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GENERAL INTRODUCTION

The Umgeni River Research Fellowship was Jjointly
established by the Town and Regional Planning Commission
of Natal and the National Institute for Water Research
of the South African Council for Scientific and Indus=-
trial Resedpch, Piretoria, Within the framework of the
broad objective laid down by the sponsors, namely, to
protect the quality of the water resources of the Umgeni
river basin for domestic, agricultural, industrial and
other uses, and at the same time to collect the basic
data necessary for the formulation of stream and effluent
standards and the control of pollution and bacterial
contamination, a programme of investigation was evolved
which largely consisted of two phases. The first phase
of the investigation was planned to provide a general
background necessary for the second and included the

following:

i, The mapping of the catchment to show residential
areas, sewage disposal systems, industrial, agri-

cultural and recreational activities;

ii, A physical and chemical survey of the streams in
the catchment area and the establishment of the
conditions in unpolluted streams. At the same
time sources of stream disturbance such as sewage

and industrial effluents were located.

iii, A general ecological investigation of the main

and its major tributaries, which provided a back-



ground knowledge of the distribution of the fauna
under clean, undisturbed water conditions and which
at the same time located areas of stream distur-

bance as reflected by the faunal picture,

The second phase of the survey was aimed at es-
tablishing the faunal, faecal bacterial and physico-
chemical conditions of the polluted streams, and invol-
ved detailed faunal surveys accompanied by 24-hour
chemical and bacterial sampling programmes. Although
this phase of the survey is not incorporated as part
of the thesis itself, descriptive accounts, for refe-~
rence purposes, are nevertheless included as an appen-
dix,

One major obstacle concerning the ecological
investigations of our fresh water fauna in South Africa
g%ill is the fact that there are numerous macro-inverte-
brate species, whose larval forms constitute the bulk
of the aguatic macro-invertebrates, which are either
still unnamed, or, not yet adequately correlated with
their respective larval stages., I therefore found it
essential to rear and correlate with adults, some of
these larval forms, the outcome of which is an attempted
revision of the small but nevertheless ecologically
important and interesting mayfly genus Afronurus Lestage
in Bouth Africa. Apart from the advantages of being
able to correlate and to describe, from fresh material,
each of the developmental stages of the various speciles
under consideration, I could draw upon & more complete
knowledge concerning their respective ecological distri-
bubtions and employ this in the discrimination between

morphologically closely related species.
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METHODS AND TECHNIQUES
General,

Survey Procedure.

As an introduction to each of the respective sur-
veys, preliminary investigations were made of the areas
traversed by clean and peollubted streams, Special at-
tention was paid to and information gathered on the
topography, geology, soils, vegetation, rainfall, air
temperatures, population densities and recreational and
industrial activities., This was followed up by an in-
vestigation of the streamsduring which notes were made
of the colour, turbidity and odour of the water. ©OStones
in the streams were examined for the presence or absence
of certain benthic fauna, algal and sewage fungal (Sphae-
rotilus) growths, silt and other deposits. In addition,
limited physical and chemical analyses such as water
temperatures, conductivities, pH and dissolved oxygen
determinations provided useful data for quick assessment
of the stream conditions at certain selected places in
the rivers under survey.

The compilation of maps showing industrial, resi-
dential and agricultural activities, effluent discharges,
sewage disposal systems, roads, bridges etc., rounded
off the preliminary investigations. Chemical and bio-
logical sampling sites were selected at places on the
main river and its major tributaries, not only to gain
a knowledge of the clean undisturbed parts of the river
system (phase 1), but also to cover the effluent dis-
charges as well as the streams above and below the

points of discharge (phase 2, appendix). Additional

4w



bioclogical and chemical ssmpling stations were chosen
well below the entry of effluents and drains in order
to provide information on the deterioration or recovery
of the streams and their fauna,

In addition to the chemical sanpling programme
for the general hydrobiological investigation, which
was undertaken by the author and the water chemist of
the N.I,W.R,, arrargements were also made with the
Pietermaritzburg and Durban Corporations and the labora-
tories of the State Health Department in connection with
the analysis of the chemical and bacteriological samples
respectively collected during phase 2 of the investiga-
tion (see appendix), and the dates, times and duration
of the sampling periods were agreed upon, In order to
obtain comperable results, the chemical and bacteriolo-
gical methods adopted were, with few exceptions, the

same for all the surveys.

2.1.2 Sampling Technigues.
i. Faunal,

Various sambling devices have been developed and
used by different research workers on problems of gtream
productivity (Needham, 1934; Ide, 1940; GSprules, 1947),
However, since the introduction of the square foot
Stream bottom sampler (Surber, 1937; Davis, 1938),
it has gained in popularity amongst regearch workers
and has been widely used in the quantitatiwe studies
of stream bottom fauna in overseas countries as well
as in Southern Africa, (Maciolek and Needham, 1957

Harrison and Elsworth,1958; O0liff, 1960; Allanson, 1961;

5/ ..



Chutter, 1963).

A square foot (0,093 m2 )} stream bottom surber sampler
and a handnet were largely employed in the faunal sur-
veys under consideration. Both the handnet, which had
a brass ring of 16 inches (40,6 cm) diameter, and the
surber sampler, had bags of silk grit gauze of 25 meshes
to the centimetre (64/inch). Quantitative stream bot-
tom samples comprised 2 - % square foot surber collec-
tions 0,186-0,279m which covered the different habitats
at each site. In this way a "cross section' of the fau-
na present at each sampling station was obtained., Mar-
ginal and submerged aquatic vegetation were sampled by
sweeping the handnet vigeorously upstream through the
vegetation for a distance of © feet, Samples, together
with waterproof labels bearing the necessary information
such as the time of day, date and type of sample etc.,
were transferred to jars, treated with 40% formalin
(approximate dilution 1 in 10) and transported to the
laboratory where the sorting and classifying of or-
ganisms were carried out. 4 Birge-Eckman grab (Lenz
modification) of 225. sq. cm. was mainly employed in

the sampling of soft bottom habitats,

ii. Bacterial (see appendix).

All water samples for bacterioclogical analysis
were collected in specially prepareé&, clean, sterilized,
labelled, ground-glass stoppered, 25C mililitre bottles.
Care was taken to prevent any contamination of the
samples during or after collection. Bottles were sub-
merged in the streams and effluents with their necks
tilted in such a way that no water flowed over the hands

into the bottle (Rubber gloves were used on most occa-

6/ ..
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sions for protection against schistosomiasis). The
glass stoppers were removed and replaced under water,

Such factors as the time spent on collection and
delivery of samples, incoulation intoc fermentation tubes
(M.P.N, tests), duration of incubation and available
space in incubators and water baths all limited the
number of collections to a maximum of two per week.
Surveys were concluded when a2 reasonably representative
pilcture of the quality and quantity of bacterial loads
in the effluents and streams was obtained.

Since most industries operate on an 8, 12 or 24~
hour basis the gquality and quantity of the effluents
were nearly always found to show a considerable varia-
tion over one working day period. As a result of this,
time studies of effluents and streams were useful only
in providing an "average' or representative picture
of the quality and quantity of btacterial loads by smooth-
ing  out extreme values. A combination of collections
of a series of snap samples, to show up variation, and
composite samples, to give a representative picture of
the prevailing bacterial conditions, were therefore
carried out in the surveys under consideration.

In the case of the Umgeni Estuary, for instance,
where the effects of the effluents of a Board Mill
Factory and a Steam Laundry were studied, hourly com-—
posite samples were obtained by mixing 4 snap samples
collected at 15 minute intervals during specified
hours of the day ( part ! appendix),. A somewhat
different procedure was followed in the study of the
Zeekoe river system where altogether ten studies
(stations 1 — 10) were included in the special study.

This necessitated the reduction of composite samples

Y
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to two samples per station. Halfuhoﬁrly snap samples,
collected between 8 a,m, - 11,%0 a,m, and 12 noon -
5.3C p.m., made up the two composite samples for each
station. The afternoon collections of composite sam-
ples were, in all surveys, kept in refrigerators and
inoculated into fermentation tubes next morning., Si-
milar procedures, as described above, were adopted

for the other pellution surveys.

iidi, Physical and Chemical,

During the general survey of the Umgeni river
system, both snap anrd composite water samples were
taken at selected stations on the main Ungeni river
and its major tributaries at various times during
the period 1959 to 1960. The snap samples were collec-
ted in glass bottles and transported to the Durban
laboratory for analysis, the pH value and the elec-
trical conductivity of the water, however, being mea-
sured in the field. The composite samples were
provided by the Water Engineer*s Department of the
Natal Provincial Administration and were compounded
from the numerous snap samples taken during the course
of an investigation of the silt loads carried at
various points in the Umgeni river system. These
samples, which were often several weeks old before
reaching Durban, were analysed for their inorganic
constituents only.

Where special pollution surveys were conducted
(see appendix) the collection of snap and composite
water samples for physical and chemical determina-

tions coincided with the bacteriological surveys.
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Analysis ef Samples.

i. Faunal Analyses.

In the laboratory, the contents of each sample
were transferred to a conical bag of the same mesh as
that used for the surber sampler and handnet. A brass
ring suspended it on a tripod placed in a sink, Waterxr
was sprayed over each sample to remove the excess for-
malin. The sample was then transferred to a counting
dish and examined under a Zeiss stereo-microscope moun—
ted upon a scanning stand specially designed for this
type of work in the C.S.1I.R. workshops. Large pieces
of detritus, leaves and small stones were first removed
and the animals counted, identified and classified as
far as possible, This information was then entered
upon cards bearing all the particulars such as the

time, date and sampling station.
ii, Bacterial Analyses (see appendix).

The media used for the determination of total
coliforms faecal £, coli and faecal streptococci and
the incubation periods are indicated in the following
table.

Dilutions of samples were determined by the
counts obtained from collections made during the pre-
liminary run and adjusted, where required, after the
first few determinations until the correct range of

dilutions was obtained for samples from each station.

Type of Organism Inoculation media

Temperature in OC and
incubation periocd

Total coliform Single strength MacH 3700 for 48 hours

_ Conkey broth (incubator)
Faecal E.coli Brilliant green bi-| 44.5°C for 48 hours
le lactose broth (water bath)

Faecal strepto- Buffered azide glu- 44.500 for 48 hours
cocci cose glycerol broth{ (water bath)

Y oo
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Inoculation of 1 millilitre portions of decimal
dilutions of the original sample into the selective
media mentioned ih the table provided the most probable
number (M.P.H.) of organisms capable of fermenting these
media at specified temperatures. The numbers of inocu-
lated tubes which developed gas in the MacConkey and
brilliant green bile broth and those which showed &
colour change in the buffered azide glucose glycerol
broth were taken as positive, counted and the IMN.P.N,
of organisms obtained from a table. The I1.P.N, methods
are discussed in detail by Keller, 1959 and Standard
Methods, 1960,

iid, Physical and Chemical Analyses.

The analytical methods used were mainly those
gspecified by the American Public Health Association

(1955), but with the following differences:

Blectrical conductivity was determined by means of a

Dionic conductivity meter and expressed as micromho
at 20°C.

Total dissolved solids (T.D.S.) were determined by

evaporating a known volume of filtered sample (normal-
ly 100 mls.) and drying the residue for 1 hour at
180°¢C.

Oxveen absorbed values (0.4,) were debtermined by the

method of the Society for Analytical Chemistry (1958)

for the 4 hour permanganate value,

Biological oxygen demand (B.0.D.) was determined by

incubating samples without dilution for 5 days at 20°C

in the dark,

10/ ¢us
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Free and saline ammonia nitrogen was sometimes deter-

mined in the field by direct nesslerisation to confirm
that the zero values usually obtained by distillation

did not arise by loss of ammonia during transportation,.

Nitrate nitrogen was determined by sodium salicylate

according to the method of Miller and Wideman (1955).

Phosphate was determined by ammonium molybdate, using
ascorbic acid as reducing agent to form "molybdenum
blue" by a method adapted from that of Murphy and
Riley (1958).

Silica was determined colorimetrically by a method

adopted by the S.4, Bureau of Standards (1951),

Selection of Sampling Stations,

After a preparatory investigation into the condi-
tions of streams in the Umgeni basin, the sampling
localities for the general hydrobiological and che-
mical surveys were selected to provide a representative
picture of the faunal ecology and water quality condi-
tions of the main river as well as of its major un-
polluted tributaries (fig. 1). Streams affected by
sewage and industrial effluents such as the Palmiet,
and Zeekoe rivers, respectively, were covered by
sampling sites only at or near their Jjunctions with
the main river. I, this way it was also possible
to determine, during the first part of the investiga-
tion, the possible pollution effects of these streams
upon the biology and water chemistry of the main river,
The sampling sites visited during the general survey

are listed in table 1,

ll/--u
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Habitat types sampled,

Where 1t was possible, the following stream bottom

habitats (= water types: Allen, 1951) were sampled,

The current speeds and water depths at each habitat

type in the Umgeni basin roughly correspond with the

findings of Harrison and Elsworth (1958),

i,

ii,

Back waters:

Pools:

The stony bottom water types.

"Sheltered parts of the stream,
out of the main current....."

(Harrison and Elsworth, 1958, p., 1%6),.

Usually these are less than six in-
ches (£ 15 cm,) deep and are covered
with detritus. The temperatures
fluctuate much more than they do in
any of the other water types during

the different periods of the day.

"Water of considerable depth for the
size of the stream, current generally
slight, and the flow smooth apart
from a small turbulent area at the

head of some pools.," (Allen).

"Current speed-under one foot per
second; depth-over eighteen inches"

(Harrison and Elsworth).

The pools sampled in the Umgeni river
generally exceeded depths of 2 feet
(Y 61 cn). At Ross‘Farm, below the
Sponge, for instance, a few pools
sampled reached a depth of 3 feet

+
(£ 91.0 cmy. 12/,




iii,

iv,

V.

Flats:

Runs:

Stickles:

- 12 -

"Water of a slight to moderate current
and generally smooth flow, but of less
depth than in pools" (Allen).

"Current - under one foot per
second; depth - under eighteen

inches" (Harrison and Elsworth).

The flats sampled in the Umgeni river
never exceeded one foot (¥ 30 cm) in
depth whilst the maximum current speed,
at times, exceeded 1 foot/second (=

30 cm/sec.) .

"Water of moderate to rapid current
and fairly deep, flow usually turbulent.
In such places the stream is usually

of less than average width" (Allen).

"Current =~ over one foot per second;
depth - over one foot, runs in sandy
areas are shallower.! (Harrison and

Eilsworth).

"Shallow water with a rapid current
and usually broken flow,. Such con-

ditions are often described as ‘ripples’

‘rapids’, or ‘riffles’" (Allen).

"Gurrent - over one foot per second;
depth - wunder one footb. The same
proportion might be a run in the wet
season and a stickle in the dry sea-

son." (Harrison and Elsworth).

15/‘-0




vi,

Cascades:
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Where no clear cut distinetion could
be made between runs and stickles,
such samples were classified under
"Runs and Stickles'. These are dis-

cussed separately in the text.

"Water in which a steep gradient,
combined with a bed of stones or rocks
large in proportion to the size of

the stream, produces a very irregu-
lar flow, often with some white water.”

(4Allen),

"Cascades and small waterfalls only
occurred where streams were rugning
down mountain slopes and valleys.
Here current speeds were over 2.5
feet per second, and depth very va-
riable but usually between four and
eighteen inches." (Harrison and Els-

worth).

The current speeds in cascades such
as Ross Farm and Albert Falls usually

exceeded 2.5 feet/second(76.2 cm/sec, ),

averaging 2.75 feet/second (83.8 cm/sec.

The conditions otherwise resembled
those described by Allen (1951) and
Harrison and Elsworth (1958),

Marginal and aquatic vegetation,

Marginal and submerged aquatic vegetation were

sampled where they fringe, or, in the case of the latter,

14/0..
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occur in any of the above-mentioned water types. Where-
as the marginal vegetation usually predominate along
the slower flowing parts of the streams, the submerged

aquatic vegetation, particularly Bydrostachys natalensis,

occur mainly in the stony runs and stickles.

Taxonomy.,

The collection of information on the occurrence
of Afronurus nymphs in South African rivers was largely
facilitated by the following surveys and/or collections
made by the staff of the National Institute for Water
Research of the C.,5.1.R.:

i) 'Phe Hydrobiological survey of the Umgeni
river system, Natal,(Schoonbee and Kemp, in prepa-

ration);

ii) Other stream surveys conducted by the C.8.I.R.
(Harrison and Elsworth, 1958; Oliff, 1960;

Allanson, 1961; Chutter, 1963),

iii) Collections of laboratory bred-out material
and nymphs received from Dr., K.M,F. Scott and

messrs, r.M., Chutter and J.D. Agnew,

This information was supplemented by a special
collection trip undertaken in the south eastern and
western Cape, Nymphs of Afronurus were taken from the
localities listed in the table below where, from the
above-mentioned surveys, they were known to occur

in large numbers,

15/...
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10,

11.

12,
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Sampling localities : Cape trip, December, 1961.

Locality Description Date of

Beestekraal tributary
of the Umzimhlava river
upstrear of the National 50,11.61
road bridge, approximately
9 miles east of Kokstad.

Tmzimhlava river ahbove ‘
National road bridge at 320,11,61
Kokstad,

Tgsitsa river below Natio-
nal road bridge, approxi- 11.12.61
mately 8 miles from Qumbu.

Rashee river above Natio-

nal road bridge downstream

from the Mtentu tributary, 11,12,6l
approximately 17 miles north

east or Idutywa,

Great Kel river above the

National road, approxima- 9.12.61
tely 8 miles north east of
Komgha

Toleni river about 0.5

miles above its confluence

with the Great Kei river, 2.12,61
approximately 1% miles south

west of Butterworth.

Buffalo river at Pirie Fo-
rest near King Williams- 2.12.61
town,

Grobbelaars river (tributa-

ry of the Olifants river 8.12.61
system), at road bridge near e
the Kango caves, Oudshoorn.

Molenaars river (tributary
of the Breede river) near du  4£,12.61
Toitskloof pass.

Great Berg river at Fransc-

hoek Forest Reserve, one 6.12.61
mile above the Assegaalbos e
stream,

Great Berg river at the lo-
wer Forest Reserve, (Drie- 6.12.61
fontein bridge).

Great Berg river at railways
bridge above Groot Draken-— 6.12,61
stein,

Altitude in

4500 -~ 5,000

collection feet (metres)

(1,372-1,524)

4,000-4,500

(1 219~-1,372)

2,000-2,500
(610 - 762)

1,000-1,500
(305 - 457)

0 - 1,000

(0 - 305)

o - 1,000
(0 - 305 )

2,000-2,500
(610 - 762)

2,000
(610)

1,000
(305)

1,000-2,000

(505 & 610)

500-1, 000
(152- 305)

500~1,000
(152~505)

16/,
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13, Twenty four rivers (tributa-
ry of Great Berg river) 9.22.61 0 - 500
near Saron on the Gouda- s (0 - 152)
Piketberg road.

In at least two of
the four locilities, in the Umgeni basin wherc material
was collected for the correlation of the nymphal and
imaginal stages, a site could be chosen where only one
particular species of Afronurus occurred in comparative-
ly large numbers,

Since the collection of nymphal material did not
require quantitative sampling, a hand net proved most
useful in those streams where stones could be dislodged
and their attached fauna washed into the net with the
aid of the current, In deep pools, however, where the
stones were too large to be handled with one hand, they
were gently removed from the river bed, turned upside
down and then brought to the surface. The nymphs
were then found to cling to the dorsal surfaces of stones
instead of falling back into the stream as they usually
do when they remain on the under sides of stones. This
trick of inverting the stones under water before being
brought to the surface was not equally successful in
clear head water streams where the nymphs often rapidly Aashez
back to the under side of undisturbed rocks and stones,
This behaviour might suggest that they are particularly
sensitive to light intensity.

Where this could be done the nymphs were dislodged
from the stones either with a pair of forceps or a
brush. Those washed into the handnet, were transferred
to a white flat bottom tray from which undamaged final
or penultimate instar nymphs were taken. Since it is
possible to distinguish the sexes by reference to the

rudiments already present of the genostyles (dd) or

l’?/"!
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ventral plates (99), and also by dint of the larger eyes
of the &d nymphs, enough material of each sex could be
selected for rearing purposes during each collection
trip. The collected live material was transported to
the laboratory either in consul jars or thermos flasks.
Final instar nymphs appear to be very sensitive to low
oxygen tensions and were therefore kept separately, or at
the most in very small numbers, in small quantities
of water, In the summber months (December - February),
when air temperatures exceeded 100°F at times, small
pieces of ice were useful in keeping temperatures down
and , af the same time, reducing the activity of speci-
mens, In this way it was possible to keep nymphs alive
for several hours before being transferred to aquaria,

In the laboratory, stones, collected from streams
at the sampling localities and kept in buckets of water
to prevent the algae and diatoms from drying out, were
placed into the aquarium tanks together with the nymphs,
On most occasion tap water was used and compressed alr
was constantly bubbled through the water, It was how-
ever, found that, even when the aeration was disconti-
nued for indefinite periods, nymphs usually survived
and also hatched, provided they wereii%—water less than
2 inches deep,

The water temperatures of theasguaria at the Durban
laboratories of the C.S8.I.R. usually exceeded 20°¢,
In fact, temperatures of 25-28°C were (often) recorded,
These extremes, however, did not appear to be detri-
mental to any of the species, including those collected
from the much cooler head waters of the Umgeni river
and its tributaries, since they all hatched equally

well in the laboratory. However, when transfered
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from the colder water of thermos flasks into the warmer
water of the tanks, the nymphs of all species became
very active and only calmed down after an hour or more
when they attached themselves to the under sides of
stones,

Nymphs about to hatch were observed to raise
their bodies from the surfaces of the stones to which
they clung and to remain in this position for a few
hours prior to ecdysis. At the time of actual hatching
most nymphs were found to leave the stones, and to
attach themselves to small pebbles, Ecdysis always
occurred at anight, mostly before 10 p.n. The water
depth at which the hatching took place 4id not appear
to affect the process since emergence took place
equally well at depths between 2 and more then 12
inches, The duration of emergence of the subimago
varied from only a few seconds to just over 20 seconds.,
The tanks were covered with a framework of fine mesh
and the subimagines were kept in the tank until trans-
formation to imago was completed, Most subimagines
were found to moult within 36 hours. In fact, about
70% of them completed the process within one day after
their transformation from nymph to subimago. This
agreeé-with the findings of Mr. A.C. Harrison (Barnard,
1932, p. 258),

On account of the species specificity of the co-
louration and colour patterns of the specimens which
fade out completely in preserved material, colour
prints of live or freshly killed specimens of the dif-
ferent species are here reproduced which should greatly
facilitate correct identification in future studies

on this genus,

19/...
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A1l photographs were taken with a 35 mm, Exakta
reflex camera using Kodacolor colour negative film
(A.8.A. 32), By using sets of extension tubes, which
were Titted to the camera with an adapter ring, the
focal length of the lens, inserted into The froms of
the btubes, was increased so as to produce a larger than
life image on the negative. All photographs were taken
in indirect sunlight., The camera, with the necessary
extension tubes attached, wasclamped to a retort stand
placed upon a table near a window. Subimagines and
imagines were narcotized and the nymphs killed before
being placed in a small petri dish under the camera
upon a glass plate elevated approximately 6 inches
above a sheet of white paper. The white paper, when
out of focus, produced a beautiful blue background to
the photographs, To compensate for the weaker image
obtained as a result of the extension, the exposure
time was increased.by the square of the focal length
distance. Thus the intensity of incident light
(through the window) was measured and the light image
peflected into the camera (without extension tubes)
was taken as 1/10th of that of the incident light,

Say, for instance, the exposure meter reading was
1/10th of a second at f 16, then the actual exposure
time indicated by the meter was multiplied by 10 i.e,.
1/10 x 10 secons &t f 16 = 1 second &t £ 16, If
however exbension tubes were added, a further correc-—
tion factor had to be introduced, Since two sets
of tubes fitted, increased the focal lens distance by
4x, the final recalculated exposure time was Then
10 % 1/10 % (4)2 seconds at £ 16 = 16 seconds at f 16.
This procedure ensured good photographs even oh overcast
days.
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Fven though the morphological differences between
the nymphal, subimaginal and imaginal developmental
stages of Afronurus were adequate in separating the
different species, the ecological distribution of the
nymphs nevertheless played an important role in the
initial process of species demarcation and identifi-
cation. In addition to the revision of the species

A, harrisoni and A, peringueyi whiech are at present

known from South Africa, three more species, new to

science, could be recognised,
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GENERAT DISCRIPTION OF THE UMGENI BASIN

Topography.

The Umgeni river catchment is roughly pearshaped
(fig, 2) and occupies an area of 1,695 square miles
(4,390 ng); It is bounded on the nort-east by the
watersheds of the Tugela, Umvoti and Umhloti rivers
and on the north-west by the Karkloof and Kranskop
Heights which also form the southern border of the
Mool river catchment area, It also shares a water-
shed with the Umlaas river to the south. A large
plateau, with a general altitude of 4000-5000 feet,
separates the upper catchment of the main Umgeni
river from that of its largest tributary, the Umsun-
duzi river,

The Umgeni river and one of its tributaries, the
Lions river, originate in the Umgeni sponge (Pl 52y
a vlei at the far western corner of the catchment at
an altitude of just over 6,000 feet (1,829 metres).
In this area, which lies approximately 15-20 miles
(¥ 24-%2 Km,) eastward, from the Drakensberg range,
the annual precipitation usually exceeds 40 inches
(£ 1000 mm,) (fig. 8).

Unlike most other South African river systems
which have been studied, such as the Tugela river,
Natal, the Umgeni river, at its headwaters, flows through
open rolling country, whilst its last 20-25 miles
(Y 22-40 Km, )traverses a deeply dissected terrain,
the Valley of a Thousand Hills, where the river has
incised itself profoundly to create deep and narrow

gorges. The last 5-10 miles (£ 8-16 Km.) of the river

22 wiuls
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crosses a short flood plain. Here the numerous stony
rapids of the upper reaches are replaced by a wide
sandy bed. The river enters the Indian Ocean to the
north of Durban Bay, approximately 145-150 river
miles (% 23%-241 Km,) from its source,

Tike most other Natal rivers, the Umgeni river
has a steplike profile (fig. 3), mainly determined by
the monoclinal deformations of Natal (King, and King,
1959). Erosion resisting dolerite sills exercise an
important additional influence upon the topography
of the river basin at places like Dargle Falls (near
Dargle Police Station; fig. 3), Howick and Albert
Falls, Above each of these sills the river profile
tends to flatten, only to regain its steep gradient
below the water fall created by the sill, The pre-
sence of dolerite intrusions thus cause a series of
miniature profiles within the larger Umgeni river
profile (fig. 3), each with its components of a torrent
and slower flowing regiomn, Soft bottom zones are not
represented in the microprofiles created above Dargle
ond Howick Falls (fig. 3), although such a zone is
present in the microprofile between Howick and Albert

Falls,

Geology.

In its course of sbout 145 miles, the Umgeni
river traverses several geological formations (fig. 4).
Flowing eastwards from their sources, the main Ungeni
river and two of its larger tribubaries (the Lions and
Karkloof rivers) flow over exposed ghales and sandstones
of the Beaufort series of the Karroo system. Towards

its junction with the Lions river, the Umgeni river

24/ ...
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passes onto Ecca beds is exposed as & broad continuous
belt across the catchment from southto north, In
this part of the river all three stages of the FEcca
series are consecutively exposed. The upper Ecca
beds comprise a thin layer of soft blue shales with
phosphatic concretions., The Middle Ecca stage,
outcrops of which stretch in a southerly direction
from Otto's Bluff on the face of the scarp separating
the valleys of the Umgeni and Umsunduzi rivers, com-—
prises sandstones and sandy shales. The Lower IZcca
shales, which lie conformably on Dwyka rocks, consgists
of dark-bluc shales and flagstones, Intrusions of
Karroo dolerites, which are sparsely distributed in
all the other geological formations, predominate in
the Ecca series, Dolerite dykes and sills led to

the creation of the Albert and Howick Falls on the
main river, the Karkloof Falls at Shafton on the Kar-
kloof river and the Gordon Falls above Endendale on
the Umsunduzi river. The Umsunduzi and Sterk rivers
mainly flow over Ecca beds.

Below Albert Falls there occurs a narrow zone of
Dwyka formations, consisting of tillite and varved
shales, which cross the Umgeni basin parallel to the
Ecca beds., Tillite exposed at cuttings on the new
Pieternmaritzburg-Durban national road near Thornville,

is of tough blue mudstones. The matrix of the tillite
consists of small angular pieces of quarts set in a
fine dark base, and, when decomposed, results in &
deep, bright yellow, clayey, fertile subsoil. Out-
crops of Table Mountain Sandstone of the Cape Systenm
play an important role in the surface topography of

the basin in the area north of the Umgeni (Nagle)

26/ ¢
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dsin, where strata of the almost horizontally bedded
sandstone appear in the form of pink krantzes of 500
feet (152 metres) overlying granite slopeé which may
drop 1000 feet (305 metres) into the deeply incised
valleys below, In the Valley of a Thousand Hills,
to the north of Botha's Hill, the basement complex
is exposed, This consists of Archean granites and
schists,

As a result of a large scale monoclinal flexure
which characterizes eastern Natal (King, 1951), all
the geological formations, except the Beaufort Series,
are encountered again in the lower narrow neck of the
catchment but this time in reverse order of exposure.

Near the coast occurs the three-mile (= 4.8 Km)
long Berea ridge, largely comprising Dwyka outcrops,
separates a narrow coastal plain of Recent deposits

from the rest of the catchment,

Vegetation, Soils and Climate,

Pentz (1945) classified the vegetation of Natal
into eight vegetation types. Of these, the following

six are encountered in the Umgeni basin:-

i, Coastal Evergreen Bushj
ii, Dry Thorn Veld Savannahj
iii, Teall Grass Veld;

iv, Temperate Forest;

V. Open Bush Sandy Country;
vi; Highland Sour Veld.

i, Coastal Evergreen Bush.

This vegetation type forms the climax vegebation

28/ t‘ L
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of the coastal area and occurs along & comparatively
narrow belt in the lower part of the catchment, Much
of it has been replaced by canelands and survives only
at places where land is not required for the cultiva-~
tion of sugeér cane or ovher crops. In places this
vegetation type occur up to an altitude of 1500 feet.
Coastal thorn veld, which includes speciles such as

Acacia benthami, Dichrostachys spp, etc., predominates

in the lower-lying valleys of the main river and 1its
coastal tributaries,

The hillsides in the coastal belt consist almost
entirely of soils of residual-colluvial origin of fair
depth, As a result of the outcrops of various geolo-
gical strata in this part of the catchment, a great
diversity of soils occur here, some of which are in-
herently poor whilst others are very fertile, Van
der Merwe (1940) describes these as gley-like podsolic

)
solils, He states that, in%gajority of cases, they

4
are only in their initial stages of development, and
that the topography inhibits the production of stable
profiles, since lateral transportation of the colloidal
material on the slopes prevents the normal vertical
i1lluviation from the "A" horizon developing into a "B
horizon. A good example of this occurs in profiles
from Mt. Edgecombe, in the catbchment of the Piesang
river tributary, where he found surface soils of sandy
loams, formed, in The first instance, from bluish-
grey shales on & Very gentle slope and, secondly, from
Dwyka tillite on a fair slope. Turther details on
soils in the sugar belt is given in the comprehensive
study of Beater (1957). Rainfall (fig. 8) in this

part of the catchment ranges from 35 to 70 inches

30/ e
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(£ 890-1780 mm,)per annum with approximately 75%

precipitation in summer,

ii, Dry Thorn Veld Savannah,

This vegetation type follows the Ungeni river
fprom near the coast through the Valley of a Thousand
Hills and expands southwards to the west of Cato Ridge
towards Thornville (short-tree Acacia savannah) and
Albert Falls and Mortons Drift (tall-tree thorn sa-
vaﬁnah).

The soils in this part of the catchment are lar-
gely derived from Ecca rocks.

Air temperatures may fluctuate from below 30% (07C)

(37°¢)

OFZin summer.

in winter to well over 100
The rainfall is low and ranges from 25-36 inches

(f 630-910 mm) per annum (fig. 8).

i s s T Tall Grass Veld.

The tall grass veld occurs at an altitude of
%,500-4,500 feet along a restricted strip from Bishops-
town, east of Pietermaritzburg, towards Albert Falls.
The only trees contributing towards this vegetation

type are Acacla species such as A, lasioptala and_A.

caffra, The grass species encountered include

Themeda triandra, Hyparrhenia hirta and Tristachys

hispida,

The soils of the tall grass veld are mainly
residual soils derived either from shales of the
lower Beaufort and upper Ecca rocks or from dole-
ritic intrusions.

The annual precipitation fluctuates between 50

and 40 inches (& 762-1016 mm. ).

1 s
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iv, Temperate forest,

Remnants of indigenous forests in which Podocarpus

(Yellow wood) species predominate are found at alti-
tudes above 3000 feet at Pietermaritzburg, Karkloof
and Dargle (fig, 7). Also present are stinkwood

(Celtis kraussiana), the Cape chestnut (Calodendron

capense) and sneezewood (Ptaeroxylon).

The soils are here largely derived from the Ecca
and Dwyka rocks,
Air temperatures usually fluctuate round about
o IS amd 32°C)
60 and 90 Flduring the winter and summer seasons

respectively.

V. Open Bush Sandy Country.

This veld type occurs at an altitude of 2,000 to
3,000 feet in the area north of Umgeni dam and eas?®
of Wartburg (fig. 1). In addition to this a narrow
strip alsc occurs in the Botha's Hill-Hillcrest~Kloof

area,

The soils, in which Table lMountain Sandstone
‘predominates, are very sandy but rather shallow and
for these reasons less fertile than sandy soils in
the coastal belt,

Rainfall is usually lower than in the coastal
belt but ranges from 30 to 40 inches (f 760-1010 mm)
Little cultivation can therefore be carried out here

except under irrigation.

vi, Highland Sour Veld.

The highland sour veld occurs in the far western

corner of the Umgeni catchment at an altitude of

32/ 4.
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4,500-6,0C0 feet, _ It stretches in a broad
belt across the far western corner of the Umgeni basin
to the west of Howick, The typical grasses are

Tristachya hispida, Themeda triandra, Monocymbium

cerisaeforme, Andropogon appendiculatus, Eragrostis

spp., etc,

The upper Beaufort beds in this area gilve rise
to a brown surface soil which is rich in organic
matter in its uppermost few inches, These soills
may be slightly acid and, under cultivation, tend to
assume a yellowish tint and to become sandy.

On the average the air temperabures are the lowest
in the catchment whilst the annual precipitation usual-

ly exceeds 40 inches (1016 mm),

Hydrographic Data.

The information in this section was obtained
from the Hydrogrephic Survey Division, Department of
Water Affairs, Pretoria. The numbers, localities,
catchment areas -ebtc., of river gauging stations on
the main river and its tributaries are listed in table
2.

Although the erection was proposed of additional
weirs at Dargle (Unmgeni river), on the Sterk river at
New Hanover and Umsunduzi river near its confluence
with the Umgeni river, only the latter was constructed
halfway through this survey. The following briefly
summarizes the flow data at the different

stations between 1958 - 1961.

35/ ¢
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1. Howick.

The data recorded since 1948 at this weir (table
%) presented a fairly regular seasonal pattern and
show that the highest annual flows occur from December
to March whilst the dry season (low flow period)
usually stretches from June to August anpnually, In-
dividual daily minimum flows recorded during the period
of investigation were less than 30 cusecs, whereaé
abnormal precipitation during 1959 (lMarch and May,

table 2) resulted in the flooding of the welr.

ii, Table Mountain.

A river flow picture, similar to that obtained
at Howick, was recorded here (table 4y, Apart from the
flood period in May 1959 when more than 14,000 cusecs
wag recorded at this weir, the individual flows, as
a rule, did not exceed 4,000 cusecs. In fact, the
monthly averages for the years 1958~1961 ranged from
76 in September 1961 to 1,936 cusecs in May, 1959, The
lowest river levels recorded here since 1948, occurred
in late winter and early spring (August-October).
Regular annual peak flows were registered between

the months of December and April.

1ii, Newlands.

The data recorded between 1958-1960 generally
agrees with the seasonal pattern obtained since 1948,
when this weir was constructed, From table 5 the

following conclusions can be drawn:-

a. The monthly flow averages seldom exceeded

2000 cusecs;

37/« o
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b, Maximum flows were recorded between Decembexr
and May;

¢, During the dry season average daily flows may
be as low as 37 cusecs (October, 1958).
Operations at the diversion weirs of the
Ungeni (Nagel) dam at Table Mountain were
most likely responsible for some of these
very low river levels;

d., The abnormally high rainfall and peak flows
which occurred during May 1959 also affected
the records here as testified by the volume

of flow which exceeded 18,000 cusecs,

iv, Lions River at Allerton.

