 485) and in a
sample from the Kleinvoal River.

Samples - 353, 485.

THALASSIOSIRA Cleve 1873.

T.decipiens (Grunow) Joergensen.

1905 - Joergensen: Hydrogr. Biol. Invest. Norw. Fjords P,96.

1927 - 1964 - Hustedt: Rabenhorsts Kryptogamenflora Teil 1:
322, T, 158,

Synonyms: Coscinodiscus excentricus A.Schmidt; Coscinodiscus

excentricus var? decipiens Grunow; Coscinodiscus decipiens Grunow;

Thalassiosira gelatinosa Hensen; Coscinodiscus cxcentricus var,

gelatinosa Cleve; Coscinodiscus excentricus var. catenata Gran;

Coscinodiscus gelatinosus Lemmermann,

The single record of this spccies from the catchment area
is the second time it has becn reported from South Africe. Cholnoky
(1962": 75) has previously recorded it from the Cape Province.

Smple - 3‘-’4-4*-
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Diatomeenschalen im elektronen.miktoskopischen Bild

von Prof, Dr. J. G. HeLucke (Forschungsgruppe fiir Mikromorphologie im Fritz-Haber-Institut,
Berlin-Dahlem) u. Dr. W. KrIEGER (}). Unter Mitatbeit von Dr. U, GrissLER (Betlin), Dt. J. GErLOFPP
(Berlin) u. Dr. B, REmManN (La Jolla, Calif., USA),

jeder Band mit etwa 100 Originalphotos und einem Textheft in dauerhafter Kassette, GroB-Oktav.
Band 1-V (wovon Band I+11 in zweiter Auflage) lieferbar. Preis je Band DM 75.- ($ 18.75)

Das Werk wird fortgesetzt, in iedem Jahr soll ein Band erscheinea.

Index Hepaticarum

An Index to the Liverworts of the world by C. E. B. BonnER, Geneva, Switzerland.
Volume I (containing issues 2-4): Achiton to Cystolejeunea. 1962163, V1II, 926 pages. Wrappers.

) DM 150.- ($ 37.50)
Issue 1: Plagiochila. 1962, VIII1, 340 pages. Wrappers. DM 55.- ($13.75)
This Index inciuding all species of Hepaticae described up to the end of 1960 will be published in issues at irre-
gular intervals, it will be complete in 1965. The price per sheet of 16 pages is DM 2.50. Orders can only be
accepted for the complete work. The first volume, consisting of issues 2-4, is now ready and can be bound.
The first issue (Plagiochila) must remain unbound and will be inserted lateron in its alphabetical order.

Fungi in Oceans and Estuaries

by Prof. Dr. T. W. JonNsoN, jt. (Botany Department, Duke University, Durham, NC,, USA) and
Prof. Dt. F. K. SpArRrOW, jt. (Botany Department, University of Michigan, Ann Arbor, Mich., USA).
1961. XXIV & 668 pages, 19 tables, 7 figures in the text and 312 figures on 17 plates.
Clothbound DM 120.- ($30.-)
»With the comprehensive work the authors have solved the difficult problem of compiling all knowledge of
marine mycology.... Even if the teader may have a different opinion in interpreting some of the problems,
the book is a very valuable contribution to mycology and will be indispensable for the specialist in marine
mycology. Also every other mycologist whether he is interested in taxonomy, physiology or ecology will
profit by using it, and students of adjacent fields, like marine zoology or algology, will have to consult this

book about many questions.” (J. Kohlmeyer in Nova Hedwigia IV, 3+4)
Flora of Lowland Iraq

By Prof. Dr. K, H. RecriNGER (Director of the Natural History Museum, Vlcm) 1964, VIII, 736
pages. Clothbound DM 150.- ($ 3. 50)

This ts the tirst and only existing flora of the area concetned. It is intended for the student as well as for any pes-
son interested in the botany of Iraq and adjacent countries, It will be welcome to the specialist as a soutce of quick
reference as well as to ecologists, agronomists, range-managers ctc. Many well known specialists have contributed
treatments of individual families or genera, including the well known Kew Agrostologist Dr. N. L. Bor.

The Agaricales in Modern Taxonomy

By Dr. Rolt SiNnGeR (Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires). 2ad
cdition 1962 Royal-Octavo. VIII, 916 pages. 73 plates one of which is coloured. Clothbound.
Coloured dust jackett DM 120.- ($30.- £ 1015s)
“. .. In a short notice one cannot indicate ali the important or novel coaclusions adopted in such s moau-
menta! work. This is not :ust another system of classification. It is a comprehensive manual of Agaric studies
up to 1950 and as such is indispensable to all serious mycologist whether specially interested in Agarics or not.
Certainly it should be in the library of every higher educational institution whete botany is taught.,.”
(R.W. A. Dennis in Kew Bul‘etm 1952 98—-100)

Die Gattung Cosmarium

von Dr. WiLr1 KriEGER T u. Dr. JoHANNEs GErRLOFF (Kustos am Bot. Museum, Betlin-Dahlem).
Lieferung 1: 1962. GroB-Oktav. Seite [11-XVII1, 1-112. Tafel 1-23. Eine Abbildung im Text.
Broschiert. DM 35.- ($8.75)
Dieses Werk war urspriinglich als Teil von KrieGer’s Desmidiaceenbearbeitung im Rabenhorst geplant. Die
Grundkonzeption dieses Werkes wurde auch fiir die Beatbeitung der Gattung Co.marium beibehalten, Aus diesem
Grunde wurden auf den beigegebenen Tafeln auch alle infraspezifischen Taxa abgebildet. Der Beschreibung der
Arten, dic etwa 4—5 Licferungen ausfiillen wird, folgt cin allgemeiner Teil mit Skologischen Angaben etc. Die
Bestcl‘ung der erst ~ Lieferung verpflichtet zum Bezug des gesamten Werkes.
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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: —

Vaal 401.

Vaal 402.

Vaal 403.

Vaal 404.

Vaal 405.

Vaal 406.

Vaal 407.
Vaal 408.

Vaal 409.

Grootvlei — a colliery dam situated on the road between Balfour
and Villiers. pH 8.5.

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.

The Vaal River below the bridge on the north side of Villiers on
the main national road to Johannesburg, pH 8.6.

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.

Another stream 1.5 Km further east from Vaal 404. Large pools
in a dry stream bed. pH 8.7.

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.
The same locality; slowly moving water on a wall. pH 8.7.

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.

A small swampy stream between Vaal 407 and Standerton. There
was a large amount of algal growth on the surface of the water.

253




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. HusteEDT, 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; CBOLNOKY, 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 . The
valves are naviculoid, almost symmetrical, lanceolate, with short protracted
ends, the ends being bent slightly ventrally. The valves are about 23 u.
long, and about 5 p. 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 p, 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 . longae, 5 p. lataeque.
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Rhaphe fere directa et haud excentrica fissuris terminalibus brevibus, in
directione dorsale declinatis. Area axialis anguste linearis, area centralis
vitta una unilateralis marginem dorsalem 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 u, ad polos versus densior positae.

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte super
fluvio Vaal inter pagos Villiers et Standerton Africae Meridionalis.

Typus: praeparatum No. Vaal 408 in collectione C. S. I. 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 p. long, about 6 u. wide, and having about 30 striae in 10 w. Later
CHOLNOKY (1962a:74) altered his diagnosis to widen the range of variation.
His new dimensions were 20—33 p. long, 5—6 p. wide, and 30—36 striae in
10 w. The specimen from Lake Chrissie (Vaal 485) is small and has over
40 striae in 10 ., 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 y wide. The original
diagnosis must therefore be amended to 20 —33 p long, 5—7.5 n wide,
and 30 — over 40 striae in 10 w. — Fig. 2, 3. — Vaal 485, 406.

GOMPHONEMA AGARDH 1824

Gomphonema dichotomum KUTZING emend. ARCHIBALD

From a study of the drawings in A. ScCHMIDT’s Atlas (Pl. 234, F. 47 —50,
56—57,58;PL. 235, F. 15—17,34—39; Pl 236, F. | —8) and GRUNOW’S draw-
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 KUt1zING and its
variety var. pumila GRuUNow. This is supported by CHoLNOKY (1962a:75)
who says ,,Ich halte es fiir sehr wahrscheinlich, daB diese kleinen Formen
nur auf Grund einer recht oberflichlichen 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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Suppl. 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. PL 234, F, 51—-55;
Pl. 235, F. 30—33). Var. pumila has 8 —11 striae and var. dichotoma has
11—13 striae in 10 w.. In CHOLNOKY'’S experience var. pumila in fact has up to
16 striae in 10 . 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 KU1zZING. 1 propose, there-
fore, that the name for this variety which has been raised in status to species
shall be Gomphonema dichotomum KUTzZING emend. ARCHIBALD because
the var. pumila has been incorporated. — Fig. 4. — Vaal 406.

NAVICULA Bory 1824

Navicula adamantiformis 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 w long, 4.5 u 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 p.. 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 u. longae, circiter 4,5 .
latae. Rhaphe directa, 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 w.. 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 : pracparatum No. Vaal401 in collectione C. 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 affinity
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 w
long, 4 —5 p. 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 less radial in the vicinity of the poles, 24 in
10 w. 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 1 longae, 4 —5 p 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 . Costae longitudinales
indistinctae vix visibiles.

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte viae
publicae super flumine Vaal inter pagos Villiers et Standerton Africae
Meridionalis.

Typus: praeparatum No. Vaal 408 in collectione C. S. I. 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 HusTtEDT, and
HusTEDT’S record was reported again by WoobHEAD and TWEED (1958: 350),
and also by vaAN 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 . long,
and 3 p. 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 central nodule to form an elliptical central area.
The transapical striae are fine in structure, 30 in 20 ., 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 p. longae, 3 1 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 p, in partibus medianis valvae radiantes, ad polos versus minor
inclinatae sed radiantes.

Habitat in palude inter lacum Chrissie et viam publicam in coloniam
Chrissie dictam ferentem in vicinitate pagi transvaalensis Ermelo Africae
Meridionalis.

Typus: praeparatum No. Vaal 485 in collectione C. S. I. R., Grahams-
town.

Iconotypus: figura nostra No. 10.

Navicula confervacea (KUtzING) GruUNow (cf. HuUsTEDT, 1962: 205, F.
1324a—d).

Morphologically the specimen figured is without doubt N. confervacea
(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 i long, 10 u wide, and has 16 striae in 10 w.. — 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
(1962a:83,F. 8,9), but has fewer striae and is never protracted at the poles.
It also bears a similarity to N. tenellaeformis 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 greater
number than in N. renellaeformis HUSTEDT. The valves are linear to linear-
elliptical with broadly rounded ends, 8 —11 u long, and 3.0—3.5 w 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 p.. — Fig. 17—23. — Vaal 4035, 409 and 485.

Valvae lineares, sive lineari-ellipticae, apicibus late regulariterque
rotundatis, non protractis, neque acutis, 8 —11 u longae, 3—3.5 u 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 p.

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 (cf. 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-lanceolate 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. HustepT. It differs from N.
helensis ScuuLz (cf. HusteDpT, 1962: 179, F. 1314) in that it does not have
a lateral area which runs parallel to the axial costae, and since the striac 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 w long, and 6 .
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 u, 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 u longae, 6y latae. Rhaphe directa, filiformis, poris centralibus
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approximatis, fissuris terminalibus unilateraliter leviter declinatis. Area
axialis anguste linearis, area Ceniralis abbreviatione irregulare striarum
medianarum nonnullarum formata. Costa axialis rhaphen ferens distinctissi-
ma et distinctissime definita. Striae transapicales in tota longitudine valvae
radiantes, in vicinitate noduli centralis leviter arcuatae, circiter 22 in 10 w,
neque ad polos versus densior positae.

Habitat in palude uno inter lacum Chrissie et viam publicam in coloniam
Chrissie dictam ferentem in vicinitate pagi Transvaalensis Ermelo Africae
Meridionalis.

Typus: praeparatum No. Vaal 485 in collectione C. S. I. R., Grahams-
town.

Iconotypus: 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 HustepT (1. ¢.). —
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 HusTeDpT (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 u. 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 p, wider apart in the
middle than at the poles. — Fig. 29. — Vaal 406.

Valvae lineari-ellipticae, apicibus late, regulariterque rotundatis, non
protractis, circiter 12 . longae, 4.5 u. latae. Rhaphe directa, filiformis, in
costa axiale bene evoluta, distinctissima, in media parte non contracta
inclusa. 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 vicinitate
noduli centralis 21 —24 in 10 u, 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 freshwater
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 p long, and some have protracted but not capitate ends (Fig. 32).
HuUsSTEDT 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 (L. ¢.) — Fig. 35. — Vaal 485.

Navicula pascuorum CHOLNOKY (1965: 72, F. S, 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. africana

As HUSTEDT (1952: 396, F. 104) gives the length of N. Schubarti HUSTEDT
as 40 p., 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 w long, and about 7 u. wide, and have 12—14
striae in 10 u. These African examples should therefore be made a new
variety, var. afticana, 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 u. longis, circiter 7 u latis, et
striis densioribus, 12—14 in 10 p.

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. I. R., Grahams-
town.

Iconotypus: figura nostra No. 13.

261




Navicula Standeriella n. sp.

This species shows a very close similarity to N. insociabilis (cf. HUSTEDT,
1962: 183, F. 1317, under the name N. monoculata HUSTEDT; CHOLNOKY,
1960: 66, F. 209), and thus falls into the group Naviculae bacillares 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 w long, and 4—5 p.
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 transapical striae are delicate and radial throughout, 20 —22
striae in 10 p. 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 w longae, 4—5 p. 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 w. Inter costam axialem et
marginem valvae linea una longitudinalis hyalina, costa longitudinalis
incrassata forsan, strias transapicales decussat, quae in vicinitate noduli
centralis ad marginem valvae versus convexe semicirculariter decurrit. In
vicinitate 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. I. 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 w long and 3 w 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 transapical striae are slightly radial throughout the middle third part
of the valve, about 30 striae in 10 u, becoming invisible towards the poles. —
Fig. 39 — Vaal 408.

Valvae lanceolatae, apicibus. leviter protractis, non capitatis, regulariter
rotundatis, circiter 11 w longae, 3 p. latae. Rhaphe directa, filiformis. Area
axialis angustissime linearis, apud nodulum centralem non dilatata, itaque
area centralis nulla. Striae transapicales in media parte valvae solum visi-
biles, subtiles, apud nodulum centralem circiter 30 in 10 w, ad polos versus
densior positae, plus quam 40 in 10 y, itaque invisibiles.

Habitat in rivulo uno circiter 3 Km ad orientem versus ab ponte viae
publicae super fluvio Vaal inter pagos Standerton et Villiers Africac Meri-
dionalis.

Typus: praeparatum No. Vaal 408 in collectione C. S. I. 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-lanceolate to elliptical-
lanceolate, with a length of 21 —21.5 u and a width of 6.0—6.5 u. 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 . and at the poles 21 striae in 10 w (Fig. 65a), through an intermediate
form having 21 striae in the middle and 30 striae at the poles in 10 » (Fig.
65b), to a typical N. molestiformis HUSTEDT (1962: 256, F. 1383) which has
27 striae in 10 . in the middle and about 34 striae in 10 y at the poles (Fig.
65¢). 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 the original paper (HusteEDT, 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.
ARrcHIBALD. The following will then be the new diagnosis. The valves are
thin-walled, linear, linear-lanceolate to elliptical-lanceolate, with short prc-
tracted ends, 14 —21 p.long, 3.5—6.5 . 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 striac are parallel
throughout, in the middle 17—30 in 10 y, at the poles closer together, 21 to
35 in 10 w. 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 w 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 u long, and 3.5—5.0 . 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 . In the remaining parts of the valve
towards the poles the striae are invisible, probably over 40 striae in 10 p..
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 p.
longae, 3.5—5 wlatae. Rhaphe directa, 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 ., ad polos versus densior
positae, usque ad plus quam 40 in 10 y, 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 HASsSALL 1845 N

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 long, and 2.5 w wide, and it has only
13 carinal pores in 10 w. 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 GrRuNow. 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.
subpunctata. The valve is linear-elliptical to elliptical-lanceolate with very
shortly protracted poles, 1519 w long, and about 6.5 u 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 w.. 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 « longae, circiter 6.5 w 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 p,
distincte punctatae. Superficies valvae cum rugis duobus 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., Grahams-
town.

Iconotypus: figurae nostrae No. 47 et 48.
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Nitzschia confinis 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 transapical striae
in 10 p. The specimen agrees with the rest of the description, being 30 u long,
2.5 u. wide and having 14 carinal pores in 10 u. — Fig. 53 — Vaal 409.

Nitzschia crassepunctata n. sp.

This fairly large species falls into the group Nitzschiae dubiae GRuNOW,
and shows some similarity to N. thermalis KUtzING (cf. HUusTEDT, 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 u long, and 4.5 w 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 p. 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 w. — Fig. 49. —
Vaal 403.

Valvae lineares, apicibus conice attenuatis, protractis, paene subcapitatis,
in situ ,,Kiellage** dicto ad marginem carina carentem valvae declinatis,
48.5 . longae, 4.5 p. latae. Carina valde excentrica, bene evoluta, poris carinali-
bus magnis, apicaliter elongatis, circiter 10 in 10 v, medianis duobus distan-
tioribus. Carinae parte mediana constricta et emarginata. Striae transapicales
subtiles et modice distinctae, circiter 40 in 10 p.

Habitat in fluvio Vaal sub ponte viae publice 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. V. 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 (1, and
width 3 u. The keel is strongly excentric, not depressed in the middle, with
about 14 carinal pores in 10 @, of which the middle two are not wider apart
than the others. The transapical striae fine, 33 in 10 u.. — Fig. 50. — Vaal 405.

Valvae lineares, apicibus breviter cuneato-attenuatis, capitatis, sive sub-
capitatis, 48 u. longae, 3 u latae. Carina valde excentrica, bene evoluta, in
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media parte non impressa, neque emarginata, poris carinalibus circiter 14
in 10 y, quorum mediani duo non distantior positi. Striae transapicales sub-
tiles sed distinctae, circiter 33 in 10 .

Habitat in rivulo uno circiter 8 Km ad orientem versus ab pago Villiers
sub ponte viae publicae ad pagum Standerton Africaec Meridionalis ferentem.

Typus: praeparatum No. Vaal 405 in collectione C. S. I. 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 (cf. 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 eads 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 w long, 2.5—5 u wide, there
being 12—14 carinal pores in 10 u, and 24 transapical striae in 10 @, —
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 (cf. 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 u. long, and about 3 . 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 —18in 10 p.
Longitudinal costae are visible and straight, about 27 in 10 .. — Fig. 62. —
Vaal 402.

Valvae lineares, marginibus parallelis, apicibus cuneato-attenuatis, pro-
tractis, levissime capitatis, 22 —23 u. longae, circiter 3 p latae. Carina non
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bene visibilis, pori carinalesrindistinctae, probabiliter striis aequidistantes.
Striae transapicales crassae, distinctissimae, 16 —18 in 10 w.. Costae longi-
tudinales distinctae, directae, circiter 27 in 10 u, 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 ., and about 33 striae in 10 w, 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 y, and 27 transapical striae in 10 p. In view of HUSTEDT’s
Congo material 1 consider that the specimens in this collection can be as-
signed to this species. ~ Fig. 52. — Vaal 485.

