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Suitability of entomopathogenic fungal isolates for microbial
control of citrus pests: biological traits and importance of
formulation
Mavis Acheampong1, Martin Hill1, Sean Moore1,2, Candice Coombes1
Centre for Biological Control, Department of Zoology and Entomology, Rhodes University,
Grahamstown, South Africa. 2Citrus Research International, Grahamstown, South Africa.

1

Entomopathogenic fungal isolates have been identified as promising
microbial control agents of the soil-dwelling life stages of a key citrus
pest, Thaumatotibia leucotreta Meyrick (Lepidoptera: Tortricidae) under
laboratory and field conditions. The control potential of these isolates has
also been investigated against arboreal citrus pests, Scirothrips aurantii
Faure (Thysanoptera: Thripidae), Planococcus citri Risso (Hemiptera:
Pseudococcidae) and Aonidiella aurantii Maskell (Hemiptera: Diaspididae).
Although mortality under laboratory conditions was positive, foliar field
applications of the three most virulent entomopathogenic fungal isolates,
against these pests, have been disappointing. These findings highlighted
the need to investigate other biological attributes of these fungal isolates
besides virulence, to select suitable candidates for the foliar environment.
Thus, the temperature tolerance, humidity requirements, UV sensitivity
and the endophytic potential of the seven initial promising isolates were
addressed in this study. The results showed that temperature and humidity
are not likely to impair the control potential of any of these promising EPF
isolates in citrus orchards. In contrast, all the isolates investigated were highly
sensitive to simulated solar radiation (5.2 KJ/m2) following 2 h exposure,
emphasising the need to develop a suitable UV protectant formulation, or
alternate application mode, if foliar application of these fungi against S.
aurantii, P. citri and A. aurantii is to be successful. Isolates B. bassiana G 14 2
B5 and B. bassiana G Ar 17 B3, were the most UV tolerant.
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Asynchrony among insect pollinator groups and flowering plants
with elevation: significance for global climate change studies
Opeyemi Adedoja1, Michael Samways1, Temitope Kehinde2
Stellenbosch University, Stellenbosch, South Africa. 2Obafemi Awolowo University, Ile-Ife,
Nigeria.

1

Mountains influence species distribution through differing climate variables
associated with increasing elevation. These factors determine species
niche ranges and phenology. Although the distribution patterns of some
insect groups relative to elevation have been established, how differing
environmental conditions across elevation zones differentially influence
the phenology of various insect groups is largely unknown. This is especially
important in this era of rapid climate change. We assessed how species
composition and peaks in abundance among different insect pollinator
groups and flowering plants differ across four floristically distinct elevation
zones up a sentinel mountain subject to strong weather events. We sampled
insect pollinators in four major groups (bees, wasps, beetles and flies) over
two spring seasons. Pollinator species composition across all elevation zones
track flowering plant species composition. In terms of abundance, beetles
were the dominant group across the three lower zones, but declined
greatly in the summit zone, where flies and bees were more abundant. Bee
abundance peaked earlier than the other groups across all four elevation
zones, where there were significant peaks in abundance. Bee abundance
peaked earlier than flowering plants at the middle zone and slightly
later than flowering plants at this base zone, suggesting a mismatch. We
conclude that, while elevation shapes species distribution, it also influences
species phenology, and can lead to a mismatch as seen here. In addition
to the effect of local climate, real-time changes in abiotic conditions across
elevation zones drives species phenology, and may be of great significance
for long-term assessments of species distribution in sensitive mountain
ecosystems.
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Indigenous olive seed wasp on cultivated olives in the Western
Cape
Elleunorah Allsopp1, Muriel Knipe1, Christian Giacalone2, Virgilio Caleca2
1

ARC Infruitec-Nietvoorbij, Stellenbosch, South Africa. 2Palermo University, Palermo, Italy.

Most phytophagous insects on cultivated olives, Olea europaea L. subsp.
europaea var. europaea, in South Africa are native and originate from
local wild olives, Olea europaea subsp. cuspidata. Research showed that
Eupelmus spermophilus Silvestri (Hymenoptera: Eupelmidae) is the primary
seed wasp attacking cultivated olives in the Western Cape. It overwinters
and reproduces year round in wild olives, but females will lay eggs in young
cultivated olives, primarily oil cultivars with smaller fruit, although they
occasionally also oviposit in larger table olives, if the olives are still small
enough for the female to reach the kernel with her ovipositor. Larvae and
pupae develop inside the kernel and the adult wasps chew exit holes through
the pit and fruit. Seed wasp exit holes are sometimes mistaken for olive fruit
fly exit holes. Some infested olives remain on the trees and are harvested
and processed, but many fall from the trees before harvest, constituting
direct yield loss. Olive seed wasp was shown to cause sporadic economic
damage only in orchards where wild olives grow in close proximity to the
cultivated olives, since E. spermophilus does not overwinter in cultivated
olives. Seasons with very low olive seed wasp infestation and yield loss in two
trial sites corresponded with below average rainfall in the preceding winter
and very low numbers of wild olives during the preceding winter and spring.
E. spermophilus was shown to be the first truly phytophagous Eupelmus
known.
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Mating disruption for the control or suppression of Macadamia
Nut Borer (Thaumatotibia batrachopa) in macadamia orchards
Natasha Auret, Gerhard Booysen
Insect Science (Pty) Ltd, Tzaneen, South Africa.

The Macadamia nut borer, Thaumatotibia batrachopa, (Lepidoptera:
Tortricidae) is of major economic importance in the tropical and subtropical
fruit industry. Macadamias and litchis are the only hosts of T. batrachopa
under major cultivation in South Africa. Controlling T. batrachopa population
levels are essential for limiting fruit damage in these crops. The efficacy
of a mating disruption programme for the control of T. batrachopa was
evaluated by deploying Insect Science X-Mate M.N.B.TM dispensers at a rate
of 25 dispensers per ha in a macadamia orchard as part of an integrated
insect control programme. The efficacy of the treatment was determined
by evaluating the number of adult T. batrachopa moths caught in monitory
traps after deployment of the X-Mate M.N.B.TM dispensers. Furthermore,
T. batrachopa larvae feeding damage in nuts collected from the blocks
treated with X-Mate M.N.B.TM were compared to nut damage levels in the
untreated control blocks. The trial is still ongoing, but it is expected that
integrated control with mating disruption dispensers in combination with
a chemical insecticide programme will reduce theT. batrachopa moth
catches and lower nut feeding damage during the growing season in order
to successfully combat the macadamia nut borer in macadamia orchards.
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Determining the diet of a collembolan and a spider in termite
mounds using next generation sequencing
H. Badenhorst1, C.R. Haddad1, M.T. Madisha2, C. Janion-Scheepers3, M.
Gryzenhout2, M.M. Nyaga4
Department of Zoology & Entomology, University of the Free State, Bloemfontein, South Africa.
Department of Genetics, University of the Free State, Bloemfontein, South Africa. 3Iziko South
African Museum, Cape Town, South Africa. 4Next Generation Sequencing Unit/Division of
Virology, University of the Free State, Bloemfontein, South Africa.
1
2

Termites are a significant terrestrial insect group, as they fulfil various
ecological functions. The snouted harvester termite, Trinervitermes
trinervoides (Blattodea: Termitidae), is common and widespread in South
Africa. These termites are an important food source for many animals, and
their abandoned mounds provide refuge for various taxa. However, little
biological research has focused on the termitophiles occupying active and
abandoned T. trinervoides mounds. A collembolan species, Cyphoderus cf.
trinervoides (Collembola: Cyphoderidae), and a spider species, Heliophanus
termitophagus (Araneae: Salticidae), associated predominantly with living
and abandoned T. trinervoides mounds, respectively, were selected for this
study. We want to test the following hypotheses: 1) The diet of immature H.
termitophagus contains a higher proportion of Collembola than the adults;
2) Adult H. termitophagus prey exclusively on termites, particularly workers;
and 3) Cyphoderus cf. trinervoides feed on fungi and algae growing in T.
trinervoides mounds. The focus species were hand collected in Bloemfontein
during February and March 2019 and all specimens stored in 96% ethanol.
Further, potential arthropod prey of H. termitophagus were collected by
sweep-netting and hand collecting around T. trinervoides mounds. Soil
samples from T. trinervoides mounds containing fungi, bacteria and algae
were cultured as possible food sources of Cyphoderus cf. trinervoides. DNA
will be extracted from all possible arthropod prey species, fungi, bacteria,
algae and sequenced (using Sanger sequencing) with the aid of several
genetic markers (nuclear/mitochondrial) using standard techniques. DNA
extracted from the gut contents of the two focus species will be sequenced
using Next Generation Sequencing (NGS), with DNA sequences obtained
from “known” potential prey (food source) serving as reference data for
phylogenetic assessments. This study is the first to use NGS to determine the
diet of springtails, and continues previous NGS studies on the diet of spiders
with specialized diets.
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Attractiveness of different coloured sticky traps to the South
African citrus thrips (Scirtothrips aurantii) in avocado, KwaZuluNatal, South Africa
Gracian, T. Bara, Mark D. Laing
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

The South African citrus thrips Scirtothrips aurantii Faure (Thysanoptera:
Thripidae) is a recently confirmed economic pest in South African avocado.
Scarring damage by thrips results in corky tissue development, making the
fruit unsuitable for export and potentially costing the country millions of
rands in lost export revenue. Widespread pesticide resistance of thrips and
the negative environmental effects along with minimum residue levels for
export fruit limit the application of pesticides for thrips control. Monitoring an
insect pest’s presence and abundance is the first step in thrips management
This study aimed to investigate colour preferences of S. aurantii, establish
the distribution of thrips in the orchard, and population dynamics from
flowering to fruit establishment. Attractiveness followed the order yellow
>blue, white, clear > red, black, purple and orange. Thrips were evenly
distributed throughout the orchard with the highest populations occurring
during flowering (August), declining sharply and picking up in the summer
months starting December. Yellow sticky cards are recommended as a
monitoring tool.
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The natural host status of avocado fruit to pestiferous thrips in
KwaZulu-Natal, South Africa
Gracian T. Bara, Mark D. Laing
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

The South African avocado industry is export-orientated, with approximately
3.0% of the international market share and a five-year mean annual
production of 118 000 t from 17 500 ha. Thrips feeding results in fruit scarring
and corky tissue development, making fruit unsuitable for export. The study
aimed to identify the spectrum of thrips (Thysanoptera: Thripidae) species
found in avocado flowers and more importantly, to confirm the species
responsible for fruit damage. Thrips were collected every fortnight from
May to September 2018 from flowering avocado panicles and identified
using taxonomic keys. Frankliniella occidentalis (Pergande), Scirtothrips
aurantii (Faure), Thrips gowdeyi (Bagnall), Thrips pusillus (Bagnall), Thrips
tenellus (Trybom), Haplothrips gowdeyi (Franklin), Haplothrips bedfordi
(Jacot-Guillarmod) and Megalurothrips sjostedti (Trybom) were consistently
collected from May to September 2018. Scirtothrips aurantii (the South
African citrus thrips) emerged from fruitlets and was sustained on that fruit
to adulthood. This is the first study to demonstrate that avocado is a natural
host to this pest in South Africa. The minute size of thrips warranted a preseason trial to determine the best netting material that can be used to
prevent thrips from entering or leaving bagged fruit. Insect screen (149 µm),
nylon netting (250 µm), chiffon (210 µm), voile (250 µm), organza (500 µm),
tea filter paper (74 µm) and coffee filter paper (53 µm) were evaluated. The
experiment was laid out in the field as a randomized complete block design
with 6 replications and the trials repeated twice. Only coffee filter paper
and tea filter paper contained at least 85% of the thrips and were therefore
chosen for thrips exclusion trials to determine scarring damage attributable
to thrips in the field.
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Spatial patterns and associations of Ceratitis capitata and
Ceratitis quilicii x females in a small-scale heterogeneous
landscape in the Western Cape, South Africa
Francois Bekker1, Pia Addison1, Matthew Addison2, Adriaan van Niekerk1
1
Stellenbosch University, Stellenbosch, South Africa. 2Hortgro Science, Stellenbosch, South
Africa.

Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) is the most
economically important fruit fly in fruit orchards in the Western Cape,
causing fruit damage and posing a phytosanitary risk, followed by the
recently described Ceratitis quilicii De Meyer, Mwatawala and Virgilio
(Diptera: Tephritidae). Understanding the within orchard spatio-temporal
distribution and dynamics of these flies can improve fruit fly management
and control. The aim of this study was to investigate the spatial distribution
and spatial associations between C. capitata and C. quilicii female trap
catch in a heterogeneous orchard environment, at the Welgevallen
experimental farm, Stellenbosch, South Africa. Weekly adult female trap
catch data were collected for the 2016/2017 fruiting season, from 70 biolure
fruit fly traps, evenly spaced in and around the Welgevallen orchard, this
includes commercial fruit crops, home gardens, natural vegetation and a
pine hedge. Weekly female trap catch was used to determine the spatial
distribution patterns of C. capitata and C. quilicii as well as the spatial
association between the two species, using spatial analysis by distance
indices (SADIE). Ceratitis capitata was the dominant fly at Welgevallen in
all habitat types, except for the natural vegetation, nectarines and the
pine hedge where the proportion of C. quilicii was higher. Both species had
aggregated spatial patterns, however, C. capitata significantly aggregated
more towards the end of the season while C. quilicii significantly aggregated
at the beginning of the season. Ceratitis capitata and C. quilicii females were
spatially associated, most prominently in home gardens, natural vegetation,
citrus and nectarines. The results also suggest dispersal of the two species
from unmanaged home gardens and natural vegetation to commercial
orchards, based on the aggregation of these flies in these habitats as well
as on the edge of the commercial fruit orchard, adjacent or near to these
habitats. This information can contribute to the decision-making processes
of an integrated pest management strategy.

oral presentation

ESSA 2019

9

Ecological research and conservation on Grootbos Private Nature
Reserve and the Agulhas Plain
Gary Beukman, Paula Strauss
Grootbos Foundation, Gansbaai, South Africa.

Grootbos Private Nature Reserve (GPNR) is an eco-tourism lodge situated
in the Overstrand region of the Western Cape. The GPNR is one of National
Geographic’s unique lodges of the world, and is internationally at the forefront
of responsible tourism lodges, having been awarded Gold at the African
Responsible Tourism Award 2019 for Best for Habitat & Species Conservation.
For the past two decades, GPNR and its non-profit organisation, the
Grootbos Foundation (GF), have been conducting botanical research and
conservation on the Reserve and in surrounding private properties. Localised
surveys of the 2 500 ha GPNR started in 1997 and has grown to landscape
conservation across 19 333 ha within the Walker Bay Fynbos Conservancy
(WBFC). During this time, 1 081 plant species have been documented,
including six species new to science. The region is characterised by several
vegetation types, from Milkwood and Afromontane forests, to pristine and
endangered fynbos types. Given the botanical diversity of this hotspot, GPNR
and GF have decided to focus their efforts on understanding the insect
diversity of the Agulhas Plain. Entomological research and surveying of the
Agulhas Plain has been insufficient to date. Current research efforts revolve
around several projects and collaborations; collecting and identifying insect
groups within a scientific framework, using several trapping methods, to
investigate the correlative nature between insect diversity and plant diversity
of the area. In addition, the recent advent of the Grootbos Environmental
Centre aims to create a collaborative platform for entomological experts,
researchers and students to visit Grootbos, conduct and participate in
various research projects. The vision is to expand the collaborative network,
furthering ecological and conservation research on the Agulhas Plain.
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The role of a sex-limited esterase (EZ976679) on Anopheles
funestus males
Nerissa Bloch, Yael Dahan-Moss, Lizette L. Koekemoer
Wits Research Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research
on Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa and Centre for Emerging Zoonotic and Parasitic Diseases, National
Institute for Communicable Diseases of the National Health Laboratory Service, Johannesburg,
South Africa.

1

Malaria is a disease that is responsible for the death of thousands of people
worldwide and Anopheles funestus (Diptera: Culicidae) is one of the
major vectors for malaria transmission. The biology of A. funestus is not well
understood due to the difficulty in colonising them. There is also a paucity
of biological data regarding A. funestus adult males, thus bringing about
the current research on the role of a metabolic enzyme family, esterases.
Esterases in anopheline mosquitoes are a family of enzymes that play
an important role in insect development, reproduction and insecticide
detoxification. Previous studies have found a sex-limited esterase (EST-3)
that is concentrated in the accessory glands of male A. funestus. Inhibition
studies categorised EST-3 as a αβ acetylesterase. The fact that EST-3 shows
variable expression between sexes and is responsible for the hydrolysis
of acetic acid esters suggests a similarity to EST-4 in Drosophila (Diptera:
Drosophilidae) species, a juvenile hormone esterase. Sequencing of the
genomes of both male and female A. funestus mosquitoes, identified a
single gene, EZ976679, which differed between the sexes. It is possible that
this gene codes for the esterase, EST-3, which is expressed in A. funestus
male accessory glands and might be a juvenile hormone esterase or have
juvenile hormone esterase-like activities. The primary aim of this study is to
characterise EZ976679 in A. funestus males. RNA has been extracted in order
to synthesize complementary DNA (cDNA). Primers against this cDNA were
designed and tested to ensure correct gene target. These primers were
then synthesized with a T7 promoter sequence bound at their 5’-ends. This
will ensure that the T7 polymerase can synthesise double-stranded RNA
(dsRNA). This dsRNA will be used to achieve RNA interference (RNAi). The
biologically function of EZ976679 will be determined by evaluating the
phenotypic changes using RNAi which will inhibit EST-3f.
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Chilling enhances flight performance in an SIT programme for
Thaumatotibia leucotreta at low environmental temperatures
Nevill Boersma1, Martin Gilbert2, Leigh Boardman3, John Terblanche4
Xsit pty Ltd., Citrusdal, South Africa. 2Citrus Research International, Nelspruit, South Africa.
Department of Entomology & Nematology, University of Florida, Gainsville, USA. 4Centre for
Invasion Biology, Department of Conservation Ecology and Entomology, Stellenbosch, South
Africa.

1
3

For sterile insect technique programmes, cool environmental temperatures
can negatively affect flight performance, yet phenotypic plasticity
(modifications in traits caused by prior stress exposure) can offset these
effects. Here we investigated the effects of adult chilling (2°C for 16 h) on
the flight performance of the false codling moth (FCM), Thaumatotibia
leucotreta (Meyrick) (Lepidoptera: Tortricidae), in the laboratory under
controlled, and in the field under varying, environmental conditions. Flight
performance of FCM in the laboratory was affected by treatment (chilled
or control), test temperature and the interaction between treatment and
test temperature. Field recapture rates were significantly affected by
the interaction between cold treatment and environmental conditions
experienced post-release. Improvement in field recapture rates depended
on the specific ambient temperature that treated moths experienced
upon release. Our results suggest a temperature-dependent interaction of
the benefits of short term chilling on FCM adult flight performance, which
may be used to enhance the efficacy of the sterile insect technique under
cooler conditions
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Base-line F1 screening of Spodoptera frugiperda to single- and
pyramid-gene bt maize in South Africa
Andries Botha1, Annemie Erasmus2, Hannalene du Plessis1, Johnnie Van den
Berg1
North-West University, Potchefstroom, South Africa. 2ARC-Grain Crops, Potchefstroom, South
Africa.

1

Spodoptera frugiperda (Lepidoptera: Noctuidae) (Fall Army Worm (FAW)) is
a major pest on maize that invaded Africa from the Americas during 2016.
Transgenic maize has been used effectively for the control of this pest in the
USA, Canada and several countries in South America. This study provides
data on the response of S. frugiperda to Bt maize in South Africa and reports
on susceptibility levels of five S. frugiperda populations in the country to Bt
maize. Larvae were sampled in non-Bt maize fields at different geographic
sites and bioassays were conducted with each population. Each bioassay
consisted of a control treatment and two Bt treatments were each treatment
contained ten replicates. Each replicate consisted of ten plastic aerated
containers (50 ml) with one larva per container. Larval feeding bioassays
were conducted in which plant tissue of maize events expressing Cry1Ab
or Cry1A.105+Cry2Ab2 (pyramid event) were fed to larvae. Survival and
different life history parameters were recorded until the pupa stage was
reached. All populations were moderately susceptible to Cry1Ab maize
and completely susceptible to Cry1A.105+Cry2Ab2 Bt maize. The levels of
susceptibility of FAW to Bt maize should be monitored, especially that of
populations collected from ecological regions where this pest may establish
permanently in South Africa.
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Frequency of resistance alleles in Spodoptera frugiperda to
Cry1a.105 and Cry2ab2 maize in South African field populations
Andries Botha1, Annemie Erasmus2, Hannalene du Plessis1, Johnnie Van den
Berg1
North-West University, Potchefstroom, South Africa. 2ARC-Grain Crops, Potchefstroom, South
Africa.

1

Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) is an invasive
pest in Africa, that threatens maize production. Bt maize that expresses Cry
proteins, has been used effectively to control this pest in the United States
of America (USA), Canada and several countries in South America. Since it
is known that S. frugiperda has evolved resistance to some Cry proteins in
some countries, the frequency of resistance to these proteins needs to be
determined in South Africa. The objective of this study was to determine
the frequency of resistance alleles to Cry1A.105 and Cry2Ab2 maize in two
field populations of S. frugiperda collected from Groblersdal (Limpopo)
and Malelane (Mpumalanga). The F2 screen method was conducted to
determine the frequency of resistance alleles, since this method is highly
accurate in detecting rare recessive resistance alleles. F2 screening
procedure was conducted by: (1) field sampling more than 500 larvae; (2)
pair-mating parental moths; (3) rearing the progeny of each parental female
in separate family lines (>70 families from Groblersdal and >40 families from
Malelane), where all viable F1 siblings were randomly mated; (4) F2 neonates
were screened on non-Bt and Bt plant tissue for 7 days. Amongst those S.
frugiperda families screened, potentially resistant families were identified
to determine the frequency of resistance. These potential positive families
were confirmed as true positive families through re-screening of the F3
generation on whole non Bt and Bt containing plants. The findings from this
study suggested that resistance alleles are present in the two S. frugiperda
populations in South Africa, most likely because this invasive species is native
to the America’s, where Bt resistance has previously been documented.
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Influence of altitude and stratification on arthropod biodiversity
within interspersed arboreal biotopes in Afromontane grasslands
Jason Botham1, Vaughn Swart1, Emile Bredenhand2, Charles Haddad1
University of the Free State, Bloemfontein, South Africa.
Phutaditjaba, South Africa.

1

2

University of the Free State,

While the characteristics of certain arboreal biotopes are brought about by
anthropogenic influence, the occurrence of natural biotopes due to differing
topographical conditions and climate change provide areas of isolation
for arthropod species within mountainous regions. Of particular interest is
the effect of stratification on arthropod assemblages within the soil, leaf
litter and tree canopy strata. Microclimatic conditions and the interactivity
within and between these layers result in a shift in species dynamics and
overall abundance and diversity. However, without first studying the current
association of arthropods to isolated arboreal stands within a highly variable
geographical locality it is difficult to estimate whether changes to these
assemblages are occurring over time. Results accumulated over a 24-month
period across six selected sites of varying characteristics indicate statistically
significant differences between strata within the biotopes with regards to
arthropod diversity and abundance, indicating an effect of stratification on
assemblages at various altitudes. Principal Coordinate Analyses and Nonmetric multidimensional scaling further indicated the effect of vegetation
on arthropod assemblages within the strata and their possible migration
capabilities. Runaway fires during the 24-month trial affected five of the six
sites on three separate occasions and to varying degrees. Analysis of species
richness over time during these burnings saw a greater impact on leaf litter
assemblages compared to other strata for the majority of the sites. Certain
assemblage patterns were maintained for the remaining strata, indicating
possible refugia capability during disturbance. However, the influence of
these refugia as viable conservation sites must still be evaluated.
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Efficacy of granular insecticides for control of Spodoptera
frugiperda
Carmen Britz1, Johnnie Van Den Berg1, Hannalene Du Plessis1, Annemie
Erasmus2
1

NWU, Potchefstroom, South Africa. 2ARC, Potchefstroom, South Africa.

The fall armyworm (FAW), Spodoptera frugiperda (Lepidoptera: Noctuidae)
is a serious pest on graminaceous crops. Yield losses may result due to foliar
damage caused by FAW larvae in the whorls and to leaves of maize plants.
Small larvae feed on soft leaf tissues and then migrate into the protected
whorl to complete their development. Most insecticides that are used to
control the FAW are foliar applied and hve a large variation in their efficiency.
Insecticide spray applications are also less targeted into the whorls of plants,
and thus are more susceptible to pesticide drift than application of granular
insecticide formulations. Furthermore, the cryptic larval feeding behaviour
within maize whorls largely prevents optimal efficiency of foliar applied
insecticides. This study thus determined the efficacy of granular insecticides
applied directly into the whorl of maize plants, to ensure contact with larvae.
The trial consisted of five treatments replicated eight times, with 10 plants per
replicate. The treatments were the following: water (control), methomyl EC,
beta-cyfluthrin GR, carbaryl GR and a diatomaceous formulation. All maize
plants were inoculated with two 3rd-instar larvae directly into their whorls.
Insecticides were applied one day after inoculation and larval survival was
recorded five days after insecticide application. Larval mass as well as
their respective instars were recorded. Results were analysed by means of
an analyses of variance (ANOVA), followed by Tukey’s multiple rank tests.
Results indicated that granular insecticides were less effective than the
spray applications, despite the more preferable application method.
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The relationships between Spodoptera frugiperda damage and
yield loss: A literature review and field studies in South Africa
Carmen Britz1, Johnnie Van Den Berg1, Hannalene Du Plessis1, Annemie
Erasmus2
1

NWU, Potchefstroom, South Africa. 2ARC, Potchefstroom, South Africa.

Fall armyworm (FAW), Spodoptera frugiperda (Lepidoptera: Noctuidae), is
a major pest of maize in Africa. Warm temperate climates on the continent
enhances the development, as well as reproduction of S. frugiperda
aggravating its pest status. Maize yield losses due to FAW in the Americas
have been reported to be between 30–70%. Chemical control is the most
commonly used and efficient method for FAW control, but contributes to
resistance evolution. The application of insecticides should be supported
by economic threshold levels (*ETL) in the protected crop, to prevent
unnecessary insecticide applications. Once the ETL has been reached,
an intervention has to take place and generally insecticides are applied
accordingly, to prevent the pest from reaching the economic injury level.
It is therefore essential to determine the ETL for FAW in South Africa to
estimate the optimal time of insecticide application, based on the levels of
foliar damage and cob loss observed in maize fields. A field trial with a split
plot design with 10 treatments and 4 replicates was planted and artificially
inoculated with FAW larvae to establish different levels of infestation: 0, 10,
20, 40 and 100%. Each replicate consisted of a row of 20 plants. Designated
plants were inoculated with three 3rd-instar larvae each. One sub-plot was
sprayed with an insecticide seven days after inoculation. Foliar damage of
each maize plant was rated and the weight of kernels was determined for
each plant. Regression analyses were used to determine the relationships
between FAW foliar damage and yield loss. In many cases, insecticide
application was not economically justifiable, even when maize whorls were
severely damaged. This study provides a general understanding of a yield
loss model, and acts as a guideline for more efficient FAW control.
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Metabolic rate does not vary with seasonal change in Anopheles
arabiensis adults in South Africa
Ashley Burke1,2, Basil Brooke1,2, Frances Duncan3
Wits Research Institute for Malaria and Wits/MRC Collaborating Centre for Multidisciplinary
Research on Malaria, School of Pathology, Faculty of Health Sciences, University of the
Witwatersrand., Johannesburg, South Africa. 2Centre for Emerging Zoonotic and Parasitic
Diseases, National Institute for Communicable Diseases, Johannesburg, South Africa. 3School of
Animal, Plant & Environmental Sciences, University of the Witwatersrand, Johannesburg, South
Africa.

1

An important component of South Africa’s malaria elimination agenda
is identifying the entomological drivers of residual transmission, especially
those that present opportunities for enhanced vector control. Seasonal
mosquito density correlates directly with malaria transmission in South
Africa. Transmission is highest during the warm rainy season and lowest but
not entirely absent during the cooler dry season. The factors that sustain
dry-season mosquito survival remain unknown. The aim of this project was
therefore to investigate seasonal change in metabolic rate to determine
the presence or absence of winter dormancy in malaria vector mosquitoes.
Metabolic rate, determined by CO2 production during closed-system
respirometry, was measured from wild anophelines collected from KwaZuluNatal Province, South Africa. Monthly sampling spanned all four season in
2017. Anopheles arabiensis (Diptera: Culicidae) and A. parensis (Diptera:
Culicidae) formed the majority of the total 437 identified specimens (n = 216
and n = 162, respectively). Metabolic rate data from wild-caught mosquitoes
showed no significant seasonal disparities for A. arabiensis and A. parensis
males and females. The mean metabolic rate of sampled wild A. arabiensis
and A. parensis mosquitoes was 10.67 nl CO2.mg-1.min-1 (± 1.09 S.E.) and 15.49
nl CO2.mg-1.min-1 (± 4.53 S.E.) respectively. Further laboratory experiments
assessed the effect of manipulated photoperiod, representing seasonal
day-length changes, on the metabolic rate of colonized A. arabiensis
mosquitoes. Simulations of midwinter (10 h:14 h light-dark) and midsummer
(14 h:10 h) day-length showed no significant effect on the metabolic rate
of these mosquitoes. Age and sex of mosquitoes played no significant role
in metabolic rate. These data suggest that the South African populations of
the malaria vector species A. arabiensis and A. parensis do not curtail their
breeding and foraging activities by reducing their metabolic rates during the
winter months. However, their respective population densities do decrease
considerably during winter leading to reduced malaria transmission and the
opportunity for control by winter larviciding of known breeding sites.
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Global climate change as a driver of bottom-up and top-down
factors in agricultural landscapes and the fate of host-parasitoid
interactions
Frank Chidawanyika1, Pride Mudavanhu2, Casper Nyamukondiwa3
1
University of the Free State, Bloemfontein, South Africa. 2Agricultural Research Council,
Stellenbosch, South Africa. 3Botswana International University of Science and Technology,
Palapye, Botswana

Global climate is rapidly changing and its evidence is increasingly
manifesting across various biological systems. For arthropods, several studies
have demonstrated how changing climates affect their distribution through
phenological and physiological responses, largely focusing on various
organismal fitness parameters. However, the net-effect of changing climate
among ecological communities may be mediated by the feedback
pathways among interacting trophic groups under environmental
change. For agroecosystems, the maintenance of the integrity of trophic
interactions even under climate variability is a high priority. This is even more
important in this era where there is advocacy for sustainable agriculture,
with higher emphasis on environmentally benign methods. For this reason,
pest management in food production systems using biological control
(especially use of parasitoid antagonists) has come to the fore. In this
review, we highlight how climate change may modify bottom-up and
top-down factors within agroecosystems with a particular focus on plantinsect host-parasitoid tritrophic interactions. We also outline how habitat
management may influence arthropod population dynamics and how it
can be manipulated to improve on-farm climate resilience and parasitoid
conservation. In addition, we also give an overview of the diversity of
physiological responses among host insect and parasitoid populations
and how this may influence their interactions. We wrap-up by highlighting
how the application of knowledge of conservation biodiversity, designing
of multifunctional resilient landscapes and evolutionary physiology of
arthropods under thermal stress may be used to improve the fitness of massreared parasitoids (in or ex situ) for improvement in efficacy of parasitoids
ecosystem services under thermally stressful environments.
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Population genetics of the Harlequin Ladybird, Harmonia
axyridis, in South Africa
Amy Collop, Minette Karsten, John Terblanche, Susana Clusella-Trullas
Stellenbosch University, Stellenbosch, South Africa.

Invasive species have become one of the most significant threats to
biodiversity and ecosystem function. Consequently, it has become imperative
to understand the factors promoting invasion, and how invasive species’
movement (dispersal) and population connectivity across the landscape
may influence management strategies. After decades of being introduced
outside of their native Asian range as a biocontrol agent of agricultural pests,
H. axyridis beetles became invasive on four separate continents, including
South Africa - even though they were never employed as biocontrol in the
latter region. Using microsatellite data we investigated the genetic structure
of H. axyridis in South Africa. Harmonia axyridis (Coleoptera: Coccinellidae)
was sampled from 13 locations within South Africa and genotyped for 15
microsatellite markers. We calculated measures of genetic diversity and the
population structure of H. axyridis, and made inferences about its invasion
history. We found that H. axyridis populations in South Africa has high genetic
variation. This may be attributed to multiple introductions into the country
and the previous admixture events associated with its putative source
population. Our results confirm earlier conclusions that H. axyridis in South
Africa forms part of a single distinct genetic cluster (K=1). Furthermore, our
findings suggest that there may be high connectivity between groups, with
no clear genetic structure between sampled locations. This could possibly
be due to natural and/or human-mediated dispersal, or that not enough
time has passed to allow genetic differentiation, given its recent invasion
in South Africa. On-going work explores how the South African population
genetic structure of H. axyridis fits into the global invasion network to better
understand the pathways of the invasion.
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Investigating how short-term adaptation alters the evolutionary
fate of populations
Ruben Cruywagen, Carel Oosthuizen, Christopher Weldon
University of Pretoria, Pretoria, South Africa.

Newly developed genome sequencing techniques, such as whole
genome pool-sequencing, have recently been recruited to shed light
on the importance of a population’s historical genetic background with
regards to how it will adapt to newly applied selective pressures (historical
contingency). These studies reveal that relatively short-term differences
in genetic history does potentially play a major role, however the effects
can be complex and require further investigation. This study investigates
the importance of historical contingency on adaptation by using a twostep experimental evolution approach. Such a two-step experimental
evolution approach has not been performed on a multicellular eukaryote,
to our knowledge. This study also represents the first experimental evolution
study to use the Mediterranean fruit fly, Certatitis capitata (Wiedemann)
(Diptera: Tephritidae), as its model. From a single lab-adapted culture of
C. capitata, 10 replicate lines were split into two treatment groups. One
group was exposed to six generations of selection for ethanol vapour
resistance and the other was kept under the same conditions as the original
culture population for the same duration. Thereafter, each replicate line
was divided into two groups either receiving the same selection treatment
or selected for desiccation resistance for six generations. Fecundity, egg
viability, dry body mass, body water content, ethanol stress resistance
and desiccation stress resistance were tracked throughout the selection
experiments. Ceratitis capitata can adapt to ethanol vapour stress with
no perceptible trade-off in fecundity or egg viability. This ability to respond
to stress without affecting reproductive output could be a reason why this
species is a globally invasive pest of horticulture and could prove to be an
important indicator of a species’ invasive potential.
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A comparison of trap catches, larval development in citrus fruit
and host utilization between Ceratitis rosa and Ceratitis quilicii
(Diptera: Tephritidae)
John-Henry Daneel1, Massimiliano Virgilio2, Aruna Manrakhan1, Johnnie Van
den Berg3
1
Citrus Research International, Nelspruit, South Africa. 2Royal Museum for Central Africa,
Tervuren, Belgium. 3North West University, Potchefstroom, South Africa.