The monthly averages of flows (table 6) provided
seasonal patterns which corresponded with those obtained
at the weirs on the main river, The highest monthly
average flows mainly fluctuated round about 200 cusecs,
whilst the lowest flow records were obtained in late

winter and early spring (July-October).

V. Karkloof River at Shafton.

The flows recorded here (table 7) shows this tri-
butary to contribute much water to the main river,
It drains that part of the Umgeni basin where the
highest annual precipitation occurs. The fact that
the weir was submerged on several occasions both in
summer (1958-1959) and autumn (1959), indicates
that the maximum flows can exceed 1000 cusecs., A drop
in the flow level usually occurred during June to
September when individual recordings were as low as

10 cusecs,

41/ .0,
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vi., The Umsunduzi River above Henley Dam,

Since this weir is located in the upper half of
the Umsunduzi river catchment, flow values obtained
here are not true reflections of the river’s cumulative
runoff, The monthly averages recorded are mainly
below 100 cusecs with flows of less than 10 cusecs

in winter (table 8).
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ZONATION OF THE UMGENI RIVER

For the purpose of faunal comparison, & physical
zonation scheme was adopted for the Umgeni river (table9 )
similar to the one employed by OLiff (1960) in his in-
vestigationintothe ecology of the Tugela river, Natal,

One of the major differences between the two river systems
is the absence in the Umgeni river of a true mountain
source. Furthermore, the Umgeni river, which has about
ith the length of the Tugela river, arises at an al titude
of 6500 £4. (1981 m) which is 3,900 ft. (1189 metres) lower
than the source of the Tugela river, Other differences

which also exist are discussed later in the text.

Zone 1. The Source: 6500-6000 ft, (1,981-1,829 metres).

The Umgeni originates as a marshy, sunk in area at
the foothill of the Drakensberg escarpment upon a plateaux
of smooth, undulating highland sour veld country, exposing,
at places, outcrops of the Stormberg sediments (Cave sand-
stone). Numerous small streams arise from the sponge
(fig. 6) and converge to form several headstreams of the
Umgeni river. A rich variety of semiaquatic vegetation

occurs here, the most common of which are Cyperus unioloides,

Scirpus corymbosus, Juncus oxycarpus, Xyris natalensis,

Eriochaulon rhulandii, Dierama robustum and Sebaea

rudolphi.

The water of the sponge remained reasonably clear
during the various seasons of the year but developed dense
reddish deposits which appeared to be caused by iron
bacteria, Most of the pH values recorded wére between 6
and 7, but the water usually becamealkaline during the
rainy seasons, While the lowest day temperature recorded

during mid winter (fig. 10) was 9.2°C, the night tempera-

46/...
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tures of the water should reach zero or drop to below free-
zing point during this season of the year.

Faunal collections were made at the sponge itself
(narginl and aquatic vegetation) from some of the small

streams leaving it (fig. 6).

Zone 2. The Upper Foothill Torrenti6,000-4,100 ft,
(1,829-1,250 metres)

This part of the river is characterized by an initial
steep decline immediately below the sponge, at and below
Ross® farm, with a gradient fluctuating between 147 and
93 feet/mile (28 and 14 m/Km) but barely exceeding 21 feet/
nile (4 m/¥m) above Dargle Falls where the profile flattens
considerably as a result of the dolerite sill lying across
the path of the river, retarding the down cutting and retreat
of the river bed. Despite the steepness of the profile at
Ross'® Farm and the predominance of rapids cascading over
larpe rocks and boulders strewn over the stream bed,
occasional deep pools are found, shaded at places by
indigenous forest trees (fig. 11) which occur at the foot
of the sponge, against the eastern slopes of the hills (fig.
7). The streams at Ross’® Farm carry very little silt
during the summer rains and are crystal clear in winter.
The temperatures recorded during winter were below 10°C
but these increased in summer to exceed 20°C. The dis-
solved solids, as reflected by conductivity measurements,
are low (fig., 9 ) whereas thei%alues were just below 7
in winter and alkaline in summer.

There is virtually no marginal vegetation at Ross’

Farm with two of the very few species represented being

Mariscus congestus and Uncus effusus.

49/ ..
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Zone 3. Lower Foothill Torrent; 4,100-%,000 ft,
(1,250-914 metres),

Like the Upper foothill torrent this zone also com-
prises a steeper portion which graduslly flattens towards
Midmar. The mean gradient is howeven much lower, being
100-80 feet/mile (18-15 m/Km) from below Dargle Falls towards
Dargle Forestry, approximately 15 feet/mile (2-3 m/Em) at
Watersmeet and less than 10 feet/mile (1.8 m/Km)above and
below Fern Hill Ilats. At Midmar, above Howick Falls,
the gradient again increases to about 70-75 feet/mile
(14 m/Km). Due to the general lack of fast current at
Watersmeet and Fern Hill Flats, an appreciable amount of
silt was deposited here, resulting in a much less turbid
river water downstream from Midmar during summer. True
aguatic vegetation in this zone largely consists of

Hydrostachys natalensis, which occur in the fast current

habitats, and Nitella spp., in the slow current and shallow
pools.,

There is & steady average increase in dissolved solids
(fig. 9) and water temperatures (fig. 10) from Dargle
Forestry to Midmar, A similar tendency was found in the
series of pH measurements, taken during collection trips
for biological samples, which fluctuatedbetween 7.1 and

7.8.

Zone &, Foothill Soft Bottom: 2,300-2,000f%,

(701-671 m).

The very first true soft bottom zone in the Umgeni
piver occurs from below the confluence of the Karkloof
river, i.e. from above Morton’s Drift to Albert Falls,

a distance of 7.5 miles (12.1 kilometres). Here, the

51/...
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gradient of the river bed averages less than ( 8 feet/
nile)(+1,8 m/Kmy, The marginal vegetation mainly com-

prised Cyperaceae, Polygonaceae and Graminecae of which

the more abundant species were Mariscus congestus,

Scirpus paludicola Kunth, Cyperus fastigiatus Rottb.,

Polygonum setulosum Rich., Polygonum sp., Echinochloa

crus-pavonis (H.B.K.) Schult., Miscanthidium capense (Nees)

Stapf., Paspalum distichum L. and P. urvillei Steud.

Water temperatures fluctuated from about 10°C in
winter to over 26°C in summer (fig. 10) and the average
and extreme conductivity values indicate a further in-
crease in dissolved solids between Midmar and Morton’sg

Drift (fig. 9).

Zone 4, The Rejuvenated River: 2,200-1,000 feet
(671-305m. )

This zone is characterized by having a short stretch
of approximately 0.5 miles & 0.8 kilometres) with a steep
gradient of more than 30 feet/mile (15 m/Km) immediately
below Albert Falls, followed by a meandering reach of
about 17 mile (27 Kilometres) with an average gradient
of 12-1% feet/mile (3.81 m/Km). A further gradient in-
crease occurs in the next 3¢ miles (+ 62,36 Kilometres)
of the river, from above Nagle dam towards Upuma, where
the average fall exceeds 30 feet/mile (5.68 m/Km),

This zone then gradually intergrades with the valley sand
bed zone.

The marginal vegetation of this zone represents a
rich variely of species, the most commonly occurring of

which are the following:

Species Family
Polygonum setosulum A Rich. Polygonaceae

o =7 P
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Polygonum lapathifolium Linn, Polygonaceae

Polygonum salicifolium. "

Polygonum meisnerianum i

Cyperus leptocladus Kunth. Cyperaceae

Cyperus diformis Linn,

Cyperus distans Linn. T,

Cyperus fastigiatus Rottb.

Cyperus marginatus Thb.

Scirpus prolifer Rotth. !

Pycreus polystachys Beauv,

1

Kylkinzia eliator Kunth.

Matricaria nigellaefolia D.C. Compositae

Coix lacrima-jobi Linn, Gramineae

Panicum laevifolium Hack.

Pagpalum distichum L.

Paspalum urvillel Steud.

The very low gradient of the river in the foothill
soft bottom zone has a most marked effect upon the turbidity
of the river water at Albert Falls, Flood waters from the
Karkloof tributary which, on occassions, carried heavy
yellowish coloured silt loads into the Umgeni river above
Morton’s Drift, discoloured the whole river at the top of
the soft bottom zone and yet this same water, when reaching
Albert Falls, was almost clear. Even during the heaviest
floods, differences in the turbidity at Morton'’s Drift
above and at Albert Falls below the soft bottom zone,
could still be noticed,

The gradual average increase in dissolved solids from
the source zone downwards, was maintained at Albert Falls
and Table Mountain. A considcrable rise at Upuma (fig. 9)
was largely caused by the diversion of the Umgeni water

into Nagle Dam and the consequent exagerated effect of the
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mineralized water from the Umsunduzi river tributary

upon that of the Umgeni river (Schoonbee, 1962). Two
tributaries which largely contribute towards silt loads in
the Umgeni, and, which both enter the main river in the
rejuvenated river zone, are the Sterk and the Unsunduzi

rivers.

Zone 5. The Valley Sand Beds:s 1,000 - 10 feet

Below Upuma, towards the Umgegu river confluence in
the lower part of the valley of a thousand hills, the wide
meandering river bed is characterized by larsge boulders
and thick deposits of coarse sand (fig. 12) which gradually
replaces the former as the river progresses towards its
mouth. Throughout most of the valley sand bed zone, the
gradient averages about 14 feet/mile (+ 7 m/Kn). The
turbidity of the water was lcw, except in summer, and
especially when rivers such &s the Umsunduzi and Sterk
riverskgg flood. The water temperatures averaged more
than 20°C (fig. 10) but were not found to exceed 50°C,

Some of the most commonly occurring specles repre-

sented in the marginal vegetation of this zone are listed

below:
Species Family
Cyperus distans Linn. F. Cyperaceae

Fimbristylis diphylla Vahl, "

Fimbistylis hispida (Vahl) Ksh, !

Mariscus congestus C.B.C,I.

Scirpus prolifer Rottb, "

Cyvperus immensis ¢,.B.C.L.

Pycreus polystachys Beauv,

Pycreus flavescens (L) Reich.

Polygonum lapathifolium Linn. Polygonaceae

1"

Polygonum sp.
59/.!'
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THE GENERAL CHEMISTRY OF THE TUMGENI RIVER
SYSTEM

The analytical results of the general survey are sum-
marised in tables 10-11,

A detailed study of the analysis of all the samples
taken, showed, that apart from mere dilution or concentra-

tion effects, the Umgeni system underwent no marked seasonal

chemical changes during the course of the survey.

During the winbter of 1953 the flow of all the rivers
of the system was very low, The Zeekoe tributery (= Lower
Zeekoe; fig. 1.0 yields water containing the
greatest concentration of organic mater, but even so it only
showed 4.2 ppn. O.A, and 1.7 ppm. B.0.D. No ammonia
nitrogen was detected in any sample but again the Zeekoe
tributary gave the highest concentrations of nitrate and
nitrite nitrogen (0.89 and 0.0%2 ppm. respectively). The
pH values lay between 7.0 and 7.6, so that the alkalinity
of the waters was due sclely to bicarbonates. The cal~
culated values (at 25°C) of the saturation pH of the waters
(pHS) and of the stability index (EpHS - pH) showed that,
except for the Mpushini and the Lower Zeekoe rivers, all
the waters possessed corrosive properties. In the main
river there was a progressive increase in the piH, conduc-
tivity, T.D.S. and the concentration of the major inorganic
solutes from source to mouth, whilst the PHs and stability
index showed a progressive decrease.

Owing to the unusually low rainfall in the summer of
1959-60 (see tables 5-8) no really high flows occurred in
any of the rivers, In most cases the conductivity values
were comparably higher than is normal reaching, for this
time in some cases, half the dry season values. The
corresponding changes in the T.D.S. values were not so

marked, but this could have teen due to experimental errors
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and, in particular, to the lack of equipment necessary to
achieve a proper clarification of silty samples prior to the
T.D.3, determination. Higher than normal turbidities were
recorded in a few instonces, but the highest values were re-
corded in November 1959 after the first rains,. In the main
river during the rainy season rather low values were found
for B.0.D. and the concentrations of most of the inorganic
solutes, although the values for phosphate and nitrite
nitrogen were somewhat highish at Upuma (table 10), The
latter were associated with traces of ammonia nitrogen

(less than 0.1 ppm,) at some stations. A high O.A, value
(20.8 ppm., table 11) at Fair View was noteworthy and ap-
peared to be related to the anomalously high turbidity

(252 ppm.) prevailing at this time, probably as a result of
the disturbance of the river bed by sand dredging. The
tributaries presented & picture similar to that of the main
river, except that the higher nitrite concentrations were
not observed. Throughout the whole system, pH values
higher than 7 were recorded, but, without any corresponding
systematic changes in the pH, or stability index. The very
high value of 132 ppm. recorded for the turbidity of the
lower Umsunduzi (table 12) was to be expected since this
tributary is known to carry large quantities of silt,
originating from croded land around its upper reaches, into
the Umgeni during the rainy season,

The analysis showed little chemical evidence of pcllution
in the river system (table 11), Ammonia nitrogen usually was
undetectable, nitrite nitrogen was only of low concentration
as was also the nitrate nitrogen, except on some occasions
in the lower Umsunduzi and the lower Zeekoe rivers, These two
stations also on occasions showed phosphate concentrations
that were on the high side (maximum values 0,40 and 0.48 ppm.
as PO, respectively). The B.0.D. values, however, never ex-

ceeded 3.2 ppm. (observed once at Fair View) anywhere in
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the main river above the estuary and the O.a. values usually

never exceeded 3,3 ppm., except for one occasion at Fair

View when the very high value of 20.8 ppnm. was recorded.

The lower Umsunduzi and the Zeekoe rivers, however, showed
0.4, values of up to 6.6 and 4.6 ppm. respectively, (table 11)

Tt is of interest to note that, although the dissolved
oxygen was not determined at any time, samples from the
lower Zeeckoe river Qonsistently gave a much lower initial
titration in the B.0.D. determination (about five-eighths
that of the other samples). This initial titration al-
though it does not accurately measure the dissolved oxygen
in the water at the time of sampling, is a measure of the
dissolved oxygen at the start of the B.0,D. determination and
indicates that the water of the Lower Zeekoe river was
consistently low in dlssolved oxygen.

The consistently high total dissolved solids (T.D.S.)
and cornductivity values obtained for the Lower Zeekoe river
definitely indicated pollution of this tributary, for ex-
perience has shown that unpolluted rivers in Natal never
have T.D.B. values greater than 500 ppm.,nor conductivities
greater than 750 micromho.

The analytical results thus indicate that, although

there was no serious disturbances of the water quality in

nost of the major streams of the Unmpmeni system, signs of

pollution were recorded in the Zeekoe, and probably alsc in

the Umsunduzi river,
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o, THE FAUNA OF THE DIFF:RENT PHYSICAL ZONES
OF THE&E MAIN UMGENI RIVER

Regular sampling stations (R, table 9) were visited for
faunal collections at two-monthly intervals, or, where this
was not possible at least once every season. Additional
sampling localities (A, table 9) visited less frequently,
assisted in the elucidation of the picture of the longitudinai
distribution of the fauna. All the results are considered

on a seasonal basis, the seasons of the year being as follows;

Summer ; December ~ February
Autumn 3 March - May
Winter : June -~ August
Spring ; Septomber - November

The physical zones and their corresponding sampling loca-
lities are listed in table 9 andi?esults are considered in

the same order downstream from source to mouth.

6.1 The Source zone,

The Stony bottom fauna, (table 12 ).

Two sets of collections were made from the small streams
leaving the sponge, one during late summer and one in autumn.
Both collections are atypical, the fauna of the summer sample
pointing towards organic enrichment of the water of the
sponge, and the autumn sample representing an almost summer
picture since rain fell late in February 1960 (see flow figures
of tables 4 and 5), which led to a reduction in dissolved
solids, an increase in the pH of the water, and, judged by
the faunsl composition, a general improvement of the water

guality.
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The organic enrichment of the water during summer, is

largely indicated by the following (table 12 ):

it. The high percentage incidences of the Oligochaeta,

particularly the genus Aulophorus, and of the Crustacea.

ii, The reclatively low total percentage, and presence, of
only three speciles of mayfly ( Ephemeroptera) namely

Austrocloeon virgiliase, Centroptilum near excisum and

Adenophlebia sylvatica.

iii, The comparatively larger number of individuals per
square foot as compared with the autumn collection

( 1 ftg = 0.093% mg)-

In the autumn collection there is a sharp reduction in
the percentage incidence of the Cligochaeta, only Nais spp.
being present, The Crustacea also occured in reduced
numbers and species, whilst the Ephemeroptera, which consti-
tutes more than 40% of the total number of organisms collected,

includes the species Baetis harrisoni, Centroptilum sudafricanun,

¢. near excisum, Caenis sp. 4, Aprionyx tricuspidatus,

Adenophlebia auriculata, A. sylvatica and Castanophlebia calida,

The Trichoptera also show an increase in the number of species

and percentage incidence with Cheumatopsyche afra (Mosely)

type 2, being the most common species. A richer species
variety and comparatively high percentage incidence of the
Diptera also occurs in this collection, but the "ploodworm",

Chironomus sp., recorded in the summer collection, is absent.

Some of the truely head water stony bottom species, which also
occur in the upper foothill torrent zone immediately below the

source, were collected. Thesc are the following:

Plecoptera ¢ Aphanicercella sp.

Ephemcroptera :  Centroptilum near gxcisun

Adenophlebia sylvatica

Castanophlebia calida
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TARLE 12

Percentage composition of fauna

at the Umgeni sponge (small streams)

»
»

Stones in the current

Summexr Autunn
Group of Organisms

Flats Flats
COELENTERATA
Hydra sp. 0.4 -
HELMINTHES AND ANNELIDA
Nematoda 0.7 -
Naididae 1.9 -
Chaetogaster sp. 0.5 -
Nais sp. 7.9 10,8
Auvlophorus sp. 20.9 -
CRUSTACEA
Chydorus spp. 2.3 ~-
Cyclops spp. 5.6 5.8
Blaphoidella sp, 1.4 -
Ostracoda 34,7 8.6
Potamon sidneyi Rathburn 0.1 -
COLLEMBOLA - 0.7
PLECOPTERA
Aphanicercella sp. - 0.7
FPHEMEROPTERA
Austrocloeon virgiliae Brnrd. 0.1 -
Raetis harrisoni Brard. - 1.4
Centroptilum sudafricanunm Lest. - 10,1
C. near excisum Brnrd. 4.4 2.9
Caenis sp.4 - 0.7
Aprionyx tricuspidatus Crass - 0.7
Adenophlebia auriculata Eaton - 14.4
A, sylvatica Crass 5.6 13.0
Castanophlebia calida Brnrd, - 0.7
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table 12 continued

' summer Autumn
Group of Organisms Tlats Tiats

ODONATA
Aeschna sp. - 2.2
Anax sp. 0.1 -
Orthetrum sp. 0.1 -
HEMIPTERA
Micronecta dimidiata Polsson C.5 -
TRICHOPTERA
Athripsodes ? bergensis Scott - P
Cheunatopsyche afra type 2 - 6.5
Hydroptila cruciata Ulmer - 1.4
Hydroptila sp. nov (sand grain case) 0.5 1.4
Oxyethira sp. C.7 -
COLECPTERA
Gyrinidae larvae - 0.7
Flmidae larvae sp.6 0.2 -
DIPTERA
Dixa sp. - C.7
Culicidae 1.5 -
Simulium larvae - 1.4
Chirononidae 1.6 7.2
Pentaneura sp. 0.7 C.7
Clinotanypus sp. - 1.4
Orthocladinae - 2.2
Tanytarsini 0.2 -
Rheotanytarsus sp. - 1.4
Chironominae - 1.4
Chironomus sp. 0.2 -
MOLLUSCA
Pisidium sp. - 0.7
TOTAL, NUMBER OF ORANISMS 860 139
NUMBER OF ORGANISMS PER 1 FT.E

(0.093 m.%) 860 139




6.2

S

Trichoptera Athripsodes near bergensis

The marginal and aguatic vegetation fauna

The fauna from the truely aquatic and the semi-aquatic
vegetation types at the Sponge do not differ very much
(table 13 ) because, not only was the latter partly subnerged
but, at most places, where samples were collected, the two
vegetation types also occurred together. The highest numbers of
organisms occurred in the summer and sutumn collections -
which larsely contained Cladocerz, Copepoda and, in particu-
lar, Ostracoda, The Oligochaeta and Nematoda showed their
highest percentage‘incidences in Spring, together comprising
more then 50% of the number of organisms. On the whole, the
narginal and aguatic vepgetational fauna of the source zone
indicated mild to heavy organic enrichment. These conditions
could in part have been caused by the large numbers of sheep
which were watered at the source and which grazed in the
immediate vicinity of the sponge. The following are some of

the most noteworthy features of the fauna of these habitats.

i, The very high incidence of the Crustacea.
ii, The presence of only two species of Ephemeroptera viz.

Austrocloeon virgiliae and Adenophlebila sylvatica.

iii, The presence of sceveral species of Odonata and Hemiptera,
iv, The relative abundance, amongst the Trichoptera, of an
Oxyethira sp.
v. The high incidence of the Chironomidae throughout the

Autumn, Winter and Spring.

The upper foothill torréﬁ zZone

Marginal vegetation at Ross’® Parm are sparsely dis-
tributed and, due to the steep gradient of the river bed, the

vegetation very seldom remains in permanent contact with
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TABLE 1%

Percentage composition of the fauna: lMarginal and aquatbic

vegehation_at the Ungendi 'sponge.

Spring | Sumnmer Autunn iWinter

{
Group of Organisns - 2
ALV, M.V, M.V, OAV.L ALV,

COELENTERATA

Hydra sp. - 0.3 0.5 T

HELMINTHES & ANNELIDA

Planariidae - - - - 0,2
Nematoda 30.6 - 5.0 2.2 1.1
Naididae (unidentified) 3,1 2.1 0.5: 6,8 | 10,4
Nais sp. 18,5 2.1 - - 5.4
Aulophorus furcatus Oken; - 6.0 - 5.9 -
Pristina sp. 0.8 - - 0.3 -

Lunbriculidae - - 1.6 - -

CRUSTACEA
Simocephalus capensis - 0.3 5.5 - -
Alona sp. - - - 1.5 0.9
Chydorus sp. 0.4 - 2.5 :113.9 -
Cyclops spp. 6.2 4,2 36,57 4.9 5.6
Elaphoidella sp. 0.8 - - - 2.5
Ostracoda 3.5 60.5 0.5 {47.9 { 20,7

Potanon sidneyi {
Rathburn - 0.3 - - -

COLLEMBOLA - D - D -

EPHEMERQPTERA

Lustrocloeon virgillae
Brnrd., - 0.3 6.6y 2.5 { 0.2

Adenophlebia sylvatica
Crass. 0.1 - - - -
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%Spring Sunnmer Autumn Winter
Group of Organisms :
DAV, MLVL MUV AL ALV,

ODONATA
Chlorolestes spp. - 0.% - - -
Pseudagrion sp. E 0.2 1.2 0.5 - 0.8
Enallagma sp. | 0.1 - 2.0 1.1 -
Anax sp. - - 0.8 - 0.1
Ortketrun sp. 6.2 - 0.3 0.1 -
Pantala flavescens (F.) % - - 0.1 -~ -
HEMIPTERA
Mesovelia sp. 3 0.1 1.5 1.0 0.1 -
Gerris sp. - 0.6 - - -
Inithares sobria St&l - - 0.2 - -
Plea piccanina Hutch. - - 0.2 - -
Micronecta sp. 0.1 - 0.2 - -
Sigara sjostedtl Kirk 0.1 0.3 0.2 0.8 -
Taccoccoris limnigenus

StH1 - - 0.1 - -
TRICHOPTERA
Athripsodes prionii Scott - - - - 0.1
Cheunatopsyche afra

(Mosely) type 1 - - 0.1 - -
"Ec.nomus Sp.5 - - - - 1.8
Hydroptila cruciata Ulmer O.1 - 0.1 P -
Hydroptila sp, nov (sand

grain caseg - 0.3 - - -
?0chrotrichia (round case)E D - - - -
Oxyathira sp.l il.2 6.5 i 0,7 P 6.8
LEPIDOPTERA
Pyralidaec - - o - 0.2

74/ ..




table 13 continued

- 74 -

Spring | Summer Autumn Winter
Group of Organisns
LV, M.V, M.V, AV, AV,
COLEOPTERA
Dytiscidae 0.1 - 0.1 - 0.1
Gyrinidae larvae e - 0.1 - -
Dineutus grossus Modeer - - 0.3 - -
Gyrinus natalensis Reg. - - 0.2 - -
Hydrophilidae larvae - - 0.1 - 0.1
Hydraenidae larvae 0.1 - ~ - -
Elnidae larvae sp.© 0.1 - - - -
DIPTERL
Dixa sp. - 0.3 - - 0.3
Culicidae 0.1 - - 0.1 -
Chirononidae 31.6 2.4 24,5 6.2 22.6
Pentaneura spp. 2.4 C.G 0.2 P 4,5
Tanypus sp. - - 1.0 - -
Procladius sp. - 4,8 5.8 - -
Corynoneura Sp. - - - 2.5 2.5
Cricoctopus scottae
Freenman - - - - 242
Tanytarsini - - - - 1.1
Tanytarsus sp. - - - 0.1 7.1
Chironornus sp. - - 0.6 - -
Ceratopogonidae 0.2 - - - 4.7
ACARINA
Hydrachnellae - 4,2 - 1.2 1.9
MOLLUSCA
Burnupia sp. - - - - -
Pigidiun sp. 0.1 0.3 - - 0,4
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table 13 continued

%pring Summer Autumn Winter

Group of Organisms ; :
AV, M,V, M,V, A,V ALV,

AMPHIBTA
Rana tadpoles - 0.% - 0.3 -
NUMEER OF ORGANISMS PER
6 FT., (1,8% m,) VEGETA-
TION ( 2 ) 1509 3240 {2001 | 3239 1062
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the stream water for periods longer than a few days.
Faunal collections at Ross? Farm were therefore restricted
to the stony bottom habitats of which a great variety
exists. At Dargle Police Stabion the marginal vegetation
was sampled in a poollike stretch immediately above the

falls,

The stony bottom fauna

High percentage incidences of Olygohaeta at Ross?
Farm, in the late Spring and early Summer, (table 14)
coincided with heavy growths of diatems and algae in the
fast current water types and the decay of detritus accumu-
lated in the slow current. The rich species variety of
the fauna, in particular that of the Ephemeroptera, however,
indicated clean unpolluted conditions,

Even though most species recorded from this zone ex-
tended into successive physical zones downstresn, certain
organisms were largely restricted to, and also had their
highest incidence in this zone. Some of these charac-

teristic organisms are the following.

Plecoptera: Aphanicercella app.

Ephemeroptera: Peeudocloeon inzingae, Baetis

cataractee Acentrella monticola,

Centroptilum near excisum,

Aprionyx btricuspidatus,

Adenophlebia sylvatica,

Castanophlebia calida and

Afronurug sp 1.

Megaloptera. Taeniochauloides ochraceopennis

Trichoptersa. Goerodes caffrariae, Sinion Sp.,

Cheunatopsyche afra (type 1)

and Ithytrichia sp.

Coleoptera. Afropsephenoides SpPp.
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Diptera: Elporia near natalensisg, Simulium impukane,

certain species of Bheotanytarsus and

Ceratopogonidas,

Amphibia: Rana umbraculata (ef OLiff, 1960).

As in all the other physical zones in which more than one
sampling locality was established, a gradual longitudinal
(downstream) faunal change was observed, The successive
sampling localities within each zone usually contained compo-
nents of the fauna of 1ocalities.higher up on the one hand,
ané organisms which estend upstream from other physical zones
lower down. For this reason no two sampling localities in
any particular physical zone were exactly similar with regard
to this fauna, On the conérary each locality represented
part of a changing fauna. The two localities Ross? Farm and
Dargle Police Station were no exception, The latter, already
lacking most of the truely "head water'" organisms listed above,
shared with Rogss! Farm the following organisms which estended
upstream from the other physical zones further downstrean

(table 15).

Plecopteras Neoperla spio

Ephemeroptera. Progopistosoma sp,, Acentrella natalensis,

Centroptilum sudafricanum, C. varium,

Centroptiloides bifasciatum, Caenis spp.

Keurccaenis discolor, Adenophlebia

surieunlate Futhraulus bugandensis and

Afronurus sp. 3

Trichoptera. Cheumatopsyche afra Mosely (type 2),

C. thomasseti (Ulmer), Cimerrha sp 1,

Hvdroptila? cruciata, Orthotrichia sp

Coleopteral Largely Psephenidae and Elmidae spp.

Some organisms, not found at Ross’ Farm but which were

recorded in the summer and autumn collections at Dargle Police

78/ ...



_ _ - W - ¢*0 - - - - - - - - - - *88BRI) WNTIBRA ')
- - - W - - - = - = - - - - G0 - *ggeIn TISNDUT 0
_ _ _ W _ _ _ _ - - 5D - - - L0 LACTT ‘PIUIG WOSTOXD JIVdU* )
¢ T - AN .- - - ¢2¢Ti 4°0 1 9°T iT°0TIO°%Ty - - 68 1¢°41 ‘gso7 mnueoTsepns umrTadoauap
- - - W - 6T 14 2'c - 49 - - mm - G°'T 6°0 - *gsed) vTOOT4UOW °¥
4°¢T 874 iFTTT 4°0 1 ¥et ety - 0'4 | ¥t - 2'G “m.m DA - - "ssed) sTSULTERIBU BITSIFUSOY
<0 - - W - - - - - .0 - - ”m - - - - gsged) 9eqoeIRlBY ‘g
g'1e i ¢02 (67 1¢ i - Gl id62 1 ¥F G0 T4 G2 - L2tk 0¥ ¢’y 16°0 ‘pIuIg TUOSTIIEY STiowed
- - - - - - 2z - - igU*ATI - _ - - CTTIT igt *ggeIn 2e3UTZUT UOLOT20PNSsg
- VETLJOTA WA HH
- e
¢z 0°¢ oz - 6°2 - - - - - - - - s - - (wewme)) oTds eTxadosy
- - - - - 160 T°T - g0 = 1’8 - - M - G°0 "ds eTT90T90TURUAY
& THALA00A Td
t B

- ¢°0 - - 2°0148°0 - - - - Lol - - & - - uInquaey TAOUPTS UOWe10d
- - - - - - - - - - - M - - H L0 g'0 BPOOBILS)
- - - - - - - - - - - - - 1°2 QT *ddg sdoTofy
YAOVELSNED
- <0 - - - - - - - - - - - - - 22 PTINOTIqENT
- - - - - - - - - - - - - - - *ds sSNTTIPOUWLT
- [ §'%T | 8'6 - lbter - - - 19'2 67T 6’2 @ - - T4 16y "dds sTeN
- - - - ~ - - - - i9'ge - g2 - : P°T - oRpPIPTRI
- - - - - - - - - - 69 I 7' = 8'¢ - BPO4TUEL
- 22 1971 d - - T°T - - 1¢°T idte 9T - 6" T - SBPTTICUETd
VOITENNY NV SHIHLNIKTEE

‘8 ‘g'H: "g'™ W.Omﬂo ‘gi'gTg d _‘Dmﬁo ‘g *d A 1T08YD PRSI = - d i"Mtd

M susTueda) JO dnoxn
IOQUTH : ANy T OIS Butadg
*{o3uods oyj moteq)
WwIzg (SS0Y e JSATI TueSw oYl UL JUsIIND OUY3 UL S2U03Ss [ wBungJ oUl3 JO uwoTatsodwoo a3ejuedasg

T ATV I

- O -




- gz -~ - - - - 2'¢; = 16°S - - - - T *ds exIxewiyd
.M M. ey - - - - - - - - - - - - - 3 *ds snmouodyg
_ - °T - - - - - - - YR - - - - (xowWIn) TaOSSBEOUL °*D
m.m_ - - - - - - - - - - - - - - ¢ odhy aeeu (Lresol) BIFE °D
- - - - - 6% - - - - - - - - - g odfy (£L1esoy) BIFT "D
- 0'0T i€°0 - 0°o - 9*¢ - §*gQiT ¢ -~ - - - - T odfy (Aresoy) mare oyclsdojeumsy)
- €0 - - - - - - - - - - - - - *ds uoTUuTrg
- - - |- - - - - I e AT - - - - SeTIRIITED SoPOIL0DH
VIELJOHDT AL
- - - - - - - - - - g - - - - sTUu2d090eayoC SOPIOTNBYIOTUSR]
VEILJOTVOIW
- - - - - - - - - - —- - - ) 6°4G 6°0 TUOSSTOJ BLBRTPTIULP B308UOIOTY
. TR
- - - - 8'0 {¥°T - - 5°0; = - - - e ¢ - 2 *ds snanumoajy
- - - - - g2 ¢ ¢T - - i0°¢G - -~ - ” - 6£°0 1 *ds snanuoaiy
40 - - - - - - - - - - - - = T - ¢ °ds snanuoxyy
- 9'0 | ¥°¥ - ST -~ T°T - - - - - - M AN - SUTIHTY STSUOPULINGenTNeIysng
176 - ¢*9 d G4 i8'e 1479 - - = i6"g - ] - 3 - - ‘pIurg epTrTed erqetydousise)
- - - e - - - - 670 ¢ T 4% - - - - *sseI) eoT3BATLs ‘Y
- - $°0 m - 70 - 1° 1< - - - - - - - - wojey ejeludTane wrgeTydouspy
- - - - - - - - -~ iz%¢ - - - -~ *ggean snqeprtdsnoTds xLuotady
¥t2t i €70 = - L 2°% iTT - £°¢:9°0: - - - - - (*pIulg) IOTOOSTP STUSEBOOINAYN
- - - W - - - T°T - - i¢*T - - - - - ¥ *ds sTUS®Y)
- - - W - - - - - 2'0: - - - - - - ¢ *ds sTuU®R)
- - $*0 m - - - - - - - - - - - - z *ds sTusR)
- - - - - - - - -~ - - - $*0 1 81T T *ds stueep
- - - Wm.o - - - c'o - - - - - - - ‘4807 WN3eIoseIIq seproiridoIqus)
- - - |- S V219 I BT 11 - - L0 | 8T g ds mrTadorguey
‘g "g'g itgtm womﬂo ‘g ‘§'¥ d "0gVDl TS i'd Td DIVDL L8 18T HE D ‘Mg
- M _ sustTue8ag Jo dnoIp
IOqUTM | umngny JToTmNg Butadg

penutiuce HT oTded



~ - - - - - T - 2o | - - - - - - *Jl 9D PUe Uemeedg
8TeqUOPTO00 WIOJ THOOOTE® °g
- - = - 2'0; &0 - - - - - - - - - *Wog TSIopE g
0°¢Ti TI°¢ AT 0°86 6"6i 6°% - G*94: 2°9Fi¢"T | TI°® 9°L¥ i 6°64 ¢*0 | 60 SeAde] WNTTNWLY
- - - - - - - - - - 2 - - - - *ds exIqg
- - - - - - - - - - FALe) 2*¢ - - - *ds epoyoLsg
- - - - - - - - - - - - - - - oupTTndTy
- - - 20 i¥'0 - - 70 i 8'T | - - S0 ¢*0 - - ¥yonag stsueTeaeu erxodry
VEELIIA)
¢°e 48 9T T°0 igtei 470 - - - - g'e - - - - 2eAJET SBPTPOTSH
- g*e - - 2°0 - - - - - - - - o - - ¢ *ds seAadel SepTUIY
- - A - - 2'o - - - - - - - > - - t. *ds ovAIRT SEPIETH
-~ ¢°T ¢*¢ - 9*%! F°‘2 - - - - - - - M - - ¢ *ds swaael eepTUIY
¢'1 2°0 - - - 60 - - - - - - - M - - 2 *ds omvaXeT owvpPTUIY
- - - - - - - - - - - - - - - T *ds ovAIRT 9DTHTH
¢°0 670 - - ~ ~ - - - - ~ - - M - - (pPeaJosum) s4Tnpe 9epPTUTH
- 90 T - - 0% i ¢°¢ - - - - - - w - 6°0 *ds XeweTaqndg
- - - - - - 2 - - - - - - - L0 i 60 *ds seprouwsydasdoxay
- - - I - - - - - - - - - - - depTuUsBIpPLH
- €*0 - - - - - - - - - T°0 - - - (s31npe) orpTTTYdoIpAH
- - - - - $°0 - - - - AL - - - - s3Tupe °epTosTiLq
VEALLA0TT0D
- - - - - - - - - ie°T - - - 40 - *ds sT1008Q
B - B - o't - h B B - ) o ) B B utexdpues) *aou *ds mﬂwmmww@hm
- - - - - - - - - - - - - - - *ds BTUOTIFOUFIQ
- ¢°T - - AN - - - - - - - - - - (BTYOTIY
-ouwgBueaeg I0) *ds eTULTIFLYLT
- - - - - - - - - - - 1°0 - - ~ IsWT ewreToNID gerradoxply
- - - - - - - - - 9°0 - - - - - (osed Teao) ovpriTadoaply
gty 87y 8TE 1'08YD L "9 gyl 4 PgvVD S g I OSVD L8 L TstTEL 4 Mg
sustuedan Jo dnoadh
IO UTIM TENANY hchicinglal Sutadg
pernutiuco 1 STqeld
- ¥ 08 -



NJ-u.
0"40¢%

NI—lq
0* 19T

[

A

06

107196,

NQY

Al

9T

964

(A

Q.J
cec

(o W 90070 = 44 L)
susThe3In Jo xoqfmu Teqof

STTEIQO4I2A BURY
VI BTNy

»mm etdnuang

VOSNTION

9°'¢

$"0

(pegaosun)

*dg soprTaoeIlly

SRTToUYUOBIPAH

VNIHVDY

'8

L0
€'

0°G

2°T

1°¢
2o

AR
9°9
¢*0

g*o i -
20 -

8 ¢
- i8'¢

6°c

AR
e

¢*'T
9°1T
G0

$*0
A

£*0

g'z

HTdHV S

801

T4
c 0

¢ 0c
32
7T

gz
37T
9°¢

6°0

2EPTIOSNY]
2epITUOTIeuy
2epTPTdmT
swpruoBodogrvaan

*de snmOUOITYUD
SBUTHOUOITYD

*ddeg snsaegluelosyuy
TUTSIe}AUR
SEBUT PR TOOUGIO

-ds wvansuoulao)

*ds sndlueloUuTIn

nmmm BINBURLUSJ
SBPTUWOUOITYD

*mWogJ XeloA g

*|{ 9D TPIOOFILYINI °§

*WOJ QWIOFORSNPAE * g

14 op euedndutr g
msouwep Lm

SUTQQTH UMARD g

gty

"gTy

4

Q8¥D

‘g .

gy

"8V

Td

LN

TOqUTH

wmmgny

IoTmng

Butadg

sustuwedxg Jo dnoxy

- aE -

T

penuT4uUOS T oTqed



w B2 w

TABLE 15

Percentage composition of the fauna! stones in the current

in the Umgeni river at Dargle Police station,

Group of Organisms Summer Autumn
BT, | B
HEILMINTHES AND ANNELIDA
Planariidae 2,0 043
Nematoda - 1.4
CRUSTACEL
Ostracoda - 1.4
PLECOPTERA
Neoperla spio (Neuman) Ll & | 0.3
LPHEMEROPTERA
Prosopistoma sp. - 0.3
Oligoneurippsislawrencei Crass., é 1.8 -
Baetidae Juveniles | - G 9
Baetis harrisoni Brnrd. 2% 8 16.4
B. glaucus .gnew - 043
Acentrella natalensis Crass 2.6 Q.7
Centroptilum sudafricanum Lest. 7s2 8.2
C. medium Crass 0.4 -
C. parvun Crass G, 5 16,7
C., varium Crass - 4
Centroptiloides bifasciatum Lest. - Osd
Caenis sp. 2 - 2.7
Caenis sp. 5 - 1.4
Neurocaenis discolor (Brnrd.) 9.8 6.%
Adenophlebia auriculata Eaton. 0,8 6.3
Euthraulus?vugandensis ; 0.6 04D
Afronurus sp. 3 2.4 2,7

BB 4w



table 15 continued

- 8% -

Summer | Autumn

Group of Organisms
ST, . R,

ODONATA
Aeschna rileyi Calvert 0.2 -
HEMIPTERA
Rhagovelia sp. - 0.1
Laccocoris limnogenus Stil 0.2 0.1
TRICHOPTERA
Trichosetodes sp. 2.4 0.4
Hydropsyche 7 longifurca - 0.4
Cheumatopsyche afra type 2 (Mossly) - 0.3
C., thomasseti (Hairy) (Ulmer) 0,2 -
Ecnomus sp. & 0.4 -
Ecnomus Sp. b 0.2 -
Chimarra sp. 1 2.2 -
Hydroptila cruciata Ulmer 0.6 0.3
0chrotrichia sp. 0.2 0.6
Orthotrichia sp. 0.4 0.1
COLECPTERA
Gyrinidae larvae 0.4 -
Afropsephenoides sp. - 0.1
Fubrianax sp. 2.6 -
Dryopidae larvae - 0.1
Flmidae sp. b - 1.4
Elmidae sp. T 1,2 2.7
Elmidae sp. 1 O.4 -
Elnidae sp. 1 - C.7
Elmidae sp. 2 0.4 2.9
Elmidae sD. 3 - 1.4
Elmidae sp. 5 0.2 1.1
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table 15 continued

Group of organisns punner ki
ST, R,
Eriocera sp. - 0,1
BSimulium larvae 19.5 15.1
Jhironomidae 4.9 5.0
Pentaneura sp. 0.6 -
Drthocladinae 1.6 1.4
Ceratopogonidae (unidentified) -~ 0.1
Forcipomylia sp. C.2 -
Wiedemannia sp. (Empididae) - 0,1
Hydrachnellae P P
MOLLUSCA
Burnupia sp. 0.2 0.1
TOTAL NUMBER OF ORGINISMS (QUALITATIVE) 492 730
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Station, include Oligoneuriopsis lawrencei, Centroptilum

parvum, Bactis glaucus, Hydropsyche? longifurca, Dryopidae

and certain species of the £lmid family, All these also
occur in larger numbers in physical zones downstream from the

upper foothill torrent zone.