PINNULARIA EHRENBERG 1840

Pinnularia acoricola HUusTEDT (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 w long,
and its width 5.5 . — 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 subvulgaris 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 confervacea
(KUTzING) GRUNOW. — 13. Navicula Schubarti HUSTEDT nov. var. africana. — 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
var. rostrata (QOestr.) HUSTED Navicula letulenta n. sp. — 28. Navicula longicephala
HusTepT. — 29, Navicula manubialis n. sp. — 30, 31. Navicula chrissiana CHOL-
NOKY. — 32, 33. Navicula molesta HUSTEDT. — 34. Navicula submolesta HusTepT. —
35. Navicula parsura HUSTEDT. — 36. Navicula scabellum HUSTEDT. — 37, 38. Navi-
cula Standeriella a. sp. — 39. Navicula subarvensoides n.sp. — 40. Navicula sub-
coccus CHOLNOKY. — 41—43. Navicula T wymaniana n. sp. — 44. Nitzschia Ag-
newii CHOLNOKY. — 45, 46. Nitzschia bacata HUSTEDT. — 47, 48. Nitzschia Chut-
ferin. sp. — 49. Nitzschia crassepunctata n. sp. — 50. Nitzschia diluta n. sp.







Plate 2.
51. Nitzschia intermissa HUSTEDT. — 52. Nitzschia subacicularis HUSTEDT. —
53. Nitzschia confinis 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 diatoms, particularly in the case
of studies concerned in any way with organic pollution, one of
the most important genera of diatoms concerned is the genus
Nitzschia 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 National Institute
for Water Research by two of its officers, Dr. B. J, Cholnoky
and Mr. . M. Chutter, during the year 1960. The survey covered
the catchment area of the Vaal Dam in the Transvaal. I am very
grateful to these two gentlemen for making 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 Balfour and Villiers. pH 8.5. -
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Vaal 409. A small swampy stream between the Vaal River.
where it is crossed by the Villiers-Standerton road,
and Standerton. There was a large quantity of fila-
mentous algae floating on the water surface.

Vaal 410. The Waterval River between Standerton and the Vaal
River where it is crossed by the Villiers-Standerton
road. pH 8.5.

Vaal 411. The Grootspruit stream near its confluence with the
Waterval River alongside the road to Standerton.
pH 8.7.

Vaal 412, Waterval River below the bridge on the road to Grey-
lingstad from Standerton. pH 8.7.

Vaal 413. Small stream between station Vaal 412 and Stander-
ton; flowing very slowly. pH 8.8.

Vaal 498. The Waterval River at Roodebank between 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 Nitzschia described or discussed below were 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 (Kiitzing) W. Smith. (cf. Hustedt 1930:423,
F. 821).

The specimen figured here is only 32y long and 2u. wide, and
is one of the smaller examples of this species. Such smaller spec-
imens were also found by O. Mdller, (1905:137-203), who describ-
ed them as a new form of the type, namely forma angustior
O. Miller. Miller's forma angustior is now regarded by Cholnoky
(personal communication) as being more typical of the species than
the specimens originally described. In these small specimens the
valve shape is more lanceolate than in the forma typica, 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 Nitzschiellae (Rabenhorst)
Grunow on account of the structure of the valves. They show a
strong resemblance to Nitzschia acicularis (Kiitzing) W. Smith
(cf. Hustedt 1930:423, T'. 821), from which they differ only in
that the two central carinal pores are more widely separated than
the rest. This wider separation was a constant feature in all the
specimens 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 narrower 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 51-39u, width 2-2.5u. The keel is excentric,
and has 16-18 (usually 18) small carinal pores in 10u, of which
the two central pores are more widely 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 weakly silicified. Fig. 2-4 — Vaal 410 and 411.

Valvae in parte mediana filiformes, angustissime lineares
sive lanceolatae, apicibus angustis, carinam solum contingentibus,
51-59u. longae, 2-2,5u latae. Carina valde excentrica, poris cari-
nalibus parvis, 16-18 (fere 18) in 10y, centralibus duobus distan-
tioribus. In positione opportuna impressio levis carinae super
canale mediano visibilis. Striae invisibiles. Membranae cellularum
levissime silificatae. :

Habitat: in lacu artificiale putei uni Grootvlei dicto ad viam
publicam inter pagos Balfour et Villiers Africae Meridionalis.

Typus: praeparatum n:o Vaal 401 in collectione C. S. I. R,
Grahamstown.

Iconotypus: figurae nostrae n:o 2-4.
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Nitzschia amphioxoides Hustedt (1949:140, T. 13, T. 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 te the typical shape, but nevertheless conforms to
the rest of the diagnosis, having a length of 39y, a width of 4y,
13 carinal pores in 10u, and 24 transapical striae in 10u. The
shape of the valve of this specimen is more lanceolate than that
of the type, with only a verv 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 two
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, I'. 792).

The specimen illustrated is of a shape which is abnormally
short compared with 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 35u. In South Africa Cholnoky (1957:73,
F. 205-208) has also found similar small forms. This specimen is,
however, only 25u 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 have not been able to associate
this specimen with any species known to me, and I am therefore
obliged to describe it as a new species. When more material
becomes available it may prove possible to associate this species
with N. gracilis Hantzsch (cf. Hustedt 1930:416, I. 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 narrowly linear with gradually
tapering ends, the poles are regularly and sharply rounded and
are not capitate, 86p. long and 1.5p wide. The keel is excentric
and has 12 carinal pores in 10y, of which the central two are not
more 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 longe protractis, angustis,
polis regulariter sed anguste rotundatis, non capitatis, circiter
86y longae. 1.5u lataeque. Carina excentrica, poris carinalibus 12
in 10p, medianibus non distantioribus. Striae transapicales sub-
tilissimae, invisibiles. Cellulae bene silificatae, non hyalinae.

Habitat: in rivo Waterval River inter pagum Standerton et
pontem viae ad Villiers super fluvio Vaal in Africa Meridionale.

Typus: praeparatum n:o Vaal 410 in collectione C. S. I. R.,
Grahamstown.

Iconotypus: figura nostra n:o 7.

Nitzschia fonticola Grunow (cf. Hustedt 1930: 415, F. 800).

In the sample Vaal 498 a series of specimens was found in
which 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 5u long
and 2.5y wide. In some of the smaller examples a resemblance
to N. epiphytica O. Miiller (cf. Hustedt 1949: 143, T. 13, I. 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 5-30u long. TFig. 8
— Vaal 498.

Nitzschia immunda n. sp.
The specimens of this new species show a strong similarity

to N. tropica Hustedt (1949; 147, T. 11, I'. 34-38), from which
they differ in that the valve is narrower and has a greater number
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of transapical striae in 10p. than N. tropica. The valves are lance-
olate with slightly produced and capitate ends; about 27u long
and 2p wide. Few specimens were seen and thus the full range
of variation could not be determined. The keel is excentric and
has 14 carinal pores in 10w, 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 10p. Fig. 14 — Vaal 410.

Valvae lanceolatae, apicibus leviter protractis et levissime
capitatis, circiter 27 longae, 2u lataeque, sed numerus specimi-
nium observatorum pro determinatione variationis non satis esse
opinatur. Carina excentrica in parte mediana impressa, poris
carinalibus circiter 14 in 10y, medianibus duobus modice distan-
tibus. Striae transapicales distinctae, 27-30 in 10u.

Habitat: in rivo Waterval River inter pagum Standerton et
pontem viae publicae ad Villiers super fluvio Vaal in Africa
Meridionale.

Typus: praeparatum n:o Vaal 410 in collectione C. S. . R,,
Grahamstown.

Iconotypus: figura nostra n:o 14.

Nitzschia Kiitzingiana Hilse (cf. Hustedt 1930:416, I'. 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. 16 shows an extremely narrow form, which is only
1.5u wide. Fig. 153-18 — Vaal 410, 411 and 413.

Nitzschia lauenburgiana Hustedt (1945:402, T. 40, I 6, 7, 9-11).

Apart from the length of the valve, this specimen conforms
to the description of N. lauenburgiana and I am therefore assign-
ing it to that species. Hustedt found specimens reaching a
length of 150y, while this specimen is 190y 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 were found in some North German Lakes (1. c.),
and the species was again found at a later date by Cholnoky
(1963:189, I'. 89) in Dutch New Guinea. This is a new record
for South Africa. Fig. 19— Vaal 411.

Nitzschia obligata n. sp.

This species, which was rare in the sample, cannot be assoc-
iated with N. Kiitzingiana Hilse (cf. 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 (Kiitzing) W. Smith (cf. 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 valves are 45u long
and 2.5u wide; the full range of variation cannot, however, be
given, as few specimens were seen. The keel is excentric and
has 14 carinal pores in 10u. 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 45u. longae, circiter 2,5u latae, sed variatio
tota ignota. Carina excentrica, poris carinalibus circiter 14 in 10pu.
Striae transapicales invisibiles.

Habitat: in rivo Waterval River sub ponte viae publicae
inter pagos Standerton et Greylingstad Africae Meridionalis.

Typus: praeparatum n:o Vaal 412 in collectione C. S. 1. R,
Grahamstown.

Iconotypus: figura nostra n:o 20.

Nitzschia perspicua Cholnoky (1960:262, . 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 valve opposite the keel is very
weakly silicified and barely visible. Tig. 21 — Vaal 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 valve, 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 20-29.5y long and 2y wide. The
keel is excentric and scarcely visible, there are 16-18 (usually 16)
carinal pores in 10y, 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 diatom is weakly silicified. TFig. 22-
-24 — Vaal 401.

Valvae maiores in media parte lineares, apicibus longe cuneato-
attenuatis, minores longe et anguste lanceolatae, 20-29.5u longae,
circiter 2u latae. Carina excentrica indistincta, poris carinali-
bus 16-18 (fere 16) in 10u, medianis duobus distantiores, sed
carina super canalem centralem non impressa. Striae transapi-
cales subtilissimae, invisibiles. Membrana cellularum Ievissime
silificata.

Habitat: in lacu artificiali putei uni Grootvlei dicto ad viam
publicam inter pagos Balfour et Villiers Africae Meridionalis

Typus: praeparatum n: o Vaal 401 in collectione C. S. I. R,
Grahamstown.

Iconotypus: figurae nostrae n: o 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.
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Although dfficult to see there are about 40 striae in 10w, » 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
more striae in 10u. Tig. 25 — Vaal 498.

Nitzschia subacicularis Hustedt (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 from his original description (I, c¢.). The
original description gives 14-16 carinal pores and 33 transapical
striae in 10w, while the Congo specimen had about 9 carinal pores
and 23 transapical striae in 10p. This would suggest either that
the Congo specimen is a mis-identification, or else that Hustedt
had insufficient material to enable him to give the full range of
variation in his original description. The specimen illustrated
here has dimensions very much larger than those given by Hustedt,
being 62.53u long and 3y 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, IF. 18-19).

The typical valve of N. subvitrea is linear with parallel sides;
this can be seen in Hustedt’s drawings in Schmidt’s Atlas (. c.)
and in his paper on the Sunda Islands (Hustedt 1937-39:471,
T. 40, F. 12). The valve in the present specimen is, however,
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 Norman var. salinarum Grunow (cf. Hustedt 1930:
411, F. 787).

This variety is uncommon in South African rivers and it is
thus of interest to note its presence in this sample. Fig. 28
— Vaal 498,
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SUMMARY

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 commented on, in
some cases making new records for South Africa. The new
record for South Africa is Nitzschia lauenburgiana Hustedt,

3. The details are to be found in the text.
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EXPLANATION OF THE PLATES

1. Nitzschia acicularis (Kiitzing) W. Smith.
2-4. XN. acicularoides n. sp.
5. XN. amphioxoides Hustedt.
6. X. capitellata Hustedt.
7. XN. exilis n. sp.
8-13. X. fonticola Grunow.
14. N. immunda n. sp.
15-18. N. Kiitzingiana Hilse.
19. N. lauenburgiana Hustedt.
20. N. obligata n. sp.
21. N. perspicua Cholnoky.
22-24. XN, silica n. sp.
25. N. spiculoides Hustedt.
26. XN. subacicularis Hustedt.
27. X. subvitrea Hustedt.
28. N. vitrea Norman var. salinarum Grunow.
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Map 1.

The Geology of the Vaal Dam Catchment Area.

(From a 1:1,000,000 geoclogical survey map printed by the Govern-
ment Printer, Pretoria. 1955).
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Table 8,

Short Descriptions of the Sampling Points of the Vaal Dam

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Catchment Area.

203 ~ A large river near the Witzieshoek Reserve on the road

from XKeatell to Witzieshock.

24.7.57.

204 ~ A swiftly flowing river nearer to the Witzieshoek Reserve.

231

233

236

237

238

239

240

242

245

249

{

24.7.57

The Wilge River at Frankfort.

11.7.58.

Station No. 13 of Chutter.

The Wilge River south of Frankfort, above the bridge on

the Frankfort - Reitz road. 11.7.

58.

A small stream near the village of Tweeling on the

Frankfort - Reitz road.

11.7' 58.

Another small river south of Tweeling on the Tweeling -

Reitz road. 11.7.58.

A large river three miles north of Reitz on the

Tweeling - Reitz road.

11.7.58.

The Liebenbergsvlei River between Bethlehem and Reitz.

11.7.58.

A marshy river about 10 miles from

Bethlehem road. This is probably

was present on the water surface.

A large tributery of the As River,

Kestell on the Kestell -~
the Tier River, Ice
12.7.58.

about 15 miles east

of Bethlehem on the Kestell - Bethlehem road., 12.7.58.

A small tributary of the Tier River on the Bethlehem -

Warden road, near the Sherbrooke Station. 12.7.58.

A small spring on the side of the road about 20 miles

west of Warden on the Bethlehem -~ Warden rosd. Probably

the Russespruit stream.

12.7.58.
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Vaal 253 - The Holspruit, swiftly'flowing, where it is crossed
by the Vrede - Warden 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 -
Harrismith road. 13.7.58.

Vaal 301 - The headwaters of the Vaal River between Breyten and Lake
Chrissie. Station No. 1 of Chutter. 16.9.58.

Vaal 306 - The Vaal River where it is crossed by the Ermelo -
Amsterdam road, Marginal mud, Station No. 24
of Chutter., 22.7.59.

Vaal 307 - The same locality as Vasl 306, Stones in Current.
19.1.60.

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 locality as Vaal 313. Stones in current,
22.9.5%9.

Vaal 316 - The same locality as Va2l 313, Stones in current.
19.1.60.

Vaal 317 - The Van»l River below Stetion No. 4, below the Sewage
Works at Stenderton. Station No. 5 of Chutter.
15.9.58.

Vaal 319 - The same locality as Vasl 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 aeieiiens
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Vaal

Vaal

Vazl

Vaal

Vaal

Vaal

Vaal

Vasl

Vaal

Vaal

Vaal

Vaal

322

323

324

325

326

327

328

330

331

332

333

334

335

1]

The same locality as Vaal 321, Algae trailing in
the current. 18.8.59.

The same locality as Vaal 321. Algae trailing in
the current. 22.9.59.

The same locality as Vaal 321. Stones in current.
19.1.60.

The Waterval River where it is crossed by the Balfour -
Standerton road. Station No., 7 of Chutter. 10.9.59.
The Sandspruit stream atSandspruit on the national road
from Standerton to Volksrust. Station No. 8 of Chutter.

16.9.58.

The headwaters of the Wilge River, where it is crossed
by the Harrismith - Colling's Pass road. Station No. 9
of Chutter., 15.10.58.

The same locality as Vaal 327, Stones in current.
9.12.58.

The Wilge River »t Swinburne. Station No., 10 of Chutter.
17.9.58.

The Wilge River at the bridge at its entrance to Harri-
smith, Station No. 11A of Chutter. 17.9.58.

The Wilge River where it leaves Harrismith., Station
No. 11B of Chutter, 17.9.58.

The Wilge River a little below Harrismith., Station No.
11C of Chutter., 14.10.58.

The Wilge River where it is crossed by the road from
Warden to Harrismith. Station No, 12 of Chutter.
15.9.58,

The Wilge River at Frankfort. Station No. 13 of

Chutter. 18.9.58,
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Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vasl

Vaal

Vasal

Vesl

Vaal

Vaal

Vaal

Vaal

Vaal

336

337

338

339

340

342

343

344
345

3477

348
350

353

356

358

-4 -

The Molen River where it is crossed by the Warden -
Harrismith road. Station No. 14 of Chutter. 17.9.58.
The Waterval River where it is crossed by the Standerton
-~ Leslie Road at Roodebank. Stones in current. Station

No. 17 of Chutter. 20.7.59.

The same locality as Vaal 337. 22,9,59.

The same locality as Vaal 337. Stones in Current.
19,1.60

The same locality as Vasl 337, Marginal vegetation.
19,1.60.

The Kaffirspruit stream where itis crossed by the
Morgenzon - Ermelo road. Station No. 19 of Chutter.
15.9.58.

The same locality as Vaal 342, Stones in current.
R22.7.59.

The same locality as Vaal 342, 20.1.60.

From a seepage on a bank of a headwaters tributary of
the Kleinvsaal River, 10.12,58.

A headwaters tributary of the Kleinvaal River. Stones
in current. Station No, 20 of Chutter. 23.9.59.

The same locality as Vaal 347. 20.1.60.

The Kleinvarl River near Stetion No. 20. Station No,
21A of Chutter. 23.9.59.

The Kleinvaal River near its confluence with the Vaal
River., Station No. 21 of Chutter. Muddy margin,
23.9.59.

The same locality as Vaal 353, Stones in current,
20,1.60,

The Klip River on the road up Millers Pass between Memel
and Newcastle, Station No. 24 of Chutter. Stones in

current. 13.1.59.
5/ 8000000000



Table 8 (cont,).

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

Vasl

359

360

361

362

363

364

365

370

374

375

377

378

Vaal 401

Vaal 402

-5 -

The Klip River at Memgl. Station No. 25 of Chutter,
Stones in current. 14.1.59.

The Kommandospruit stream where it is crossed by the
Vrede - Volksrust road. Station No., 31 of Chutter.
14.1.59,

The Klip River where it is crossed by the Vrede - Volks-
rust road. Station No, 26 of Chutter. 14.1.59.

The Klerkspruit Stream where it is crossed by the
Harrismith - Kestell road. Station No. 40 of Chutter,
14.10,58,

The Russespruit Stream where it is crossed by the Warden =
Reitz road, Station No. 41 of Chutter. 9.2.59

Headwaters of the As River, south of Bethlehem, Station
No. 43 of Chutter. 18,11.58,

The Liebenbergsvlei River where it is crossed by the
Reitz - Petrus Steyn rosad. Station No. 44 of Chutter.
17.11.58,

The headwaters of the Vaal River, betweecn Breyten and
Lake Chrissie., Station No. 1 of Chutter. 21,3.60.
The Veal River where it is crossed by the Standerton -
Villiers road., Station No. 5A of Chutter. 3,6.60.

The same locality as Vaal 374, Algae trailing in the
water. 3.6.60,

The Woterval River where it is crossed by the Leslie -
Standerton road. Station No, 17 of Chutter. 6,5,60.

The same locality as Vaal 377. 3.6.60.

Grootvlei, the Springfield Colliery dam on the Kalk
River, Station No, 16 of Chutter., pH 8.5 8.8.60.

The Kalk River below Grootvlei, where it is crossed by
the Heidelberg - Villiers roed, Station No. 15 of
Chutter, pH 8.7. 8.8.60,
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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 2 dry river bed, pH 8.7. 8.8.60.

Vasl 406 - The Vanl River where it is crossed by the Standerton -
Villiers road, Station No, 5A of Chutter, Stones in
current, pH 8.,7. 8.8.60.

Vaal 407 - The same locality as Vaal 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 was 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 Waterval 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-Standerton
road, just before its confluence with the Waterval
River. pH 8.7. 8.8,60.

Vaal 412 - The Watervel River where it is crossed by the Balfour -
Standerton road. Station No. 7 of Chutter. pH 8.7.
8.8.60.

Vaal 413 - A small stream between Vaal 412 and Standerton, The

water was flowing very slowly. pH &.8. 8.8.60.