The Natal fruit fly, Ceratitis rosa Karsch s. lat. (Diptera: Tephritidae), an
indigenous pest of commercial fruit in South Africa, was split into C. rosa and
the Cape fly, Ceratitis quilicii De Meyer, Mwatawala & Virgilio. Comparative
studies were conducted to determine (1) the responses of the two species
to attractant-based traps, (2) larval development of the two species in
citrus fruit, and (3) their utilisation of different fruit types. In the first study,
traps baited with two types of attractants: EGO Pherolure (male lure) and
three-component Biolure (food-based attractant) were set out in nine farms
in the northern parts of South Africa. The traps were monitored monthly over
one year. Males of the two species were distinguished morphologically,
whereas the females were identified using microsatellite markers. In the
second study, the larval developmental of C. rosa and C. quilicii were
compared in Citrus limon, C. paradisi, C. reticulata and C. sinensis. Eggs of
different batches of both species were artificially inoculated into each citrus
type. Larval development was determined over 15 days, by dissecting a
subsample of the tested fruit every day. In the last study, wild and cultivated
fruit were collected to determine infestation by the two species. The fruit
were incubated and flies, reared to adulthood, were identified using
morphological characteristics. In most of the regions, the ratio of C. rosa to
C. quilicii caught by EGO Pherolure (male flies) and three-component Biolure
(female flies) were similar. For both species, larval development was faster in
C. sinensis and was poorer in C. reticulata. Ceratitis quilicii was reared from
seven species (five families) whilst C. rosa was reared from four species (four
families). In Mpumalanga, the two species co-occurred in Syzygium jambos,
Englerophytum magalismontanum and Eriobotrya japonica. No adults of
both species were reared from citrus fruit sampled.
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Current status of the Polyphagous Shot Hole Borer (PSHB) invasion
in South Africa
Seamus de Beer, Noelani van den Berg, Gerda Fourie, Seamus Morgan,
Wilma Nel, Shawn Fell, Michael du Toit, Trudy Paap
University of Pretoria, Pretoria, South Africa.

The impact of the Polyphagous Shot Hole Borer (PSHB) (Euwallacea
whitfordiodendrus (Coleoptera: Curculionidae) and its fungal symbiont
(Fusarium euwallaceae (Hypocreales: Nectriaceae) on trees in South
Africa is alarming. We first detected the beetle-fungus combination
killing London plane trees (Platanus x acerifolia (Platanaceae)) in early
2017 in Pietermaritzburg. Since then, infestations have been observed
in more than 90 species of trees in nine provinces. These include pecan
orchards (Carya illinoinensis (Juglandaceae)) in the Northern Cape and
Mpumalanga provinces, macadamias (Macadamia sp. (Proteaceae))
in KwaZulu-Natal province, and common street and garden trees such
as English oak (Quercus robur (Fagaceae)), London plane (Platanus x
acerifolia (Platanaceae)), various maples (Acer spp. (Sapindaceae)), and
Liquid amber (Liquidambar styraciflua (Altingiaceae)) in the municipalities
of George, Knysna, Johannesburg, Bloemfontein, Pietermaritzburg and
Durban. Most concerning is that native trees are dying in urban areas and
natural forests. All other serious tree pests that South Africa has had to deal
with in the past were specific to particular tree species, genera, or families.
Their impact was mostly restricted to particular sectors such as agriculture or
commercial forestry. The relevant sector was thus responsible for research
and development of control strategies. Now, for the first time, South Africa
has to deal with a pest that ignores all boundaries, including those between
climatic regions, or host tree genera, or orchards, commercial plantations,
natural forests, streets, parks, and gardens. Several unanswered questions
remain about pathways of spread, control measures, management
strategies, flight seasons, population biology and most importantly, the
impact of the fungus over time on the different tree species. The PSHB
Research Network has been established to coordinate several collaborative,
interdisciplinary research projects conducted by academics from eight
universities. These projects provide reliable scientific data that will enable
governing bodies at all levels and other stakeholders to make informed
decisions on management of this pest.
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Aquatic insects decline in abundance and occupy low quality
habitats to survive hydrological droughts
Charl Deacon, Michael Samways, James Pryke
Stellenbosch University, Stellenbosch, South Africa.

Hydrological extremes have negative impacts on natural and agricultural
landscapes, and place substantial ecological pressure on freshwater
habitats. Yet, our understanding of the role of modern freshwater habitats
during hydrological drought is poorly understood. Insects make up much of
the total aquatic fauna and lend themselves to understanding how drought
impacts freshwater ecosystems. Using the Greater Cape Floristic Region
as an example of a drought-prone area, we determined the effects of a
severe drought on a subset of insects occupying lentic habitats in terms of
their species richness, diversity and assemblage composition. Here, we: 1)
calculated the percentage change in average precipitation between a
record dry season and the last consistently wet decade, 2) identified the
environmental variables driving aquatic insect species richness, diversity and
composition, 3) identified the environmental differences between natural
ponds and artificial reservoirs, 4) determined whether artificial reservoirs
act as suitable habitats for focal taxa during drought, and 5) compared
these results to other, pre-drought studies. Environmental variables related
to water chemistry and physical characteristics were drivers of species
richness, diversity and composition, yet vegetation cover remained a major
driver. In terms of marginal vegetation cover, most artificial reservoirs did not
resemble natural ponds. Overall 38.4% of sampled aquatic insect species
were shared between natural ponds and artificial reservoirs. We found
some rare endemic species in artificial reservoirs that had never before
been recorded in this habitat during wet years. When our drought findings
were compared to earlier, wet years, species richness did not change
significantly, although abundance was much lower. As these reservoirs are
novel features, we postulate that historically, these aquatic insects, which
have been through many ecological filters must have sought low quality
habitats to survive water stress periods. Artificial reservoirs cannot fully
replace natural ponds but enable some aquatic insects to survive drought.
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An online DNA database developed to facilitate the identification
of invasive Eucalyptus pests
Gudrun Dittrich-Schröder1, Brett P Hurley1, Michael J Wingfield1,2, Bernard
Slippers2
Forestry and Agricultural Biotechnology Institute (FABI) & Department of Zoology and
Entomology, University of Pretoria, Pretoria, South Africa. 2Department of Biochemistry, Genetics
and Microbiology, Forestry and Agricultural Biotechnology Institute, University of Pretoria,
Pretoria, South Africa.

1

Effective management of invasive insect pests relies on rapid and accurate
identification. This is frequently delayed or not possible due to a shortage
of appropriately experienced taxonomists and the limitations associated
with morphological comparisons to identify cryptic lineages. Molecular
tools, such as DNA sequence barcoding, can assist to overcome these
challenges. Sequence databases are, however, often poorly curated
and incomplete with reference to emerging pest species, as is the case
for insect pests associated with Eucalyptus Myrtaceae plantation forestry.
Many recently introduced gall-forming Eucalyptus pest species lack
taxonomic descriptions, and detailed information regarding their biology is
limited or non-existent. The common occurrence of cryptic species further
complicates the identification of these pests. To address the increasing
number of invasive insect pests in Eucalyptus plantation forestry, a forest
insect mitochondrial (FIMT) online database was developed. This database
facilitates the identification of unknown specimens using sequence
comparisons with a curated database of identified insect pests. This
information is important for the development of management approaches,
such as biological control, behavioural control and breeding for resistance,
where accurate identification of the pest species is required.
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Mass-rearing and releases of Dichrorampha odorata, a biological
control agent on the invasive weed Chromolaena odorata in
South Africa: techniques and challenges
Sthembiso I. Dlomo1, Costas Zachariades1,2, Nontembeko Dube1
1
Plant Health and Protection, Agricultural Research Council, Hilton, South Africa. 2School of Life
Sciences, University of KwaZulu-Natal, Scotsville, South Africa.

Dichrorampha odorata (Lepidoptera: Tortricidae), a shoot-tip boring
moth from Jamaica has been approved as a biological control agent
on Chromolaena odorata (Asteraceae) in South Africa. Over 20 000
individuals have been released into the field since 2013, predominantly
as pupae. Mass-rearing has been undertaken mainly in the ARC-PHP
glasshouse and laboratory at Cedara. Adults mate and oviposit readily on
the young leaves of potted C. odorata plants in standard insect cages in
a fairly shaded laboratory environment, as well as in larger walk-in cages
with many plants in a higher-light glasshouse environment. Plants on which
eggs have been laid are retained in the glasshouse for larval development.
Newly hatched larvae bore into shoot tips, while mature larvae exit shoot
tips and pupate in a leaf roll. Humidity, temperature and adult inoculation
rate are all critical factors in the success of mass-rearing endeavours. For
releases, several techniques were used: inoculation of larvae onto plants in
the field, placing potted plants containing larvae in the field, and releasing
pupae in containers suspended from vegetation. Pupae were placed
both in the open field and in field cages. Of these, releases of pupae in
the open field proved best. Releases were made in a variety of habitats in
three provinces and included once-off releases as well as those made on
multiple occasions over a year or more. More damaged shoot-tips on field
plants were found when the moth was released in dappled shade than
onto C. odorata plants fully exposed to sunlight. However, overall release
results have been disappointing, with no long-term establishment at any
sites. Although predation of larvae and pupae in the field was unexpectedly
high, the main factor thought to be responsible for non-establishment is
climatic incompatibility. Even attempting release techniques to take this
into account has not yet resulted in establishment.
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A pre-release survey of insect herbivores occurring on Tamarix
species in South Africa
Lyriche Drude1, Danica Marlin1, Marcus Byrne1,2
School of Animal, Plant and Environmental Sciences, Univeristy of the Witwatersrand,
Johannesburg, South Africa. 2DST-NRF Centre of Excellence for Invasion Biology, School of
Animal, Plant and Environmental Sciences, University of the Witwatersrand, Johannesburg,
South Africa.
1

Tamarix species remain one of the major terrestrial invaders across South
Africa’s arid and semi-arid riparian ecosystems. The quest to find a host
specific biological control agent has been challenging due to the presence
of the indigenous, non-target Tamarix usneoides Tamaricaceae. To date,
little is known about the plant-herbivore interactions that exist between
Tamarix species and insect herbivores present in South Africa, and if these
interactions differ between invasive alien Tamarix species and the indigenous
T. usneoides. Understanding these interactions can assist in determining the
feasibility of biocontrol as a management strategy against invasive Tamarix.
The study aims to serve as a nation-wide pre-release survey of the insect
herbivores associated with the Tamarix species present in South Africa.
Insects have been sampled by fogging randomly selected trees where
Tamarix is prevalent across the country. The feasibility of biocontrol against
invasive alien Tamarix will be deduced from whether: 1. insect herbivore
abundance and diversity differs between native and non-native Tamarix;
and 2. the extent to which insect herbivores are shared between native and
non-native Tamarix species, as this will infer whether insect herbivores are
able to distinguish between the different Tamarix species in the field. Invasive
alien Tamarix is expected to be released from insect herbivore pressure, and
will thus exhibit a lower insect abundance and diversity compared to the
indigenous T. usneoides. However, there is expected to be an overlap of
insect herbivore species between native and non-native Tamarix species
due to the likelihood of insect herbivores being host specific to the genus
Tamarix, in contrast to being species specific.

oral presentation

ESSA 2019

27

Biological control of Lobesia vanillana (Lepidoptera: Tortricidae),
a recent and sporadic pest of grapevine in the Western Cape
Francois du Preez, Pia Addison, Antoinette Malan
University of Stellenbosch, Stellenbosch, South Africa.

Lobesia vanillana (De Joannis) (Lepidoptera: Tortricidae) is a recent,
sporadic pest of grapevine in the Western Cape province of South Africa.
The species has been recorded throughout the Afrotropical region, but
little is known about its local biology and ecology. Growers experienced an
increased number of L. vanillana outbreaks in recent years, necessitating
measures for their control. The in vivo- and in vitro-cultured South African
entomopathogenic nematodes (EPNs), Steinernema yirgalemense and
S. jeffreyense (Rhabditida: Steinernematidae), were evaluated against
artificially reared larvae of L. vanillana in laboratory bioassays, using
100 infective juveniles (IJs) per insect. High mortality was observed for all
treatments after 48 h: In vitro-cultured S. yirgalemense (98%) performed
significantly better than S. jeffreyense (73%), while using in vivo-cultured
nematodes, no difference in mortality of L. vanillana (83%) was observed.
No significant difference was detected between in vivo and in vitro cultures
of the same nematode species. The LD50 of in vitro-cultured S. yirgalemense,
the best performing species of the present study, was estimated as 7.33 IJ per
larva. Within in vitro cultures, both S. yirgalemense and S. jeffreyense were
able to produce a new cohort of IJs from host cadavers. Field observations
suggest that L. vanillana has an inter-generational development time of
approximately five weeks, with no soil-dependent life stage.
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Impact of Pareuchaetes insulata on plant defense and growth
metrics of Chromolaena odorata: comparison of plants with and
without the specialist herbivore P. insulata in South Africa
Nontembeko Dube1,2, Osariyekemwen Uyi3,4, Costas Zachariades1,2,
Aitebiremen G. Omokhua5, Lyndy J. McGaw5, Thinandavha C. Munyai2
1
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Life Sciences, University of KwaZulu-Natal, Scottsville, South Africa. 3Department of Animal and
Environmental Biology, University of Benin, P.M.B., Benin City, Nigeria. 4Department of Zoology
and Entomology, University of Fort Hare, Alice, South Africa. 5Phytomedicine Programme,
Department of Paraclinical Sciences, University of Pretoria, Onderstepoort, South Africa.

The Evolution of Increased Competitive Ability (EICA) hypothesis proposed
that the successful invasion by alien plants in their introduced ranges results
from an evolutionary shift in resource allocation from defence to growth
due to release from natural enemies. A moth with defoliating larvae,
Pareuchaetes insulata (Lepidoptera: Erebidae), has been confirmed as
established since 2004 (released from 2001–2003) on Chromolaena odorata
(Asteraceae) on the south coast of KwaZulu-Natal (KZN) province in South
Africa, and has spread to northern KZN, Mpumalanga province and
neighbouring countries but the moth is not present in Limpopo province,
or in some interior regions of KZN. This study aimed at testing EICA on C.
odorata from locations with and without P. insulata. Leaf extracts of plants
from Thohoyandou, Komatipoort, Umkomaas and Pietermaritzburg were
examined for plant defence indicators using standard methods that quantify
total phenolics, flavonoids and tannins. Plants collected from full sun and
from shade in these 4 locations were grown under common greenhouse
conditions, and the number of vegetative and flowering shoots, plant height
and the basal stem diameter were measured as plant growth parameters.
Inconsistent with EICA, total phenolics and tannins were generally higher
in Thohoyandou and Komatipoort and lower in Pietermaritzburg and
Umkomaas. Flavonoids varied between the four locations, with higher
concentrations in Komatipoort compared to Thohoyandou and Umkomaas,
but not different to Pietermaritzburg. Growth parameters such as stem
diameter, number of shoots and number of flowering shoots, supported
EICA, as plants from the Thohoyandou and Pietermaritzburg sites, where
P. insulata is absent, showed stronger growth and reproductive potential.
This study demonstrates the possible role of P. insulata in the decrease in
population of C. odorata where the moth has persisted and suggests that
other biotic and abiotic factors could be responsible for unpredicted results
for phytochemistry assays.
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Mass production of the entomopathogenic nematode, Steinernema
jeffreyense, as a biological control of key pest insects
Murray Dunn1, Prasanna Belur2, Antoinette Malan1
Stellenbosch University, Stellenbosch, South Africa. 2National Institute of Technology Karnataka,
Surathkal, Mangalore, India.

1

Currently, the enormous productivity in agriculture is largely due to the
extensive use of chemical insecticides and herbicides, which has been
increasing yearly. However, due to the widespread ecological damage
caused, the impact on the food chain, the contamination of soil and
water, and the increasing resistance of insects to such chemical agents,
the amount of research conducted into safer and more benign alternatives
has grown substantially. The biological control agent is one such alternative,
with entomopathogenic nematodes (EPNs) of the genera Steinernema and
Heterorhabditis having shown great potential to be used, with chemicals,
in an integrated pest management system, particularly in terms of the soildwelling larval stages of various insect species. Although the commercial
production of EPNs in South Africa has been slow, it is gathering momentum.
A major hurdle is the mass production, and optimisation, of EPNs, aimed at
matching the scale of production for chemical agents. The first steps and
the initial optimisation of the mass production of EPNs in Erlenmeyer shake
flasks and fermenters for the EPN species, Steinernema jeffreyense, for use
against key grapevine and deciduous fruit pests in the Western Cape of
South Africa have being achieved. The optimisation was conducted on
various fronts, namely liquid media volume, two different shaking platforms,
initial nematode inoculum density, agar and glucose additions to the diet,
and the initial bacteria inoculum percentage. Finally, the shake flasks were
upscaled to designer fermenters, and the optimal conditions for nematode
production in fermenters was assessed.
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Indigenous cover crops improve arthropod diversity in vineyards
of the Cape Floristic Region
Michelle Eckert, Letodi L. Mathulwe, René Gaigher, Lize Joubert-van Der
Merwe, James S. Pryke
Stellenbosch University, Stellenbosch, South Africa.

Balancing agricultural production and biodiversity conservation is a global
challenge. Agricultural habitat management aims to improve farm-scale
conditions that enhance farmland biodiversity and ecosystem services.
Cover crops can improve the suitability of habitat for indigenous biodiversity
in perennial cropping fields. This study assesses the effect of indigenous cover
crops on vineyard arthropods in the Cape Floristic Region (CFR), a biodiversity
hotspot in South Africa. We compared the species richness and assemblage
structure of surface-active and plant-dwelling arthropods among four
treatments, namely vineyards with either bare ground, exotic cover crops
or indigenous cover crops, as well as natural reference sites (i.e. nearby
remnant fynbos patches). We also determined the environmental variables
that were most important for influencing biodiversity in these vineyards.
Cover crop type had no effect on surface-active arthropod species
richness, but there were significantly more plant-dwelling arthropod species
in vineyards with indigenous cover crops than in any of the other treatments.
Both exotic and indigenous cover crops were more speciose than the bare
vineyards regarding plant-dwelling arthropods, and vegetation cover and
height were important drivers. Assemblages in vineyards with indigenous
cover crops did not resemble those in the natural reference sites. However,
vineyards with indigenous cover crops had distinct surface-active and
plant-dwelling arthropod assemblages compared to all other treatments,
with a high number of unique species not found in the other treatments. The
use of any cover crops promoted biodiversity here, with vegetation cover
and height being important considerations. Yet these results also show that
the use of indigenous cover crops enhance field-scale foliage arthropod
diversity and contributes to farm-scale compositional heterogeneity over
and above exotic cover crops. It therefore has potential to be effective
in reducing arthropod diversity loss within farmlands and contributes to
creating sustainable and biodiversity conscientious wine farming.
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Potential efficacy of biological control of Senecio madagascariensis
in Australia – no difference in plant biomass or native insect
assemblages between native and invasive populations, despite
differences chemical defences
Daniella Egli1, Terry Olckers1, Kerinne Harvey2
University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2New South Wales Department of
Primary Industries, Orange, Australia.
1

Native to South Africa, fireweed (Senecio madagascariensis Poiret –
Asteraceae) has invaded several Australian States, causing reductions in
pasture productivity and livestock losses. Fireweed was declared a Weed of
National Significance in Australia and is currently the target of a biological
control program. Accumulating evidence suggests that fireweed may be
undergoing evolutionary changes, including a shift in pyrrolizidine alkaloid
concentrations and composition, along its invasion gradient. These changes
in specialist chemical defences may influence its interaction with insect
herbivores from the native range, thus affecting the efficacy of biocontrol.
This study investigated how populations along the invasion gradient in
Australia responded to potential biocontrol agents. We examined insect
impact and the relationships between alkaloid concentrations and insect
communities on plants grown in a common garden experiment in South
Africa. These plants were grown from seed sourced from populations across
the invasive range in Australia and from the native range in South Africa.
Plants (including soil samples around the roots) were harvested two months
after planting and plant biomass, insect herbivores recruited, and alkaloid
concentrations were measured. Minimal variation in insect impact on plant
biomass was detected across the fireweed populations. All major insect
herbivores present were prevalent on fireweed populations, irrespective
of their provenance, with slight variation in relative abundances, despite
variation in alkaloids. Virtually no relationship was detected between the
variation in alkaloid concentrations and insect communities. These results
have positive implications for biological control, since despite differences
in alkaloid composition within and between South African and Australian
populations, there was no evidence of increased resistance to herbivory in
Australian fireweed populations.
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Bringing South African insect collections online: introducing the
Natural Science Collections Facility
Ian Engelbrecht, Michelle Hamer
South African National Biodiversity Institute, Pretoria, South Africa.

With a looming insect collapse crisis it is more important than ever for scientists
and conservationists to access the data needed to identify and support
appropriate interventions and mitigratory measures. A valuable source of
such data are the vast insect collections housed in museum institutions.
Many of the data associated with these collections are unavailable or unfit
for use, either never having been digitized or being of dubious quality. The
Natural Science Collections Facility is a National Research Infrastructure
Project initiated by the South African Department of Science and
Technology in 2016, and one of its long term aims is to digitize and mobilize
the entire data holdings of museum institutions in the country. Important
steps are going to be the development of common standards and data
management practices, and the identification of innovative ways of rapidly
digitizing large numbers of specimen labels. The ultimate goal is to provide
high quality, validated specimen data for a range of taxa, including insects,
for all South African institutions through an online portal freely and openly
accessible to the scientific, conservation and public communities. This
presentation will discuss some of the initiatives to this end, as well as the
obstacles encountered along the way.
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Factors impacting establishment of a biological control agent on
Hakea sericea in South Africa
Kelby English1, John Hoffmann1, Ethel Phiri2, Candice Lyons3,1
University of Cape Town, Cape Town, South Africa. 2Stellenbosch University, Stellenbosch,
South Africa. 3ARC - PPRI, Stellenbosch, South Africa.

1

Dicomada rufa Blackburn (Coleoptera) is the most recent biological control
agent released against Hakea sericea Shrad. & J.C. Wendl (Proteaceae)
(silky hakea), an Australian native and one of the most prominent invasive
alien plants in the Cape Floristic Region. For over 100 years H. sericea has
spread throughout the endemic fynbos vegetation and in the 1970s it
became the target of a biological control campaign. After some success
with the first four agents, D. rufa was released in 2006 to augment the existing
agents. It has become established in only a third of the original release
sites, all within one region, the southern Cape. The possible determinants
of this inconsistent establishment success are being investigated. Variable
environmental conditions may determine the distributional range of an
insect and in this case the known climatic differences between each region
may be impacting establishment. Thermal tolerance data suggest that
temperature is not a limiting factor; however, desiccation resistance may
be important. Possible differences in host plant biotypes in each region
may also be influencing establishment success. A comparison of genotypes
and phenotypic features, focusing on the chemical composition of plant
volatiles released between host plants in each region, will determine whether
biotypes exist. These investigations will hopefully improve our understanding
of the viability of D. rufa as a biological control agent in South Africa and
pave the way for better management practices going forward.
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Can parthenogenesis in Tuta absoluta lead to the failure of
pheromone-based control strategies?
Reynardt Erasmus, Hannalene Du Plessis, Johnnie Van den Berg
NWU, Potchefstroom, South Africa.

The tomato leaf-miner, Tuta absoluta (Lepidoptera: Gelechiidae) is a
serious pest which originates from South America, and was first reported in
South Africa during 2016. Current management programmes for this pest
rely on repeated insecticide applications, but also include pheromonebased strategies such as male annihilation and mating disruption. The
exploitation of sex pheromones in pest management relies strongly on a
single important biological trait: the insect must reproduce sexually. The
first case of parthenogenesis in T. absoluta was reported during 2012 in a
French population of the pest. The parthenogenesis phenomenon could
therefore compromise the pheromone-based management strategies of
T. absoluta. Although a rare occurrence in Lepidoptera, parthenogenesis
can potentially be explained by the occurrence of the endosymbiont
Wolbachia in the pest species. The aims of this study were: (i) to survey
Wolbachia strains in South African T. absoluta populations, (ii) to assess the
genetic diversity in T. absoluta populations, and (iii) to determine whether
parthenogenesis of T. absoluta is associated with Wolbachia infections. T.
absoluta populations were collected from five localities and screened. All
these populations were infected with Wolbachia strains from supergroup
B. Infection rates ranged between 95–100%. Unmated Wolbachia-infected
females of two populations produced 7.3 ± 1.68 and 2.17 ± 0.64 eggs
per female and hatch rates of 0.005% and 0.008%, respectively. The low
occurrence of parthenogenesis did not correlate with the high incidence of
Wolbachia infection. Parthenogenesis is thus not the result of manipulation
by Wolbachia, and should most likely have no effect on pheromone-based
control measures.
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Genetic diversity of the biocontrol nematode Deladenus
siricidicola in Australia and New Zealand
Firehiwot B. Eshetu 1, Helen Nahrung 2, Irene Barnes1, Katrin N.E. Fitza1, Stephen
Elms3, Bernard Slippers 1
Department of Biochemistry, Genetics and Microbiology, Forestry and Agricultural
Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa. 2Forest Industries
Research Centre, University of the Sunshine Coat, Queensland, Australia. 3HVP Plantations,
Churchill, Victoria, Australia.
1

Deladenus siricidicola (Tylenchida: Neotylenchidae) is a parasitic nematode
of the invasive woodwasp, Sirex noctilio (Hymenoptera: Siricidae), in Pinus
(Pinaceae) plantations in the Southern Hemisphere. In New Zealand, D.
siricidicola was accidentally introduced along with S. noctilio. In Australia
and in other Southern Hemisphere countries D. siricidicola has been
introduced deliberately as a biological control agent. These releases are
based largely on a single strain, which would influence the genetic diversity
in biocontrol nematode populations and their potential for evolution. A
previous study on the genetic diversity of D. siricidicola in some regions of
the Southern Hemisphere revealed extreme homozygosity in populations
linked to biological control. Very little information is, however, available
on the diversity of the nematode in Australia or New Zealand, both in
deliberately released and non-released areas. This study, therefore, aimed to
characterize the population genetic diversity and structure of D. siricidicola
from these countries using mitochondrial COI sequence data (mtCOI) and
12 previously developed microsatellite (SSR) markers. We compared our
data to that of a recent study that applied these markers to populations of
the nematode from countries in South and North America, South Africa and
Europe. Three previously defined lineages were identified from Australia and
two lineages (lineage A and B) in New Zealand. Interestingly, an admixed
population (between lineage A and B) was also found in Australia. A new
lineage (D), which was dominant, was revealed in Australia. The level of
diversity in Australia appeared to be higher than in other regions in the
world. The higher than expected diversity suggests unexpected multiple
introductions of the nematode over time (either assisted or accidental), in
addition to the strain used for biological control. These findings provide us
with an opportunity to select for new strains for use in different environments
and in different populations of S. noctilio.
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Optimizing larval diet and investigating use of an artificial bloodfeeding system in a laboratory reared Anopheles funestus strain
Lalasoa Niain’ny Felamboahangy1,2, Maria Kaiser2,1, Givemore Munhenga2,1,
Lizette L. Koekemoer1,2
Wits Research Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research
on Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg,, South Africa. 2Vector Reference Laboratory, Centre for Emerging Zoonotic and
Parasitic Diseases, National Institute for Communicable Diseases, National Health Laboratory
Services, Johannesburg, South Africa.

1

Anopheles funestus (Diptera: Culicidae) has been recognised as a main
malaria vector for over a century and is difficult to rear in the laboratory. The
existence of a multiyear colony of A. funestus, provides the opportunity to
optimize critical parameters that are essential for mosquito rearing (blood
and larval feeding). Currently larval feeding is estimated and varies hugely
between estimators, while adult females are blood fed using anesthesized
guinea pigs. Both larval and adult feeding should be optimized further to
improve adult production and long-term sustainability. Using live animals
remains ethically problematic and artificial blood feeding might circumvent
this challenge. This study evaluated the impact of adult female blood
feeding between anesthesized guinea pig and artificial blood feeding. In
addition to this, the impact of larval food doses was investigated. Adults
from a laboratory colony were allowed to mate and subsequently fed
on either an anaesthetized guinea pig or Hemotek® system using a hog
membrane with cow blood. Fecundity and fertility were evaluated post
feeding. The second part of the project evaluated the impact of larval diet
dosages on physiological and reproductive parameters. Females that fed
on anesthetized guinea pig produced statistically significantly more eggs
compared to those fed on Hemotek® system, however, there were no
statistical difference on fertility. Multiple feedings on artificial blood feeding
system showed no significant increase on fecundity. Results on larval diet
experiments revealed that there was a statistically significant difference
in both time to pupation, pupal emergence, adult emergence and adult
wing lengths. These results showed that Anopheles funestus females fed
on an anesthetized guinea pig produced more eggs compared to those
fed using the Hemotek® system and an adaptation period (selection) over
several generations may be required to increase fecundity. Larval diet dose
influenced both larval development time and adult body size and should
be monitored during rearing.
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Discovering the elusive nymphs of a prong-gilled mayfly in
Western Cape mountain streams
Ina Ferreira1,2, Helen Barber-James2,1
Department of Zoology and Entomology, Rhodes University, Makhanda (Grahamstown), South
Africa. 2Department of Freshwater Invertebrates, Albany Museum, Makhanda (Grahamstown),
South Africa.

1

The southern and south-western Cape region of South Africa is renowned
for its biodiversity of fauna and flora. More than 50% (n=11) of South African
Leptophlebiidae (Ephemeroptera) species are described from this diverse
region, with many known only as adults or conversely only as nymphs. This
motivated for an expedition to fill in the gaps. The main objective was to
collect fresh material for molecular analysis to revise the systematics of
South African Leptophlebiidae. To collect these species from the localities
that they were originally described from, 23 sites were selected. Species
from five genera were identified during this expedition: Adenophlebia,
Aprionyx, Castanophlebia, Choroterpes and Euthraulus. Amongst this was
an interesting small, dark mayfly species found at only a few sites, later
discovered to be Aprionyx rubicundus. Aprionyx is endemic to South Africa
with eight accepted species, and A. rubicundus is one of five species in
the Western Cape. Barnard described the male imago in 1932 and later
published more localities with information on the size of females and the
species’ colour. Very little is known of this species and to date only the
description of the imagoes exists. The recent collection resulted in both
male and female material of all life stages (nymph, subimago and imago)
being found, including reared material (mature nymphs reared through to
the winged stages) for adult-nymph association. This new material makes it
possible to finally describe the nymph of A. rubicundus.
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Divergent fire management leads to multiple beneficial outcomes
for butterfly conservation in a timber production mosaic
René Gaigher, James Pryke, Michael Samways
Stellenbosch University, Stellenbosch, South Africa.

Fire is intrinsic to many natural ecosystems. In human-modified landscapes
that occur in fire-driven ecosystems, it can be difficult to make fire
management decisions, as there must be a trade-off between ideal
conservation management and the practicalities of management in an
altered landscape. We assess how biodiversity is influenced by differences in
fire regime in a landscape fragmented by timber production. Here, optimal
fire management for maintaining grassland integrity is not always possible,
due to logistical constraints and fire risk to plantations. We investigate woody
encroachment arising from reduced fire frequency, and how this affects
butterfly diversity, assemblage structure, indicator species and species
associations to host plants with different growth forms. Butterflies were
sampled along a gradient of woodiness in large-scale conservation corridors
that separate plantations. The two extreme stages along the successional
gradient, recently burned grassland and natural forests, supported diverse
and complementary butterfly assemblages. Grassland corridors without
fire for two years were high in butterfly diversity, and similar in composition
to recently-burned grasslands. However, corridors without fire for >5 years
were encroached by thicket and supported lower diversity. Thicket, with its
intermediate vegetation character, was poor habitat for species adapted
to either grassland or forests. Also, thicket-encroached areas carry high fire
risk to plantations. We recommend a divergent management approach
that covers both extremes of the fire frequency continuum, with the choice
depending on the stage of succession and management logistics for each
site: frequent burning to prevent woody encroachment in less-encroached,
logistically easier sites, or letting succession proceed to forest by excluding
fire in heavily encroached, logistically challenging sites. Both options are
feasible and maintain biotopes that have high habitat value for butterflies
and low fire risk. This divergent management approach is a flexible strategy
that benefits both conservation and commercial interests across fire-prone
plantation mosaics.
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The Leptocybe invasa complex in South Africa: its community
and distribution
Caitlin R. Gevers1, Gudrun Dittrich-Schröder1, Brett P. Hurley1, Bernard Slippers2
Department of Zoology and Entomology, Forestry and Agricultural Biotechnology Institute
(FABI), University of Pretoria, Pretoria, South Africa. 2Department of Biochemistry, Genetics and
Microbiology, Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
Pretoria, South Africa.

1

The wasp Leptocybe invasa (Hymenoptera: Eulophidae) is native to Australia
and induces galls on various species of Eucalyptus Myrtaceae. Since 2000,
it has been detected outside its native range, with two genetically distinct
lineages. Lineage A has been reported worldwide, whereas lineage B has a
more limited distribution in Asia and Africa. In South Africa, since the release
of the parasitoid wasp, Selitrichodes neseri (Hymenoptera: Eulophidae),
three other hymenopteran species have been recorded emerging from L.
invasa galls, namely Quadrastichus mendeli (Hymenoptera: Eulophidae), a
known parasitoid of L. invasa, Megastigmus zebrinus and M. pretorianensis
(Hymenoptera: Torymidae). We investigated the interactions between
these hymenopteran species and their current distribution in South Africa.
Galls were dissected and the interactions within a single gall were observed.
For each interaction, DNA was extracted from both larvae, species-specific
primers and restriction enzymes were used to confirm larval identity.
The results showed that Selitrichodes neseri, Q. mendeli and M. zebrinus
parasitize Lineage A, and S. neseri was also confirmed to parasitize Lineage
B. Furthermore, direct interactions between these parasitoids were shown.
The role of M. pretorianensis was not confirmed from this study. To determine
the distribution and prevalence of these species, galled Eucalyptus material
was collected at infested sites across South Africa, and emerging adults
collected and identified. Wasp morphology and restriction enzymes were
used to differentiate between the various species and lineages. The results
indicated that L. invasa lineage A has spread throughout South Africa while
lineage B has a more limited distribution. The Leptocybe lineages were
found to co-occur on individual trees increasing the potential of admixture.
Selitrichodes neseri, M. zebrinus and M. pretorianensis were present
throughout South Africa and all emerged from trees that contained both
Leptocybe lineages.
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Monitoring of South African citrus thrips, Scirtothrips aurantii
Faure, in citrus orchards and the implications for optimizing
timing of control measures
Martin Gilbert1, Michael Samways2
1
Citrus Research International, Stellenbosch, South Africa.
Stellenbosch, South Africa.