The marginal vegetation fauna.

Virtually all species recorded from the marginal vegeta-
tion at Dargle Police Station (bable 16) have a much wider
distribution in the Umgeni river and, consequently, are not
peculiar to this or any other particular physical zone.
Oligochaeta were represented by Nais sp. only. Nematoda had
a high incidence in the trailing vegetation in smner. In
the slow current, Copepoda and Ostracoda showed some numerical
increase in aubumn comparcd with the summer samples. The
najor orders of aguatic imscets which domincted the fauna both
in species and in numbers, were the rphemeroptera and Diptera.
Individual species which occurred in comparatively high per-

centages were Pseudocloeon vinosum (summer), Centroptilum

sudafricanum (summer and autumn) Caenis sp 4 (summer and

avbtumn), Laccocoris limnogenus (summer), Athripsodesg? prionii

(summer) Simulium spp. (summer) and species of tho Chirononidae.

The lower foothlill torrent zone.

This zonc is shared by at least three different faunal

components, They are:

i. The "head water faunal element", which is largely
restricted to the upper foothill torrent zone (sece
above), but which partly extends ond termirnctes in
this zone,

ii, A group of organisms which have & wide longitudinal

distribution in the Umgeni river, occuring throughout
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TABLE

16

Percenbage composition of the fauna | marginal vege-

tation in the Umgeni river near Dargle Police Station

(above falls),

Summer Autumn
Group of Organisms *
MV, M.V R Myt
HELMINTHES AND ANNELIDA
Planariidae 2.5 - 2.3
Nematoda - 20,4 1.1
Nais sp. 3.8 - -
CRUSTACEA
Cyclops spp. - - 4.5
Ostracoda - - 11.5
Potamon sidneyl Rathburn - 0.2 -
COLLEMBOLA - - 1.1
EPHEMEROPTERA
Austrocloeon virgiliae Brnrd. 5.2 - -
hfustrocloeon sp. - - 0.1
Pseudocloeon vinosum Brard, 15.2 - 0.2
Baetis harrisoni Branrd. - 0.5 -
B. bellus Brnrd, 3.8 2ok 3.4
B. latus Agnew - 1.7 -
Baetidae Jjuveniles - - 9.0
Centroptilum sudafricanum Lest. 6.5 16.% 20,3
¢, excisum Branrd. - 0.7 -
Adenophlebia auriculata Eaton - - 3.5
Caenis spp. (unsorted) - - 3.4
Caenis sp, 2 - 0.3 -
Caenis sp. & 11.4 8.2 18.1

8‘?/0‘.
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table 16 continued

Summer I Autumn
Group of Organisms
M.V, T M.Vt

ODONATA
Pseudagrion spp. 1.9 - -
P, natalense Ris. - G.7 2.2
HEMIPTERA
Mesovellia sp. - - 0.3
Rhagovelia sp. 1.9 - -
Micronecta sp. - - 0.6
Laccocoris limngpgenus Stdl - 9.5 1.1
TRICHOPTERA
Athripsodes ? prionil Scott 7.6 - -
Trianodes sp. - - 1.9
Trichosstodes sp. 1.% - -
Cheumatopsyche afra (Mosely) type I; - 0.3 -
Hydroptila sp. nov (sand grain

case) - - 0.2
Oxyethira sp. - - 0.1
DIPTERA
Dixa sp. 2.5. - -
Simuliuvm learvae - 24,5 0,1
5, adersi Pom. - - 0.2
Chironomidze (unsorted) 22.8 8.16 749
Pentaneura sSpP. 10.1 1,17 3.4
Corynonsura SpP. - 4,1 -
Othocladinae - 0.5 -
Ceratopogonidae - - 0.3
Rhagonidae - C.1 -
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table 16 continued

Sumner Autumn
Group of Organisms
M.Vt M.V

MOLLUSCA
Lymnaea sp. 0,6 -
Gyraulus corniculum Conn. 3.2 1.8
Burnupia sp. - 0.6
Pisidium sp. - 0.1
AMPHIBIA
Rana s8D. - 0.1
Total number of Organisms per
6 £ft. (1.8% metres) marginal 158 884 ;
vegetation, 1

Trailing vegetation

++

In very slow current or stagnant waters,

. moderate to fast current.
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all the physical zones, but with its optimal distribution
in, and between, the foothill torrent and rejuvenated
river zones,

iii. A small component of organisms which mainly occupy the

upper and lower foothill torrent zones,

A detailed discussion of this association is given else-

where. (chapter 8).

The stony bottom fauna

The Helminthes, Annelida and Crustacea constituted small
proportions of the stony bottom fauna at all the sampling loca-
1ities of this zone (tables 17 - 20). With the exception of
the localities at Watersmeet and Fern Hill Flats, where slow
current conditions largely prevailed, and, where the habitats
were visibly affected by deposits of silt, all the insec?t
orders were dominated both numerically, and, with the exception
of the Diptera, also in specles variety, by the stony botton
Ephemeroptera which attained the highest percentage incidences
at Dargle Forestry, where, excluding one sample, they consti-
tuded more than 50% of the total number of organisms collected,
Some of the most noteworthy features of the stony bottom fauna
of this zone are summarized below.

With the exception of silt deposits in the slower flowing
regions of this zone no, visible signs of stream disturbance
were detected during the period of survey. Neither did the

fauna indicate unhealthy conditions.

Helminthes and Annelida: Present in small numbers,
Oligochaeta mainly represented by
Nais sp. which scldom exceeded a
10% incidence.

Crustacea. Included Copepoda, Cladocera,

Ostroceda and Decopeda all of which
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occured in small numbers; Decopoda were

represented by Potamon dubius and P.

sidneyi.

Only one spccies present viz, Neoperla
spio., It disappeared from thce fauna

at Dargle Forestry (table 17 ) and
Midmar (table 20 ) during late spring and
early summer and was completely absent in
the slower flowing regions of Watersmeet
(table 18 ) and Fern Hill Flats (table 19).
Mayflies, which were abundant throughout

the year, included Baetis harrisoni,

Neurocaenis discolor, Afronurus sp 3,

Centroptilum sudafricanum and, to a lesser

extent, Acentrella natalensis, 411 these
species showed a drop in incidence at
Watersmeet and Fern Hill Flats, with B.
harrisoni and N. discolor being apparensly
less affected than the other three
species, If Harrison's (1958) contention

that N, discolor (= Tricorythus discolor,

Harrison) seems to prefer distinctly muddy
water with its associated microplankton

be correct, one would expect the incidence
of this species to increase at Watersmest
and Fern Hill Flats. In the Unmgeni
river, however, this specles was more
abundant in clear water both higher up-
strean and further downstream (tables 17
and 20 ) thus lending no support to

Harrison's assumption,
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Other Ephemeroptera which occurred in reduced numbers anc,
whick showed distinct seasonal fluctuations, being absent or

just present during parts of the year are.

Centroptilum indusii: Maximum numbers in summer and autunn.

Centroptilum medium; Meximum numbers in summer and autunn.

Centropfilum parvun . Absent in winter.

Centroptilum sp 2. Absent in winter,

Centroptilum sp 5. Pregsent in gummer and autumn.
Centroptiloides Absent in winter; most comnon during
bifasciatum. autunn,

Baetis glaucug: Present in autumn (Dargle Forestry);

in summer and autumn (Midmar).

Pseundocloeon Absent in winbter; most common in
naculosum. autumn (Midmar).

Adenophlebia Pregent in summer and autunn,
auriculata;

A, sylvatica: Present in autumn,

Afronurus sp 2. Absent in winter.

Ephoron savigni. Present in summer and autumn.
Oligoneuriopsis Present in summer and autumn.
lawrencei:

QOdonata: The species recorded belong to the genera

Chlorocypha, Aeschna, Anax, Trithemis and

Zygonyx.
Hemiptera. Poorly represented in this zone; the species

recorded were Laccocoris limnogenus and

Micronecta dimidiata,

Neuroptera. Sialis sp., prescent at all .sampling lcealitios
in this zong. . ) -

Trichopteral Noteworthy was the absence of Goerodes

caffrariae, Sinion sp and Ithytrichia sp.

%2/...
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These were characteristic of the fauna at
Ross? Farm in the upper foothill torrent zone,
Other species which were first recorded here

included Pseudoneureclipsis spp. 1 and 2 and

Macronema natalensis, Hydropsyche longifurca

increased in numbers downstream from Dargle
Forestry towards Midmar.

Nymphula sp. Recorded in summer and autumn
only. Not very abundant.

Of the eight families of Coleoptera viz.
Gyrinidae, Dytiscidae, Hydrophilidae,
Hydraenidae, Psephenidae, Dryopidae, Helodidae
and Elmidae, the last mentioned family was re-
presented by the most species and, at most lo-
calities also dominated the other families in
their abundance,

The Simuliidae never attained the same numeri-
cal importance as in the upper foothill torrent
Z0Ne . However, together with the Chironomidae
end its subfamilies the Orthocladinae and
Chironominae, they still constituted the bulk
(numbers) of the Diptera.

The highest perccntage occurrence of the
Hydrachnellae was recorded at the slow current
localities of Watersmeet and Fern Hill Flats.
(tables 18 and 19),

Tn addition to Burnupia, which ocecurred in small
numbers at all statioans throughout the year,

Lymnaca columellsa recorded from Fern Hill

Flats (table 19 ) was the only other snail

present.
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The marginal and aquatic vegetakion fauna.

With the excepbtion of an occasional high incidence of
Nais spp. at Midmar (table 24), and a somewhat rich species
variety of the Helminthes and annelida 2t Watersmeet (table
22), the water quality of this zone, as indicated by the fauna
of the marginal and aquatic vegetation, agreed with the pic-
ture presented by the stony bottom fauna, viz, that the water
was undisturbed and clean, - The Crustacea were present in
small numbers and fcw species. The Ephemeroptera included
emongst others, species which akre usually mainly cenfined to
the marginal or aguatic vegetation, others which normally
occupy the slow current of the river bed and which are usually
found in small numers in the marginal vegetation, and, finally,
a group which, as a rule, occcupies the stony bottonm habitats
of the river. This last group when present in the marginal
vegetation, can be regarded as gray anrimals. Some of the
mayfliegelongingto the abovemenbtioned groups, and which were
collected in the marginal vegetation of this zone, are the

following,

i. The truely marginal vegebtation species: Austrocloeon

virgiliae, A, near virgiliae, Centroptilum pulchrun,

Baetis bellus, B, latus and Psendocloeon vinosui.

ii, The slow current dwellers which occcurred in small

numbers are Centroptilum excisum, C. sudafricanum,

Adenophlebia auriculata and Futhraulus? bugandensis.

iii, The truely stony bottom inhabitants recorded from the

marginal vegetation of this zone, included Acentrella

natalensis, Baetis harrisoni, B. cataractae, B. glaucus

and Afronurus sp 3. Tn most insbances, these nymphs

were largely penultimate or ultimate instars, ready to

hatech,
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The Odonata mainly consisted of nymphs of Pseudegrion

species such as natalense, salisburyense and kersteni. Other

genera recorded were Zygonyx, Trithemis, Chlorocypha and

Paragomphus spp.

The Hemiptera of the marginal vegetation comprised a
richer species variety than was the case in the stony bottom
habitats. Several genera were found, non of which were con-
fined to this particular zone. The most common species re-

corded were Rhagovelia ? nigricans, Micronecta dimidiata and

Laccocoris limnogenus.

In addition to the occurrence of the truely marginal

vegetation Trichootera such as Athripsodes ? prionii, Trianodes

sp. and Oxyethira sp., many other gpecies present, such as

Hydropsyche and Cheumatopsychejare typical stream bottom
organisms.,

The Dytiscidae and Gyrinidae contained in the samples,
were mainly adults. Typical marginal vegetation Coleoptera
recorded were Haliplus sp., and, of the Elmidae, larva sp. 7
and adult sp. J.

Amongst the insect orders, the Diptera had the highest
total percentage incidence, largely comprising species of the
Chironomidae. Simulium larvae, on the other hand, were not
well represented but showed perqentage ‘ncreages in the vege-
tation trailing in the fast current,

The Hydrachnellae of the marginal vegetation were
comparatively more numerous at the Watersmeet sampling loca-
lity (table 22) than elsewhere in this zone.

The Mollusca included, Burnupia, 2isidium and Lymnaea SPD.

5w ww
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TABLE 2.

Percentage composition of the fauna * marginal vegetation in
the Ungeni River at Dargle Forestry

GROUP OF ORGANISMS SUMMER AUTUMN
COELENTERATA

Hydra sp. 043 -
VERMES

Nematoda 1.4 Qe
Nais sp. - e, 9
CRUSTACEA

Cyclops spp. 2l -
Ostracoda (unidentified) - 6.8
Potamon = ydneyi Rathburn - G
EPHEMEROPTERA

Pseudocloeon vinosum Brnrd. 15.9 10.2
Baetis Tellus Brnrd. 3 5 6.8
B, latus Agnew - 3.4
B. cataractae Crass Ol -
Centroptilun .udafricanum Lest, 8.9 18.6
C. excilsum Brnrd. 2.0 -
C. varium Crass - D5
C. pulchrum Crass 4,% 0.6
Caenis sp. 3 Lol

Caenis sp. 4 Bie 7 J.4
Adenophlebia auriculata Eaton 8.l 2a
Euthraulus elegans Branrd. 1.4 -
ODONATA

Pscudagrion sp. D Q.6
HEMIPTERA

Rhagovelia nigricans Burm, Doy 4,5
Enithares cf. 3obria Btdl 0,4 -
Micronecta imidiata poisson 4,5 = 1 |
M. youngiana Hutch. Led -
Laccocoris limnogenus St#l 0.4 0.6




- 110 -
table 21 continued

GROUP OF ORGANISMS SUMMER AUTUMN
TRICHOPTERA

Athripsodes ?prionii Scotd 0.5 -
Trianodes sSp. - 0.3
Cheumatopsyche afra (Mosely) type 2 - 0.9
COLECPTERA

Gyrinidae larvae 0,1 0.3
Orectogyrus spp. (adults) 0.7 0.8
Elmidae larvae sp. 1 P -
Elnidae larvae sp. 2 - 0.2
Elmidae larvae sp. 7 0.4 1.1
Tinidae (adults) sp. T - C.3
DIPTERA

Simulium larvae - 10.7
8., alcocki Pom. - 0.5
Chirononidae 26.0 6,8
Pentaneura 1.8 2.0
Clinotanypus - 0.6
Corynoneura 2.2 -
Tanytarsus Sp. 0.6 7.9
Chironominae 2.4 -
Ceratopogonidae 0.1 -
Empididae - 0.5
ACARINA

Hydrachnellae - 2.8
MOLLUSCA

Pisidium sp. - .6
NUMBER OF ORGANISMS PER 6 FEET

(1.8% metres) MARGINAL VEGETATION 716 357
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TABLE 22

Percentare composition of the ffuna . marginal vegetation

in the Umgeni River at Watersmeet (below Rozad Bridge)

Group of Organisms Spring Sumner Autumn Winter
EELMINTHES + ANNELIDA
Planariidae - - 0.2 1.6
Prostoma Sp. - - 0.9 1.2
Nematoda 0.9 - - 7.9
Naididae - - 3 4 -
Chaetogaster sp. - - - 2.0
Nais sp. 1.5 2.5 1.7 0.8
Pristina sp. - - - 3.6
Tumbriculidae - - - 0.4
Hirudinea - - 0.1 -
CRUSTACEA
Chydorus sp. %, 1 - - -
Cyclops sSpp. 1.6 - - 1.6
Talitroides sp. - - 0.1 -
COTLEMBOLA - - 6.0 0,4
EPHEMEROPTERA

| Pseudocloeon vinosum . .

Brunrd. 0.9 2%.7 - 1.2
Baetis harrisoni Brard, 0.2 - 1.2 0.8
B, bellus Brnrd, - 5.9 - 8.7
B. gloucus Agnew - - 0.1 -
B. latus Agnew 0.2 11.8 10.0 0.4
Coenis s5p.5 - - 0.5 -

Caenis 8p.4 _ 0.2 2.0 0.5 0.4

112/...



- 112 -
table 22 continued

Group of Organisns Spring Summer Autumn‘“ Winter
ODONATA

Pseudagrion sp. - - - 0.8
P. natalense Ris, 0.6 - 0.1 -
Chlorocypha sSp. - - 0.2 -
Trithemnis sp. - - 0.1 -
HEMTPTERA

Mesovelia sp. - - 0.9 -
Metrocoris 8D. - - 0.1 -
Rhagovelia sp. - 27.6 0.9 D
Plea sp. - - - 1.2
Idiocorus sp. - 0.% - -
Micronecta dimidiata Poisson 0.2 2.3 0.9 2.8
Taccocoris limnogenus StHl - 0.7 - -
Ranatra sp. 0.6 - - -
TRICHOPTERA

Oecetls spp. - - 0,2 e
Athripsodes ? prionii Scott 1.6 0.3 0.1 -
Trianodes Sp. - - 0.2 -
Hydroptila cruciata Ulner - -~ 0.2 -
Orthotrichia sp. - 0.3 | = -
Oxyethira sp. 0.2 1.6 0.2 -
LEPTIDOPTER. .

Pyralidae - - 0.1 0.4
COLEOPTLERA ‘

Haliplus sp. - - - 0,4
Dytiscidae adults - - - 0.4
Gyrinidae adults - - ~ 0.4
Aulonogyrus Sp. - - c.2 -

113/..
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table 22 continued

Group of Organismns

Spring

Sunmer

Autumn

N

Winter'

Hydrophilidae adults
Berosus sp.
Hydraenidae adults
Elmidae larvae (unsorted)
Elnidae larvae sp.2
Elmidae larvae sp.7
Elmidae adults (unsorted)
Elmidee adults sp.f
Elmidae adults sp.d

Helodidae larvae

1.4

0.6

DIPTERA

Psychodidae larvae
Simulium larvae
Chirononidae (unsorted)
Pentaneura spp.
Clinotanypus sp.
Corynoncura 8p.
Orthocladinae sp.
Tanytarsus sp.

Chirononminae

Wiedemannia sp. (Empididae)

22.2
0.8

6.6
12.2
0.8
31.5

0.1
29.9
5.1

1.2
24,4

1.2
9.5

AGERINA

Hydrachnellae

0.9

2:9

29.9

12.2

MOLLUSCA
Lyrmaea sp.
Burnapia sp.

Pisidiun sp,.

0.1

0.8
0.4

VEGETATION

TOTAL NUMBERS OF ORGANISMS
TR 6 £+, (1.83 m,) MARGINAL

641

504

1170

255
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TABLE

23

nerginal vegetation in

the Umgeni River at Fern Hill Flats,

Group of Orgenisms

Spring

Sunmer

Autunn

Winter

‘Barly -

Tate

VERMES
Planariidae
Nematoda

Nais spp.

5.8

1.7

4,4
5.5
2.2

2.2

CRUSTACEA
Cyclops spp.

Ostracoda

3.3
1.1

3.6
0.9

{EPHEMEROPTERA

Oligoneuriopsis lawrencel

Crass.,

Tlagsoneuria trimeniansa
Melach.

Austrocloeon near
virgilizae

Poseudocloeon vinosum
Brnird.

Boetis harrisoni Brard.
B. bellus Brnrd.

B, latus Agnew

0.6

5.7

1.5
22.9

Centroptilum sudafricanum

Lest.,
Caecnis sp. 4

Neurocaenls discolor
(Brnrd.)

7.6

1,2

8.1

9.3
11.1

0.6

55'2

2.6
15.5

1.1
1.1
5.4

3.3

0.2

4,5

4.5

2.7
1.5

ODONATA

Pseundagrion spp. (un-
sorted)

P, kerstenl Gerst.

1.9

2.2
1.5

3.3
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Group of Orgonisms

Spring

Sunmer

Autumn

Winter

barly

“Tate

P, natalense Ris.
P, salisburyense Ris,
Chlorecypha sp.

Paragomphus sp.,

1.7
5.5

0.4
1.%

0.2

{HEMIPTERA

Rhagovelia Tnigricans
Burm,

Micronecta dimidiata
Poisson

Laccocoris limnnogenus
StEl

5.1

7.0

1.3

10.5

1.7

1.2

0.9

3.3

0.5

TRICHOPTERA

Cheumatopsyche afra
(Mosely) type 2

¢. afra (Mosely) type 3
¢, thomasseti (Ulmer)
Hydroptila cruciata Ulner

Oxyethira sp.

1.5
0.6
0.6

1.5

4,7

0.2

COLEQPTERA

Gyrinidae larvae
Hydroscaphidae

Hydreenidae adults (un-
sorted)

Linnebius larvae

Elnidae
Elmidae
Elnidae
Elmidae

Elmidae

adults
adults
adults
larvae

lapvas

(unsorted)

SD.
SP.
Sp.
SP.

J

0.6

0.6

0.6

2.2

0.6

0.2

0.5
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Group of Organisms Fpring Sunmer Autumn Earlgi?tigte
DIPTERA

Simulium larvae 139 B8 26 - 5.6
Chirononidae (unsorted) 5ol P - 19.6 26.7
Pentaneura sp. 548 - - 4,4 5.6
Pentaneura sp. & - 70 0,4 - -

Clinotanypus sp. - - 147 - -

Corynoneura sp. - 3D - - 11,1
Orthocladinae i S - - Bt
Cricotopus scottae Freemané - - - - Lad
Tanytarsus Sp. E - 5.8 - Lk 4,0
Rheotanytarsus sSp. - - 52 - -

Chirononinae 22,9 16.3 5.5 38,0 16,7
(ACARTNA

Hydrachnellae - 17 - - Ent
MOLLUSCA

Pisidium costulosun 0.6 - - Lk Qe
TOTLL NUMBER OF ORGANISMS

PER 6 ft. MARGINAL VEGETA- 157 176 255 92 449

TION (1.83 m.)
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The foothill soft bottom zone.

The stony bottom fauna.

There were nc marked differences between the faunal
composition of this zone and that of the lower foothill
torrent zone. With the exception of Nais sp., which had
an unusual incidence of 26.8% in early spring (table 25),
the numbers of the Helminthes and Annelida remained small,
Most ephemeropteran speciles, comparatively numercus in the
previous zone, also occurred in appreciable numbers here.

They are Baetis harrisoni, Acentrelia natalensis, Neurocaenis

discolor and Afronurus sp 3. Centroptilum sudafricanum,

however, markedly decined in numbers, Some of the dominant
Trichoptera of this zone, which also showed 2 gredual numerical
incpease downstream from the foothill torrent zones, were

Hvdropsyche ?longifurca and Cheunatopsyche thomasseti. Also

noteworthy was the absence of C. afra, (type 2) recorded in
the foothill torrent zones. The Blmidae remained the most
sucecessful Coleopberan family, being present in all the water
types sampled, and dominating the other families in incidence
and species variety. Characteristic of the Diptera was the

following.

i, The occurrence of the blepharocerid Elporisa flavopicta

which appeared to be restricted to this zone.

ii, The gradual successive increase, from the(zones| up-

§E£fffljof the chironomid subfamily Orthocladinae,
coupled with the falling off in numbers of the rest
of the Chironomidae which, in this zone, Was clearly

exceeded by the former,
iii. The lower incidence of Zimulium compared with the
zones upstrean,

122/00 ]
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The Hydrachnellae, although not numerous, were constant-

ly present in samples throughout all seasons. This also

applies to the Burnupis spp.

The marginal and aquatic vegebation fauna,

Some of the most noteworthy features of the fauna of

the marginal and aquatic vegetation (table 26) are:

i,

ils

14,

1V

vi,

The high incidence of a Nais sp. amongst the aquatic
vegetation, At leagt three species of Nais could
be distinguished .in samples from the Ungeni river,
of which this particular species not only differs
distinectly morphologica;}y from the others, but ap-

peared to be associated'ﬁainly with Hydrostachys

natalansis.

The numerical importance of the Crustacea. This

coincided with the presence of Simocephalus spp.

and Caridina nilotica, the latter having been re-

corded, for the first time, in this zone,

The presence, amongst the aguatic vegetation, of
the

mnost of;%ruely stony bottom Ephemeroptera such as

Elassoneuria trimeniana, Oligoneuriopsis lawrencei,

Pseudocloeon maculosum, Baetis harrisoni, B. glaucus,

Centroptilum parvum, C. varium, Centroptiloides

bifasciatum, Neurocaenis discolor and Afronurus sp D

Also recorded from the aquatic vegetation was an

Ephemerellid Lithogloea near harrisoni.

The first occurrence of Notonurus sp.

The rich species variety of the Odonata and Hemiptera,
The presence, throughout all seasons and in compara-
tively high numbers in both autunn and winter, of

the caddisfly larve Athripsodes ThpLonil.

1287 & wn
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vii. The abundance of the Chironomidae and of its sub=-
families which comprised the bulk of the Diptera,

viii. The occurrence of at least four species of snails,
viz, Lymnaea sp., Anisus natalensis, Segrentorbils

planndiscus and Pisidiunm costulosunm,

The rejuvenated river zone.

In considering the fauna of the three sampling loca-
1ities of this zone viz. Albert Falls, Table Mountain and
Upuma, there are several factors which should be taken into
account, Some of the most important of these, which
undoubtedly had an important effect on the composition of
the aquatic fauna at the abovementioned localities are the

following.,

b The effect of the long, slowflowing foothill soft
bottom zone upon the water quality. As mentioned
previously a considerable amount of silt and
detritus were deposited in the foothill soft bottom
sone 0 that the turbidities of the water at Albert
Falls and further down, remained comparatively low,
even during periods of peak flows, being in this
respect, very similar to the water in the foothill
torrent zones. In addition, the foothill soft bottom
zone developed a distinctive plankton faunal compo-
nent., Many of these organisms, washed down the
river, were caught in the nets at Albert Falls and
at sampling localities further downstream,

25 The contribution of appreciable amounts of gilt loads
during the rainy season by the BSterk river (upstream
from Table Mountain) and the Umsunduzi river (up-

strean from Upuma) tributaries

155/. * 9
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%, The addition to the Umgeni river of highly mineralized,

and, occasionally, organically enriched water from the

Umsunduzi river tributary, which clearly affected the

concentration of

dissolved solids in the main river at

Upuma and further down (fig. 3).

The stony bottom fauna.

Coelenterata .

Porifera and Bryozoa .

Hydra spp. were vecorded at Upuma during
the spring collection (table 29),
Although not found in samples at
Table Mountain and Upuma, colonies of
both were constantly present at all
three localities of this zone. They
were, however, particularly common at

the Albert Falls sampling site (table
277,

Helminthes and Annelida . The highest percentage occurrence

of this group as a whole occurred at
Albert TFalls, The numerically impor-
tant species here, were those of Nais
(late winter and spring), - the highest
densities coinciding with rich growths
of filamentous algae and diatoms on the
stones in the current, At the other

two downstream localities this group had

a narkeldly lower percentage incidence
during the same seasons. In addition
to Nais spp., the Planariidae also were
more common at Albert Falls than
elsewhere. The Nemertea (Prostoma Sp.),
and Nematoda were respectively more
nunerous at Upuma, during spring, sunner

and autumn and summer, autumn and winter.
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Judgel by the species present in this
group, and their nunerical importance,
conditions of this zone were, at the
most mildly organically enriched.

This conclusion is also supported by
the representatives of the other insect
orders, in particular those of the
Ephemeroptera and Diptera (see below).
The highest nuubers were recorded in
winter at Albert Falls. The species
encountered included Daphnia c.f.

longispina, Simocephalus SDP., Bosmina

sp., Scapholeberis sD., Chydorus sSpP.,

della sp. Ostracoda were not very COMMON.

The decapod Potamon dubius occurred

both at Albert Falls and at Table
Mountain,

Neoperla spio was fairly common at all

three stitions throughout the year.
There was a distinct percentage in-
crease of this species at Table lMoun-
tain during winter.

This order generally progressively de-
clined in prominence from Alber® Falls
downstream towards Upunma, being the
numerically domitant insect order in
most samples from Albert Falls, but
replaced in numbers by the Diptera at
Table Mountain and Upuna. Some may-
flies (Ephemeroptera) which distinctly
declined in numbers, or, which disap-

peared entirely from the fauna in this

155 woucw
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zone were Progopistosoma sp., Ephoron

savigni, Oligoneuriopsis lawrencei, Acen-

trella natalensis, Centroptilum sudafricanum,

G. indusii, C. medium, C. parvum and Cen-
troptilum sp, 2. Other mayflies which were
still common at localities in this zone
during parts of the year, but, which numeri-
cally declined from the zones upstream, in-

clude Baetis harrisoni, Euthraulus ? bugan-

densis, Neurocaenis discolor and Afronurus

SPy D. Species recorded from this zone or

further downstresn only were Centroptilum

sp. 1, a baetid with ventral abdominal gills
(= Bagtidae nymph &, Kimmins 1955) and
Afronurus Sp. %. Another mayfly, largely
restricted to this zone ( it was also found

amongst Hydrostachys natalensis at Morton's

Drift in the foothill soft bottom zone) is

the ephemerellid Lithogloeca near harrisoni.

Some mayflies which showed distinet seasonal

tendencies in this zone are;

Baectis harrisoni, most abundant during winter

and early spring. At Upuma it disappeared
completely from the fauna during late spring

and early summer,

Baetis glaucus. This species occurred

throughout all seasons in the lower part of
the rejuvenated river zone, only in late
spring, summer and autumn at Albert Falls
and mainly in autumn in the foothill soft

hottomn and lower foothill torrent zone.

1358/ ...
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A baetid with ventral abdominal gills.
This species also had its widest seasonal
occurrence in the lower parts of the re-
juvenated river zone, being present at
Upuna in summer and autunn, at Table
Mountain in early autumn and at Albert

Falls only during late autumn.

Centroptilum sp. 1 had seasonal tenden-

cies similar to the ventral gill baetid
and was also found upstream from Upuma
as far as Albert Falls. At the latter
locality this specics was not present in
the survey scmples but was found during

some of the special collection trips.

The number of specics and numerical im-
portance of the Odonata increased down-
gtrean from Albert TFalls., Species of
the following genera were recorded:

Pseudagrion, Chlorocypha, Paragomphus,

Ceratogonphus, Aeschna, Trithenis and

Zygonyx SD.

Lacoccoris limnogenus was the only

species recorded from the spny bottom

habitats (Table Mountain, table 28).
Species which dominated the Trichoptera
in this zone and which also had their

highest incidence here were Hydropsyche

? longifurca and Cheunatopsyche tho-

masseti. Both species gradually in-
creased in numbers downstream from

the foothill torrent zones,Also fairly
common at Upuma were Qecetis spp. and

Hydroptila cruciata.
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Lepidoptera (Pyra-

lidae) * Nymphula sp., recorded mainly during
wintery
Neuroptera : Sisyra sp. (spongilla fly), recorded

at Albert Falls,

Coleoptera » Families which tended to disappear from
the fauna were the Hydrophilidae and
Psephenidae (Eubrianax sp.). Although
the Elmidae also showed a reduction in
species, the elmid larval sp. 5
assumed a dominant position amongst the

Coleoptera of this zone,

»

Diptera The Diptera were characterized by the

numerical importance of the Chironomidae,
particularly the subfamily Orthocladinae.
Also significant was the percentage in-
crease, downstrean from Albert Falls, of
the Simuliidae, which, at Upuma, had

its meximum occurrence in winter and
spring. Simulium species, ildentified

from pupae, included alcocki, bequaerti,

cepvicornotur, nigritarsus, adersi,

nedusaeforme £ . hargreavsi, Vorax,

milloti and bovis.
Hydrachnellae . Highest numbers were recorded at Upuma.

Mollusca . Burnupia sp. was present in spall numbers

at all localities,

Pisces + Amphilius natalensis was caught in the

nets at ALlbert Falls. This species
appeared to be nainly confined to the

rejuvenated river zone.
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The marginal and aguavic vegetation fauna.