7/ s es es 00008000



Table 8 (cont.).

Vaal 414

Vaal 415

Vaal 416

Vasl 417

Vaal 418

Vaal 419

Vanl 420

Vaal 421

Vaal 422

Vaal 427

Vaal 429

Vaal 431

Vaal 432

Vaal 433

-7 -

Another small stream nearer Standerton, Lerge masses

of Oedogonium were present. pH 9.6. 8.8.60,
A small stream 5 miles west of Standerton on the Balfour -

Standerton road., pH 8.5. 8.8.60.

The Vaal River at Standerton, below the old railway

bridge and below the milk processing factory. Station

No, 4 of Chutter, pH 8.,2. 8.8.60,

L small stream near Vaszl 416; probably dreins the

area around the milk processing factory. pH 8.2.
8.8.60,

The Vaal River below the Standerton Sewage Works,

Station No. 5 of Chutter. The river bed is granite

rock, pH 8.5. 8.8.60,
The first small stream outside Standerton on the road
to Vrede,

pH 8.7, 9.8.60.

The seccnd sm-1l stream on the ssme rosd., 9.8.60,
The Klip River at de Lange's Drift npear ‘the bridge on

the Standerton - Vrede road., pH 8.3.

9.8.60,
A small stream between de Lange's Drift and Vrede.
pH 8.5. 9.8.60.
A small stream on the northern boundary of Vrede. pH 9,0.
9.8.60.
The Klipspruit Stream between Vrede =nd Memel, pH 8,7.
9.8.60,
The Maddenspruit Stream between Vrede and Memel. pH 8.5.
9.8.60.
The Kommandospruit Stream between Vrede and Memel.
pH 8.6, 9.8.60.
A small spring at the side of the road between the
Kommandospruit stream and Memel.

pH 7.0. 9.8.60,
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Vaal 434
Vaal 436

Vaal 437 .

Vaal 438

Vaal 441

Vaal 445

Vaal 447

Vaal 449

Vaal 451

Vaal 453

Vaal 454

Vaal 455

Vaal 456

Vaal 463

Vaal 464

1

[

-8 -

»

The Klip River just above Memel. pH 8.4. 9.8.60.
The Dwarsspruit betwesn Memel and Miller's Pass,
pH 7.4. 9.8.60.

The Klip River between Memel and Miiller's Pass.
pH 8.1, 9.8.60.

A marsh alongside the road about 2 miles from Muller's
9.8.60.

Pass. pH 7.4.

The River flowing from Vrede Dam. pH 8.5. 10.8.60.

The Kommandosprult Stream where it is crossed by the
Vrede - Volksrust road, pH 8.4. 10.8.60.
A very small stream between Vaal 445 and Va=l 449,
pH 8.6, 10.8.60.
The Klip River where it is crossed by the Vrede -
Volksrust road., Station No. 26 of Chutter.
pH 8.3. 10.8.60.
A small stream between Vaal 449 and Volksrust. pH 8.2.
10.8.60,

A very small stream near Volksrust. The stream was in

the process of drying up. pH 8.5. 10.8.60,

An unnamed river where it is crossed by the Vrede -
10.8.60.

Volksrust road. pH 8.5.

4 small stream west of Volksrust on the road to Vrede,
pH 8.2, 10.8.60.

The Sandspruit River where it is crossed by the Volksrust
- Amersfoort road.  Station No, 8 of Chutter. pH 8.3,
10.8.60.

A small headwaters tributary of the Kleinvaal River,
Station No., 20 of Chutter. pH 8.5. 10.8.60.

The Kleinvaal River between Amersfoort and Wakkerstroom.
Station No. 214 of Chutter.

pH 8.3. 10.8.60.
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Vaal 465

Vaal 468

Vaal 477

Vaal 478

Vazl 479

Vaal 480

Vanl 486

Vaal 489

Vaal 491

Vaal 492

Vaal 493

Vaal 495

Vaal 496

-9 -

The Skulpspruit Stream,near fmersfoort, pH 8.2.
11.8,60.

The Rietspruit Stream between /mersfoort and Sheepmoore.
pH 8.5. 11.8.60.

The Vaal River just above the confluence of the Vasal and
the Kleinvaal Rivers. pH 7.9. 11.8.60.

A marsh between Vaal 477 and Ermelo, on the Farm Welge-
legen. pH 8.3. 11.8.60.

The headwaters of the Va=1 River between Breyten and
Lake Chrissie.

Station No., 1 of Chutter, pH 6.8;

6.0; 6.3. 11.8,60,

Lake Chrissie.

The Vaal River between Lake Chrissie and Ermelo, Water
flowing slowly over a rocky river bed, pH 8.0, 11.8.60.
The Kleinkaffirspruit Stream near Ermelo. pH 9.2,
12.8.60.

The Kaffirspruit between Ermelo and Bethal, Shallow

water on a rocky bed. pH 8.6, 12,8,60,

A small tributary of the Kaffirspruit stream between
Ermelo and Standerton, on the property Nelspan 4,
pH 8.4, 12.8,60.

The Kaffirspruit Stream between Ermelo ~nd Stenderton.

Station No. 19 of Chutter. Sandstone rocks. pH &.1.

12.8.60.

The Vaal River where it is crossed by the Morgenzon -
Amersfoort road., Station No. 3 of Chutter. pH 8.5.
12.8.60,

The Blesbok River between Morgenzon and Standerton,
Station No. 18 of Chutter. Sandstone bed., pH 8.5.

12.8,60,
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Vaal 497

Vaal 498 .

Vaal

Vaal

Vaal

Vaal

Vaal

Vaal

511

512

513

552

553

554

- 10 -

The Waterval River where it is crossed by the Standerton
- Leslie road at Roodebank., Station No, 17 of Chutter.
A waterfall on a sandstone base. pH 9.4. 12.8.60,

The same locality es Vazl 497, but the sample was
collected from above the waterfall, where the water was
flowing very swiftly.

The Waterval River, 7 miles from Leslie on the Leslie -
Standerton road, Cattle drink here, pH 8.0. 15.3.65.

The Kaffirspruit stresm where it is crossed by the Leslie -
Standerton road. About 17 miles from Leslie. 15.3.65.

The Waterval River where it is crossed by the Leslie -
Standerton road a2t Roodebank,  Station No., 17 of
Chutter. pH 8.4. 15.3.60.

The Waterval River where it 1s crossed by the Villiers -
Standerton road a2t Gladdedrift. pH 8,2, 19.3.65.
Station No. 54,

The Waterval River where it is crossed by the Villiers -
Greylingstad road., 19,3.65.

The Waterval River where i1t is crossed by the Villiers -
Greylingstad road., A seepage from the river bank,

19.3.65.



Table 9, , *

A Summary of Malan's (1960) analyscs of water from some streams and rivers 1in the Vaal Dam Catchment Area. Sampling points are numbered according to
the station nurbers on the Map. (¥ap ).  All results sre in ppm. and are based on daily water samples. (From Chutter 1967).

Total Tots 1 Total

. . . L N . Chlorides Sulphates Sodium
e st o gl genee W W B

maximum 99 52 . 48 16 13 1

Vaal . 2 _mean 67 . 27 1l Dok 9
. minimum 53 19 15 6 : 2+2

maximum 185 152 140 18 10 19

6 mean 133. 3 g 2 6 15

minimum 78 40 44 4 3 8

: p———

maximum 292 255 ; 228 20 jVA 28

Kaffirspruit .« 19 __mean 230 185" 167 15 9.2 22
. minimum 175 124 h 112 8 6.2 1.5

maximum 431 238 “ 1eg 102 25 9%,

Waterval ‘ 17 .mean 106 o 23 . 25 10.1 29
. . minimum 60 24 29 8 4e5 6.0

maximum 285 ' - 220, : 170 24 24 48

Klip River D 27 ‘mean 135 92 80 10 6.5 ' 16

: minimum 65 25 30 5 2.5 4
. maximum 81 4R 36 12 7 11.5
Wilge River K 1la mean 57. 27 ' 23 7 3.6 7.0
. . minimum 27 A 13 3 1.3 345
. maximum 212 170 150 15 20 13.5
13 . mean 124 8 . 73 2 % Seb
. minimum 65 33 35 4 8 2.3

maximum 219 C182 157 23 12 27

Cornelis . 35 ~mean 128 88 - . 76 9 5.4 15

minimum 65 \ 25 30 3 2.8 6

. N L \J X

maximum 289 250 212 20 13 ' 34

Lisebenbergsvlel .. 42 mean 167 . l%é‘v!' - . 103 10 7.7 20

. minimum 75 % | 29 6 4e5 9

The mean values are underlined,



Table 10,

’

A Summary of Chutter's Chemical analyses of regularly sampled stetipns, in the Vazl, Kleinvaal and the Weterval and the Kaffirspruit. (Chutter 1967: Table 15).

17

Station number 1 23 4 5 54 19 20 21 214
max 6.8 . 8.1 . 8.4 3}4 ?*05 80’7 : 9.4 v 8.4 805 900 803
pH (field measure- mean  6.3(9) V7207, 7.9(8) 7.8(7) 7 E(9) 7.8(9) . 8.2(5) ¢ 7.9(8) 7.8(9) 7.7(7) 7.7(5)
ments) min 5.8 6.4 7.2 7,1 T2 72 L 7.6 7.1 6.7 7.2 7.3
. max . 7.6 . 8.1 o 8.3 8'4 8‘.5 . 801.’— - 905 . 804 7.9 8.1 708
Piegzgg;jxgg. mean 6.6(9) 7.8(2) 7.8(7) 7.9(7) % 9(6) 8.07)  .8.2(8)  .2.1(9) 7.8(7)  7.7(8)  7.5(4)
. min . 5.8 . 6.6 702 7'5 7'-4 700 v ’706 N 7.3 ’704 700 702
. , max , 0,67 . 0.50 . 0.80. 0,40 - 2a0 0.42 - 0484 + 0,60 042 0.42 0,84
i;;znizd(;;iégi. mean . 0,40(8) 0.15(8) 0.39(5) 0.21(9) 0.34(12) 0.27(6) -0.24(10)  .0,15(10) 0,17(5) 0.19(6)  0.57(2)
min , 0.01 LD, N.D. N.D. «N.D. 0.20 N.D. «¥W.D. N.D. N.D, 0.30
A ) max 0,03 0,015 0.01 trace 0.3 trace : 0,164 - 0,050 0.1 N,D. N.D,
Nitrites (ppm N) mean _ 0.004(10) . trace (11) trace (7) trace(13 0,01(12) trace(8) 0.068(13) :0,010(12) trace(8) N,D.(8) N.D.(2)
. * min . N.D. . N.D. NuD. N;.D. "N%Do hd NoDo - Ooolo A N.DQ N.D. N-Do NQD.
. . max , 0.18 , 0.60 o 047 Q.50 1.87 0.70 40 0,82 0.40 0418 0420
Nitrates (ppm N) mean , 0,11(9) , 0.14(11) , 0.19(7) Q.11(13) 0.42(12) 0.14(8)  *1,2(13) 1 0.33(12) 0.21(8)  0.07(8) 0.18(2)
| min 0,03 ,N.D. 0,04 N.D. s .0, + N,D. 0425 0,05 0.01 N.D, 0.16
. ) max 2140 , 1.1 . Ll Re5 - 13,3 » 0,88 '1.3 *4.420 2.10 2.30
Kjeldahl Nitrogen mean _ 4.7(7) L0.4(7) , 0.9(4) Q.11(13) . 2451(8) > 0.70(5)  +0.7(8) *1.24(7) 1.12(4)  0.98(3) 0.07(1)
. (ppm N) 3 min . . 0.8 U N.D. . 0.5 N.D. - 0420 » 0.5 © *N,D, *N.D. 0.30 0425
. v max 3170,7 . 8‘6 . 303 i&é 630 ° 440 1608 ..800 4».0 3.6 4.6
?‘Kiﬁ?sa?iﬁib&é“ mean  7.9(10) . 3.3(11) 2.4(7) 2.9(13) 381 (11) « 2,1(8)  +5,1(23) *3.1 1.8(8) 2.3(8)  2.3(8)
. (pom 0,) . min 1.3 1.2 . 1.3 1.0 lel - 1.2 ‘1.6 *1,3 0.50 1.2 1.2
e — 2




Table 11,

Water analyses for sampling points in the southern part of the Catphment of %he Vadl Dam.

August, 1961, (Chutter 1967 : Table 16),

Station number 9
pH (Field measurements),. 8.3
pH (Lab, measurements) . 7.7
Total dissolved solids at

105°¢G Ppm. 83
Tot#l Nitrogen in ppm N (A) 3.4
Kjeldahl nitrogen ppm ¥ (B) 2,4
Nitrates + Nitrites

(& ~ B) pom N, . 3.0
Total Alkalinity ppm

CaCO3 26
Total Hardness ppm

CaCO3 28
Calciun Hardness ppm

CaCO3 13
Magnesium Hardness ppm

CaCO3 15
Chldrides ppt C1. g 2.8
Sulphates ppm SO4 . 12,5
Sodilum ppm Na . 10.0
Turbidity ppm Si0, 12

Oxygen absorbed in
/. hours from KMNO4
P.Pm 02. ) * R.8

26
30
12
18
R5.8
1345+

10.C
33

6.0

1,2 .
2.0
2.6
36

11

15
36,1 -
1305 -

11.6 -
64

94 ¢

9.0

4,0 -
304 v

0.6 -

31

37

17

41.5 -

8.0 «

12.8 .
62 -

8¢ -

107

8eb -

6.9

1.7

38

40

15
62,0

1005 .
19,0 .

58

9l .

113
3.5
1.7 |

1.8

116
90
67
23
467
5.0,

. R1.8,

2.C

3.9,

e

.

results are derived from single snap samples collected in

24 25 25 30 41 42 44,
8.3 g.3 8.2, 8u4 8.5 7.8 8.4
746 747 7, g.0 8.6 8.3 8.6

83 53 104 112 190 179 132
2.6 3.1 2.7, 2. 3.8 3.1 2.2
1.6 .2 1.5, 1. 2,8 2.7 1.6
1.0 1.9 1.2, 0.8 1.0 0.4 0.6

36 28 51 89 164 9N 161

46 39 62 % 13 104 150

16 15 32 54, 10 62 104

30 24 30 40 3 42 46

28.4— . 25.9 . 36.1‘ . %5-8 7204 108.9 6405
745 . 2.0, 4.0 2.0 11.5 26,0 15.0
9.4, 10.0 12,2 15.4 484 30.0 32,0
2.8 16 28 9 30 50 43
6o6 . 206 ¢ 4017‘ O¢8 '708 120’7 8.4



Table 12,

THE VAAL RIVER, STATION 1, '
301 370 479

16.9.58 21.3.60 11.8.60
Achnanthes microcephala Klitzing 4.9
Achnanthes minutissima Kiitzing 14.3 11.8
Caloneis Chasei Cholnoky 5.1 2.4 1.5
Cymbella gracilis (Rabenhorst) Cleve 8.6 + 1.3
Cymbella naviculiformis Auerswald 3.0 0.5 2.1
Cymbella ventricosa Kitzing FAN S YA YAVA
Funotia diodon Ehrenberg 2.8
Funotia pectinalis (Kiitzing) Rabenhorst + 2.1
Eunotia rhomboidea Hustedt 1.0

Frustulia rhomboides (Ehrenberg)

De Toni var. saxonica (Rabenhorst)

De Toni 1.9 25.3 7.7
Gomphonema gracile Ehrenberg 0.3 2.9 0.3
Gomphonema parvulum (Kiitzing) Grunow 11.0 7.0 11.3
Navicula cryptocephala Kitzing 5.7 11.6 3.6
Navicula diuturnoides Archibald 4.6 0.5 4.6
Navicula esamangensis Foged 0.3 1.1 0.5
Navicula molesta Krasske 0.5 1.3
Navicula muralis Grunow 1.0 0.5
Navicula promota n.sp. 1.3 + 1.3
Navicula submolesta Hustedt R 3.4 4.1
Navicula subtilissima Cleve 3.6
Navicula tenella Brebisson 2.2 1.8 0.5
Navicula tenuissima n.sp. 1.3 0,3
Navicula Twymanisna Archibald 1.0
Neidium affine (Fhrenberg) Cleve var,

amphirhynchus (Fhrenberg) Cleve 0.3 0.5 1.8
Nitzschia gracilis Hantzsch 1.3 0.8
Nitzschia Kiitzingiana Hilse 1.0 1.8 3.1
Nitzschia palea (Kiitzing) W. Smith 6.5 6.2 9.2
Nitzschia perminuta Grunow 13.3 9.7
Nitzschia stricta Hustedt 1.0

2/ eiiiiesenaens



Table 12 (cont.).

-2 -

The Vaal River Station 1.

Pinnularia acoricola Hustedt

Pinnularia mesolepta (Ehrenberg)
W. Smith

Stauroneis anceps Ehrenberg f.
gracilis (Ehrenberg) Cleve

Surirella delicatissima Lewis var.
africana Cholnoky

Surirella linearis W. Smith

Surirella tenera Gregory

Other species

Nitrogen heterotrophic Nitzschiae
combined

Eunotia species combined

301 370 479
16.9.58 21.3.60 11.8.60
24 0.8 1.5

+ 0.3 1.0
+ 1.1 +
l.o 13.4 2'3
1.3
0.5 1.6
406 5.3 409
22.4 8.3 24,2
1.6 3.2 3.5



Table 13,

THE VAAL RIVER. STATION 2.

Achnanthes minutissima Kitzing.
Cocconeis microscopica Cholnoky.
Cymbella ventricosa Kitzing.,

Fragileria familieris (Grunow) Hustedt.
Fragilaria pinnata Ehrenberg.
Fragilaria Vaucheriae (Kiitzing) Petersen
Gomphonema parvulum (Kitzing) Grunow.
Navicula Zanonii Hustedt

Nitzschia obsoleta Hustedt

Nitzschia palea (Kitzing) W. Smith
Nitzschia perminuta Grunow

Synedra ulna (Nitzsch) Ehrenberg

Other species

Nitrogen heterotrophic Nitzschiae combined

486

11.8.60

45.9
1.6
2.7
4.2

28.9
3.5
1.8
1.0
1.5
1.0
1.8
4o
1.5

4’.5



Table 14.

L4

THE VAAL RIVER. STATION 2A.
306 307
23.9.59 19.1.60
Achnanthes minutissima Kiitzing 90.5 37.9
Cymbella Kappii Cholnoky 1.4 +

Fragilaria construens (Ehrenberg)

Grunow + 1.1
Fragilaria familiaris (Kiitzing)

Hustedt 4.3 5.8
Fragilaria Vaucheriae (Kiitzing)

Petersen + 2,2

Gomphonema parvulum (Kiitzing)

Grunow 0.5 2,0
Navicula cryptocephala Kiitzing + 6.5
Navicula diuturnoides Archibald 1.8
Navicula pascuorum Cholnoky 1.8
Navicula rostellata Kiitzing + 3.1
Nitzschia acicularis W. Smith 1.5
Nitzschia Kiftzingiana Hilse 0.5 5.6
Nitzschia obligata Archibald 8.3
Nitzschia palea (Kiitzing) W. Smith 0.5 5.6
Nitzschia perminuta Grunow. + 2.7
Nitzschia spiculum Hustedt + 262
Synedra ulna (Nitzsch) Ehrenberg 0.9 1.3

ther species 1.4 10.6

Nitrogen heterotrophic Nitzschiae
combined 1.0 23.1



Table 15.