2

University of Stellenbosch,

Citrus thrips, Scirtothrips aurantii Faure (Thysanoptera: Thripidae), is one of
the most serious pests causing cosmetic damage to citrus fruit and foliage in
southern Africa, rendering fruit unsuitable for the export market. In subtropical
regions of South Africa, and increasingly in the Cape regions, the cost of
control is a significant proportion of total crop protection costs. Furthermore,
secondary pest repercussions, and the management thereof, caused by
injudicious use of pesticides, add to the difficulty of maintaining integrated
pest management of citrus. Optimal timing of sprays is of prime importance
in order to reduce control interventions to a minimum. Population monitoring
of S. aurantii in commercial citrus orchards is achieved by scouting for
infested fruitlets but trapping is also a useful complementary method of
monitoring. The results from yellow sticky traps and dispersal/emergence
traps are compared here in a pesticide-free orchard over three citrus fruitgrowing years. Peaks of activity as measured by the two trap types were
generally closely synchronised. Three generations of citrus thrips were
recorded to develop during the critical period for damage to citrus fruit.
Ninety-one percent of adult thrips emerging from beneath the citrus trees
were S. aurantii. When adult S. aurantii sex ratios recorded on the two trap
types were compared, male S. aurantii were found to be more likely to fly
than females when feeding and oviposition sites were available in the form
of small vulnerable fruit and/or new soft vegetative growth. Female flight
activity was found to be significantly lowered except when food resources
were unavailable. The implications of these results for the monitoring and
control of S. aurantii will be discussed further.
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Heat tolerance and body size influences choice of foraging time
in coprophagic dung beetle species
Nonofo Gotcha, Honest Machekano, Casper Nyamukondiwa
Botswana International University of Science and Technology, Palapye, Botswana

Animals avoid temperatures that constrain foraging through behavioural
adaptation, for example through temporal shifts in foraging activity.
Restricting activity to such specific times offer advantages such as avoiding
predation, resource partitioning and reducing inter and intra-specific
competition. Likewise, coprophagic dung beetle species likely survive high
temperature stress through temporal shifts in foraging activity. Foraging
can be at night (nocturnal), dawn and dusk (crepuscular), and during day
time (diurnal). These temporal foraging patterns have been reported as
adaptive in ants, wasps and bats. Nevertheless, it is still unknown whether
temperature is the driving force behind the nocturnal and diurnal foraging
behavior in dung beetles. Using 9 dung beetle (Coleoptera: Scarabaeidae)
species; three diurnal vis Euoniticellus intermedius, Gymnopleurus ignitus,
Gymnopleurus aenescens, three crepuscular, Afrostrandius plebejus,
Onthophagus gazella, Onitis alexis, and three nocturnal, Copris elephenor,
Scarabaeus zambezianus, and Metacatharsius opacus, this study explored
differences in heat stress tolerance measured as critical thermal maxima
(CTmax) and heat knockdown time (HKDT). The study also explored the effects
of body size and body water content on the choice of foraging time in
these species. Our results show that diurnal beetles had significantly higher
CTmax (p ≤ 0.001) than crepuscular and nocturnal beetles. However, CTmax for
crepuscular and nocturnal beetles were not significantly different (p > 0.05).
Furthermore, diurnal and crepuscular dung beetles showed a significantly
longer HKDT than nocturnal species, indicating that they are more heat
tolerant. Our results also showed that nocturnal beetles had significantly
higher (p ≤ 0.001) body mass and body water content compared to
crepuscular and diurnal beetles. These results suggest that heat tolerance
may be the underlying factor in the evolution of nocturnal/diurnal foraging
behavior in dung beetles. Furthermore, selection for body size may also be
a significant parameter in the evolution of foraging timing.
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Preying, Praying and Playing Mantis
Bianca Greyvenstein, Hannalene du Plessis, Johnnie van den Berg
North-West University, Potchefstroom, South Africa.

Praying mantids (Mantodea) are not only apex predators with a “mystical‘’
status but are also regarded as a kind of oracle and in some cultures as
omens associated with bad or good. The cultural, mystical and religious
values allocated to mantids over millennia can in future contribute not only
to their own conservation but also to conservation of arthropods in general.
Historically Mantodea influenced African, Greek, Egyptian, Japanese and
Chinese cultures and they impacted human culture in a variety of ways, for
example, coin designs, hairstyles, swords, death rituals, war strategies and
even modern music, advertisements and children’s books. Despite human
fascination with mantids, this group of arthropods is unfortunately overlooked
in terms of conservation and research. Conservation as a mitigation strategy
to protect threatened and endangered species is influenced by philosophical
and psychological aspects more than a pure scientific approach. These
aspects include aesthetic appeal or recreational, therapeutic, cultural and
historical value. An overview is provided of these aspects and their relation to
mantids, the various viewpoints about conservation and ultimately discusses
why conservation is important. This paper highlights the role of praying
mantids in human culture and the historical relationships between humans
and other arthropods. Acknowledgement of these the cultural aspects and
aesthetic appeal of the Mantodea may contribute to a positive change
in people’s perceptions of arthropods and eventually insect conservation.
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The first case of arboreal oribatid mites causing citrus export
rejections from KwaZulu-Natal
Tim G. Grout, Peter R. Stephen
Citrus Research International, Mbombela, South Africa.

Beetle mites (oribatids), are usually associated with soil and leaf litter and
are not considered pests. Some species are arboreal and low numbers are
sometimes encountered on citrus trees. During the autumn of 2009, the first
reports of high infestation levels of Siculobata sicula (Oribatida: Oribatidae)
on citrus fruit in southern KwaZulu-Natal were received and collected
mites were used in bioassays to screen their susceptibility to 11 insecticides
and acaricides. During 2015, in the same region, these mites on oranges
in packed cartons caused fruit to be rejected for export, resulting in a
considerable loss of revenue. Mites were collected and used in a laboratory
investigation that established that heating the hot water bath to 40°C
and adding a surfactant would not be effective packline disinfestation
treatments. During 2016/17, eight applications of acaricides by the grower
were not effective in preventing fruit infestation. In June 2017, research
began to sample mites on the orchard floor, on the tree framework and in
the canopy every two months to better understand the behaviour of the
mites. This showed that numbers of mites on the soil remained low and there
was no mass migration of mites from the soil into the tree at any time of the
year. Sticky band traps on framework branches in the canopy also showed
negligible movement of mites, yet populations existed in the outer canopy
throughout the year, primarily as adults. Numbers increased during summer,
then declined in autumn, but still resulted in ±60% of navel oranges being
infested at harvest in 2018. Comparisons of horticultural mineral oil and
chlorfenapyr treatments were disrupted by the grower spraying all the citrus
with profenofos, which proved to be very effective in reducing the numbers
of beetle mites. However, the source of the mites and what they survive on
remain unknown.
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Host ranges and infestation indices of fruit flies in Mpumalanga
and Limpopo
Tertia Grové, Karen De Jager
ARC-Tropical and Subtropical Crops, Nelspruit, South Africa.

An important aspect of pest management is to have accurate information
on the host range of pest species. Numerous types of insect pests have a
negative impact on fruit and vegetable production in South Africa, and fruit
flies are among the most important. The economic impact includes direct
yield losses and increased production cost due to suppression actions.
Fruit flies are also a limiting factor in international trade of fresh horticultural
commodities. Fruit from 40 exotic and 20 indigenous plant species were
sampled in Limpopo and Mpumalanga. Fruit were incubated to determine
the presence of fruit fly species. The greater pumpkin fly, Dacus bivittatus
(Bigot) and the lesser pumpkin fly, Dacus ciliatus Loew were reared from
fruit of the family Cucurbitaceae. The invasive Oriental fruit fly, Bactrocera
dorsalis (Hendel) was reared from 19 different plant species belonging to
11 families. Mango and guava were identified as important hosts for B.
dorsalis. High infestation indices of Mediterranean fruit fly, Ceratitis capitata
(Wiedemann) were found in Coffea species. The Cape fruit fly, Ceratitis
quilicii De Meyer, Mwatawala and Virgilio and the Natal fruit fly, Ceratitis
rosa Karsch, which are two closely related species, were found to share
the same host plants. However, C. rosa dominated in fruit sampled at the
ARC-Tropical and Subtropical Crops experimental farm at Mbombela.
High infestation indices of C. rosa were found in exotic fruit of the family
Myrtaceae. Stem fruit was an important indigenous host for C. quilicii and C.
rosa. The Marula fruit fly, Ceratitis cosyra (Walker) seemed to have a more
restricted host range in comparison to the other economically important
Ceratitis species. The wide availability of host plants and the impact of
fruit flies on horticulture call for the development of sustainable area wide
management strategies.
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Integrative taxonomy of a key weevil pest in South Africa
(Phlyctinus callosus) reveals a complex of at least six cryptic
species
Julien Haran1,2, Steffan Hansen2, Laure Benoit1, Meshack Magagula2, Pia
Addison2
1
2

CBGP, CIRAD, Montpellier SupAgro, INRA, IRD, Montpellier University, Montpellier, France.
Stellenbosch University, Stellenbosch, South Africa.

Phlyctinus callosus Boheman, 1934 (Coleoptera: Curculionidae) is a
species native from the Western Cape Province of South Africa. This pest
causes economic damage to deciduous fruit during the adult stage and
its quarantine status is strongly affecting fruit export markets. In addition to
the damage caused within the country, it has spread to several areas of
the southern hemisphere via human mediated transportation. Phlyctinus
callosus is presently considered as the only species of the genus Phlyctinus,
however, slight morphological variation and the sporadic nature of this pest
raised doubts on the present taxonomic status of this species. We applied
an integrative taxonomic approach, combining the examination of external
and internal morphological characters of adults and DNA sequencing (COI)
of samples, to specimens from 23 localities of the Western Cape Province.
Our preliminary results suggest that a total of 6 cryptic species are currently
grouped under the name P. callosus. Diagnostic morphological features
used to distinguish between species were found on the ventrites and
genitalia of the males. Females cannot yet be distinguished reliably based
on morphology. Uncorrected interspecific genetic distances based on COI
sequences ranged from 3 to 11%. Among the species of this complex, two
were found in orchards and are causing damage. The other species were
found in the surrounding, natural environment and seemed to be primarily
associated with Asteraceae. More research is needed to explore the niche
partitioning of each species, such as geographic distribution, hosts plant
associations and phenology. More generally, this research highlights the
importance of detailed integrative studies to identify functional taxonomic
units of insect pests in agriculture.

46

ESSA 2019

poster presentation

A review of the necrophagous Calliphoridae colonising human
and animal remains in the Western Cape, South Africa
Marise Heyns
University of Cape Town, Cape Town, South Africa.

Forensic entomology is the study of insects and the arthropod phylum to
aid in medico-legal investigations. After death, when a body decomposes
it releases volatile molecules called apeneumones which attract a host of
insect species particularly the orders Diptera (flies) and Coleoptera (beetles).
The predominant species of Diptera are from the families Calliphoridae
(blow flies), Sarcophagidae (flesh flies) and Muscidae (house flies) which
colonise a body in successional stages alongside other insect species.
Knowing the usual patterns of distribution, biology, and the behaviour of
insects present on and around the corpse at a death scene can provide
information on the PMI as well as, under certain conditions, supporting
information like where and how the individual died. Therefore, it is important
that forensic entomologist know which species are active in the scene
microclimate. There are a number of necrophagous species of Calliphoridae
that occur in the Western Cape of South Africa, and are from the genera
Lucilia, Calliphora and tribe Chrysomyiini. Species distributions change over
time as species adapt, speciate and/or become extinct either locally or
for the whole species as climatic changes affects the local environment
that they occur in. Due to the Cape Fold mountain ranges, the ecological
conditions of the Western Cape of South Africa are a mosaic of ecosystems
with variable temperature, monthly rainfall and humidity. Furthermore, the
rainfall patterning of the system shifts from a winter rainfall patterning to a
summer rainfall or a yearlong rainfall patterning as one heads towards the
Eastern Cape of South Africa. This could potentially result in the formation of
fragmented populations of Calliphorid species, resulting in limitation of gene
flow between these local populations. This can result in a distinct haplotype,
which is a subpopulation of the species that share a distinct set of alleles.
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Diversity and nutritional status of edible insects in Africa: A
systematic review
Zabentungwa Hlongwane, Rob Slotow, Caswell Munyai
University of KwaZulu-Natal, Pietermaritburg, South Africa.

Insects are consumed as food in different parts of the world and their
consumption is not a new phenomenon as it dates back to prehistory before
people had tools for farming and hunting. In order to explore the diversity
and nutritional status of edible insects in Africa we reviewed 96 existing peer
reviewed literature of the work done by other researchers using the Thomson
Reuters’ Web of Science database. A list of 180 edible insect species from
eight orders were compiled of these, 37% were Lepidoptera, 27% were
Orthoptera, 14% were Coleoptera, 11% were Isoptera, 4% were Hemiptera
and Hymenoptera, Blattodea contributed less than 1%. Rhynchophorus
phoenicis (Coleoptera: Curculionidae) was the most studied species
across Africa with 31 publications in 12 countries, followed by Cirina forda
(Lepidoptera: Saturniidae) with 17 publications in 9 countries, Macrotermes
bellicosus (Isoptera: Termitidae) with 15 publications in 11 countries,
Zonocerous variegatus (Orthoptera: Pyrgomorphidae) with 14 publications
in 11 countries and Brachytrupes membranaceus (Orthoptera: Gryllidae)
with 13 publications in 12 countries. Edible insects are rich in protein, fats
and fibre. Orthoptera was reported to have high protein percentage of
61.32%, followed by Blattodea 57.30%, Hemiptera 48.33%, Hymenoptera
46.47%, Lepidoptera 45.35%, Coleoptera 40.69% and Isoptera 35.34%. Fat
percentage was reported to be higher in Coleoptera 33.4%, followed by
Isoptera 32.74%, Hemiptera 30.36%, Blattodea 29.90%, Lepidoptera 27.66%,
Hymenoptera 25.09% and Orthoptera 13.41%. Fibre was reported to be
higher in Hemiptera 12.40% followed by Coleoptera 10.74%, Orthoptera
9.55%, Lepidoptera 6.60% and Blattodea 5.31%. Considering nutritional,
socio-economic and cultural benefits of edible insects this review will
contribute to better understanding of edible insects as a potential to food
security problems in developing countries.
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Interactive identification key to species of Leptoceridae
(Trichoptera)
Alexandra Holland1, Ferdinand de Moor1,2, Helen Barber-James1,2
Department of Freshwater Invertebrates, Albany Museum, Makhanda/Grahamstown, South
Africa. 2Department of Zoology and Entomology, Rhodes University, Makhanda/Grahamstown,
South Africa.

1

Trichoptera are sensitive to water quality change and their larvae are used as
bioindicators in river biomonitoring world-wide. Larvae can only be identified
to genus level but for in depth biodiversity analysis, species level identification
is required. In Trichoptera this relies largely on characteristics of adult male
genitalia. However, identification of adults to species level is problematic
as the few existing dichotomous keys are only available to selected genera
sometimes going to species level. These keys are scattered across several
publications that are often out of date, written in different languages or
hidden behind paywalls. Traditional dichotomous keys come with their own
problems due to their linear structure. For example, if a character in the
sequence cannot be seen then further progress through the key is blocked.
Such keys can be especially difficult to use when the number of species
within a genus is large and characters are included that are difficult to
interpret. Furthermore, a new key has to be generated every time a new
species needs to be included. A more effective way to identify Trichoptera
to species level is the use of an interactive digital web-based multi-access
key. Here the user controls the identification process by choosing which
character to look at and in which order features are examined. Multi-access
keys allow for inclusion of character descriptions, definitions, drawings and
photographs. A preliminary interactive identification key to the species
of Leptoceridae (Trichoptera) is presented and future applications and
limitations are discussed.
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The effects of laboratory adaptation on climate stress resistance
traits and phenotypic plasticity in the Drosophilidae
Erika Huisamen, Minette Karsten, John Terblanche
Department of Conservation Ecology and Entomology, Stellenbosch University, Stellenbosch,
South Africa.

The magnitude and extent of laboratory adaptation is generally poorly
understood for estimates of climate stress resistance (CSR) traits and especially
the phenotypic plasticity thereof. Yet laboratory colonies, for example
Stock Centers, of model taxa remain popular for estimating adaptive
capacity and susceptibility to climate change. Here we investigated
whether there is a significant effect of time spent in culture on estimates
of CSR and its phenotypic plasticity of three wild-caught Drosophilidae
(Diptera) under standard, controlled rearing conditions. A further objective
was to identify the nature and magnitude of basal and plastic estimates of
CSR traits among four populations of Drosophila melanogaster collected
from different locations within South Africa to assess if geographic origin
influences these estimates within a single species. Drosophila melanogaster
generally increased resistance to environmental stressors after spending
ten generations in the laboratory, whilst Zaprionus vittiger and Drosophila
hydei had decreased resistance. There was also significant variation in
both thermal and survival traits and the plasticity thereof between the four
populations of D. melanogaster assessed. Thus, conditions at time of sampling
and the species or population’s geographic source can strongly influence
estimates of traits and their plasticity in laboratory cultures. Consequently,
CSR measured from Stock Center lines may bias results from experiments
that could influence tests of climate or niche matching and risk assessments.
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History of introductions and population diversity of the Sirex
woodwasp parasitoid, Ibalia leucospoides
Brett Hurley1, Katrin Fitza2, Michael Wingfield2, Bernard Slippers2
Department of Zoology and Entomology, Forestry and Agricultural Biotechnology Institute
(FABI), University of Pretoria, Pretoria, South Africa. 2Department of Biochemistry, Genetics and
Microbiology, Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
Pretoria, South Africa.

1

The parasitoid wasp Ibalia leucospoides (Hymenoptera: Ibaliidae) is native
to the northern hemisphere and has been introduced to the southern
hemisphere as a biological control agent for the invasive woodwasp
Sirex noctilio (Hymenoptera: Siricidae). Two sub-species of the parasitoid,
I. leucospoides leucospoides (Palearctic distribution) and I. leucospoides
ensiger (Nearctic distribution), have been utilized for these introductions and
were reported to have hybridized. Despite extensive records of the numbers
and origins of the wasps imported into the southern hemisphere, nothing
is known regarding their current population diversity. We investigated the
genetic variation of I. leucospoides in its native and introduced ranges
using mitochondrial (cytochrome oxidase subunit one (COI)) and nuclear
(internal transcribed spacer (ITS) rDNA) markers. Mitochondrial DNA diversity
in the introduced range was limited, including only five haplotypes, but
sequence divergence between these haplotypes was high. Similarly, the ITS
rDNA sequences revealed multiple clades present in the introduced range.
The results reflect introductions from an extensive geographical range, but
where genetic bottlenecks have possibly reduced the genetic diversity. The
data further reflect the origin of the I. leucospoides populations in South
America and South Africa as New Zealand or Australia. Despite previous
reports to the contrary, there was no evidence of hybridization having
occurred between the two sub-species in the introduced range.

oral presentation

ESSA 2019

51

Monitoring the stability of genetic marker in a local Anopheles
arabiensis genetic sexing strain earmarked for SIT applications
Eunice Jamesboy1,2, Leanne Lobb1,2, Thabo Mashatola1,2, Givemore
Munhenga1,2
Centre for Opportunistic, Tropical and Hospital Infections, National Institute for Communicable
Diseases, Johannesburg, South Africa. 2Wits Research Institute for Malaria, School of Pathology,
Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa.

1

Sterile Insect Technique (SIT) is an Area-Wide Integrated Vector
Management (AW-VM) intervention, used to complement existing vector
control strategies is under investigation in South Africa. One of the critical
steps required for the application as a mosquito control strategy is the
availability of an efficient and effective sex-separation system. The South
African SIT programme successfully developed a sexing strain based on the
sex linkage of an insecticide resistance mutation as a selectable marker for
gender separation. The major disadvantage of this strain is that it involves
chromosomal translocations that leads in the development of recombinants
with generations. During mass rearing for SIT releases, insects are reared in
their millions under stressful conditions and is inevitable that the integrity
of the strain will be compromised. This study monitored development
of recombinants over several generations to determine when periodic
purification will be needed to maintain the integrity of the selectable
marker. A genetic sexing strain (GMK) was reared for 15 generations without
purification. The frequency of the rdl marker were examined and a subsample
of third instar larvae from each generation were treated with dieldrin to
determine the sex ratio adult emerging after treatment. Preliminary results
showed that recombination occurred at generation 11 and the mean
percentage adult emergence by gender after dieldrin treatment showed a
significant difference (Anova, df.= 3. F= 5.2, p < 0.05). Moreover, monitoring
recombination using larval treatments is not reliable since results were good
even after recombination. This study showed that this strains needs periodic
purification after the 10th generation to maintain the marker in the males
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High spatial turnover in springtails of the Cape Floristic Region
Charlene Janion-Scheepers1, Jan Bengtsson2, Louis Deharveng3, Grant
Duffy4, Hans Petter Leinaas5, Steven Chown4
1
Iziko South African Museum, Cape Town, South Africa. 2Swedish University of Agricultural
Sciences, Uppsala, Sweden. 3Muséum national d’Histoire naturelle, Paris, France. 4Monash
University, Melbourne, Australia. 5University of Oslo, Oslo, Norway.

The extraordinary diversity of plants across the Cape Floristic Region is
represented by considerable species turnover amongst sites. Phytophagous
insects show similarly high turnover, but their patterns are closely coupled
to those of their plant hosts. If the mechanisms underlying high plant
turnover are general, similar patterns of turnover should also be seen in
non-herbivorous groups. We tested this hypothesis using new data for the
Collembola (springtail) fauna of the Fynbos biome. We sampled springtails
from six sites over two seasons. Species richness was compared with
expected values from other studies worldwide given the environmental
characteristics of the sites sampled. Nestedness and turnover components
of beta diversity were calculated and compared against beta diversity
patterns of springtails across Europe. A total of 114 morphospecies from 14
families was collected. Species richness of Fynbos sites ranged from 14 to
31 species, which was not significantly different to that previously reported
for non-Fynbos locations and generally within expectations given the
temperature, rainfall, and productive energy of each site. Beta diversity
was high across all pairwise comparisons of Fynbos sites and dominated by
species replacement rather than assemblage nestedness. Alpha diversity
of Fynbos Collembola assemblages is in keeping with species richness
expectations. By contrast, beta diversity is high given the small distances
among sites and is characterised predominantly by species turnover. These
patterns of unremarkable alpha diversity, but high turnover among sites are
comparable to many Fynbos plant groups. The mechanisms giving rise to
high beta diversity of the plants may also have led to high diversity in other
taxa.
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Insect biodiversity in Conservation Agriculture (CA)
Astrid Jankielsohn
ARC-Small Grains, Bethlehem, South Africa.

Conservation agriculture (CA) is a systems approach to farming based
on three practices, avoiding mechanical soil disturbance, enhancing
permanent cover of soil surface and diversification of species. Biodiversity
in insect populations is important in achieving the goals of conservation
agriculture. In the race for survival, insects have been predominantly
perceived as competitors, but they are vital within our food supply chains. As
ecosystem drivers, insects are important and contribute important ecosystem
functions such as predation and parasitism, pollination, ecosystem cycling
and decomposition. Soil is the regulating centre of nutrient cycling processes
and dung beetles (Coleoptera: Scarabaeidae) contribute to soil health by
increasing nitrogen, phosphorous, potassium, calcium and magnesium or
total proteins content and actively contribute to the ecological process of
nutrient cycling through burial of dung. They are also actively involved in
bioturbation and aeration of the soil. The aim of this study is to describe the
structure of dung beetle assemblages in both crop and grazing ecosystems
and correlate their presence and diversity to the physical and chemical
properties of soil in these systems.Dung beetle assemblages are monitored
bimonthly in grazing and crop ecosystems in two areas in the Eastern Free
State (Reitz and Vrede). Conservation agriculture is practiced in these areas
with no till, crop rotation, the use of cover crops, and high intensity grazing,
characterizing agricultural practices. Dung beetle assemblages can serve
as a useful tool in establishing regenerative agricultural practices and serve
as bioindicators of the sustainability of the agricultural systems. A sustainable,
diverse dung beetle assemblage can be supported in an agricultural
system by changing the cultivation practices. These systems will benefit by
the ecosystem services provided by a diverse dung beetle assemblage by
a decrease in the use of chemical fertilizers and other agrochemicals.

54

ESSA 2019

oral presentation

Diversity of non-crop plants and arthropods in soybean agroecosystems in South Africa
Paul Janse van Rensburg, Johnnie Van den Berg, Stefan Siebert
North-West University., Potchefstroom, South Africa.

Soybean is an important crop due to its high nutritional value, the ability
for nitrogen fixation and usage in livestock feed. Large-scale and intensive
agriculture brings about the destruction and fragmentation of natural
ecosystems and may result in loss of biodiversity. Since soybean is cultivated
widely throughout South Africa, it is important to understand what potential
impact its cultivation practices have on natural biodiversity. Apart from
knowledge on key pest species of soybean, there is limited data available
on biodiversity and ecosystem services associated with soybean cropping
systems in South Africa. The objectives of this study were to study plant and
arthropod diversity patterns in soybean agro-ecosystems in the Grassland
biome of South Africa. Ten sites were surveyed in the major soybean
producing regions of South Africa during the 2017/2018 and 2018/2019
production seasons. At each site, 3 treatment zones along the soybean
field-field margin gradient were surveyed. These were the soybean crop,
field boundary (zone adjacent to the crop margin with a high level of
anthropological disturbance) and adjacent natural grassland. During surveys
a total of 372 arthropod morphological species were collected and 200
plant species were identified. The transformation of grassland into soybean
fields resulted in decreased arthropod species diversity and abundance in
fields. However, high diversity and abundance of plants and arthropods
were sampled in adjacent field margins. These areas may function as an
important reservoir for biodiversity and its associated ecosystem services.
This study provides baseline data for identification of priority species and
evaluation of ecosystem services provided by plants and arthropods,
especially natural enemies of pests, in soybean agro-ecosystems.

poster presentation

ESSA 2019

55

Does host plant drive variations in microbial gut communities in
a recently shifted pest?
Marion Javal1, Marie-Pierre Chapuis2, Laure Benoit2, Chantelle Smit1,
Desmond E. Conlong1,3, John S. Terblanche1
Department of Conservation Ecology & Entomology, Stellenbosch University, Stellenbosch,
South Africa. 2CBGP, Cirad, Montpellier SupAgro, INRA, IRD, Univ. Montpellier, Montpellier,
France. 3South African Sugarcane Research Institute, Mount Edgecombe, South Africa.

1

The recent shift of the indigenous longhorn beetle Cacosceles newmannii
(Coleoptera: Cerambycidae) into sugarcane of KwaZulu-Natal has resulted
in widespread concern surrounding its pest status and further potential for
spread and damage in sugarcane crops. Although historically widespread
in many biomes in southern Africa, C. newmannii is thought to thrive on
indigenous forest trees, and no precise description of its biology is documented
to date. Its shift into sugarcane was first recorded in 2015, and can possibly
be attributed to several potential mechanisms, including abiotic and biotic
factors. We hypothesized that the possible polyphagia of this species
could cause, or result from, changes and modulations of the microbiome
composition depending on the host. As a first step to test this hypothesis,
we characterised whole body associated bacteria of C. newmannii larvae
by high-throughput sequencing of a DNA amplicon coding for the 16S
ribosomal RNA gene. Preliminary analyses were conducted on specimens
fed with either peat or sugarcane, or both peat and sugarcane. Results
showed that the diet seemed to influence the composition of the bacterial
community. In addition, a strong variability was observed among individuals
fed on the same host. A larger batch of larvae were fed with either tea
tree, eucalyptus, wattle or sugarcane for 7 weeks, and their growth rate
was measured. Their microbiome composition will now be determined as
described above. Analyses are in process and first results will be presented
on this poster.
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Second generation effects of larval metal pollution on the major
malaria vector Anopheles arabiensis
Alexander C.S.N. Jeanrenaud1,2, Basil D. Brooke2,1, Shüné V. Oliver2,1
University of the Witwatersrand, Johannesburg, South Africa.
Communicable Diseases, Johannesburg, South Africa.

1

2

National Institute for

Larval exposure to heavy metals has large-scale effects on the biology of
adult mosquitoes. Very little attention, however, has been paid to the biology
of the offspring of mosquitoes that have emerged from polluted waters.
Mosquitoes exposed to metal pollution as larvae may as adults then oviposit
in a clean site or again in another polluted site, and it is currently unknown
what the consequences of parental exposure to heavy metals means for the
offspring. In this study, the transgenerational effects of parental cadmium
chloride, cupric nitrate and lead nitrate exposure on reproduction, adult
longevity and adult insecticide resistance were examined. These effects
were examined in an insecticide susceptible laboratory strain (SENN) as
well as an insecticide resistant strain (SENN DDT) of Anopheles arabiensis
(Diptera: Culicidae), a major malaria vector in Southern Africa. The SENN
strain lays fewer eggs in metal polluted water. Hatch percentage of eggs
from metal-exposed parents was lower than that of unexposed parents of
the SENN strain, and to a greater degree than that of the SENN DDT strain.
Changes in fertility appeared to be linked to apoptotic damage induced in
the testes and sperm of the males. The offspring of treated adults displayed
no changes in longevity after rearing in untreated water, except for an
increase in longevity in SENN males and SENN DDT females from lead-treated
parents. Increased tolerance to the insecticides deltamethrin (pyrethroid)
and malathion (organophosphate) were generally maintained and often
amplified in the second generation, regardless of whether the second
generation was reared in clean or polluted water. This study demonstrates
a profound effect of larval metal exposure on both the first and subsequent
generations, raising concerns about the effect of current pollution levels
on insecticide selective pressure, even after the initial source of pollution is
removed.
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ABEKA – How we can help in identifying insects, assisting with
research, facilitating training workshops.
Caro Kapp, Pia Addison
Stellenbosch University, Stellenbosch, South Africa.

Insects are amazing, but in agriculture, not all of them are desirable.
Considering increasing pressures to export fresh produce without
phytosanitary pests, it is becoming increasingly important to correctly identify
insect pests. Not only are correct insect identifications crucial for exports,
but it is also essential for eradication efforts for invasive pest species such as
Oriental fruit fly (Bactrocera dorsalis (Diptera: Tephritidae)) and Polyphagous
shot hole borer (Euwallacea fornicates Coleoptera: Curculionidae)). It
is also imperative to be able to receive accurate information regarding
the monitoring of local pest species. Abeka, formerly known as the IPM
Initiative, is a start-up company within the Department of Conservation
Ecology and Entomology at Stellenbosch University. We specialize in the
identification of various agricultural insect pests; providing a variety of
training workshops designed to assist young researchers, enable various
role players in agriculture to identify key pests, understand integrated pest
management systems, recognize invasive pest species; and in facilitating
various research projects for industry. Identifications are accomplished by
means of morphological and/or molecular techniques. Insects are either
identified as is or reared to adulthood before identifications are made. We
utilize a variety of morphological keys to identify insects but have a network
of experts who assist with specialized identifications. These experts, as well
as others, are also crucial as workshop instructors. Workshops vary from very
academically focused (Phylogenetics – Introduction, and Advanced) to
very applied (Moth identification workshop with a special focus on FCM).
We are also open to suggestions from the industry where training is needed.
Research projects are managed by us, from the initial planning up to
statistical analyses and report writing. This service is useful for agricultural
companies who do not have the resources or the time to realize specific
research questions.
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False Codling Moth Thaumatotibia Leucotreta: An overview of
current interdisciplinary research
Minette Karsten, Erika Huisamen, John Terblanche
Centre for Invasion Biology, Department of Conservation Ecology and Entomology, Stellenbosch
University, Stellenbosch, South Africa.

The False codling moth (FCM) (Thaumatotibia leucotreta) (Lepidoptera:
Tortricidae) is a polyphagous pest, listed as a quarantine pest for most of South
Africa’s export markets. The development of novel, and the improvement
of existing, control methods for false codling moth is an urgent priority for
several fruit kinds to maintain current and emerging market access. We
are pursuing this goal by following an interdisciplinary approach including
methods from physiology, genomics and transcriptomics at a range of
spatial and temporal scales. First, we investigated the influence of sex and
rearing temperature on wing and body morphology of FCM and in addition,
the effects of these on flight ability and low temperature performance in
the laboratory. Next, we assessed whether reduced activity and dispersal
in FCM is caused by delayed or perturbed recovery of ion and/or water
homeostasis after chilling for handling and transport prior to field release.
Moths released as part of an SIT programme need to be highly competitive
and perform equally or outperform their wild conspecifics, even after being
cooled for transportation to the field. Finally, to better understand the rapid
evolution of pesticide resistance and environmental stress adaptation in
FCM we are developing a novel genomic and transcriptomic toolkit for FCM.
Specifically, once we have sequenced and annotated the FCM genome,
we are interested in characterising the transcriptional architecture of the
phenotypes of FCM under combinations of temperature and insecticide
stress. This talk provides a brief overview of the work completed and currently
underway for FCM as well as some future avenues of research.
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Patterns and mechanisms of susceptibility of white grubs to South
Africa’s entomopathogenic nematodes
Agil Katumanyane1,2, Brett Hurley1,2, Bernard Slippers3,2, Mesfin Wondafrash1,2,
Antoinette Malan4
Department of Zoology and Entomology, University of Pretoria, Pretoria, South Africa. 2Forestry
and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa.
3
Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Pretoria,
South Africa. 4Department of Conservation Ecology and Entomology, Stellenbosch University,
Stellenbosch, South Africa.
1

Schizonycha affinis Boheman (Coleoptera: Scarabaeidae) is one of the most
dominant white grub species in forestry and sugarcane plantations in South
Africa. Like other white grubs, its control is hindered by its cryptic nature
and resistance to chemicals. Entomopathogenic nematodes (EPNs) can
be used as an alternative method of control against white grubs, with no
known secondary effects to humans and the environment. The mechanisms
and patterns of susceptibility of S. affinis to seven local EPNs species,
namely Heterorhabditis bacteriophora, H. zealandica, Steinernema fabii,
S. yirgalemense, S. jeffreyense, S. sacchari and SCH10 (an undetermined
EPN-isolate from S. affinis) were investigated. Laboratory bioassays were
performed using the third instar larvae of S. affinis and infective juveniles
(IJs) of EPNs at an inoculation rate of 400 IJs per larva, in 30 g of autoclaved
soil. The percentage mortality caused by each nematode species was
recoded over a period of four weeks, at a seven-day interval. Subsequently,
concentration trials were performed using the most efficient EPN species, H.
zealandica, to determine its LD50. Mortality data was analysed using a GLM
procedure for binomial distribution and a probit analysis was performed
for the concentration data. Results of the analysis showed that mortality
percentage of S. affinis varied significantly amongst EPN species and over
time (p < 0.001). The highest percentage mortality was observed for H.
zealandica at four weeks after nematode inoculation. The LD50 obtained for
S. affinis was 38 IJs per larva after four weeks of exposure to H. zealandica.
Dissecting the S. affinis cadavers revealed that the EPNs enter through the
anus, within 24 h of exposure.
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Potential efficacy of Schinus molle L. on Prostephanus truncatus
Horn and Sitophilus zeamais L. – economic insect pests of stored
cereals
Onalethata Keosentse, Honest Machekano, Casper Nyamukondiwa
Botswana International University of Science and Technology (BIUST), Palapye, Botswana.

Sorghum and maize are major staple cereals in Botswana. The maize
weevil, Sitophilus zeamais L. (Coleoptera: Curculionidae) and the larger
grain borer, (LGB) Prostephanus truncatus Horn (Coleoptera: Bostrichidae)
are the major insect pests of stored maize and sorghum, accounting for
~23.5% and 27% per year respectively in postharvest losses. Their damage
leads to reduced quality, quantity and nutritional value of stored grain,
contributing to national food and nutrition insecurity. Currently, farmers
rely on organophosphate based synthetic insecticides which are globally
condemned for public health risks, insecticide resistance, high cost
and food safety issues. Botanical pesticides offer a low cost, user- and
environmentally friendly and readily available alternative. This study
investigated the insecticidal efficacy of a local ornamental plant Schinus
molle L. (Sapindales: Anacardiaceae) traditionally believed to have
insecticidal properties. The powders from dried leaves, fruits, bark and roots
were separately tested against adult P. truncatus and S. zeamais on both
sorghum and maize grain at 500ppm, 1 000ppm, 1 500ppm and 2 000ppm
(25±1°C and 65±5% RH) and compared against a commercially registered
grain protectant, Grainguard® (Mercaptothion 10g/kg + Permethrin 1.5g/
kg). The results showed that the S. molle powders were not effective against
either P. truncatus or S. zeamais on both grain types. However, fruit powder
(2000ppm) on P. truncatus showed significantly high mortality (> 40%) (p <
0.05) on sorghum grain, implying potential efficacy if applied at higher doses.
Our results also showed that, Grainguard® was ineffective on P. truncatus
on maize grain at manufacturer-recommended rate, indicating potential
insecticide resistance for P. truncatus. Contrary to current myth amongst
local farmers, we conclude that raw S. molle leaf, root and bark powders
were not effective on S. zeamais and P. truncatus at rates ≤ 2 000ppm.
Further research should be aimed at testing the concentrated extracts
of potential active ingredients of S. molle fruits to enhance and improve
its efficacy. Moreover, potential P. truncatus resistance to commercially
registered insecticides warrants further investigation.
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Quantifying the pollination ecosystem service by non-Apis bee
species on tomato crops in Limpopo Province
Retang Kgaphola
Burtie van Zyl Pty Ltd, Mooketsi, South Africa.