The effect of the foothill soft bottom zone was clearly
demonstrated in the fauna of the marginal vegetation at Albert
Falls and Tabie Mountain (tables 30 and 31 ), particularly
by the numerical importance of the plankton. Ais was the case
for the stony botton organisms, the incidence of the plankton
declined towards Upuma, The main characteristics of the
narginal and aquatic vegetation fauna can be briefly sun-

narized as follow.

diw The dominance of the fauna, at Albert Falls, and to a
lesser extent at Table Mountain, by the Crustacea,.

Numerically important were species of Simocephalus,

Alona, Chydorus, Cyclops, Lovenula and Caridina,

OCstracoda also assumed prominance in autunn at Table

Mountain (table 31).

2, The Helminthes and Annelida were not numerically
important. The occasional high numbers of Nematoda,

Nais spp. (tables 30, 31 and 32) and Chactogaster sp.

(table 32) did not reflect serious signs of stream

disturbance,
D Ephencroptera were represented by a great species
variety at most localities. Species which were promi-

nent during parts of the year included Egeudoclocon

vinosum which were particulerly abundant in the margi-
nal vegetation at Table Mountain and Upuma (tables 31

and 32). Other prominent mayflies were Raetis bellus

(all three localities) and B. latus (Teble lMountain
and Upuna). High nunbers of the following species

were also occasionally recorded! Bactis glaucus

(Upuma, summer; table 32), Centroptilun

excisum (Upuma, Autumn), Austrocloeon yirgiliae

138/ s v »
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(Albert Falls, surmer; table 30) and Notonurus sp.
(Upuma, late spring and autumn), The presence of

Centroptilum sudafricanum at Upume was the lowermost

record of this speciecs in the Umgeni river. 0f in=-
terest, also, was the presence, in the marginal vege-

tation, ofthe ephemerellid Lithogloea near harrisoni

(Table Mountain, table 31).

The Odonata wcre mainly represented by species of

Pseudagrion but also included the genera Chlorolestes,

Aeschna, Anax, Trithenmis and Zygonyx. Most of the

genera mentioned above occurred in the samples from

Albert Falls (table 30),

The Hemiptera, although not nunerically important,
also showed its richest species variety at Albert
Falls (table 30), declining towards Upuma where only

three species were recorded.

The dominant species amongst the Trichoptera at Llbert

Falls was Athripsodes ? prionii. At Table Mountain

and Upuma, however, the stony bottom species

Cheunatopsyche thomasseti, Oecetis sp. and Hydroptila ?

cruciata invaded the marginal vegetation (tables 31

and 32),
Lepidoptera: The Pyralidae (Nymphula sp,) occurred

sparingly at Albert Falls and Table Mountain (tables

30 and 31).

The elmid larva sp. 7 appeared to be the nost wide-
spread marginal vegetation species of this family,
occuring almost over the entire length of the river.
Tn this zone also, it was consistently present at all
the sampling localities, At Upuma Gyrinidae larvae

were common, being present throughout all seasons.
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9. The Diptera mainly consisted of species of the
Chirononidae, Other dipteran families, represented in
small numbers only, were the Simuliidae (mainly 8.

alcocki, medusaeforme and nilloti), Culicidae,

Rhagionidae, Ceratopogonidae and Muscidae.

10, Hydrachnellae: These were not consistently present in

the samples but were recorded throughout all seasons,

11, The Mollusca were most numerous at the Albert Falis

locality (table 30). In addition to Lymnaeca, Gyraulus

spp., Anisus natalensis, Segmentorbis planodiscus and

Bulinus forskalii, Bulinus (Physopsis) africanus was

also collected, on two occasions from the marginal
vegetation in pools immediately below the falls. On
a third occasion this species was also found in the

river at a depth of about three feet.

12, Ranidae tadpoles occurred at Albert Falls and Table

Mountain during sutumn and spring.

The Valley Sand Bed Zone.

This zone is characterized by the increase of marginal
vegetation habitats on the one hand, and the decline and
disappearance, below the Natal Estates sampling locality,
of the stony bottom habitats. Unlike the marginal vegeta-
tion fauna of the other physical zones upstresm, those of
the valley sand bed zone contained organisms distinctive of,

and meinly retricted to, this part of the river,

The stony bottom fauna,

There was a marked decline in species variebty of all

the major groups of organisms (table 33 ). Sonme of the

14:0/00 [ ]
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numerically important speciles present include Baetis glaucus,

Cheumatopsyche thomasseti, Simulium spp. and species of the

chironomid family.

The marginal vegetation fauna,

With the exception of a high incidence of Branchiura

sowerbyi (Fair View, table %4 ), the numbers of the
Helninthes and Annelida never assumed nuunerical importance.
Specics dominating the fauna during most seasons were the

following.

Crustacea * Caridina nilotica

Ephemeroptera . Pseudocloeon vinosum and Baztis bellus.

Organisms highly characteristic of this zone were

Caridina typus, Macrobrachium gquidens and M, lepidactylus.

Another noteworthy feature was the comparatively high ine--
cidence, in the marginal vegetotion, of the nayfly

Pseudoclocon vinosum, which occurred in increasingly larger

numbers downstream from the foothill torrent zones ,(In the
Berg river (Harrison, 1958) the distribution of . yinosum
differs from that in the Umgeni river in being more abundant
at the headwaters, decreasing downstream towards his

station 21).
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TABLE %

Percentage compoSition of the fauna i Marginal vegeta=-

tion in the Umgeni river at Nagle Dam

: Autunn
Group of Organisms Spring | Summer " Winter
. Early | Late
HELMINTHES AND
ANNELIDA

Nemertea (Prostoma sp.) % 0.4 - - - -
Chaetogaster sp. % - - - - %+
Nais sp. 8.6 - - - -
CRUSTACEA
Simocephalus capensis (8ars) - - - 5.8 -
8, vetula (Sars) N - 20.8 -
Alona sp. § 6.5 o - - -
Cyclops SPpPp. 34,5 - - 244 -
Ostracoda - 248 - 2 "
Caridina nilotica Roux .- - 248 Eut 1al
COLLEMBOLA - P - P =
EPHEMEROPTERA
Austrocloeon virgiliae :

Brnrd., - 5 ~ L7247 -
Pseudocloeon vinosun

Brnrd. - 19,3 Tt - ke
Baetis bellus Brnrd. 4,5 144,0 53,2 1,8 -
B. glaucus Crass. 0,72 Bl - - -
B, latus 8.6 1.8 1543 - -
Centroptilum excisum Brnrd. 242 - Lok - 2+0
C, varium Crass, - - 248 - -
Caenis sp. 3 - 4,6 - - -
Caenis sp. 4 4,% 1.8 55,9 o~ s
Lithogloea near harrisoni 0,4 - % - - -
éNotonurus SP. 1.1 11,0 é6.6 0.3 -
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table 31 continued

Autumn
Group of Organisms Spring Sumnmer Winter
Early: Late ;

ODONATA
Pscudagrion sp. 2,8 - By 204 o
Anax sp. - - - 0.3 -~
HEMIPTERA
Mesovelia sPp. - - - Ly -
Rhagovelia ? nigricans Burm., - - - Q.6 -
Anisops sp. - - - 1.8 -
Micronecta dimidiata Poisson - - - 0.3 -
Sigara sp. - - - 0.9 "
Ranatra sp. - - - QP -
Sphaerodema Sp. 0.4 - - - -
TRICHOPTERA
Cheunatopsyche thomasseti

(Ulmer% - Gs9 - - -
Hydroptila ? cruciata Ulmer -~ - - 0.2 =
LEPIDOPTERA
Pyralidae - - - 1.5 -
COLEQOPTERA
Dytiscidae - - - 0.3 -
Hydrophilidae - - 0,6 Q.6 -
Elmidae larvae sp. 2 0.4 - - - -
Elnidae larvae sp. 5 - - 0.6 - -
Elmidae larvae sp. 7 0.4 - 5 - § - -
Helodidae - - - - 1.3
DIPTERA
Culicidae - - - 0.6 -
Simuliun larvae - - - 0.3 -
8, milloti Grenier and

Doucet Q.4 - - B =

1597 +'as



table 31 continued
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Group of Organisms

Spring

Summer

Winter

Chironomidae
Pentaneura sp.
Corynoneura sp.
Orthocladinae
Tanytarsus &p.
Chironominae

Rhagionidae

D
625

25,4

ACARINA

Hydrachnellae

4,3

5.5

MOLLUSCA
Lymnaea natalensis Krs,
Anisus natalensis

Gyraulus costulatus

Ly %

0.2
0.5

AMPHIBIA

Ranidae tadpoles

1L

035

PISCES

1.8

‘6 ft, (= 1.83 metres)
{marginal vegetation,

, Total nunber of organisms per

278.0

109,0

{181.0

249,0

77.0
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TABLE

Percentage composition of the fauna ! Stones in the

current in the Umgeni river at Natal Estates.

LLLgra -

Spring : Summer
Group of Organisms ;
R.+8%. R.+8%t.
HELMINTHES
Prostoma sp. 4,7 -
CRUSTACEA
Caridina nilotica Roux 1.6 -
EPHEMEROPTERA
’Baetis harrisoni Brnrd, Sl -
:B. glaucus Agnew 18,3 1.4
Centroptilum varium Crass, Bk -
Centroptilum sp. 1 1.6 0.5
Elassoneuria trimeniana McLach, - 0.2
Neurocaenis discolor (Burm.) 5, 5.6
ODONATA
Trithemis sp. - (0 0=
Zygonyx natalensis 1.6 -
TRICHOPTERA
Cheumatopsyche thomasseti (Ulmer) 18.8 4,2
Hydroptila ? cruciata Ulmer 1.6 -
DIPTERA
Simulium larvae 25,0 10,9
8. medusaeforme - 0.9
3. cervicornotum 1.6 -
Chironomidae - 10,9
Orthocladinae 1.6 2742
Pentaneura sp. 5.1 -
Rheotanytarsus sp. etk 2749
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table %% continued

Spring Summer
Group of Organisms
R..-{-St, Rl+Stl
Muscidae larvae - 0.5
Wiedemannia sp, - 0.2
Number of organisms 1 £6,° (= 0.093 m.2)! 64.0 220.0
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TABLE 54

Percentage composition of the fauna ! Marginal vegeta-
tion in the Umgeni river at Natal Estates
| Spring
Group of Organisms : Summer Auytumn | Winter
ﬁarly Late

ANNELIDA |

Nais sp. é5_2 - - - -
CRUSTACEA :

Cyclops sp. éO.l - - - -
Car idina typus M, Edw. i - - 1.8 7.8 -
C., nilotica Roux 20.5 23.5 10,5 .6 13.2
Macrobrachium equidens Brnrd; - - - 3.6 -
M, lepidactylus Hilg. - -~ - 2.5 ~
 COLLEMBOLA 53,7 - - - -
EPHEMEROPTERA _

Pseudocloeon vinosum Brnrd, ?2.8 40.3 8.7 - 21,1
Baetis bellus Brard, §9.6 20.1 24,5 5.8 10.5
B, glaucus Aghnew 51.6 - - - -
B, latus Agnew ;5.4 - - - -
Centroptilum excisum Brnrd. 20.8 - 2.6 - -
Caenis spp. (unsorted) ?4}8 - - - 2.1
Caenis sp. 4 E - 2.5 - - -
ODONATA :

Chlorolestes sp. E - 0.8 - " -
HEMIPTERA |

Microvelia spp. El.l - - 1.4 -
Rhagovelia sp. . - 5.2 - -
Plea sp. %O.l - - - -
Micronectadinidiata Poissnn.éO.B - - - -
Laccocorus limn.genus SHEl . 5.0 - - -

166/. .



table 34 continued
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Group of Organisms

Spring

Early

Late

Summer | Autumn

Winter

Ranatra sp.

Sphaerodema nepoides Fabr,

0,8

0.5

TRICHOPTERA

Oecetis spp.
Trianodes sp.

Hydroptila ? cruciata
Ulnmer

1.7

LEPTDOPTERA

Pyralidae

59

COLEOPTERA

Dytiscidae

Hydrorhilidae larvae
Hydrophilidae adults
Hydraenidae adults

Flmidae adults

DIPTERA

Culicidae

Simulium vorax Pom.
Chironomidae
Pentaneura spp.
Corynoneura sp.

Rheotanytarsus sp.

0.3

113
0.3
0.4

C.8
245
1.7

29.7
|

Dl

24,2
1,6

4,7
2.6

MOLLUSCA

Lymnaea natalensis Krs,

Q2

AMPHTBIA

Tadpoles (Ranidae)

129

0.9

9.5

Number of organisms per
6 ft, (1.8% metres)
marginal vegetation

?4700

119,0

229.0

10281.0

190.0

16%/ v
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TABLE 35
Percentage composition of the fauna ¢ Marginal vegeta-
tion in the Umgeni river at Fair View,
% : Winter
Group of Organisms Spring | Summer | Autumn
1 Early Late

HELMINTHES _AND

ANNELIDA
Progstoma sp. - 1.9 - - -
Nais spp. - 1.9 - - -
ﬁranchiura sowerbyl Bedd. - - 25,1 - -
CRUSTACEA
Caridina typus M. Edw, - 1.9 - - -
C. nilotica Roux - 29,6 43,6 62,1 5.5
COLLEMBOLA ~ 1,2 - - 5.0
FPHEMEROPTERA
Pseudocloeon vinosunm

Brnrd. 25.7 17.% 13%0.8 17.2 34,0
Baetis bellus Brard. 56, 4 29.6 - 13.8 15.0
B. latus Agnew - - - - 6.0
Caenis sp. & 2.6 1.9 - - 4.0
:ﬁotonurus Sp. - 1,7 - - -
\ODONATA
?seudagrion SPp. - - - 5.5 -
HEMIPTERA
Phagovelia nigricans Burm,.; - 1.2 - - -
TRIGHOPTERA
-Hydroptila? cruciata Ulmeri - 1.2 - - -
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table 35 continued

= 158 =

Group of Organisms

E%Spring

Summer

Autumn

Winter

Barly

Late

DIPTERA
Simulium larvae
Chironomidae
Corynoneura sp.
Tanytarsini
Tanytarsus sp.
Chironcminae

Empididae

6.8
2.1

246

3.5

2.5
5.0

14.0
5.0
3.0

ACARINA

Hydrachnellae

2.5

MOLLUSCA

Lymnaea columella Bay

1.9

AMPHIBIA

Ranidae (tadpoles)

Total number of organisms
per 6 f£t, (1.8% metres)
marginal vegetation.,

117.0 |

1620

29,0

200.0
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COMPARISON OF THE UMGENI RIVER FAUNA WITH
THOSE OF OTHER SOUTH AFRICAN RIVERS,

One of the major obstacles concerning the comparison of
the fauna of +the few South African rivers thusfar investi-
gated (Harrison and Elsworth, 1958; 01liff, 1960, Allanson,
1962, Chutter, 1963) is to be found in the fact that large
numbers of organisms, meinly the larval forms of insects,
had to be numbered ag a result of the small amount of litera-
ture available on the systematics of most South African
orders of aquatic insects. Where literature 1ls available,
the accounts, as a rule, mainly deal with the adult stages of
such organisms and, only scant or no attention is given to
the larval stages. In many of those instances where ac-
counts on the larval forms are included, no proper correla-
tions between the larvae and adults were made with the re-
sult that considerable speciles confusion may arise. A good
example illustrating the pitfalls encountered when having to
ubilize inadequate descriptions of larval forms is found wlen
one attempts to compare the fauna of the Tugela, Great Berg
and Jukskei-Crocodile rivers, In comparing the fauna of
nountain torrent and upper foothill torrent zones of the
Mugela end Berg rivers, for instance, OLiff (1960, p. 343,

table 14) was lead to conclude that Afronurus harrisconi

was common to both these rivers.  Allanson (1962) likewise
found this species to occur in the hard bottom stony run
zone of the foothill type of the Jukskei~Crocodile river
systenm. As will be pointed out (Chapter 9 ), however, the

present investigation revealed that

i, Harrison and EBlsworth (1958) unwittingly confused at
lecst two species of Afronurus with each other by
identifying both as harrisoni, whereas, in fact, only

one of them represented this species.

170/ ¢
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ii, The species called harrisoni by Oliff (1960) turned out

te be a new species, described here as A, oliffi,
whereas A. harrisoni recorded from the Jukskel-
Crocodile river system (Allanson, 1962) must be regarded
as a new species viz. A, barnardi. But for this new
information, I might also have been lead to report

A, harrisoni in the Umgeni river where in fact, it does

not occur,

Comparison with the fauna of the Tugela river (Oliff,

1960)

For the reasons put forward above, I have not attempted
to compare in detail the fauna of the Umgeni river with that
of either the Berg river cr the Jukskel-Crocodile river
system but largely restricted my conparison to the Umgeni and
Tugela rivers, This could be done with confidence not only
because Oliff and myself conducted our respective surveys
simultaneously from the same laboratory, but also because
I, as a check, could myself collect faunal samples from parts
of the Tugela river. In many instances where undescribed
species had to be recorded by reference to numbers, my own
numbers correspond to thos¢ employed by Oliff for the same
species. Wherever my own system of numbering differed from

0liff’s, his equivalent numbers are given in brackets,

As mentioned before, the Umgeni river originates at
an altitude, approximately 3,900 feet (1189 metres) lower
than does the Tugela river, The Unmgeni river furthermore,
lacks the waterfall and nountain torrent zones of the Tugela
river, The equivalent zones of the two river systenms,
therefore, only begin with the foothill torrent zones

(table 9) which, in the Umgeni miver, has been subdivided

171/ cue
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into an upper and a lower foothill torrent zone., However,
even here, the respective physical zones in the Tugela river
occur at slightly higher elevations than the corresponding
zones in the Umgeni river (table 9). Although it is im-
possible to make detailed comparisons of the water tempera-
tures in the two rivers, 01liff’s records (1960, p. 298 and
fig. 5) suggest an expected overall lower water btemperature
in the Tugela, upstrean from and including the foothill
torrent zone, than my own limited findings for the Ungeni
river (fig. 10). If, therefore, higher altitudes, and,
consequently, lower water tepperatures, play a decisive role
in the longitudinal distribution of the fauna in rivers as

is generally assumed,then a comparison of the faunal dis-
fribution in these two Natal rivers could be expected vo
provide positive proof that this, in fact, is so. It
should also be possible to find out whether any perticular
type of physical zone, such as for instance the mountain
torrent zone, which, by definition, is not represented in
the Umgeni river, has a distinctive type of fauna, in other
words, whether the stream fauna is actually associated with
a particular type of physical zonz oOr not. Since the stony
bottom fauna of rivers are, as 4 rule, more specific in their
distribution than the fauna of eithar the marginal vegebation
orﬁ%he botton sediments (Harrison and Elsworth, 19583 Oliff,
1960; Chutter, 1963), my comparisons of the fauna of the
Ungeni and Tugela rivers have been mainly confined to the

forner,

i, The source zZones,

The dominant species of the Tugela source zone include

the mayflies Adenophlebia auriculata, Centroptilum sudafri-

canum and Acentrella patalensis. Al auriculata and C.

gudafricanum, although not restricted to the source zone

172/ v e s
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only of the Umgeni, were comparatively nunerous here in
autumn (table 12), All three species, however, also occur
at even lower altitudes in the Umgeni river, exteding down-
strean at lesst as far as the lower foothill torrent zone.
This &lso applies to the distribution of the Simulium species

nigritorsus and unicornotum, which Oliff (1960) maintain, are

restricted to the source zone of the Tugela river, These
two species were collected in the Umgeni zriver in the lower
foothill torrent and rejuvenated zones far below its source
zZone, Simulium species which do, however, appear to be
restrictoed to the head water regions of the Umgeni river and,
also, of that of its tributaries, are g£. impukane and S.

rutherfoordi. Both species favoured shaded areas in streams

of the Umgeni which agrees with Harrison’s (1958) findings on

rutherfoordi, The pupa of rutherfoordi closely regsembles

that of nigritarsus (Freemand and de Meillom, 1953) and 1t

could well be that 01iff mistook ratherfoordi for nigritarsus.

Although Rena vertebralis (=Rana umbraculata, OLiff, 1960),

did not occur at the source zone of the Umgeni river itself,
it was nevertheless recorded from the upper foothill torrent
zone in this river at Ross’ Farm. I did not, however,

recover the isopod Crangonyx robertsii or Bactis lawrencel

from the marginal vegetation, both of which Qliff found at
the Tugela river’s source. Other head water species which
were prominent at the Umgeni sponge and also occurred at
Ross® Farm in the upper foothill btorrent zone, were

Castanophlebia calida, Centroptilum near excisun Adenophlebia

sylvatica and Athripsodes near bergensis, Most of these

organisms were characteristic of the fauna in the mountain
torrent zone of the Tugela river which as far as the fauna
is concerned, must undoubtedly be regarded as the equivalent
of the upper foothill torrent zone of the Ungeni river (see

below)., A comparison of the source zones of these two
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Natal vivers therefore indicates that, despite an albitu-
dinal differcnce of almost 4,000 feet (1,219 metres), the
prominent species of the zones compared, were very similar,
The small differences which admittedly  exist, are insuf-
ficient to justify their separation into two different

physical zones,

ii. The mountain torrent zone of the Tugela river and

the upper foothill torrent zone of the Ungeni river,

Quite apart from altitudinal differences, the mountain
torrent zone of the Tugela river has no real equivalent in
the Ungeni river as far as the physical zonation goes. In
spite of this the main features of the fauna of the two zones
showed a wmarked similarity which cannot be explained on the
basis of the slight overlap in altitude of the lower part
of the mountain torrent zone of the former and the top part
of the upper foothill torrent zone of the latter., Characteris-

tic species common to both zones were Aphanicercella spp.,

Afronurus sp. 1 (=Afronurus harrisoni, Oliff), Aprionyx

tricuspidatus, Adenophlebia sylvatica, Baetis cataractae and

R. vertebralis (=Rana umbraculata, 01iff). Also recorded

from both zones were Goerodes sp., Centroptilum sudafricanun,

Baetis harrisoni and Acentrella natalensis. Although I did

not come across the isopod Protojanira perbrincki, other

organisms were in the head waters of the Umgeni river at

Ross® Term and at those of its major unpolluted tributaries,
which were also encountered in the head streans of other

Natal rivers during my collecting of Afronurus sp. 1 and which
must be prescnt in the mountain torrent zones of some of the

Tugela river’s tributaries. These are. Pseudocloeon

inzingae, Acentrella monticola, Taeniochauloides ? ochraceopenn

Cheunatopsyche afra (type 1) and Ithytrichia sp. Two of
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these viz. Pseudocloecon inzingae ard fcentrella monticola

not specifically mentioned in his text, are nevertheless
listed by OLiff as occurring in the mountain torrent zone

of the Tugela river. From the foregoing evidence there can
be no doubt that a close similarity exists between the faunal
composition of the two distinctly different physical zones of
the two rivers. A picture similar to this is presented by
the FEmolweni tributary which, at less than 3,000 feet

(914 metres) in the Krantzkloof nature reserve, supports most
of the species which characﬁerize both the mountain torrent
zone of the Tugela river at 7,500-5,000 feet (2,286-1,524
netres) and the upper foothill torrent zone of the Ungeni
river at 6,000-4,100 feet (1,829-1,250 metres).  The
following organisms, which featured prominently at the above-
mentioned head water zones of the Tugela and the Ungeni

rivers, were also collected at Krantzkloof in the Emolweni

river.

Aophibia . R. vertebralis (=Rana umbraculata, QLliff)

Plecoptera . Aphanicercella spp.

Ephencroptera © Pseudocloeon inzingae, Baetis cataractae,
Aprionyx tricuspidatus, Adenophlebia
sylvatica, Afronurus sp. 2 Mot recorded
by 01iff but characteristic of the upper
and lower foothill torrent zone in the
Ungeni river).

Trichoptera . Goerodes caffrariae
Cheumatopsyche afra (type 1) (= €.
naculata, 01iff)

Coleopters * Afropscphenoides sp. (not rcecorded by
0liff),.

Diptera : Elporia ? natalensis (According to nr,

Stuckenberg of the Natal Muscum, this
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could be a species other than the one
found at Ross' Farm (personal communica-
tions).

Simulium irmpukane (not recorded by OLiff)

S. rutherfoordi (not recorded by 0Lliff)

iii. The other physical zones,

The fauna of the foothill torrent zone of the Tugela
river roughly corresponds with those in the lower foothill

torrent zone of the Umgeni river, Most species which Oliff
indicates as being numerically important in the former were

also prominent in the latter during some oI other season of

the year. However, whereas Centroptilum sudafricanum and

Acentrella natalensis already disappeared from the fauna of

this zone in the Tugela river, they remained prominent
anongst species of Ephemeroptera of the Ungeni river as far
downstrean as the rejuvenated river zone, Whereas in the
Ungeni, the foothill soft bottom zone supported a fauna simi-
jar to that of the lower foothill torrent zone, the Tugela
river’s foothill sand bed zone contained species characteris-
tic of the rejuvenated zone of this river, A few note-
worthy points of difference between the rejuvenated river in
the Umgeni and the foothill sand bed zone of the Tugela, are

as follows.

(1) Afronurus sp. 4 (=Afronurus sp. 1, 01iff), highly
characteristic of the rejuvenated river zone only
in the Umgeni river, already occurred in the foot-
hill sand bed zone of the Tugela river;

(1i) Neurocaenis discolor, which remained cormon in the

Umgeni but was not well represented in the Tugela

rivenr,

The fauna of the rejuvenated river zones of both

rivers were very similar and contained a characteristic
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"lower river" faunal element. However, while, species such

Afponurus sp. 4 (=Afronurus sp. 1, 0liff) and Centroptilum

sp. 1, were characteristic of, and, common to both rivers, a

bactid with ventral gills and the ephemerellid Lithogloea

near harrisoni were mainly confined to this zone of the
Ungeni but apparently not found in the Tugela river,
Tn the valley sand bed zones of both rivers the decapod

Macrobrachium equidens was very COmmoi. Crustacea which

were restricted to the estuarine zone in the Tugela but which
occurred upstream from the estuary in the valley sand bed

zone of the Umgeni*river are Macrobrachium lepidactylus and

Caridina typus, collected from Natal Estates at the head of

the valley sand bed zonse.

Since the Unmgeni estuary was subject to pollution (see
appendix) a detailed comparison of this zone of the Umgeni
river with that of the Tugela river serves IO purpose in the
context of this paper.

Of particular interest was the seasonal migration of the
Ungeni river fauna which was best illustrated by the fauna of
the rejuvenated river zone. This migration always coircided
with and seemed to be determined by, heavy growths of filamen-
tous algae and diatoms which comnenced during autumn at and
below Upuna. These growths which appeared in rapid
succession upstream at Albert Falls and Morton's Drift in
early winter, and, in late winter (August) was also evident
in the foothill torrent zones, By this time however the
algae and diatoms at Upuma alresdy began to decay and to
become detached from the stones. This process of decay and
disappearance of algae growths followed the same patbern as
was the case with the algal bloom, Sinultansously with
these heavy growths, animal speciles were found upstream fronm
Upuma towards Albert Falls, which 01iff (1960, p. 326) and

Harrison (personal comnunications) regarded as the
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"tropical element! in Natal rivers, Particularly noteworthy
in this connection is the fact that this "tropical element"
tended to move upstream into comparatively cooler water
during the colder months of the year. Special surveys of
the rejuvenated river during summer, autumn and winter, for

instance, revealed the following. Centroptilum sp. 1, common

at Natal Estates in spring and sunmer, was present at Upuma
in summer and autumn, and at Table lMountain in autunn, where
due to heavy floods no summer collections were made, Special
surveys revealed its presence at Albert Falls in autumn and
winter, A similar migrational picture was obtained for

Afronurus sp. 4, which predominated at Upuma in the lower

Ungeni river during the warmer nonths of the year (December-
February) appearing at Albert Falls towards late summer and
autumn. Furthermore, the baetid with ventral abdoninal
gills was encountered, in increasing numbers, upstrean from
Upunma towards Albert Falls, This organisms was mainly
associated with the upstream increase in algae growths which
also coincided with the decrease in the water temperature.
Although it is not suggested here that this so called
ttpropical element" of which the abovementioned organisns
form part, favours colder water temperatures, none of the
preceding findings would be in disagreement with such an
interpretation.

The overall picture derived from a broad comparison of
the fauna of the Ungeni and Tugela rivers, therefore,

suggests that:

(i..) Differences in altitude and, possibly, differences

in prevailing water temperatures of the two rivers
conpared, did not appear to have a narked limiting
effect upon the longitudinal distribution of the

fauna.
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(ii,) 4 particular fauna was not necessarily associated
with, or restricted to, any one type of physical
zone, This was clearly demonstrated by the
similarities in the fauna of the mountain torrent
zone of the Tugela river and the foothill torrent

zone of the Umgeni river,

(iii) Despite decreasing altitudes, the "head water
element” in the Umgeni river extended downstreanm
in the Umgeni river far beyond the head water zone
of the river whilst the "lower river" fauna, which
characterizes the rejuvenated and sand bed zones of
the Umgeni river occurred over comparatively longer

stretches in the Tugela river,

Comparison with the Great Berg river, the Jukskel-
Crocodile river system and the Vaal river in the

Vereeniging arsa.

The abovementioned rivers were respectively surveyed
and reported upcen by Harrison and Elsworth (1958), Allanson

(1960) and Chutter (1963).

One of the most noteworthy differences between the
head water regions of the Ungeni river (i.e. the upper foot-
hill torrent zone) and the Berg river (i.e., the mountain tor-
rent zone) lies in the respective growths of filamentous
algae and diatoms which are always noticeable in the Ungeni
river,being at times, during the dry seasons, luxurious,

Tn the nountain torrent zone of the Berg river, on the other
hand, growths of algae appeared to be very slight. A
possible explanation for the general scarcity of algae and
diatoms in the Berg river may perhaps be found in Harrison
and Slsworth’s remarks on the geology of this drainage basin,

which, at its head waters, exXposes outcrops of Table Mountain
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Sandstone, mainly comprising gquartsite which gives rise to
waters which are notably low in dissolved salts. In con-
trast to this the Umgeni river traverses heds of the Beau-
fort series. This scarcity of algee may, in turn, have an
importent limiting effect upon the presence or absence of
certain organisms in the mountain torrent zone of the Berg
river, Furthermore, the waters of the Berg river is dis~
tinetly a2cid whereas that of the Ungeni river very seldom
attains pH values below 7. Agggégrefore be expected, these
two rivers,at their head waters (= zone II, mountain torrent,
Berg river and upper foothill torrent, Ungeni river), sup-
port markedly different faunas, with only a few species 5eing

connon to both. Thegse are listed below,

Plecoptera. Aphanicecrca spp. A species belonging to the

Aphanicercella group, although not present in

the Umgeni river as such, was found ab the head

waters of the Emolweni tributary of the Ungeni

river,
Ephemeroptera | Baetis harrisoni
Psendocloeon vinosunm
Castanophlebia calida
Neurocaenis discolor (=Tricorythus discolor,
Harrison and Elsworth)
Trichoptera: Cheunatopsyche afra (=g. naculata, Harrison

and FElsworth).

Tn zones 111B - 1V (i.e. lower foothill torrent - foob-
hill soft bottom zones) of the Berg river, however, Tthere
occur progressively rore species which are also common to
the Ungeni and other rivers from Natal (¢c.f. 01iff, 1960,
p. %43, table 14) and the Iransvaal (¢.f. Allonson, 1962,
p. 62; Chutter, 1963, p. 47 and tables 25 - 26).
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Allanson (1960) mainly devoted his attention to the
physical, chenmical and biological conditions of polluted
stpreams in the Jukskei-Crocodile river systems. For this
preason, direct comparisons of the aquatic fauna listed for
thesé rivers with those in the Umgeni river, are not always
possible. Where he doeg describe the fauna of clean streams
or his "Recovery II fauna", of the Jukskei~Crocodile systen
(p. 62), these comnmunities include several organisms which
are characteristic of the lower foothill torrent - rejuvenated
river zones in the Umgeni river,

Chutter (1963) found the fauna of the Vaal river in the
Vereceniging area to resemble those in the foothill sand bved
zone of the Tugela river and in the foothill soft bottom zone
at stations 13, 14 and 18 of the Great Berg river, Many of
the species listed by Chutter in his table 26, occur between
the Dargle forestry and ilbert Falls sampling localities
i,e, in the lower foothill torrent - rejuvenated river zones

of the Umgeni river.
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THE ECOLOGICAL DISTRIBUTION OF THE STONY BOTTOIT
FPHEMEROPTERA IN THE TUMGENI RIVER.

From the findings of the faunal survey of the Umgeni
river system (chapter 6), it was obvious that the longitudinal
distribution of the faunal communities did not necessarily
coincide with any one particular type of physical zone. in
some instances, for example, particular faunal associations
were found to be very much restricted toc a part of a physical
zone (e.g. at Ross’ Farm) whilst in others, some associations
occurred over several physical zones. The findings of the
faunal distribution in the Umgeni river, therefore, do not
entirely agree with thosc of Harrison and Elsworth (1958)
according to which the zonation of the fauna of the Berg river
followed the same patbtern as the zonation of the river al-
though the latter was based on physical features. In his
discussion of the species composition of the stony dottor fauna
in the upper river zones (i.e. the source, mountain torrent
and foothill torrent zones) of the Tugela river, OLiff (1960)
also found the fauna of these zones to differ sharply amongst
themselves, despite the facﬁhﬁﬁe zones are short. The latter
author, however, did find several prominent species to occur
in more than one of the successive physical zones in the
Tugela river, If my own findings be accepted, it follows
that either the physical zones in the Ungeni river, although
based on the same definitions, do not agree with those in the
Great Berg and Tugela rivers and that consequently, the
system of physical zonation, if taken to reflect the ecological
distribution and zonation of the fauna, is not applicable to
all South African rivers without further gualificatlion, or,
an entirely different approach, involving the biological
zonation, must be sought for, because the primary aim in

studies of this nature is to difine the ecological boundaries
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for the organisms in rivers, It is to be regretted that in
South Africa, an appreciable proportion of the aquatic in-
vertebrate fauna caught in the nets of mesh size 25/centi-
metres (64/inch) and,which mainly comprize larvae forms of
insects, are either unnamed or have not been properly
correlated with their respective adult stages. The only
insect order which, taxonomically, is well documented
(Barnard, 1932; Crass, 1947) and which, numerically, con-
stitused the bulk of the organisms in the Ungeni river samples
(tables 12 -~ 35), was the Ephemeroptera. Moreover, practi-
cally all the Ephemecroptera nymphs, which are aguatic, have
been correlated with their adult stages so that the ecology of
virtually all species of this insect order could be individually
studied and compared with each obher with respect to both
habitat selection and longitudinal distribution, without much
fear of confusing different species with each other. For
these reasons, the discussion of the habitat selection and
longitudinal ecological distribution of the fauna in the
Unmgeni river is confined to that of the Ephemeroptera,
Furthermore, since the stony bottom fauna and, in particular,
the stony bottom Ephemeroptera, arc far more specific with
respect to habitat selection and longitudinal downstream
distribution than is the case for the fauna from the marginal
vegetation (01iff, 1960; Chutter, 1963), the discussion

below is largely limited to the stony bottom Ephemeroptera.
The habitat selection of the stony bottom Ephemeroptera,

In tables 36 - 41, the number of samples (N) cbtained
for each species, include all the samples taken from all the
Umgeni river localities fallingwithin a particular stretch
of the river where such a species occurs, irrespective of its

percentage incidence and nunerical importance at any of the

183/...



- 187 -

localities concerned. 1f, for extmple, Afropurus sj. 2

occurs in the Umgeni river at Ress’® Farm, Dargle Forestry and
Midmar (table 42), but was not collected between. these stations
at Dargle Police Station, Watersmeet and Fern Hill Flats

(fig. 1) this species was nevertheless considered as being
potentially present in all the samples from all the habitats

at these localities. Such samples are therefore included

with those in which this species was actually recorded. Fhe
values in the "% pos! column (tables 36 - 41) for each habitat
are then based on the actual number of positive samples out of
the total number of theoretically positive samples. Figures

in the "% pos." column, therefore, roughly reflect the occurrence
frequency of each species in a particular habitat. When con-
sidering the habitat selection of the stony botton Epheneroptera.
certain families, represented by a few specics only, are

grouped together in some of tables 36 - 47, merely for the

sake of convenience,

The Heptageniidae

Altogether four species were recognized (table 36) of
which Afronurus sp. 1 predominated in slow current habitats,
It was absent from the stony stickles and cascades and had
its highest individual and average percentage incidence in
to0ls.

Afronurus sp. 2 was recorded from all habitats except
the stony back waters and cascades. It was fairly common
in the moderately fast current habitats such as the stony
flats, runs and stickles but, like Afronurus sp. 1, had its
highest average percentage incidence in pools.

Afronurus sp. 3 was, numerically, the most abundent
species of the stony bottom Heptageniidae. It ocoeurred in
all habitats (table 36) but was most common in the flats,

runs and stickles, The smallest percentage incidences were
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recorded from the stony back waters and cascades, This
species distinctly gave preference to pools.