THE VAAL RIVER SAMPLE 477,

Achnanthes minutissima Kiitzing

Cymbellza Kappii Cholnoky

Cymbella ventricosa Kiitzing

Fragilaria Vaucheriae (Kiitzing) Petersen

Other species

Nitrogen heterotrophic Nitzschiae combined

477

11.8.60

85.9
1.4
2.7
447
5.3

1.3

\



Table 16,

THE VAAL RIVER. STATION 3,

309 312 495

15.9.58 23.9.59 10.8,60

Achnanthes minutissima Kiitzing 13.6 5.9 12.5
Amphora coffaeaformis Agerdh + + 2,6
Cymbella amphicsphals Naegeli 22.5 6.3 35.7
Cymbella microcephala Grunow 43.0 56.5 274
Navicula cryptocephala Kiitzing 0.5 2.2 1.7
Navicula rhynchocephala Kiitzing 1.4 0.9
Navicula rostellata KUtzing + 1.2 1.2
Nevicula tenella Brebisson 0.5 1.9 0.9
Navicula Zanonii Hustedt 1.4 0.5 +
Nitzschia adapta Hustedt 3. 1.2 0.5
Nitzschia fonticola Grunow + 1.4 0.9

Nitzschia interruptes (Reichelt)

Hustedt 5.1 12.9 6.9
Nitzschia Kitzingians Hilse 1.4 0.7 0.5
Nitzschia linearis W, Smith + + 3.1
Nitzschia palea (Kiitzing) W. Smith 1.4 0.2 0.2
Nitzschia permirusa Grunow. + 2.4 +
Nitzschia spiculum Hustedt 1.4 1.4
Other species 4.7 5.3 5.0

Nitrogen heterotrophic Nitzschize
combined 7.8 8.6 2.1



Table 17.

THE VAAL RIVER, STATION 4.

313 315 316 416 417

15.9.58 22.,9.59 19.1.60 8.8.60 8.8,60

Achnanthes adamantiformis

Archibald 2.7
Achnanthes minutissima

Kitzing - 19.7 2.0 2.1 27.5
Caloneils fasciate

(Lagerstedt) Cleve + 24 + +
Cyclotella 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
Cymbella ventricosa

Kiitzing 0.5 2.8 2.7 1.2
Fragilaria familiaris

(Kitzing) Hustedt 0.2 0.3 1.9
Fragilaria Vaucherize

(Kiitzing) Petersen 0.5 + 13.2 1.7 +

Frustulia vulgaris

(Thwaites) De Toni var.

angusta Cholmoky 1.3 + +
Gomphonema parvulum

(Kiitzing) Grunow 0.3 1.2 8.0 + 1.1
Melosira granulata

(Ehrenberg) Ralfs var,

angustissima O, Miller. + 0.8 1.0 +
Navicula atomus (Kiitzing)

Grunow 1.5 0.5 0.3
Navicula cinctaeformis

Hustedt. 0.5 + 1.3 +



Table 17 (cont.).

-2 -
The Vaal River Station 4.

313 315 316 416 417

15.9.58 22.9.59 19.1.60 8.8.60 8.8,60

Navicula cryptocephala

Kiitzing 5.6 2.0 0.3
Navicula minima Grunow 1.3
Navicula muralis Grunow 2.4 0.3

Navicula rhynchocephala

Kitzing 12.8 0.8 0.5 + +
Navicula Schroeteri Meister + 0.2 1.6 0.5
Navicula tenella Brebisson 3.3 0.2 0.5 0.7 +
Navicula Twymaniana

Archibald 0.3 1.3
Navicula Zenonii Hustedt 0.5 0.8 1.0
Nitzschia aciculeris

W. Smith 1.8
Nitzschia adapta Hustedt 1.3 4.0 0.7
Nitzschia capitellata
Hustedt 3.8 1.6
Nitzschia confinis Hustedt 3.3
Nitzschia diserta + 1.1
Nitzschia exilis Archibald 1.0
Nitzschia fonticola Grunow 6.0 10.8 1.1
Nitzschia hungarica Grunow + 1.3 + 1.1

Nitzschia interrupta

(Reichelt) Hustedt 1.0 0.5 0.5 +
Nitzschia Kitzingiana Hilse + 9.5 7.6 3.2
Nitzschia linearis W, Smith 1.8 1.5 14 +
Nitzschia palea (Kiitzing)

W. Smith~ 54 13.3 10.8 2.7 82.2
Nitzschia perminuts Grunow 1.5 13.0 1.0
Nitzschia romana Grunow + 3.3 0.8 + 5.0
Nitzschia spiculum Hustedt 1.2
Nitzschia tarda Hustedt 0.5 1.3
Surirella angusta Kitzing 0.8 0.8 + 1.1
Surirella ovata Kiitzing Rl

3/ eeeiiiiiinnn.



Table 17 (cont,).

-3 -
The Vaal River. Station 4.

313 315 316 416 417

15.9.58 22.9.59 19.1.60 8.8.,60 8.8,60

Synedra nsna Meister 41 +
Synedra ulna (Nitzsch)

Ehrenberg. 0.8 30.8 244 0.5
Other species 4 o2 3eb 2.2 0.9 1.2

Nitrogen heterotrophic
Nitzschiae combined 15.8 66,8 22.4 Loy 91.8



e
Tablc 1B,

THE VAAL RIVER. STATION 5. '

317 319 418

15.9.58 22.9.59 8.8.60

Achnanthes minutissima Kiitzing 27.9 23,2 34.8
Cymbella emphicephale Naegeli 10.7 0.5 +
Cyrmbella Kappii Cholnoky 0.5 23.0 19.8
Cymbella microcephala Grunow 32.0 34,8 30.6
Cymbella ventricosa Kiutzing 1.4 0.5 2.3
Gomphonema Clevel Fricke + 0.3 1.3

Gomphonema longiceps Ehrenberg
var, subclavatum Grunow + 1.0 0.3

Gomphonema parvulum (Kitzing)

Grunow 0.5 12.7 0.5
Navicula cryptocephala Kitzing 6.1 0.3 0.5
Navicula rhynchocephala Kiitzing 3.0 + 0.3
Navicula tenella Brebisson 1.4 0.8 2.9
Nitzschia hungarica Grunow 1.3 +
Nitzschia linearis W. Smith 1.7 + 0.5
Nitzschia palea (Kiftzing) W. Smith 5.6 0.3 2.6
Nitzschia perminuta Grunow 1.7 1.0 +
Synedra nans Meister 1.4
Other species 4,8 1.6 3.6

Nitrogen heterotrophic

Nitzschiae combined 8,7 1.3 3.1



Table 19.
THE VAAL RIVER ~ STLTION 54,

321 322 323 324 375 406 552
.. : - . . . 20,7.59  18.8.59  22.9.59  19.1.60  3.6,60  8.5.60  19.3.65

Achnanthes adamantiformis firchibald ' 1.5
Achnanthes lanceolata (Brebisscn) Grumow var, rostrat- Ostrup - Col 0.5 1.0 1.5 0.5
Achnantnes minutissima Kitaing . , . l.c %6 20.2 0.5 . 38,1
Imphipleura pellucida Kitzing ‘ 0.3 1.2
Amphera veneta XUtzing . . + 2.9 345 0.5 0.3 1.6
Caloneis fasciata (Lagerstedt) Cleve -« . . 2.3 0.3 0.3 + 1.0
Cocceneis nlacentula Ehrenberg + 1.0
Cocceneis placentula var. euglypte (Elrenberg) Cleve ; 0.5 569 1.8 1.5 0.8 10.5
Cycletella comewsis Grunow: . . . 10.6 18,0 17.7 20.3 1.6 2.3 6.7
Cyclotella Meneghiniana [MUdzing 3.0 0.5
Cymbella microcephala Gruncw . s : 0.9 0.5 1.0 + + +
Cymbella perpusilla Cleve 245 +
Fragilaria familiaris (Kutzing) Hustedt 41.6
Fragilaria Vaucheriae (Kitsing) Boye Petersen . 045 31i.1 4.0 0.3 2.7 35¢3
Gompmkonema parvulum (KUtzimg) Grunow - . v ) 1.4 1.3 1.0 1.3 37.6 1.0 3.1
Gyrosigma scalproides (Rebenhorst) Cleve . . 1.4 0.3 0.3 0.2 + 0.5 1048
Navicula agrestis Hustedt 1.6
Navicula atomus (Xiitzing) @runow . 1.6 0.3
Navicula bryophila Boye Petersen + + 13.5 + +
Navicula cintaeformis Hustedt . s . 0.7 045 1.0 0.2 + 642
Navieula cryptocephala Kiteing . . . 25.2 o0 3.5 1.0 0.8 9.3
Nevicula diuturna Cholnoky . » 0.4 2,6
Navieula diuturnoides Archibald _ + 1.3 0.3 1.6
Navicula Fritschii Lund 1.0
Navicula minime Grunow  * . 0.2 0.8 2.0 +
Navieula mutalis Grunow . * T 049 0.3 2.8 + 0.3 0.3 3.6
Navicula permitis Hustedt ¢ . . \ 045 0.8 2.3 +
Navicula perparva Hustedt * 1.0 1.0
Navicula rostel9ata Kitzing , . ‘ ‘ 5.5 043 + 0.8 + 2.6
Navicula Schroeteri Meister . . - ,; Lol 0.3 0.5 1.5 1.8 + Lol
Navicula tenell® Brebissorr . . 12.8 4.0 6.0 12.4 10.9 1.0 2.1
Nevicula tenelloides Hustedt . . v ' 2.3 0.5 0,8 + + + 1.6
Navicula Twymartiana ‘rchibmld : ) 0.9 1.0 0.3 6.7
Nitzschia acicularis W, Smith . 1.5 1.3 +
Nitzschia Agnewii Cholnoky + 2.0 1.0
Nitz'schia bacata Hustedt 5.0 2.0
Nitzschia Clausii Hantzsch . . 1.5

2/ @8 so0oevedsrsaerea



Table 19 (cont.).

Nitzschia dissipata (KUtzing) Grunow
Nitzschia fonticola Grunow

Nitz§chia intermissa Hustedt
Nitzschia KUtzingiana Hilse

Nitzschia levidensis W. Smith. var. victoriae Grunow
Nitzschia linearis ¥W. Smith |
Nitzschia palea (Kltzing) W} Smith
Nitzschia perminute Grunow ‘
Nitzschia perpusilla (Rabéﬁhorst) Grunow
Nitzschia romana Grunow )

Rhopelodia gibba (Ehrerberg) O. Miller
Synedra ulna (Nitzsch) Ehrenberg )

Dther species

Nitrogen heterotrophic Nitzschiae combined

-2 -

The Vaal River -Station 5.

321 322 323 324, 375 406 552
‘ 20.7.50  16.5.59°  22.9.590  19.1.60  3.3.60  8.8.60  19,3.65
0.8 1.0
4ol 0.5 1.3 + 0.5
0.9 1.3 3.5 0.3
. 9.6 5.3 7.3 14.0 0.8 19.1
2.1
4.6 + 1.5 0.3 0.3
+ + 348 + 4eb
+ + 2.8 4.8 + 1.0
+ 1.1 0.3 0.3
+ 1.0 + 0.5
. 0.5 1.3 1.8 + +
+ 1.0 0.3 1,0
5.5 lab 4ab b 0.5 3.7 3.5
15.1 2.0 21.7 29.0 0.0 3,1 27.2



Table 20,

THE VAAL RIVER, STATION 6.

Achnanthes lanceolata (Brebisson)
Grunow var. rostrata 6strup.

Achnanthes minutissima Kiltzing

Cyclotella comensis Grunow

Cyclotella Kiitzingiana Thwaites

Cymbella amphicephala Naegeli

Cymbella microcephala Grunow

Cymbella perpusilla Cleve

Cymbella ventricosa Kitzing

Gyrosigma scalproides (Rabenhorst) Cleve

Hantzschia amphioxys (Ehrenberg) Grunow

Navicula cinctaeformis Hustedt

Navicula cryptocephala Kitzing

Navicula microcephala Grunow

Navicula rostellata Kitzing

Navicula Schroeteri Meister

Navicula tenella Brebisson

Nevicula Zanonii Hustedt

Nitzschia intermissa Hustedt

Nitzschia palea (Kiitzing) W, Smith

Other species

Nitrogen heterotrophic Nitzschiae combined

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,

TRIBUTARIES OF THE UPPER VAAL RIVER -

AcBnanthes minutissima Kutzing .
Caloneis Cleveil (Lagerstedt) Cleve -
Caloneis Schuhanniana (Grunow) Cleve .
Cymatopleurs solea Brebisson .

Cymbella aequalis W. Smith

Cymbella amchicephala Naegéli :
Cymbella Kappii Cholnoky .

Cyﬁbella microcephala Grundw

Diploneis subovalis Cleve

Gyrosigme XH@tzingii (Grunow) Cleve .

Navicula cinctaeformis Hustedt

Nevicula cryptocephala Kitking

Navicula esamangensis Foged

Navicula pygﬁéea KUtzing

Navicula rhyrichocephala XUtzing

Navicula rostellata Kitzing .

Navicule Schroeteri Meister .

Navicula tenélla Brebissonl . .

*
Navicula Zanonii Hustedt * .

Nitzschia
Nitzschia
Nitzschia
Nitzschie
Nitzschia
Nitzschia
Nitzschia
ﬁitzschia
Nitzschia
ﬁitzschia
ﬁitzschia

Nitzschia

.

acicularis W, Smith °

adapta Hustedt °

dissipeta (Kltzing) Grunow® .
eliiptica Hustedt var. =2lexandrina Cholnoky
fonticola Crunow .
gracilis Hantzsch

huhgarica Grunow

interrupta (Reichelt) Hustedt
Kitzingiana Hilse v
l{nearis W. Smith

palea (Kitzing) W. Smith

-
perminmuta Grunow

-

v

THE KAFFIRSPR UIT STRE/M,

Stgtion 19,

342 343 344, 493 489 491 492
15.9.5¢ 22.7.59 20,1.60 12,8.60 12.8,60 12,8,60 12.8.60
o7 3.1 14.8 0.5 13.9 0¢5 20.7
5¢5 2.1 2,8 + 0.7 +

1.0 + + 2.8
1.1 + 0.5 + + +
+ + + 18.3
2342 34.9 3.1 62.8 + 847 23.8
0.8 0.3 + 5.6 3.3
4ady 28,1 1.0 5¢4 6446 0.5
+ + 1.0 + 0.3 +
4e9 1.3 + 0.8
14 + 243 0.3 + +
5.7 1.8 85 Ted 13.7 1.8
1.1 +
0.5 + 1.2 0.3
9.3 + 0.3 563
1.1 2.9 + +
045 + 1.0
9.0 0.8 0.8 242 045 2.9 +
245 o8& + 2.0 8¢5
2.1 +
0.5 0.5 3.6 1.2 + 0.2
1.8 05 0.3 +
1.6
1.0 + 1.6
2.1 +
+ 0.8 + 6.6
5.2 + 3.9 045 449 29,0
+ + 1€44 0.5 5.0 + +
5¢5 14.0 + 8u4 043 0.2 pRYA
0.3 + 17.1 0.5 13.4 0.5 042
+ 3.9 + 1.6 + 0.5
2/ eieiicneeinene



Table 21 (cont.).

Tributariesz of the Upper Vasl River -

NitZschia romarfa Grunow

 Pinnularia microstauron (Ehrenberg) Cleve var,
Brebissonii (KUtzing) Hugtedt

Surirella angudta KUtzing

Surirelle ovelis Brebisson

Othér species

Nitfogen heterdtrophic Nitzdchiae combined

—2—'& L d

The Keffipep yuit Stre-r.

Station 19.

342 343 344 493 489 491 492
15,9.5% 22,759 20.1.60 12.8,60 12,8,60 12.8.60 12,.8.60

+ 1.0 + 25,0 0,2

3.5 243 0.5 3.8 + +
0.5 + 0.3 0.3 2.3 + +
1.4 0.5 + + + +

6ol 245 9.0 1.6 5.8 0.7 2.1
1.3 23 50.6 2.5 4844 0.7 0.9




Table 22,

TRIBUTARIES OF THE UPPER VAAL RIVER,

THE BLESBOK RIVER - STATION 18,

496
12.8,60
Achnanthes minutissima Kitzing. 59.3
Cymbella Kappii Cholnoky 1.6
Cymbellz microcephala Grunow 16.6
Cymbella ventricosa Kiitzing 1.6
Fragilaria Vaucheriae (Kiitzing)

Boye Petersen. 1.6
Gomphonema parvulum (Kitzing) Grunow 1.3
Navicula tenella Brebisson 1.3
Nitzschia interrupta (Reichelt) Hustedt 12.6
Synedra nana Meister 2.2
Other species 1.9

Nitrogen heterotrophic Nitzschiae combined 0.0



Table 23,

TRIBUTARIES OF THE UPPER VAfL RIVER,

THE KLEINVAAL RIVER - STATION 20,

345 347 348 463

10.12.58 23.9.59 20.1.60 10.8.60

Achnanthes minutissima Kiitzing 24,6 15.5 35.2 5.7
Cymbella Kappii Cholnoky + 0.5 1.0 31.9
Cymbella microcephala Grunow 1.0 + 0.3 +
Cymbella ventricosa Kiitzing 11.5 0.7 9.7 21.6
Fragilaria familiaris (Kiitzing)

Hustedt 7.9 0.8
Frustulia vulgaris (Thwaites)

De Toni var. angusta Cholnoky 3.3 2.2 +
Gomphonema parvulum (Kiitzing)

Grunow 5.9 + 1.6 0.3
Neviculs cryptocephala Kiitzing 5.2 3.6 5.0 11.1
Navicula diuturna Cholnoky 1.2 1.6
Navicula microcephala Grunow 1.6 +
Navicula pascuorum Cholnoky 1.3
Navicula rhynchocephala Kitzing 0.5 2.8 2.5 6.0
Navicula Schroeteri Meister 0.2 1.3 +
Navicula subhamulata Grunow 5.4 + +
Navicula Twymaniana Archibsld 1.3
Nitzschia acicularis W. Smith 2.0 2.3 1.6
Nitzschia adapta Hustedt 0.2 + 1.3 0.3
Nitzschia fonticola Grunow 1.2 0.5 +
Nitzschia Kiitzingiana Hilse 2.8 2.8 10.2 1.6
Nitzschia linearis W. Smith A 0.7 1.8 6.0
Nitzschia palea (Kiitzing) W. Smith 5.9 1.2 7.6 +
Nitzschia perminuta Grunow 9.6 1.5 1.8 1.3
Nitzschia spiculum Hustedt 54,6 1.6 4.2
Pinnularia acoricola Hustedt 3.2
Synedra ulna (Nitzsch) Ehrenberg 7.6 + 8.4 0.3
Other species 4.8 3.9 6.0 6.8

Nitrogen heterotrophic Nitzschiae
combined 18,7 63.8 25.8 10.4



Table 24,

r

TRIBUTARIES OF THE UPPER VAAL RIVER,

THE KLEINVA?L RIVER - STATION 21A,

Achnanthes minutissime Kitzing

Cymbella microcephala Grunow

Cymbelle ventricosa Kitzing

Fragiliaria Vaucheriae (Kiitzing)
Petersen

Navicula indifferens Hustedt

Navicula promota n.sp.

Nitzschia adapta Hustedt

Nitzschia interrupta (Reichelt)
Hustedt

Nitzschia palea (Kiitzing) W. Smith

Nitzschia perminuta Grunow

Nitzschia spiculum Hustedt

Synedra nana Meister

Other species

Nitrogen heterotrophic Nitzschiae

combined

350 464
23.9.59 10.8.60
73.0 75.2
306 005
1.3 8,0
8.2 1.3

6.7
1.1 +
1.8 +
2.0 +
0.9 1.0
002 1.3
2.0 2.1
1.1
4.8 3.9
5.5 4.9



Table 25,

r

TRIBUTARIES OF THE UPPER VAAL RIVER.