Pollination is one the most important ecosystem service. The quantity and
quality of most agricultural crops species are increased by pollination
by insects especially bee species, however it is a seriously endangered
ecosystem service. Bee species pollinators, additionally provide an essential
ecosystem service that contributes to the maintenance of the natural
biodiversity. Agricultural activities are posing the greatest effect on bee
species population and their ability to perform pollination, due to their
continuous use of pesticides and chemical fertilizers, removal of their natural
habitats, soil quality and mono-culture. Tomato (Solanum lycopersicum L.)
flowers are self-pollinating. In tomato flowers the stigma is enclosed in a
tube and it is not exposed to any insect pollinators. Therefore, they require
agitation of their anthers for their pollen to be released onto the receptive
stigma (sonication). This can be done by wind or mechanical means,
usually by bees, and it is then known as buzz pollination. Honeybees (Apis
spp.) (Hymenoptera: Apidae) do not buzz pollinate. The Limpopo Province
is the centre of tomato production in South Africa within this province, it
is not known: 1. Whether buzz pollinating bee visitation improves tomato
production, both in quality and quantity. 2. Which bees are the predominant
pollinators of tomato crops? 3. The frequency of bee visits on tomato flowers;
4. Whether pollination is consistent across geographic regions in Limpopo. 5.
And Whether local habitat plays a significant role in tomato pollination. There
is little knowledge, in relation to the pollination ecosystem service provided
by non-Apis bees in tomato production. Therefore, this study is designed
to assess whether pollination management principles may improve tomato
productivity.
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Foundational biodiversity information programme generated
data: An assessment of entomology related primary data
Mahlatse Kgatla
SANBI, Pretoria, South Africa.

Proper planning for biodiversity conservation and sustainable use of natural
resources requires the support of quality and reliable primary data. The
Foundational Biodiversity Information Programme (FBIP) has been funding
research specifically for generating primary data, including observation and
specimen data. Accurate identification of specimens is a critical aspect of
data therefore DNA barcoding and taxonomic research are also supported.
All data generated through the FBIP-funded projects have to be provided
to SANBI and the data sets must be made openly accessible. These data
sets are made available on the FBIP website, GBIF, BOLD or GenBank. From
2013, the FBIP has supported 121 small and five large projects with more than
20 being entomology related. More than 90 000 specimen records and a
further 163 DNA sequences records from entomology related projects were
submitted so far covering various taxa and geographical areas. To date
three entomology projects with 9 727 records are accessible on FBIP website,
three projects with 9 181 records on GBIF and 116 DNA barcodes have
been submitted to BOLD. More records from entomology related projects
are anticipated as incoming data sets are being assessed, processed and
made available. These data can help improve spatial planning for species
conservation, and can be used in Red List assessments, species distribution
modelling and for species identification and for monitoring change in insect
populations.
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Response of subterranean ant diversity to changing habitats of
Natal Midlands, KwaZulu-Natal
Lindiwe Khoza, Caswell Munyai
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

Subterranean ants (Hymenoptera: Formicidae) are some of the most
diverse soil dwelling arthropods foraging in the organic soil layer, and they
play a significant role in the ecosystem but are understudied because of
sampling difficulties. This study documented the first systematic study to
investigate subterranean ants in South Africa. It aims to determine how
habitat structure influences diversity of subterranean ants. This was achieved
by comparing ant diversity between three habitat types (grassland, forest
and blue gum plantations) in Wakefield Farm in the Natal Midlands outside
Pietermaritzburg. Subterranean baited traps were used to sample across
the three habitat types. Each habitat type was replicated four times
and replicates were > 300 m apart. Each replicate had 10 traps in a 2 ×
5 sampling grid with 10 m between traps. A total of 6 452 individual ants
representing 12 species and four subfamilies were sampled, with Dorylinae
being the most abundant subfamily representing 58% of total abundance.
Of the three habitats, grassland was the most diverse habitat representing
75% total richness. Habitat structure and microclimate were the key factors
influencing diversity of subterranean ants.
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Aquatic insects act as umbrella species for biodiversity in rivers
of the biodiversity rich Cape Floristic Region
Gabriella Kietzka, James Pryke, René Gaigher, Michael Samways
Stellenbosch University, Stellenbosch, South Africa.

The use of indicators in conservation biology is important for rapid biodiversity
and environmental surveys, and as an early warning for potential threats.
These biological indicators need to be simple and inexpensive to survey. The
umbrella index was designed to quantify the selection of umbrella species for
biodiversity assessments, and is especially useful in biodiversity hotspots, like
the Greater Cape Floristic Region (GCFR) of South Africa. This region consists
of unique mountainous rivers that provide refuge to a number of aquatic
insects, with high levels of endemism. The aquatic larvae of Ephemeroptera,
Plecoptera and Trichoptera (EPT), as well as the adults of Odonata, are all
highly responsive to environmental changes, and are often used in water
quality assessments to measure river health. Using the umbrella index here, I
evaluated the performance of the umbrella species approach for aquatic
insect conservation in a region with many rare and endemic species, across
multiple rivers with different levels of disturbance. Along four GCFR rivers, a
total of 180 natural and 180 agricultural sites were sampled. At each site EPT
larvae were collected using an aquatic net, and adult, male Odonata were
visually recorded. The umbrella index identified eight EPT species and seven
Odonata species as potential umbrellas. Both these groups co-occurred
with high percentages of their own overall groups (EPT umbrellas for overall
EPT; Odonata umbrellas for overall Odonata) as well as for the other group
(EPT umbrellas for overall Odonata; Odonata umbrellas for overall EPT). The
index was surprisingly flexible and performed well in an area with a large
number of rare, endemic species, as well as across spatial scales greater
than a single river, with varying degrees of disturbance. Furthermore, EPT
taxa and Odonata showed promising potential as biodiversity surrogates
and could be useful in future conservation planning.

oral presentation

ESSA 2019

65

Citrus Leprosis-N disease transmitted by Brevipalpis californicus
– first case in South Africa
Wayne Kirkman1, Vaughan Hattingh2,3, Elma Carstens2, Sean Moore1,4, Paul
Fourie5,6, Glynnis Cook7, Elaine Basson7, Tim Grout7, Chanel Steyn7, Rochelle
Clase7
1
Citrus Research International, Port Elizabeth, South Africa. 2Citrus Research International,
Stellenbosch, South Africa. 3Department of Horticultural Science, Stellenbosch University,
Stellenbosch, South Africa. 4Center for Biological Control, Department of Zoology and
Entomology, Rhodes University, Grahamstown, South Africa. 5Citrus Research International,
Citrus Foundation Block, Uitenhage, South Africa. 6Department of Plant Pathology, Stellenbosch
University, Stellenbosch, South Africa. 7Citrus Research International, Nelspruit, South Africa.

Citrus Leprosis (CL), one of the oldest citrus diseases, is known to occur in South
and Central American countries, but has not previously been reported on
citrus in South Africa. CL is caused by several RNA viruses, commonly referred
to as either the cytoplasmic type (CL-C), or the nuclear type (CL-N), and the
viruses are mainly spread by Brevipalpus spp (flat mite) vectors. Symptoms
similar to those of CL were observed in seven Valencia and Navel orange
orchards on three farms in the Addo area of the Eastern Cape Province. A
CL-N virus belonging to the Dichorhavirus genus was detected by molecular
diagnostics in samples from all three sites. Sequence data indicated that the
associated virus is a strain of Orchid fleck virus (OFV), with closest sequence
identity (99%) to the OFV_cym07 isolate on cymbidium orchids (Cymbidium
spp.), similar to the subgroup I isolate of OFV previously found on cymbidiums
from South Africa. Mites were recorded on fruit, stems and branches at all
three sites, and were identified as Brevipalpus californicus (Trombidiformes:
Tenuipalpidae). The virus cannot spread systemically through the plant but
persists around mite feeding sites. Mites become infected when feeding
on symptomatic tissue, and transmit the virus by subsequent feeding. A
response plan was drafted and implemented to contain and eradicate the
disease, focussing on removal of CL inoculum (symptomatic material), and
the containment and control of mites. Awareness actions and delimitation
surveys for CL symptoms and infected mites were also initiated.
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Malaria Sterile Insect Technique: smooth road or with some pot
holes
Lizette L Koekemoer
WITS Research Institute for Malaria, SA Medical Research Council Collaborating Centre for
Multidisciplinary Research on Malaria, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg and Centre for Emerging Zoonotic and Parasitic Diseases, National Institute for
Communicable Diseases of the National Health Laboratory Service, Johannesburg, South
Africa.

The sterile insect technique (SIT) has successfully been used to combat
insect pest species in the agricultural sector. The elimination of the New
World screwworm fly (Cochliomyia hominivorax) from North and Central
America is one of the best known examples where this technology has had
a major impact. The potential impact of this technology for the control of
vector borne diseases, such as Zika, dengue and malaria, is less evident. The
intellectual concept of SIT originated from three independent researchers
in the 1930s/1940s and although this technology was established for
anophelines in the 1970s, it has never been implemented as part of an
integrated malaria vector control program. This despite the imminent
risk that insecticide resistance holds for the successful control of malaria
and malaria elimination strategies. Studies in South Africa have identified
suitable pilot sites for SIT and entomological data on the major African
malaria vector Anopheles arabiensis were collected. Surveillance sampling
methods were adapted to enhance outdoor resting collections for a low
transmission setting and the impact of seasonal variation on this species
was recorded. Although results to date show that induced sterility can
predictably reduce target vector population density considerably, various
financial and logistical challenges will impact on the implementation of
this strategy to complement other malaria vector control methods in use in
South Africa.
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Induced Resistance in water hyacinth, Eichhornia crassipes, to
the biological control agent Megamelus scutellaris
Emily Kraus
Rhodes University, Grahamstown, South Africa.

Herbivore induced responses in plants as well as the roles of plant hormonal
pathways that underlie this phenotypic plasticity are increasingly being
investigated. Induced defences may affect herbivores utilizing the same host
plant both concurrently and for as long as weeks after the initial injury. These
plant-mediated interactions may result in decreased herbivore densities.
Biological control programs depend on the successful reproduction and
survival of insect agents introduced, and it is therefore vital to understand
the impact of induced responses on biological control agents. Additionally,
identifying the underlying hormonal defence pathways associated with these
responses, and the total level of phenolic compounds, may reveal novel
control methods. Preliminary evidence supports the occurrence of induced
resistance in water hyacinth, Eichhornia crassipes (Pontederiaceae), to two
insect herbivores from its native range, Eccritotarsus catarinensis (Hemiptera:
Miridae) and Neochetina bruchi (Coleoptera: Curculionidae). It is likely that
induced defensive responses affect other agents as well. Understanding the
intricacies of plant insect interactions in the non-native range may allow
for increased management success in areas where E. crassipes is invasive.
Presented here are a series of experiments performed under greenhouse
conditions investigating plant-insect interactions of E. crassipes and
Megamelus scutellaris (Hemiptera: Delphacidae). It was hypothesized that
herbivory by M. scutellaris males would induce resistance in plants resulting
in a decrease in oviposition of females that subsequently colonize the
plant. A second hypothesis was that there would be an increase in the total
phenolic content of plant tissues after feeding and that these represent
the underlying mechanism of plant defence to M. scutellaris. Finally, it was
hypothesized that application of salicylic acid would inhibit the production
of phenolic compounds and therefore increase insect fitness and decrease
plant growth. Results will be discussed.
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Potential insect vectors and alternative host plants of insecttransmitted liberibacter and phytoplasmas in the Fynbos and
Succulent Karoo biomes in the Western Cape
Kerstin Krüger1, Johan van Wyk1, Michael Stiller2, Gert Pietersen3, Rochelle
Janse van Rensburg4, Ronel Roberts2, Gerhard Pietersen4,5, Eleonora Satta6,
Assunta Bertaccini6
1
Department of Zoology and Entomology, University of Pretoria, Pretoria, South Africa. 2ARCPlant Protection Research, Pretoria, South Africa. 3Patho Solutions, Pretoria, South Africa.
4
Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Pretoria, South
Africa. 5Department of Genetics, Stellenbosch University, Stellenbosch, South Africa. 6Alma
Mater Studiorum, University of Bologna, Plant Pathology, Bologna, Italy.

Potential insect vectors and alternative host plants of pathogens associated
with citrus greening in citrus (Citrus spp., Rutaceae) and grapevine yellows
(GY) in grapevine (Vitis vinifera, Vitaceae) were surveyed in the fynbos
and succulent karoo biomes in the Western Cape in South Africa. The
insect-transmitted diseases are associated with the presence of bacterial
pathogens (‘Candidatus Phytoplasma’ and ‘Candidatus Liberibacter’) that
threaten the production and international trade of these crops. Despite
previous efforts, the knowledge concerning potential insect vectors and the
host range in indigenous host plants is limited. Three surveys were carried out
in September (spring) in 2017, and January (summer) and August (winter)
in 2018 in the natural vegetation at nine sites. Insects were collected with
vacuum sampling from 20 randomly selected plant samples per species
at the specific sites. Branches with leaves from the same plant species
were collected, and both insects and plant samples were tested for the
presence of phytoplasmas and liberibacters by quantitative polymerase
chain reaction (real time PCR) or nested PCR and sequencing. Alternative
host plants from 989 samples representing 42 species belonging to 19
families were analysed. None of the 42 plant species tested positive for ‘Ca.
Liberibacter africanus’, the agent of citrus greening in South Africa. Aster
yellows phytoplasma (16SrI-B), which has been reported infecting grapevine
in three regions in the Western Cape, was identified in a plant species
belonging to the Aizoaceae. Other phytoplasmas were detected from
species belonging to the Brassicaceae, Montiniaceae and Proteaceae and
in a few insect specimens belonging to the Auchenorrhyncha (Hemiptera).
The data generated will be used for biological and epidemiological studies
and the development of management strategies. This work was carried out
under the framework of the European Union’s Horizon 2020 research and
innovation programme TROPICSAFE under grant agreement No. 727459.
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Ant diversity patterns along the Udzungwa mountains: Does it
increase or decrease with elevation?
Caroline Kunene1, Stefan Foord2, Caswell Munyai1, Jagoba MalumbresOlarte 3,4,5
1
University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2University of Vhenda, Thohoyandou,
South Africa. 3cE3c – Centre for Ecology, Evolution and Environmental Changes / Azorean
Biodiversity Group and Universidade dos Açores, Angra do Heroísmo, Terceira, Açores, Portugal.
4
University of Helsinki, Helsinki, Finland. 5University of Copenhagen, Copenhagen, Denmark.

The Udzungwa mountain is a biodiversity hotspot. It is a centre of mammal
endemism and is recognised for its outstanding biodiversity and ecosystem
services. However, climate change, land degradation and biodiversity loss
has resulted in the Udzungwa mountain being listed amongst the 17 most
threatened tropical forest ecosystems of the world. There is a great demand
for conservation strategies in this area, yet the species proven to be great
indicators of change are understudied Viz. invertebrates. Invertebrates are
a powerful tool in monitoring the environmental change. They are valuable
indicators of changes in an ecosystem’s biological integrity. Ants are amongst
the most diverse groups of invertebrates. The aim of the study therefore was
to describe ant diversity patterns along an elevational gradient across the
Udzungwa Mountains. A standardized pitfall survey has conducted across
five elevational transects, each at a distance of 0.1, 1, 20 and 174 km from
the first one. They were at three target elevations which correspond to three
forest types - lowland (300–800 m.a.s.l), sub-montane (800–1400), montane
(1400–1500). A total of 31 776 ant specimens were collected. They belong
to five subfamilies, 34 genera and 101 species. Five species were indicator
species form the lowland forest while 2 species were indicator species of submontane and montane forest. Sample coverage shows that sampling was
complete. Species richness declined with increasing elevation, while species
abundance peaked in the mid-elevation. Three species assemblages
corresponding to the three forest types were observed along the mountain,
however, species assemblage associated with lowland and sub-montane
shared many species, while the assemblage associated with the montane
forest shared very little species with the other forest types. Three of the five
most influential species between these 3 assemblages were the same and
are most likely to thrive in the event of increased natural and anthropogenic
changes.
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The potential global and South African distribution of the
emerald ash borer, Agrilus planipennis Fairmaire, (Coleoptera:
Buprestidae)
Candice Lamb1, Katelyn T. Faulkner2,3, Mark P. Robertson3
1
University of Pretoria, Pretoria, South Africa. 2South African National Biodiversity Institute, Cape
Town, South Africa. 3Centre for Invasion Biology, Pretoria, South Africa.

Global transport and trade have resulted in the increased introduction of
invasive species, with considerable negative ecological and economic
impacts. Therefore, it has become increasingly important to predict the
potential distribution of invasive species, through ecological niche modelling,
so that appropriate management practices can be put in place. The
Maximum entropy (Maxent) ecological niche modelling method was used
to establish the potential global and South African distribution of the emerald
ash borer (Agrilus planipennis Fairmaire, EAB) (Coleoptera: Buprestidae), an
invasive wood-boring beetle. The appropriate Maxent model outputs were
also used to determine if there were suitable climates for the EAB in South
Africa, where it has yet to be introduced, that coincided with native and
introduced olive species (Olea spp.), a potential EAB host. The native range
was poorly predicted by the models and only some models predicted the
introduced range well. Models predicted further expansion of the EAB
ranges in regions where it is already introduced (North America, Europe,
and western Russia) as well as suitable climate in new regions such as South
Africa, India, Australia and South America. Climates of the North American
introduced range and the native range of the EAB were significantly different.
This difference may be caused by multiple factors such as poor sampling in
the native range and limitations in ecological niche modelling. Therefore,
to develop a more robust prediction of potential distribution of the EAB, it
is important to establish its genetic diversity and introduction history of this
beetle. Suitable climates for EAB invasion were found in South Africa and
coincided with the occurrence of olive tree species. If introduced into South
Africa, the EAB is likely to become a biosecurity threat and causenegative
ecological and economic impacts.
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Cultivated olives in South Africa are affected by two lace bug
species (Plerochila australis and Neoplerochila paliatseasi), as
shown by complete mitochondrial genomes
Jethro Langley, Morgan Cornwall, Chanté Powell, Barbara van Asch
Stellenbosch University, Stellenbosch, South Africa.

The commercial cultivation of olives in South Africa is mainly concentrated
in the Western Cape Province. Previous field surveys in the region resulted
in the identification of a rich assemblage of insects associated with olives
and olive trees, including olive fruit flies, seed and parasitoid wasps, flea
beetles, and lace bugs. Lace bugs (Hemiptera: Tingidae) are sap-feeders
and are considered one of the most important pests affecting the industry.
Plerochila australis (Distant, 1904) has been identified as the major pest. Our
study found two morphologically distinct types of lace bugs, subsequently
identified as P. australis and Neoplerochila paliatseasi Rodrigues, 1981. We
recovered the complete mitogenomes for both species, using the NGS Ion
Torrent platform at Stellenbosch University. The sequences were assembled
and annotated using Agramma hupehanum as a reference sequence,
the most closely related species as inferred using a public dataset of COX1
sequences for Tingidae. Phylogenetic reconstruction was performed using
MEGA-X based on an alignment of protein-coding genes of all currently
available Tingidae mitogenomes (n = 13), with two sequences from the sister
family Miridae as outgroups. The sequence coverage was high (P. australis,
472x; N. paliatseasi, 838x) and the average size of the mitogenomes was
15 250 bp. We identified the typical Metazoan gene content: 13 proteincoding genes, 22 tRNAs, and two rRNAs, and an AT-rich non-coding region.
Phylogenetic reconstruction within Tingidae showed that P. australis and
N. paliatseasi are closely related sister species. The new mitogenomes
recovered for the two species raises the number of available sequences for
Tingidae to 15. Our results provide clear evidence that cultivated olives in
South Africa are host to two closely related lace bug species, one of which
had been previously identified as a pest (P. australis), and the other species
is reported here as a pest for the first time (N. paliatseasi).
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Akirin knockdown: A potential vector control tool for the African
malaria vector, Anopheles arabiensis
Blaženka Letinić, Yael Dahan-Moss, Lizette L. Koekemoer
Wits Research Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research
on Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa and Centre for Emerging, Zoonotic & Parasitic Diseases, National
Institute for Communicable Diseases, NHLS, Private Bag X4, Sandringham, Johannesburg, South
Africa.

Anopheles arabiensis (Diptera: Culicidae) are opportunistic malaria vectors.
They are endophilic and exophilic as well as endophagic and exophagic,
meaning that they rest and feed both indoors and outdoors. In South Africa,
vector control consists predominantly of indoor residual spraying. The outdoor
resting and feeding portion of the vector population is not targeted by the
current malaria control methods, demonstrating the need for additional
and alternative vector control tools. Akirin is a nuclear protein, which plays
an imperative role in innate immunity. Akirin is also functionally important
for both reproduction and tissue development in insects. The aim of this
study was to assess whether Akirin knockdown could be used as a tool for
A. arabiensis vector control. A laboratory strain of A. arabiensis mosquitoes
(MBN) was used in this investigation. RNA interference was conducted on
1-day-old female mosquitoes, by means of nano-injection. The relative gene
expression level of Akirin was determined, three-days post inoculation, using
quantitative-PCR and assessed using REST© analysis. Phenotypic analysis was
conducted to determine whether Akirin knockdown had a significant impact
on the malaria vector. RNAi mediated knockdown of Akirin significantly
reduced vector longevity by approximately 38%, vector fecundity by
21%, and vector fertility by 26% (DF=4, p < 0.01), when compared to the
control treatments. The Akirin knockdown samples reached 50% mortality
sixteen-days post inoculation. This was significant as sporozoites migrate to
the salivary glands of Plasmodium-infected Anopheles mosquitoes sixteendays post infection, allowing for malaria transmission to occur. These results
demonstrate that Akirin knockdown has the potential to aid as a tool for A.
arabiensis vector control. Akirin can be targeted in the exophilic mosquitoes
using zooprophylaxis, ultimately suppressing the vector population through
reduced vector longevity and reduced reproductive capacity.
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Evaluate the efficacy of Last Call TA for controlling tomato leaf
miner (Tuta absoluta) on tomatoes in South Africa
Jessica Liebenberg, Gerhard Booysen
1

Insect Science (Pty) Ltd, Tzaneen, South Africa.

Tuta absoluta (Lepidoptera: Gelechiidae) has recently invaded and
established in the major tomato growing regions in South Africa. Chemical
and biological control of this pest is difficult due to the leaf-mining manner
in which it feeds. As an alternative, attract-and-kill technology could be
used to manage Tuta absolua. Last Call TA is a grease-like product that
contains a small amount of insecticide with synthetic insect pheromone in
a patented UV resistant carrier. The carrier provides a slow, uniform release
of the pheromone. Male Tuta absoluta moths are attracted to the droplet
of Last Call TA, with which they attempt to mate. Contact with the product
is fatal. In 2018, an experiment with Last Call TA at 2 000 droplets/Ha and 4
000 droplets/Ha was compared to a grower’s standard chemical control
programme. Tuta absoluta male moths were monitored weekly using yellow
delta traps baited with a pheromone lure (TA PheroLure, Insect Science
(Pty) Ltd, South Africa). Two applications of Last Call TA at 2 000 and 4 000
droplets/Ha, in combination with the growers chemical spray programme
were applied on 4 October 2018 and 2 November 2018. Initial Tuta absoluta
moth population was high, 140 moths/trap/week. Mean Tuta absoluta
moths/trap/week were reduced by up to 81.5% when compared to the
standard chemical spray moth counts. Both rates of Last Call TA gave 80%
or more control of the moth population for up to three weeks. The second
Last Call TA application of 4 000 droplets/Ha gave a fourth week of moth
suppression (73% suppression). Living larva per 48 plants were evaluated
weekly, and there was a mean of 6.7% larvae in the standard chemical
spray programme versus no living larvae for both rates of Last Call TA.
Therefore, attract-and-kill products provide an environmentally sound and
effective means of Tuta absoluta control in tomato crops.
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Screening of Beauveria bassiana strains against the two-spotted
stink bug, Bathycoelia distincta in laboratory trials
Lungile Linda1,2, Schalk Schoeman1, Asiashu Lithole2
Agricultural Research Council, Nelspruit, South Africa. 2University of South Africa, Pretoria,
South Africa.

1

The two-spotted stinkbug, Bathycoelia distincta Distant (Hemiptera:
Pentatomidae), is an important pest of macadamia in South Africa. The
nymphs and adults are capable of causing kernel damage on macadamia
by direct feeding. Control measures such as the use of insecticides and
cultural practices are routinely used to control stinkbug populations.
These control strategies have recently been unsatisfactory, due to the
development of chemical resistance in the stink bug populations. This has
motivated the development of alternative control methods to supress
the pest such as the use of entomopathogenic fungi. Entomopathogenic
fungi are ubiquitous soil-borne organisms which have been successfully
used worldwide as a control agent for various pests. Beauveria bassiana
(Balsamo) Vuillemin was investigated as biological control agent against
the two-spotted stinkbug in laboratory trials. A screening test to identify the
most pathogenic fungi was carried out on four B. bassiana isolates by topical
application using an auto-pipette with aqueous spore suspension of 3×107
conidia/ml. Mortality was evaluated at 3 day intervals and the trial lasted
for 30 days. Results indicated that Eco-Bb (isolate R444) and BroadBrand
(isolate PPRI 5339) obtained mortalities of 96% and 100% respectively. The
two isolates PPRI 12514 and PPRI 12515 also showed great potential as a bioinsecticide against B. distincta both inducing a total mortality of 84% after
30 days of screening.
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Evaluating the potential of using polyacrylamide beads to
increase the efficacy of current Anopheles surveillance methods
in a malaria control programme
Leanne Lobb1,2,
Munhenga2,1

Lizette

L.

Koekemoer1,2,

Maria

Kaiser2,1,

Givemore

Wits Research Institute for Malaria, SAMRC Collaborating Centre for Multi-Disciplinary Research
on Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa. 2Centre for Emerging Zoonotic & Parasitic Diseases, National
Institute for Communicable Diseases, Johannesburg, South Africa.

1

As part of South Africa’s malaria control programme, surveillance using
passive trapping techniques such as traditional clay pots is ongoing in
Mamfene, northern KwaZulu-Natal. Although these methods are proving to
be effective in collecting adult anopheline (Diptera: Culicidae) mosquitoes,
modifications might enhance their use for malaria vector surveillance. In a
previous experiment using passive trapping methods in an outdoor cage
containing a fixed number of mosquitoes, many more mosquitoes were
found inside damp traps. This study, therefore, aimed to investigate the
potential of hydrated polyacrylamide beads to improve the collection
efficiency of passive trapping methods by increasing the humidity inside the
traps. Separate experiments to monitor adult mortality and trap preference
were carried out in an insectary using a laboratory strain of Anopheles
arabiensis. For both experiments, cages contained three to seven day
old adults at a 1:1 sex ratio. When used, sugar was supplied in the form
of cotton wool soaked in a 10% sugar solution. Clear and coloured beads
were tested separately and hydrated by soaking in water overnight, then
wrapped in netting. Adult mortality was measured for adults exposed to
hydrated clear or coloured beads in the presence and absence of a sugar
source with controls lacking the presence of beads. Beads were placed into
small cages (BugDorm-4S1515, dimensions: 175×175×175 mm) containing 50
adult mosquitoes and mortality was monitored daily over three days. Trap
preference was measured by placing two resting sites (cylinder made from
stiff black cloth), one with beads and one without, into each larger cage
(BugDorm-4S3030, dimensions: 325×325×325 mm) containing 200 adults
and a sugar source. The number of adult mosquitoes resting in each resting
site after 24 hours was recorded. Data indicates that the beads have no
adverse effect on survival. The implications for vector control surveillance
will be discussed.
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Monitoring citrus pests under permanent shade and temporary
drape netting in the Western Cape
Claire Love1,2, Martin Gilbert1,2, Paul Cronje1,3, Jakkie Stander1,3, Jade North1,3
1
Citrus Research International, Stellenbosch, South Africa. 2Department of Conservation
Ecology and Entomology, Stellenbosch University, Stellenbosch, South Africa. 3Department of
Horticultural Science, Stellenbosch University, Stellenbosch, South Africa.

Shade nets have become a common feature of the South African citrus
industry, but with the increase in netting options available comes an increased
need for understanding potential impacts on insect pest populations. In this
study, pest populations were monitored and fruit damage evaluated for two
different netting systems: 20% white, permanent, partially enclosed nets; and
18% white, temporary, fully enclosed nets. This was conducted in ‘Nadorcott’
mandarin (Citrus reticulata, Rutaceae) orchards in the Western Cape, with
open blocks being included as controls for each experiment. False codling
moth (FCM), Thaumatotibia leucotreta (Lepidoptera: Tortricidae), and
Mediterranean fruit fly, Ceratitis capitata (Diptera: Tephritidae) numbers
were monitored using appropriate traps and lures. Fruit evaluations were
conducted at the end of the season to determine any pest damage. The
experimental area was within the sterile FCM release control programme,
therefore differentiation was made between sterile and wild moths. For the
permanent net sites, the wild moth numbers were very low and no significant
difference was found between nets and open controls. No wild moths were
recorded under drape nets, indicating that these could be an effective
barrier under very low pest pressure. Sterile moth catches were higher on
average for the open control areas than permanently netted areas. Results
for the drape net experiment also showed higher sterile moth numbers in
the controls than under nets. However, some sterile moth recaptures were
recorded under the enclosed drape nets, indicating the importance of
maintaining net integrity. Overall, fruit fly catches were low, but were
higher in the open areas for both netting experiments. No FCM or fruit fly
damage was found during fruit evaluations. In 2017, citrus thrips, Scirtothrips
aurantii (Thysanoptera: Thripidae), and bollworm, Helicoverpa armigera
(Lepidoptera: Noctuidae), damage was recorded under the permanent
nets. However, there was no significant difference in damage between
netted and open areas. This research is ongoing.
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The novel use of microCT technology to assess damage of the
stem-boring biocontrol agent, Aphanasium australe
Candice Lyons1,2, Muofhe Tshibalanganda3, Anton Du Plessis3
1
PHP, ARC, Stellenbosch, South Africa. 2CIB, Stellenbosch, South Africa. 3Central Analytical
Facility, Stellenbosch, South Africa.

Aphanasium australe (Coleoptera: Cerambycidae) is a stem-boring beetle
used for biocontrol of the category 1 invasive species, Hakea sericea
(Proteaceae). Introduced into South Africa in 2001, the beetle has a two-year
life cycle, the majority of which is spent within the H. sericea tree. Damage
assessments for this beetle indicate that it is capable of killing 7–10% of
trees in a Hakea stand. How many beetles are required to cause significant
damage however, is unknown. How much internal damage leads to death
of the plant is also unknown. Here, we aimed to use a novel technique –
X-ray micro computed tomography (microCT) – to quantify damage in
dead and live trees collected from two sites across the Western Cape. We
also used the technique to assess whether or not it is feasible as a means
to determine percentage emergence and survival of larvae/pupae within
Hakea stumps. Results showed that the technique can be used successfully
to quantify damage, but that damage was not explicitly linked to survival
of trees post-infection with the beetle. MicroCT was also able to accurately
determine a percentage survival of insects that were either inside stumps or
had emerged already at the time of scanning. Data suggest that a complex
suite of factors are responsible for death or survival of trees once infected
with the biocontrol agent, and that it is not just a matter of percentage
damage that dictates whether or not a tree will succumb to the effects of
the stem-borer.
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Investigating population demographics, seed banks and pollination
in Protea curvata
Precious Mabuza, Kevin Balkwill
University of the Witwatersrand, Johannesburg, South Africa.

Protea curvata (Proteaceae) is a vulnerable species endemic to
Mpumalanga. Six populations were identified. The demographics, seed
storage and pollinators of each population were assessed. For both tree
height and biomass, none of the populations fit the J-curve expected in
a recruiting population. Instead, some biomass classes were often absent.
Juvenile trees were rare, except in three populations. This is attributed to the
difference in surrounding vegetation; particularly its effect on competition
and fire events. Seedling establishment is limited by fire management as
well as the species’ lack of canopy seed-storage and serotiny. However, soil
sample analyses showed a presence of viable P. curvata seeds, suggesting
the potential of a soil seed bank. Although birds were the most effective
pollinators, insect visits and occasional selfing of flowers contributed to
pollination of P. curvata. Bees and flies were the most frequent insect visitors,
followed by ants. Ants showed the longest visit duration. Flowering was not
common among the trees of the different populations. This raises concern
as flowers are a key attractant for pollinators that aid reproductive success.
Therefore, efforts to encourage flowering and seedling establishment in the
six populations are crucial for improving the status of this vulnerable species.
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Disentangling factors limiting diamondback moth, Plutella
xylostella spatio-temporal population abundance
Honest Machekano1, Reyard Mutamiswa1, Brighton M. Mvumi2, Tinashe
Nyabako2, Sachin Shaw1, Casper Nyamukondiwa1
Botswana International University of Science and Technology, Palapye, Botswana. 2University
of Zimbabwe, Harare, Zimbabwe.
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The diamondback moth, Plutella xylostella L. (Lepidoptera: Plutellidae) is a
global economic pest of brassicas, hindering their sustainable production
in Southern Africa. Data-mining techniques play an important role in
determining the relative contribution of environmental factors as future
determinants of incidences of P. xylostella occurrence in space and time.
A multidimensional field-based surveillance was conducted in two seasons
(24 months), July–June 2015/2016 (season 1) and 2016/17 (season 2) using
sex-pheromone baited traps and thermocron i-buttons to identify key
determinants of population abundance of diamondback moth, across
spatial horticultural hotspots of Botswana. Pearson’s product moment
correlation matrix showed (month of the year [M]), mean temperature
(Tmean) and maximum temperature (Tmax) as positively correlated (p <
0.001) to number of moths (N), while minimum temperature (Tmin), minimum
relative humidity (RHmin), mean relative humidity (RHmean), maximum
relative humidity (RHmax) and host plant (h) were negatively correlated (p
< 0.001) to (N). Using Waikato Environment for Knowledge Analysis (WEKA)
data-mining techniques, two models were developed: (1) M5P decisiontree algorithm associated with nine linear models (LMs), and (2) Principal
Component Analysis (PCA) based on four principal components. Both
approaches identified M as the major predictor of moths abundance,
followed by h and farming region (R). However, R was a function of Tmax
(positive auto-correlation) and RHmax (negative auto-correlation). These
results provide simplified relative contribution of heterogeneous factors
in influencing P. xylostella abundance, essential for early warning systems
in pest management. This is an important component of sustainable pest
management aimed at managing insect pests and minimizing pesticides
abuse in brassica production systems.
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Evaluating different lineages of Dactylopius opuntiae (cochineal)
for biological control of the invasive cactus Opuntia engelmannii
in Kenya and South Africa
Zanele Machimane1,2,3,4, Nic Venter1, Iain Paterson3, Arne Witt 4, Blair Cowie1,
Marcus Byrne1,2
1
University of the Witwatersrand, Johannesburg, South Africa. 22DST-NRF Centre of Excellence
for Invasion Biology, University of the Witwatersrand, Johannesburg, South Africa. 3Rhodes
University, Grahamstown, South Africa. 4Centre for Agriculture and Biosciences International,
Africa, Kenya.