Afronurus sp. 4, as also the remaining four species of
this genus, was most common in the pools, comprising an average
incidence of 16.6% (table %6)., Apart from the stony back
waters, which was not sampled in the zone of occurrence of
Afronurus sp. 4, this species, however, also invaded other
habitat types.

From the fore-going it is clear that all four Afrcnurus
species distinctly favoured poollike conditions. These findings
somewhat disagree with those of Crass (1947) who found Afronurus
to be a specially adapted swift water form, "..... distinctly
intolerant of still waters" (p. 41). In fact, its strongly
dorsoventually flattened body shape does not appear to be an
adaptation to swift current, as was previously suspected, but
~rather to life under stones and in crevices. This would be
in agreenent with the findings of Dodds and Hisaw (1924) who,
in their studies on the adaptation of mayfly nymphs to swift
streams, concludes that the flattened bodies of Ecdyurus and
Drunella probably enabled these species to creep into narrow
crevices under stones,

Compared with other nayfly genera the nymphs of Afronurus
have large eyes. They appear to be sensitive to light in-
tensity which may perhaps in part explain thelr commonness in
pools where much of the effective light penetration decrease
with increasing depth of the water, In captivity, nymphs
were found to leave the stones at night during the period of
ecdysis. 411 four species are very sensitive to stream dis-
turbance and are amongst the first Ephemeroptera to disappear
from the fauna when such conditions arise (part 4, appendix).
Their presence in streams can therefore always be taken as

ags indicative of clean unpclluted waters.
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The Oligoneuriidae

Although represented by two genera viz, Qligoneuriopsis

and Elassoneuria, the nymphs of the two species 0. lawrencedl

and E, trimeniana not only are morphologically very similar but

also occupy the same ecological niches. In both species
the nymphs usually "cluster" under stones. In contrast to
species such as those of the genus Afronurus, nyrphs of both
species appeared to be intolerant of stagnant waters. 0.
lawrencei, for instance, wes not recorded from any one of 18
gsamples collected from pools (table 37). It furthermore
occurred in increasingly larger numbers in habitats with in-
creased current speeds (flats - stickles, table 373 which in
turn coincided with increases in the percentage sample in-

cidences (% pos., table %7). Elassoneuria trimeniana appear

to be slightly less specific in habitat preference, being
present in all the habitat types except pools (stony back
waters were not sampled). The largest average percentage

was recorded from the stony runs and stickles.

The Prosopistocsomatidae

Even though their body shape may suggest an adaptation
to swift current conditions, the nymphs of Prosopistosoma were
most common in slow and moderate current habitat types, i.e.
pools, flats and runs (table 37). Prosopistosoma sp. was
mainly found in stony flats and runs but also occurred in
pools. Nvmphs of P. crassi,which are much more dorsoventrally
depressed compared with Prosopistosoma Sp., were frequent in
the slow flowing or stagnant waters of pcols (table 37).

Both species live under siones.

The Tricorythidae

Neurocaenis digcolor as a rule occurs under stones, In

the Umgeni river it invaded all stony bottom habitats from
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virtually stagnant waters in pools to the fastest current
(table 38), The nymphs preferred the moderate current of
the stony flats and runs to the faster current conditions of
the stickles and cascades. The smallest individual and
average numbers obtained for this species were those from the

back waters and pools (table 38).

The Caenidacé

At least five species could be recognized from the nymphs
alone, some of which definitely appeared to favour siow current
conditions. Caenis sp. 4, for instance, usually were fre-
quent in stagnant waters and amongst the marginal vegebation.
In table 38, the five species are, however, grouped together.
Species of Caenis occurred in all habitats with the lowest
average percentage incidences in the cascades. If sorted to
the species and correlated with adults, some specles may
certainly prove to be tolerant of the fast current conditions

in runs, stickles and cascades.

The Polymitarcyidae

Phis family is represented in the Umgeni river by one

species only, namely Ephoron savigni. It occurred amongst

small stones or in gravelly types cf strean botton at Midmar
and Albert Falls. The nymphs favoured habitats with moderate
tc fast current conditions (table 38). The largest average

percentage incldence was registered from the cascades.

The Ephemerellidae

The recovery of Lithoglcoea near harrisoni from the Un-

genl river system represented the first record of this genus
in Natal, Crass (1947) claims that he found an

ephemercllid at the Yarrow falls (=Twin falls, fig. 1) on
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the Yarrow river the d scription of which (personal communi-
cations)lfits a similar species collected during the Ungeni
river survey at Impolweni on the Sterk river (Schoonbee,
unpublished data)., 4 nymph of this particular, or, a
closely related species was provisionally placed by De
Moulin (1959) in the new genus and species of Machadorythus

palangiunm, TLithogloea near harrisoni was not very common and

apart from its presence in the stony bottom habitats, it was
also collected from the trailing marginal vegetation at Table

Mountain, and from the aquatic vegetation Hydrostachys natalen-

sis at Morton's Drift. In the stony bobttom habitats it
mnainly occurred in moderate current conditions of the stony

flabts.

The Leptophlebliidae

Of the five species of the leptophlebiid family found in

the main Ungeni river viz. Castanophlebia galida, Aprignyx

tricuspidatus, Adenophlebia gylvatica, Adenophlebia

auriculata and Euthraulus ? bugendensis, only the nymphs of

Castanophlebia calida appeared to favour swift current con-

ditions (table 39). The latter species, however, also
occurred in pools where the water was virtually stagnant.

4, tricuspidatus was not very common in the Umgeni river and,

furthermore, wes very much restricted in its habitat preference,
Its nymphs were found only in habitats with slow or moderate
current speeds such as the stony flats and, in some instances
(Emolweni tribubtary; unpublished data), amongst the narginal
vegetation in the slow current. The nymphs of A. gylvatica
had their highest average percentage incidences in the flats

and pools, Compared with sylvatica, A, auriculata nymphs

appeared to be capable of invading more habitat types. Even
so, this species, like gylvatica, was nore abundant in the

pools and flats (table 39). Similarly, Euthraulus ? bugan-

densis also selected the pools and stony flats, being absent
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only from the stony back waters and cascades.

T™e Baetidae

Two species of Acentrella were encountered, namely

monticola and natalensis. Both distinctly favoured fast

current conditions, having thelr highest average percentage
incidences in the stony stickles (table 40), their average
percentage numbers per sample decreasing successively in the
slower current habitats. Of interest is the downstream dis-

tribution in the Umgeni river of Acentreila natalensis which

became progressively more restricted to one particular type of
mierohsbitat where a thin film of wabter skim rapidly over
stone and rock surfaces in the stickles and cascades, This

contrasts sharply with the presence of natalensis nymphs in

most stony bottom habitats at or near the head water region
of the Umgeni river. (This species with its very small and
rounded gills appeared to be sensitive to concentrations of
of dissolved oxygen.)

The two species of Pseudoclcoeon showed marked differences

with respect to habitat preferences. Pseudocloeon inzingae,

for instance, favoured the slow current or stagnant waters of
the pools and back waters (table 40), whereas P, naculosum
largely occurred in the faster current, being, on the average,
most common in the stony stickles, The percentage of samples
in which it actually occurred, consegquently reflects an in-
crease of this species from the slower to the faster current

hebitats (table 40)  Baetis harrisoni was, numerically, the

most important nayfly species in the Ungeni river. It in-
vaded most habitats but occurred in larger numbers in moderate
to fast current habitats such as the stony flats, runs and

stickles (table 40)., Baetis glaucus, although not as pro-

minent, numerically, as harrisoni, had a habitat preference

193/...
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very sinmilar to the latver. The nymphs of B, cataractae, on

the other hand, distinctly favoured very swift currents.
Where this species was found in moderate current habitats, the
nymphs mainly comprised penultinmate or final instars. The
ventral gill baetid (=Baetidae nymph A, Kimmins, 1955) occurred
in 211 the habitats sampled (back waters were not sampled).
Its nymphs were more common in the runs and stickles where they
were found to c¢ling to the steep surfaces of rocks and stores.,
In captivity these nymphs were found to die soon unless a
current was created against an object where they usually ati-
tached themselves, facing the current.

Species of Centroptilum (table ) which are mainly dis-

tributed in slow current habitats include Centroptilum near

excisun, C. sudafricanum, C. indusii, Centroptilum sp. 2,

Gentroptilunm sp. 3 and ¢. mediun. Of these, C. sudafricanum

is the most common species, occurring in all stony bottomn haw-
bitats, with C. near excisum being restricted to the stony

back waters, pools and flats. Centroptilun parvunm, which

never featured promirently compared with species such as

sudafricanun, appeared to be more connom in the stony runs and

stickles, Centroptiloides bifasciata, Centroptilum variun,

C. flavum and Ceantroptilum sp. 1 distincily favoured the

faster current habitats, Of these, C. bifasciata and

Centroptilun sp. 1 are strony clingers,both species occurring

painly on rocks and stones where the current plunged over large
boulders in the cascades and stickles respectively. Centrop-

tilum varium, like Baetis cataractae, preferred nicrohabitats

similar to those where Acentrella natalensis occurred, i.e.

where thin films of water flowed rapidly over rock surfaces

in the strean.
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The longitudinal (downstream) distribution of the

stony botton Ephemeroptera in the Ungeni river.

For the purpose of illustrating the distribution of the
stony bottom Lphemeroptera in the Ungeni river as one pro-
ceeds downstream from Ross® Farm (fig. 1), the various species
are listed against their respective sampling stations and
physical zones. Ls in the preceding sectioﬁ on the habitat
selection of the stony bottom mayflies, species of different
families are grouped together in some of the tables. In
tables 42 - 47, however, the species were arranged accoring
to their downstreanm distribution, those confined to the
Ross® Farm locality, being placed first, followed successively
by other species which predorinated in consecutive stretches
lower down in the river. In tables 42 - 47, the average
percentage incidences (X) and the percentage sample cccurrence*
(% pos.) for each locality are based on all samples fron
such particular locality.

Certainly one of the most stricking features in the down-
stream distribution of the aquatic fauna in general and of
the stony bottom Ephemeroptera in particular, was the existence,
in communities, of more than one faunal association, each of |
which occupied angpredominated in a particular stretch of the
river. As an example of, and, also, as an introduction to
the discussion of the longitudinal distribution of each of the
faunal associations, the occurrence, in the river, of the
four species of the heptageniid genus Afronurus, are dealt

with first.

* Based on the number of positive samples for each species,
and the total number of samples taken from each locality.
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The Hevptagmeniidse

Mogt noteworthy of the distribution of the four species
of Afronurus, ws the fact that even though all of them occupiled
the same ecological niche, each species predominated over
different stretches of the river. Afronurus sp. 1, for in-
stance, was very much restricted to the head water region
at Ross® Farm (table 42), being absent at all the other down-
strean localities. afronurus sp. 2, on the other hand, al-
though never nunerous, had its highest average percentage in-
cidences in the localities of the upper and lower foothill
torrent zones, Gisappearing from the fauna at Albert Falls,
where it was collected only during special extensive surveys.

Afronurus sp. 3, in contrast to the abovenentioned two species,

was not only a more important species, numerically, but
successfully invaded all the physical zones except the source
and valley sand bed zones, having its highest average per-
centage incidence at localities fron Dargle Forestry down-
stream to Albert Falls. ifronurus sp. 4, was mainly restricted
to the rejuvenated river zone,

This difference in longitudinal distribution of the
Afronurus species, woes of considerable wvalue in the separa-
tion of species 2 and 4 which 1s sc closely related,
morphologically, that they could easily have been taken for

the forma nminor avd forma major of a single species (c.f.

Barnard, 1932). Their predoninance in different stretches
of the river, however, dispelled all doubts as to the actual
differences between the two species. This separation of the
two species, on the basis of their ecological distributicn
was subsequently confirmed by some clear cut norphological
differences ag well (chapter 9). Of particular interest
was the differences, between the species, in the averages of

the ratio head width/length which, with the exception of
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Afronurus sp. 5, declined in the same successional order as
their downstream occurrence in the river. In the nymphs,

the decline in this ratio furthermore coincided with a con-
dordant decrease in the average numbers of algal rakers on

the maxillae, which in turn, can be correlated with the
general downstresm increase 1n algal growths. The head ratio
of A. harrisoni from the mountain torrent zone in the Great
Berg river is even higher than it is in Afronurus sp. 1 Zfrom the
upper foothill torrent in the Ungeni riveryand this seems te
fall in line with the findings put forward above in as nuch

as the algal and diatom growths appeared to be much less in
this zone of the Berz river than they are even in the foothill

torrent zone of the Unmgeni river,

The Oligonsuriidae and Prosopistosomatideae

Although none of the four speciles under consideration were
nunerous, the following distributional tendencies were observed,
0. lawrencei occurred over four successive physical zones

(table 43), having its highest average percentage incidences
as well as percentage sample ocourrence in the upper and lower
foothill torrent zones. Compared with the distribution of
the four species of ifronurus, O, lawrencei, although not re-
corded fron Ross? Farm, roughly agrees with that of

Afronurus sp. 2.

Prosopistosona sp. had a comparatively wide range of dis-

tribution, occurring fron Ross?! Farm downstream up to Upuma,
Tts average percentage incidence as well as it percent sample
occurrence, however, revealed this species to be mogt common
in the foothill sand bed and rejuvenated river zones. Its
outstretched longitudinol distributlon suggest ecological
preferences similar to those of Afronurus sp. D

The distribution of E. trimeniana appear to be intermediate

between that of afrcnurus sp. > and sp. 4. It can, however,
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be best compared with the distribution of Afrocnurus Sp. 5

since this species occurred from the lower foothill torrent
zone downstream as far as the valley sand bed zone. Un-
fortunately, its average percentage incidence does not show
any marked predominance in any part of the river.

Even though Prosopistcsoma crassi had a wider (upstrean)

distributional range than afronurus sp. 4, the highest average
numbers of crassi occurred in the rejuvenated river zone, thus

agreeing well with Afronurus sp. 4,

The Tricorythidae, Caenidae, Polynmitarcyidae and

Ephemerellidae

Numerically, Neurocaenis discolor was one of the most

common species of mayflies in the Ungeni river, having, like
Afronurus sp. 5, an extended range of longitudinal distribu-
tion (table 44). The stretch of the river in which it had
its highest average percentage incidence and percentage sample
occurrence, alsc was comparable to that of Afronurus sp. 5.

The specimens of Caenis were not sorted to the species
and, consequently, are trecated as a group (table 44), which
showed two peaks in average incidence, One in the upper foot-
hill torrent and one in the rejuvenated river zone. I% 18;
however, not possible to state at this stage whether indivi-
dual species were responsible for these peaks.

Iithogloea near harrisoni occurred in small numbers.

Its distribution is very similar to that of Afronurus sp. 4,

being mainly confined to the rejuvenated river zone.

The Leptophlebiidae

Of the five species of the stony botton leptophlebiids
encountered in the main river, at least two species were Very
much restricted to the head waters at Ross? Farm (table 45).

They are Castanophlebia calida and Aprionyx tricuspidatus,

Both species were, also in the tributaries, found to be
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associated with ifronurus sp. 1 (Schoonbee, unpublished data).

A third species adenophlebia sylvetica, although having a

slightly more extended longitudinal range of distribution than
Afronurus sp. 1 (table 45), had its largests average percentage
incidences at the source and at Ross' Ferm and, consequently,
can 2lso be included with those Ephemeroptera which were con-
fined to the head of the upper foothill torrent zone.

Adenophlebia auriculata had a distribution resenbling that of

Afronurus sp. 2, being more comnon at the source but, in con-
trast to afronurus sp. 1 and its associated fauna, it extended
downstrean as far as Midnar. The distributional range of

Futhraulus bugandensis, as well as its higher average percen—

tage incidences in localities from the lower foothill torrent,
foothill sand bed and upper part of the rejuvenated river zones
(table 45), suggest an ecological distribution similar to

that of Afronurus sp. 3.

The Baetidae

Four species, which had longitudinal distributions similar

to that of Afronurus sp. 1, included Pseudocloeon inzingae,

Baetis cataractae, Accentrella rnonticola and Centroptilum near

excisun (tebles 46 - 47), 2ll of which were Vvery much restricted
in their longitudinal distribution, Nayfly species which pre-
doninated in the same stretch of the river as Afronurus sp. 2

inocluded Acentrella natalensis, Centroptilunm sudafricanum, C.

parvum and Centroptilun sp. 2. A11 these species numerically

declined downstream fron the foothill torrent zones, Those
baetids which best fitted the distributional pattern of
Afronurus sp. 3, included the species C. mediun, C. indusii,

Centroptilun sp. 3 and Baetis harrisoni. Species which were

mainly confined to, or, had their highest average percentage

incidences in the rejuvenated river zone were Baetis glaucus,

Pseudoclozon maculosun, & baetid with ventral abdominal gills

and Centroptilum sp. 1. Centroptiloides bifasciata which never
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attained large average percentege incidences anywhere in the

river, nevertheless showed increases at locelities in the lower
foothill torrent and foothill sand bed zones and in this
respect, should be placed with the group of nayflies associated

with Afronurus sp. 3. Centroptilum variun which occurred in

a1l zones from Ross?! Farm, in the upper foothill torrent zone ,
to the end of the rejuvenated river zone, showed increases in
average percentage incidence in that part of the river from
Midmar to Natal Estates. Tn this respect varium appeared to
be virtually intermediate in distribution between the Afronurus
spp. 3 and 4 associations, sharing the extended longitudinal
range of occurrence with the Afronurus sp. % association, but,
on the other hand showing distinet average numcrical increases

in the rejuvenated river zone, Since the ALifronurus sp. 4

association was restricted and mainly confined to the rejuvenated

river zone, varium is provisionally placed with the Afronurus

sp. 4 association. Centroptilum flavun was recorded in the

main river from Albert Falls only, and is therefore also
provisionally grouped with the Afronurus sp. 4 association,

From the findings on the longitudinal (= downstrean) dis-~
tribution of the stony botton Ephemeroptera in the Ungeni
river, the following pattern evolved.

i. The faunal communities at most sampling locali-
ties comprized more than one asscclation of stony
botton Ephemeroptera.

ii. Each association was confined to, and predominated
in, one particular regicn oOr stretch of the rivexr.
Furthermore, the assoclations were found to overlap
and to replace each other in an orderly sequence
downstream, each intergrading with couponents of
other associations which extended either upsireanm
or downstream from those stretches in the river

where they predominated.
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iii, Each association, although clearly recognizable from

the position it occupied in the river, contained

species which extended beyond the range of the

association and which could be regarded as being

transitional in distribution between two successive

agsociations,

iv. The different associations were not necessarily con-

fined to particular physical zones, bubt, in most in-

stances, extended over more than one zone.

Ve The distribution of the associations of stony botton

Epheneroptera in the Ungeni river .can be sunmarized

as follows.

Afronurus sp. 1 —
association

Afronurus sp. € associa-
tion

Restricted to the head of the upper
foothill torrent zone at Ross?® Farm.
Members of this assoclaticn had their
highest average incidences at the
source and at Ross?® Farm., The
association is composed of the
following Ephemeroptera Afronurus

sp. 1, Aprionyx tricuspidatus,

Castanophlebia calida, Adenophlebia

sylvatica, Baetis cataractae, Acen-

trella monticola, Centroptilum near

excisun,

Overlapping association 1 at Ross’
Farm but with a comparatively nore
extended distributional range which
normally stretched from Ross® Farnm
to Dargle Forestry. Some species of
this association however, tailed off
at Albert Falls, at the head of the
rejuvenated river. These species

can always be recognized as

214‘/' [ ]
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belonging to associotion 2 from the
circunstance that their highest average
and individual incidences occurred in
the upper foothill tcrrent zone. The
association conprizesifronurus sp. 2,

Adenophlebia auriculata, Centroptilun

~sydafricanum, Centroptilun sp. 2,

Centroptilum parvun, Acentrella nata-

lensis and Oligonsuriopsis lawrencei.

Afronurus sp. % associa-
tion . This association, to which Afronurus

sp. 3 belongs, was the nost widespread
of 2ll. It overlappcd associations 1
and 2 in the upper fcoothill torrent
zone on one hand and, with association
4, in the rejuvenatad river on the
other hand. Characteristic of this
association is its predoninance in the
lower foothill torrent, the foothlll
sand bted and, the head of the rejuvenal
river zone at Albert Falls. It include

Lfronurus sp. 3, futhraulus ? bugan-

densis, Baetis harrisoni, Sentroptilun

indusii, Centrcptilun sp. 3, Centrop-

tilup medium, Centroptiloides bifas-

ciata, Neurgcaenisg discolor,

Progsopistosona sp. and Elasscncuria

trimenianea,

Afronurus sp. 4 assoclia-
tion * This is largely confined to the river

in the rejuvenated zoneg below Albert
Falls. Sone nembers of this associa~
tion pencetrated upstrean into the

foothill soft bottom zone, The highes:

215/ ...
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average nunbers of speciles of this
association cccurred between Albert
Falls and Upuna, The species comprising

it are Afromurus sp. 4, Baetis glaucus,

Pseudocloceon maculosun, Centroptilum

sp. 1, C. flavum, the baetid with

ventral abdominal gills, Prescpistosome

cragsi and Lithogloea near harrisoni.

Although the above-menticnsd assocleations are defined
prinarily by reference to the distribution of the stony botton
Epheneroptera, there arve definite indications (chapter 6) that
the distribution of the rest of the fauna also fits into this

schene,

216/ ...
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THE GENUS AFRONURUS LESTAGE (EPHEMEROPTERA) IN
SOUTH AFRICA,

9,1 Historical review.

Eaton (1887), in his "Revisional monograph of re-
cent Emphemeroptera or mayflies", was, to my knowledge,
the first person to record the occurrence in Africa
of a representative of the genus Afronurus Lestage 1924
when he mentioned that: "The Ecdyurus (sic) type of
genera is represented in the Cape Colony. An undescri~
bed @ specimen of a species taken by R. Trimen at
Pearl and now in the Maclach. Mus., has a superficial

likeness to the species of Heptagenia, but differ

therefrom in the proportions of its legs" p. 501,
Tn 1913 this author also placed "three fragmentary
flies" from British East Africa, N.E. Rhodesia and

N. Nigeria respectively, in the group of Tedyurns

but added: "To name such fragments would be foolish
and reprehensible" (p. 277).

It was Petersen (191%), however,.who furnished
the first detailed account of 99 and o imagines of

the genus Ecdyonurus from South Africa when he descri-

bed specimens collected by W.E. Jones(October 1911)

. at Mfongosi, Zululand. He named this species peringueyi

and provisionally referred it to the genus Ecdyonurus,

He stated; "] have placed this species 1in the genus
Ecdyurus (sic), although with some hesitation.  The
highly elongated and narrow forewings, the proportion
between the lengths of the tarsi and tibiae and the
shape of one of the claws, which is curved and plainly
pointed, make in some degree the place of the species
difficult to determine, The proportion hetween the
length of the tarsal joints 1s the some as in the

genus Ecdyurus; but the pale colour gives the species

much likeness to a species of Heptagenia" (p. 187).

217/ ...
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When Navéé (1915) assigned two damaged subima-

gines, collected during the '"Mission Laplae" at

Capiri, Katenga, to E. peringueyl a suspicion was

created that Ecdyonurus, or a closely related genus,

had its distribution in Southern as well as equatorial
Africa, There still was, however, the general feeling
amongst authors such as Lestage, that they were dea~-

ling with a genus other than Ecdyonurus. In 1918

Lestage strongly expresses his doubts as to whether

E. peringueyi reaﬂy was an Ecdyonurus and quotes

Petersen (1913, p. 187) in support of his doubts.
He furhfer points out that, according to Eaton (1887),

the penis lobes in the true Lcdyonurus are stout,

usually broadly trilateral, expanded outwards at the
tips vut sometimes obovate, According to Lestage,
Eaton'’g description evidently did not fit the dra-

wings of the genitalia of E, peringueyi made by the

original author. He further emphasizes the fact
that, in addition to the differences in the structures
of the genitalia, there were the proportional dimen-—
sions of the tibilae and tarsi, which also had to be

considered, and which disqualified peringueyi as re-

presenting a species of the genus Ecdyonurus. Hinally

in 1924, Lestage erected the genus Afronurus to accom-
modate the African representatives of the genus Ecdyonu-

rus, He distinguished between the genera Heptagenia,

Ecdyonurus, and Afronurus largely on the basis of the

shape of the penis and the proportional lengths of
the femurs, tibiae and btarsal joints, stating ".....

tant chez les Heptagenia que chez les Fcdyonurus, les

longueurs proportionnelles des fenmurs, des tarses et
des tibias sont conservées, et, & mon avis, il faut
en tinir compte, car c’est sur ces points que s’est

faite 1'’evolution des représentants du groupe ecdyonu-

218/...
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rien" (p. 350).

Crass (1947) added to the heptageniid family

another African genus namely Notonurus, with a single

species, cooperi, based on one d imago collected by

J. Omer-Cocper in the Pirie Forest near KingWilliams-

town, Kastern Cape Province, South Africa,

The following species of Afronurus and Notonurus

have thus far been recorded from the Ethiopean Region.

ii-

iid,

iv.

AFRONURUS IESTAGE 1924.

Afronurus peringuevi (Petersen).

Ecdyurus peringueyi Petersen, 1915. Ahnn.

S.A, Mus. 10: 185,

Afronurus uvgandanus Kimmins, 1956, Bull. Brit,

Mus.(pat. Hisbt,) Ent., %,
2: 5 (Byn nov,).

Afronurus peringueyi (Petersen). Lestage,

1924, Rev. Zool, Afr, 12: 349,

Afronurus collarti (Javas).

Adenophlebia collarti Navés, 1930, Rev. Zool.

Bot, Afr., 19¢ 316,

Afronurus pulcher Ulmer, 1930, Ann, Mag,

Nat. Hist. (1Q), 6: 507.

Afronurus collarti (Navés). Deﬂﬁbulin, 1956

Bull. Ann. Soc. Roy. Ent.
Belg., 92, I-II: 49,

Afronurus harrisoni Barnard,

Afronurus harrisoni Barnard, 19%2. Trans.

Roy. Soc., 8.A, 20, 3: 207.

Afronurus negi Corbett.

Afronurus negi Corbett, 1960, Proc. Roy.

Ent. Soc. Lond. (B), 29,

5-6: 68,
219/.,..
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NOTONURUS CRASS 1947.

Notonurus cooperi Crass.

Notonurus cooperi Crass, 1947, Froc. Roy.

Ent. Soc, Lond. (B), 16,
9-10: 1l26.

Notonurus bequaerti (Navas).

Adenophlebia beguaerti Navés, 1930. Revwv,

Zool, Bot. Afr, 19: 316,

Adenophlebia eatoni Navd%, 1931, Rev. Zool,

Bot. Afr, 203 271.
Adenophlebia inflexa Navds, 1932, Rev. Zool,

Bot. Afr. 22: 285,

s A
Notonurus beguaerti (Navas).  De-Moulin,

1956, Bull., 4Ann, Soc, Roy.
Ent. Belg. 92, I-IL: 45.

Notonurus tortinervis (Navés).

Adenophlebia tortinervis Navas, 1930. Rev,
Zool. Bot. Afr, 19: 317,

-~ - e .
Notonurus tortinervis (Navaés)., De-Moulin,

1956, Bull, Ann. Soc. Roy.
Ent. Belg. 92, I-11: 48,

The type materials of Afronurus Peringueyi and A,

harrisoni,.

After the task of correlating the nymphal, sub-

imaginal and imaginal stages of the four different

species of Afronurugs (collected in the Umgeni and other

Watal rivers) had been completed, the type materlials

of the species peringueyi and harrisoni were obtained

from the South African Museum, Cape Town, for the

220/ ...
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purpose of comparison, These type specimens, having
been kept in s dried, pinned condition for more than
30 years, were not in a very gcod state of preserva-
tion, Even so, I did not find it difficﬁlt to equate
my correlated specimens with those in the South Afri-
can Museum collection and also to arrive at some

definite conclusions,

The type specimens,

The "type material" of Afronurus peringueyi in-

cludes the following specimens.

ii One ¢ imago, Left forewing, both forelegs and

left cercus lost, Two labels attached read
as follows:

a, Mfongosi, Zulu L., W.E, Jones Gect. 1911 (A

small printed label);

b. Zcdyurus Peringueyi ¢ Esb. Petersen (This

label 1is handwritten in India ink, presumably

by Petersen himself),

g, One @ imago, Apart from the wings which are in

a good state of preservation, the specimen is
badly damaged. A small printed label attached
contains the following particulars:

Mfongosi, Zulu L., W.LE. Jones.

Lii, One 9 subimago, Wings broken off at tips. Two

labels are attached which read.

a Mfongosi, Zulu L, W.E, Jones (4 small printed

label );

b. Ecdyurus peringueyi @ Esben-Petersen (Hand-

written in India ink by the same person who
wrote one label of the above-mentioned d

specimen).
2P < wi
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In his description of Ephemeridae from South

Africa, which included the account on peringueyi,

Petersen (1913) mentions that there were three males
and three females, all imagines, and one female sub-

imago of peringueyi in the collection, "..... &ll

collected at M'fongosi, Zululand, October, 1911, by
W.E. Jones" (p. 187). it is also important to note

that in his descripbion of peringueyi, Petersen does

not mention anything about holotypes etc. Barnard
(19%2), however, points out that, according to Ulmer
(1916), Petersen sent him for comparison ".... die
Stidafrikanischen Typen seiner Sammlung.” Accordingly
neither Petersen nor the South African Museum could
claim holotypes. From Barnard's redescription of

peringueyi (p. 255-257), it does not appear as 1f any

of the original Mfongosi material was in fact retained
by the S.4. Museum, neither is it clear whether Pe-
tersen returned any of his specimens, (Barnard s

notes (p. 256) suggest the presence of a "forma major"

¢ imago and 9 subimago in the 5,4, Museum which could
represent part of the Mfongosi COctober, 1911, material).

The peringueyi material which I received from

the S.A. Museum does, however, contain M fongosi ma-
terial, with a d imago specimen (see above) bearing

the full particulars of the peringueyi type material

as given by Petersen (p. 187). If the above-mentioned
material forms part of the specimens seen by Peter-

sen and subsequently returned to the 5.A, Museum,

then there are still 2 ¢d and 2 99 imagines from his
original collection which cannot be accounted for,
Attempts to locate some of the missing M fongosi

specimens through Mr, D.E. Kimmins of the British

222/ s
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Museum (Nat. Hist.) proved unsuccessfull and, in the
revaluation of the type material, I had to make use

of the peringueyi specimens from the S.A. Museum only.

Article 73(c) of the International Code of Zoological
Nomenclature (1961) specifies: "If a new nominal
species has no holotype ......, @ll the specimens of

a type series are "syntypes", of equal value in nomen-
clature." It further states that syntypes may in-
clude specimens labelled "cotype", "type", or some
other term, or with no identifying label. oyntypes
may also include ",... specimens not seen by the author
but which were the bases of previously published de-
scription or figures upon which he founded his taxon
in whole or i@part.” The Mfongosi material, or

what is left gf it, therefore qualifies as syntypes
and will be considered as such in the revaluation

of the material (see below),

The "type material" of Afronurus harrisoni Bar-

nard, which consists of ore d imago specimen only,

is provided with a label which reads:  Gr. Drakenstein.

Bred., fr. nymph 22/3/31. A.C. Harrison (Handwritten

in India ink), During my visit to the S.4i, Museun
in 1961, I also obtained three alcohol preserved spe-
cimens of Afronurus bearing a label which reads:

Afronurus harrisoni Brnrd,., f. minor Drakenstein., The

specimens have lost most of their colour and consist
ol i, One ¢ imago of which the last few segments
of the abdomen and the genitalia are lost (or have
been removed).
ii, One ?Q imago.
iii. One @ subimugo.

iv. Three nymphal pelts.

Reh/ s s
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Although the accompanying label bears no date,
the discoloration of the specimens indicate that they
must be very old. The nymphal skins as well as the
wing pattern of the ? subimzgo showed These specimens
to belong vo the same species as that of the ¢ imago
sent to me as the "type specimen" of harrisoni,.

Barnard (1932) likewise does not claim holotypes
in his description of harrisoni and, since only one
specimen is left of the original type material of
harrigoni, this d specimen, provided it does not re-
present another species confused with harrisoni,

should ipso facto become the holotype.

A revaluation of the type materials of peringueyi and

A, harrisoni,

An examination of the respective type materials
from the South African Museum and, a comparison of
these with my correlated material, lead to the follo-

wing conclusions:

i, The lMfongosi materizal cf Afronurus peringucyi

at present existing in the South African Museum,
Cape Town, contains two different species,
This is supported by Fetersen's description of

peringueyi which clearly indicates that he was

dealing with the ¢ specimen of one species and
the ¢ specimen of another, In his account of
the abdomen of the Q imago (p. 187), for instance,
he mentions: "1st-6ch abdominal segments ...,
with black stigmata." Petersen does not men-
tion this feature in his account of the d.

Since my own experience has shown these "black

stigmata" to be highly characteristic of one
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species of Afronurus, and to be much more pro-
nounced in J¢ specimens of this species of which
Petersen described the ¢, one can only conclude
that the Mfongosi material did not include dd
specimens of the second species. Petersen's
drawing (fig., 12, p., 187) of the J genitalia of
peringueyi is not good and could represent these
organs of either of the two species present in
the material. In his figure of the ¢ genitalia

of peringueyi, however, the apical excision at

the tip of each penis lobe suggest that the
specimen from which he drew the genitalia be-
longed to the '"second species” and not to the

one represented by the ¢ imago described by him,

Barnard slso confused at least two species in
his description of harrisoni, This is testified

to, both by Barnard's own remerks (pp. 257-258)

and statements made by Harrison (1950}. In his

description of 4. harrisoni, for instance, Bar-
nard points out that two forms occur, which can

be distinguished as forma major and forma minor,

Harrison (1950), after whom this species is
named and who participated in the rearing of
the specimens, also wrote (p. 20): "When
the investigations were commenced, some twenty
years ago, it was thought thet there might be
more than one species of this family in local
rivers .... This was because so many smaller
individuals were present in any locality where
the fullQ?ed nymphs were nearly ready for the
midsummer "hatch", but Dr. Barnard found only

one local species in all the material collected,
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and showed that the confusion arose form the fact
that it includes major and minor forms.," In
describing the nymphs, both Barnard and Harrison
distinguish two types which they designate as
"Sawny-yellow" and "partridge mottled" respective-
ly, about which Harrison reports as follows (p.
20): "This further complication gave rise to
some expectation that we might be harbouring a
real "Merch Brown" coloured species, as well as
something else, but it was not so, and when a
large number of subimagoes was obtained by "bree-
ding" from collected nymphs, it was found that
"Tawny Yellow! fitted them all, no motter whether
the nymphs from which they emerged had been "taw-
ny-yellow", "partridge mottled" or almost self-
coloured,"” In his description of the subima~
gines Barnard recognises three different va-
riations of wing colcuration (p. 256) which

all emerged from either the "partridge mottled"
or "tawny-yellow" types of nymphs, (8Bince,

in my own experince, the wing patterns of the
subimagines are highly diagnostic of the species,
the possibility is therefore not excluded that

a third species might have been involved in

the species confusion, The material in my
possession, however, only suggest the presence

of two different species)., The second of the
two species confused, of which not adult muscum
material exists, can be recognized from Barnard's
description of the abdomen of harrisoni, which

has laterally, ".... a dark comma-shaped mark
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on each segment....." (p. 257). This is not
present in either the dd or 99 imagines or the
subimagines represented by the ¢ specimen con-
tained in the harrisoni material and which, from
my own experience, breads from the "partridge mot-
tled" type of nymph,. Since the "tawny-yellow"
species is, as a rule, the largest of the two
species confused, I am furthermore convinced
that most, if not all the specimens of the latter,

must constitute RBarnard's forma major. The

tube of specimens which is labelled, presumably

by Barnard, forma minor, also lends support to

the foregoing conclusion (see above), by reason
of the fact that they all belong to the smaller,
"partridge mottled" species, Barnard's dra-
wing of the @ ventral plate of harrisoni (fig.
45¢, p. 256) depicts that of the "tawny-yellow"
specles. In fig. 46b the shape of the poste-
rior margin of the styliger plate, as well as
the comparative size and the shape of the penis,

also suggest that Barnard's ¢ forma major be-

longs Lo the "tawny-yellow" species,
-~ Although Parnard's drawing of the J genita-

lia of the "forma minor" or "partridge mottled"

species (fig. 46¢) differs from that of the
actual J specimen in the harrisoni collection
(fig. 54B ) in that each penis lobe is without
a clear cut apical excision, this species can
nevertheless be recognized from his drawing by
the convex curvature of the posterior margin
of the styliger plate opposite the penis. The

nymph of harrisoni described and figured by
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Barnard (p. 258, fig, 48) belongs to the "partrid-

ge mottled", "forma minor" species.

iii, The ¢ peringueyi specimen of which Barnard drew

the genitalia (p. 256, fig. 46a) belongs to the
same species as the J specimen described by
Petersen (191%) and, of which he probably drew
the genitalia (p. 187, fig. 12).

iv. The nymph assigned to A. peringueyi by Barnard

(p. 257, fig. 47) belongs to one of the two
species confused in the lMfongosi collection,
and is not the nymph of the d imago described

as peringueyi by both Petersen and Barnard.

