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ABSTRACT

This investigation was aimed at identifying factors which influenced the
abundance of the aquatic stages of Simuliidae in the Vaal River near
Warrenton. The life cycle, biology and ecology of Simuliwn chuttert

Lewis the dominant species was studied in detail.

Methods were devised to obtain estimates of simuliid population levels.
The densities of Simuliidae and other benthic fauna from the stones-in-
current in a rapid were monitored over an extended period of time.
Aquatic drift proved to be a good indicator of recruitment rates of

various benthic invertebrates.

Sitmuliwm chutteri goes through seven larval instars to pupation.
Temperature influenced seasonal variation in duration of the life cycle
and size of individual developmental stages. Although it appeared that
there were sometimes more than seven larval instars during winter,
statistical analysis revealed that this was not so. The development of
large larvae and pupae in winter would lead to more fecund adults
appearing in spring. This coincided with low aquatic and terrestrial
predation and could lead to rapid growth of blackfly populations in

spring.

Habitat preferences and seasonal abundance of the four most commonly
encountered simuliids; S. chutteri, S. adersi Pomeroy, S. damosum
sensu lato Theobald and 5. memahion? de Meillon were examined. Ovi-
positing in the open water and the use of drift as a dispersal and
colonization activity distinguished 5. chutteri from the other simuliid

species.

Interspecific comp-tition between the various simuliid species was not
intense and a coexistence of various species was often seen. With a
continuously fluctuating species-niche the habitat favoured different
species temporally and spatially leading to seasonal peaks of abundance

of the various Simulium species.

Knowledge of the ecology and biology of S. chutter? was used to devise
an integrated programme, utilizing natural seasonal phenomena and
artificial river flow manipulationse, to control the population size of
this pest species and prevent serious outbreaks, which would pose a

threat to livestock farmers, from occurring.
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Percentage frequency of larval stages and pupae

of Simuliidae collected from stones between 22 July
and |1 Septewber 1977. Combining instars 1,2,3,4,
instars 5,6 and showing instar 7 separately. The
estimated number of individuals on each stone is
indicated on the right side of the histograms.
Letters A, B and C above histograms follow the
observed development of a group of larvae to the
next stage with time

Size frequency distribution of 5. chutteri larvae
collected on artificial substrates from 17 to 28
September !979. The number of larvae measured on
each date are recorded on the right side of the
graphs

Percentage distribution of larval instars and

pupae of 5. chuttert collected from artificial
substrates from 17 to 28 September 1579. Number

of days substrates left in river, water temperature
and average number of individuals per artificial
substrate are all shown on the right side of
histograms

Percentage distribution of larvae, held back by
netting of various pore sizes, .ad pupae collected
from artificial substrates from 20 to 31 January
1980. Duration of exposure in the river, water
temperature, and the total number of individuals
counted on each date are recorded on the right side
of histograms

The percentage distribution of larval instars and
pupae from artificial substrates collected from

24 July to 13 August 1980. Average number of indi-
viduals per artificial substrate, number of days
substrates left in the water Lefore retrieval and
temperature are aiso included

The relationship between temperature and duration
of the pupal stage. Regression line plotted

Y = 29,3600 11X 2 L g 95

Water temperatures taken at Witrand 15h00 to
16h00 in the late afterncon from December 1978 to
December 1979

Standardized drift recruitment (simuliid numbers
per | GO0 % of water) at sites ranging from 10

to 200 metres upstream of a rapid. The ratio of
simuliid eggs to first instars is indicated for
each sampling site immediately above the horizon-
tal axis

The water level of the Vaal River below the rapids
at Witrand measured with an OTT water level gauge
between the 27th August and 3rd September 1980
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Disney (1972a) states that 'as we move away from the effective, but
ecologically damaging, larvicides such as DDT to more sophisticated and
more selective methods of control, we will almost certainly require more
precise estimates of population levels of pre-imaginal black flies'.
Bearing this scatement in mind it was necessary to study the life cycle
of S. chutter? and the interaction of this species with other biotic and
physical parameters in the environment. It was also necessary to
determine which factors influenced the life cycle and population size of
S. chuttert, and the various other simuliid species encountered in the
waters around Warrentun to enable the foruulation of a programme to
nanage the population size of 5. chutteri and determine why that species

and not other Stmultwn spp. attained such large populations.