Opuntia engelmannii Cactaceaeis an invasive cactus in Kenya and South
Africa. Biocontrol of Opuntias using cochineal insects has an excellent
track record. However, success against O. engelmannii in Kenya has not
been achieved because of lack of knowledge on the exact origin of the
plant. A coast-to-coast transect of the Southwest USA collected cochineals
and cacti from 76 localities in four states (California, Arizona, New Mexico
and Texas). Samples from 10 different Dactylopius opuntiae (Hemiptera:
Dactylopiidae) (cochineal) populations (biotypes), collected from 10
different geographical lineages of O. engelmannii were tested in the Wits
University quarantine. Development of six cochineal biotypes on detached
cladodes of Kenyan O. engelmannii showed poor immature development.
However, four showed good female development, and fecundity ranging
between 27 and 54%. These four biotypes were then used in whole, pottedplant experiments to assess their impact on plant mortality. All four biotypes
eventually killed the whole plants. The selection of a single potential agent
is now required, balancing its performance on the target species with its
effects on other Opuntia species which are invasive in South Africa. The
systematic collection, testing and eventual selection of cactus biocontrol
agents is discussed in the light of future biocontrol efforts for cacti in South
Africa.

oral presentation

ESSA 2019

81

Estimation of yield loss to yellow sugarcane aphid Sipha flava
Forbes in South African sugarcane varieties
Kgaphudi Wendy Madiope1,2, Malcolm G. Keeping2, De Villiers Fourie1
Department of Zoology and Entomology, University of the Free State, Bloemfontein, South
Africa. 2South African Sugarcane Research Institute, Mount Edgecombe, South Africa.

1

The recent discovery of yellow sugarcane aphid (YSA) (Sipha flava Forbes)
(Hemiptera: Aphididae) on South African sugarcane and the severe
damage it can cause to the crop, has necessitated studies of its impact
on yield. However, field studies of yield loss to this pest in sugarcane from
this region have not been successful due to its unpredictable infestation
habits. The present study evaluated YSA damage and yield loss in artificially
infested potted sugarcane of two varieties under three levels of YSA
infestation. Potted plants were grown in a shade house in a fully factorial
randomized design. Pre-infestation estimates of photosynthetic activity
(porometer and SPAD) were taken from the third leaf of one stalk in every
pot, and thereafter plants were infested with 20 aphids (low infestation), 50
aphids (high infestation), or no aphids (control). The infestation was allowed
to progress for 9 weeks, at which time the trial was destructively harvested to
collect data on photosynthesis (as above), plant growth, YSA leaf damage,
and infestation level. ANOVA, regression, and principle components analysis
were done to reveal any effects of the treatments (variety and infestation
level) on response variables and relationships between response variables.
Overall, variety N12 (more resistant) had lower levels of injury and produced
higher yields than variety N37 (more susceptible), although effects of the
treatments were not significant for yield or damage variables. A significant
negative relationship between stalk dry mass and stomatal conductance
versus percent leaf area damaged, and significantly lower SPAD values in
damaged versus undamaged leaves indicated an adverse effect of YSA
damage on plant physiology and stalk yield. These results provide the first
quantitative evidence for the negative effects of YSA damage on plant
growth in South African sugarcane. Further glasshouse studies should
provide more accurate assessments of yield loss and assist in developing
pest management strategies.
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Consistency in provision of nutrients in dung beetles: Seasonal
changes in nutrient levels and the effect of body size on nitrogen
uptake
Fhulufhedzani Macphee Madzivhe, James Harrison, Claudia Tocco, Marcus
Byrne
School of Animal, Plant and Environmental Sciences, University of The Witwatersrand,
Johannesburg, South Africa.

Nutrient content of animal dung is important for the growth, development
and activity for dung beetles. This changes with seasonal changes, mainly
because of temperature and moisture content fluctuations, and can affect
factors such as dung beetle activity and egg production. In this experiment
we investigated how dung beetles respond to changes in nutrients across
seasons when nesting and feeding. Maternal gift from the brood balls laid
by Euoniticellus intermedius and the foregut contents of Kheper nigroaeneus
(both Coleoptera: Scarabaeinea) were compared monthly with that of
the dung. We also investigated to see if body size of these dung beetle
species had an effect on the nutrient level uptake when feeding. It was
detected that, the nitrogen and carbon content, and the C:N ratio of the
dung changed with seasons. The nitrogen content of the maternal gift and
the foregut content of each species increased throughout the seasons,
while the carbon content hardly changed compared to that of the dung.
Furthermore, the C:N ratio of the dung corresponded with the nitrogen
and carbon content throughout the seasons while that of the foregut and
maternal gift remained relatively the same. Larger beetles have a bigger
gut space and can ingest much more dung to compensate for the dungs
lower nutrient level, whereas smaller beetles need to get as much nitrogen
as they can from smaller amount of the ingested dung because of their
smaller gut space. The dung beetle nutrient provision appears not to be
driven by nitrogen alone but both the carbon and nitrogen content. This
is a way to ensure that not only does both the adult and offspring get the
required nitrogen, but they get the required mix of nutrients to ensure a fit
body and also necessary energy for the development.
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Ant diversity and distribution in newly proclaimed Nature
Reserves in eThekwini municipality, Durban
Thandeka Mahlobo, Caswell Munyai
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

Invertebrates make up approximately 95% of all described animal species.
They dominate in terms of diversity, distribution and biomass. Invertebrates
also provide ecosystem services that are essential for the survival of
mankind. Despite this, they are often neglected in conservation studies. The
diversity and distribution of most invertebrates is unknown. This study aims
to provide a species list of ants found in some of the newly proclaimed
nature reserves by eThekwini municipality. Within these areas, forests will
be targeted because they serve as a refugee habitat for many species.
Standardized pitfall trapping, subterranean trapping, active searching and
leaf-litter sifting methods will be used to collect ants. Species accumulation
curve will be plotted in EstimateS test to ensure that the sampling is
representative. One-way ANOVA will be used to check for the differences in
ant diversity between forest habitats. Simpsons diversity index (D), Shannon
Wienner diversity index(S) and Evenness (E) will be used to determine ant
diversity across sampled habitats. ANOSIM and SIMPER will be used to
compare variation in species composition across sampling units. Non-metric
multidimensional scaling (NMDS) will also be used to test if ant community
assemblage in among the sites. The study will provide an ant checklist for
eThewkini municipality’s Nature Reserves and will aid in future biodiversity
management planning.
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The effect of cold temperatures on the fourth-instar larvae of
Anopheles arabiensis
Melba Makhubela, Frances Duncan
School of Animal, Plant and Environmental Sciences, University of the Witwatersrand,
Johannesburg, South Africa.

High temperatures are known to increase the rate of development in
aquatic stages of mosquitoes, whereas low temperatures decrease their
rate of development. The conditions experienced by the larvae highly
influence the life history traits of the adult stage. Adult mosquitoes are found
to be active in early summer, which could be due to overwintering in the
larval stage. The aim of this study was to investigate and compare how the
experience of low temperatures by the larvae affects the adults in three A.
arabiensis (Diptera: Culicidae) laboratory strains. Fourth-instar larvae from
the three strains were exposed to cold temperatures of 20, 18, and 15, with
25 being the control, for 4, 8, 12 and 16 hours, before being placed under
standard insectary conditions to continue their development. The number
of days taken for the fourth-instar larvae to pupate and adult longevity were
measured. Low temperature increased larval development time in noninsecticide resistant (SENN) and insecticide-resistant (SENN-DDT) strains but
had a minimal to no effect on the larval development time in KWAG strain
(wild type). The proportion of adults emerging decreased with the decrease
in temperature and increase in the exposure period in all the strains. Adult
longevity in the KWAG strain decreased at lower temperatures. Adult
longevity was not affected by the lower temperatures in the non-insecticide
and insecticide-resistant SENN strains. These strains showed tolerance to
cold temperatures. In conclusion, larval exposure to cold temperatures
had an impact on larval development time as well as reducing the number
developing into adults for all the mosquitoes. This suggests that the larvae
are able to overwinter but will result in a reduced adult population.
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Effect of agroecosystems management on the biomass of predatory
ground beetles
Maria Makwela1,2, Astrid Jankielsohn1, Toi J Tsilo1,2
Agricultural Research Council-Small Grain, Bethlehem, South Africa. 2University of South Africa,
College of Agriculture and Environmental Sciences, Florida, South Africa.

1

The majority of studies on arthropod biodiversity focus on richness,
dominance and abundance assessments to describe species diversity. To
date information on other important mechanisms of biodiversity, such as the
loss of morphological traits and functionality remains limited. Although not
extensively studied, biomass is a good indicator of functionality and quality
in agroecosystems. The study investigated the effect of agroecosystems
management on carabid beetle biomass. To determine abundance,
carabid beetles (Coleoptera: Carabidae) were sampled using pitfall traps in
organic, conventional and intercropped systems of wheat. From each of the
sampled carabid species ten individuals were selected, dried at 48°C and
weighed for biological assessments. To determine the total species biomass,
species dry mass was multiplied by total species abundance in a system.
From the obtained results, intercropped and organic systems exhibited
significantly higher carabid biomass compared to the conventional system
(p < 0.05). The first PCA axis accounted for 81.85% of the total variation and
the second axis explained 18.8%. The PCA1 axis was positively correlated
with Agonum viduum (r = 0.9) and Calostoma. caminara (r = 0.8), and
negatively correlated with Pterostichus. aethiops (r = -0.9). The second axis
of the PCA was positively correlated with G. auratiacus (r = 0.9). Carabid
beetle biomass was lowest in the conventional system, which could possibly
weaken the ecological function of these beetle species. It is suggested that
carabid species with larger biomass can be used as keystone indicators,
whereas species with lower biomass can be used as indicators of disturbance
in agricultural environments.
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The influence of agroecosystems management on aphids and
their natural enemies (Carabidae and Coccinellidae)
Maria Makwela1,2, Astrid Jankielsohn1, Toi J Tsilo1,2
Agricultural Research Council-Small Grain, Bethlehem, South Africa. 2University of South Africa,
College of Agriculture and Environmental Sciences, Florida, South Africa.

1

Pests are problematic in agriculture, particularly for smallholder farmers who
cannot afford expensive pesticides. Ecological intensification has proven to
suppress pest pressure in a system by creating stable environments which
promote population build-up of beneficial natural enemies and as a result,
regulates pest populations. Aphid (Hemiptera: Aphididae) pest population
density and their natural enemies carabid (Coleoptera: Carabidae) and
coccinellid (Coleoptera: Coccinellidae) beetles were evaluated for
correlations with climatic parameters (Rainfall, Temperature and Relative
humidity) under the organic, intercropped and conventional systems, using
regression analysis (PAST 3.20 software). The ANOVA test, as well as the
multiple regression analysis, showed some significant and positive correlations
between the predator fractions and aphid densities (p < 0.05). There was
a significant positive linear relationship between aphids and Carabidae
(R2 = 0.52, p < 0.05) in the organic system, while weak and insignificant
correlations were observed in the intercropped and conventional systems.
The regression of the best fit found a strong and significant regression value
(R2 = 0.63) (p < 0.01) between Coccinellidae abundance and aphid density
in the intercropped system. There was no statistical significance between
the organic and conventional systems (p > 0.05). Of all the measured
environmental variables, temperature correlated with Aphididae and
Carabidae species variables, while relative humidity did not correlate with
any of the species. This preliminary agroecological study provides important
insights into the patterns of abundance and biotic-abiotic interactions that
can be used in Integrated Pest Management (IPM) schemes for sustainable
agricultural development goals.
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Efficacy of biological control agents on cotton pest management
under field conditions
Lawrence Malinga
Agricultural Research Council – Industrial Crops, Rustenburg, South Africa.

The study was conducted to evaluate the effect of different biological agents
on the control of cotton insect pests. A two-year field trial was conducted
at the Agriculture Research Council - Industrial Crops, Rustenburg in 2017
and 2018. Four bio-pesticides (i.e. Eco-Bb®, Bb endophyte, Bolldex® and
Delfin®) were applied against cotton insect pests and compared with a
pyrethroid, Karate® and an untreated control. Plots that were sprayed with
Karate® and Bolldex® significant reduced the number of Heliothis armigera
(Lepidoptera: Noctuidae) compared to untreated control. Plots that were
treated with Eco-Bb® had the lowest number of damaged bolls when
compared to the other treatments. Plots sprayed with Karate® had the least
significant number of Aphis gossypii (Hemiptera: Aphididae) on different
treatments compared to those sprayed Bolldex® and the untreated control
in 2017. Although statistically not significant, plot treated with Bolldex® and
Bb endophyte exhibited the lowest number of Thrips tabaci (Thysanoptera:
Thripidae). Plots that were sprayed with Karate® had a significant effect
on the Bemisia tabaci (Hemiptera: Aleyrodidae) in 2017 and those with
Eco-Bb® performed the best in 2018. Plots, where Delfin® was applied,
had the least significant number of Tetranychus urticae (Trombidiformes:
Tetranychidae) in 2017 and there were no significant differences in 2018. In
2017, there were no significant differences in the Dysdercus sp. (Hemiptera:
Pyrrhocoridae) population amongst all the treatments and Eco-Bb® had the
lowest significant population in 2018. The lowest statistically population of
Jacobiella fascialis (Hemiptera: Cicadomorpha) was recorded in the plots
treated with Karate®. The highest average seed cotton yield of 6 400 kg/
ha was recorded in the plots that were treated with Bolldex® followed by
Karate® at 5 769 kg/ha. In summary, the efficacy of different bio-pesticides
against the cotton pests varied significantly; however, Karate® and Bolldex®
had better control of the pests.
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Carbon and nitrogen stable isotopes (Δ13C AND Δ15N) analysis of
soil macrofauna in wheat agroecosystems
Emogine Mamabolo1,2, Astrid Jankielsohn1, Toi J Tsilo1,2
Agricultural Research Council – Small Grain, Bethlehem, South Africa. 2University of South
Africa, College of Agriculture and Environmental Sciences, Florida, South Africa.

1

Stable isotopes (food web studies) provide essential insights into the
functioning of ecosystems and their characteristic complexity. The aim of this
study was to determine the influence of different agricultural management
systems on the functional role of soil macrofauna (with Function being
measured as natural variations δ15N and δ13C ratios.). Variations in natural
abundance ratios of (15N/14N and 13C/12C) isotope were jointly analysed
on selected macrofauna groups (Coleoptera: Carabidae, Coleoptera:
Tenebrionidae and Hymenoptera: Formicidae), plants and soil samples, in
organic and conventional wheat agroecosystems. Isotopic results indicate
that the macrofauna community of the studied ecosystems covered
a range of δ15N and δ13C -values of at least 10.14‰ within the organic
system, and 9.10‰ within the conventional system. All groups exhibited
higher δ13C and δ15N mean values in the organic system compared to
the conventional system. There was a significantly negative correlation
for almost all macrofauna taxa, between the C/N ratio and δ13C in both
systems; therefore, cumulative values of δ13C with trophic level could not be
recognised. Although some variations within and between Carabidae and
Tenebrionidae assemblages could be observed in the organic system, the
hypothesis that the soil macrofauna feeding ecology revealed by stable
isotope data would show differences between organic and conventional
ecosystems was not supported. The studied agroecosystems did not differ
significantly (p > 0.05) in stable isotope ratios, which could reveal that
the time interval (5 years) before changes in management have had no
influence on the soil ecosystem or the fact that basal food resources in the
two systems were relatively similar in δ15N and δ13C abundance.
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Trophic diversity of soil macrofauna in organic and conventional
wheat agroecosystems
Emogine Mamabolo1,2, Astrid Jankielsohn1, Toi J Tsilo1,2
Agricultural Research Council – Small Grain, Bethlehem, South Africa. 2University of South
Africa, College of Agriculture and Environmental Sciences, Florida, South Africa.

1

Soil macrofauna diversity contributes to the processes within the soil
ecosystem, particularly the decomposition of soil organic matter, cycling
of nutrients and the amendment of the soil’s physical properties. The
current study aimed to assess the functional diversity and composition of
soil macrofauna in wheat agroecosystems. In the absence of detailed
taxonomic information for each species, the use of broad functional feeding
groups is a useful way to define arthropod communities; this can explain
the functional response of communities to different management systems,
environments and certain disturbances. Understanding such responses in
agriculture is critically important because the main objective is not necessarily
to increase biodiversity only for the sake of conservation but to increase
functional biodiversity, which will increase productivity and sustainability.
Soil macrofauna was sampled using pitfall traps and soil monoliths in three
wheat ecosystems (Organic, Intercropped and Conventional). A total
of 4 626 individuals, belonging to four orders and twenty families were
collected. Soil macrofauna diversity differed significantly amongst the three
agroecosystems (p < 0.05). In terms of functional groups, the predatory group
was the most dominant trophic group and consisted mainly of Coleoptera
and Dermaptera. The conventional system had a significantly lower
functional diversity compared to the organic system; this is explained by low
species richness, evenness and abundance recorded in the conventional
system. The overall results suggest that organic intercropped is the most
stable system in species diversity. The information obtained will serve as an
important information tool to resource-limited farmers who depend on the
biological activity of the soil for evaluating management practices and soil
ecosystem services.
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Integrated management of quarantine insect pests: the case of
frugivorous fruit flies
Aruna Manrakhan1, Christopher W. Weldon2, Pia Addison3, Tertia Grové4,
Sean D. Moore1,5, Tim G. Grout1 & Vaughan Hattingh1,6
1
Citrus Research International, P.O. Box 28, Nelspruit 1200, South Africa. 2Department of Zoology
and Entomology, University of Pretoria, Private Bag X20, Hatfield 0028, Pretoria, South Africa.
3
Department of Conservation Ecology and Entomology, Faculty of AgriSciences, Stellenbosch
University, Private Bag X1, Matieland 7602, South Africa. 4Agricultural Research Council- Tropical
and Subtropical Crops, Nelspruit 1200, South Africa. 5Centre for Biological Control, Rhodes
University, P.O. Box 94, Grahamstown 6140, South Africa. 6 Department of Horticultural Science,
Stellenbosch University, Stellenbosch, South Africa.

Agricultural insect pests are effectively and sustainably controlled using an
integrated management approach, which is the adoption of a range of
biological, cultural, chemical, physical and other tactics in a coordinated
and integrated manner. For quarantine pests affecting traded plant
produce, application of an integrated management system should ensure
absence of live individuals of these pests in the produce. At the same time,
such produce should be of high quality, cost-competitive and safe for
human health. In order to achieve these goals, considerable knowledge is
required on the biology and ecology of the pest. Moreover, effective pest
sampling and control methods must be developed. A number of fruit flies
(Diptera: Tephritidae) are important pests of commercial fruit and vegetables
worldwide. Some fruit fly species are invasive and are considered quarantine
pests. Pre-harvest control methods for fruit flies include biological control
using parasitoids and entomopathogens, orchard sanitation which can
be combined with classical biological control, sterile insect technique and
behavioural control using insecticidal baits. In South Africa, commercial fruit
produced for export are affected by different fruit fly species. A number of
these species are polyphagous, affecting the same fruit crop and occurring
in sympatry. The range of pre-harvest control tactics being adopted for
these fruit fly pests in the country is still narrow, depending to a large extent
on cultural practices and behavioural control. The sterile insect technique
is being used for only one indigenous fruit fly species and only in some parts
of the country. Biological control using parasitoids is not being promoted
in commercial areas due to the zero tolerance of fruit flies in fruit. In order
to ensure fruit fly free fruit, required in particular for some export markets,
industries have supported extensive research on post-harvest control
measures, notably cold disinfestation treatments. In this paper, we review
the recent work carried out in South Africa on the biology and ecology
of fruit fly pests as well as pre and post-harvest management options.
The need for more attention to biological control of fruit flies is discussed.
Development of an integrated fruit fly management programme along the
fruit production chain is also required that aligns with a new international
standard on a systems approach for these pests.
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Does netting of orchards have an effect on the management of
key citrus pests?
Tamryn Marsberg1,2, Mellissa Peyper2, Wayne Kirkman2, Sean Moore2,1
Centre for Biological Control, Rhodes University, Grahamstown, South Africa. 2Citrus Research
International, Port Elizabeth, South Africa.

1

Recently nets have been erected over a large number of citrus orchards
in South Africa. These nets provide protection from various abiotic factors.
However, there is little information available on the effect nets have on
biotic factors, particularly key insect pests. In this study we monitored
various Navel orange cultivars inside and outside of nets in several orchards
at three sites throughout the Sundays River Valley. All pest management
practices inside and outside the nets were the same, including a sterile
insect release programme for false codling moth (FCM), Thaumatotibia
leucotreta (Lepidoptera: Tortricidae). Data trees inside and outside the
nets were monitored weekly for fruit infestation during the 2018 season,
and pheromone traps were monitored for sterile and wild moth catches.
Contrary to expectation, FCM infestation was not lower inside than outside
nets. This could be due to nets been erected over orchards with a high FCM
population. However, recaptures of sterile moths and consequently sterile
to wild moth ratios were also higher under nets, indicating the potential
for greater suppression of FCM under nets over time. These same orchards
were scouted close to harvest for mealybug, red scale and thrips damage.
Higher red scale and mealybug infestation was recorded inside the nets, but
thrips damage was higher outside the nets. These same orchards are being
monitored during the 2019 season to determine if there are any changes in
pest levels over a second season.
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Progress on the development of sex-separation methods for
Sterile Insect Technique applications against the Malaria Vector,
Anopheles arabiensis
Thabo Mashatola1,2, Cyrille Ndo3,4,5, Lizette L. Koekemoer1,2, Leonard
Dandalo1,2, Oliver Wood1,2, Lerato Malakoane1,2, Yacouba Poumachu3,6,
Leanne Lobb1,2, Maria Kaiser1,2, Kostas Bourtzis7, Givemore Munhenga1,2
Centre for Emerging Zoonotic and Parasitic Diseases, National Institute for Communicable
Diseases of the National Health Laboratory Service, Johannesburg, South Africa. 2Wits
Research Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research on
Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa. 3Organisation de Coordination pour la lutte Contre les Endémies
en Afrique Centrale (OCEAC), Institut de recherche de Yaoundé (IRY), Yaoundé, Cameroon.
4
Department of Biological Sciences, Faculty of Medicine and Pharmaceutical Sciences,
University of Douala, Douala, Cameroon. 5Centre for Research in Infectious Disease (CRI),
Yaoundé, Cameroon. 6Vector Borne Disease Laboratory of the Applied Biology and Ecology
Research Unit (VBDL-URBEA) Department of Animal Biology, Faculty of Sciences of the University
of Dschang, Dschang, Cameroon. 7Insect Pest Control Laboratory, Joint FAO/IAEA Division of
Nuclear Techniques in Food and Agriculture, Vienna, Austria.
1

The feasibility of the sterile insect technique (SIT) as a malaria vector control
strategy against Anopheles arabiensis (Diptera: Culicidae) has been under
investigation over the past decade. One of the critical steps required for
the application of this technique to mosquito control is the availability of
an efficient and effective sex-separation system. Sex-separation systems
eliminate female mosquitoes from the production line prior to irradiation
and field release of sterile males. This is necessary because female
mosquitoes can transmit pathogens such as malaria and, therefore, their
release must be prevented. Sex separation also increases the efficiency of
a SIT programme. Various sex-separation strategies have been explored
including the exploitation of developmental and behavioural differences
between male and female mosquitoes, and genetic approaches. Most
of these are however species-specific and are not indicated for the major
African malaria vectors such as A. arabiensis. As there is currently no reliable
sex-separation method for A. arabiensis, there is a need for the development
of a new robust sex separation system for this species. This work describes
investigations of both classical genetics and exclusive blood feeding
behaviour of females in anophelines to accomplish female elimination in
A. arabiensis strain. Results on the use of ivermectin to eliminate females
from a mixed male and female A. arabiensis population will be presented.
Furthermore, results on the effectiveness/efficacy of environmentallyacceptable insecticides targeting GABA receptors in eliminating females
from a newly developed sexing strain will also be presented. The progress on
the use of temperature sensitivity as a tool for sex separation in A. arabiensis
will be discussed. Finally, an overall perspective on the challenges faced
and a way forward will be given.
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Understanding the role of specialized mouth parts in the particle
feeding of dung beetles (Coleoptera: Scarabaeinae)
Nthabiseng Gladys Mathikge, Claudia Tocco, James du Guesclin Harrison,
Marcus John Byrne
University of the Witwatersrand, Johannesburg, South Africa.

The use of a complex food substance such as herbivore dung, by dung
beetles has promoted the evolution of an adaptive feeding strategy known
as particle feeding. Selection of fine particulate matter elevates the food
nutrient quality up to five folds. However, it is not known how dung beetles
achieve this. Dung beetles possess highly specialized mouth parts, but
how these operate is still not fully understood. This study investigated the
morphology of various internal components of the dung beetle mouth to
understand their respective roles in particle feeding. Microscopy, geometric
morphometrics and micro-computerized tomography were used to
compare the mouth parts of dung beetle species from three feeding
groups. Dry dung feeders have grinding and cutting structures, which
are reduced or absent in wet dung feeders. Carrion feeders have similar
structural features to those found in wet feeders, presumably because of a
pre-adaption to liquid-based food. The particle size range of beetles’ gut
contents far exceeds the size of mandibular filtration channels measured
in all species. Correlation of the size of other components in the mouth with
food particle size were therefore used to explore particle feeding in other
regions of the beetle’s mouth.
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Pest status of Bactrocera dorsalis and Spodoptera frugiperda in
South Africa
Kgabo Matlala, Maanda Rambauli, Phumudzo Tshikhudo
Department of Agriculture, Forestry and Fisheries, Pretoria, South Africa.

In South Africa, newly introduced regulated pests are subject to official
control that prohibits movement of host plant materials from infested areas to
non-infested areas. In line with the International Standards for Phytosanitary
Measures (ISPM No. 19: Guidelines on lists of regulated pests, 2016), pest
reports are posted on the International Plant Protection Convention (IPPC)
website. The aim of this work is to present the current status of Bactrocera
dorsalis (Diptera: Tephritidae) and Spodoptera frugiperda (Lepidoptera:
Noctuidae) in South Africa and to indicate compliance with the IPPC
national reporting obligations. Bactrocera dorsalis was first detected in South
Africa in 2010 in Limpopo province. Phytosanitary measures and actions to
restrict movement of host materials were subsequently initiated. Spodoptera
frugiperda was identified positively in 2017 from larval samples collected
in Limpopo province. South Africa promulgated a regulation relating to S.
frugiperda which includes the compulsory reporting of the occurrence and
suspected occurrence of S. frugiperda. Emergency registration of chemicals
to control S. frugiperda was instituted, according to the relevant legislation.
Currently, B. dorsalis is not present in the Northern Cape, Western Cape,
Eastern Cape, and Free State provinces. Phytosanitary measures which
include the application of weekly protein bait sprays and the deployment of
male annihilation blocks in the areas where B. dorsalis has been detected,
are constantly being carried out. Spodoptera frugiperda is however present
in all provinces. Currently B. dorsalis and S. frugiperda are under official
control in terms of the phytosanitary regulatory framework of South Africa.
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Herbivorous insects associated with Lycium ferocissimum
(Solanaceae), the first steps to Biological control options
Evans Mauda1, Lenin Chari1, Grant Martin1, Raghu Sathyamurthy2
Centre for Biological Control, Department of Zoology & Entomology, Rhodes University,
Grahamstown, South Africa. 2CSIRO, GPO Box 2583, Brisbane, Queensland, Australia

1

Lycium ferocissimum Miers (African boxthorn) is a shrub native to South Africa
that has naturalised and become invasive in Australia. In Australia, the weed
is having economic and environmental impacts and so far, mechanical and
chemical control have proven ineffective and unsustainable. Therefore,
biological control options are currently being explored, however, little
is known about the insects associated with the shrub. This study aimed
to identify herbivorous insects associated with L. ferocissimum that could
then be prioritised for potential biological control options. In South Africa,
the plants population is divided into two main regions namely one in the
Eastern Cape Province and one in the Western Cape Province, divided
by a geographic barrier. Repeated insect surveys were conducted on
both populations using active searchers and beating trays. A total of 1
651 individual insects were collected during the survey, belonging to 96
species, from 53 sites. The Eastern Cape Province had 1 352 individuals from
55 species while the Western Cape Province had 229 individuals from 41
species. The two plant populations host very different insect assemblages
providing interesting comparisons as well as options for biological control. So
far, three insects, Cassida distinguenda (Coleoptera: Chrysomelidae), Cleta
eckloni (Coleoptera: Coccinellidae) and Neoplatygaster serietuberculata
(Coleptera: Curculionidae) have been prioritised.
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Testing three management options for giant reed, Arundo donax
Lavhelesani Mawela1, Angela Bownes1, Karen Hope2, Njabulo Mngomezulu1
1
Agricultural Research Council- Plant Health and Protection, Hilton, South Africa. 2Department
of Environmental Affairs, Cape Town, South Africa.

Giant reed, Arundo donax L. (Poaceace) is a widespread and highly
invasive weed in South Africa. Infestations have negative impacts on native
biodiversity and the country’s scarce water resources. Manual and chemical
methods are used to manage A. donax populations with reportedly little
long-term success, hence biological control is considered the best option
for sustainable management of this weed. In 2010, a host-specific, stemgalling wasp, Tetramesa romana Walker (Hymenoptera: Eurytomidae) was
found to be abundant on A. donax throughout the country, the timing and
mode of its introduction unknown. The arundo wasp is of Mediterranean
and North African origin and is a classical biological control agent for A.
donax in the U.S.A., having been released in 2009. Field research on T.
romana in the U.S.A. demonstrated that ‘topping’ A. donax stems at a
height of 2 meters enhanced wasp populations through increasing host
plant suitability. We investigated the efficacy of this method as well as two
alternative management methods: cut stump herbicide applications and
ground level cutting (mowing). Herbicide applications and mowing were
unsuccessful at reducing A. donax stem height, stem density and main stem
biomass but reduced lateral stem biomass. Topping A. donax stems at 2 m
appeared to have a short-term effect in boosting populations of T. romana
but there was limited evidence that this negatively impacted A. donax.
Topping treatments may need to be regularly applied as a pre-treatment to
biological control, and new agents are needed for improved management
of A. donax in South Africa.
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Integrative methods to assess taxonomy of ants in the genus
Ocymyrmex using both moprhological and molecular data
Nokuthula Mbanyana-Nhleko1,2, Simon van Noort1, Theresa Wossler2, Seán
Brady3, Johannes Le Roux2
Iziko Museums of South Africa, Cape Town, South Africa. 2Stellenbosch University, Stellenbosch,
South Africa. 3National Museum of Natural History, Smithsonian Institution, Washington D.C.,
USA.

1

Alpha taxonomy has played an important role in understanding and
describing biodiversity in many animal taxa, but the issue of cryptic species
has posed taxonomic challenges in many taxa including ants. These
taxonomic challenges underline the need for more integrative approaches
when delimitating species. An integrative taxonomic approach combines
traditional morphological approach with other methods, including molecular
data, to address the complications caused by intraspecific polymorphism,
existence of cryptic species and interspecific hybridisation. Some of the
morphological changes caused by hybridisation and incomplete lineage
sorting may not be expressed on the phenotypic level and using morphology
data alone may therefore lead to misidentification of species, and hence
the underestimation of diversity. In most taxonomic groups, species with
subtle differences and high intraspecific variation are often misidentified
when morphological data is not supported by other methods. In this study
we used integrative methods to investigate species diversity of the ant genus
Ocymyrmex (Hymenoptera: Formicidae). The previous two revisions of this
group were only based on morphological data. In addition, re-evaluation of
species identification keys is required in this group as some of the characters
that were used previously to separate species are ambiguous. In this study,
the taxonomic status and phylogenetic relationships among Ocymyrmex
species were assessed, using ultra-conserved elements (UCEs), which are
highly conserved regions of genomes shared among evolutionary distantly
related taxa. Currently, there are 37 described speciesof Ocymyrmex. We
recovered a highly resolved phylogeny for Ocymyrmex, with most nodes
displaying 100% bootstrap support. Results from our molecular analyses
also indicated that there are at least two undescribed species, whose
delimitation was confirmed by morphological data. Conversely, two of the
described species were shown to be conspecific, requiring synonymisation.
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Resurrecting the dead: reconstructing the 90-million-year old
Crater Lake at Orapa, Botswana using fossil insects
Ian McKay, Sandiso Mnguni, Marion Bamford
Evolutionary Studies Institute, University of the Witwatersrand, Johannesburg, South Africa.

Modern insect are useful indictors of water quality and the general health
of aquatic ecosystems. Similarly, fossil insects preserved in ancient aquatic
ecosystems provide information about water quality, mode of deposition,
the local and the broad environment, as well as contribute to our knowledge
of patterns of climate change, extinction and biodiversity over time. Insects
are more useful than plants and vertebrates in this regard, as their taxa
which sometimes have specific habit preferences, may have extraordinarily
long ranges, with a few extant taxa being recorded from the fossil record
100’s of millions of years ago. However, not all taxa exhibit habitat fidelity,
ancient biomes differ from modern biomes, and studies of insects trapped in
modern lake sediments show that they are not representative of the insect
biodiversity of the surrounding area. This paper summarises what research
on the 90-million-year-old fossil insects has revealed about the biodiversity,
taphonomy, local and broad palaeo-environment at Orapa. Most of the fossil
collections were made in the 1980s but new specimens were collected in 2018.
The collection consists of approximately 6 500 blocks, with many thousands
of specimens some of them extraordinarily well preserved compression
fossils that are currently housed at the ESI, University of Witwatersrand and
National Museum Botswana. A synthesis of current research postulates a
shallow volcanic crater lake with water toxic to life, insects preserved in a
near shore environment; unstable crater walls occupied by a successional
early angiosperm fauna, located within a seasonal biome that shows an
interesting combination of modern subtropical and temperate elements.
The insects themselves, can be generally classified in modern families, and
even tribes, however, there are also intriguing Mesozoic taxa which became
extinct at the end of the Cretaceous along with the dinosaurs.
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Preliminary checklist of Syrphidae from South Africa: adding
value by adding data
John Midgley1,2, Kurt Jordaens3
Department of Natural Sciences, KwaZulu-Natal Muse, Pietermaritzburg, South Africa. 2Southern
African Forensic Entomology Research Group, Department of Zoology and Entomology,
Rhodes University, Makhanda, South Africa. 3Department of Biology, Royal Museum for Central
Africa, Tervuren, Belgium.

1

South African museum collections hold approximately 30 million specimens.
Globally the number has never been accurately calculated, but museum
collections represent a vast resource for many biological investigations.
Entomological collections in South Africa have traditionally specialized in
particular taxa to avoid overlap and better use resources, but collections
have also incorporated non target taxa from local collections. The most
complete collection of Syrphidae in South Africa is housed at the KwaZuluNatal Museum, covering 203 species, but collections are also held at the
Durban Natural Science Museum (45 species), Albany Museum (43 species),
Iziko South African Museum (82) and National Museum, Bloemfontein (24
species). While the most complete species list from a single museum can
be obtained from the specialized collection, the addition of data from nonspecialist collections do add species to the South African list, an increase
of about 12%. The increase in geographical coverage of the complete
data set allows for better understanding of potential species distributions by
refining distribution model input data.
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Anthropogenic impacts on arthropod diversity on an arid
elevational gradient
Sphesihle Mkhungo1, Caswell Munyai1, Stefan Foord2
University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2University of Venda, Thohoyandou,
South Africa.