THE KLEINVAAL RIVER -~ STATION 21.

353 356

23.9.59 20.1.60

Achnanthes lanceolata (Brebisson)
Grunow var., elliptica Cleve 1.0

Achnanthes lanceolata var. rostrata

Bstrup + 1.0
Achnanthes minutissima Kitzing 50.1 31.3
Cymbella Kappii Cholnoky 1.9 0.5
Cymbella microcephala Grunow 5.3 1.0
Cymbella ventricosa Kitzing 2.8 1.0

Fragilaria familiaris (Kitzing)
Hustedt 2.3 55.9

Fragilaria Vaucheriae (Kiitzing)

Petersen 5.0
Gomphonema Clevei Fricke + 4.0
Gyrosigme Kitzingii (Grunow) Cleve 1.3
Navicula cryptccephala Kitzing 5.0 1.0
Navicula rhynchocephala Kiitzing 2,0 +
Navicula rostellata Klitzing 2.5 0.5
Navicula Zenonii Hustedt 6.5 0.7
Nitzschia interrupta (Reichelt)

Hustedt 1.0 0.7
Nitzschia Kiitzingiana Hilse 4.3 0.2
Nitzschia linearis W. Smith 1.9
Nitzschia palea (Kiitzing) W. Smith 1.3 +
Nitzschia spiculum Hustedt 1.0
Surirella angusta Kiitzing 1.0
Other species 4.8 0.2

Nitrogen heterotrophic Nitzschiae
combined 7.6 0.7



r

THE TRIBUTARIES OF THE UPPER VAAL RIVER,

Table 26.

THE SKULPSPRUIT RIVER AND RIETSPRUIT RIVER

465 468

11.8,60 11.8.60

Achnanthes minutissima Kitzing 20,2 11.6
Amphora veneta Kitzing 1.0
Cymbella amphicephala Naegeli 12.8 0.8
Cymbella Kappii Cholnoky 0.5 1.0
Cymbella microcephala Grunow 43.6 64,0
Cymbella ventricosa Kitzing 4.0 2.8
Navicula cryptocephala Kitzing 1.3 2.0
Navicula muralis Grunow 1.0
Navicula tenella Brebisson 0.5 1.8
Navicula Zanonii Hustedt 1.0 1.3
Nitzschia adapta Hustedt 0.5 1.0
Nitzschia interrupta (Reichelt)

Hustedt 12.4 6.2
Nitzschia Kitzingiana Hilse + 1.0
Nitzschia perminuta Grunow 1.0 +

Rhopalodia gibba (Ehrenberg)
0. Mifller 1.0
Other species 2.2 3.5

Nitrogen heterotrophic Nitzschiae
combined 2.0 2.3



Table 27.

THE KLIP RIVER - STATION 24.

Station 24.

438 358 437

9.8.60 13'1059 9.8.60

Achnanthes linearis W, Smith 0.8 7.8
Achnanthes minutissima Kitzing 29.2 4.2 64 .6
Amphora coffaceaformis Agardh + 1.3

Cymbella aspera (Ehrenberg)

Cleve 4.3 + +
Cymbella naviculiformis

Auerswald 15.6
Cymbella ventricosa Kiitzing 17.3 Loy 3.2
Fragilaria Vaucheriae(Kiitzing)

Petersen + 11.4
Gomphonema Clevei Fricke + 1.3

Gomphonema parvulum (Kiitzing)

Cleve 3.4 1.8 1.3
Navicula cryptocephala

Kiitzing | 10.1 3.4 +
Navicula microcephala Grunow 0.7 1.6 +
Navicula muralis Grunow 7.6
Navicula rostellata Kitzing 12.1 1.3
Navicula Schroeteri Meister 1.0 +
Navicula Twymaniana Archibald 1.3
Nitzschia accomodata Hustedt 1.0 +
Nitzschia amphioxoides Hustedt 1.0
Nitzschia Clausii Hantzsch Loty +

Nitzschia dissipata (Kitzing)

Grunow 0.5 + 1.3
Nitzschia Kitzingiana Hilse 38.3 1.8
Nitzschia linearis W, Smith 15.6 + +

Nitzschia palea (Kiitzing)
We Smith 7.4 0.2
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Table 27 (cont.).

-2 -

The Klip River - Station 24.

Nitzschia perminuta Grunow
Surirella ostentsata Cholnoky
Other species

Nitrogen heterotrophic

Nitzschiae combined

Station 24
438 358 437
9.8.60 13.1.59 9.8.60
1.0 2.4 1.0
2.6 1.0
2.3 4.7 2.5
1.5 50.9 4.3




Table 28, '

THE KLIP RIVER - STATION 25,

359 434

14.1.59 8.8.60

Achnanthes linearis W, Smith 1.8 5.3
Achnanthes minutissima Kilitzing LA 16.6
Amphora coffaeaformis Agardh 1.0
Cymbella ventricosa Kitzing 2.6 0.2
Fragilaria Vaucheriae (Kitzing)

Petersen 1.6 26,0
Gomphonema parvulum (Kiitzing)

Grunow 3.0 1.7
Navicula atomus (Kitzing) Grunow 1.0 2.9
Navicula cryptocephala Kiitzing 2.6 11.3
Navicula microcephala Grunow 1.0 12.3
Navicula rostellata Kiitzing 2.6 1.0
Nitzschia acicularis W. Smith 1.0 3.9
Nitzschia Kutzingiana Hilse 54.8 4l
Nitzschia linearis W. Smith 1.0 2.9
Nitzschia palea (Kiitzing) W. Smith 11.2 +
Nitzschia perminuta Grunow 5.9 1.7
Surirella ostentata Cholnoky + 1.0
Other species 5.5 8.1

Nitrogen heterotrophic Nitzschiae

combined T4 .2 12.1



Table 29, !
THE KLIP RIVER -~ STATION 26,

261 449

13.7.58 10.8,.60

Achnanthes linearis W, Smith 28.3
Achnanthes minutissima Kitzing 3.6 21.0

Cocconeis placentula Ehrenberg

var. euglypts (Ehrenberg) Cleve. 10.9
Cymbella ventricosa Kiitzing. 6.2 0.2
Fragilaria Vaucheriaze (Kiitzing)

Petersen 7.9 5.0
Frustulia vulgaris (Thwaites) De

Toni var. sngusta Cholnoky. 1.8 0.2
Gomphonema Clevei Fricke G.5 2.5
Gomphonema javanicum Hustedt. 1.8
Gomphonema pervulum (Kitzing) Grunow 1.5 0.5
Gyrosigma Kiitzingii (Grunow) Cleve. 1.0 +
Melosira varians Agardh. R.4 7.9
Navicula atomus (Kiitzing) Grunow 1.2 45
Navicula crytocephala Kilitzing 20.1 1.0
Navicula rostellsta Kitzing 2.0 0.2
Navicula Schroeteri Meister 0.2 1.3
Navicula Twymaniana Archibald 0.5 3.0
Nitzschia accomodata Hustedt, 1.0 +
Nitzschia aciculeris W, Smith 3.6 0.5
Nitzschia Kiitzingiana Hilse 1.8 0.7
Nitzschia linearis W, Smith 35.0 +
Nitzschia perminuta Grunow 2.0 1.3
Pinnularia acoricola Hustedt 1.0
Surirella angusta Kitzing 2.2 +
Synedra ulna (Nitzsch) Ehrenberg + 5.9
Other species 4.5 3.3

Nitrogen heterotrophic Nitzschiae

combined 8.6 3.2



Table 30.
THE KLIP RIVER - STATION 27.

421
9.8.60

Achnanthes minutissima Kitzing 9.8
Imphora coffaeaformis Agardh 2.6
Amphora submontana Hustedt 1.5
Cyclotella comensis Grunow, 1.7
Cymbella microcephala Grunow 1.7
Cymbella ventricosaKitzing 1.7
Fragilaria Vaucheriae (Kiitzing) Petersen 2,6
Frustulia vulgaris (Thwaites) De Toni

var, angusta Cholnoky 2,8
Gomphonema Clevei Fricke 1.5
Gyrosigma Kiitzingii (Grunow) Cleve 2.1
Gyrosigma scalproides (Rabenhorst) Cleve 9.5
Navicula cryptocephala Kitzing 16.5
Navicula muralis Grunow 1.0
Navicula rostellata Kitzing 2.8
Navicula tenella Brebisson 2.6
Navicula Twymaniana Archibald 1.0
Nitzschiez adapta Hustedt 2.1
Nitzschia dissipata (Kiitzing) Grunow 1.0
Nitzschia Kiitzingiana Hilse 2.6
Nitzschia linearis W. Smith 19.6
Nitzschia sigma (Kiitzing) W. Smith

var, fonticola Hustedt. 1.0
Rhopalodia gibberula (Ehrenberg)

0. Miller 1.3
Cther species 3.2

Nitrogen heterotrophic Nitzschiae

combined 7.8



Table 31.

SMALL TRIBUTARIES COF THE KLIP RIVER,

r

436 433 447 451 453

9.8.60 9.8.60 10.8.60 10.8,60 10.8.60

Achnanthes lanceolata

(Brebisson) Grunow var.

rostrata Ostrup 1.3 29.6 3.6 1.0
Achnanthes linearis W,

Smith 2o 1.5
Achnanthes minutissima

Kitzing 2.9 742 37.1 23.7 13,7
Amphora submontana Hustedt 3.3 1.2 0.5
Cymbella amphicephala

Naegeli + 3.3 5.6 12,6 0.7
Cymbella Kappii Cholnoky 0.5 0.8 6.6 9.0 2.7
Cymbellz microcephala Grunow + 11.0 0.5 47
Cymbella ventricosa Kitzing 2.9 0.2 1.5 0.7 1.0
Diploneis subovalis Cleve 1.9 +

Fragilaria Vaucheriae
(Kiitzing) Petersen 18,9 0.2
Frustulia vulgaris

(Thwaites) De Toni var.

angusta Cholnoky 0.5 0.4 1.2 0.2
Gomphonema dichotomum
(Kiitzing) Archibald 0.3 3.1

Gomphonema. parvulum

(Kiitzing) Grunow 0.8 3.3 1.2 2.1
Gyrosigma Kitzingii

(Grunow) Cleve + + 1.2 +
Navicula atomus (Kiitzing)

Grunow. 1.2
Navicula avenacea Brebisson 1.2

Navicula cryptocephala

Kitzing 10.5 0.4 2.0 Rl 12.0
Navicula indifferens
Hustedt 3.4

Navicula microcephala
Grunow + 1.5
2/ e e o2 ee 00000



Teble 31 (cont.).

-2 -

Small tributaries of the Xlip River.

436 433 4477 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
Naviculs pupula Kiitzing + 1.0
Navicula rhynchocephala
Kiitzing + 1.7 1.0
Navicula rostellata
Kiitzing 1.3 +
Navicula 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
W, Smith 5.4 1.0
Nitzschia adapta Hustedt 0.3 0.7 3.8 0.5

Nitzschia dissipata
(Kiitzing) Grunow 1.6 + +

Nitzschia fonticola

Grunow 1.1 0.7 0.7 4.9
Nitzschia interrupta

(Reichelt) Hustedt 4.9 29.9
Nitzschia Kitzingiana

Hilse 29,1 21.4 1.2 9.0 1.5
Nitzschia linearis

W, Smith 1.6 12.3 0.5 6.2 1.0
Nitzschia palea (Kitzing)

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

Cholnoky 7.8
Nitzschia romana Grunow 1.5 + 2.2
Surirella angusta Kutzing 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 SAND RIVER -~ STAT

Achnanthes linearis W, Smith
Achnanthes microcephsla Kiitzing
Achnenthes minutissima Kiitzing
Cocconeis placentula Ehrenberg
var. euglypta (Ehrenberg)
Cleve
Cyclotella comensis Grunow
Cymbella amphicephala Naegeli
Cymbella cistula (Hemprich)
Grunow
Cymbella Kappii Cholnoky
Cymbella microcephala Grunow
Cymbella ventricosa Klitzing
Gomphonema parvulum (Kiitzing)
Grunow
Melosira varians Agardh
Navicula cryptocephala Kitzing
Navicule permitis Hustedt
Nevicula rhynchocephala Kitzing
Navicula tenella Brebisson
Navicula tenelloides Hustedt

Navicula Twymaniana Archibald

Navicula Zanonii Hustedt
Nitzschia aciculeris W, Smith
Nitzschia fonticola Grunow
Nitzschia interrupta (Reichelt)
Hustedt
Nitzschia KuUtzingiana Hilse
Nitzschia linearis W, Smith
Nitzschia palea (Kiitzing) W. Smith

Nitzschia perminuta Grunow

ToN 8.
Station &
326 456 455
16.9.58 10.8.60 10.8.60
2.8 43.1
1.9
50,6 10.1 14.8
1.6
+ 12,7
6.7
9.3
1.2 + 13.6
1.3 1408
+ 1.1 1.0
4.2 0.4 +
7.3
0.2 1.3 5.9
3.8 +
+ 0.9 1.0
+ + 5.9
0.5 6.7 +
3.8 0.3
0.2 1.7 2.3
1.0
0.7 0.6 L.
0,2 1.5
0.2 1.5 1.5
+ 1.5
0.5 0.4 1.0
2.3 24 +
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Table 32 (cont.).
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The Sand River - Station 8.

Nitzschia romana Grunow

Nitzschia silica Archibald

Rhopalodia gibba (Ehrenberg)
0. Miller

Rhopalodia gibberula
(Ehrenberg) 0. Miller

Other species

Nitrogen hetrotrophic

Nitzschiae combined

Station 8
326 456 455
16.9.58 10.8.60 10.£.60
+ 2.1
24 .6

+ 2.4 1.3

+ 1.0
3.1 3.7 9.8
3.7 5.3 12.3




Table 33. ,

THE KOMMANDOSPRUIT STREAM - STATION 30.

Achnanthes linearis W, Smith
fchnanthes minutissima KuUtzing
Cymbella Kappii Cholnoky

Cymbella microcephala Grunow
Navicula cryptocephala Kitzing
Navicula tenella Brebisson

Navicula Zenonii Hustedt

Nitzschia dissipata (Kitzing) Grunow

Other species

Nitrogen heterotrophic Nitzschiae

combined

432
9.8.60

2.1
4.2
5.6
TR
5.2
bob
2.3

1.2
10.6

3.3



Table 34.

THE KOMYANDOSPRUIT STREAM '~ STATION 31.

Achnanthes minutissima Kiitzing
Cocconeis placentula Ehrenberg
var euglypta (Ehrenberg) Cleve
Cymbella amphicephala Naegeli
Cymbella Kappii Cholnoky
Cymbella microcephala Grunow
Fragilaria Vaucheriae (Kitzing)
Petersen
Gomphonema javanicum Hustedt
Gomphonema longiceps Ehrenberg
var subclavatun Grunow.
Gomphonema parvulum (Kiitzing)
Grunow
Navicula atomus (Kiitzing) Grunow
Navicula cinctaeformis Hustedt
Navicula cryptocephala Kiitzing
Navicula perparva Hustedt
Navicula rhynchocephala Kiitzing
Navicula rostellata Kiitzing
Navicula Schroeteri Meister
Nevicula tenella Brebisson
Navicula Twymaniana Archibald
Nitzschia accomodata Hustedt
Nitzschia acicularis W. Smith
Nitzschia capitellata Hustedt
Nitzschia fonticola Grunow
Nitzschia Kitzingiana Hilse
Nitzschia linearis W, Smith
Nitzschia palea(Kiitzing)
W. Smith
Nitzschia perminuta Grunow

Nitzschia spiculum Hustedt

Vﬁ Station 31.
431 360 4L45
9.8.60 14.1.59 10.8.60
+ + 16.5
8.0
0.5 1.2
443 0.5 FANGS
0.2 2.2
0.4 242
+ 3.1
+ 2.2
+ 0.9 14.5
0.9 1.6 0.5
7.0 +
13.3 2.6 1.2
+ + 1.9
0.4 2.3 1.0
2.4 3.0 +
+ 5.3 3.9
0.2 0.5 3.4
4.2 0.2
1.9 +
7.0 0.9 +
1.9
1.2 0.5
0.9 49,9 0.5
63.9 0.9 0.5
1.1 10.4 +
1.1 0.2
0.4 1.0
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Table 34 (cont.).

The Kommandospruit Stream - Station 31.

-2 -

Synedra ulna (Nitzsch)
Ehrenberg

Other species

Nitrogen heterotrophic

Nitzschiae combined

Station 31.

431 360 445
9.8.,60 14.1.59 10,8.60
0.2 1.9
3.5 4.3 6.8
12.3 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 W, Smith 0.8 1.0 1.5
Achnanthes minutissima Kutzing 1.5 2.6 10.1 3.0
Cymbella aequalis W, Smith + 045 1.1
Cymbella amphicephsla Naegeli 66,4 12,8 3.8 62.5
Cymbella Kappii Cholnoky + 7.8 1.8 2.2
Cymbella microcephala Grunow 1.5 62.3 22,2 6.4
Cymbella ventricosa Kiutzing 1.0 + 1.2 +
Navicula cryptocephala

Kitzing 4 J2 0.6 1.2 S5eb
Navicula exiguiformis Hustedt 1.1
Navicula tenella Rrebisson + 1.5 + 43
Navicula Zanonii Hustedt 0.4 1.0 0.5 0.9
Nitzschia adapta Hustedt 0.4 0.2 1.0 242
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 Hilse 0.2 1.0 +
Nitzschia linearis W, Smith 0.2 0.2 + 1.1
Nitzschia palea (Kiitzing)

W. Smith 0.2 + 12.6 0.4
Nitzschia Rautenbachiae

Cholnoky 1.1 + +
Nitzschia romana Grunow 0.2 9.1
Surirella angusta 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 WATERVAL RIV®R - UPPER REGIONS.