Ve Both Barnard's and Petersen's drawings of the

genitalia of peringueyl are misleading, largely

perhaps, due to the fact that dried material had

to be used in the preparation of drawings,

vi,. The present species confusion necessitates a
complete teaxonomic revision of the genus Afronu-

rus in South Africa.

Designation of types for Afronurus peringueyi and A,

harrisoni.

Since the ¢ imago specimen in the lMfongosi

material of peringueyi is also the only specimen pro-

vided with a label bearing the complete particulars
of the Mfongosi collection, as menbtioned by Petersen,

ramely, "Mfongosi Zulu L. W,E. Jones Oct., 1911," (p.

187) I designate this specimen as the lectotype of

~ Afronurus peringueyi Peters, My description of the

nymphal, subimaginal and imaginal developmental stages
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of this species are, however, based upon freshly reared
and correlated material.
In the case of Barnard's material of A. harrigoni,

the "forma major" species, of which no type material

exists, enjoys priority in having been first described
and drawn by Barnard, Here a neotype had to be sub-
stituted. The neotype and paraneotype material was
collected in the proximity of the original type loca-

1ity in the Western Cape.

9.6 The nymphs of Afronurus Lestage.

9.6.1 General description,

The bodies and legs of Afronurus nymphs are
strongly flattened dorsoventrally, This could be
interpreted as an adaptation %o very swift currents.
Barnard (1932, p. 255) and Crass (1947, p. 109), in
fact, maintain that these rnymphs are well adapted to,
and are commonest in swift waters. My own findings,
however, appear to contradict this conclusion in so
far as that I found Afronurus pymphs to predominate,
numerically, in slow currents and, particularly, in
pools. To my mind the flattened body of the nymph
can be regarded, rather as a very successful adapta-~
tion to life under stones and between crevices amongst
stones, their usual microhabitat in streams, than as
an adaptation to swift currentﬁ%%%?%éiié%%}e of the
Afronurus nymph, which could be a disqualification to
life in a fast current, but which would certainly fa-

vour life in slow currents or even stagnant waters

where low oxygen levels might prevail, is the compara-
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tively 1large gills and the presence of gill filaments
(figs.14&17 ). In fact, their ability to move their
gills freely from a position at right angles to the

abdomen would also be in line with this conclusion,

g.6,1.1, The head.

Like the body, the head is dorsoventrally de-
pressed, slightly convex dorsally, rounded in front
and truncated posteriorly, In some species the
headshape is roughly quadrangular whereas, in others,
(c.f. barnardi and oliffi) it approaches a triamgular
shape (fig. 21 ) as a result of its widening in the
clypeo~frontal region, In all five species the
epicranium is brownish with some characteristic dark
brown markings flanking the coronal sutures mediocdor-
sal to the compound eyes, as well as on the fronto-
clypeus, anterior t¢ the lateral ocelli, i.e, medio-
dorsal of the antennase. The frontal sutufes leave
the coronal suture almost at rigth angles and extend
sideways in the direction of the lateral ocelli, from
where they proceed towards the lateral margins of
the head, anterior of the compcund eyes, thereby se-
parating the fronto-clypeus from the vertex.

The compound eyes are dark brown or black and
are larger in the Jd specimens, especially in the
final instar nymphs. The lateral ocelll are bean-
shaped (fig., 13) with the triangular median ocellus
situated slightly in front of them.

The antennal sclerites, which usually are un-
pigmented, are yellowish-white in appearance. The
antennal scape is shorter than the darker coloured

pedicel.
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The ventrally flattened labium is strongly de-
veloped with stout, th%egmented labial palps. The
basal segment of the palp is rounded at its base and
tapers towards the second segment. A small tuft of
setae is present on this segment at its junction with
the mentum. The distal (second) segment is roughly
crescent-shaped and deflected inwards to leave the
first segment at an inner angle of 90 - 110°, The ®ip
and outer edge of this segment is strongly chitinized
and is provided with dense rows of stiff setae. The
distal portion of its dorsal surface is covered with
short spinelike bristles and is surrounded along 1%s
edge by longer setaceous ones. The glossae are club-
shaped and not fused at their bases, Each is densily
setose on its inner margin particularly so at its
widest portion where the setae first curve inwards
and then outwards (fig. 16). Anterolaterally the
glossa is devoid of setae but is ornamented with
strongly chitinized bands or ridges (fig. 16). The
posterolateral edge of the glossa 1s also sebose but
the setae are lesg dense than those along its inner
surface. The paraglossa 1is roughly oval-shaped
and approximately twice as wide as long. Long Si-
nuous setae are sparsely distributed along the pos-
terolateral edge of the paraglossa , becoming more
stout along its anterior, inner and dorsal surfaces
where very dense tufts of bristles occur,

The hypopharynx is poorly chitinized and bears
two merbranous flaplike structures resembling the
paraglossa in shape. These processes are fringed
with comparatively soft setae. The hypopharynx it-

self is a flatbtened tube, bearing a tuft of short
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setae along its anteroventral margin,

The maxilla is securiform. It is widest in the
frontoclypeal region of the head, which is slightly
concave ventrally and strongly convex dorsclaterally,
where it terminates in a membranous saclike structure
opposite the point of articulation of segments 1 and
2 of the maxillary palp. The cardo is small, spoon-
shaped, deflected medially and attached to the roof
of the head. The ventral surface of the distal part
of the maxilla is setigerous, particularly so in its
anterior region, Apart from a tuft of soft sinuous
setae at the base of the maxillary palp, the lateral
edge of the maxilla is devoid of setae, On the inner
margin of the widened portion of the maxilla, on the
other hand, at least three different types of setae
can be distinguished viz. stout spine-like setae which
may or may not be setose and which are confined to
the anterior part of the galea, long thick setae
which are sparsely distribirted along this edge and
largely concentrated on the posterior half of this
portion of the maxilia, and a.dense row of stiff
bristles of equal length, usually spread over the
entire length of this part of the maxilla, The an-
terior margin of the maxilla bears a row of heavily
chitinized combs. The maxillary palp consists of four seg-
ments, the basal one of which is fused instead of
being jointed to the galea, The second segment is
the thickest, It is longer than the first but
shorter than the third, and is setigerous, especially
in its proximal half, The third segment is the

longest, Along its outer edge it bears a row of
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setae which curve mediodorsad towards the distal end

of the segment. A tuft of densely packed stiff setae
projects forwards from the end of this segment to
the tip of the short and pointed last segment,

Like the maxillae, each mandible has a narrow
stem-like base with a flattened distal portion. The
lateral edge of its wider half is fringed with a dense
row of fine setose setae. On its inner surface there
is a heavily chitinized molar surface, which is con-
vex on bthe left and concave in the right mandible re-
spectively. The left and right mandibles are not
symmetrical, Tach mandible terminates in two
strongly devoped spines (canines), the inner one
(prostheca) of which is moveable. The prostheca of
the right mendible terminates in several sharp spine~
like teeth, whereas that of the left mandible is stout
and bears three terminal teeth, the central one of
which is the smallest, Situated at the base of the
prostheca are a few stiff setose bristles, The
dorsal surface of each mandible is convex and smooth
except for a sclerotized protuberance situated pos-
teriorly and slightly medially to the molar surface.

The labrum is situated immediately behind the
margin of the frontoclypeus. It is roughly trian-
gular and covered with setae which protrude from
underneath the frontoclypeus so as to be visible

from above.

The thorax,

The thorax is shoriter than the abdomen and bears

two pairs of wings. The nota are more sclerotized
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than the terga, The thoracic coloration and colour
patterns are species specific, The pronotum is short
and as wide as but not wider than the head. It is
much wider than either the meso- or metathorax, is
expanded sideways with flattened and rounded lateral
edges, and demarcated from the mesonotum by a deep
suture, The mesonobtum is longer than the other two
thoracic segments and covers the metanotum, especial-
ly in older nymphs with well developed wing pads.
The metanotum is slightly pointed postero-mediodorsally.
The coxae are shorter than the trochanters. The
femora are robust, dorsoventrally flattened, smooth
ventrally, with spines on their anterior surfaces
(figs. 18 A - C ), The spines along their ante-
rior and posterior margins are usually more strongly
developed than elsewhere, The posterior margins
also bear a row of long setae each (fig., 13 ).
Each femur terminates in a small darker coloured
lobe (fig. 13 ) which becomes progressively longer
and pointed in the successive legs, The tibiae are
slender and angular in cross section, and are provided
with rows of fine setae and a few spines, The tibiae
of the first legs are sparsely setose, those of the
second and third legs being strongly setose and more
spinulous, The tarsi are much shorter than the
tiblae, but, like the latter, they bear more spines
and are more setose in the second and third legs,

The claws are prominent and dentate,

9.6,1.3 The abdomen,

The abdomen is ten-segmented, tapering slightly
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towards the last segment which bears three terminal
filaments viz. two lateral cerci and a median para-
cercus (figs. 13 & 14). The tergites are slightly
or strongly spinulous along thelr posterior borders
(figs. 21 and 13 ). The abdominal colouration and
colour patterns, are, especially those of segment five
(figs, 14 and 5% ), highly diagnostic of the species,
Seven pairs of gills are horme on the posterolateral
margins of tergites 1 - 7 (figs, 14 & 17). Gills

1-6 always consist of an ouber lamellate and an inner
filamentous portion. The seventh gill may or may not
possess branchial filaments which if present, are

reduced to a comparatively small tuft,

Key to the nynphs,

1. Head distinctly widest at level of, or anterior
to the antennal scapes; seventh pair of gills

always without branchial filaments ..eveeeasees 2

Head widest posterior of antennal scapes;
seventh pair of gills with or without bran-

Chial fllamellts Y kBt e % 0 0 e v e R R R R S B I R 9} 5

2 Body colour tawny-~yellow; spines on anterior
(=dorsel) surfaces of first, second and third
femora pointed, lanceolate (figs, 204 - C );
largely confined to Western Cape province.....

ereevatsercssaenrnessssss hArrisoni Barnard,

Body colour brownish; spines on anterior sur-
faces of first and second femora mainly ob-

cordate (figs. 244 -B ), with those on third
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femur being ma;ply cuneate, others oblong with
rounded tips (fig . 24 C ); dorsal half of
outer gill lamellae usually pigmented dark

brown (fig, 26 ) s.iesveenseeeess OLIFFL SD.0OV.

Seventh pair of gills without branchial fila-

mellts &+ 4 % 8 B a0 T IR R I I A B N B B B B L 4:

Seventh pair of gills with branchial fila-
ments (fig. 17 ); spines on first femur ob-
cordate (fig. 184 ), on proximal 5th of second
femur oblong with rounded tips (fig. 18B )
but lanceolate on rest of femur, and pointed,
lanceolate on third femur (f£ig.18C ); ab=
dominal tergites 4-8, each clearly acuminate
ventrolaterally, with spines becoming progres-
sively stronger towards segment eight (fig. 1%);
abdominal pattern as in figures 1% & 14 v.ses

RN R N R A B N RN N N I I SCOtti SPI novl

Dorsally, near the anterior margin of abdominal
segment five, the lighter coloured U-shaped
pattern terminates anteriorly in two convex
"legs" with a posteriorly rounded or truncated
brown coloured pattern enclosed between them

(figSDEI? &. 28) O I N T T TN R DN BN R B B }Ernardi SP. nov'

Lighter coloured V-shaped pattern on segment
five of abdomen terminating anteriorly in sharp
points with a posteriorly tapering brownish
colouration enclosed between them (figs. 35B and

56) I LRI T B AN I I I B periﬂgeuyiPetersen.
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Description of nymphs,

Afronurus scotti sp. nov,

The colour of the live nymphal specimens is
predominantly brownish with characteristic yellowish
markings upon the head, thorax, femora and abdomen.
The intensity of this lighter coloured pattern varies
with the various seasons, with the markings on the
thorax, although remaining diagnostic, being more
subject to variation during nymphal development than

those on the tergites of the abdomen.

HEAD

Head usually less than 1,5 times as wide as
long. It is slightly rounded anteriorly, rounded
anterolaterally and weakly rounded laterally in
vounger nymphs (fig. 15 E ) bub progressively ap-
proaches rectilinearity in the older nymphal stages.
The posterior margin of the head is slightly concave
(figs. 1% and 14 ). The second segment of the maxil-
lary palp is strongly setose along the proximal
two thirds of its inner, outer and dorsal surfaces
(fig. 15 &, These setose setae are generally much
longer than those of the third palpal segment,

The outeficanine of the right mandible
is more strongly developed than the prostheca (= inner
canine) and is provided with three teeth of which
the central one is the stoutest. The prostheca
bears three thin, pointed teeth, The outer canine
of the left mandible is serrate along its inner sur-

face, The prostheca is more stout and provided
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ig. 13, Afronurus scotti sp. nov, Young nymph
(gills omitted).




Fig, 14,,

o 238 -

Afronurus scotti sp. nov. Fully

grown nymph. Although the thoracic
pattern is more subject to varia-
tion than that of the abdomen, during
nymphal growth and development, it
nevertheless remains dlagnostic of
the species.
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with three teeth similar to those on the outer canine
of the right mendible, but the central tooth is here
subequal to,but more than half the length of the

lateral and terminal teeth,

THORAX

The pronotum is short, as wide as, or slightly
narrower than the head but wider than both the meso-
and metanota, Tt is expanded laterally into rounded,
flattened lobes (figs. 13 & 14), separated from the
mesonotum by a deep suture. The metanotum is covered
by the wing sheaths of the mesonotum. The yellowish
pattern on the pro- and mesonotum varies during nymphal
development but the most common patterns of the young
and older nymphs are illustrated in figures 15 and

14 regspectively.

Legs

The legs are stout. The first, second and third
femora are strongly flattened and their anterior sur-
faces face upwards, thus occupying a dorsal position,
when placed against the body of the nymph. The
posterior margins of these structures are fringed
with fine setous setae. The tibiae are setulous
with few spines, The tarsi are sparsely setose with

comparatively fewer spines than the tibiae.
First leg:
The respective shapes of the spines on the

first femur are mainly obcordate (fig.184), However

those along its ventral margin clearly become lan-
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Afronurus scotti sp. nov, Outline of head

and mouth parts of nymph. A and B - ventral
and dorsal aspects of right and left maxillae
respectively, C and D - ventral aspects of
right and left mandibles respectively. E -
outline of head (dorsal view).
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ceolate, arg?girong%k developed and longer than the
rest of the spines. A row of fine sinuous setae
occurs along the anterior ridge of the tibia, together
with a few dark brown spines (usually 7-11 in number),
which are spread over the entire length of the tibia,
A second, much shorter, row of setae occurs along
the posteroventral edge of the tibia, near its point
of attachment to the femur. In addition to these
a few scattered setae are found on the rest of the
first tibia, The anterior row of setae and spines
are continued on the tarsus which, likewise, bear a
few scattered setae elsewhere, The claw is stout
and curved, with a row of 5-6 (usually 5) denticles

near its tip,

Second leg:

In contrast to the first leg, the anterior
surface of the trochanter of the second leg bears
several spines, The femur resembles that of
the first leg with the following differences; It
bears two types of spines viz. a few with rounded tips
(fig. 18B), in small numbers near its point of at-
tachment to the trochanter; and a number of pointed,
lanceolate ones elsewhere, The largest of the latter
occur along the dorsal and ventral edges of the an-
terior surface of the femur. The posteroventral row
of setae of the second tibila is much longer than those
on the fore legs, spread over more than two-thirds of
the length of the tibia. For the rest, the density
of the setae and the number of the spines of the
second tibia and tarsus are very similar to those
of the first leg. Like the latter the claw bears

five apical denticles on 1ts inner surface,
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Third leg:

The anterior surface of the trochanter bears
spines. Those on this femur are lanceolate and slight-
ly more stoubt than those on first and second femora
(fig. 18 ¢). The setae on the tibia are more strongly
developed than those of either the first or second
tibia, Spines also occur along the front edge of the
anterior surface of the tibia, Short spines are
also borne along the ventral surface of the hind tar-
sus, The number and shape of the denticles on the

claw are the same as those of the second leg.

ABDOMEN

71&' ibdominal segments gradually taper towards the
tenth (fig, 14 ), The tergites are spinulous along
their posterior margins. Very characteristic of
this gpecies are the pointed, posterior ventrolateral
edges of tergites 3-8 (fig. 1% ), which become pro-
gressively longer towards segment eight, As in the
case of the abdominal pattern of the nymphs of all
the other species, the pattern shows the lecast varia-
tion, and constitutes one of the most reliable dis-
tinctive features of this species,

From a dstailed study of the variations of the
abdominal pattern an "average" pattern was compiled
(fig. 1% from which it should be possible for anyone
to recognize this species from any of the nymphal
stages, excluding perhaps the very first few nymphal

instars,
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Fig., 17. Afronurus scotti sp. nov., Tracheal gills of
nymph., A - G - gills 1 - 7 respectively,




- 246 -

Gills

All the gills bear branchial filaments on their
inner edges, with the filaments of the seventh gill
being minute. With the exception of the first gill
lamella, which is benana-shaped (fig. 174 ) , and
the last which is roughly pear-shaped (fig,l7G),
the 2nd-6th gills are roughly triangular (fig. 17B - F).
The fifth and sixth gills, however, differ slightly
from the 2nd-4th in the possession of a small ter-

ninal lobe (fig., 17E-F ).

Terminal filaments

The segments of the cerci and paracercus are
spinulous around their posterior margins, The
paracercus is thinner and usually lighter in colour
than the two cerci, All the segments of the terminal
filaments are short and thick near the abdomen, each
segment becoming gradually longer and thinner to=~

wards the tips of the filaments,

9.6.%.2 Afronurus harrisoni Barnard

In contrast to the subimaginal and imaginal
stages of the species harrisoni end gcotti, which
clearly resemble each other in body markings and
the colourations of their wings respectively, the
various developmental stages of the nymphs of the

compoared
former show marked differences/with those of the

latter, Some of tre most striking features of

harrisoni are their "tawny-yellow" colouration
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(Barnard, 19%2; Harrison, 1950), and the possession
of a comparatively wide fronto-clypeus which gives
the head a triangular appearance, Barnard

(1932, p. 258 ) describes the nymphs of harrisoni

as tawny-yellow, "with predominating yellowish ground
colour and broad reddish brown markings on head,
thorax, abdomen, and Llegs .e.ess” Apart from the
presence of clear cut morphological discrepancies,
the sbove-mentioned two species also differ with
regard to their respective ecological distributions

in South African rivers.

HEAD

The head is usually more than 1.5 times wider
than it is long, and is of a dirty yellow colour.
Some markings on the dorsal surface of the head are
brownish, resembling those of gcotti. The antennae
are yellowish brown, The anterior margin of the
head is almost straight, being only very weakly
rounded, The head is widest in the fronto-clypeal
region with its maximum width ab the level of, or,
immediately anterior to the antemnal sclerite. The
posterolateral sides of the head converge sharply
towards the dark reddish brown compound eyes, giving
the head a trinagular appearance. The posterior
margin of the head is slightly concave,

The second segment of the maxillary palp lacks sctae
on its dorsal surface in contrast to that
of scotbi (fig. 15H which is profusely setulous.

The number of chitinized combs borne along the

enterior margin of the maxilla exceeds 22 (usually
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24 - 26 in number) compared with the 19 - 22 combs
in scotti. The ratio of the third and fourth palpal
segments usually exceeds 4.00. The strﬁcture of the

mendibles asd similar to those of scotti.

THORAX

The pronotum is narrower than the head and is
wider than both the meso- and metanota, with the late-
ral lobes rounded as in gcotti. The thoracic pattern
is indistinct, largely due to the yellow colouration
of the body. Consequently, these markings canno?b
be utilized profitably in further defining this spe-

cies,

Legs

The legs are predominantly yellow in colour
with brown colourations towards the tips of the fe-
mora and tarsi. The single row of long stout setae
which occur along the dorsal edges of the femora
are, like those of gcotti, setose along their poste-

rior margins,

First leg:

The trochanter lacks spines on its anterior
gsurface. With the exception of a few spines with
rounded tips, which occur mediodorsally on the distal
half of the first femur, all the spines are pointed
as illustrated in figure 204. The spines along the
dorsal edge of the femur are the most strongly deve-—
loped, especially towards the distal half of the fe-
mir where they are comparatively longer and more

erect than in any other part of the femur. The
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setae and spines on “4tibila I and tarsus I are simi-
lar to those of scotti, with the claw also bearing

five denticles near its tip.

Second leg:

The trochanter bears spines on its anterior
surface, The spines on the femur are similar to
those on the first leg (fig. 20B) of which only &
few have rounded tips. The tibia, tarsus and claw

resemble those of scotti.

Third leg:

The trochanter bears spines‘on ite anterior
surface. The spines on femur are as illustrated in
figure 20 C . The tibia, tarsus and claw agree

with those of sgcobti,

ABDOMEN

The sbdomen is dirty yellow with little
or no indication of an abdominal pattern. The seg-
rents of the abdomen taper gradually towards the
tenth with the terga spinulous along their posterior
margins, The only clear cut resemblance between
the abdominal segments of scotti and harrisoni, is
the pointed, outwardly directed, posterior ventro-

lateral edges of tergites 3-8 (e.f, fig.13).

Gills

The shapes and sizes of the respective gills
reseumble those of scotti except that the seventh pair
of gills are without an inner tuft of branchial

filaments,
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Terminal filaments

The colour of the cerci and paracercus is
predominantly yellow, Otherwise, they resemble

those of scotti.

9.6.2.3 Afronurus oliffi sp. nov,

The nymphs are brown with a yellowish ground
colour, The intensity of the yellowish pattern of
the abdomen and the thorax of these nymphs tends to
fade out during certain seasons of the year, being
at times completely absent in all the different nymphal
developmental stages, 1t was, therefore, not always
possible to use these patterns in the identification
of the species. One characteristic, not present in
any of the other species and which remain recogmis-
able throughout the year in all developmental stages
of the nymphs is the presence of dark brown, almost
black,:markings on their abdominal tergites (figs, 18
and 25). The spines on the femora are very charac-
teristic of the species.

The nymphs of this species share with harrisoni
the posession of a very wide fronto-clypeus which

gives the head a triangular appearance (fig. 21 ).

HEAD

The head is brown and the markings between the
sntennae and ocelli are well defined (fig. =21 )

The head is normally more than 1.5 times as wide as
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it is long, being widest at the level of or slightly
anterior to the antennal sclerites, The compound
eyes are dark brown. A very close resemblance
exists between the maxillae of 0liffi and those of
harrisoni with respect to the shapes, ratios and sizes
of the palpal segments, the comparative widths of the
galese and the number of combs of the galeae, which,
in the case of oliffi, also exceeds 22 (there are
usually 24-26 combs), The maxilla of oliffi can be
characterized as follows, The posterior (i.e, outer)
edge of the second segment of the maxillary palp is
sparsely setose, the setae being much shorter than
those which occur along the outer edge of the third
palpal segment (fig,224-B ). A small cluster of
comparatively longer sebtae occur proximally on’ the an-
terodorsal and anterior (i.,e. inner) surface of the
second palpal segment (figs. 22 & - B ), Other-
wise, the dorsal and ventral surfaces of the latter
segment are devoid of setae, The central tooth of
the prostheca of the left mandible is minute, being
less than half the length of the other two terminal
teeth., The denticles along the ventral edge of

left prostheca are produced into spines. Such
spines are completely absent in scotti, and are limi-
ted to a few along the distal half of this prostheca

in harrisoni,

THORAX

The pronotum is narrower than the head and its
lateral lobes are less rounded than in the other spe-

cies (fig., 21 ). The sides of the lobes are
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Fig. 22. Afronurus oliffi sp. nov. Mouth parts of nymph,

A and B - ventral and dorsal aspects of right and
left maxillae respectively. C and D and E and F -~
left and right mandibles respectively.



- 257 =

weakly curved (almost straight), slightly wider in
front, and curve strongly inwards anteriorly. The
intensity of the markings on the thorax are very

variable, but when distinguishable they somewhat

resemble those of ggotti, The thoracic markings,
typical of oliffi, are illustrated in fig. .
Legs

The legs are brownish with pale yellowish mar-
kings, the intensity of which, like those of the tho-

rax and abdomen, varies with the seasons,

First leg:

The spines on the trochanter are sparse and
meinly pointed, Those on the femur are widest termi-
nally and%ﬁ%edominantly obcordate along the posterior
edge and surface (fig. 24 A ). Some spines on the
anterior half and edge of the femur have rounded tips
but these are comparatively few in numbers. The
tibia is pale yellowish brown with setae and spines
similar to those of the other species. Both the
tarsus and its claw gredark brown and the latter is
provided with four well developed denticles near

its tip.

Second leg:

The spines on the trochanter have rounded tips
and tend to be lanceolate, Most spines on this fe-
mur are obcordate (fig.24 B) with those along the
distal anterior edge successively becoming linear,
pointed and lanceolate. In density the setae and
spines on the tibia and tarsus resemble those of

the other species, The tibia is yellowish brown
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and the %arsus dark brown, The claw bears four
denticles, the posterior one of which is less strongly

developed than the other three.

Third leg:

The spines on the trochanter are lanceolate,
whereas those on the femur are mainly linear and di-
gitate with almost flattened tips (fig. 24C ). As
in the case of the other femora, those spines along
the distal half of the anterior edge of the third
femur deviate most from the general shapes of the
rest of the spines. They are here developed best
and are clearly lanceolate. The tibia is yellowish
brown and the tarsus dark brown. The spines on the
tibia and tarsus are similar to those in the other
species., The claw bears four denticles which are,
nowever, less prominent than in elther the first or

second femur.

ABDOMEN

The abdomen is stout and gradually tapers towards
the tenth segment. It is brownish with a pale yellow
pattern, which, however, may be absent, The abdominal
tergites are spinulous along their posterior margins.
The ventrolaseral posterior margins of the terga are
weakly spinulous but the spines do not project away
from the abdomen as they do in harrisoni. Dark brown
markings occur on either side of the mid.dorsal line
of each abdominal tergite and are characteristic of

this species (figs. 21 and 25 ).
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Fig, 25, Nymphal skin of Afronurus oliffi sp.
nov, Note dark brown markings in
the form of curved streaks along mid
dorsal line of abdomen.
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Afronurus oliffi sp. nov, Tracheal gills of
nymphs A - G -~ gills 1 -~ 7 respectively. Note
intensity of pigmentation in upper portions of
each gill lamella,
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Gills

The branchial filaments are borne on all gills
except the seventh, The tracheation of the outer
gill lamellae is partly obscured by a purplish brown
pigmentation which cover the dorsal halves of the
gills (fig. 26 ). The shapes of the different gills

are given in figure 26

Terminal filaments

The cerci and paracercus are yellowish brown
near their bases, with the segments becoming dark
brown distally. The structure of the terminal fjila-

ments resembles that of other species of Afronurus,

9.6.5.4 Afronurus barnardi sp. nov,

This species is very common in Natal, the Trans-—
vaal, and the Eastern and Western Cape Province. The
specimens from these regions all display definite re=-
gional characteristics, largely in respect of their
body patterns, without, however, affecting the diagnos-
tic value of this feature, Since a proper study of
this geographic variation could be done only with
regard to the nymphs, the erection of subspeciles on
this evidence alone seems to be premature. In respect
of the body pattern and the ratio head width/length,
the Western Cape specimens appear to have deviated
most from the general zharacteristics of this species
(table 48 ).

The nymphs are grey brown with a yellowish
ground colour, In iive specimens canary yellow
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Pig. 27, Afronurus barnardi. &p. nov. Nymph (gills
omitted), with typical thoracic and abdominal

patterns,
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Fig, 28,. Afronurus barnardi sp. nov. (Western.
Cape). Nymph. Note the deviation of
the thoracic and abdominal pattern from
those of the Natal specimens (fig. 27).
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markings can be observed on the head, in the vicinity
of the ocelli, as well as on the femora of all the

legs, These markings soon disappear after death,

HEAD

The average head width of specimens fronm Natal,
Transvaal and the Eastern Cape usually is less than
1.5 times that of its length, whilst this ratio for
the Western Cape specimens averages more than Ep

Although the heads may be fery
slightly wider in front of the antennal sclerifes they
do not taper sharply towards the eyes in a triangu-
lar fashion as they do in oliffi, but, instead, curve
in gradually (fig. 29 ). The anterior margin of the
head is weakly curved (fig. 29 ). The setae of
the proximal half of the second palpal segment of the
maxilla of barnardi agrees with that of scotti and

peringueyi in being densely setose on its dorsal,

anterior (inner) and posterior (outer) surfaces (figs.
294-B & 30 ). The setae are, like those of seotbi

and peringueyi, much longer than those of the third

palpal segment. The number of combs on the galea

is less than 22, The prostheca of the right mandi-
ble terminates in two teeth of which the ventral

one is the best developed. The dorsal tooth of

the right prostheca projects away from its axis

and the denticles along the ventral edge of the

latter are spine-like. The left prostheca bears
three teeth. In specimens from Natal and the Fastern
and Western Cape Province, the ventral and dorsal

teeth of the latter are of approximately equal length,
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Figa 299

Afronurus barnardi sp. nov, Outline of head (dorsal

view) and mouth parts of nymph. A and B - wventral

and dorsal aspects of right and left maxillae
respectively; C and D ard E and F - dorsal and ventral
views of right and left mandibles respectively; G -
outline of head.
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In some nymphs collected from parts of the Transvaal,
the ventral tooth is distinctly longer than the other
two teeth, In all specimens, however, the central
tooth of the left prostheca is the smallest of the

three,

THORAX

As previously stated, the thoracic pattern of
this species shows regional characteristics which
cannot be ascribed entirely to normal intrapopulation
variation, The pattern presented in figure 27 is
typical of specimens'found in Natal rivers waile
Fig 5% depicts patterns typical of specimens
from the Transvaal and the Western Cape,

The pronotum is as wide as the head, with rounded
lateral lobes which are wider in front. The lateral
margins of the pronotum are not evenly rounded but
distinctly shouldered anteriorly.

The meso- and metanota are narrower than the pronotum.

Legs

Firat leg:

The first Frochanter only bears a few spines,
which are largely digitate with rounded tips. Three
types of spines can be distinguished on the first
femur of the Natal specimens, digitate, lanceolate and
obcordate spines. Proximally they are exclusively
digitate with rounded tips (fig. 3l 4 ). Thesec spines
are replaced along the dorsal and ventral surfaces

by lanceolate ones which in turn are replaced distally
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by a few spines which are obcordate in shape, The

Transvaal specimens differ from this in having few, if
any, obcordate spines, while those occurring on the
distal surface of the femur are largely digitate

with flattened tips. In specimens from the Western
Cape, only the most proximal spines are digitate while
the rest are distinctly lanceolate and pointed, The
tibia and tarsus are sparsely setose with a few spines,.

The claw bears three to six denticles.

Second leg:

The spines on the second trochanter are mostly
lanceolate, In the Transvaal specimens the spines
on the proximal third of the antero-medial surface
of the femur are digitate but these are replaced
distally by lanceolate spines which also occur along
the edges of the femur. In the Cape specimens all
the spines of this femur are lanceolate. The Natal
specimens agree more with those from the Transvaal
in having digitate spines with rounded tTips proximally
and more or less lenceolate spines elsewhere (fig. 31B).
They differ from those from the Transvaal and the
Western Cape in having a few digitate spines distally
with flattened or incised tips. In all specimens
the spines along the dorsal and ventral edges are
well developed and, without exception, lanceolate.

The claw bears four to six denticles,

Third legs

The spines on the trochanter are predominantly
lanceolate although those of the Cape specimens are
almost filiform. Tn all specimens the spines of this

femur are lanceolate (fig. 31C). As in the case
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of the other femora, those spines along the dorsal
and ventral edges are the strongest developed and end
in sharply pointed tips. The tibia bears two dense
rows of setae interspersed with long setaceous spines.
In addition to these, short stout lanceolate spines
are also borne on the third tibia. There are four

to six denticles on The claw,

ABDOMEN

The abdomen is slender compared with that of
harrisoni, particularly in the older nymphal stages.
The abdominal tergites are spinulous posteriorly and,
except in the Western Cape specimens, their posterola-
teral edges berminate in weakly developed spines,

The nymphs from the Western Cape have well developed

spines which resemble those of harrisoni Barmard .
The abdominal pattern, although somewhat

variable (figs. 5%B, D.F) again proved to be one of

the most useful diagnostic features for the species.

Gills

The seventh gill lacks an inner tuft of
branchial filaments, The respective gills are de-~

picted in figure 32 .

Terminal Ffilaments

The cerci and paracercus of the Western Cape
specimens are yellowish with distinct brownish rings
around their joints in contrast to specimens from
Natal and Transvaal which have uniformly coloured,
usually browrish, terminal filaments.
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Afronurus vperingueyi (Petersen),

Although the nymphal, subimaginal and imaginai

developmental stages of the species peringueyi and

barmardi closely resemble each other, their different
ecological preferences offered definite evidence that
they must be different species rather than varieties
of the same species, This was confirmed by
some clear cut morphological differences whereby all
the developmental stages could be separated without
the risk of confusing one species with the other,

The colouration and body pattern once more constituted

distinctive features of the nymphs of peringueyi.,

Tn colour the nymphs resemble those of barnardi,

except that the grey brown body colouration does not
prevail throughout the penultimate and ultimate nymphal
stages which progressively attain a more yellowish

brown colour,

HEAD

The head is greyish brown with distinct dark
brown markings between the antennae and ocelli. The
scape and pedicel of the antenna are brown and the
flagellum is fuscous. The compound eyes are black.
The head is almost square when viewed from above,
with its width usually less than 1.5 times that of
its length, The sides of the head are almost straight
equatorially with the head already attaining its
maximum width behind the level of the antennal scle-
rites. The maxilla :differs from that of barnardl in

that the number of combs on the galea usually are
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Fig. 32. Afronurus barnardi,. Tracheal gills of nymphs,
A - G - first to seventh gill respectively,
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less than twenty. The canines and prosthecae of the
mandibles are like those of barmardi, with the
right prostheca ending in two spine~like teeth whilst
the left one terminates in three teeth of which the
central tooth is subequal to the dorsal and ventral

ones, which are of about the same length,

THORAX

The pattern on the mesothorax retains its diag-
nostic value in all the nymphal stages (fig. 35 ).

The shape of the pronotum is like that of barnardi.

Legs

Pirst leg:

The trochanter normally lacks spines, but,
when present, they are almost setaceous, The spines
on the femur somewhat resembles those on the first
femur of the Natal specimens of barnardi. Along
the dorsal edge of the femur, most of the spines
are digitate with incised tips and tend to be obcor-
date, Those along the ventral edge are digitiform
proximally, and lanceolate distally. Those in the
mid dorsal surface of the femur are digitate with
rounded tips in the proximal half, while digitate
spines with incised tips and spines which are distinct—~

1y obcordate, occur intermingled on the distal half,

The claw usually bears six denticles,

Second leg:

The trochanter bears lanceolate spines. The
firgst fourth of the anterior surface of the femur is
covered by spines, the shapes of which are somewhat

intermediate between digitate and lanceolate (fig.340C).
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These spines gradually become more pointed and lanceo-
late in the distal half of the femur although those
along the edges mainly remain lanceolate. Of the six
denticles bcrne on the claw, the sixth (posterior)

one usually is poorly developed compared with the

other five.

Third leg:

The spines borne on the trochanter are lanceo-
late, Those of the femur are likewise, virtually
all lanceolete, except for a few spines in its proxi-
mal fourth where the shape is intermediate between
lanceolate and digitate. As in barnardi, the tibila
also bears several long setaceous spines amongst the
rows of setae, The hind claw usually bear six den-

ticles of which the last one is poorly developed,

ABDOMEN

Like barnardi , the abdomen of the nymphs are,
as a rule, slender when compared with species such
as harrisoni, As in all the other species of Afro-
nurus, the pattern on the abdomen is less subject to
variation, and consequently, of much value in the pro-
cess of identification, Although the tergites of
segments 3 ~ 8 are pointed along their posterior ven-
trolateral edges, the spines are not directed away
from the body and can therefore mnot be easily observed
in a dorsal view, The pattern on the fifth tergite

(fig. 553) is useful in separating periﬁgueyi from

barnardi, In both species the lighter coloured

pattern terminates anteriorly in two "legs', These
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Fig. 35. Afronurus peringueyi (E.F.). A and B - thorax
abdomen of nymph showing the typical patterns
diagnostic of this species,
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"legs" in peringueyi are A =shaped, the gpices of

which are further constricted to end in sharp points

(fig. 35 ). The brown area included between these

"legs" is distinctly V-shaped.

Gills

The gills are like those described for barnardi
(fig. 32 ). The seventh pair of gills also lack

an inner tuft of branchial filaments,

Terminal filaments

The terminal filaments are yellowilsh brown near

the abdomen, becoming darker towards their tips.