1

Mountains are considered biodiversity hotspots because they can have
variable environmental conditions within a limited spatial configuration.
Hence ecologists have been using mountainous regions to study biodiversity
patterns. However, some of these mountains are under threat from
anthropogenic factors such land use changes and climate change. Land
use change particularly has been shown to greatly influence biodiversity.
Therefore, the current study aims to investigate how the recent anthropogenic
activities (change in land-use) across Soutpansberg Mountain have affected
the epigeal arthropod diversity. Another aim is to determine whether the
interaction between land-use change and elevation affects ant and spider
diversity, and to understand the co-existence of the dominant taxa across
the elevational gradient. Ants and spiders will be used as the model taxa as
they are good biological indicators owing to their higher diversity, sensitivity
to environmental change and the various ecosystem services they perform.
Ants and spiders will be sampled at the sites currently undergoing rapid land
use changes and those that have not been disturbed along the Western
Soutpansberg mountain. A total of 15 sites will be sampled ranging from
800 m to 1 700 m on a southern and northern aspect across the mountain.
Each site will be replicated four times with 300 m between replicates. Each
replicate will have 10 pitfall traps in a 2 × 5 grid which are 10 m apart.
The pitfall traps will be left open for five days during September 2019 (dry
season) and January 2020 (wet season). Using R programming, functional
and taxonomic diversity will be analysed using PCA (principal component
analysis) and the response of functional diversity to environmental variables
will be modelled using Linear Mixed-Effects Models.
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Contributors to mortality of Aristaea thalassias, a biological
control agent of Leptospermum laevigatum
Thembelihle Mlokoti1,2, Fiona Impson2,1, John Hoffmann2, Candice Lyons1,2
1

ARC-PPRI, Stellenbosch, South Africa. 2University of Cape Town, Cape Town, South Africa.

Aristaea (Parectopa) thalassias (Lepidoptera:Gracillariidae) is a biological
control agent of invasive Leptospermum laevigatum (Myrtaceae),
commonly known as Australian myrtle, in South Africa. The impact of A.
thalasisas on L. laevigatum is currently categorised as negligible. However,
it is commonly assumed that the moth experiences high levels of mortality
in the field, contributing to its low efficacy as a biocontrol agent. To assess
possible reasons for its low efficacy as a biocontrol agent, mortality attributed
to parasitism, predation and intra-specific competition was determined,
along with abundance of the moth across seasons, over 32 months. Results
indicated that mortality was high in all of the life stages and was significantly
impacted by season. The percentage attributed to parasitism was 25%,
while 33% of mortality was attributed to intraspecific competition. The
abundance study suggested a year-round presence of the moth (indicated
by signs of viable eggs in field), although highest abundance was in the
summer months (January to March). Mortality does not however appear
to be the sole reason for inefficacy of this agent; rather, a complex suite of
factors, both abiotic and biotic, likely contributes to its low impact.
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Fossil beetles and their contribution to palaeoenvironment,
biodiversity and biogeography
Sandiso Mnguni, Ian James McKay
Evolutionary Studies Institute - University of the Witwatersrand, Johannesburg, South Africa.

The fossil record of insects is rich in both space and time, and insects preserved
in lacustrine deposits are found as far back as the late Carboniferous (355
million years ago). The Orapa Diamond Mine in Botswana is a Cretaceous
deposit overlaying a large diamondiferous kimberlitic pipe that offers an
excellent preservation of fossil insects and plants. This research reviews
fossil beetles from Orapa to investigate their significant contribution to our
understanding of the local palaeoenvironment, and the trends in beetle
biodiversity and biogeography. Therefore, this study reconstructs the
palaeoenvironment at Orapa 90 million years ago using fossil Coleoptera.
It compares the fossil Coleoptera from the crater lake of Orapa against the
results of actualistic studies from modern lakes. Thus far, no flower feeding
beetles have been identified in accordance to the early angiosperms
that have been reported. The lack of aquatic beetles and their immatures
suggests the water was toxic. The predominance of incomplete remains
of beetles that are small in body size suggests a near shore environment.
The presence of predaceous and scavenging beetles such as carabids
further supports a near shore environment. The abundance of curculionoids
supports woody vegetation in and around the crater and a subtropicaltropical climate. However, a promecognathine carabid beetle is the best
palaeogeographic indicator that has records that suggest a contrasting
temperate climate. Smith & Marcot’s (2015) comprehensive database
suggest that the Cretaceous is a particularly under-sampled time period
in coleopteran fossil history, while further analysis suggests that the late
Cretaceous records few deposits and fossil beetle occurrences. Fossils
beetles from the only Cretaceous deposit in Africa give us great insights
about palaeoenvironment, biodiversity and biogeography.
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Ant and spider community response to the invasive alien plant,
Chromolaena odorata
Sinenhlahla Mntambo
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

Invasive alien plants are a major threat to South Africa’s native biodiversity.
In the terrestrial ecosystem, arthropods are the most abundant and
diverse group of animals. Ants and spiders are well known bio-indicators
of environmental change as they are highly sensitive and responsive to
environmental disturbance. The aim of this study was to determine the
response of ant and spider communities to a gradient of invasion by the
invasive plant, Chromolaena odorata (Asteraceae). In particular, we answer
the following questions: (1) do ant and spider diversity patterns and (2) ant
and spider assemblage structures vary along a gradient of invasion by C.
odorata? The study was conducted at Buffelsdraai Landfill Conservancy,
KwaZulu-Natal. Three sites with high, moderate or low levels of invasion by
C. odorata were sampled. Each invasion level was replicated four times. In
each replicate, pitfall traps were set for both ants and spiders. Additionally,
the Conservation Oriented Biodiversity Rapid Assessment for Tropical Forest
(COBRA-TF) sampling protocol was applied to sample ants and spiders.
There was a significant difference in ant species richness and no significant
difference in spider’s species richness across the three sites. The low invaded
site had the highest ant species diversity compared to the moderately and
highly invaded sites. While the low and moderately invaded sites had the
highest spider species diversity compared to the highly invaded site. The
increasing gradient of invasion by C. odorata had dramatic effects on ant
and spider diversity.
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Cryoprotection for improving the performance of false codling
moth in a sterile release programme
Sean Moore1,2, Claire Daniel2, Wayne Kirkman1,2, Tamryn Marsberg2, Mellissa
Peyper1, Claire Love1, Ciska Kruger3, Clarissa Mouton3, Mathew Goddard2,
Martin Hill2
1
Citrus Research International, Port Elizabeth, South Africa. 2Rhodes University, Grahamstown,
South Africa. 3Xsit, Citrusdal, South Africa.

A sterile insect technique (SIT) programme for suppression of false codling
moth (FCM), Thaumatotibia leucotreta (Meyrick) (Lepidoptera: Tortricidae),
in citrus was implemented in South Africa in 2007. The programme is
generally successful, but there is a defect in that the minimum activity
threshold of laboratory reared sterile moths is higher than that of wild moths.
This means that the sterile moths are out-competed by wild moths during
the cooler months of the year. In order to improve cold-tolerance of sterile
moths, five generations of FCM were reared on diets augmented with
various known insect cryoprotectants and the biology and behaviour of
moths examined and compared thereafter. Flight ability of male FCM was
improved when larvae were reared on diets augmented with trehalose or
cholesterol, with an average of 40% of treated male moths flying at 15°C,
compared to no control moths at this temperature. Additionally, both
cholesterol and trehalose had no negative impact on developmental
rate, pupal size, fecundity and fertility. Conversely, trehalose increased
the pupal mass of both male and female FCM, and improved fecundity.
In a replicated release-recapture semi-field trial, almost five times more
trehalose-treated moths than control moths were caught. In a large scale
commercial trial, conducted over eight weeks, almost 20% more trehalosetreated than untreated moths were caught. Additionally, there were strong
indications that trehalose-treated moths survived and were active for
longer than untreated moths, something that is being investigated further.
Consequently, the use of this cryoprotectant in larval diets may not only
improve competitiveness of sterile moths at cool temperatures, but may
reduce the frequency of releases required, thus making the programme
both more effective and more affordable.
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Love thy neighbour, but mind their pests: Interception of pests
from imported consignments of fresh fruits into South Africa
Moleseng Claude Moshobane1, Livhuwani Nnzeru2, Phumudzo Tshikhudo3
Biological Invasions Directorate, South African National Biodiversity Institute, Thohoyandou,
South Africa. 2Department of Environmental Affairs, Cape Town, South Africa. 3Department of
Agriculture, Forestry and Fisheries, Pretoria, South Africa.

1

Invasive alien species are recognized as one of the most substantial threats to
biodiversity and ecosystems. Most worryingly of all, anthropogenic activities
such as trade are increasingly responsible for the movement of species
beyond their historical geographic ranges. This happens internationally
or unintentionally such as through contamination. Biosecurity services at
national ports of entries are critical in stemming the tide of new introductions
of invasive alien species. By conducting a retrospective analysis of
interception records on imported consignments of fresh fruits into South Africa
for a 10-year period 2009 to 2018, this study attempts to identify the main
quarantine pests and potential quarantine pests and the connections to
trade volumes. Samples for audit and identification drawn from the imported
fresh fruits into South Africa were collected from different ports of entry and
detected pests were identified. A total of 388 records of pest interceptions
were made. Our results showed that most intercepted quarantine species
were Monilinia fructicola (Helotiales: Sclerotiniaceae), Tuckerella flabellifera
(Acarida: Tuckerellidae), Brevipalpus sp. (Trombidiformes: Tenuipalpidae),
Thrips fuscipennis (Thysanoptera: Thripidae), Monilinia laxa (Helotiales:
Sclerotiniaceae), Diptacus gigantorhynchus (Acarida: Diptilomiopidae),
Colomerus oculivitis (Acarida: Eriophyidae) and Phyllocoptes abaenus
(Acarida: Eriophyidae). Major donor countries were Spain, Egypt, Italy,
Mozambique and New Zealand. This study highlights the importance
and needs for increased search efforts at ports of entry. Furthermore, this
information forms the basis for the revision of the current phytosanitary
policies as well as monitoring the potential hazards to be caused by the
introduction of invasive pests in the South African agriculture, environment
and biodiversity.
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Creating a more accessible database platform: A new look at old
survey data
Esther Anna Mostert1, Leonard William Morgan2, Grant Douglas Martin1, Julie
Angela Coetzee1, Martin Patrick Hill1
Centre for Biological Control, Department of Zoology and Entomology, Rhodes University,
Grahamstown, South Africa. 2Departments of Computer Science and Information Systems,
Rhodes University, Grahamstown, South Africa.
1

The Centre for Biological Control’s database of repeat waterweeds surveys
across South Africa is an extensive trove of data collected over the past
decade. The database focuses on the current status of the biological control
programmes on Eichhornia crassipes (Pontederiaceae), Azolla filliculoides
(Salviniaceae), Pistia stratiotes (Araceae), Myriophyllum aquaticum
(Haloragaceae) and Salvinia molesta (Salviniaceae), as well a number
of other species. These data were previously stored in a Microsoft Access
database – but this meant limited accessibility. The Centre for Biological
Control is currently working with the Departments of Computer Science
and Information Systems at Rhodes University to migrate the database to
an online and more accessible platform. Open source software has been
used to develop this database to an online space with multi-user multi-level
access. As a first step, the existing Access database had to be migrated
to a MySQL database to facilitate secure multi-user access to the data.
Development of the front end was done with custom PHP scripts and
OpenXava. OpenXava is a framework for developing applications that use
Javascript and is well suited to interacting with the back end database.
This software has particularly been chosen because it is free, open source
and provides a rich set of Java development features. The vision of this
project is to provide a secure, online database through an easy to access
web front end, available for desktop and mobile devices. The information
from the database can be used by researchers, extension officers, and
land managers and concerned citizens to gain an understanding of the
historical invasive status of a site, as well as potential insights into how a
system can be better managed. Although at present the database is
focused on quantitative post-release evaluation of floating waterweeds
and their respective biological control agents, it can be expanded and
applied to other biological control systems.
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An Africa-Asia link for the invasive Argentine ant, Linepithema
humile (Mayr)
Palesa Natasha Mothapo1, Eiriki Sunamura2, Tomoya Sakita3, Ethel Phiri1,
Toshiharu Akino4, Mamiko Ozaki3
1
Stellenbosch University, Stellenbosch, South Africa. 2Sumitomo chemical, Tokyo, Japan. 3Kobe
University, Kobe, Japan. 4Kyoto University, Kyoto, Japan.

The Argentine ant Linepithema humile (Mayr) (Hymenoptera: Formicidae)
has successfully established in six continents across the globe, where it is
known to have negative impacts on arthropod diversity and community
composition. A single supercolony has been traced from its native range
in theRio Parana valley of Brazil to North America, Europe, Asia and the
Pacific, Australia and New Zealand. In South Africa, two distinct colonies
are found, while four supercolonies have been identified in Japan. Typical
of Argentine ant invasions, often the pattern of invasion is that larger and
widely distributed supercolonies represent earlier introductions while smaller
supercolonies represent later introductions. We used a novel behavioural
assay, followed by chemical and molecular analyses, to trace the AfricaAsia link for Argentine ants. Ants from the South African main supercolony
were not aggressive to the Kobe main supercolony. These colonies were
found to have high genetic variability and similar cuticular hydrocarbon
profiles. Historical information suggests an invasion pathway from Cape
Point, through Australia via as yet unknown localities, and arrival in 1995 in
Japan, through aid efforts after the great Hanshin earthquake.
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Seed size matters when you are an ant loving plant living in
Argentine ant infested areas
Palesa Natasha Mothapo, Theresa Wossler
Stellenbosch University, Stellenbosch, South Africa.

Myrmecochory, seed dispersal by ants, is an important ecosystem service
provided by ants. Ants retrieve seeds and feed on elaiosomes (a nutrient
rich food reward attached to a seed) and they bury the seeds in their nests
where they receive nutrients and protection until they can germinate.
In the Cape Floristic Region, this service received through a mutualism
between native ants and plants, is distrupted by the invasive argentine ant
Linepithema humile (Hymenoptera: Formicidae). Although it is known that
Argentine ants only eat the elaiosome on site and do not retrieve the entire
seed, leaving it vulnerable to predation and other elements, not much is
known about the behaviour of native ants, especially those co-existing
with Argentine ants, as well as how plants within these areas are likely to
be impacted. We used pitfall traps to compare species composition in
invaded vs univaded sites; and assessed vegetation composition in these
areas, particularly the abundance of myrmecochorous plants. We used
cafeteria experiments to assess the mutualism network in the field where we
recorded number of seeds removed, and species that removed the seeds.
In the laboratory conducted choice experiments to measure preferences,
compared retrieval rates, and also did morphometric measurements for
selected ants and seeds to ascertain the nature of the mutualism between
ants in invaded and uninvaded sites.We show that Argentine ants reduce
seed dispersal ability of native ants in invaded sites, especially through the
displacement of large bodied native ant species from these areas. This will
like affect the vegetation structure of this biodiversity hotspot over time.
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Parasitic alga, Helicosporidium sp. threatens effective biological
control of the aquatic invasive, Salvinia molesta in South Africa
Tshililo Emmanuel Mphephu, Julie Coetzee, Martin P. Hill
Rhodes University, Grahamstown, South Africa.

The effectiveness of the semi-aquatic weevil Cyrtobagous salviniae Calder
and Sands (Coleoptera; Curculionidae), introduced as a biocontrol agent
of the giant salvinia, Salvinia molesta D.S. Mitchell (Salviniaceae) in South
Africa could be reduced as a result of infection by the parastic green alga,
Helicosporidium sp. (Chlorophyta: Trebouxiophyceae) infection was first
detected from field-collected adults of C. salviniae in South Africa, in 2007.
Therefore, we assessed the effects of Helicosporidium sp. infection in C.
salviniae populations established on S. molesta across the country. A total of
1 005 adults of C. salviniae were collected from 10 of 15 surveyed sites across
the Eastern Cape, KwaZulu-Natal, Limpopo, and Western Cape provinces
and screened to determine the occurrence, infection rate and distribution
of Helicosporidium sp. The infection covers the entire distribution range of C.
salviniae in South Africa. The infection occurrence rate ranged from 92.15%
to 100% per site. As part of the study, experimental trials to determine the
effect of Helicosporidium sp. on the effectiveness of C. salviniae against S.
molesta are currently underway. Antibiotics will be applied to C. salviniae in
an attempt to establish healthy colonies for field releases across the country,
to restore the effectiveness of C. salviniae against S. molesta.
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Field observations on two Melanterius seed destroyers as
biocontrol agents against invasive acacias in South Africa
Pride Mudavanhu
Agricultural Research Council - Plant Health & Protection (ARC-PHP), Stellenbosch, South
Africa. Stellenbosch University, Stellenbosch, South Africa.

The research focus on post release evaluation of biological control against
Australian acacias endeavours among several other objectives to gain a
better understanding of the seed dynamics of this group of weeds. The
current biological control management programme for Acacia longifolia
authority (family) and Acacia pycnantha authority (family), relies mainly
on insect species introduced from their native range, that curtail the
reproductive capacity and consequently rates of spread and densification
of weed infestations. This approach ensures non-interference with beneficial
attributes of the host plants thereby allowing them to be exploited
commercially. Two seed-feeding weevils, Melanterius ventralis (Lea)
(Coleoptera: Curculionidae) and Melanterius maculatus (Lea) (Coleoptera:
Curculionidae) were released on A. longifolia in 1985 and A. pycnantha
in 2005, respectively, to supplement the two pioneering bud-galling wasps
from the genus Trichilogaster, which were deployed prior as biocontrol
agents in the early 1980s. This study aimed at assessing the performance
of Melanterius species as biocontrol agents. “Field observations on the
interaction between Melanterius species and their Acacia hosts were
conducted at various sites in South Africa beginning in 2014, to elucidate
levels of seed production by the host plants. Parameters measured were
seed rain and the extent of seed mortality as a consequence of Melanterius
weevil activity (i.e. feeding, ovipositing or developing) in the seeds”. The
data collected over the assessment period shows that the Malenterius
weevils under investigation are playing an important role in reducing the
reproductive fitness of the afore-mentioned invasive Australian acacias.
There is variability both amongst sites and across years in seed production
by A. longifolia and A. pycnantha. There is also variability in seed mortality
by the weevils across sites and seasons.

oral presentation

ESSA 2019

111

Biological control options of Liriomyza huidobrensis on potato in
the Western Cape province
Thabu Mugala, Pia Addison, Antoinette Malan
Stellenbosch University, Stellenbosch, South Africa.

Although agriculture is crucial to economic growth in South Africa, it faces
several challenges, including pests and diseases that lead to crop losses.
Such losses significantly hinder food and hunger reduction. Therefore, a
major concern is finding effective, environment-friendly control measures
for the insect pests. Potatoes are amongst the four most widely consumed
vegetable crops worldwide, with more than 315 million ha being grown
yearly. The South African potato production industry contributes 60% of the
total percentage of vegetables grown, and 3% of total agricultural produce.
However, potatoes are infested by various pests and diseases, such as the
leaf miner, Liriomyza huidobrensis Blanchard (Diptera: Agromyzidae). This
leaf miner, since the early 2000s, has become the most important pest
of vegetable crops nationwide. The highly invasive species damages
solanaceous crops, causing at least 70% crop loss. The damage caused
by the leaf miner is both direct, resulting from the female flies feeding on
the leaf mesophyll during oviposition, with the larvae mining the leaves,
and indirect, induced through pathogens entering through feeding and
leaf mining perforations that act as conduits for plant diseases. Biocontrol
agents such as entomopathogenic nematodes and fungi, and parasitoids
have shown biological control potential against L. huidobrensis. This
study investigated the morphological and molecular identification of L.
huidobrensis, its host range in the Western Cape Province, and the potential
of associated biocontrol agents in its control.
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Response of biodiversity to habitat transformations in the
grasslands of KwaZulu-Natal
Concilia Mukanga1, Caswell Munyai1, Sindiso Chamane1, Rob Slotow1,
Stefan Foord2
University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2University of Venda, Thohoyandou,
South Africa.

1

This study explores the response of arthropods, grasses and forbs to habitat
transformations in the grasslands of KwaZulu-Natal. Grasslands have
relatively high biodiversity and value in terms of ecosystem services provision
and the matrix upon which most of human livelihoods occur. Owing to the
increase in the human population, most grasslands are transformed resulting
in changes in their biodiversity and consequently their ecosystem function.
The study will particularly look at the extent to which habitat transformations
are resulting in a shift in taxonomic and functional diversity of the ecosystems
and their service provisions. Five communal areas in Midlands Mistbelt and
five in the Drakensberg Foothill Moist grasslands will be sampled. There will
be four replicates set more than 300 m apart in each communal area and
on each replicate 10 pitfall traps will be set in a 5 by 2 grid in the three major
land uses viz settlement, cropping and grazing areas. A 1 m by 1 m quadrant
will be placed on top of each pitfall trap and the species composition and
abundance for grass and forb species will be determined. Traps will be left
open for five days and collected to the laboratory where the taxonomic
and functional diversity of ants, spiders and beetles will be determined. Soil
samples will be collected from each grid and analyzed for active carbon,
phosphate, magnesium and nitrogen. The alpha, beta and the functional
diversity of the arthropods, grasses and forbs in the transformed habitats
of KwaZulu-Natal and how these will vary in response to the different
environmental variables and land use patterns will be determined.
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Effects of fire and mammal herbivory management regimes on
insect functional diversity in the Kruger National Park
Ludzula Mukwevho1,2, Mduduzi Ndlovu2, Frank Chidawanyika1,3
Department of Zoology and Entomology, University of the Free State, Bloemfontein, South
Africa. 2School of Biology and Natural Sciences, University of Mpumalanga, Mbombela, South
Africa. 3School of Life Sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa.
1

Arthropods communities contributes substantially towards plant biomass
reduction, nutrient recycling and habitat modification yet activities of these
key species in various veld management regimes are not sufficiently studied
in the African savannas. The aim of the proposed study is to understand the
effects of fire and large animal herbivory management regimes on insect
functional diversity in the northern and southern regions of Kruger National
Park. The insects will be sampled from different types of exclosures with
varying degrees of mammal herbivory and fire treatments. Pitfalls and active
searches will be used to collect targeted insects. Further insect herbivory
treatments will be temporarily erected within the existing exclosures with no
burn, to measure the impact of insect herbivores on the growth, reproduction
and biome of different plant species. Arthropods and plant abundance
and diversity will be recorded seasonally at each of these treatments for
a duration of two complete years. Soil parameters will also be measured
to determine the effect of non-herbivorous insects such as Coprophagous
beetles on ecosystem services such as rapid decomposition of dung and
nutrient cycling at different experimental treatments. Furthermore, climatic
parameters will be recorded to measure the ecophysiological effects
on the performance of key herbivorous agents. This study will elucidate
the contribution of insect herbivory in shaping the functional diversity of
savanna landscapes. Our findings will add on to a holistic understanding
of biodiversity responses to different management legacies (i.e. fire and
mammal herbivory) which are predicted to prevail in most savanna systems,
at both protected and unprotected areas.
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Modelling the potential distribution of water snipe flies (Diptera:
Athericidae) in South Africa
Burgert Muller
National Museum, Bloemfontein, South Africa.

The family Athericidae, erected in 1973 by B.R. Stuckenberg, is a diverse
sister-group to the Tabanidae. They have a world-wide distribution,
comprising 10 genera and ca 100 species, of which 22 are known from the
Afrotropical region. Five genera of Athericinae are known from this region:
Pachybates Bezzi and the monotypic Trichacantha Stuckenberg (both
endemic to South Africa) and Atrichops Verrall (Afrotropical, Oriental and
Palaearctic Regions) and Suragina Walker (all regions, except Antarctica);
The now unplaced Afrotropical species of the fifth, Atherix Meigen (Nearctic
and Palaearctic Regions) are no longer considered congeneric with the
Northern Hemisphere species of the genus. These Afrotropical “Atherix” are
all endemic to South Africa, with only one species out of the five belonging
to the genus Atrichops. The other four species, as well as 9 undescribed
species belong to 5 potentially new, and thus far endemic genera. Future
molecular and morphological phylogeny is needed to elucidate the
relationship between these genera. With that in mind it is necessary to
sample as much fresh material as possible, as current museum specimens
are in many cases too old (in some cases over 60 years) to yield molecular
results. Maxent 3.4.1 was used to model the potential distribution of the
different generic groups, utilizing ca 400 specimens, collected from 59
unique localities. Unique sampling localities were used in conjunction with
continuous bioclimatic variables and categorical vegetation map data to
model and map the potential distribution of the different genera. The use
of different settings, from Maxent default/recommended settings to more
finely tuned settings, and their impact on model outputs are also discussed,
as very small sampling sizes were used for some generic predictions, that
can impact greatly on the significance of the outputs.
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A new curious Coenosia Meigen, from Mariepskop, Mpumalanga,
South Africa
Burgert Muller
National Museum, Bloemfontein, South Africa.

Coenosia Meigen 1826 (Diptera: Muscidae) is one of the most speciose
genera of muscids in the world, with more than 120 species occurring in
the Afrotropical Region. They are distributed throughout all biogeographic
regions and the adults are considered to be obligate predators. A new
species of Coenosia Meigen was collected at Mariepskop, Mpumalanga,
South Africa. This species shares affinities with two other Coenosia, all three
species possessing striking globular frontal and orbital setae, unique thus
far in the genus. Coenosia globuliseta Pont, 1980 and C. macrotriseta
Muller and Miller, 2013 (from the Drakensberg and Outeniqua mountains
respectively) were both described from only singular specimens, with the
respective females unknown. The new species is represented by two males
and a female. An overview of all three these strange species is given and
their ecological and geographical affinities discussed.
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Ant biodiversity in changing landscapes of the east coast of South
Africa
Caswell Munyai1, Abusisiwe Ndaba1, Lindiwe Khoza1, Sbongiseni Xolo1,
Nomathamsanqa Mkhize1, Sinenhlahla Mntambo1, Concilia Mukanga1,
Nokubonga Thabethe1, Caroline Kunene1, Rob Slotow1, Stefan Foord2
1
School of life sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2Department
of Zoology, University of Venda, Thohoyandou, South Africa.

Understanding processes that generate and maintain diversity is of
particular importance especially now that there is an urgent need to
conserve the remaining biodiversity. This is of particular interest especially
now during the Anthropocene where various landscapes are undergoing
rapid transformation which is associated with various disturbance and will
therefore have negative effects on biodiversity and the accompanying
ecosystem services. Here we describe ant (Hymenoptera: Formicidae)
diversity patterns across various land-uses across the KwaZulu-Natal
Province of South Africa. The sampled land-use include; protected areas,
farmlands, grazing lands, rural settlement as well as reforested landscapes.
Standardized pitfall and subterranean trapping method was used to collect
ants from the different sites. A total of 105 900 ant specimens representing 7
subfamilies, 147 species and 37 genera were collected across various landuse types. Ant diversity generally varied among different land-use types as
expected. Land-use types with minimal human activities had higher ant
diversity while land-use types with increased human activities had low ant
diversity. Findings from the current study is crucial for spatial planning and
expansion of protected areas.
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Life history ecology and control of the Keurboom moth, Leto
venus in cultivated Honeybush
Tapiwa Mushore, Candice Coombes, Martin Hill
Center for Biological Control Rhodes University, Grahamstown, South Africa.

The honeybush (Cyclopia spp.) industry is currently transitioning from
a cottage to a commercial industry to meet the increasing demand for
honeybush tea products both locally and internationally. Wild plants left to
grow naturally attract fewer pests, than if they are commercially cultivated
especially under monoculture practices. Currently, there has been little
research on insect pests associated with this crop. The Keurboom moth,
Leto venus Cramer (Lepidoptera: Hepialidae) has been reported attacking
the stems of the crop. The larvae tunnels through the honeybush plant
from the base going upward compromising structural integrity of the plant
resulting in mortality. As very little is known about this moth in honeybush, the
proposed study aims to address the lack of baseline knowledge regarding
its biology and ecology through in situ study to determine its prevalence
and the extent of damage it causes in cultivated honeybush. Importantly,
this study will enable identification and description of potentially pre-boring
life stages and determine the life cycle, dispersal patterns and feeding
habits and preferences of the Keurboom moth in honeybush. This improved
understanding of the pest will help develop biological and cultural pest
management strategies.
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Superior basal and plastic thermal responses to environmental
heterogeneity in invasive exotic stemborer Chilo partellus
(Swinhoe) over indigenous Busseola fusca (Fuller) and Sesamia
calamistis (Hampson)
Reyard Mutamiswa1, Frank Chidawanyika1, Casper Nyamukondiwa2
University of the Free State, Bloemfontein, South Africa. 2Botswana International University of
Science and Technology, Palapye, Botswana.

1

Lepidopteran stemborers are the most destructive insect pests of cereal
crops in sub-Saharan Africa. In nature, these insects are often exposed to
multiple environmental stressors, resulting in potent impact on their thermal
tolerance. Such environmental stressors may influence their activity, survival,
abundance and biogeography. In the present study, we investigate the
effects of acclimation to temperature, starvation and desiccation on thermal
tolerance, measured as critical thermal limits [critical thermal minima (CTmin)
and maxima (CTmax)] on laboratory-reared economic pest species Chilo
partellus (Swinhoe) (Lepidoptera: Crambidae), Busseola fusca (Fuller) and
Sesamia calamistis (Hampson) (Lepidoptera: Noctuidae) using established
protocols. Low temperature acclimation resulted in improved CTmin for B.
fusca and C. partellus, whereas high temperature acclimation enhanced
the same trait for B. fusca and S. calamistis. Similarly, high temperature
and starvation pretreatment improved CTmax for C. partellus relative to S.
calamistis and B. fusca. In addition, starvation and desiccation pretreatments
improved CTmin for all stemborer species. Furthermore, rapid cold-hardening
(RCH) enhanced CTmin for B. fusca and C. partellus, whereas rapid heathardening (RHH) improved the same trait for C. partellus. However, RCH and
RHH impaired CTmax for all stemborer species. These findings show differential
thermal tolerances after exposure to heterogeneous environmental stress
habitats. Chilo partellus, of exotic origin, shows a higher magnitude of basal
thermal tolerance plasticity relative to the indigenous African species S.
calamistis and B. fusca. This indicates that C. partellus may have a fitness and
survival advantage under climate-induced heterogeneous environments,
and also have a greater chance for geographical range expansion and
invasion success compared with the indigenous B. fusca and S. calamistis.
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The blueberry bud mite in South Africa: an example of an
emerging threat fraught with taxonomic challenges
Nompumelelo Ndhlovu1, Davina Saccaggi1, Charnie Craemer2
1
Department of Agriculture, Forestry and Fisheries, Cape Town, South Africa. 2Agricultural
Research Council, Pretoria, South Africa.

In 2014, the blueberry bud mite, Acalitus vaccinii (Acari: Trombidiformes:
Eriophyidae), was detected for the first time on a farm in Mpumalanga.
Acalitus vaccinii is one of the world’s most important blueberries pests, with
devastating effects on production. This was the first time that this pest had
been reported outside North America, where it is native. It causes bud and
flower malformation and reduces fruit yield. On the farm where it was first
detected, it caused ~80% crop loss in the first two years. Identification of A.
vaccinii was a tedious process as no comprehensive key to Acalitus species
nor to eriophyoid species on Vaccinium is available. The original description
by Keifer (1939) and an additional short description by Baker and Neunzing
(1970) were used. However, both are very old and lacking detail. The line
drawings are small and of low quality, and not all the characters were
included. The outdated morphological species description of the blueberry
bud mite pest, Acalitus vaccinii was augmented using new microscopy
techniques. New line drawings were made which included additional
characters. Good quality micrographs were produced using phase contrast
light microscopy (PCLM) and scanning electron microscopy (SEM). PCLM
micrographs presented detailed views of morphological characters on slide
mounted specimens, while SEM presented three dimensional images of mites.
SEM therefore provided clear details of complex and tiny morphological
structures that were not easily visible with traditional microscopy. All images
(line drawings, PCLM images, SEM images) are presented side by side to
give a clear overview of the morphological characters under these different
visualisation methods. For a long time, the amount of detail captured in
eriophyoid species descriptions varied between authors. It is thus important
to re-look at older species descriptions of economically important species,
for standardisation so that they can be used efficiently for identification.
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On the current state of South African pseudoscorpion taxonomy
Jan Andries Neethling
National Museum Bloemfontein, Bloemfontein, South Africa.

Despite recent taxonomic revisions and phylogenetic analysis, detailed
morphological and ecological data is still lacking for the vast majority of
pseudoscorpions, including the poorly-known South African fauna. South
Africa currently has 152 known species in 17 families, with over 70% of these
species endemic to the country, ranking the region eighth in the world
with regards to pseudoscorpion species richness (Dippenaar-Schoeman &
Harvey 2000; Harvey 2013). Historically most of the early research, specifically
species descriptions, was done by foreign scientists with many of the
original descriptions being no more than a single paragraph with a simple
accompanying sketch. Due to the lack of local pseudoscorpion specialists,
the main focus of modern research has since shifted to the creation of
species checklists of the region. However, with a recent order-level revision
published by Harvey (1992), as well as molecular work by Murienne et
al. (2008), the need for detailed revisions of our indigenous fauna was
recognized. Short-term future research will first focus on revisions of previously
described species, the description of any new species and reducing the
gaps in the largely unsampled areas in the interior of the country, then longterm research on gaining detailed biological and ecological data. To this
end the first revision, covering the Geogarypidae family, was published in
2017. Currently the revision of the next family, Gymnobisiidae, is underway.
Here a brief report is presented on the progress of the project thus far, and
what still needs to be achieved.
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Risks posed by alien terrestrial invertebrate species in the South
African pet trade
Takalani Nelufule1,2, Sabrina Kumschick3, Katelyn Faulkner1,2, Mark Robertson1,
John Wilson2,3
1
University of Pretoria, Pretoria, South Africa. 2South African National Biodiversity Institute,
Pretoria, South Africa. 3University of Stellenbosch, Stellenbosch, South Africa.

Many species have been introduced throughout the globe for the pet trade
and some have escaped or have been released from captivity and have
become invasive. In South Africa, several different terrestrial invertebrate
species are known to be traded, and while studies have been done on
various vertebrate groups in the pet trade, not much is known about the
invertebrates. The aim of the study was to compile a list of alien terrestrial
invertebrate species that are traded, determine their use and whether any
of these species are likely to pose an invasion risk should they be released
or escape. Pet stores, websites and pet expositions were visited, a list of
the names of the species sold was compiled and their uses recorded. To
determine if any part of South Africa is climatically suitable for these species,
climate matching techniques and species distribution models were used.
The Socio-Economic Impact Classification of Alien Taxa (SEICAT) and
Environmental Impact Classification for Alien Taxa (EICAT) were used to
assess the recorded impacts of the traded invertebrate species. A list of
36 terrestrial invertebrates was compiled. The majority of the species are
insects and arachnids. Terrestrial invertebrate species are used as pets and
cleaners of cages, but the most highly available species were used as food
for pets. The model performance indicated that models were successful in
predicting areas that are climatically suitable for 15 species. The recorded
socio-economic and environmental impacts for the most available species
were considered to be minor. Overall, the risk of invasion from terrestrial
invertebrate species in the pet trade appears to be low based on the
species considered here. However, the trade is dynamic which could mean
that species availability could change in the future or new species that pose
a risk could be begin to be traded.
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Termite species diversity on different land uses in the Vhembe
district of Limpopo province, South Africa
Shandukani R Netshifhefhe1,2, Frances D Duncan1, Ednah C Kunjeku3
University of Witwatersrand, Johannesburg, South Africa. 2Gauteng Department of Agriculture
and Rural Development, Johannesburg, South Africa. 3University of Venda, Thohoyandou,
South Africa.