Factors pertaining to the adult life cycle iike feeding, mating, ovi=-
positing activity, migration, longevity and size of the adult population
all play an important role in colonization, dispersal and seasonal
abundance of Simuliidae. A thorough investigaticn to determine the role
the adult stage played would however have required an intensive time-
consuming programme which would have detracted from the efficiency of a
survey on the developmental stages of Simuliidae found in the aquatic
environs around Warrenton. Population size estimates are far easier to
measure in the aquatic stages as larvae and pupae are not as strongly
influenced by changes in the weather (wind and rain) and are not as
complex in their behavioural pattern as adults (swarming, migrationm,
resting and feeding). It was thus decided to limit studies described in

this thesis to the aquatic stages of Simuliidae.

Taxonomically the Simuliidae are a complex family of nematoceran Diptera
which show diverse speciation with 163 nomenclaturally described African
species being recorded by Crosskey in 1969. Cytotaxonomic studies
carried out by various workers (McRae, 1968, 1969; Dunbar, 1966, 1968;
Dunbar and Vajime, 1972; Garms and Vajime, 1975; WHO report, Nov. 1976)
indicate that there are probably far more valid simuliid species in

Africa than the above number would suggest.

For identification of the various taxa encountered in this study,
material was identified by various specialists (see acknowledgements) or

else various identification guides were used (see taxonomic references).

B







E
3
:

= ) . haa IE—

2. THE GEOGRAPHY OF THE VAAL RIVER IN THE WARRENTON AREA

lhe town of Warrenton had a pcpulation of 9 479 in 1970 (Anon, 1973),
and supports the local community of farmers and railway workers. There
is a cheese factory at Fourteen Streams, which lies just North of the
Johannesburg road about | km beyond the railway crossing (see Ch. 3,
Figz. 1) but otherwise local industries are of minor importance. Most of

the information pertaining to the geology and climate of the Warrentom

irea was obtained from Kleynhans (1980).

jeologically the area around the Warrenton district is made up of
indesitic lavas of the Ventersdorp supergroup which form a plateau
running from the North-East to the South-West. Along this plateau the
/aal River cuts a course nearly parallel to the Kaap Valley which lies
to the West of the river. The Hartz River flows in this valley and

yins the Vaal River near Delportshoop.

bedrock of the Vaal River is made up of ¢'l possible gradations of
Lavas between amygdaloid, non-amygdaloid to porphyritic and non-
orphyritic rocks. Consequently boulders and stones in the river are
cither smooth (22. 90 per cent) or of a vesicular amygdaloid type (eca.
per cent) with many small cavities which provide excellent refuge for

nany of the aquatic invertebrates, particularly larval Hydropsychidae.

ial River flowing parallel to and at a higher altitude than the
River Valley made this region ideally suited for irrigation
irposes, Vaal River water is diverted at the Vaalhartz Diversion Weir
in extensive system of approximately 110 km of canals. These

tend northwards and eastwards to orm the largest irrigation scheme in

¢ Southern Hemisphere.

:

or a stretch of 164 km between the Vaalhartz Diversion Weir and

Delportshoop, at the junction of the Vaal and Hartz Rivers, the Vaal
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tiver drops 174 m in altitude. Between the Vaalhartz Diversion Weir and
Jindsorton, a 45 km stretch of river, the Vaal River has an even more
{

nar<ed

74 m drop in altitude. A profile diagram of the lower regions of
the Vaal River was given by Chutter (1968). The rapid drop in altitude

of the river in conjunction with the hard basaltic origin of the river-
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