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Abstract
The Orange River, South Africa’s largest river, is a critical water resource for the country. In spite of the clear economic benefits of regulating river flows through a series of impoundments, one of the significant undesirable ecological consequences
of this regulation has been the regular outbreaks of the pest blackfly species Simulium chutteri and S. damnosum s.l. (Diptera:
Simuliidae). The current control programme, carried out by the South African National Department of Agriculture, uses
regular applications, by helicopter, of the target-specific bacterial larvicide Bacillus thuringiensis var. israelensis. While
cost-benefit analyses show significant benefits to the control programme, benefits could potentially be further increased
through applying smaller volumes of larvicide in an optimised manner, which incorporates upstream residual amounts of
pesticide through downstream carry. Using an optimisation technique applied in the West African Onchocerciasis Control
Programme, to a 136 km stretch of the Orange River which includes 31 blackfly breeding sites, we demonstrate that 28.5%
less larvicide could be used to potentially achieve the same control of blackfly. This translates into potential annual savings of
between R540 000 and R1 800 000. A comparison of larvicide volumes estimated using traditional vs. optimised approaches
at different discharges, illustrates that the savings on optimisation decline linearly with increasing flow volumes. Larvicide
applications at the lowest discharge considered (40 m3·s-1) showed the greatest benefits from optimisations, with benefits
remaining but decreasing to a theoretical 30% up to median flows of 100 m 3·s-1. Given that almost 70% of flows in July are
less than 100 m3·s-1, we suggest that an optimised approach is appropriate for the Orange River Blackfly Control Programme,
particularly for flow volumes of less than 100 m3·s-1. We recommend that trials be undertaken over two reaches of the Orange
River, one using the traditional approach, and another using the optimised approach, to test the efficacy of using optimised
volumes of B.t.i.
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Introduction
The Orange River is South Africa’s largest river and surface
water resource, with an average natural mean annual runoff
(MAR) of 12 000 x 106 m3, a catchment area of about 1 000 000
km 2, and a longitudinal axis in excess of 1 000 km (Midgley et
al., 1994). The need for assurance levels of flow in the agricultural, mining, industrial and municipal sectors has resulted in
its naturally variable flows being highly regulated by a series of
three major impoundments, and numerous weirs (Palmer, 1998).
Orange River water is also transferred to the Great Fish River
via an inter-basin transfer scheme. In spite of the economic
benefits of such water management, there have been undesirable
ecological consequences caused by outbreaks of pest blackflies
(O’Keeffe and de Moor, 1988; Snaddon and Davies, 1998).
The blackfly problem in the Orange River began to escalate from the 1970s following completion of the Gariep and
Vanderkloof Dams in the mid-reaches (Palmer, 1998). The outbreaks have a major impact on sheep farming (stock losses) and
the grape industry (annoyance to labour) along the middle and
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lower Orange River. Estimates of the annual cost of blackfly
outbreaks to sheep farming alone range from R67 m. (Mullins,
2005) to R88 m. (Palmer, 1997).
In 1992 the SA Department of Agriculture initiated a blackfly control programme along the middle and lower Orange River.
The control area extends over a total river distance of about 850
km. Blackfly larvae are restricted to fast-flowing water, and
highest numbers are found in riffles and rapids. There are at
least 148 blackfly breeding sites within the control area, which
equates to an average of one site every 5.7 km. The main larvicide used is the bacterial larvicide Vectobac®, which is based on
formulations of Bacillus thuringiensis var. israelensis. Applications of larvicides are typically undertaken by helicopter, but
bridges and a boat are sometimes also used (Palmer, 1998).
The volume of larvicide that is applied at each site depends
on a number of factors, such as flow volume, water temperature,
conductivity, turbidity, the abundance of planktonic algae, the
formulation of the product and its associated shelf-life, and the
species of blackfly. Although dose-response relations have been
determined for a range of key variables (for example, Wilson et
al., 2005), there is no reliable model that is capable of integrating such a wide range of variables to determine an appropriate dosage. Dosage calculations for the Orange River Control
Programme are therefore determined empirically prior to each
operational application. The experimental treatment comprises
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