The ratios head width/length and femur l.ength/
width of the nymphs, and their statistical
significance in the separation of the

species of the genus Afronurus

Apart from the markings and body patterns,
characteristic of the aymphs of Afronurus species,
there are also certain other morphological differences
whereby socme species could be identified. Two such
characteristics, which appear to be of specific va-
lue, are the shapes of the head and femora. Bince
it is possible to measure the widths and lengths of
the heads and femora, the results, which can be ex-
pressed numerically in the form of ratios etc., were

subjected to statistical evaluation, I could,
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in this way, compare specimens of the game species
from widely separated geographical areas in South
Africa as well as specimens of different species
from the same areas, A knowledge of their ecology,
however, was invaluable for the interpretation of
the data, which, on the morphological evidence alone,
could not have been explained adequately (see chap-
ter 8 ).

In %Hables 48-62 and figs. 37 - 52 the sym-

bols used denote the following:

N, Ny, Ng : The number of organisms analysed for
a certain characteristic;

i, il’ ig : The mean value;

SX2, 812, 822, : The Variance;

Sx’ Sl, Ssy ¢ The Standard Deviation;

SY'X : The Standard Error of Estimate.

In comparing the differences between the means
of the above-mentioned ratios for the various species,
s .
student's t-test was employed by using the following

formula (Simpson et al, 1960):

_ _ J/ﬁNl I,
b _ (Xl - XE) Nl 4+ N2
"W, - 1) 8.2 & (W,-1) §,°
1 1 2 2
_ Nl + N2 - 2
The coefficient of varisbility (C.V.) was cal-
culated frem the formula: oy _ 100 Sx

b4

Straight lines were fitted to the scatter dia-
grams (figs. 37 - 52 ) by means of the Method of
TLeast Squares (Mills, 1955).
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96.4.1 The ratio head width/length (tables 48 - 49
and figs., 37 - 40 ).
The scatter diagrams in figs. 37 - 40 , of

the values of head lengbh (vertical scales) and head

wid~h (horisontal scales) for oliffi, barnardi (Emol-

weni river, Natal),harrisoni, scotti and peringueyi show

almost perfect linear correlations with positive
regressions of lengths (Y¥) on widths (X).  Also,
the close groupings of the values around the lines
of average relationship, determined by means of the
Method of the Least Squares, as well as the small
values of the Standard Error of Estimate Sy'x’ which
are measures of the degree of scatter about these
lines, all suggest very strong linear correlation
to exist for the ratio head width/length in the
species under consideration, The very low values
of the coefficient of variability (C.V.) .
serve as further confirmation of the consistently
low degree of variation of this ratio, which never
exceeded 5,00 (table 48 ), despite the fact that the
numbers of specimens analysed were,with the exceﬁtion
perhaps of harrisoni more than adequate to show up
extreme variations, Considering the findings on
the other species, one can assume, with a falix degree
of confidence, that the ratio head width/length should
behave similarly for harrisoni, of which only a few
specimens could be aneslysed (table 48 ), and which,
consequently, was not treated statistically so ex~
tensively.

Since a linear relationship was found to exis®

with respect to head width/length, the next step was
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to establish whether the differences between the means
of this ratio for the various species represented va-
riational tendencies only, or whether these differen-
ces obtained were significant for the different spe-
cles. If such significant differences could be
found, it would mean that the ratio head width/length
willbea valid criterion for separating species or even

subspecies from each other.

. From table 48
and figures 37 - 40 the following preliminary

conclusion can be drawn:

1. The two speciesscotti and harrisoni have the lowest
and highest mean values for the ratio head

width/length;

2., The mean values of this ratio for barnardi
from the Cape (Great Berg river system, Saron)
appear to differ considerably from those of
the same species found in Natal, but, on the
other hand, its mean value approaches that

of oliffi;

5. The mean head ratio width/length of barnardi
from Natal are virtually identical to that

of peringueyi.

In order to find out whether the differences
between the mean values head width/length mentioned
sbove were in fact differences other than variational
tendencies the Students t-distribution test was em-
ployed. The results of these comparisons are listed
in table 49 , At the 95% level of confidence,

highly significant differences were obtained between
284/ ...
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FIG. 37

Head length against head width in nymphs of%

Afronurus scotti (Dargle| Forestry, Natal),
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Head length against head width in nymphs of Afronurus
Skandinawi&drift, Transvaal).
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all species compared except for barnardi & peringueyi,

and barnardi (Cape) & barnardi (Natal), (table 49 ).

G,6.4.2

The ratio femur length/width.

A statistical procedure similar to that em-

ployed for the head ratios was followed in the com-

parison of the first, second and third femora of

specimens of the same species from different localiw-

ties as well as those of the different species respec-

tively (table 50 ), From table 50 +the following

deductions can be made:

1.

The mean: as well as the individual values
for this ratio increase from the first %o
the third femur i.e. femur 1 (femur 2 <(fe-
mur %, for ail speciesrfrom all-.lacalities

under consideration;

The coefficient of variability (C.V.) remains
small, and, being less than 10 (usually fluc-
tuating between 4~7), reflects a small but
slightly higher degree of variability than the
corresponding head ratios (compare tables 48

and 50 ) and;

For the species compared, the values of the

femur ratios increase in the following order:

scotbti, { peringueyi, ( oliffi, { bar-

nardi, ( harrisoni.

Even though the coefficient of variability

(table 50) and the scatter diagrams (figs. 41-52 )

indicate a higher degree of variation for the dif-

ferent species with respect to this ratio, than

291/ ...
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FIG. 42

Femur width against femur length of the second leg
in nymphs of Afronurus scotti (Dargle Forestry,
Natal). |
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| FIG, 44 |
Femur width against femur 1ength of the first _leg'iz_i"ﬁ;ymphg
‘of Afronurus oliffi| (Cathedral Peak, Natal). '
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FIG. 49
Fenur width’against'fémﬁr'lpn th of the third leg in
nymphs of Afronurus barnardi %Vaal riyver, Skandinawié-
drift, Eransvaal). |
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was the case for the head ratios, a linear correla-
tion nevertheless exists with a positive regression
of femur length (Y-axis) on femur width (X-axis).

A ~omparison of the means of the ratio femur
length/width wes subsequently carried out with the
2id of the Student's t-distribution test at the 95%
level of confiden%e. As it was necessary to know
whether one of the means of the species compared
were merely significantly greater or whether the
means were, in fact, entirely different from each
other, both the one-sided and two-sided tests were

applied. The following species were compared:

L oliffi and barnardi, tables 51 ~ 53.

2y oliffi and_scotti, tables 54 - 55.
B pliffi and peringueyi, table 56,

4, barnardi and gcotti, table 57.

B barnardi and perineueyi, table 58.

&, scotti and peringueyi, table 59.

Due to the small number of specimens analysed,
harrisoni was not subjected to the t-test, although
all indicacions were that this species will differ
significantly from most if not all the species of
Afronurus.

A highly significant difference was obtained
between the means of the first, second and third
femora of oliffi and barnardi from all the loeslis-
ties compared, for both the one-sided and the two-
sided tests (tables 51-53% ). Similarly oliffi
differs highly significantly from scotti (tables 54

& 55) as well as from peringueyi (table 56 ). In

table 57 a comparison of the means of the ratio

305/ ¢ s
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femur lengbth/width of the femora of barpardi and scot-
ti also indicated highly significant differences be-
tween samples of both species from different locali-~
ties in South Africa, 0f interest was the comparison

of the means, of the closely related species peringueyl

and barnardi (table 58 ), where significant or highly
significant differences were obtained. In this in-
stance the smallest differences, which were signifi-
cant at the 95% level of confidence, occurred in the
comparison between the second and third femora of
specimens of the two species, and then only in the
two~sided t-test, The one-gided test, however,

showed that the means of the ratios for the second

and third femur of barnardi were highly significantly

greater than those of peringueyi. The species pe-

ringueyi and scotti also differed highly significantly
in both the one-sided and two-sided t-tests with re-
spect to this ratio (table 59 ). Where it was
possible to compare the same species from different
localities (barnardi, tables 60 - 613 scobti, table

62 ), nonsignificant differences were obtained in
both the one-sided and two-sided t-tests., The only
excepbtion was the barnardi specimens from the Cape,
which differ significantly from those of the Emolweni
river, Natal, in respect of the means of the second
(1-sided test) and the third femur (both tests).
This agrees with some of the other findings which
also showed barnasrdi from the Western Cape to differ
from this species in the Transvaal and Natal, with
regard to the head ratics and the abdominal and body
patterns.

The statistical results, furthermore, suggest

that the barnardi specimens from the Western Cape are

’ 5'06/. "o
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comewhat different from those of Natal and Transvaal,
The above resulbs also indicate that one can assume
with a high degree of certainty, that the ratios
discussed here are constant for the species, and,
furthermore can be used in conjunction with other
characteristics to separate certain species from

sach other.

The subimagines and imagines of Afronurus.

The subimago and imago of every species studied,
closely agree with each other in respect of their body
markings, and the colouration of the head, thorax,
legs and abdomen, The only differences are to be found
in the intensity of the colouration, which is more dull
in the subimago. This difference, however, only holds
for live or unpreserved material because the brighter
underlying colour of.the imago immediately shows up
clearly once the subimago is transfered to water or
preservatives. Unfortunately, the colours and mar-
kings of the subimago do not last in preservatives
as long as those of the imagines, and, even in the
latter, much of the colour is lost within the first
year.

The major permanent difference between the sub-
imago and imago lies in the wing pattern, In con-
tprast to the imagines where the wings are of secondary
importance in the identification of the species,
those of the subimaginal specimens, with their attrac-
tive and contrasting colouration, are highly dignos-
tic of the species, The male genitalia and female

ventral plates are, however, already recognisable in
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the subimagines, and, the key to the imagines, which

is largely based on the structure of the genitalla, can

therefore also be employed in the identification of

the subimagines.

Key to the subimagines

Subimaginal wing membrane yellowish with
a brownish tinge, forming characteristic
vroad dark brown stripes covering cross

veins of the enclosed imaginal wings

(fig. 55 ) ROy =

Subimaginal wing membrane predominantly
grey, except in the costal strip which
is pale yellow; without dark brown

stripes covering cross veins.(fig. 68 )

PR L N B .C..I..l.!ll..llI!Ill...'.l..l‘.ill.ll5

Longitudinal and cross veilns of imaginal
wing within subimaginal sheath distinct~
1y dark brown; no dark brown markings

along ventrolateral surfaces of abdomi-

nal tergites ....ss...... OLEfi sp. noOV.

Longibtudinal and cross veins of wing in-
side subimaginal sheath pale yellow;
roughly triangular dark brown marking
along ventrolateral line of each abdomi-

nal tergite (fig. 55) ....harrisoni Barnard

Area of wing immediately below costal strip

and along the posterior border, dark grey,

221/ ...
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enclosing a pale brownish region stretching
across the wing from near its tip into the
cubito-anal area where this lighter coloured
portion is at its wides?t (fig, 50 ) eevons

lo-ltﬂotliipou-tn-----'cn -barnardi sp. nOV.

Wing membrane, with the excepbion of the cos-
tal strip, predominantly grey with short
lighter coloured streaks between the lon-

gitudinal veins (fig. 68 Y. .peringueyi (Petersen)

Key to the male imagines of Afronurus

Penis bilobed; each lobe distinctly ex-
cised apically to form a narrow digitiform
inner lobe and a shorter but wider outer

lObe .'..l...l.'.l’llllll.lll..l!..l..'.l_' 2

Penis bilobed, even if only at tip;

lobes Not 85 8DOVE (,.esssasonsccrensrssases %

Inner digitiform lobe of each penis lobe
distinctly longer than outer lobe (fig, 54B &)
wing membrane hyaline with costal strip

pale yellow before bulla and milky towards
wing tip; sbdominal tergites reddish

brown dorsally . peringueyi Petersen

4} ?Qnig

Inner digitiform lobef only s1lightly longer

than outer lobe (£ig.54B ¢); Wirg membrane
pale yellowish (fig. 66 ) with costal strip
darker yellow; abdominal tergites dark

brown or purplish brown dorsally in first

322/ v e
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6-8 segments Leisvecnsce barnardl sp. nov,

Penis only superficially clef?d ventrally;

each lobe with an inner thickened ridge cur-
ving outwards; ventral surface of each

lobe with a wide shallow concavibty (fig. 54B F)s
wing membrane hgyline; costal strip bright
yellow, slightly milky towards wing tip;

cross veins milky; abdominal tergites with
roughly triangular purplish brown markings

along ventrolateral surfaces (fig. ©0 Yewaees &

Penis almost square, roughly truncate pos-—
teriorly with parallell sides; very shal-
lowly excised apically and grooved along

the mid ventral line; each penis lobe weak-
ly excised, its slightly longer inner lobe
being formed by a thickening of the inner
nargin of the penis lobe; two lobes of

each penis lobe separated from each other
ventrally by a longitudinal running concavi-
ty (fig.54B E); longitudinal veins of fore
wing brownishj; cross veins dark brownj

wing membrane in the costal strip yellowish

bI'OWIl ....l.clol-luiclcl.. Olj--fg_j_-— SPI nov!

Inner thickened ridge of each penis lobe
tapering towards its apex (fig. 544 B)

e tteiiiisesecasaereasases BScottl sp. DOV,

Tnner thickened ridge of each penis lobe
not distinctly tapering towards apex of

penis lobe (fig.544 D).... harrisoni Barnard

e B b A et b vl gt
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%73 Key to the female imagines of Afronurus

1. Abdominal terga with purplish brown markings

along their ventrolateral margins

€ 9 0 4 8 8 8 B e F E B A 4 2 s s B M R R DR B I I I R B R B 2

Abdominal terga without such markings ......... 5

2., Ventral plate tapering towards apex with
almost straight lateral edges; apical exci-

sion almost V-shaped (fig.54 { L) scottl sp, nov,

Ventral plate curving inwards towards apex
in its posterior 1/3% rd; apical excision

shallowly concave (fig.544 C). harrisoni Barnard

%, Wing membrane yellowish brown in costal
strip; cross veins dark brown (fig. 62);
ventral plate with evenly rounded lateral
sides; apical excision V-shaped (fig.54¢i E)

0 % B 0 % F v A 4 K S B s & % 49 ¢ 8 a8 s Olif;‘_‘j; SP. IJ.OV‘

Wing merbrane pale yellowish or milky in
costal strip; cross veins milky; ventral

plate with almost straight lateral sides ..... ¢&

4, Ventral plate clearly excised apically
(rig. 544 @3 abdominal terga reddish or

reddish~brown dorsally ...... peringeuyi Petersen

Ventral plate virtually truncate posteriorly
(fig. 544 H)abdominal terga brownish or pur-

plish~brown dorsally ,....... barnardi*sp. nov.

% In barnardi specimens from the Cape, the ventral
plate is virtually rounded apically.

524/ 4y
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Fig. 54A, Afronurus female ventral plates (A, C, E, G, E) and
male genitalia (B, D, F). A& B - scotti; C & D =
harrisoni; E & F - 0liffi; G - perinpgueyi; H -
barnardi (Natal and Transvaal specimens).




E

®ig. 54B, Afronurus spp. Male genitalia., A - Eerin%exig y B- peringueyi
(1ectotype); C — barnardi; D - barnardi (harrisoni "type material¥);

B - oliffij F - scotti.
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9.7.4 Description of subimagines and imagines

9,741 Afronurus scotti

@ Subimago : Paratype
Body length:

Ratio of tarsal joints.

First leg : 5 2y 1 = 3> 4,

Second leg : 5y 1) 2> 3> 4,

Third leg 5y 1> 20 3 -4,
HEAD

Epicranial portion between compound eyes and
ocelli brown with minute blackish dots and streaks.
Head dark brown in immediate vicinity of region
of fusion with compound eyes. A groove in this
dark brown region, follows the line of fusion tetween
the epicranial portion and the compound eyes., Frontal
region brown and speckled with markings similar to
those on epicranium. Frontoclypeus provided with a
carina stretching from below median ocellus o
anterior margin of head, Clypeus uniformly dark
brown, densely speckled, folded downwards (= backwards}
along the lateral and anterior border of head,

Antennae reddish brown at their bases, smooth and fili-
form with scape widest and shorter than pedicel; fla-
gellum fuscous brown, Ocelli hyaline, with greenish
black bases medially (lateral ocelli) and dorsally
(median ocellus). Compound eye mainly pale yellowish,

When viewed from above, a bright reddish brown band

327/« e s
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can be observed to stretch along the inner, anterior
and antero-lateral edge of the compound eye tapering
and fading out laterally, approximately opposite the
posterior margin of the vertex. That part of the
eye ventral to the reddish brown band is yellow with
a slightly reddish tinge. The smallest ommatidia
occur on the inner, narrower portions of the com-

pound eyes,

THORAX

Thorax pale yellowish brown, Pronotum short
and saddlelike with a deep mediodorsal posterior in-
cision. Mesonotum with two pairs of dark brown longi-
tudinal bands, one pair of which stretches across &
large portion of the mesonotum. Metanotum without
markings, Pleura yellowish brown with brown markings
at base of forewing and near coxae of second and third

legs, Thoracic spiracles slitlike, purplish brown,

Legs

First leg dark brown. Second and third legs
pale yellowish brown, £11 the coxae with dark brown
edges distally at their poins of attachment to the
trochanters. Trochanters darker distally, each one
terminating ventrally in two small pointed lobes, the
anterior of which is light brown and bigger than the
dark brown posterior lobe, Posterior halves of
trochanters generally darker than their anterior sur-
faces, Femora brownish with thinly scattered dark
spots and short streaks on their anterior surfaces but

reddish brown distally. The lobes of first femur 1s

328/ .
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darker in colour, smaller and less pointed than those
of second and third femur. Tibia angular in cross
section, pale yellow, the first one slightly brown,

second and third pale yellow. Tarsi dark brown,

Wings

Forewing bright yellow in costal strip, espe-
cially in area between costal brace and bulla, Rest
of wing pale yellowish with a faint tinge of purplish
brown, Costa dark brownj; subcosta, radius, media
cubital and anal veins pale yellow; cross veins brow-
nish and very distinct, largely due to concentration
of brownish pigmentation on subimaginal wing sheath
opposite and in close proximity to cross wveine Cfig,

60 ). Hind wings bright yellow near costal
brace but pale yellowish brown elsewhere. Lorgitudi-

nal and cross veins of the same colour in both wings,

ABDOMEN

Abdominal terga brownish to reddish brown dor-
sally and pale yellowish laterally, with a faint nar-
row yellowish stripe along the middorsal line of
abdomen, Minute dark spots and stripes, similar %o
those on femora, occur on terga, particularly near
posterior margins of segments, Very characteristic
of the species is the presence of brown markings
along the ventrolateral line of each abdominal ter-
gite, the colour of which increases in intensity towards
the seventh segment but fades out in the eighthto

the tenth terga, Abdominal sternites pale yellow,
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Ventral plate

Subgenital plate prominent, strongly curved
downwards, slightly rounded at base and bapering
gradually towards distinctly excised, shallow, V-

shaned apex, (fig. 544 A),

Terminal filaments

Cerci reddish brown at their bases but dark
brown distally with segments becoming progressively

longer and thinner towards the tips.

d Subimago : Paratype

Length of body : 11.0 mm,

Length of forewing : 11.0 mnm,
Width of forewing : 4,1 mm,
Length of hindwing : 5.6 mm,
Width of hindwing : 2.2 nn,

Ratios of tarsal Joints.

First leg : 2 Y 3 > 5 > 1 ) 4.

Second leg : 5 » 1 > 2 > 2 > 4,

Third leg : 5 > 1 > 2 > 3 ) 4,
HEAD

Frontoclypeus pale yellowish brown with dark
markings similar to those on head of ¢ subimago.
Epicranium, where exposed between the large compound
eyes and the ocelli, yellowish brown, Antennal

sclerite pale yellow, antennal scape, pedicel and
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base of flagellum yellowish brown with rest of an-
tenna fuscous, Ocelli hyaline, each bordered ven-
trally by narrow yellow colouration which overlies
greenish black broad base. Tateral ocelll largest.
Compound eyes large, almost contiguous mediodorsally,
silvery grey with two brown bands: Encircling the
eye dorsolaterally there is a broad reddish brown
band which gets progressively narrower towards the
inner edges of the compound eye, tapering and fading
out before the circle is completed, exposing the
greyish ground colour at the inner angles of the
compound eyes (fig. 59 ). Dorsal surface of eye,
enclosed by the abovementioned brown ring, has distinct
reddish brown tinge, particularly so mid dorsally.
Above colouration absent in some speci-
mens, A second, much shorter and dark brown band
stretches along the anteroventral edges of each
compound eye, tapering and fading out posterolateral-
1ly. Between these bands the colour of the eyes are
predominantly grey, except for a narrow yellow zone

+o
immediately dorsally e&f the venitral band.

THORAX

Colouration and markings as in ¢ subimago.

Legs

Colouration as in @ subimago. First tarsus

much longer than in second or third.

Wings

Golouration and wing pattern as in ¢ subimago

(fig. 55 ).
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ABDOMEN

Colouration as in 9 subimago, Dark purplish
brown markings along the lateral side of abdomen
very distinct, Mediodorsal fine yellowish
line as in ¢ subimago. Characteristic yellowish
markings on each tergité lateral to mediodorsal line.
Abdominal sternites pale yellow in
first few segments be&bming progressively browner
towards styliger plate. Genostyles dark brown,
glmost black, Penis yellowish brown, Cerci as
in @ subimago. Faint reddish brown colouration along
midventral line of sternites. Fach sternite displays
yellowish pattern appearing as shallow indentations

in the integuments (fig, 56).

¢ Imago : Paratype

Measurements in mm.

Body length : 12,60
Cerci (length) : 24,00 - 26,00
Legs (length) All measurements along dorsal

surfaces of segnments,
First leg: Femur %.20; tibia 2.65; tarsus 1,66;
claw 0,22,
Second leg: Femur 3.50; tibia 2,60; tarsus 1.17;
clew 0,30,
Third leg : Femur 3,40; tibia 2,62; tarsus 1.12;
claw 0.3%0,

Ratio of tarsal Joints:

First leg 5 % 2 > 1 > 3 ) 4,
Secord leg : 5 » 1 > 2 ) 3 ) 4,
Third leg 5 » 1 » 2 > 3 4,
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HEAD

Colouration and markings as in ¢ subimago.

THORAX

Predominantly yellowish brown, with markings and
colovration similar but brighter than those of the

Q¢ and Jd subimagines.

Wings
Forewing hyaline with faint yellowish tinge,

Costa, subcosta and radius yellowish brown and costal
strip bright canary yellow; other longitudinal veins
predominantly yellow; intercalaries creamy white and,
in contrast to the dark brown markings which define the
latter on the wing sheaths of the subimagines (fig .

55 ), they are not so readily distinguishable in
the imagines, Hind wing canary yellow in costal

trip, especially near costal brace,

Legs

Markings and colouration as in subimagines.
Fipst femur reddish brown and darker than second and
third femora which are yellowish brown. All femora
darker towards their apices. Tibiae mainly yellow
but luteous proximally, The yellowish brown tarsi

bear slightly darker yellowish brown claws,

ABRDOMEN

As in @ subimago. Colour intensities only
brighter, reddish brown dorsally with the characte-
ristic purplish brown lateral markings best developed

in segments 5-~7. Abdominal stermites yellow with
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a faint brownish tinge.

Ventral plate

Subgenital plate yellow with brownish apex,

apically excised (fig.544 A ).

Terminal filaments

Reddish brown near base, turning consecutively
brown and yellow towards tips. Otherwise as in

. subimagines,

g Image : Holotype

Measurements in mm.

Body length : 12,00
Cerci (Length) : 26,00 ~ 27.00
Forewing (length): 11,00
Forewing (width) : 4,00
Hindwing (length): 3.70
Hindwing (width) : 2,20

Legs (length) : All measurements along dorsal
surfaces of segments.

Fiprst leg: Femur 3.10; tibia %.353 tarsus 3,57;
claw 0,25,

Second leg: Femur 3,00; tibia 2,30; tarsus 1.24
claw 0.25.

Third leg: Femur 3.20; tibia 2.45; tarsus 1.09;
claw 0.25,
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Ratio of tarsal Joints:

First leg : 2 > % ) 4 = 1 > 5.
Second leg: 5 > 2 > 1 > 3 ) 4,
Third leg : 5 > 1 > 2 > 3 ) 4,
Number of cross veins in C, Sc and Rl.
Left forewing: C = 30 Right forewing: C = 30
Se= 21 Sc = 25
Ry = 17 R, = 19

HEAD

Colouration and markings on head similar to
those of d subimago. Frontoclypeus between antennae,
lateral ocelli and compound eyes yellow, devoid of
splashlike darker markings which occur on lateral
and ventral margins of clypeus, Compound eye silvery
grey dorsally, inside dorsal brownish band, and
without a reddish tinge, Ommatidia along
ventrolateral edge of the compound eye much smaller
than dorsal ones. (This, in fact, applies gg% all

the species under consideration),

THORAX

Mainly yellowish brown, Markings on tergsa and

pleura similar to those of @,

Wings

As in @ imago but characterised by very bright

vellow costal strip.
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Legs

First legs yellowish brown, darker than second
and third legs which are mainly yellow. Femora red-
dish brown towards apices with dark splashlike markings

as in 9. Tarsl brownish.

ABDCHMEN

Abdomen yellowish brown to reddish brown dor-
sally with characteristic yellow markings (fig. 59 ).
Abdominal tergites 2-5, predominantly brownish dor-
sally with tergites 6~9 assuming a moxe reddish brown
colour. Tergite 10 yellowish. Faint mediodorsal
yellow stripe, present in Q9 imagines and subimagines,
occurs on tergites 1-8. Dark purplish brown markings
on the ventrolateral sides of the abdominal terga 19,
more prominent than in 29 (fig. 60 ). Sternites
of abdomen as in ¢ subimago with a faint reddish

medioventral stripe.

Genitalia

Styliger plate yellowish brown, short, rounded
posteriorly. Basal segment of genostyle short,
coneshaped, followed by long cylindrical second
segment which in ‘turn tapers into two shorter seg-
ments. Third segment slightly longer thean fourzh.
(This description also holds for the other species
under consideration).

Penis brown, apically excised, Bach lobe is
concave ventrally with their inner margins contiguous

in the middle, diverging distally and epically (figs.
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544 B &54B F), These curved inner margins of each penis

lobe appear as thickened folds. Dorsally, each lobe

is swollen basally, flattened at its tip with the inner

edges of each lobe tapering and curving upwards,

Terminal filaments

Cercl as in @ imago.

The type'material of A, scotti

Type locality:

Type material:

Ungeni river at Albert Falls, Natal.

Holotype: J imago; Umgeni river at
Albert Falls; nymph collected 9.4.62,

bred out 12.4.62; coll, H.J.Schoonbee,

Paratype: ¢ imago; Umgeni river at
Albert Falls; nymph collected 9.4.62,
correlated 11.4,62; coll, H,J.Schoonbee.

Paratypes: 2 dJ imagines; Unmgeni
river at Albert Falls; nymphs collec-
ted, 9.4.62, correlated 14.4.62; coll.
H.,J. Schoonbee.

Paratype: o imago; Crocodile river
system at Rietvlel; correlated 30,11.60;
J.D. Agnew. (Cat. No., Rietvlei 27).

Paratyvpe: < subimago; Unmgeni river
at Albert Fallsj; nyuphs collected,
9,4,62, correlated 13,4.62; coll.

H.Jd, Schoonbee.
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paratypes: 2 99 imagines; Unmgeni
river at Albert Falls; nymphs collec-
ted 9,4,62, correlated 12.4,62; coll,

#H,J, Schoongee.

Paratype: @ imago; Crocodile river
system at Rietvlei; correlated 30,11.60;
coll, ? J.D, Agnew (Cat. No, Riet-
vlieil 27),

Paratype: ¢ subimago; Umgeni river
at Albert Falls; nymph collected 9.3.62,
bred out 11.%.62; coll, E,J.Schoonbee,

9,7.4.,2 Afronurus harrisonl Darnard

Ratio of tarssl

First leg

Second leg :

Third leg

Q@ Bubimago : Parancotype

Jjoints:

5 > 2 > 3 > 1 ) 4.
5 > 1 = 2 > 3 ) 4,

both tarsi missing.

This is the only @ subimage in the laboratory

bred material of harrisoni received from Dr. K. Scott.

Unfortunately it is in a damaged condition and has

lost much of its colouration,

HEAD

Vertex pale yellow with a very faint purplish

brown tinge in the area enclosed between the compound
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eyes and ocelli, Frons and clypeus yellowish brown
with the latter posessing some dark speckles not so
pronounced as in gcotti. Compound eye black but
have lost its characteristic colouration., Ocelli
hyaline with brownish tinge. If all the other
similarities between the two species scotti and
narrisoni be taken into consideration, the colour

of the eyes of the ¢ subimago of the latter might be

expected to agree with that of the former.

THORAX

Thorax pale yellow; markings on nota and

pleura resembling those in J subimago.

Legs

The first femur, tibia and tarsus brownish.
Second and third legs more yellow, Tarsal joints
1-4 of all legs distinctly spinulous along their

ventrodistal margins.

Wings

Like those of the d subimago and

resembling those of scotti.

ABDOMEN

Much of the colouration of the abdomen has
faded but since the markings on the dorsal surface
of the terga of the 99 are poorly developed in all
species, they are not very important in the identifi-
cation of the species, The terga and sterna are
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pale yellow with the dark brown markings along the

ventrolateral sides of the latter clearly recognisable.

Ventral plate

The subgenital plate somewhat resembles that
of scotti by being shallowly excised at its apex, but
differs from this species in the sides being rounded

instead of straight (fig. 544 C),

Terminal Fililaments

The cercl are similar to those describad for
the d subimago, It is less yellow and has a brownish

tinge,

d Bubimago : Paranecotype

Body length: 9.1 cm. (head partly severed)
Forewing (length): 10.2 cm.

Ratio of tarsal joints:

First leg 2 > 3 > 5 » 1 > 4.

Second leg : 5 > 1 > 2 > 3 » 4,

Third leg 5 > 1 > 2 7y 3 ) 4,
HEAD

In contrast to scotti, the epicranium, frons

and clypeus is distinctly yellow with a very faint
brownish tinge, The very distinet dark brown

speckles, present on the epicranium and clypeus of
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ascotti, are absent in harrisoni. The antennal scape
is pale yellowish brown with the pedicel predominantly
yellow; the flagellum is brownish, Since the speci~
mens were preserved in alcohol, the colour of the com-
pound eyes have already faded, so that the silvery grey
ground colour has been almost completely replaced by
the dark, almost black, underlying colour of the
ommatidia. The brownish bands which encircle the
compound eyes in live specimens, could no longer be
distinquished clearly. On the limited evidence
available on this species there does not appear to

he marked differences in the colouration of the eyes

of harrisoni and scotti.

THORAX

Thorax yellowish, Mesonotum with brown bards
as in scotti. Metanotum with purplish brown stripes
running diagonally on either side of the mid dorsal

line. Pleura with markings as in ggotti.

Legs

Legs mainly yellow; first, second amd third
coxa with faint purplish brown tinge; trochanter
dark brown anterodistally; femur yellowish brown
with reddish brown apex; first femur generally
darker than second and third femora; tibia brownish

proximally but yellowish brown elsewhere; tarsz yel-

lowish brown and finely setose,

Wings

Wings similar to those of gcotti. Forewings
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yvellow in costal strip with subimaginal wing sheaths
yellowish brown and tinged purplish, Subimaginal wing
sheaths strongly pigmented with brown opposite the
cross veins as in scotti, All longitudinal and cross
veins except costa, milky yellow,

Hind wing bright yellow near base, othemwise

resembling forewing.

ABDOMEN

Markings on abdomen closely resemble those of
scotti but differ slightly in intensity and colou-
ration. Ground colour is pale yellowish brown with
the colouration in the dorsal surface of the terga
being more purplish than reddish brown. The markings
on the dorsal surface of the terga are similar to
those of scotti (fig. 59 ). The roughly triangu-
lar dark brown markings along the ventrolateral pos-—
terior sides of the abdominal terga are best developed
in segments 1-8, just present in segment 9 and ab~
gsent in the tenth tergum. The sterna of the abdo-
minal segments are yellow, shaded with purplish
brown, The markings on the sterna are similar to

those of scobti but are well developed (fig. 56 ).

Genitalia

Morphological details as for ¢ imago.

“ Terminal Filaments

Cerci yellowish with reddish bands at joints

of segments,
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Q@ Imago : Paraneotype

Body length: 9,8 cm.

Forewing (length): 11.3 cm.

Ratios of tarsal joints:

Firs leg + 5 > 2 » 1 > 3 > 4.
Second leg: 5 » 1 > 2 ) 3 ) 4.
Third leg ¢t 5 » L1 > 2 > 3 72 4,

This ¢ specimen closely rescmbles gcotti in
respect of body markings and colouration. Some of
the colour has already faded, particularly that of
the eyes, S0 that no proper comparison can be made

with scotti as far as colouration is concerned.

‘ HEAD

Head yellowigh brown. Dark brown splashlike
markings on posterior margin of vertex similar o
those of scotti. Clypeus brownish as in scottl,
darker than rest of head and provided with a concen-
tration of dark brown splashlike markings similar
to those on epicranium, Pedicel, scapc and part
of flagellum yellowish brown with terminal portion
of the latter fuscous, Ocelli hyaline with dark
bases. Compound eye pale yellow almost cream,
with brownish band, although considerably faded,
still visible along inner, anterior and anterolateral

margin,

THORAX

Pronotum yellowish brown with slight purplish

pigmentatioh. Meso~ and metanota yellowish brown
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fthone
with markings similar to thatlof gcotti. Colour

and markings on pleura also resemble those of gcotti.

Legs

First leg brownish; second and third legs more
yellow, Al11 femora darker distally, usually reddish
brown in colour, First tibia brown with tarsus
dark brown, almost black, Tibiae and tarsi of the

second and third legs yellow.

Wings

Forewing canary yellow in costal strip with
dark brown marking near subcosta, between costal brace
and costal strip. Rest of wing hyaline with a pale
yellowish tinge. Longitudinal veins predominantly
yellow, Cross veins yellow with faint brownish tinge.
" Hindwing hyaline, yellowish near costal brace. Longi-

tudinal and cross veins pale yellow,

ARDOMEN

Abdominal segments luteous. Dorsal surfaces
of terga pigmented reddish with no discernable pat-
tern. Dark brown markings on ventrolateral aspects
of abdominal terga, characteristic of harrisoni, clear-
1y visible in segments 1-8, just present in segnent
9 and absent in segment 10, Abdominal sterna with
some brownish pigmentation but unlike 2% subimagines

and imagines, without any definite pattern.
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Ventral plate

The subgenital plate is distinctly different
from that of scotti, being angulaxrly rounded with a

shallow apical concavity (fig., 544 ¢).

Terminal HFilaments

Similar to those of subimago.,

d Imago : Neotype

Body lengin: 9,1 cm,

Forewing (length): 10.4 cm.

Hatio of tarsal Jjoints:

First leg @ 2 > 3 > 1 = 4 » 5.
Second leg: 5 » 1 > 2 > 3 ) 4.
Third leg : 5 » 1 ) 2 > 3 » 4,

Preserved in 70% alcuhol. One pair of wings
and one first, second and third leg mounted on microseo-
pe slides.

Like all the other specimens preserved in alco-
hol or formalin, some of the colouration of the btody,
and, especially that of the eyes, has already been
lost., Since this is one of the best preserved spe-
cimens of the harrisoni collection from the Cape,
it is designated as the new neotype of harrisoni

Barnard,

HEAD

Vertex and frontal region pale yellow, Cly-

peus brownisgh with dark brown splashlike markings
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similar to that of scotti. Antennal scape, pedicel
and flagellum yellowish brown. Ocelli hyaline,
Compound eye silvery grey but somewhat faded to
appear slightly milky. Characteristic brown bands,

encircling compound eye, Jjust visible,

THORAX

Prothorax yellow with purplish pigmentation
flanking mid dorsal line of pronotum. Meso- and meta-
nota yellowish brown, Dark brown markings on pleurs

resemble those of gcotti.

Legs

First legs dark brown, Femora of second and
third legs reddish brown with their tibiae and tarsi,
respectively, yellow, and yellowish with dark brown

tinge.

Wings

Colouration of the wings resemble that of ¢
imego,differing from scotti in having dark brown spot
on wing membrane near subcosta, in area between costal

brace and costal strip.

ABDOMEN

Abdomen yellowish brown with purplish brown
pigmentation dorsally on terga., Abdominal sterna
also tinged purplish brown, with lighter yellowish
narkings on each segment, resembling those in spe-

cimens of scotti (fig, 56 ). Dark purplish brown
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narkings along ventrolateral edges of the abdominal
terga 1-9 well developed and clearly recognisable

with naked eye.