Achnanthes Engelbrechtii Cholnoky
Amphora submontans Hustedt
Amphora veneta Kitzing
Caloneis fasciata (Lagerstedt) Cleve
Caloneis silicula (Ehrenberg) Cleve
Diploneis Smithii (Brebisson) Cleve

var., pumila (Grunow) Hustedt
Diploneis subovalis Cleve
Navicula cinctaeformis Hustedt
Navicula cryptocephala Kltzing
Navicula elginensis Gregory
Navicula minima Grunow
Navicula muralis Grunow
Navicula pascuorum Cholnoky
Naviculsa perparva Hustedt
Navicula pupula Kitzing
Navicula rostellata Kiitzing
Navicula tenella Brebisson
Navicula tenelloides Hustedt
Navicula Twymaniana frchibald
Nitzschia accomodata Hustedt
Nitzschia adapta Hustedt
Nitzschia dissipata (Kitzing) Grunow
Nitzschia fonticola Grunow
Nitzschia Klitzingiana Hilse
Nitzschia levidensis W, Smith
Nitzschia levidensis var. victoriae

Grunow
Nitzschia romana Grunow
Nitzschia siliqua Archibald
Nitzschia stricta Hustedt
Rhopalodia gibberula (Ehrenberg)

0., Miller

Other species

Nitrogen heterotrophic Nitzschiae

combined

511 512
15.3.65 15.3.65
2.3
1.0
3.3
1.0
1.0
0.5 3.3
2.8
375 +
19.9 2.8
1.0 +
1.0 +
6.2 2.8
3.3
1.0
2.1
4,1 1.4
2.6 15.4
+ 32.8
3.6 2.8
+ 2.8
2.1 +
0.5 1.4
1.0 +
3.1 8.4
1.9
1.0
1.6 +
2.6
1,0
1.4
4.5 1.1
12.4 14.9



Table 37. THE WATSRV.L RIVER - STATION 17. ' ¢

337 336 339 340 377 378 497 498 513
, o - .. . .. 20.7.59  22.9.59 19.1.60 19.1.60 6.5.60 3.6.60 12.8.60 12.6.60 15.3.65

Aghhanthes pinutissimg Kitzing N . . 37.9 8.9 9.5 - + + 1.8 0.9 2.5 +
Amphora ovalis KUtzing var. pediculus XUtzing . . . ' T4 0.3 1.2 0.8 + +
Apphora vengta KUtzing . . . . 0.3 11.8 0.7 1.6 + 2644 2.9 2543 0.5
Caloneis fasciata (Lagerstedt) Cleve . v 0.2 0.5 + 1.0 + + 0.5
Cyclotells gomensis Grunow > . 0.3 0d3 + + + 1.0 0.2 +
Cymbelle Kappii Cholnoky v C 154 0.5 + + + +
Cymbella ventricosa Kitzing . s + + 0.7 1.3 + + 0.2 + +
Fragilaria familiaris (KUtzing) Hustedt ’ . 1.3
Fragilaria fonticola Hustedt . 4a5 + +
Fragilaria Vaucherise .(KUtzing) Boye Petersen . . 9.6 + 4e? + + 6.3 + + +
Frustulia vulgaris (Thwaites) De Toni ‘ + 1.0 + +
Gomphonema longiceps Ehrenberg var, subslavata Grunow ’ + + 2.7 +
Gomphonema garvulum (KMtzing) Grunow . . . . 9.8 4.2 45 26.9 + 29.1 0.2 0.2 3.7
Navicula adsidusa n,.sp. . , 11.¢ + + 4+
Navicula atomus (Kitzipg) Grunow ' 2.1
Navicula cinctaeformis Hustedt v . + 2.0 1.6 + + + 6.0
Navicula confervacea (Kitzing) Grunow £.9
Navicula cryptocephals KUtzing . . . . 4 0.3 1.6 0.7 .3 0.5 0.3 0.2 + -
Navicula diuturnoides Archibald . . . 0.3 Ceb 1.1 0.3
Ngyicula indifferens Hustedt £.8
Navicula minima Grunow . . . + 1.8 2.4 0.7
Neyicula muralis Grunow . N . - + . 03 C.3 + 12.4 0.5
Nevicula permitis Hustedt . . ‘ 0.5 88,7 14.4
Navicula perparve Hustedt » . . + 4,2 244 + 1.0 + 5,2
Navicula psendohalophila Cholnoky . . 5.6 + 0.2 + 1.3 +
Navicula rostellata Kitzing . + 0a5 + + + 15.4
Navicula Schroeteri Meister . . . - 0.2 + 18.3 4ob + + + 22.8
Nayicula seminuloides Hustedt 0.4 2.0 +
Navicule submolesta Hustedt . 0.7 + + 3,2
Navicula tenella Brebisson . . . . 0.8 0.3 3.8 0.5 + 0.5 + 0.5 2.0
Nawicula Twymeniana inrchibald - . . . - 0.3 1.5 4.3 0.8 2.4 0.5 3,5
Nitzschia amphibia Grunow . v . + 2.1 Qs 1.9 1.0 + 0.5 A
Nitzschia epiculata (Gregory) Grunow . . . 1.8 1.2 1,2 0.3 + 1.6 ) 0.2 +
Nistzschia capitellata Hustedt + + + 1.3 +
Nidzschia fonticola Grunow s . . . - + 2.1 7.1 A 0.3 0.5 3.3 31.6 ba7
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Table 37 (cont.).

Nitzschia jnterrupta (Reichelt) Hustedt

Nitzschia Kitzingiana Hilse s
Nitzschia levidensis %W, Smith .
Nitzschia nalea (Klitaing) W. Smith .
Nitzschia perminuta Grunow - .

Nitzschia perpusilla (Rebenhorst) Grunow
Synedra ulna (Nitzsch) Bhrenbers .
Qther species

¥ « *

Nitrogen haterotrophic Nitzschire combimed

- R

The Waterval Rivgg%b- Station 17.

337 33¢ 339 340 377 37& 497 498 513
- “ PN > 2007069‘ 220?059 1901060 lgll.éc 605.60 3¢6¢6O 12.8Q60 12.8.60 15.3.65
. 2,0 1.0 1.5 + + 1.8 +
» v rye: 603 Sog 1042 104 1.8 403 505
1.0 Ce3

. . 0.3 045 3.3 13.7 544 0.5 83.5 8 1.5
* [ l.l 12-8 905 605 005 556 .8 loo
. + 3242 + + + + +

043 Z"06 9’4 + 1.3 + 3.2
. . 243 1.1 bef 2.7 2k 1.4 0.9 1.3 3.5
v /+.O 56-3 27.*7 34'-'7 10.0 10.5 87.0 46'3 20.8



Teble 38,

THE WATERVAL RIVER - STATION 7,

Achnanthes lanceolstas (Brebisson)
Grunow var, rostrata Bstrup

Achnanthes minutissima Kuitzing

Amphora veneta Kitzing

Caloneis Schumanniana (Grunow)
Cleve

Caloneis silicula (Ehrenberg)
Cleve

Cocconeis placentula Ehrenberg var,
euglypta (Ehrenberg) Cleve

Cyclotella comensis Grunow

Cymatopleura solea Brebisson

Cymbella Kappii Cholnoky

Cymbella ventricosa Kitzing

Diploneis ovalis (Hilse) Cleve

Diploneis subovalis Cleve

Epithemia sorex Kitzing

Epithemia zebra (Ehrenberg) Kiitzing
var. saxonica (Kutzing) Grunow

Fragilaria fonticola Hustedt

Fragilaria Vaucheriae (Kitzing)
Petersen

Frustulia vulgaris (Thwaites)
De Toni

Gomphonema parvulum (Kitzing)
Grunow

Gyrosigma Kltzingii (Grunow) Cleve

Gyrosigma Specerii (W.Smith) Cleve

Navicula atomus (KUtzing) Grunow

Navicula cinctaeformis Hustedt

Navicula cryptocephala Kiitzing

. Groot-
Station 7. spruit
325 412 411 413
10.9.59 8.8.60| 8.8.60 [8.8,60
0.7 1.1
2.7 21.5% 2.7 22.1
7.0 + 1.5
3.9
0.2 1.1 +
1.6
4.9
10.5 + +
0.2 1.4 0.3 1.0
0.2 4,1 2.2
+ 1.8 1.1
0.2 1.1
+ bob 0.5
4.1
5.7
2.8
0.2 + 1.0
1.2 L5 1.5
2.5
1.0
1.0
1.0 1.4 1.0
901 1.2 7.0 11.6
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Table 38 (cont.).

Navicula
Navicula
Navicula
Navicula
Navicula
Navicula
Navicula
Navicula
Navicula

Navicula

-2 -

The Waterval River - Station 7.

diuturna Cholnoky
diuturncides Archibald
muralis Grunow
permitis Hustedt
rhynchocephala Kutzing
rostellata Kitzing
Schroeteri Meister
tenella Brebisson
tenelloides Hustedt

Zanonii Hustedt

Nitzschia bacata Hustedt
Nitzschia communis Rabenhorst
Nitzschia confinis Hustedt
Nitzschia epiphytica O, Miller
Nitzschia epiphyticoides Hustedt
Nitzschia fonticola Grunow
Nitzschia intermissa Hustedt
Nitzschia Kitzingiana Hilse
Nitzschia linearis W, Smith
Nitzschia microcephala Grunow
Nitzschia palea (Kiitzing) W. Smith

Nitzschia perminuta Grunow

Nitzschia
Nitzschia

Nitzschia

perspicua Cholnoky
recta Hantzsch

sigma (Kiitzing) W. Smith

Rhopalodia gibba(Ehrenberg)O.Miller
Stephanodiscus astraea (Ehrenberg)
Grunow var. minutula (Kitzing)

Grunow.

Surirella ovalis Brebisson
Synedra ulna (Nitzsch) Ehrenberg
Other species

Nitrogen heterotrophic

Nitzschiae combined

Station 7 2;;3;;
325 412 411 413
10.9.59 8,8.60( 8.8.60 [8.8,60
1.5 0.3
1.1
0.7 2.4
4a2
36.0 0.8
2.9 1.6 +
+ 1.4
2.0 0.5 5.1 762
0.7 11.9 +
0.2 + 2.4 3.4
2.1 1.1
1.8
3.7
1.0
1.4
5.4 0.5 0.8
1.2 .2
2.7 0.2 10,3 13.7
1.7 1.6 0.8
1.2 0.3 0.8
1.2 3.5 3.9
8.1 7.3 1.4 +
1.3
2.4
6.6
+ 11.9 16.5
1.8
0.2 4ol
2.5 0.5
6.8 8.1 9.6 365
12,6 23.5 25.2 22.3




THE WATERVAL RIVER - LOWERr REGICHNS,

410 553 554 409

8.8.60 19.3.65 19.3.65 8.8.60

Achnanthes lanceolata (Brebisson)

Grunow var. rostrata Ostrup + 3.2 0.2
Achnanthes minutissima Kitzing 3.0 + 442
Amphora vensta Kitzing 0.9 6.9 0.2 1.6
Caloneis bacillum (Grunow) Cleve 2.1
Caloneis Clevei (Lagerstedt) Cleve + 0.3 2.0 2.1
Caloneis fasciata (Lagerstedt)

Cleve 0.3 + 1.3
Caloneis silicula (Ehrenberg)

Cleve + 1.6
Cyclotella comensis Grunow 47.0 +
Cymatopleura solea Brebisson 1.1
Cymbella Kappii Cholnoky 1.1
Cymbella microcephala Grunow 0.3 1.6
Cymbella ventricosa Kitzing 3.8 3.6 1.8 3.7
Diploneis subovalis Cleve 0.3 23.8 4.3
Fragilaria fonticola Hustedt 1.4

Fragilaria Vaucheriee (Kiitzing)

Boye Petersen 5.7
Gomphonema parvulum (Xiitzing)

Grunow 1.1 7.2 0.8 1.6
Gyrosigma Kiftzingii (Grunow) Cleve 0.3 1.1
Gyrosigma scalproides (Rabenhorst)

Cleve + 0.5 2.0
Navicula aquosa Archibald 1.6
Navicula cinctezeformis Hustedt + 4.5 22,7 2.1
Nevicula cryptocephala Kitzing 1.4 1.3 6.6 2.6
Navicula diuturnoides Archibald 1.6 6.3
Navicula Grimmei Krasske + 0.8 1.0
Navicula microcephala Grunow 1.1
Navicula muralis Grunow 16.7 2.3
Navicula pupula Kiitzing + 0.3 2.0 19.1
Navicula rostellata Kiitzing 0.8 0.3 + 1.1
Navicula Schroeteri Meister 1.6 1.9 0.2 +



Tzble 39 (cont.).

-2 -

»

The Waterval River -~ Lower Regions

410 553 554 409
8.8,60 19.3.65 19.3.65 8.8,60

Navicula submolesta Hustedt + 1.3 1.0
Navicula tenella Brebisson 0.9 2.3
Nevicula tenelloides Hustedt 0.3 6.4 3.5
Navicula Twymaniana ‘rchibald + 6.0 1.8
Nitzschia acicularis W, Smith 1.9
Nitzschia amphibia Grunow + 0.3 3.2
Nitzschia capitellata Hustedt 1.1 + 3.3
Nitzschia Clausii Hantzsch + 1.1 1.6
Nitzschia confinis Hustedt 0.2 1.1
Nitzschia epiphyticoides Hustedt 1.9
Nitzschia fonticola Grunow + + 1.3 1.1
Nitzschia gracilis Hantzsch 1.1
Nitzschia intermissa Hustedt 3.3
Nitzschia KUtzingiana Hilse 3.0 2.4 6el
Nitzschia linearis W, Smith + 45 1.1
Nitzschia palea (Kiitzing) W.Smith 5.1 1.3 7.1 4.2
Nitzschia perminuta Grunow + 1.6 1.5
Nitzschia Rautenbachiae Cholnoky 3.2
Nitzschia romana Grunow 0.3 0.8 17.5
Nitzschiae sigma (Kiitzing) W.Smith 1.0
Nitzschia spiculum Hustedt 3.8
Nitzschia tropica Hustedt 1.1
Nitzschia umbilicata Hustedt 1.6 3.5
Nitzschia vitrea Norman var.

salinarum Grunow 1.1
Pinnularia mesoleptn (Ehrenberg)

W. Smith 2.1
Rhopalodia gibberula (Ehrenberg)

0. Miller + 0.8 b2
Surirella angusta Kitzing + 6.8 1.1
Synedra ulna (Nitzsch) Ehrenberg 1.1 + 4.2
Other species 5.3 4.8 3.9 4.0
Nitrogen heterotrophic Nitzschiae

combined 23.5 5.9 20.8 30.3



Table 40.

<Lchnanthes minutissima Kitzing

Tributarics of the TLower Regions of the Vasl River.

Amphora ovalis Kitzing var, libyes (Fhrenberg) Cleve

+/imphora venete {litzing . .

.Caloneis Clevei (Lagerstedt) Cleve .

«Caloneis fasciata (Lrgerstedt) Cleve
Caloneis silicula {(Bhrenberg) Cleve
+Cymbelle ventricosa Kiitzing

Epithemia sorex XKitzing

Epithemia zebra (Ehrenberg) ¥Utzing var. saxonicn

Fragilaria Vaucheriae (KUtzing) Boye Petersen

.Gomphonems. parvulum.(Kitzing).Grunow

[l

Gvrosigma acuminatum (XUtzing) Rabenhorst

Navicula atomus (XUtzing) Crunow

Navicula einctaeformis Hustedt .

Navicula confervacea (XUtzing) Grunow

JMNavicula aeryotocephala XUtzing o

Navicula diuvturncides Archibald
ddavicula muralis Granow

Navicula permitis Hustedt

Nevicule
Neviculza
Navicula
Navicula

sNgvicula

wusula Kiteing
rhynchoceplala Klitzing
rostellata-Klitzing
submoleste-liustedt -

tenella Rrebisson

sNavicule #anonii Hustedt .

*Nitzschia-adapta Hustedt
Nitzschizvemphibia Srunow -
Nitzschiaapiculata (Gregory) Grunow
*Nitzschiz bacata Hustedt

Nitzschia dissipata* (Klitzing) Grunow
Nitzschia*fenticol»*Grunow .

Mitzschiz gracilis ¥antzsch

Nitzschia*hungarica® Grunow  * ¢
Nitzschia intermissa Hustedt “

*Nitzschia*interrunta (Reichelt) Hustedt*

e

*

. (X¥%zing ) Grunow

405 40¢E 414 415 419 420
£45,60  8.8.60 £.8460 £.8460 8,60 9.8,60
56.2 3.0 4,2 10.8 2.9
1.0
0.6 0.3 5446 0.3 2al
0.3 1.5 0.6 0.3
1.4 0.5 1.2 Ce5
1.3 0.3
0.6 1.9 3.2
9.9
1.7
2.1
2.4 0.5 1.2 0.5
19.3
0.2 0.3 1.2 0.5
0.2 1.9 0.3
9.9 3.2 2.7 33.3 2.9
1.9 0.3
C.2 045 Qat 1.1
1.5 0.3
2.6 0.3
1.3 0.3
0.8 0.3
0.5 1.7 9.9 5.3 1.8
3.6 1.2 39.6 1.2 0.5
645 1.1 0.3
0.5 2449 0.3 0.3
1.1
1.9 0.3
34
1.7 0.3 1.1
1.7
1.0 0.3 0.8
2.2 1.7
7.1 0.8 0.8

2/ Y6090 e0e000



Table 40 (cont,). o e

Tributaories of the Lower Iegirng of the Vazl River,

40, 4LC5 L0& 414 415 419 420

) . e .« < . . . s .. el WB0 £.0.60 8.£,60 €.8.60 £.8.,60 9.8.60 9.8,60

Mitzschia KUtzingilana Hilse ‘ ; 249 1.9 1.7 | 1.9 0.5

Nitzschia linearis,W. Swrith . 2.5 6.5

Nitzschiz microcephala Grunow . , 0.3 3.7 2.0
, Nitzschig pelea (Kfitzing) W..Smith . . 547 5.4 1.6 1.0 1.5 2,6
. Nitzschiz perminute Grunow 0.3 3,2 2.6

Nitzschiz Reutenbagiiae Cholnoky ‘ ' 1.7 0.3 17.2

Nitzschia romena Grunow . . . 1.6 0.5 3.9 » 0.5

Nitzschia sigma (Kjltzing) W. Srith . ' 1.9 ' 1.6

Nitzschizs tryblionells Hentzsch

Pinnularia microstouron (Fhrenberg) Cleve var, Brebissonii

(Xitzing) Hustedt . 3.0

. Rhopalodin gibha (Threnverg) €. -iller : 15.4 0.5 0.8 55,8
. Rhopalodia gibberula (Threnberg) O, iiiller 15.3

Surirells angusta XUtzing . Zne 0.5

Synedra ulna (Mitzsch) Ehrenberg . 0.¢ 8.6 0.3 _
, Other species : R . . LaS 3.8 4.0 242 5.0 4.6 3.2

T

Nitrogen_heterotrophic Fitzsghiase combined . ° : 1743 6.5 15,2 26,5 17.1 33,2 8.6



THE KALK RIVER ~ STATIONS 15 AND 16,

Cyclotella comensis Grunow
Diploneis ovalis (Hilse) Cleve
Nevicula cinctaeformis Hustedt
Navicula cryptocephala Kutzing
Navicula hungarica Grunow var,
cepitete (Ehrenberg) Cleve
Navicula rostellata Kltzing
Navicula tenella Brebisson
Navicula tenelloides Hustedt
Nitzschia amphibia Grunow
Nitzschia apiculata (Gregory) Grunow
Nitzschia capitellata Hustedt
Nitzschia Chutteri Archibald
Nitzschia elliptica Hustedt var,
alexandrina Cholnoky
Nitzschia epiphyticoides Hustedt
Nitzschia fonticola Grunow
Nitzschia microcephala Grunow
Nitzschia palea (Kiitzing) W. Smith
Nitzschia perpusilla (Rabenhorst)
Gruncw
Nitzschia sigma (Kiitzing) W. Smith
Nitzschia silica Archibald
Nitzschia tropica Hustedt
Nitzschia tryblionella Hantzsch
Rhopalodia gibberula (Ehrenberg)
0. Miller
Other Species

Nitrogen heterotrophic Nitzschiae

combined

Station 16 Station 15

401 402
8.8.60 8.8.60
20.5
1.5
2.3
N5 44.3
1.1 0.5
1.1
3.5
743
1.5
36.7 4a5
2.2
0.2 8.0
1.0
2.4
2.2
3.5
7.0 0.5
2.8
5.4
R4
1.4
2.9
13.0
305 7.3
18.0 9.8



Table 42.

THE WILGE RIVER -~ STATION 9.

Achnanthes minutissima Kitzing

Cocconels placentula Ehrenberg
var. euglypta (Ehrenberg) Cleve

Cyclotella comensis Grunow

Cymbella ventricoss Kutzing

Fragilaria familiaris (Kiitzing) Hustedt

Fragilaria Vaucheriae (Kiitzing)

Boye Petersen

Gomphonema parvulum (Kitzing) Grunow

Gyrosigma Kiitzingii (Grunow) Cleve
Navicula cryptocephala Kitzing
Navicula rostellata Kitzing
Nevicule Schroeteri Meister
Navicula tenelloides Hustedt
Nitzschia Clausii Hantzsch
Nitzschia Kutzingianas Hilse
Nitzschia palea (Klitzing) W. Smith
Nitzschia perminuta Grunow
Synedra ulna (Nitzsch) Ehrenberg

Other species

Nitrogen heterotrophic Nitzschiae

combined

327 328
15.10.58 9.,12.58
18,0 33.6

1.3

3.3

2.3 1.4
7.0 4.1
28.9 7.2
4.3 27.2
0.5 1.2
15.0 12.8
0.8 1.4
105

1.3 0.2
3.3 +
2.8 2.9
1.5 2.7
1.0 +
0.5 1.0
6.7 43
9.8 6.6



Table 43. '

THE WILGE RIVER - STATION 10.