1

A survey was conducted in three different land use types: mango orchards,
maize fields and communal grazing lands in the Vhembe District, Limpopo
Province, South Africa. The main objective was to identify the termite
species (Isoptera) found in the area and investigate the effect of land
use on termite species diversity as this could compromise food security in
the area. Termites were collected from six study sites using a standardized
transect sampling protocol and baiting methods in a transect of 2 × 100
m during the dry and wet seasons. A total of 18 termite species from 2
families (Termitidae and Rhinotermitidae), 5 subfamilies (Macrotermitinae,
Amitermitinae, Apicotermitinae, Nasutitermitinae and Cubitermitinae) and
11 genera (Allodontotermes, Ancistrotermes, Macrotermes, Microtermes,
Odontotermes, Microcerotermes, Rhadinotermes, Trinervitermes, Psam
motermes, Schedorhinotermes and Cubitermes) were recorded. A higher
species diversity index was observed for the wet season. Communal grazing
resulted in a higher Shannon diversity index (H’) of 2.23 and Simpson diversity
index (1-D) of 0.84 followed by mango orchard (H’ = 1.41, 1-D = 0.68), while
maize field recorded the lowest (H’ = 1.07, 1-D = 0.48). Macrotermitinae
constituted 77% of the total number of species recorded across all the land
use types. Nutritional characterization of the edible species Macrotermes
falciger and M. natalensis showed high minerals content, fats, protein
carbohydrates, energy and dietary fiber. Consumption of these termite
species could contribute to the dietary intakes of essential nutrients. Edible
termite species recorded are important in rural communities to supplement
human protein requirements as well as providing ecosystem services. Thus
there is a need for studies that quantify the trade-off between costs (crop
damage) and benefits of maintaining termites in agricultural landscapes.
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Postharvest insect pest disinfestation in export Proteaceae cut
flowers - the potential of new technologies
Makhosazana Ngwenya, Anton Huysamer, E.W. Hoffman, Shelley A. Johnson
Stellenbosch University, Stellenbosch, South Africa.

The Proteaceae are associated with a wide range of insect pests which
feed both externally and internally, and require both preharvest and
postharvest control in export cut flowers. Phytosanitary pests in export
commodities of South African Proteaceae result in rejection of consignments
and economic losses for the industry, unless they are controlled by
postharvest disinfestation treatments. The rise of organic preferences and
environmental consciousness, has led to an emphasis on the development
of alternative non-toxic treatments for use on fresh agricultural products.
Suitable alternative postharvest treatments are required to propel the South
African Proteaceae cut flower industry forward. Controlled atmosphere
temperature treatment system (CATTS) technology and ethyl formate
(EF) fumigation are alternative phytosanitary control techniques worthy of
investigating. CATTS technology combines the effects of a short exposure
to high temperature and atmospheric stress, in the form of a low oxygen
and high carbon dioxide environment, to control pests. Internationally,
studies have shown that Freesia and Rosa cut flowers can withstand
CATTS treatment. In South Africa, CATTS technology has been tested on
Leucospermum, Leucadendron and Protea cultivars, with the latter two
showing less phytotoxicity and greater potential to withstand treatments.
Fumigation with EF has, so far in South African Proteaceae cultivars tested,
resulted in severe phytotoxic damage, however many more remain to
be tested. Both technologies are effective in controlling two species of
pests, western flower thrips (Frankliniella occidentalis and protea itch mites
(Proctolaelaps vandenbergii). CATTS treatments seem to be the more
viable option in terms of flower quality maintenance, but EF has shown
considerable success in other industries as a postharvest treatment and is, in
comparison, easier to apply. Both technologies require further research on
more export cultivars and additional insect pests to find feasible solutions to
the problem of phytosanitary pests on our valuable and unique cut flower
commodities.
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A potential biological control agent for the control of Iris
pseudacorus L. (Iridaceae) in South Africa
Samella Ngxande-Koza, Julie Coetzee, Martin Hill
Centre for Biological Control, Grahamstown, South Africa.

Iris pseudacorus (Iridaceae), native to Europe, western Asia and North West
Africa is an herbaceous perennial aquatic plant that clogs waterways,
reduces streamflow, and outcompetes indigenous plants, native fish and
wildlife populations. Furthermore, the invasion of this plant along river and
stream banks, wetlands and fringes of ponds negatively affects recreation,
fishing and swimming. Hence, it was declared as a category 1a invasive
plant under NEMBA, requiring compulsory control of the plant. A potential
candidate for biological control, Aphthona nonstriata Goeze, 1777
(Coleoptera: Chrysomelidae) has been imported from its native range in
Europe into quarantine in South Africa for host-specificity trials. The adults of
this flea beetle cause extensive damage on the leaves of I. pseudacorus.
The eggs are oviposited a few centimetres below the soil surface. When the
eggs hatch, the larvae burrow into the rhizomes where they start feeding.
Approximately 25 plant species are being tested for host-specificity of the
beetle. Five test plants from each species, and three control target plants
(I. pseudacorus) were used for each host specificity trial. Ten adult flea
beetles were placed on each plant for one week to allow adult feeding
and oviposition to occur, and then removed. The plants were then left for 8
weeks to allow the new generation to emerge. Feeding by adults on both
the test plants and control plants was evident, however, first generation
adults were only recorded from the host plant, I. pseudacorus. Test plants
were investigated for larval feeding damage in the roots, but there was no
indication of feeding on any of the species. These are promising results for
the initiation of biological control against I. pseudacorus.
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Identification of lepidopteran maize stem borers in Northern
Cape
Busisiwe Nohlaka1, Mxolisi Stemele2, Nolitha Skenjana1
1
Dohne Agricultural Institute, Stutterheim, South Africa. 2University of Fort Hare, Alice, South
Africa.

Maize stem borers are a diverse group of Lepidoptera, constituted primarily
of noctuids and crambids that cause great damage to the maize production
industry throughout the country. Accurate identification of insect pest is the
first and most fundamental step to develop better management strategies.
Mainly, maize stem borer identification is based on morphological
characteristics. However, morphological identification requires taxonomic
expertise. An alternative method to identify maize stem borers would be
the use of molecular analysis. DNA identification based on cytochrome c
oxidase subunit I (COI) has proven to be a quick and reliable method for
identifying insect species. The main objective of this study was to identify the
maize stem borer complex in Northern Cape Province. To correctly classify
the stem borer complex, molecular analysis using the cytochrome c oxidase
subunit I (COI) mitochondrial gene region was conducted on the population
of stem borer larvae collected from Frances Baard, Pixley Ka Seme, John
Toala Gaetsewe and ZF Mgcawu district. Sequences belonging to two
species, Busseola fusca (Fuller) (Noctuidae) and Chilo partellus (Swinhoe)
(Crambidae) were found. Sequences were compared to the existing NCBI
database using the BLAST search tool to check sequence identity and
all positively identified species names were recorded. Pairwise distances
computed in MEGA 6 (Tamura et al. 2013) indicated a small genetic
distance between the individuals ranging from 0.2%–2.5% and 0%–0.2% in B.
fusca and C. partellus populations, respectively. This small genetic distance
was further accompanied by a high gene flow as verified by the high Nm
(6.23). DNA identification has been criticized by many authors. However, the
method was successful in the identification of stem borers species collected
during this study. These results suggested that the COI sequence had high
barcoding resolution in discriminating among maize stem borers.
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Climatic suitability of Dichrorampha odorata, a shoot-boring
moth, for biological control of Chromolaena odorata in South
Africa
Slindile Nqayi1,2,3, Costas Zachariades2,4, Julie Coetzee1, Martin Hill1,
Osariyekemwen Uyi5, Frank Chidawanyika6, Andrew McConnachie7
1
Rhodes University, Grahamstown, South Africa. 2ARC-PHP, Hilton, South Africa. 3SASRI, Mt
Edgecombe, South Africa. 4University of KwaZulu-Natal, Scottsville, South Africa. 5University
of Benin, Benin City, Nigeria. 6University of the Free State, Bloemfontein, South Africa. 7NSW
Department of Primary Industries, Orange, Australia.

Dichrorampha odorata (Lepidoptera: Tortricidae) has been released as a
biological control agent against Chromolaena odorata (Asteraceae) since
2013, but appears to have failed to establish. Because climatic incompatibility
between its origin in Jamaica, and its region of introduction, appears to be
a likely cause, its thermal physiology was investigated. Thermal tolerance
data were used to determine the developmental thresholds and number
of generations that D. odorata is capable of completing in South Africa per
year. These predictions were generated using CLIMEX temperature data
and the degree-day parameters K and t. Developmental time decreased
with increasing temperatures ranging from 20–30°C, with immature stages
not able to complete development at 18°C and 32°C. The developmental
threshold, to, was determined as 8.54°C with 909.1 degree-days required
to complete development (K), indicating that D. odorata is capable of
producing a maximum number of 6.5 generations per year in South Africa.
The CLIMEX data indicated that within South Africa, the east coast regions
were climatically most suitable for D. odorata to establish, but were less
suitable than tropical Africa and the Caribbean. Lower (LLT50) and upper
(ULT50) lethal temperatures were -4.5°C and 39.64°C for larvae and 1.83
and 41.02°C for adults, and D. odorata adults were able to maintain
locomotory functioning at 4.4 to 43.7°C. When D. odorata was kept at a
lower temperature of 20°C for 7 days, it acclimated to warmer and cooler
temperatures (1.95 and 44.41°C) when compared to D. odorata reared at
25°C (3.36 and 43.67°C) and 30°C (5.92 and 42.93°C). The effects of humidity
were not measured in this study but may be substantial. Although nighttime
temperatures in South Africa in summer should suit D. odorata, in winter they
may become too low for adult mating and larval development.
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Thermal resilience may shape population abundance of two
sympatric congeneric Cotesia species
Casper Nyamukondiwa1, Reyard Mutamiswa1,2, Honest Machekano1, Frank
Chidawanyika2
1
2

Botswana International University of Science and Technology (BIUST), Palapye, Botswana.
University of the Free State, Bloemfontein, South Africa.

Basal thermal tolerance and its plasticity determine abundance,
biogeographical patterns and activity of insects over spatial and temporal
scales. For coexisting stemborer parasitoids, offering synergistic impact
for biological control, mismatches in thermal tolerance may influence
their ultimate impact in biocontrol programs under climate variability.
Using laboratory-reared congeneric parasitoid species Cotesia sesamiae
Cameron and Cotesia flavipes Cameron (Hymenoptera: Braconidae),
we examined basal thermal tolerance to understand potential impact
of climate variability on their survival and limits to activity. We measured
upper- and lower -lethal temperatures (ULTs and LLTs), critical thermal limits
[CTLs] (CTmin and CTmax), supercooling points (SCPs), chill-coma recovery
time (CCRT) and heat knock-down time (HKDT) of adults. Results showed
LLTs ranging from -5 to 5°C and -15 to -1°C whilst ULTs ranged from 35 to 42°C
and 37 to 44°C for C. sesamiae and C. flavipes, respectively. Cotesia flavipes
had significantly higher heat tolerance (measured as CTmax), as well as cold
tolerance (measured as CTmin) relative to C. sesamiae (p < 0.0001). While
SCPs did not vary significantly (p > 0.05), C. flavipes recovered significantly
faster following chill-coma and had higher HKDT compared to C. sesamiae.
The results suggest marked differential basal thermal tolerance responses
between the two congeners, with C. flavipes having an advantage at both
temperature extremes. Thus, under predicted climate change, the two
species may differ in phenologies and biogeography with consequences
on their efficacy as biological control agents. These results may assist in
predicting spatio-temporal activity patterns which can be used in integrated
pest management programs under climate variability.
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Resistance in Tetranychus cinnabarinus adult populations to
three acaricides commonly used on tomato in Botswana
Motshwari Obopile1, Mitch Legwaila1, Bamphitlhi Tiroesele1, Ntebaleng
Makate2
Botswana University of Agriculture and Natural Resources, Gaboronne, Botswana. 2University
of Botswana, Gaboronne, Botswana.

1

Tomato (Solanum lycopersicum L) is an important commercial vegetable
grown in Botswana. One major pest of tomato that causes losses in
Botswana is carmine spidermite, Tetranychus cinnabarinus (Boisduval)
(Acari: Tetranychidae). Management of spidermites in Botswana relies on
blanket and frequent applications of acaricides which may cause resistant
populations to develop. Therefore, a laboratory study was conducted
at BUAN to assess resistance of spidermites to three acaricides which
are commonly used on tomato in Botswana; abamectin, methomyl and
chlorfenapyr. Resistance status of the three acaricides was evaluated
with bioassay method using the leaf dip technique. The bioassays were
conducted based on five concentrations of abamectin: 0.4, 0.5, 0.6, 0.7
and 0.8 ml/L, methomyl: 0.3, 0.4, 0.5, 0.6 and 0.7 ml/L; chlorfenapyr: 0.2,
0.3, 0.4, 0.5 and 0.6 ml/L at 30°C ± 5°C. Water was used as control for each
acaricides and concentrations were replicated three times for each
acaricide. Adult mortalities were assessed at 24, 48, 72 and 96 hour intervals
and analyzed using probit analysis. The slopes of probit lines and LD50 values
were used to compare levels of resistance of adult populations to the
three acaricides. The results showed that LD50 values of abamectin were
higher than those of chlorfenapyr and methomyl, indicating a significantly
higher level of resistance of adult spidermites to abamectin than the other
two acaricides. This was also confirmed by significantly steeper slope of
the probit lines for abamectin (4.46) compared to methomyl (2.70) and
chlorfenapyr (2.70). Furthermore, when the period taken for an acaricide to
achieve 90% mortality was used to test effectiveness of the three acaricides,
abamectin failed to achieve 90% mortality, again indicating a high level of
resistance to abamectin in adult T. cinnabarinus populations. An integrated
pest management programme that includes rotation with other acaricides
and applying acaricides based thresholds is recommended to manage
resistance.
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Effects of age on tergal gland secretions of queenless honeybee
workers
Olabimpe Okosun, Abdullahi Yusuf, Robin Crewe, Christian Pirk
University of Pretoria, Private Bag X20, Hatfield, 0028, Pretoria, South Africa.

A honey bee queen uses secretions from her tergal glands together with
other glandular secretions as pheromonal control of worker reproduction.
However, in queenless honey bee colonies, the use of tergal gland secretions
by workers to gain pheromonal and reproductive dominance over nest
mates is not known. Using gas chromatography/mass spectrometry, for
the first time, the age-dependent changes in tergal gland secretions of
queenless workers of two South African sub-species, the clonal lineage
of Apis mellifera capensis and workers of A. m. scutellata (Hymenoptera:
Apidae) was investigated. The tergal gland semiochemicals identified in
both A. m. scutellata workers and A. m. capensis clone workers were fatty
acids, alkyl esters, unsaturated and saturated hydrocarbons. Ethyl esters are
reported as new compounds from honey bee worker tergal gland profiles
and these compounds increased in quantity with age. This suggests that
tergal gland secretions from reproductive workers could act as both releaser
and primer pheromones in synergy with other glandular compounds to
achieve pheromonal and reproductive dominance.
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Persistence of the flowerbud weevil Anthonomus santacruzi on
bugweed (Solanum mauritianum) populations in coastal versus
inland localities in KwaZulu-Natal
Terence Olckers, Nokwanda Mkhize
1

University of KwaZulu-Natal, Pietermaritzburg, South Africa.

The florivorous weevil Anthonomus santacruzi Hustache (Coleoptera:
Curculionidae) was released in South Africa in 2009 to reduce the fruit set of
the invasive tree Solanum mauritianum Scopoli (Solanaceae) and facilitate
its biological control. The weevil has become widely established in the coastal
areas of KwaZulu-Natal, with limited establishment in the province’s higheraltitude inland areas. Irrespective of location, A. santacruzi populations
reach a peak during autumn but decline during the subsequent winter. We
assessed the persistence of A. santacruzi populations in climatically-optimal
coastal areas relative to climatically-marginal inland areas. In so doing, we
assessed the weevil’s pre- and post-winter abundance at six coastal and
six inland sites during 2018, with comparisons between areas and seasons.
The pre-winter data from 2018 were also compared to pre-winter data
collected at the same sites in 2016. During 2018, pre- and post-winter weevil
numbers were six times and 22 times higher, respectively, at optimal sites
than at marginal sites, with substantial winter declines at all sites. Post-winter
weevil numbers at optimal sites were significantly higher than pre-winter
numbers at marginal sites, illustrating the constraints imposed by the latter
sites. Pre-winter numbers at optimal sites were not significantly different
between 2016 and 2018, but were significantly lower at marginal sites in
2018. Inflorescences of S. mauritianum sampled at marginal sites contained
significantly more floral material and fruit than inflorescences sampled at
optimal sites, during both seasons in 2018. Significant negative correlations
between A. santacruzi numbers and floral/fruit production suggest some
reduction in the reproductive output of S. mauritianum. Considering that A.
santacruzi populations are barely persisting in higher-altitude inland areas,
and that the weevil was sourced from low-altitude locations in Argentina,
additional releases in KwaZulu-Natal and other provinces should target
locations that are below an altitude of 300 m.
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Evaluating mixed species baculovirus formulations for the control
of false codling moth – what is the benefit?
John Opoku-Debrah, Nomvume Petela, Sean Thackeray
River Bioscience Pty Ltd, Port Elizabeth, South Africa.

False codling moth (FCM) (Thaumatotibia leucotreta (L)) (Lepidoptera:
Tortricidae) is an economic and phytosanitary pest for many subtropical
crops as well as the ornamental market. Baculovirus based biopesticides
are widely used for FCM control due to their proven efficacy and favorable
maximum residue limits (MRLs). Previous studies have showed that synergism
exists when combining different virus species and strains, through increasing
field efficacy and speed of kill. The possible benefits of combining two
species of baculoviruses within a single formulation at different ratios,
Cryptophlebia leucotreta granulovirus (CrleGV) and Cryptophlebia
peltastica nucleopolyhedrovirus (CrpeNPV) for the control of FCM was
evaluated. Due to the phytosanitary nature of FCM any advantage the
grower can obtain towards reducing fruit penetration by neonate larvae
will be considered an advantage. Using FCM as a subject for these studies,
biological assays were conducted with both CrleGV and CrpeNPV as single
actives as well as combined actives at varying ratios. Mixtures with the least
CrleGV (CrleGV : CrpeNPV; 1 : 4) resulted in significantly quicker mortality
compared to single species formulations and other ratios. These results show
the potential for novel mixed species formulation of baculovirus to add
value at an end user level.
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Insights into the metabolic costs of digestion in biocontrol insects
Candice Owen1, John Terblanche2
Centre for Biological Control, Rhodes University, Grahamstown, South Africa. 2Stellenbosch
University, Stellenbosch, South Africa.

1

Thermal physiology investigations that predict post-release establishment and
control success have recently been gaining popularity in the field of weed
biological control (biocontrol). These experiments generally involve classical
methods that look at the agent’s developmental or behavioural reactions
to temperature. Most of the physiological processes within an insect’s body,
however, can be linked to the functionality of their metabolism or energetic
costs of diverse processes. Consequently, metabolic physiological responses
can help understanding of research organisms, but it is an area that has not
yet been fully integrated into weed biocontrol programmes. This study aimed
to determine the metabolic responses, costs of digestion (specific dynamic
action [SDA]) and energy budgets in a widely-established biocontrol agent
of water hyacinth, Neochetina eichhorniae (Coleoptera: Curculionidae),
over a range of temperatures. Respiratory rates were tracked over time
throughout digestion of a host plant meal in order to determine how much
energy was required to complete digestion, and how these costs change in
different environmental conditions. Digestion can arguably be considered
the most important weapon in a biocontrol agent’s arsenal, as it determines
feeding frequency and damage extent. Preliminary results have indicated
that energy and digestion costs, including rates thereof, in N. eichhorniae
differ greatly depending on the environmental temperature. We illustrate
how these differences could have important knock-on effects on the
efficacy of the agents in field sites with differing thermal regimes, potentially
explaining the lack of establishment and adequate control in some.
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Differences in nutritional content of Hermetia illucens (L.) larval
life stages: Implications for animal feed production
Nina Parry, Christopher Weldon
University of Pretoria, Pretoria, South Africa.

Fly larvae can be used to effectively reduce and valorise organic waste
streams and produce value-added products such as a protein supplement
for monogastric animal feed and lipids for biodiesel. The black soldier
fly, Hermetia illucens L. (Diptera: Stratiomyidae), is commonly used in
bioconversion due to its versatility and efficiency in reducing various types
of organic waste, including fruit and vegetable waste and animal manure.
The life stage at which larvae are harvested can impact their nutritional
content hence a bioconversion facility should harvest larvae at the point
where biomass is highest, bioconversion ratio is maximised and the larvae
have the most favourable nutritional content relative to their final use. The
most desirable nutritional content for production of protein for animal feed
requires high dry matter content relative to the total biomass produced,
of which the largest proportion comprises protein but relatively low lipid
content. This study investigated the nutritional content of larvae collected 15
days after egg hatch and prepupae collected at 20 days after egg hatch.
Freshly hatched neonates (90 mg), collected within three hours of hatching,
were placed on 12 kg of mixed pre-consumer waste and held at 28 ± 0.5°C.
This was repeated five times on five different batches of waste. A proximate
analysis (crude protein, crude lipid content, ash and fibre) was completed
for each replicate of larvae and prepupae as well as a comparison of the
dry matter content, total biomass and bioconversion ratio between the
two groups. Bioconversion was measured on a dry matter basis by dividing
final larval biomass by final waste mass. The results of these tests were used
to assess the suitability of H. illucens larvae at each life stage for use as a
protein supplement for animal feed.
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Biological control of the African citrus psyllid, Trioza erytreae,
with the parasitoid Tamarixia dryi
Jesica Pérez Rodríguez1,2, Eloise Butcher3, Jesús Selfa2, Alberto Urbaneja1,
Alejandro Tena1, Kerstin Krüger3
Centro de Protección Vegetal y Biotecnología, Instituto Valenciano de Investigaciones
Agrarias (IVIA), Valencia, Spain. 2Laboratori d’Investigació d’Entomologia, Departament de
Zoologia. Facultat de Ciències Biològiques, Valencia, Spain. 3Department of Zoology and
Entomology, University of Pretoria, Pretoria, South Africa.
1

The African citrus psyllid, Trioza erytreae (Del Guercio) (Hemiptera, Triozidae),
has recently been recorded in Spain and Portugal. The discovery is of
great concern because T. erytreae is a vector of the bacterial pathogen
‘Candidatus Liberibacter africanus Rhizobiales: Rhizobiaceae’, which is
associated with citrus greening, one of the most devastating diseases of
citrus. The spread of the psyllid to mainland Europe has resulted in renewed
interest in the parasitoid Tamarixia dryi (Waterston) (Hymenoptera:
Eulophidae) for classical biological control of T. erytreae. The parasitoid has
been exported previously as a biological control agent from South Africa
to La Réunion and Mauritius where it successfully reduced populations of T.
erytreae. In order to determine the abundance of T. dryi and the parasitoid
complex of T. erytreae in the main citrus-producing regions in South Africa,
surveys were carried out in 2017 and 2018. Psyllids and parasitoids were
collected, identified and their relative abundances determined. The
parasitoid complex of T. erytreae comprised three primary parasitoids and
three hyperparasitoids. Their relative abundances varied with region. The
most abundant parasitoid was T. dryi, suggesting that this parasitoid would
be a suitable candidate for classical biological control in Spain.
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Assessment of mating competitiveness of sterile moths – using
spermatophore transfer as a quality control measure
Mellissa Peyper1, Wayne Kirkman1,2, Tamryn Marsberg2, Sean Moore1,2
1
Citrus Research International, Port Elizabeth, South Africa. 2Centre for Biological Control,
Rhodes University, Grahamstown, South Africa.

Since 2007, a sterile insect technique (SIT) programme has been commercially
implemented against false codling moth (FCM), Thaumatotibia leucotreta
(Lepidoptera: Tortricidae) in the citrus industry in South Africa. Currently, the
quality of sterile male moths is tested by conducting point release-recapture
trials before commercial release of moths. This assumes that the ability of
sterile male moths to find traps baited with synthetic female pheromone
lures is sufficiently indicative of their mating competitiveness with wild
moths. This study sought to develop a quality control test to more directly
and accurately measure the mating competitiveness of sterile male moths.
This was done by investigating the spermatophore transfer from sterile and
non-sterile males to wild females in laboratory trials and comparing this with
mating incidents in choice-trials in field cages involving sterile and non-sterile
male and female moths. Mean spermatophore transfer was significantly
higher for non-sterile than sterile moths. This is to be expected, but the
acceptable difference in spermatophore transfer must be determined.
Additionally, a statistically significant relationship was determined between
spermatophore transfer from sterile males to wild females and mating
incidents involving sterile males in the field cages. This provided a strong
indication that laboratory-based spermatophore transfer trials can be used
as a reliable quality control measure for sterile FCM in an SIT programme.
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Thermal tolerance of Spodoptera frugiperda varies with
developmental diet, life stage, and thermal acclimation
Siphephelo Phungula, Chris Weldon, Kerstin Krüger
Department of Zoology and Entomology, University of Pretoria, Pretoria, South Africa.

Insect thermal tolerance is an important trait contributing to a species’
potential invasiveness. While thermal tolerance has been determined for
many insect pests, most studies have focused on the effects of thermal
history with only a few also accounting for insect developmental diet.
This study determined the effect of developmental diets and acclimation
temperature on thermal tolerance traits of the rice strain of the fall armyworm,
Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae). First- and
sixth-instar larvae and adults were reared either on artificial diet, maize,
or wheat at 25°C, and were then acclimatized for 24 h at either 20, 25 or
30°C. These insects were then subjected to a ramped increase or decrease
in temperature (0.1˚C min-1) to determine the critical thermal maximum
(CTmax) and minimum (CTmin), respectively. These end points were defined
as the temperature at which muscular function was lost. Results obtained
to date show that first-instar larvae had a wider performance breadth,
having a higher CTmax and lower CTmin, than sixth-instar larvae regardless of
developmental diet and acclimation temperature. There was evidence
of beneficial acclimation, with CTmax and CTmin increasing with acclimation
temperature. There also was an interaction of developmental diet with life
stage, with the highest CTmax and lowest CTmin found among first-instar larvae
fed the artificial diet. Overall, development on maize and wheat led to
poorer thermal tolerance and lower ability to respond to acclimation. These
results suggest that developmental diets and thermal history affect fitness of
the rice strain of the fall armyworm and may influence its invasion potential.

oral presentation

ESSA 2019

137

Innovative entomology for the sustainable management of pest
and beneficial insects
John A. Pickett
School of Chemistry, Cardiff University, Wales, UK.

The need for sustainable technologies in food production, which will
involve more knowledge intensive approaches rather than the input
intensive practices developed for the green revolution, requires innovative
entomology in the management of insect pests. Such innovations will also
exploit, more dynamically, arthropods in biological pest management
and additionally as providers of other ecosystem services. These
new approaches must be effectively integrated to ensure that, after
commitment of the carbon footprint of soil preparation and delivery of
seed, water and plant nutrition, food is not then lost to competing organisms
and particularly insect pests. There are largely undeveloped tools for these
new approaches including insect pheromones and other natural signals,
the semiochemicals. However, with new approaches to deployment
arising from growing knowledge of entomologically based agro-ecosystem
management studies, there is increasing evidence of success. Conservation
biological control of lepidopterous stem borers, and now the fall armyworm,
Spodoptera frugiperda, for low input cereal farming in sub-Saharan Africa
is dramatically demonstrated by the agro-ecological management
embodied in the “push-pull” system. The underlying semiochemistry of
this “push-pull” involves companion plants producing herbivore repellents
and parasitoid foraging cues comprising highly unstable and volatile
terpenoid oxidation products released normally by the cereal crops as a
consequence of feeding stress by the lepidopterous caterpillars. New work
is underpinning development of these semiochemicals by GM and synthetic
biology. The cereal farming “push-pull” offers valuable evidence for using
similar approaches for managing insect vectors of the causative pathogens
for major livestock and human diseases, such as nagana and malaria, also
under development.
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The use of shape analysis to differentiate between the mandibles
of seven fruit fly (Diptera: Tephritidae) species of quarantine and
economic importance in South Africa
Welma Pieterse1, Pia Addison2
Department Agriculture, Forestry and Fisheries, Plant Quarantine Station, Stellenbosch, South
Africa. 2Department of Entomology and Conservation Ecology, Stellenbosch University,
Stellenbosch, South Africa.

1

Fruit flies (Diptera: Tephritidae) are of economic and quarantine importance,
but the larval stage found in fruit are difficult to identify. A low cost, practical
and effective method of identifying the larvae of seven tephritid species of
economic and quarantine importance was deemed important to support
quarantine inspections of fruit consignments to and from South Africa. The
mandibles of the third instar larvae were analyzed using Shape analysis,
a morphometric method. Ceratitis capitata, C. rosa, C. quilicii and C.
cosyra are of economic importance to the fruit industry in South Africa.
Bactrocera dorsalis, an invasive fly, is present in the Northern and Central
parts of the country, but not yet established in the Western Cape Province.
Bactrocera cucurbitae and B. zonata are not present in South Africa and
are of quarantine importance. Images of the mounted mandibles were
analyzed using SHAPE v.1.3. The cumulative Eigenvalues indicated that
the first two Principal Components (PCs) contributed the most (69%) to the
shape change. The two invasive species, B. zonata and B. cucurbitae, form
clear groups in the biplot of the contour shapes of the first two Principal
Components of the mandibles. According to the results of the discriminant
function analysis, the species can be distinguished from one another with
80% to 100% certainty (p > 0.1).
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The mitochondrial genomes of two important parasitoids of
olive fruit flies in South Africa (Psyttalia humilis and Psyttalia
lounsburyi) show a new gene rearrangement among Braconidae
Chanté Powell1, Virgilio Caleca2, Elleunorah Allsopp3, Barbara van Asch1
1
3

Stellenbosch University, Stellenbosch, South Africa. 2University of Palermo, Palermo, Italy.
Agricultural Research Council, Infruitec-Nietvoorbij, Stellenbosch, South Africa.

Braconid wasps belong to the second largest family within the Hymenoptera,
and are particularly interesting due to their potential as biocontrol agents
of olive fly populations in regions where this pest lacks specialized native
enemies. Psyttalia humilis and Psyttalia lounsburyi (Braconidae: Opiinae) are
particularly important as they are endemic endoparasitoids of olive fruit flies
in sub-Saharan Africa. Despite the relevance of these two species in South
African wild and cultivated olive ecosystems, genetic data is presently limited
to COX1 (DNA barcoding) sequences. This study aimed at contributing to
an improved phylogeny of the group by generating the complete new
mitogenomes for P. humilis and P. lounsburyi. Near-complete mitochondrial
genomes of individual specimens of P. humilis and P. lounsburyi collected
in the Western Cape Province were recovered using the NGS Ion Torrent
Platform at Stellenbosch University. The sequences were assembled and
annotated using Psyttalia concolor, a closely related species, as a reference
sequence, and compared to other Braconidae sequences. The sequence
coverage for P. humilis and P. lounsburyi was 33x and 34x respectively. The
mitochondrial sequences had a total length of 15 361 bp and 15 423 bp
for P. humilis and P. lounsburyi respectively. We identified 13 protein-coding
genes (PCGs), 22 transfer RNA genes (tRNA), and two ribosomal RNA genes
(rRNA). The non-coding AT-rich region will need further confirmation. Psyttalia
humilis and P. lounsburyi had identical gene arrangements; however, they
differed from other publicly available Braconidae mitogenomes, with most
rearrangements involving tRNAs. Gene rearrangements varied substantially
amongst the Braconidae, potentially being useful for clarification of the
complex phylogeny of the group. In addition to recovering the new nearcomplete mitogenomes of two important parasitoid wasp species, this study
advances comparative mitogenomics of Braconidae, a group in which
gene rearrangements are frequent.
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A multiplex PCR test for species identification of elusive wasps
associated with olives
Chanté Powell1, Muriel Knipe2, Virgilio Caleca3, Elleunorah Allsopp2, Barbara
van Asch1
1
University of Stellenbosch, Stellenbosch, South Africa. 2Agricultural Research Council, InfruitecNietvoorbij, Stellenbosch, South Africa. 3University of Palermo, Palermo, Italy.

The olive industry in South Africa is relatively new and mainly focused in
the Western Cape Province, which has a predominantly Mediterranean
climate. Some production losses in the region are due to the activity of
olive seed wasps (OSW) associated with premature fruit drop. Wasps of the
families Braconidae and Chalcidoidea associated with wild and cultivated
olives were comprehensively described and barcoded in a previous study,
but the status of several of these species as phytophagous, parasitoid or
hyperparasitoid remains unclear. In this study, a PCR multiplex method based
on reference COI sequences was developed for the simultaneous detection
of five putative OSW - Eupelmus spermophilus (Hymenoptera: Eupelmidae),
Eurytoma oleae (Hymenoptera: Eurytomidae), Eurytoma varicolor
(Hymenoptera: Eurytomidae), Neochrysocharis formosus (Hymenoptera:
Eulophidae) and Sycophila aethiopica (Hymenoptera: Eurytomidae) to identify immature specimens (e.g. larvae and pupae) collected from
wild and cultivated olive seeds. Tests using reference DNA extracted from
morphologically identified adults showed that the multiplex method was
robust, sensitive, easily performed in a single PCR reaction, and produced
unambiguous species-specific amplicons for the five species. A preliminary
survey using immature specimens collected from olive seeds confirmed the
immatures to be E. spermophilus, E. varicolor and S. aethiopica, confirming
they were phytophagous. This method can be used as a diagnostic tool
for detection of pests as immatures, at the early stage of infestation when
morphological identification is infeasible, and can provide an opportunity
to gain new biological insights into the lifestyles of these elusive species.
Future work will expand the survey over time and geographic range in
order to capture the complete diversity of species and assess their potential
associations.

poster presentation

ESSA 2019

141

Synergistic effect of entomopathogenic nematodes and
entomopathogenic fungi for false codling moth management
Samantha Prinsloo1, Martin Hill1, Candice Coombes1, Antoinette P. Malan2,
Sean Moore3
Centre for Biological Control, Rhodes University, Grahamstown, South Africa. 2Stellenbosch
University, Stellenbosch, South Africa. 3Citrus Research International, Port Elizabeth, South Africa.
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False codling moth, Thaumatotibia leucotreta (Meyrick) (Lepidoptera:
Tortricidae) (FCM), is a major insect pest of citrus in South Africa. Owing
to restrictions on the use of insecticides, non-chemical control options,
including the use of entomopathogenic fungi (EPF) have been investigated.
Laboratory and field trials have highlighted several isolates, including
Metarhizium anisopliae FCM Ar 23 B3, capable of inducing mortality in FCM
soil-dwelling life stages. Other potential control agents of such life stages
include entomopathogenic nematodes (EPN). Three species of nematodes
which may be used in FCM management plans are Steinernema
yirgalemense, S. jeffreyense and Heterorhabditis noenieputensis. In addition,
previous research has shown that a synergistic relationship might occur
between EPN and EPF, when they are combined for the management of
late instar lepidopteran larvae. The synergistic relationship between EPF
and EPN on FCM is not yet known. Thus, the study aimed to investigate the
control potential of M. anisopliae FCM Ar 23 B3 and several EPN species
alone and in combination with one another on late fifth instar FCM, using
standardised laboratory bioassays. The trials also assessed the effect of EPF
and EPN application timing, relative to each other, needed to achieve
optimal larval mortality.
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Critical thermal limits of Spodoptera frugiperda from a subtropical area in South Africa
Johan Pyper1, Reyard Mutamiswa2, Casper Nyamukondiwa2, Hannalene du
Plessis1
1

NWU, Potchefstroom, South Africa. 2BIUST, Palapye, Botswana.