Genitalia

Although there are only slight differences be=-
tween the J genitalia of harrisoni and gcotti, it is
possible to separate the two spp. on the basis c¢f the
penis, once these differences have been recognized,
In both species the styliger plate is evenly rovnded
posteriorly, the penis is apically excised, and, when
viewed from below, the two lobes are ostensibly
separated over their entire exposed lengths, each
forming a thick ridge medially, curving away from
the mid ventral line, Apically these thickened
inner side of the lobes terminate in small protu-
berances dorsally. Due to a slight thickening of
the lateral side of each lobe, they are shallow_y
concave ventrally (fig. 544 D), The outlines of the
lobes are so depicted in figures 544 B & I, The
major differences between this structure in the two
species. are as follows: In scotti the posterior mar-
gin of each lobe slopes more gradually rostrad than
in harrisoni and the lobes are widest in their pos-
terior halves (fig. 54A B). whereas their inner thicke-
ned edges narrows down distinctly distally. In
harrisoni the lateral sides of the two lobes are al-
most parallell and their thickened inner edges vir-

tually retain the seme width throughout (fig. 544 D).

Terminal Filaments

As in @ imago,
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Afronurus harrisoni Barnard

Type locality: Great Berg river system, Western Cape,

Neotype J imago; Great Berg river system;
6.%3.61; coll. Dr. K,IM.F, Scott, (C.8.I.R.
Cat. No. Misc. 1514).

Parancotype ¢ imago; Great Berg river system;
6.%.61; coll, Dr. K.M,F. Scott. (C.S.I.R.
Cat., No. Misc, 1514).

Parancotypc @ subimago; Great Berg river system;
7.3.61; coll, Dr. K,IM,F. Scott. (C.8.I.R.

Cat., No., Misc. 1514).

9,744.5 Afronurus oliffi sp, nov.

¢ Imego : Paratype

Measurements in mm,
Body length 11,70
TLength of cerci: 21.00
Forewing length: 12.90
Forewing width : 4,50
Hind wing length: 4,30

Hind wing width: 2.25

Ratio of tarsal jolats:

First leg 2 5 5 > 3 5y 1 ) &,
Second leg ¢t 5 » 2 > 1 ) 3 y 4,
Third leg 5 Y 1 > 2 > 3 ) 4.
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HEAD

Epicranium and fronto-clypeus mainly vellowish
brown with ventral edge of clypeus dark brown, devoid
of speckles, Antennal scape and pedicel yellowish
brown; flagellum dark. brown, almost black, Com~
pound eyes pale yellow (fig. 62 ). Ocelli hyaline

with dark greenish brown bases,

THORAX

Prothorex yellowish brown. Meso-~ and metanota
brownish, pleura yellowish brown; Terga yellowish.
A characteristic yellow region which is also notice-
able in ¢ specimens, stretches anteriorly from the
base of the forewing (fig. 64 ). Purplish brown
streaks occurring on ﬁhe thoracic pleura resemble

those of the dd,

Wings

As in the ¢ imagines. Crogs velns dark brown,
well developed. Longitudinal veins brownish. Cos-
tal strip yellowish brown with the rest of the wing

membrane hyaline,

Legs

Coxae, trochanters and tibiae yellowish;
femora yellow with brownish apices; tarsi yellowish

with & dark brown, almost black tinge.

ABDOMEN

Abdominal sterna yellowishj; terga brownish
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dorsally with their lateral sides clearly divided
into brownish dorsal and yellowish brown ventral
portions, Markings on sternal segments resemble
those of harrisoni. Abdominal pattern along the
mediodorsal line of the abdomen as in the J¢ speci-
mens of oliffi, but not so well developed, In seg-
ments 9-10 the colour of the abdomen 1s predominantly

yellow with only a very faint tinge of reddish brown,

Ventral plate

Q Ventral plate with almost evenly rounded la=-
teral sides, curving gently inwards to form a very

shallow excision at the apex (fig. 544 E),

Terminal Filaments

As in J imago; with dark brown rings at the

joints of the segments.

d Subimago : Paratype

Apart from the wing colouratioﬁ, which closely
pesemble that of the subimagines of harrisoni, the
narkings, colouration and body patterns of the imago
and subimago of oliffi are very similar but more dull

in the latter,

Body length: 9.5 mm,

Number of cross veins in C, Sc and Ry:

Left forewing: C 31-32 Right forewing: C = 30

Sc = 24 Sc 24

il

24.

il

Rl = 23 Rl
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BEAD

Epicranium between compound eyes pale yellow;
head ~yellowish brown anterior to the frontal
sutures, Frontoclypeus pale yellowish brown, Cly-.
psus reddish brown, Antennal sclerite, scape and
psdical pale yellowish brown; flagellum fuscous,
Compound eyes like those of the J imago, being pale
ysllow with short light brown streaks along their
amterior surfaces which originate opposite the bases
of the lateral ocelli,becoming progressively narrower
and lighter in intensity sidewards, fading out before
the lateral margins of the eyes are reached. Ocellil

hyaline withtheir bases greenish brown,

THORAX
Pronotum yellow, Meso~ and metanota yellowish
brown, Pro- meso and metapleura and -terga yellow,

Vegsonotum with two pairs of dark brown streaks, one
short and the other stretching over the entire lengzh
of the mesonotum, both widening posteriorly and closely
resembling similar thoracic markings in specimens of
harrisoni, Markings on the pleura as in the dd and

¢Q imagines,

Wings

Wing membranes of subimago predominantly grey
brown with a purplish tinge; yellowish brown in the
costal strip. Light brown longitudinal, and darker-
coloured cross veins clearly visible through the sub-
imaginal wing sheaths which are pigmented brownish

opposite both the longitudinal and cross veins,
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TLike harrisoni there is a dark purplish brown spot
on the fore wing near the subcosta, in the region

between the costal brace and costal strip.

Legs

Coxae, trochanters arnd tibiae mainly yellow;

femora luteus, brownish distally; tarsi dark brown.

ABDOMEN

Colour of abdomen as in Jd imagines, but more
dull; wreddish brown dorsally, with yellowish lateral
end ventral surfaces. Yellowish streaks along the

mid dorsal line of the abdomen as in ¢ 1mago (fig. 63 ).

Genitalia

Styliger plate and genostyles dark brown.
Penis dark brown with its structure distinctly re-—

sembling that of the ¢ imago,

Terminal Filaments

Cerci brownish with characteristic dark brown

rings at the joints between segments.,

d Imago : Holotype

Although the subimaginal characteristics closely
regsemble those of harrisoni, particularly with respect

to the pattern and colour of the wing sheaths, there
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are very distinctive features whereby the imagines
A Lty
and subimagines /species can be separated from all

the other South African species of Afronurus.

Measurements in mn,

Body length : 11,50
Forewing length: 10,70
Forewing width : 4,00
Hind wing length: 3.55

Hind wing width: 2.00

Tegs (lengbh): All measurements along dorsal
surfaces of segments.
Pirs leg: Femur 2.85; tibia 3.00; tarsus 3,99;
claw 0.19,
Second leg: Femur 2.73; tibia 2,10; tarsus 1.09;
claw ©,17.
Third leg: Femur 2.90; tibia 2,10; tarsus 0.97;

claw 0.17.

Ratio of tarsal Jjoints:
First leg: 2 > 3 » 1 4 5
Second leg: 5 » 2 > 1 > 3 ) 4.

1 2 3 4

Third leg: 5 b ) )

Number of cross veins in C, Sc and Rl:

TLeft forewing: C = 29 Right forewing: C = 29-%0
Sc = 22 Sc = 24
Rl = 21 Rl = 21,

HEAD

Head pale yellowish brown, Epicranium brownish

between compound eyes with the coronal and frontal
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sutures occurring as faint dark brown stripes. Cly-
peus along ventral border of head reddish brown, devoid
of dark brown markings such as those of harrisoni,
Carina and frontoclypeus below the median ocellus,
pale yellow, Antennal sclerites yellowish grey;
antennal scape and pedicel yellowish brown, flagel-
lum fuscous, Male specimens of this species differ
from all the other species of Afronurus described in
this paper, in having pale yellow compound eyes (fig.
64 )} 1in contrast to the silvery coloured eyes of the
others, Black tinge of underlying ommatidia, which
replaces the yellow colour in preservatives, distinct-
1y visible through yellow surface colour of eye.
Stretching from the inner anterior corner of each
compound eye there is a short light brown band which
fades out along its latero-anterior border, This
is the only brownish coloured stripe present on the
compound eyes of the ¢ specimens of 0liffi and, in
this respect, oliffi also differs from all the other
South African speciles. Ocelli hyaline, slightly
milky, each with its base successively surrounded by

a bright yellow area and a greenish brown reglomn.

THORAY

Prothorax predominantly yellow, reddish brown
dorsally. Meso- and metanota yellowish brown with
brown markings. Pleure yellowish, Terga yellowish
brown., Purplish brown streak stretching anterlorly
fror bage of each forewing along the lateroventral
edges of the mesonotum. Purplish brown stresks also

occur on the pleura anterior to the coxae of the
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second and third legs (fig. 64 ) and at the base

of the forewing, opposite the subcosta, where there

are two purplish brown markings, the one immediately
below the wing being in the form of a stripe whilst

the more ventrally situated one is more roundish in

shape (fig., 64 ).

Wings

Longitudinal and cross veins of forewing well
developed (fig. 61 ) and clearly visible with the naked
eye; cross veins dark brown in contrast to the lighter
brownish coloured longitudinal veins (fig. 64 ),

Wing membrane in costal strip brownish before bulla,
vellowish brown distally; otherwise almost hyaline,
Hind wings hyaline, yellowish in costal strip; cross

veins dark brown as in forewing (fig. 64 ).

Legs

Legs mainly yellowish brown; femora luteous,
brownish towards apices; tiblae yellow, brownish

distally; tarsi yellow with a dark brown tinge (fig. 64 ).

ABDOMEN

Abdominal segments mainly yellowish; bterga
reddish brown dorsally with bright yellow lateral
sides; sterna yellowish with markings in the form
of shallow indentations, resembling those of harrisoni
(fig, 56 ). Pattern on mediodorsal surfaces of the

terga (fig. 63 ) very characteristic of the species,
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Genitalia

Styliger plate and genostyles yellow. Penis

yellowish brown, almost square bilobed, shallowly

excised at its apex, with each penis lobe having a

sha’low concavity along its ventrolateral side (fig. 54B

E ) which gives the penis an almost four lobed ap-

pearance when viewed from below,

Terminal filaments

Cerci yellowish with dark brown bands at the

joints of the segments.

Type locality:

Type material:

The type material of oliffi

Yarrow river at Shawswood, Umgeni

Basin (Natal).

Holotype: ¢ imago; Yarrow river at
Shawswood, Umgeni river system (Natal);
nymph collected 30,4.62, correlated
2.5,62; described and photographed
2,5,62; coll, H.J. Schoonbee,

Paratype: ¢ imago; Yarrow river at
Shawswood; nymph collected 30.,4.62;

correlated 3.5.62; coll, H.,d, Schoonbee.

Paratyoe: Q imago; Yarrow river at
Shawswood; nymph collected 30.4.,62,
correlated 3.5.62; coll., H.J.Schoonbee

Paratypes: 2 99 imagines; 1 J imago;
"Mtebezane", Witteberg, Gaints Castle,

Natalj; 21,12,.59; coll. R.S. Crass.
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Paratype: 1 @ subimago; Yarrow
river at Shawswood; nymph caught
15,5.62, correlated 21.5.62; coll,
H.J. Schoonbee,

Afronurus bharnardli sp. nov,

As mentioned before, the species barnardi and

peringueyi are very closely relatedyshowing an even

closer resemblance in the subimaginal and imaginal
forms than in their respective nymphs, There are
some characteristics, however, whereby these two
species can easily be separated. These are the
wing patterns of the subimagines, the Jd genitalia
and the 99 ventral plates of both adult developmental

stages.

¢ Subimago : Paratype

Body length: 9,5 mm,

Forewing (length): 10,0 wmm,

Ratio of tarsal joints:

First leg : S » 2 > 1 » 3 ) 4,

Second leg : 5 > 1 > 2 > 3 ) &,

Third leg 5 % 1 > 2 > 3 ) 4,
HEAD

Epicranium dark brown in region of fusion with

compound eye, but purplish brown elsewhere. Frons
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yellowish between ocelli, Genae between lateral
ocelli and compound eyes.purplish brown with region
immediately below the lateral ocelli, near the anten-
nal sclerite, being creamy. Clypeus dark purplish
brown, Antennal scape and pedicel brownish, fla-
gellum fuscous, Inner dorsal edges of compound eye
purplish brown, suffusing with luteous tinge occupy;
ing much of the dorsal surface of the eye. Along
its laterodorsal and lateral surface, this luteous
colouration is replaced by a silvery grey, bisected
by a brownish band which runs from the anterodorsal
surface, along its laterodorsal margin, fading out
in its posterior inner angle. This brown band has
reddish dorsal and ventral edges. Ocelli hyeline,

greenish along inner bases,

THORAX

Prothorax yellow, tinged purplish with dark
purplish brown circular markings flanking mid dorsal
line of notum, Similar markings occur dorsally to
the fore coxae, Meso-~ and metanota yellowish brown,
pleura yellow, tinged faint purplish with markings

resembling those in peringueyi.

Legs

Coxae and trochanters of first, second and
third femora yellow; first femur luteuous; second and
third femora more yellow; all femora brownish towards
apices. Tibia yellowish with a brownish tinge.

Tarsus fuscous,
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Wings

Wing membrane mainly yellow in costal strip,
milky beyond bulla; middle field and cubito-anal region
of wing dark grey with a broad creamy strip occupying
its central portion, being wider near the cubito-
snal region and tapering towards wing tip (fig. 65).
Costa yellowish brown, other longitudinal veins mainly

yvellow; cross veins milky,

ABDOMEN

Abdomen dull yellow, brownish dorsally. Brown
narkings of a mediodorsal longitudinal streak which
fades out towards the seventh segment, flanked on
cach side by a laterodorsal row of brown spots which
are almost continuous with the median brown streak
in segments 1-3, but, becoming progressively smaller
towards the 7th segment. Yellowish pattern along
mid dorsal line of sbdomen in tThe form of two curved
streaks per segment, very faint and not always eaéily
recognisable. Posterior margins of terga with minute

blackish speckles,

Ventral plate

As in 9@ imago,

Terminal Filaments

Cerci luteous, greyish white distally.
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Q@ Imago : Paratype
Measurements in mm,

Body length: 2.80.
Gerci (length) 20,50
Forewing (length): 11,00
Forewing (width) : %,70
Hind wing (length): 3.20
Legs (length): All measurements along dorsal
surfaces of segments.
First leg +  Pemur 2.60; tibia 2.15; tarsus 1.45;
claw 0,18.
Second leg : Femur 2.78;htibia 2,103 tarsus 1.00;
claw ©,18,
Third leg : Femur 2,90; tibia 2.2C; tarsus 0.90;
claw 0,15.

Ratio of tarsal joints:

First leg : 5 » 2 > 1 > 3 » 4,
Second leg: 5 > 1 > 2 > 3 7 4.
Third leg : 5 > 1 > 2 > 3 ) 4.

Number of cross veins in C, Sc and Rl:

Teft forewing: C = 24 Right forewing C = 24
Sc = 22 Sc = 26
Ry = 24 Bl = 21,

HEAD

As in ¢ subimago.

THORAX

As in @ subimago but more brightly coloured.
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Legs

Coxa yellow; femur luteous, first femur darker
than second and third; tibia yellowishj;tarsus greyish
yellow, A1l femora with minute dark brown speckles

on anterior surfaces,

Wings

Wings with a distinct yellowish tinge; brightexr
yellow in costal strip. Wing base purplish. Costa,
subcosta and radius yellowish brown, other longitudi-

nal veins yellowish; cross veins nilky.

ABDOMEN

As in 9 subimagines. Differs from peringueyi

in colouration of dorsal surface, which is brownish

instead of reddish brown.

Ventral plate

Subgenital plate luteous with faint reddish
tinge; each side curved at the base; tapering to-
wards the apex which is truncate, or, at the most,

very poorly excised apically (fig. 544 H).

Terminal filaments

Cerci yellowish brown.

d Imago : Holotype

TLike the ¢ imago, the dorsal colouration in the

abdomen of the dF of barnardi differs from that of
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perineueyi in having purplish brown markings instead

of being reddish brown,

Measurements in mm,

Body length : 8,30

Length of cerci: 19,00-20,00

Forewing (lengthy 9.30

Forewing (width ): 3,00

Hind wing (ength)y 2.70

Hind wing (width): 1.60

Legs (length): All measurements along dorsal

surfaces of segments,

FPirst leg : Femur 2.58; tibia 2.70; tarsus 2.84;
) claw 0.14,
Second leg : Femur 2.48; tibia 1.80; tarsus 0.92;
claw 0,16. |
Third leg : Femur 2,62; tibia 1.85; tarsus 0.83;
claw 0,14,

Ratio of tarsal joints:

Pirst leg 5 ) 3y 1 > 4 > 5.
Second leg: 5 » 1 > 2 > 3 ) 4,
Third leg ¢ 5 » 1 > 2 > 3 ) 4,

Number of cross veins in C, Sc and Ry:

Left forewing : C

= 23 Right forewing: C = 26
Be = 25 8¢ = 22
Rl = 17 R1 = 19,
HEAD

Epicranium reddish brown, bright yvellow dorsally
in vicinity of frontal sutures; brownish between

lateral ocelli, with a yellowish streak immediately
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below, and encircling each ocellus ventrally. Anten-
nal sclerite creamy; antenna brown, Carina yellow
with faint reddish tinge. Clypeus yellowish with dark
brown speckles. Ground colour of compound eye
greyish, with light reddish brown band encircling

eye dorsally, and dark brown horse. shoe shaped band
enclosing eye from the side (fig. 66 ).  Ocelli

hyaline with greenish black bases,

TEORAX

Yellowish brown with markings resembling those

of the female,

Legs

Colouration of the legs as in ¢ imago,

Wings
As in ¢ imago (fig. 66 ).

ABDOMEN

Abdomen yellow, purplish brown dorsally; each
segment with two curved yellowish streaks mediodor-
sally (fig. 67 ) resembling somewhat the abdominal

pattern of peringueyi; pattern best developed in

segments 3~4; yellowish streaks in segments %Y
longer than half their respective segments but shor-

ter in segments 8-9, Segment ten yellowish brown,

Genitalia

Styliger plate and genostyles vellowish; penis

vellowish brown, bilobed, with each lobe excised at
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apex, the inner lobes of which are digitate, curving

outwards as in peringueyi, but differing from the latter

in being only slightly longer than its outer wider and

more triangular lobe (compare figs, 54B.C & A ).

Terminal Filaments

Cerci yellowish bmown,

Type locality:

Type material:

Type material of barnardi

Emolweni river at Krantzkloof, Umgeni
river system, Natal,

Holotype: J imago; ZEmolweni river at
Krantzkloof; nymph collected 20,.4,62,
correlated 21,4.62; coll, H.J.Schoonbee,

Paratype: J imagoj; Emolweni river at
Krantzkloof; nymph collected 20,4.062,
correlated 22,4.62; coll, H.J.Schoonbee,

Paratype: J imago; Mooi river (Trans-
vaal) at Haagner's poultry farm near
Potchefstroom; nymph collected 17.12,62,
correlated 20.12,62; coll, H,.J,Schoonbee,

Paratype: J subimago; Emolweni river
at Krantzkloof; nymph collected 20,4.62,
correlated 22.4.62; coll. H,J.Schoonbee.

Paratypes: 2 99 imagines; Emolweni
river at Krantzkloof; nymphs collected
20,4,62; correlated 21.4.62; coll,

H,J. Schoonbee,
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Paratypes: 3% 99 imagines; Emolweni
river at Krantzkloof; nymphs collec-
ted 20.4.62, correlated 22.4.62; coll,

H.J., Schoonbee,

Paratype: @ imago; Emolweni river
at Krantzkloof; nymphs caught 20,4.62,
correlated 25.4,62; coll. H.,J.Schoonbee,

: Paratype: ¢ subimago; Emolweni river
at Krantzkloof; nymph collected
19.4,62, correlated 22,4.62; coll.

H.J. Schoonbee.

Paratype: @ subimago; Vaal river at
Skandinawig drift, Transvaal-Orange
Free State border; nymph collected
17.9.62, correlated 21.9.62; coll.

H,.J., Schoonbee,

9,7.4.5 Afronurus peringueyi (Petersen)

? Subimago

Body length: 7,50 mm,
Wing (length):10,00 mm,

Ratio of tarsal Jjoints:

Pirst leg 5 % 1 = 2 Yy 3 ) 4,
Second leg : 5 > 1 > 2 > 3 ) 4,
Third leg 5 % 1 > 2 3 3 2 4.
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HEAD

Epicranium brownish; posterior margin of head
dark brown, Frontoclypeus pale creamy; carina dark
brown; ventral margin of clypeus greyish. Antennal
sclerite milky; scape, pedicel and flagellum brownish,
Ocelli hyaline with greenish bases and bright yellow
border, Ground colours of sompound eyes silvery
grey with brown bands; inner sides of dorsal surface
tinged with yellowish brown and bordered by curving
brown band which follows lateral contour of eye which,
in turn, is followed laterally on the dorsal surface
by a clear streak of silvery grey. Purplish brown
band along dorsolateral margin of head, Jjoins the
dorsally situated brownish band in the region of the
mid posterior margin of the compound eye. Narrow
silvery grey streak is exposed along the lateral
margin, with a short light brown band situated below
the latter along the ventral edge of the anterior

margin of the eye.

THORAX

Prothorax pale yellow, Ileso- and metathorax
yellowish brown, Thoracic pleura yellowish with
well defined purplish brown markings behind coxae
of first, second and third legs. Mesonotum yellowish
brown with one short and one long brown band on either
side of the mid dorsal line, resembling those of

harrisoni,

Legs.,
Coxa and trochanter yellow; femur and tibia
yellow with a dark brown tinge; tarsal segments al-

most black,
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Wings

Wing colouration as in the & subimago (fig. 68 ).
Membrane of forewing predominantly dark grey; costal
strip pale yellow, creamy btowards tip of wing. ILongi-
tudinal veins yellowish brown, cross veins milky.

Wing sheath with broken lighter bands running between
the longitudinal veins of the middle field and cubito-
anal areas (fig, 68 ). Hind wings dark grey, yel-

lowish near costal brace,

ABDOIMEN

Colour of abdomen as in 9 imago, but wuller,
Terga brownish becoming yellowish towards tenth seg-
ment, Sterna yellowish, In addition to a faint
mediodorsal yellowish line bthere are also a pair
of short, yellowish streaks per segment flanking
the former, This pattern resembles that of the
JS but differ in being slightly wider spaced from
the mid dorsal line; in segment 2 the yellowish
streaks are broader than long, occupying less than
nalf the length of the tergum, becoming slightly
longer in the third, and being longer than half the

segments in terge 4-9,

Ventral plate

Ventral plate rounded at base, tepering towards
apex which is almost truncete but still shows a slight

excigion (fig, 544 G).

Terminal Filaments

Cerci pale yellow, darker distally.
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? Imago

Measurements in mm,

Body length : 9,8 mm,

Length of cerci: 16,5-17.00

Forewing (length):10,3

Forewing (width): 3,1

Legs (length): All measurements along dorsal

surfaces of segments.

First leg: Femur 2,.55; tibia 2.05; tarsus 1.28;
claw 0,18,

Second leg: Femur 2.70; tibia 2,04; tarsus 0,85;
claw 0,90,

Third leg : Femur 2,90; tibia 2,00; tarsus 0.82;
claw 0,16,

Ratio of tarsal Jjoints:

First leg 5 ) 1 = 2 ) 3 ) 4,

Second leg ¢ 5 > 1 > 2 > 3 » 4,

Third leg 5 » 1 > 2 » 3 ) 4,
HEAD

As in Q subimago but with the following diffe-
rences: Antenna yellowish; ventral margin of cly-
peus more brownish; epicranium of head brown with
purplish tinge, Colour of compound eye and ocelli

as described for ? subimago.

THORAX

As in @ subimago but more brightly coloured.
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Legs

Coxa yellow; femur luteous, darker distally;

tibia yellowish, tarsus yellowish with a dark brown

tinge.

Wings

Wing membrane hyaline with a very faint yellow
tinge; pale yellow in costal strip before bulla,
milky towards tip. Costa yellowish brown; other

longitudinal veins yellowishj; cross veins milky,

ABDOMEN

As in @ subimago. Brownish dorsally, yellowish
brown laterally with yellow sterna. Brown colour
~occupies much of lateral margins of sterna it fivet

seven segments, Ninth and tenth segments almost

entirely yellow

Ventral plate

Ventral plate bright yellowish brown; struc-

ture as in ¢ subimago.
Terminal Filaments

Cerci light reddish brown proximally, becoming

yellow towards their tips.

Measurements in mm,

Body length: 8,50
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Length of cerci : 18.00-19.00

Forewing (length): 8,50

Forewing (width): 2.90

Hind wing (length): 2.85

Hind wing (width): 1.70

Legs (length): All measurements made along dorsal

surfaces of segments,

First leg ¢ Femur 2,40; tibia 2.65; tarsus 2.37;
claw 0,18,

Second leg : Femur 2.50; tibia 1.90; tarsus Q.78

claw 0,16,
Third leg : Femur 2.70; tibla 2.00; tarsus 0.68;
claw 0,17.
Ratio of tarsal Joints:
Pirst leg 2 Y 3 > 1 > 4 ) 5,
Second leg : 5 » 1 > 2 > 3 > 4.
Third leg 5 ¥ 1 3 £ ¥ & ¥ 4.

Number of cross veins in C, Sc and Rlz

Left forewing: C = 2% Right forewing: C = 22
Sc = 21 Sc = 18
Rl = 16 Rl = 15,

HEAD

Epicranium yellowish brown; frontoclypeus
cream with minute brownish speckles along ventral
margin of clypeus. Antennae brownish. Compound
eyes predominantly silvery grey with brown bands .

Dorsal surface of compound eye
silvery grey, tinged luteous, enclosed by an oval

shaped light brown band which is almost complete
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but for a narrow region at the inner edge of the eye
where the silvery grey is exposed. The lateral
nargin of the compound eye below this light brown
band consists of a wider grey band and a more ven-
trally situated horse-shoe shaped dark brown band
which encloses the eye ventrolaterally. A second
narrower and shorter brownish band occurs along the
outer ventral edges of the compound eyes, The ocelli

are hyaline with dark greenish bases,

THORAX

Prothorax yellowish; meso- and metanota brow-
nish, pleura and terga yellowish brown, Purplish

brown markings on pleura as in 9Q.

Legs
As in 9 imago.

Wings
As in 9 imago,

ABDOMEN

Abdominal sterna yellowish; lateral sides of
terga yellowish brown, reddish brown dorsally in
segments 1-6, becoming progressively lighter in
intensity and more brownish towards segments 7, B,
and 9. Tenth segmenti predominantly yellow with faint
brownish tinge, (In freshly molted specimens seg-
ment ten is bright yellow).  Yellowish pattern
consisting of a pair of curved streaks per segment,
clearly visible along the mid dorsal line of abdomi-

nal terga. This pattern fades out in the 9th and
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10th segments where it blends with the yellow colour
of the terga. Posterior margins of terga with small

brownish speckles.

Genitalia

Styliger plate and genostyles yellowish brown.
Penis light brown, bilobed, with each lobe cleft at
the apex to form two shorter lobes each, the inner
one of which is narrow, digitate, curving away from
the middle whilst the tip of outer lobe is shorter,

wider and more triangular in appearance (fig. 543/33).
22/

Terminal filaments

Cerci light brown becoming creamy towards tips.

Type materials
Type locality: lMfongosi, Zululand,

mype material: ILecbtotype: J imago; Mfongosi, Zulu-
land; October 1911; coll, W.E. Jones.,

Paralectotypes: 1 ¢ imago, 1 @ sub-
imago; Mfongosi, Zululand, coll,

W.E, Jonesg,

Additional material: 1 J imago; Umgeni river (Watal)
at Table Mountain, above Nagle
dams nymph collected 17.4.62,
bred out 18,4.62; coll. H.J,

Schoonbee.

1 ¢ imago; 1 ¢ subimago; Vaal

river at Skandinawigdrif’®,
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border of Transvaal-Orange
¥ree State; nymph collected
29,12,62, correlated 1.1.63;
coll, H.J. Schoonbee.

1 ¢ imago; Umgeni river at
Table Mountain; nymﬁh collec-
ted 17.4.62; correlated 20.4,62;

coll. H.J. Schoonbee,

2 99 imagines; Umgeni river
at Table Mountain; nymph col-
lected 17.4.62; correlated

21.4,62; coll, H.J. Schoonbee,

2 99 imagines; Umgeni river
at Albert Falls; March 1962;

coll. H.J. Schoonbee,

1 Q subimago; Umgeni river at
Table Mountain; nymph collec-
ted 17.4.62; correlated 25.4.62;
coll, H.J. Schoonbee.

2 Q9 subimagines; Vaal river
at Skandinawiddrift; nymph
collected 29.12.62; correlated
1.1.63,

9.7.5 The value of ‘the ratios between the femur,
tibia, tarsus and tarsal segments in the

demarcatioh of the genus Afronurus lLestage.

One of the main criteria employed by Lestage

(1924) in the separation of the genera Ecdyonurus,
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Heptagenia and Afronurus,is the lengths of the femur,
tibia and tarsus, relative to each other, and the
comparative lengths of the tarsal segments in each
leg, which he (Lestage) maintains should be taken
into consideration, since these dimensions form The
basis on which she ecdyonurid group was established,
Although the number of adult dd and 99 specimens in
my posession are inadequate for a reliable statistical
evaluation of the leg formulae laid down for the
genus Afronurus by Lestage, the data presented in
tables 63 and 64 might justify the following

preliminary conclusions,

i, The ratios of the leg segments are subject
to greater variation than Lestage must have
anticipated;

ii, The formulae given by Lestage for the first
leg of the Afronurus Jd viz, tarsus ( femur
( tibia, roughly applies only to peringueyi’

(table 63 ). The species barnandi (Cape) and

harrisoni (Cape) also approaches this furmula but

1 L S e U

oliffi, barnardi (Transvaal and Natal) and scotti

agrees better with Lestage's formulae for Heptagenia:

iii, The ratios of the tarsal segments (table ¥y

likewise, are not comnstant for the genus.

Until such time, therefore, as more material

becomes available for statistical treatment, these
ernplese st ,
formulae must be apptied with caution.
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TABLE 63

Leg formulae of the South African SpPecies of Afronuryus

i,

SPECIES SEX | ILEG | FORMULA
First Tarsus ( femur ﬁ:tibia
. |__Second Femur ) tibia ) tarsus
PERINGUEYT ] Third Femur ) +ibia > _tbarsus
First Femur ) tibia ) tarsus
Q Second Femur ) tibia ) tarsus '
Third Fermur ) tibia ) tarsus
. FPirst Femur ( tibia ¢ tarsus
. Second Femur ) tibig ) tarsug
SCOTTT Thirg Femur ) tibia ) tarsus
o { First Femur > tibia ) tarsus
o Second Femur ) tipia ) tarsus
Third Femur ) tibia ) tarsus
o First Femur { tibia ¢ tarsus
. Second Femur ) tibia ) tarsus
BARNARDIT Third Femur ) tibia ) tarsus
Transvaal ang o First Femur ) tibia ) tarsus _
Natal specimenj o Second Femar > +tibia ) tarsus
Third Femur ) tibia ) tarsus
First Femur 2 tibia 2_tarsus
BARWARDT g Second Femur ) tibia ) tarsus
Western Cape Third Femur ) tibia ) tarsus
Specimens Q I’ First Femur > tibia ) tarsus
o ! Second Jemur ) tibia ) tarsus
| Third | Femur >_tibia ) tarsus
/ . I First Femur ( $ibia ¢ tarsus
[ Second Femur ) tibia ) tarsus
| Third Femur ) tibig ) tarsus
QLIFRL ) 0 Pirst Femur > +tibig ) tarsus
| I o Second Femur ) tibia ) tarsus
Third Femur > tibia tarsus
" First | Femur = tibia ) tarsug
HARRISONT o Second Femur ) tibia ? _tarsus
Western Cape Third Femir ) tibia ) tarsus
Specimens Pirgt Femur ) tibia ) tarsug
Second Femur ) tibia ) tarsus
Third Femur > +ibia ) tarsusg
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TABLE 64

African species of

of Lestage's

SPECTES | g;ﬁgiﬁegi Formulae of barsal seg-
| analysed Legs Formulaé
! Pirst| 2 =% ) 1 ) 4 )5
PERINGUEYL 72 dd Second
(Lestage, 192¢, Third| 5 ) 1 > 2 ) 3 )4
D. ). First{ 5 ) 2> 3 > 1 >4
2 00 Second| 5 > 1 =2 > 3% 724
Third| 5> 1 > 2 > 3 >4
First} 2 > 3 > 1 > 4 75
6 dd Second| 5> 1 > 2> 3 )4
PERINGUEYT Third| 50 1 > 20 3 24
First! 5 % 1 § 2y 3 Y4
4 °9 Second! 53 1 ) 2 ) 3 24
Third| 5 > 1 » 2 ) 3 )4
First| 2 » 3 > 4 % 175
Secondi 5 > 1 % 2 3 )4
8 dd
— Third| 5 ) 1 % 2 3 )4
First| 5) 2 ) 1§ 3 )4
9 @9 S5oond T By 10 20 5 0k
Third| 5 9 L .3 2 0 3 J&
First| 2 %3 ) 1) 4)5
10 dd Second| 5 v 1 7 2 ) 5 24
BARNARDI Tird | 6 9 L 9. 2 9 3 )&
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SUMMARY .,

An 1n%estigation was nade into the hydrobiology of the
Ungeni river, Natal and the physiography of its basin is briefly
described, The physical and chemical conditions of the water
indicated clean unpolluted conditions in the nain river and
nost of its tributaries.

Although very littlg ettention has been paid to the
possible influence of geology upon the distribution of the
fauna, the type of waters and iifferences in algal growths in,
for instaence, the Ungeni and Great Berg rivers, at their head
waters might be linked with the different geclogical strata
which they traverse. In contrast to the Berg river which at
its head waters traverses Table Mountain Sandstone, which gives
risc to poorly mineralized waters (¢c.f. Harrison and Elsworth,
1958), the Umgeni river nainly flows over beds of the Lower
Beaufort and Ecca series which provide waters with comparative-
ly high dissolved naterial conprising meinly the bicarbonates
of Calciun and Magnesium.

Differences in altitude and appdrently also differences in
temperature do not appear to be appear—to—be a critical deter-—
ninative factor of the absence or presence of "head water
organisms" since most species previously believed Lo be
characteristic of upper river zones at high altitudes only,
algso featured proninently at places in the Ungeni river, such
as at Ross?’ Farm and, in the Emolweni river tributary at
Krantzkloof, at much lower altitudes.

The ephemeropteran genus Afronurus is revised and five
species are recognized by reference both to their morphology
and ecological distribution. Three of these are new to
science,

The steplike profile of the river results in the depo-
gition of silt at places like Watersmeet, Fern Hill Flats and

upstrean from Albert Falls which appear to be mainly responsibl:
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for the absence, or numerical decline of some aquatic organisms,
The deposition of silt at these places, however, also explains
why the Ungeni carried little silt during practically all
seasons of the year. This may perhapsréiﬁiain 'nAEEEEEthe
extended range of longitudinal (=downstream) occurrence in

the river of Afronurus sp. 2 (=A. barnardi) and Afronurus sp.
3 (=A. scotti) and their associated faunas which, in the
Tugela river, which carries comparatively higher silt loads
(¢c.f. OLiff, 1960; Provincial water engineer’s dept., Natal
Provincial Adninistration, personal communications, and un-
published data), were largely restricted to the first 18 - 20
niles (i 29 - 32 Kilometres) of the Tugela river compared
with approximately 40 niles (+ 64 Kilometres) (Afronurus sp. 2
associaticn) and 100 - 120 miles (+ 161 - 193 Kilometres)

(Afronurus sp. 7 association) in the Umgeni river,.

The downstream distribution of the fauna do not neces-
sarily coincide with the currently employed physical river
zonation system. This was clearly demonstrated, in particu-
lar, by the asscciations of the stony bottom Ephemeroptera
which were found to be spread over several physical zones.
(¢.f. the Afronurus sp. 2 and sp. 5 associations). In the
Ungeni river therefore, and probably other South African
rivers as well, & physical zonation systen such as that
followed by 0liff (1960) and Harrison and Elsworth (1958)
cannot, without gqualification be taken as indicative of the
distribution of the fauna in the river.

An analysis of the stony bottom Ephemercptera recovered
from the Umgeni river and a specilal investigation of the five
Afronurus species recognized in this paper, lead to the de-
velopnent of a systenm of biological zonation of rivers which
is largely based on the stony botton Epheneroptera constantly

associated with these Afronurus species. This provides a
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new approach towards a better understanding of the faunal dis-
tribution in Bouth African rivers, for it takes into considera-
tion the circumstance that not all living conditions in a
particular stretch of the river are being determined merely

by the physical characteristics of that part of the river.
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