Achnanthes linearis W. Smith
Achnanthes minutissima Kiitzing
Caloneis Chasei Cholnoky
Cymbella ventricosa Kitzing
Fragilaria Vaucheriae (Kiitzing)

Boye Petersen
Frustulis Weinholdii Hustedt
Gomphonema parvulum (Kiitzing) Grunow
Gyrosigma scalproides (Rabenhorst) Cleve
Navicula cryptocephala Kiitzing
Navicula muralis Grunow
Navicula rostellata Kitzing
Navicula tenelloides Hustedt
Nitzschia accomodata Hustedt
Nitzschia amphioxoides Hustedt
Nitzschia Clausii Hantzsch
Nitzschia confinis Hustedt
Nitzschia Kitzingiana Hilse
Surirella ostentata Cholnoky

Other species

Nitrogen heterotrophic Nitzschise

combined

330
17.9.58

3.2
18.0
1.0
1.6

2.1
Re5
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 WILGE RIVER

- STATIONS 11A, 11B, 11C.

Achnanthes linearis W, Smith

Achnanthes minutissima Kiitzing

Cyclotelle comensis Grunow

Cymbella
Cymbella
Cymbella

Fragilaria familiaris (Kitzing) Hustedt

Kappii Cholnoky

microcephala Grunow

ventricosa Kiitging

Fragilaria Vaucheriae (Kiitzing)

Boye Petersen

Frustulia vulgaris (Thwaites) De Toni

var., anguste Cholnoky

Gomphonema parvulum (Kitzing) Grunow

Navicula
Navicula
Navicula
Naviculs
Navicula
Nevicula
Navicula
Navicula

Navicula

Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia

Nitzschia

cryptocephala Kitzing
indifferens Hustedt
pupula Kiitzing
rhynchocephala Kiitzing
rostellata Kitzing
Schroeteri Meister
tantula Hustedt
tenelloides Hustedt
Zanonii Hustedt
accomodata Hustedt
Clausii Hantzsch
confinis Hustedt
fonticola Grunow
Kiitzingiana Hilse
linearis W, Smith
microcephala Grunow
palea (Kiitzing) W. Smith
perminuta Grunow
romana Grunow

spiculum Hustedt

A
Fas

B

C

331

332

333

17.9.58 17.9.58 14.10.58

0.8
13.4

0.3

4a5
1.0

9.8

3.4
244
8.6
0.3
1.5

2.4
1.8

42
1.8
1.3
9.4
0.8

8.6
4a5
1.5
1.5
0.3

2/ e v e oo

4.8
34.0

12.2
4.1
1.4
1.6

743

0.2
1.8
3.9
1.6

042
1.6
75

4.1
1.1

0.5
1.1
1.4
1.1

e s s 000

0.2
2.1
6.7
0.5
0.5
4e3
1.5

45.0

0.2
3.3
445
0.2

1.5
0.7
0.5
0.2
+

0.2
0.2
1.8
2,6
1.0
6o
0.2

3.8
A

1.3



Table 44 (cont,).

-2 - '

Stations 114, 11B, 11C.

The Wilge River,

A B C

331 332 333

17.9.58 17.9.58 14,10.58

Surirella angusta Kitzing 0.5 2.1 1.8
Surirella ostentata Cholnoky 2.1 +

Synedra nana ieister 2,6 1.8 0.2
Synedre ulna (Nitzsch) Ehrenberg 0.8 0.7 2.0
Other species 9.9 ) 2.1 442

Nitrogen heterotrophic Nitzschiae

combined 25.0 11.1 21.8



Table 45,

THE WILGE RIVEF - STATION 12,

334
15.9.58

Achnanthes linearis W, Smith 1.7
Achnanthes minutissima (Kitzing) 22,6
Cyclotella comensis Grunow 2.0
Cymbella amphicephala Naegeli 1.0
Cymbella microcephala Grunow 36.9
Cymbella turgida (Gregory) Cleve 2.9
Cymbella ventricosa Kitzing 8.0
Navicula cinctaeformis Hustedt 1.0
Navicula cryptocephala Kiitzing 4.8
Navicula muralis Grunow 1.0
Navicula rostellata Kilitzing 2.5
Nit;schia adapta Hustedt 3.8
Nitzschia Kitzingiana Hilse 1.5
Nitzschia palea (KUtzing) W. Smith 1.0
Nitzschia spiculum Hustedt 1.5
Other species 7 ok

Nitrogen heterotrophic Nitzschiae
combined 10.2



Table 46,

THE WILGE RIVER
BEFORE THE COMFLUENCE OF THE LIEBENBERGSVLEI RIVER.

233
11.7.58
Achnanthes linesris W, Smith 14.5
Achnanthes minutissima Kutzing 60,3
Fragilaria familiaris (Kitzing) Hustedt 6.0
Fragilaria Vaucheriae (Kiitzing) Petersen 4.8
Gomphonema longiceps Ehrenberg var,
subclavata Grunow 1.8
Gomphonema parvulum (Kiitzing) Grunow 1.5
Nitzschia acicularis W, Smith 1.5
Nitzschia palea (Kiitzing) W, Smith 1.0
Nitzschia perminuta Grunow 1.0
Nitzschie spiculum Hustedt 1.8
Other species 5.8

Nitrogen heterotrophic Nitzschiae

combined 6.0



Table 47.

THE WILGE RIVER - STATION 13,

Achnanthes linearis W, Smith
Achnanthes minutissima Kitzing
tmphora coffaeaformis Agardh
Caloneis fasciata (Lagerstedt) Cleve
Cyclotella comensis Grunow
Cymbella Kappii Cholnoky
Cymbella microcephala Grunow
Cymbella ventricosa Kitzing
Fragilaria Vaucheriae (Kiitzing)
Petersen
Gomphonema parvulum(Kiitzing)Grunow
Navicula cryptocephala Xutzing
Navicula rhynchocephala Kutzing
Navicula rostellata Kiltzing
Navicula tenella Brebisson
Navicula Zanonii Hustedt
Nitzschia accomodata Hustedt
Nitzschia adapta Hustedt
Nitzschia Kitzingiana Hilse
Nitzschia linearis W. Smith
Nitzschia palea (Kiitzing) W. Smith
Nitzschia spiculum Hustedt
Nitzschia stricta Hustedt
Synedra nana Meister

Other species

Nitrogen heterotrophic Nitzschiae

combined

231 335
11.7.58  18.9.58
+ 3.5
21.6 48,3
1.5 0.7

1.2
1.3 0.5
0.4 2.3
15.4 22.5
3.4 0.7
0.6 2.9
+ 1.6
6.0 1.4
1.9 0.2
1.5 +
1.5 1.4
2.6 1.2
2.6
5.1 0.5
3.4 0.2
2.1 0.5
14.1 0.5
8.3 0.5
1.5
+ 5.7
4,2 3.7
37.2 1.7



Table 48,

TRIBUTARIES OF THE WILGE RIVER . THE BLANDS RIVER,

203 204

RLT.57 24.7.57

Achnanthes linearis W, Smith 2.0
Achnenthes minutissima Kiitzing 3.8 44
Amphora coffaeaformis Agardh 2.0

Amphora submontana Hustedt 1.0 +
Cymbella amphicephala Naegeli 19.9 8.6
Cymbella cistula (Hemprich) Grunow 1.0
Cymbella Kappii Cholnoky 2l 33.9
Cymbella microcephala Grunow 31.2 0.5
Cymbella ventricosa Kutzing 2.4 23,2
Gomphonema parvulum (Kitzing) Grunow 0.2 2.7
Navicula cryptocephala Kitzing 14.6 13.5
Navicula microcephala Grunow 2.0 0.2
Navicula rostellata Kitzing 0.4 1.0
Navicula tenelloides Hustedt 1.3
Nitzschia adapta Hustedt 0.4 1.5
Nitzschia fonticola Grunow 3.3 1.2
Nitzschia Kiitzingiana Hilse 5.3 +
Nitzschia linearis W. Smith 2.8 2.7
Nitzschia palea (Kitzing) W. Smith 1.0 047
Surirella angusta Klitzing 1.0 0.5
Synedra ulna (Nitzsch) Ehrenberg 1.0
Other species 5.0 1.6

Nitrogen heterotrophic Nitzschiae
combined 11.3 3.9



Table 49.

TRIBUTARIES OF THE WILGE RIVER - THE KLERKSPRUIT RIVER: STATION 40.

362
14.,10,58

Achnanthes minutissima Kiltzing 32.5
Achnanthes pseudohungarica

Cholnoky-Pfannkuche 3.2
Amphora submontana Hustedt 1,2
Caloneis Clevei (Lagerstedt) Cleve l.4
Cymbella amphicephala Naegeli 14,7
Cymbella microcephala Grunow 32.5
Navicula cryptocephala Kutzing 1.2
Navicula exiguiformis Hustedt 1.7
Nitzschia amphibia Grunow 1.4
Nitzschia fonticola Grunow 1.0
Nitzschia microcephala Grunow 1.2
Nitzschia perminuta Grunow 2.2
Rhopalodia gibberula (Ehrenberg)

0., Muller 3.2
Other species 2.6

Nitrogen heterctrophic Nitzschisze

combined 6.3



Table‘gg.

THE TRIBUTARIES OF THE WILGE RIVER - THE RUSSESPRUIT RIVER.

Achnanthes minutissima Kiitzing

Amphora veneta Kiitzing

Cymbella naviculiformis Auerswald

Cyrmbella turgida (Gregory) Grunow

Cymbella ventricosa Kutzing

Diploneis subovalis Cleve

Frustulia vulgaris (Thwaites) De Toni
var. angusta Cholnoky

Gomphonema parvulum (Kitzing) Grunow

Navicula cincteeformis Hustedt

Navicula cryptocephala Kitzing

Navicula microcephala Grunow

Navicula permitis Hustedt

Navicula rhynchocephala Kiitzing

Navicula rostellata Kiitzing

Navicula Schroeteri Meister

Nevicula seminulum Grunow

Navicula tenella Brebisson

Navicula tenellcides Hustedt

Navicula Twymaniana Archibald

Nitzschia adapta Hustedt

Nitzschia dissipata (Kiitzing) Grunow

Nitzschia fonticola Grunow

Nitzschia Kiitzingiana Hilse

Nitzschia linearis W. Smith

Nitzschia palea (Kiitzing) W, Smith

Nitzschia perminuta Grunow

Nitzschie romana Grunow

Rhopalodia gibba(Ehrenberg)O.Miiller

Surirelle angusta Klitzing

Synedra ulna (Nitzsch) Ehrenberg

Other species

Nitrogen heterotrophic Nitzschize
combined

Station 41.

249 363
12,7.58 9.2.59
11.8
1.7 +
2.2
1.4
842 0.7
2.4
1.7
21,0 0.7
6.3
8.6 13.3
1.0
1.7
1.5
2.4 0.9
+ 9.8
2.2
+ 2,0
4.8 12,0
1.9 1.3
2.8
1.9 0.9
+ 1.5
3.4 10.3
7.0
1.9 21.9
2.6 3.9
1.3
0.7 1.1
1.4 +
6.7 +
3.8 5.4
10.3 4347




T=ble 51,
THE TRIBUTARIES OF THE WILGE RIVER -

THE MOLEN, CORNELIUS AND HOLSPRUIT RIVERS.

MOLEN  CCRNELIUS HOLSPRUIT

St. 14 St. 36.

336 266 253

17.9.58 13.7.58 12,7.58

Achnanthes linearis W, Smith 1,0 0.5
Achnanthes minutissime Kuitzing 12,2 1.0
Amphipleura pellucida Kilitzing 1.3
Amphora coffaeaformis “gardh 1.0 0.8 1.1
Caloneis fasciata (Lagerstedt) Cleve 1.5 0.3
Cyclotella comensis Grunow 25, 0.2
Cymbella Kappii Cholnoky 77 12.0
Cymbella microcephala Grunow 4.8 0.5
Fragilaria Vaucheriae (Kiitzing)

Boye Petersen 3.8 0.3
Gophonema parvulum (Kitzing) Grunow 1.8 1.0
Gyrosigme Kitzingii (Grunow) Cleve 0.3 5.1 +
Gyrosigma scalproides (Rabenhorst) .

Cleve 0.3 1.8 0.3
Melosira vorians Agardh 1.3
Nevicula atomus (Kiitzing) Grunow 1.8 1.9
Navicula cinctaeformis Hustedt 1.3 + 0.5
Navicula cryptocephala Kiitzing 8.5 5049 5.8
Navicula exigua (Gregory) O.Miller 1.3 +
Navicula perparva Hustedt 2.0 + +
Navicula rostellata Kiitzing 2.5 6.6 0.5
Navicula Schroeteri Meister 45 0.8 5.3
Navicula tenella Brebisson + 2.1
Navicula tenelloides Hustedt 1.5 0.8
Nitzschia accomodata Hustedt + 1.5 0.3
Nitzschia acicularis W, Smith + 1.9
Nitzschia adapta Hustedt 1.8 1.9
Nitzschia Clausii Hentzsch + 1.0
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Table 51 (cont.).

-2 - ,
The Tributaries of the Wilge River -

The Molen, Cornelius and Holspruit Rivers,

MOLEN  CORNELIUS HOLSPRUIT

St. 14 St. 36,

336 266 253

17.9.58 13.7.58 12.7.58

Nitzschia dissipata (Kiitzing) Grunow 0.5 1.5 0.5
Nitzschia exilis Archibald 0,5 48

Nitzschia fonticola Grunow 0.5 1.0 1.1
Nitzschia Kiitzingiana Hilse 1.8 3.7
Nitzschia linearis W, Smith 3.3 8.1 22.9
Nitzschia mediocris Hustedt 1.1
Nitzschia palea (Kitzing) W. Smith 1.5 3.3 3.5
Nitzschia perminuta Grunow 1.8 1.3 14,7
Nitzschia spiculum Hustedt 0.5 2.9
Pinnularia viridis Ehrenberg 2.0

Surirella angusta Kitzing + pa
Surirella ovata Kitzing + 5.0
Synedra ulna (Nitzsch) Ehrenberg 1.0 0.5
Cther species 3.7 562 562

Nitrogen heterotrophic Nitzschiae
combined 8.4 13.9 32,6



Table 52 (cont.).

The Licbenbergsvlei River System,

Noviculz Zanonii Hustedt

Nitzschia
Nitgzschi=
Nitzschia
Nitzschin
Nitzschia
Grunow
Nitzschia
Nitzschiza
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Grunow
Nitzschiz
Nitzschia

Nitzschia

acicul=ris W, Smith
adepta Hustedt
amphibia Grunow
Chasei Cholnoky
dissipzota Klitzing)

fonticola CGrunow
hungerica Grunow
fUtzingiana Hilsc
linearis W, Smith
mediocris Hustedt

palea (Kitzing)

perminuta Grunow
romana Grunow

spiculum Hustedt

Pinnularia microstauron

(Ehrenberg) Cleve var,

Brebissonii (Kiftzing) Hustedt.

Surirells

Synedrs ulna (Nitzsch) Ehrenberg

2ngusta Kitzing

Other species

St. 43

Nitrogen heterotrophic Nitzschisze

combined

R36 239 364, 242 245
11.7.581 11.7.52 112.11.58( 12.7.58]12.7.58
1.8 +
1.8 0.7
Oul 0.4 1.2 Oud
+ 1.5
+ 2.8
04 1.5
0.9 O.g O.Z" 1.8 2.’7
3.5
2.7 1.5 + 22 16.0
+ 64, .2 0.4 4t o8 0.4
1.1
0.7 0.4 0.6 0.2 11.2
2.5 1.3 Cute 1.3
0.2 + 6o
0.8 33.2
2.8
0.4 Oud + 1.2 C.9
3.3 +
2.7 1.7 5.3 1.7 1.8
11.2 3.2 5.7 39,7 39.9




Table 53,

schnanthes lanceclata var, ellintica
fchnanthes lanceolats var, rostrata
‘chnanthes linesris

Achnanthes microcenhala

‘ghnanthgs minutissima

fmphora coffzeafcrmis

Caloneis Chasei

Caloneis (Clevei

Cocconels placentule vaer, euslypta
Cunbella .omphicephala

Cymbella gracilis

Cymbelle Kappii

Cyrmbella microcephala

Cymbella naviculifeormis

Cymbells ventricosa

Diploneig subovalis

Eunotia diodon

Eunotia pectinelis

Fragilaria construens

Fragilaria familiaris

Fragilaria Veuchsrine

Frustulia rhomboides var, sexonica
Gompheonems= Clevel

Gomphonemaz gracile

Gomphonems jevanicum

Gomphonem= longiceps var, subclevatun
Gomphonema parvulun

Gyrosigma Xltzingii

Navicula atomus

Nevicula, cinctaeformis

Neviculs cryptocenhala

THE WINTER LND SUFMMER DI.TCH ASSOCI-TICHS FROM G

YOSIIPLT
ce SAPLIY

'3 STLTICHS,

Stetion 1 Stetion 24 Stoticn 19 St-tien 21 St-ticn 24 Station 25 'Station 31
g 21g ale =|le ala 2z sz s
I T s S S B SN N S A R S IS S
oA 12 & § s|& &3 <15 S35 g
370 479 307 306 344 4797 385 353 358 437 359 434 360 445
: Y
1.0 .
4.9 1.0 +
0.¢ 7.8 1.8 5.3
11.& [37.9  90.5 1h.E C.) | 3.3  50.1 Le2  BLA Loh 16,6 + 16.5
+ 1.3 1.0
2.4 1.5 o
2e0 +
€.0
3.1 B82.7 0.5 1.2
+ 1.3 s
+ 1.4 . + 0.5 1.9 0.5 4.6
1.0 Sl 1.0 5.3 0.2 242
0.5 2.1
YAA bl 1.0 2.8 Lol 3.2 2.6 0.2
1.0 +
2. N
2.1 .
1,1 + .
5.8 443 N . 55.9 2¢3
2.2 + + 5.0 + 11.4 1.6 26,0 24,2
25.3 7.7
4.0 + + 1.3
2.9 0.3 < -
3.1
2.2
7.0 11.3 2.0 0.5 . 1.8 1.3 3.0 1.7 0.9 14.5
+ 0.6 1.3
1.0 2.9 1.6 045
2.3 0.2 7.0 +
11.6 3.6 | 6.5 + £.5 T | 16 5.0 3.4 + 2.6 11.3 | 2.6 1.2
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Table 53 (cont,),

Naviculeas
Navicula
Navicula
Navicula
Navicule
Mavicula
Havicula
Navicula
Navicule
Navicula
Navicula
Navicula
Navicula
Naviculea
Navicula
Navicula

Naviculsa

diuvturnoides

esamongansi

o<

n
1]

microcephala
molestea
muralis
pascuorum
nerparva
nromota
nygmaea
rhynchocephala
rostellate
Schroecteri
submolesta
subtilissima
tenella
Twymanisne

Zencnii

Neidium affine var, amphirhvnchus

Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschiea
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschia
Nitzschis

Nitzschia

The Winter

-2 -

mner Jistom Lssociations from certain

Qn

A

nliny Stations.

accomodata
aciculeris
scdapte
amphioxoides
capitellata
Clezusii
dissipata
fonticola
gracilis
interrupta
KUtzingiona
linearis
obligata

palee

Stotion 172 Staticn 21 Station 24>v Station 25 Stetion 31
i G — [ — T — OO. r—? C:'
344, 453 256 353 358 437 359 434 360 445
4.6 1.6 .
C.5 + . .
1.6 + 1.0 12.3
0.5 . 7.6
1.t .
+ 1.9
1.3 .
1.2
+ 0.3 + 2,0 2.3 1.0
3.1 + + v 0.5 2.5 12,1 1.3 R.6 1.0 3.0 +
1.0 1.0 + 5.3 3.9
4ol )
3.6 .
0.5 0.6 2.2 . 0.5 34
1.0 1.3 4,2 0.2
+ 2.0 0.7 6.5
1.0 1.9 +
1.5 2,1 . 1.0 3.9 0.9 +
. 3.6 1.2
1.0
1.9
4ol +
0.5 0.3 + 1.3
1.0 + 1.2 0.5
2.1 :
3.9 0.5 0.7 1.0
3.1 5.5 0s5 |18.4 C.5 C.2 4.3 [38.3 1.8 | 54.8 $.1 | 49,9 Ca5
+ Eed 1.2 + + 1.0 2.9 0.9 0.5
2.3 : J
9.2 5.6 0.5 (17.% 0.5 + 1.2 744 0.2 |11.2 + 10.4 +
| O




Teble 53 (cont.). -3 -

The Winter sand Summer Diatom Jssoclalions from certein Sampling Stations,

Station L St-tion 24 Staticon 19 Stotion 21 Stotion R4 Stotion 25 P Staticn 31
ST I S S T S N S s S SN B SN B S
S o4 |d d|& d9|g &g b d S dd
370 479 307 308 344 500 56 353 358 437 359 434 1 360 445

Nitzschie perminuta 9.7 2.7 + 3.9 .+ . R4 1.0 549 1.7

Nitzschia romansa 1.0 + 0.2

Nitzschia spiculunm ' 2.2 + . L.C 1.0

Nitzschie stricta 1.0 ]

FPinnularis 2coricela 0,0 1.5 . N

Pinnularia mesclepta 0.3 1.0 . ‘

Pinnulariz microstauron var., Brebisscnil G.5 o5

Stauroneis anceps f, gracilis 1.1 +

Surirells angusta 0.3 G.3 1.0

Surirells delicatissima var. africena 134 2.3 . ‘

Surirells linearis 1.2

Surirellsz ostentata ‘ 2.6 1.0 + 1.0

Surirells tenera - 1.6 v

Synecdra ulna 4 1.3 C.9 . “ 1.9

Nitrogen heterotrophic Nitzschise combined Z.3 242 23,1 1.0 |50.° 2.5 6.7 7.6 1509 Lo3 |72 12,1 | 66.9 3

Bunotia combined 3.2 3.5 -




Table 54,

Lchnanthes linearis

Achnanthes minutissime

Achnenthes pseudohungarica

fmphora ccffaeafcrmis
Celoneis Clevel
Cyclotelle comensis
Cymbella
Cymbella

aequalis

amphicephala

Cymbelln
Cymbella
Cymbella

aspera
cistula

Kappii

Cymbelle
Cymbella

microcephala
neviculifcrmis
Cymbella ventricosa
Fragilaria familiaris
Fregilaria Vaucheriae
Frustulie wvulgaris var.
Gomphonema parvulum
Gyrosigma XUtzingii
Nevicula cryptocenhals
Navicule microcephela
Navicula murealis
Navicula rhynchocephalea
rostellata

tenella

Navicula
Nevicula
Navicula Zanonii
Nitzschia adapta
Nitzschia fonticola
Nitzschie grecilis
Mitzschiz interrupta
Nitzschia KUtzingianza
Nitzschia linearis

Nitzschia palea

THE COWPOSITICN OF 198 C¥pBRELI TOFRCH THE VAT DAM R N
58 glw g 8 2 glv 2 2/g g/gle 8 8 g gles g glulsg s B
PR BT B S NS S N (= S I I B S I
A8 Nle o vls § fla § dld dlg]d 4 % gld|e & Sl dld § o
St.3 St.4 St.5 S5t.19 5120 St.30 st.12|
309 312 495 313 ALY 317 319 415\ 342 343 493 401 492 463 (465 467 438 455| 432 (422 420 441) 334 (203 204 362
A 2.1 |1.5 0.8| 1.7 2.0
13,6 5.9 12.5(19.7 27.5[27.9 23.2 34.2| 5.7 %1 G.5| Q.5 20.7| 5.7 20.2 11.6 20.2 14.8| 4.2 [3.0 1.5 2.6[22.6 (3.8 4.2 32.5
3.2
C.7 0.5 2.6|0,5 0.8 0.3 0.5 [0%3 - 0.7 |2.0
‘ 0.2 0.8 5.5 2.1 0.7 . 0.3 0.2 |0.9 1.4
2.0
5 0.2 0.3 0.3]" . 18,30 - 1.1 0.2
[p2.5 6.3 35.7| 0.8 10,7 0.5 [23.2 34,9 62,9 0,7 2347 1206 018 6.7 0.2 62.5 66,4 12.8| 1.0 19.9 8.6 14.7
’ 4.3
: 1.2 0.3| . . 0.5 9.3 0.2 1.0
0.9 0,2 0.2] 1.5 48.2] 0.5 23.0 19.2| 0.8 .3 5.6 3e3[31:¢ |05 1.0 13.6| 5.6 |2.2 7.8 2.4 33.9
43.0 55,5 27,4 |23.0 6,0]32.0 34.0 30.6| 4ob 28,1 5.4 4.0 C.5| « 4336 64:0 1448 (bhat |24 1.5 62,3[36,9 31.2 0.5 32.5
1 15.6
0.8 0.8] 0.5 1.2] 144 0.5 2.3] 043 o Ou5 ] Ou2 s |2146 [4.0 2.8 17.3 1.0| 0.9 1.0 2,0 |24 23.2
: 0.5 1.9 0.3 , . 0.4
: 1.7 0.3 : . 0.7 C.7
‘ 0.2 0.2} 1.3 0.3 . 0.2 0.4
0.5 0.5 0.5 12.7 0,5 045 =« 0.3 0. 0.2 0.4
0.5 4.9 1.3 0.9 - 10.3 0.5 0.4
0.5 2.2 1,7| 5.6 6.1 0.3 0.5 5,0 1.8 7.4 1.0 11.1 [1.3 2.0 10.1 5.9 5.2 |544 4.2 0.6 | 4.8 14.6 13.5 1.2
0.7 0.5 0.2 0.3 [2.0 0.2
Go3 1.0 1.0
1.4 C.9[12.¢ 3.0 0.3 9,2 0.3 *| 6.0 0.5 ’ 1.0| 0.2 {0.4 0.4 0.7 0.2 0.2
1.2 1,21 0.8 C.3 1.1 2.9 1 o.s | - 0.2 0.2 [ 2.5 |0.4 1.0
0.5 1.9 0.9| 3.3 0.7| 1eb 0.8 2.9 9,6 .8 2,2| 2.3 “ 0.5 1.8 59| 4ol |43 1.5]0.3 |04 0.2
1b 0.5 0.5 1.0 0.5 2,% 1.6 2,0| o.5 1.0 1.3 2.3) 2.3 0.9 0.4 1.0 0l
3.1 1.2 0.5|1.3 0.7] 0,3 0.5 0.5 0.5 1.2 0.2l 0.7 0.5 1.0 0.8 2.2 0.4 0.2]3.8]0.4 1.5
1.4 0.9] 5.6 0.8 : ‘ ‘ 4.6) 0.9 [0.2 5.5 0.7 3.3 1.2 1.0
0.3 4.0
5.1 12,9 6.9|1.0 0.5 0.5 0.3 5.2 « 0.5 4.9729,07 “12.47 6.2 1.5 0.8 0.9' 5.9 6.6
1.4 0.7 0.5 0.5 1.6° 1.0° 1.5| 0.5 0.2 1.0|1.5|5.3 0.5
0.2 0.2 3.1 1.8 1.4 (1.7 0,5 | 5.544.0 £.4} 020 LA 6.0 10.315.6 1.5] 0.2 [1,1 0.2 0.2 0.7 |2.8 2.7
1 0.2 0.k |54 2.7 5.6 0.3 0.3 +0.5F 0.5 0.2} ¢ 1.0 0 0.2 1.0 |1.0 0.7
2/ i,



Table 54 (cont,). -2 -

- The Composition of the Cymbells cdeminant escociztions from the Veal Dem
C=tghment ‘re-=,

BOR SR 1% 8 S8 8 5185 /8|8 8 ¢ g/els g glwlsg & B

I A I TS S B N I S - S S e [ S B B NI

2 8 AlA tlA & t]E & o alg dleld 49 gl & gl d]|4 4§ 9

St.3 St.4 5t.5 St.19 St.20 S5t.30 St.12

309 312 495| 313 416} 317 319 /418 20343 LT3 4PL L92] 463|465 L68 438 455| 432 |422 429 441| 334 [203 204 362
Nitzschia perminuta Rl 1.5 1.0| 1.7 1.0 2.6]. . : . LO.51 1.3 1.0 1.0 0.2 0.2] 0.5]0.7 242
Nitzschia Rautenbachice 0.2 s 0.5 1.1
Nitzschia romana -1 CJ3 L . 0.2 2.1] 0.5 0.2
Nitzschia spiculum 1.4 1. . ; Co7l 4.2 - . 0.5 0.8 1.5
Pinnularia microstzuron var,

Brebissonii 0.2 0.2 3.5 2.3 3 - |- 0.3 0.2
Rhopalodia gibberuls 0.2 . 1.0f 0,2] 0,2 0.3 0.4 362
Surirella angusta : 0.2 C.¢ 0¢3 . : . 0.8 1.0 0.3] 1.0 0.5
Synedra nana , Lol .
Synedra ulns 2.4 . 0.3 0.2 1.0
Other species 1.9 24 le4| 7.1 1.9] 2.2 2.1 2,7(110.3 6.1 3.9 Go5 L4 PO| Xl 4.6 2.5 7.6 6.4 5.4 3.9 2.3 6.5] 5.2 3.4 7.4
Nitrogen heterotrophic .
Nitzschiae combined 7.8 2.6 3.0|15.8 4.4] €7 1.3 31| L3 2.3 2.9 6.7 c.o|10.4] 2.0 2.3 1.5 12.3] 3.3] 3.0 14.1 1.4]10.211.3 3.9 6.3

Cymbella spp. combined 66.9 63.5 63.9(25.8 56.6144.9 52,6 53.3 (2847 63.3 F8,7]|79.3 45.9(54.0(60.9 2.6 37.2 45.4)71.3|72.2 68.9 82.945.9(54.1 67.2 47.2




Table 55.

The Detailed Results of the Chemical Analysis of the Bloukrans River,

Total Nitrogen

April 1 2 3 4 lugust 1 2 3 4
34,67 3R.44L 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
174,67 14,24 19.06 14.37 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
504,67 19,11 27.23 4.49 0,18 7.8.67  3.55 120.64 5.88 4,20
11.4.67  4.90 10.31  5.32 2,24  9,8.67 2.3¢ 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.CC
19.4.67 33,14 20.44  3.59 0.09 21.8.67 7.75 8.40 3,55 3.17
244,67 11,01 20,90 0,00 0,00 23.,8.,67 8,77 12,23 0,327 1.77
26,4,67 2,61 15,22 0,00 0,00 25.8.67 - - - -




Toble 56.

The Detailed Results of the Chemical ’‘nalysis of the Bloukrans River,

Organic Nitrogen.

April 1 2 3 L 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
564,67 6,53 7.53 4,92  3.15 7.8.67 1.68 2,57 2.24 2.10
11,4,67 3,59  4.29 4,20 4.R 9.8,67 1.68 2,9 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
RLAGET 3,27 467 3,50 2,71 23.8.67 1,40 2,24 1.45 1,96
R6,4.67 4,29 5.46 2,89 2,94 25,8,67 - - - -
Nitrite Nitrogen.

April 1 2 3 4 fugust 1 2 3 4
3.4.67 0.49 1.15 0,36 0.10 3.8,67 6,00 3,11 3,02 2,51
5.4.,67 0,04 1,20 0.3% 0.05 7.8.67  4.84 3.75 3,60 0,72
11.4.,67 0,20 0.49 0.1 0.39 9.8.,67  3.07 4.37 3.49 0.43
13.4.67 0,28 0.80 0.29 0.3% 14.8.67 3.80 4.05 2,84 0,15
17.4.67 0,21 049 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
244,67 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.,0R 25.8.67  5.58 4,56 2,37 0.14




Table 57.

The Detailed Results of the Chemical “Analysis of the Bloukrans River.

Nitrate Nitrogen,

April 1 2 3 4 August 1 2 3 4

34,67 L4 6,15 6.55  4.86 3.8.67 7.38 8,95 12.28 14.40

54,67 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 14.8.67 12,60 12,75 10,50 11.80
174467 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
244,67 8,22 6.90 5,70 4L.h 23.8,67 11.60 13,15 9.15 16.40
26,4,67 3,60 7.90 7.9  4.26 25.,8,67 7.50 9,00 6,30 5.60

Percentage Saturation of Dissolved Oxygen.

April 1 2 3 4 August 1 2 3 4

3467 - - - - 3.8,67 37.10 71.03 66.77 80.56

5.4.67 - - - - 7.8.67 76,85 £1,62 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 8l.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
244,67 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 Figufes.

1-5. Achnanthes adamantiformis Archibald n.comb. - 6,7. Achnanthes
cogitata n.sp. - 8. Achnanthes Engelbrechtii Cholnoky. - 9-11, Achnan-
thes lanceolata (Brebisson) Grunow var. rostrata Ostrup. -

12,13. ichnanthes pseudchungarica Cholnoky-Pfannkuche, - 14. Amphora
fontinalis Hustedt. - 15. Amphora veneta Kutzing. - 16, Caloneis
bacillum (Grunow) Cleve. - 17. Caloneis bacillum var. minime Cholnoky.
- 18, Caloneis Chasei Cholnoky. - 19. Caloneis Clevei (Lagerstedt)
Cleve, - 20-23, Caloneis fasciata (Lagerstedt) Cleve. - 24. Caloneis
hyalina Hustedt., - 25. Caloneis incognita Hustedt. - 26. Cyclotella
comensis Grunow. - 27, 28 pseudostelligera Hustedt. - 29, 30. Cyclo-
tella stelligeroides Hustedt, - 31. Cymbella 0liffii Cholnoky. -

32. Cymbella pusilla A, Cleve-Buler. - 33. Diploneis marginestriata
Hustedt. - 34. Bunotia exigua (Brebisson) Rabenhorst. - 35. Eunotia
polydentula Brun. - 36. Funotia rhomboidea Hustedt. - 37. Funotia
similis Hustedt. - 38, 39. Fragilaria Vaucheriae (Klitzing) Boye
Petersen. - 40. Frustulia subvulgaris Cholnoky. - 41-43, Frustulia
tugelae Cholnoky. - 44. Frustulia Weinholdii Hustedt. - 45. Gomphonema
dichotomum Kiitzing emend. Archibald. - 46. Gomphonema gracile
Ehrenberg.,~47. 48. Gomphonema javanicum Hustedt. - 49-51. Navicula
adsidua n.sp. - 52, 53. Navicula agrestis Hustedt. - 54-57., Navicula

aquosa firchibald,

58,59, Naviculz bacilloides Hustedt. - 60, Navicula barbarica Hustedt.
-61. Navicula belli-tule n.sp. - 62, 63. Navicula bryophila Boye
Petersen. - 64. Navicula bushmanorum Cholnoky. - 65,66, Navicula
chrissiena Cholnoky. -~ 67,68, Navicula cinctaeformis Hustedt. - 69.
Navicula citrus Krasske. - 70. Navicula confervacea (KUtzing) Grunow.-
71. Navicula contenta Grunow f, parallela Boye Petersen, - 72,73.
Navicula cryptocephala KUtzing., - 74. Navicula difficillima Hustedt. -
75,76, Navicula digitulus Hustedt. - 77. Navicula diuturna Cholnoky. -
78-90, Navicula diuturnoides Archibald, - 91-93, Navicule esamangensis
Foged. ~ 94,95, Navicula fluens Hustedt, - 96, Navicula Fritschii Lund
~var, dissipatoides Hustedt, - 97.98. Navicule gilva 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. Navicula

insociabilis Krasske., - 105, Navicula Geitleri Hustedt.



106,107, Navicula letulenta n.sp., - 108, Navicula longicephala

Hustedt, 109,110, Navicula manubialis Archibald, - 111-114, Navicula
microcephala Grunow., - 115, Navicula minuscula Grunow, - 116-118,
Navicula molesta Krasske, - 119, Navicula montisatrae Cholnoky

120,121. Navicula pascuorum Cholnoky. - 122-124, Navicula permitis
Hustedt. - 125, Navicula promota n.sp. - 126,127. Navicula pseudoventra-
lis Hustedt, - 128,129, Navicula pupula Kitpzing f, rostrata Hustedt. -
130, Navicula Scottiae Cholnoky. - 131,132, Navicula seminulum Grunow.-
133,134. Navicule sBhrensis Krasske f, muscicola (Boye Petersen)
Krasske., - 135. Navicula simplex Krasske var, minor Cholnoky. -

136-138, Naviculz Standeriella Archibald. - 139.Navicula microcephala
Grunow - 140. Navicula subcoccus Cholnoky. - 141, Navicula subcostu-
lata Hustedt. ver, evittata Cholnoky. - 142-15C. Navicula submolesta
Hustedt., - 151, Navicula mutica Kiitzing var. nivalis (Fhrenberg) Hustedt.
152,153, Navicula subrotundata Hustedt. -~ 154~156. Navicula tantulse
Hustedt. - 157,158, Navicula temeraria Cholnoky. - 159-161, Navicula
tenelle Brebisson. - 162-164. Navicula tenellaeformis Hustedt. -

165,166, Navicula tenuissima n.sp.

167~175. Navicula Twymaniana Archibald, - 176-178. Navicula venezue-
lensoides n.sp. - 179-181, Navicula ventosa Hustedt, - 182,183. Nevicula
ventosoides n.,sp. - 184, Neidium inconspicuum Hustedt. - 185, Nitzschia
acicularis (Xitzing) W, Smith., - 186, Nitzschia Agnewii Cholnoky. -

187, Nitzschia capitellata Hustedt. - 188-192, Nitzschiz 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 gracilis Hantzsch, - 210-213, Nitzschia Kitzingiana
Hilse. = 214. Nitzschia lauenbergisna Hustedt. - 215. Nitzschia
linearis (Agardh) W, Smith, - 216, Nitzschia mediocris Hustedt. -

217, 218 Nitzschia obligata Archibald., - 219, Nitzschi=z obsidialis
Hustedt. - 220-222., Nitzschia palea (Kiitzing) W.Smith - 223-225,
Nitzschia perminute Grunow., - 226,227, Nitzschia perpusilla Rabenhorst.
- 228, Nitzschia perspicua Cholnoky. - 229, Nitzschia proxima Hustcdt.-

230-236, Nitzschia romana Grunow.
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237. Nitzschia rufitorrentis Cholnoky. - 238-243. Nitzschia silica
frchibald., - 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 subvitrea Hustedt., -~ 259. Nitzschia tronica
Hustedt., - 260,261, Nitzschia umbilicata Hustedt. - 262, Nitzschia
vandermerwei Cholnoky. - 263. Nitzschiz vitrez Norman var, salinarum
Grunow. - 264. Pinnularia brevicostate Cleve var. sumatrana Hustedt, -

265, Pinnularia eburnea (Carlson) Zanon,

266, Pinnularia stomatophora (Grunow) Cleve. - 267. Pinnmularia
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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