Insects generally have body temperatures that always closely approximate
the ambient environment. As such, tolerance to stressful environments is a
critical requisite for survival under variable thermal environments. Insects
normally cope with variable thermal environments through different
mechanisms e.g. change in behavior, physiology and their biochemistry
and the magnitude of tolerance may also differ based on environmental or
evolutionary history. Spodoptera frugiperda (Lepidoptera: Noctuidae) (FAW)
is an economically important pest with more than 350 larval host plants.
Following its first African detection in 2016, FAW has spread extensively across
vast areas of the continent. However, factors limiting its activity in the different
landscapes is largely unknown. Nevertheless, this information is significant
in better understanding factors limiting activity, population dynamics and
pest geographic distribution. This study therefore measured critical limits to
activity (critical thermal minima [CTmin] and maxima [CTmax]) for different
FAW larval instars (3rd–6th) following established protocols. Preliminary results
showed CTmax and CTmin varied significantly across larval instars (p < 0.001).
The CTmin for the respective instars varied between 5.1 ± 0.2°C (6th instar)
and 6.8 ± 0.2°C (4th instar) while CTmax varied between 48.0 ± 0.1°C (5th and
6th instar) and 49.6 ± 0.3°C (3rd instar). Third instar larvae recorded the highest
CTmax (most enhanced heat tolerance) while 6th instar larvae recorded
the lowest CTmin (most enhanced cold tolerance). This enhanced basal
temperature tolerance values for S. frugiperda larvae can be explained by
its tropical/sub-tropical nature as well as the origin of the larvae sampled,
viz. from a subtropical area, Malelane (South Africa) during summer. Results
of this study are important in explaining key factors limiting the pest activity in
nature and may help accurate prediction of its seasonal insect phenology.
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Termite diversity is robust to land-use change along forest-cocoa
intensification gradient
Gabriel Willie Quansah1,2, Stephen Adu Bredu3, Kate Parr4, Paul Eggleton5,
Yadvinder Malhi6, Vincent Logah1
KNUST, Kumasi, Ghana. 2CSIR - SRI, Kumasi, Ghana. 3CSIR - FORIG, Kumasi, Ghana. 4Liverpool
University, Liverpool, United Kingdom. 5Natural History Museum, London, United Kingdom.
6
Oxford University, Oxford, United Kingdom.
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Cocoa is an important crop to Ghana’s economy contributing 25% GDP. The
crop, however, is mainly cultivated on forest soils and is a major cause of landuse change. Termites are an important biological component of tropical
ecosystems providing numerous ecosystem services. Previous studies have
indicated termites are sensitive to disturbance and decrease in richness and
abundance across land-use intensification gradients, with consequences
for the essential services they provide. Native shade trees are often used to
improve cocoa cultivation and may reduce the detrimental effects of landuse change on biodiversity. The aim of this study was therefore to explore
how termites respond to cocoa cultivation along a shade-tree gradient.
We sampled termites along a forest-cocoa gradient at plots varying from
27 to 80% shade cover in the Kakum National Park and surrounding cocoa
farms. In the study we predicted that termite richness and abundance
would decrease as shade cover decreased. Using a standardized transect
method approach termites were sampled at nine plots along the shade
gradient. Twenty-nine species from twenty-three genera were collected,
with Ancistrotermes and Microcerotermes (Isoptera: Termitidae) found in
all the plots. Species richness and abundance showed no particular trends
across the land-use gradient, and composition did not alter significantly
indicating that despite a change in the dominant vegetation type, termite
communities were robust to the disturbance. In contrast to our prediction
termite richness and abundance did not change along the shade gradient.
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Dynamics of Wolbachia infection in a haplodiploid hymenopteran
species
Joséphine Queffelec1,2, Jaco Greeff1, Jeremy Allison2,3, Bernard Slippers1,2
Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Pretoria, South
Africa. 2Forestry and Agricultural Biotechnology Institute, University of Pretoria, Pretoria, South
Africa. 3Canadian Forest Service, Sault Ste. Marie, Canada

1

The study of the symbiosis between Wolbachia and insects is still in its
infancy, particularly in non-dipteran hosts. This has led to the persistence
of methods inappropriate for many Wolbachia strains, and a scarcity
in applied research aiming at using the bacteria to regulate a variety of
insect orders. In particular, Wolbachia infection has been poorly studied in
the Symphyta (Hymenoptera). This is partly due to the presumed difficulty
of regulating haplodiploid species using the bacteria. Here, we report on
the first discovery of Wolbachia in the family Siricidae and the second in
the Symphyta; in Sirex noctilio, a global invasive pest of pine trees. We use
information from genome sequencing, as well as newly designed primers,
to characterize this infection and investigate the changes in the frequency
of infection in South African populations of the wasp over 12 years. We
found high levels of infection by Wolbachia in all sampled populations at
equilibrium, suggesting the possibility of using the bacteria for management
programs. The temporal sampling, however, highlighted a slow increase in
frequency before equilibrium. This represents challenges for the feasibility of
management programs. Our results highlight the importance of broadening
the scope of the research focused on Wolbachia. They also show that
genomic approaches offer new solutions to consider for the management
of understudied pest species.
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The impact of exotic plants on Macadamia crop flower visitors in
Luvuvhu valley, Soutpansberg Mountain, Limpopo Province
Lorraine Ramotjiki, Stefan Foord
University of Venda, Thohoyandou, South Africa.

Pollination is vital for the production of viable seed, seed dispersal, fruit set and
propagation. Pesticides, diseases, climate change, habitat fragmentation
and invasive alien plants pose considerable threats to this ecosystem service.
The role of invasive alien plants in particular can be ambiguous, varying from
facilitating, neutral, through to negative (competitive). Macadamia is an
important crop in South Africa. However, although managed honey bees
represent 99% of the pollinators visiting macadamia flowers, nut set remains
limited. This study aims to quantify the impact of four plants; Lantana camara
(Verbenaceae), Gymnanthemum myrianthum (Asteraceae), Solanum
mauritanum (Solanaceae) and Ageratum conyzoides (Asteraceae) on
macadamia flower visitors in the Luvuvhu valley. Two sets of sampling
will be used; camera traps (continuous sampling) and visual observation
(10-minute time periods stratified throughout the day). Pollinators are
monitored monthly over a five-day period before, during and after the
flowering period of macadamia. Pollinator assemblages found on native,
exotic and macadamia flowers are compared in both time and space.
The importance of native and exotic species in supporting macadamia
pollinators inside and outside flowering seasons are evaluated. The exotic
plants will not support the macadamia flower visitors outside their flowering
period. The visitation rate will be associated with floral density hence the
other plants will not play much role in increasing the visitation rate of
macadamia if the floral density is low.

146

ESSA 2019

oral presentation

Surveys for potential biological control agents for Nymphaea
mexicana in the United States
Megan Reid1,2, Julie Coetzee3,2, Martin Hill1,2, Lyn Gettys4, Rodrigo Diaz5,
James Cuda6, Christopher Reid7
Rhodes University, Department of Zoology and Entomology, Grahamstown, South Africa.
Centre for Biological Control, Grahamstown, South Africa. 3Rhodes University, Department
of Botany, Grahamstown, South Africa. 4University of Florida Fort Lauderdale Research and
Education Center, Davie, USA. 5Louisiana State University Agricultural Center, Department
of Entomology, Baton Rouge, USA. 6University of Florida, Department of Entomology and
Nematology, Gainesville, USA. 7Louisiana State University, School of Renewable Natural
Resources, Baton Rouge, USA.
1
2

Nymphaea mexicana Zuccarini (Nymphaeaceae) (Mexican waterlily) is an
emergent invasive aquatic weed in South Africa that originates from southeastern USA. In invaded waterbodies, this plant restricts water movement,
increases siltation, decreases recreational value, and can deplete water
oxygen levels, which in turn negatively impacts aquatic fauna. There are
no chemical, mechanical, or biological control programmes in place for
N. mexicana in South Africa, but the sustainability of biological control
makes this option the most desirable to manage this weed. Field surveys
for potential biological control agents were conducted in the native range
of N. mexicana in Florida, Louisiana, and Texas from August to October in
2018. The leaves, stems, flowers, and roots of N. mexicana were searched for
insect herbivores by hand and using Berlese funnels. Insects were prioritised
for use as biological control agents by considering the level and type of
feeding damage, field host range, and incidence (percentage of sites in
which each species was found). Fifteen species were found feeding on N.
mexicana, and possibly more are present as some taxa were only identified
to family level. Two of these, Bagous americanus Le Conte (Coleoptera:
Curculionidae), and Megamelus toddi Beamer (Hemiptera: Delphacidae),
will be imported into the Rhodes University quarantine facility. Host specificity
tests will be conducted to determine whether these insects can be used as
biological control agents of N. mexicana.
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Temporal changes in ant communities across an elevation gradient
Mark Robertson1, Tom Bishop2
1

University of Pretoria, Pretoria, South Africa. 2University of Liverpool, Liverpool, United Kingdom.

Species have responded to a warming climate by shifting their ranges to
higher elevations and to higher latitudes. Elevation gradient studies are
useful for determining how species have responded to climate change
and will be increasingly important for documenting and predicting future
changes. Many of these gradient studies have only surveyed the community
at two points in time, without an understanding of the natural variation in
communities. We explore community dynamics of the first twelve years
of our long-term ant diversity study in the Maloti-Drakensberg Mountains.
We sampled ants using pitfall traps at eight elevations between 800 m
and 3 000 m a.s.l. in January and September each year. We predicted
a small but significant increase in temperature across the time series and
subtle responses of ant communities. We did not see a consistent warming
trend over time across this gradient from soil temperature data. Although
there was inter-annual variation in species richness for each elevation, no
significant increases or decreases were evident across the time series. We
observed variation in community composition per elevation over time,
but assemblages sampled at the beginning of the time series were not
significantly different from those at the end. The identity of the species that
dominate these communities changes with time and communities at low
elevation appear to be more dynamic than high elevation communities.
None of the 43 species that were recorded in all years showed a significant
increase or decrease in their upper or lower elevational range boundaries
with time. Long-term studies are necessary to distinguish natural inter-annual
variation in community dynamics from systematic long-term changes that
are likely to result from climate change.
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Determining the freeze-tolerance strategy of Neochetina
eichhorniae between two South African populations
Daniel Rogers1, Candice Owen1, John Terblanche2
1
2

Centre for Biological Control, Rhodes University, Grahamstown / Makhanda, South Africa.
Stellenbosch University, Stellenbosch, South Africa.

Water hyacinth, Eichhornia crassipes Pontederiaceae, is South Africa’s most
damaging aquatic weed, reducing the economic value and environmental
health of water systems it has invaded. Biocontrol is considered the best
management option for water hyacinth infestations in South Africa, with the
weevil Neochetina eichhorniae Warner 1970 (Coleoptera: Curculionidae)
being the most commonly used control agent. Physiological information of
biocontrol agents can provide a greater understanding of the population
dynamics and allow for informed management decisions to be made.
The aim of this study was to determine whether N. eichhorniae is freeze
tolerant or freeze avoidant. To decipher their cold tolerance strategy, we
determined their CTmin, LLT50, SCP and SCP mortality. The results showed that
mass-reared weevils from a warm locality (CTmin = 5.00°C ± 0.20 (SE), LLT50 =
-11.3°C ± 0.03 (SE), SCP = -15.75°C ± 0.63 (SE)) were, on average, able to
tolerate colder temperatures than the Kubusi River weevils (CTmin = 6.00°C
± 0.48 (SE), LLT50 = -10.07°C ± 0.09 (SE), SCP = -12.91°C ± 0.78 (SE)), which
were collected from a cold field site. Various reasons, including nutrient
quality of the water hyacinth and the range of temperatures experienced
by both populations are thought to contribute to the thermo-physiological
differences observed between the two populationsBased on the results of
this study, N. eichhorniae have been found to be freeze avoidant, as they
cannot survive once their extracellular fluids freeze.
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Cross-border exchange: New pest detections in South Africa
Saadiek Rosenberg, Davina Saccaggi
Plant Health Diagnostic Services, Department of Agriculture, Forestry and Fisheries, Stellenbosch,
South Africa.

Pest species in agricultural systems are usually managed effectively using
integrated pest management systems. However, new pests present unknown
challenges and can often result in extensive crop losses before effective
action can be taken. In South Africa, new pests have been detected
at an increasing rate. Here we discuss six new insect and mite pests that
have been introduced into South Africa during 2014 to 2018. Acalitus essigi
(Trombidiformes: Eriophyidae), redberry mite, was discovered on blackberry
(Rubus fruticosus (Rosaceae) in the Western Cape in 2014. It is exclusively a
pest of blackberry (Rubus sp. (Rosaceae), where it prevents ripening of the
fruit. Brevipalpus lewisi (Trombidiformes: Tenuipalpidae), citrus flat mite, was
detected on grapevine (Vitis vinifera (Vitaceae) in the Western Cape in
2015. It has a wide host range, with citrus (Citrus sp. (Rutaceae) as the main
host in other countries. Raoiella indica (Trombidiformes: Tenuipalpidae), red
palm mite, was detected on date palm (Phoenix dactylifera (Arecaceae)
in the Northern Cape in early 2016. It attacks all palms, causing leaf and fruit
drop. Tuta absoluta (Lepidoptera: Gelechiidae), the tomato leaf miner, was
first detected in Limpopo province in 2016. It is a pest of Solanaceous crops
and one of the most destructive pests of tomato (Solanum lycopersicum
(Solanaceae)). Spodoptera frugiperda (Lepidoptera: Noctuidae), the fall
armyworm, was reported in South Africa at the beginning of 2017. It is a
destructive pest of most types of grain crops as well as many grasses. In
South Africa, it attacks primarily maize (Zea mays (Poaceae)). Euwallacea
whitfordiodendrus (Coleoptera: Curculionidae), the polyphagous shothole
borer (PSHB), was detected in 2018 in KwaZulu-Natal province. It is a pest
of various forestry and ornamental trees and woody plants. Insect and
mite pests are cryptic and difficult to detect at the early stages of invasion.
We discuss the responses to each of these detections, current distribution,
economic impact and possible control.
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Harnessing the sugarcane microbiome for improved resistance to
the stalk borer Eldana saccharina Walker
R. Stuart Rutherford1,2, Sharon McFarlane1, Nongcebo Memela1,3, Sandra
Snyman1,4
SASRI, Mount Edgecombe, South Africa. 2UKZN, Westville, South Africa. 3UKZN, Pietermaritzburg,
South Africa. 4UKZN, Westville, South Africa.

1

In South Africa, losses due to the African sugarcane stalk borer Eldana
saccharina (Lepidoptera: Pyralidae) are estimated at around US$80 million/
annum. Infestations are intense during drought years and are linked to
certain Fusarium species found to be beneficial to E. saccharina. Initially
present as a symptomless endophyte, Fusarium becomes necrotrophic
when E. saccharina causes damage. Suspected mechanisms that benefit E.
saccharina include plant defence suppression, improved larval nutrition and
exclusion of entomopathogens. The removal of Fusarium from seedcane
through hot water treatment (HWT) containing fungicides significantly
reduces subsequent E. saccharina infestation. The known endophytic
ability of Bacillus and related species, and their heat tolerance by virtue
of endospore production, has prompted research into a combined HWT/
Fungicide/Bacillus seedcane treatment. Host-mediated selection of sporeforming bacterial endophytes from soils was conducted using microbefree in-vitro plantlets. Soil samples were heat treated and inoculated into
aseptic plantlet culture vessels. One-month later plantlets showing the best
root growth were surface sterilised and endophytes were isolated. Isolates
identified as Brevibacillus species inhibited the growth of Fusarium and/or
were able to tolerate the antibiotic fusaric acid, produced by Fusarium.
In an extension of this research, host-mediated microbiome evolution is
being conducted. Starter microbiomes are added to plantlets produced
by mutation breeding for drought stress tolerance. The phenotype of the
holobiont is evaluated during several cycles of increasing stress and the
microbiomes of superior holobionts are propagated to the next cycle. A
simplified synthetic bacterial consortium that increases resistance to E.
saccharina will be derived from the microbiomes of superior holobionts.
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A review of quality management systems for insect mass
production, focusing specifically on the Sterile Insect Technique,
and recommendations for a tailored approach for the malaria
vector Anopheles arabiensis
Michael Samuel3, Nonhlanhla Ntoyi3, Maria Kaiser1,2, Oliver Wood1,2, Leanne
Lobb1,2, Givemore Munhenga1,2
Centre for Emerging Zoonotic and Parasitic Diseases, National Institute for Communicable
Diseases of the National Health Laboratory Service, Johannesburg, South Africa. 2Wits Research
Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research on Malaria,
School of Pathology, Faculty of HealthSciences, University of the Witwatersrand, Johannesburg,
South Africa. 3The International Atomic Energy Agency, Vienna, Austria.

1

Anopheles arabiensis (Diptera: Culicidae) is the dominant malaria vector
mosquito in South Africa. It is a particularly difficult vector to control due to
its feeding and resting behavioural plasticity, which partially negates the
use of indoor residual spraying of insecticide (IRS) in malaria endemic parts
of the country. As this, in addition to concerns surrounding insecticide use
and resistance, presents a challenge to South Africa’s malaria elimination
agenda, alternative vector control approaches must be considered. The
sterile insect technique (SIT) is an environmentally friendly form of biocontrol
that requires the targeted mass release of sterilized males which mate with
monoandrous females of their species, rendering them unable to reproduce
and thereby supressing/ decreasing the population. A long-term mosquito
vector SIT feasibility project, established in 2010, has produced several studies
to ascertain population data for a target site in Mamfene, KwaZulu-Natal,
and established a functional mass rearing scheme for a local strain of the
vector mosquito. As the current phase of the project will culminate in a pilot
mass release of sterilized male mosquitoes at this site in 2019, the efficiency
of the rearing production line requires the implementation of appropriate
quality assurance and control protocols to retain and monitor the quality of
the produced mosquitoes. The purpose of quality assurance is to ensure that
the rearing processes, environmental parameters, sex-separation, sterilizing
and packaging techniques are conducive for producing a consistently
acceptable quality of mosquitoes. Quality control processes then assess
the product mosquitoes’ characteristics, such as longevity, flight ability and
mating success rates, to confirm that they remain competitive with their
wild counterparts. The purpose of this presentation is to review the currently
implemented quality-related procedures and assessments employed by
existing insect mass rearing facilities and to derive apt protocols that may
be recommended for the mass rearing of A. arabiensis.
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Compare the efficacy of commercial pheromone lures for the
monitoring of Tuta absoluta on tomato in South Africa
Marie-Louise Schlemmer, Gerhard Booysen
Insect Science (Pty) Ltd, Tzaneen, South Africa.

Tuta absoluta (Lepidoptera: Gelechiidae), male moths’ responses to lures are
critically important, especially when a single lure might be recommended
for the purpose of trapping Tuta absoluta male moths in commercial tomato
fields. Tomato industries are facing serious threats from the recent invasion
of the Tomato leafminer, Tuta absoluta in tomato production areas in South
Africa. The objective of this study was to test the relative efficiency of three
different Tuta absoluta lures for monitoring Tuta absoluta male moths in
tomato fields in South Africa. Evaluation of the different lures was conducted
during the 2017–2018 tomato season in the Mopani district municipality of
Limpopo, South Africa. One tomato field, where Romanita was cultivated,
was used to compare the efficacy of the different lures. Monitoring data
was analyzed using ANOVA. Pronounced variation in species attractiveness
across the monitoring lures was found. Insect Science T.A. PheroLure and
River BioScience Tuta lure caught significantly the same number of Tuta
absoluta male moths, with a total of 3 070 and 2 943, respectively. Chempac
Tuta Absoluta lure caught significantly fewer Tuta absoluta male moths,
with a total of 1725.These results are important and significant for on-farm
monitoring strategies, as well as for invasion monitoring systems currently in
place to detect the distribution of Tuta absolutain South Africa.
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The status of integrated pest management in South African
macadamia orchards
Schalk Schoeman, Lungile Linda
ARC, Nelspruit, South Africa.

Macadamia production increased nearly exponentially since the early
1960s in South Africa. Since then the country’s industry grew from nearly
nothing and presently it is regarded as the world’s biggest producer of
these sought-after nuts. First records of insect damage date back to the
late 1970s when the first indigenous heteropterans were encountered in
the Levubu district. Insect related problems proliferated and currently more
than 40 stink bug species have been recorded on this crop. Apart from
this, farmers also have to deal with a complex consisting of at least three
tortricid moths (Lepidoptera) as well as a thrips complex (Thysanoptera) that
is very destructive on young vegetative growth. Recently (April 2017) the
destructive homopteran Eriococcus ironsidei (Hemiptera: Coccomorpha)
was also recorded in the Barberton region of Mpumalanga. Farmers
primarily responded to various insect problems by spraying synthetic
pyrethroids. Initially this strategy was very successful and one or two well
timed sprays were sufficient. When the trees grew they became more
difficult to spray and the farmers simply responded by increasing their spray
frequency. Secondary pests proliferated, requiring yet more sprays and it
was clear that something had to be done. Research indicated that both
the totrticid as well as the heteroptera complex thrived in tall dense trees,
but it took considerable time for the industry to respond, as macadamias
grow vigorously and need to be pruned very carefully in order to avoid
crop losses. Currently, natural control is still in its infancy, but research funds
are directed to aspects such as biological control of E. ironsidei as well as
determining the effect of various entomopathogens on some of the major
pests. With the expected downturn in the macadamia market in the near
future, these innovations possibly come at a very opportune time.
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Augmentative biological control of the Eucalyptus snout beetle
Michelle Schröder1, Samantha Bush1, Bernard Slippers2, Brett Hurley1
Department of Zoology and Entomology, Forestry and Agricultural Biotechnology Institute,
University of Pretoria, Pretoria, South Africa. 2Department of Biochemistry, Genetics and
Microbiology, Forestry and Agricultural Biotechnology Institute, University of Pretoria, Pretoria,
South Africa.
1

Gonipterus sp. n. 2 (Coleoptera: Curculionidae), the Eucalyptus snout beetle
(ESB), is a world-wide pest of Eucalyptus that is managed by a classical
biological control agent, an egg parasitoid Anaphes nitens (Hymenoptera:
Mymaridae). Augmentative releases of A. nitens have been used in
Europe and South America, but published information on the success and
methods for these releases is limited. Appropriate release methods and
environmental factors are important factors in the success of augmentative
biological control. The influence of these factors on the releases of A. nitens
is unknown. We tested the influence of humidity and release methods on the
emergence rates of A. nitens, and the effect of mass releases of A. nitens on
parasitism rates of Gonipterus sp. n. 2 egg capsules in the field. To test the
influence of humidity, egg capsules were placed in incubators at a range of
humidities, but at a constant temperature. Different release methods were
compared in an outdoor cage trial. The effect of augmentative releases on
parasitism rates was evaluated in a field trial. Parasitized egg capsules were
released in three Gonipterus infested Eucalyptus dunnii compartments. For
each release site a control site (no A. nitens releases) was selected with E.
dunnii and similar Gonipterus infestations. Parasitism rates were measured
at set periods after the release of A. nitens, and compared to control sites.
Our study indicated that humidity influences parasitoid release rates. An
optimum parasitoid emergence was observed at 80–97% humidity. Poor
emergence rates were observed in the cage trial for all three release devices
tested. Mass releases of A. nitens in the field did not increase parasitism rates
of Gonipterus egg capsules. Future trials are required to improve humidity
conditions within the release devices and to determine optimal timing and
number of parasitoids to be released, to effectively increase parasitism
rates of Gonipterus.
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Comparing arthropod diversity in bt and non-bt soybean in South
Africa
Nadine Schutte, Johnnie Van den Berg
North-West University, Potchefstroom, South Africa.

Soybean is attacked by many different pest species in South Africa.
Although soybean is one of the country’s most important crops very little
is known about the arthropod communities associated with soybean
agroecosystems. The planting of genetically modified (GM) soybean with
insecticidal traits against the Lepidoptera pest complex of soybean could
hold many advantages. Before the approval and commercialization of
any GM crop, risk assessments have to be done. In this study the possible
effects of Bt soybean on the diversity of non-target arthropod species
were assessed. This study was conducted at four different localities with
two treatments and six replicates at each locality. The treatments were: T1:
Conventional soybean and T2: Bt soybean. Each replicate consisted of six
5-m rows. Arthropods were sampled between February and April 2018/19
by means of yellow sticky traps, beating sheet and D-vac method at three
plant growth stages. The samples were grouped into morphological species
and identified to family level. The sticky trap results showed no significant
difference between arthropod diversity in Bt soybean and conventional
soybean (p = 0.98). The Shannon-Wiener Diversity index values for both the
D-vac and beating sheet method showed no significant difference between
the two treatments (p = 0.187 and p = 0.93 respectively). Bt soybeans are still
in the assessment period in South Africa and could possibly add to the toolkit
that would enable producers to reduce the use of insecticides. This study
found that no significant differences in arthropod communities occurred
between Bt and conventional soybean for three different sampling methods,
thus Bt soybeans were found to have no negative effects on arthropod
communities in soybean agro-ecosystems of field plots in the short term.
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Identifying arthropod species for risk assessments of bt soybean
in South Africa
Nadine Schutte, Johnnie Van den Berg
North-West University, Potchefstroom, South Africa.

Insect resistant genetically modified soybean have been planted on
commercial scale in several countries since 2011. However, Bt soybean is still
in the assessment phase in South Africa. Helicoverpa armigera (Lepidoptera:
Noctuidae) is the target species of Bt soybean in South Africa but many
other species may be directly or indirectly exposed to the Bt toxin. Therefore,
it is essential to assess the environmental risk that Bt soybean may hold and
to study its effects on non-target arthropod species and their community
assemblages that fulfill a variety of ecosystem services such as pollination
and pest control. Environmental risk assessments can be improved through
the use of an ecological model which can be applied to a specific
environment in order to classify species functionally and prioritize them to
identify potential test species. In this study an ecological model approach
was followed for identification of possible non-target arthropod species
for ecological risk assessment of Bt soybean. During surveys on soybean 12
023 arthropod specimens were collected and 284 morphological species
were identified. These morphological species were then grouped into five
functional groups and 28 priority species were identified. These priority
species were then further assessed by using a selection matrix to rank
their possible maximum potential exposure to Bt toxins. This study provides
a framework for selecting high priority species for monitoring of possible
effects of Bt soybean on non-target arthropods in South Africa.
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Pollinator diversity in sunflower fields and surrounding grassland
Nadine Schutte, Stefan Siebert, Johnnie Van den Berg
North-West University, Potchefstroom, South Africa.

Hymenopterans are one of the most important insect orders as they provide
important ecosystem services such as pollination, which is required for the
production of many food crops. Honey bees are considered to be the
most important pollinator species but are not very effective on a per-visit
basis. However, this can be enhanced by ensuring that a healthy diversity
of hymenopteran pollinators occur within cropping systems, as it has been
found that the interspecific interactions between different bee species
improve the pollination efficacy of honey bees. This study investigated
the diversity of bees within sunflower fields and adjacent natural grassland
at three sites. There were three sampling zones at each site 1: sunflower
field, 2: field margin, and 3: adjacent grassland. Sampling took place in a
10 × 50 m transect in each zone and commenced for 20 min at a time.
Each site was sampled three times. Samples were then grouped into
morphological species. NMDS analysis revealed unique Hymenopteran
pollinator compositions (Stress = 0.09) for each zone. ANOSIM revealed that
the species composition of the fields differed significantly from the margins
(R=1) as well as the grasslands (R=1). No significant differences occurred
between the margins and grasslands (R=0.07407). The Shannon-Wiener
diversity index showed that Hymenopteran pollinator diversity differed
between the three zones (p < 0.05). Sunflower fields had the lowest diversity
(0.05) and the margins the highest (1.32). Thus, the assumption can be
made that the honey bees within the sunflower fields are not pollinating as
effectively as they could be, because of the probable lack of interspecific
interactions. Future studies should investigate the reasons why the wild bees
are not entering the sunflower fields.
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Baseline susceptibility of Tuta absoluta to insecticides in South
Africa
Charlene Scott, Juan Hefer, Johnnie Van Den Berg, Hannalene Du Plessis
IPM-program, Unit for Environmental Sciences and Management, North-West University,
Potchefstroom, South Africa.

The tomato leafminer, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)
is a serious pest of tomato. Insecticide applications are used to control the
pest globally. Resistance has been reported to diamide insecticides in Italy,
Brazil, Greece and Israel and to spinosad in Brazil and UK. This invasive pest
was first detected in South Africa in 2016 with its status of susceptibility to
insecticides registered for its control in South Africa, unknown. The aim of the
study was to determine baseline susceptibility of T. absoluta collected from
two localities in South Africa to insecticides. These evaluated insecticides,
registered for control of T. absoluta in South Africa, were spinetoram,
spinosad, chlorantraniliprole, emamectin benzoate, indoxacarb, lufenuron
and lamda-cyhalothrin. A leaf dipping bioassay, IRAC method 022, was
conducted. Mortality was assessed after 72 hours of exposure for all the
active ingredients, except for lufenuron (growth regulator) which was
assessed after 96 hours. Percentage mortality values for each bioassay were
corrected using Abbott’s formula. Corrected mortality data from the doseresponse bioassays were subjected to probit analysis using POLO SUITE®
(version 1.8) (LeOra software, USA). The LC50 values estimated for all the
active ingredients were well below the recommended dosage rates, except
for lambda-cyhalothrin which is a concern. It is important to put good insect
resistance management programmes in place to maintain susceptibility of
T. absoluta to insecticides in South Africa.
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The incidence of Wolbachia in tephritid fruit flies from the South
African Highveld and Lowveld against a backdrop of fruit fly
diversity
Onkgopotse Seabi, Armanda Bastos, Christopher Weldon
University of Pretoria, Pretoria, South Africa.

Pest tephritid (Diptera) fruit flies are of growing international concern due
to the damage they cause to fruits and vegetables. Owing to the threat
they pose to global food security, ongoing research is being performed
to understand interactions between fruit flies and bacterial symbionts for
biocontrol purposes. Wolbachia, is one such bacterial endosymbiont which
could be developed as a genetic control measure for pest tephritid fruit flies
due to cytoplasmic incompatibility it imposes on the host fly. This study set
out to determine the incidence of Wolbachia in tephritid populations in the
South African Highveld and Lowveld and required the development of a
molecular protocol for Wolbachia infection detection in combination with
host identification. All 2 989 flies sampled in this study were identified using
morphological keys, following which a subset of 110 flies were selected for
molecular identification using primers targeting the COI barcoding region.
Similarly, to prior studies, it was shown that the COI barcoding region is
incapable of discerning between members of sister taxa, like Ceratitus rosa
and C. quilicii. Wolbachia presence in sampled fruit flies was determined
through PCR screening of 244 individual flies, followed by nucleotide
sequencing of all products of the expected amplicon size. Initially, a threegene multi-locus sequence typing (MLST) approach using primers targeting
the 16S rRNA, wsp and ftsZ gene regions was used. However, due to the
poor performance of the ftsZ assay, an optimised wsp-16S rRNA two-gene
screening approach was used instead. Based on the molecular screening
results, Wolbachia was only detected in a single C. cosyra fly from the
Highveld region corresponding to an overall prevalence was 0.4%. Based on
this low Wolbachia prevalence, pooling of samples for molecular screening
is suggested for future studies.
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The diversity of spider fauna of the Khami World Heritage Site:
Testing the SANSA sampling protocol
Sicelo Sebata1,2, Charles Haddad2, Stefan Foord Foord3, Moira Fitzpatrick4
Department of Crop and Soil Sciences, Faculty of Agricultural Sciences. Lupane State University
P.O. Box AC 255, Ascot, Bulawayo, Zimbabwe. 2Department of Zoology & Entomology,
University of the Free State, P.O. Box 339,, Bloemfontein 9300, South Africa. 3Department of
Zoology, School of Mathematical and Natural Sciences, University of Venda, Bag 5050,,
Thohoyandou, South Africa. 4Natural History Museums of Zimbabwe, cnr Park Road & Leopold
Takawira Avenue, Centenary Park, Suburbs, Bulawayo, Zimbabwe.
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The utilization of standardized sampling protocol has been a widely
recommended concept, since the initial design of sampling protocols. The
South African National Survey of Arachnida (SANSA) protocol has been
tested twice within the savanna biome and has yielded an impressive
diversity of arachnids however, limited knowledge on species richness of
spiders in available in most of Zimbabwe’s protected areas. The purpose of
this study was to test the efficacy of the sampling protocol in different seasons
on the species richness and changes in assemblage structure between four
selected habitats at the Khami World Heritage site in Bulawayo. In each
habitat, ten transects were demarcated and six sampling methods, pitfall
traps, beating, sweep-netting, litter sifting, day hand collecting and night
hand collecting were utilized. Two hundred and eighty-eight samples were
collected with a sample defined according to the SANSA protocol. A total of
111 species in 108 genera and 27 families were collected. Spider diversity is
expected to be more diverse with each additional method utilized and the
results are expected to be utilized to design an optimized and standardized
sampling protocol.
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Using GC-EAD to identify active compounds in specialized scentmediated plant-pollinator interactions
Adam Shuttleworth, Steve Johnson
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

Floral scent is an important channel of communication between plants
and insects and many highly specialized South African pollination systems
appear to be based on specific chemical signals. However, the particular
volatiles that influence pollinator behaviour remain unknown for most of
these systems. We are addressing this lacuna using Gas ChromatographyElectroantennographic Detection (GC-EAD) experiments. Here, we describe
some of the steps we have taken to optimise this method for our lab (such as
the use of dual polar and non-polar columns, and using thermally desorbed
headspace samples instead of solvent extracts). We also present preliminary
results for various specialised South African pollination systems, including
plants pollinated by Hemipepsis spider-hunting wasps (Hymenoptera:
Pompilidae), Amegilla bees (Hymenoptera: Apidae), and various beetles
(Coleoptera), hawkmoths (Lepidoptera) and flies (Diptera).
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Feeding patterns of two polyphagous fruit fly pest species:
implications for the effectiveness of bait-based suppression
technique
Xolani Sibiya1, Maria Oosthuizen1, Aruna Manrakhan2, Christopher Weldon1
University of Pretoria, Pretoria, South Africa. 2Citrus Research International, Nelspruit, South
Africa.

1

Dietary protein intake plays an important role in insect metabolic processes
and is often required for high fecundity. Protein requirements of pests like
the oriental fruit fly, Bactrocera dorsalis (Hendel), and Mediterranean fruit fly,
Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), have been exploited
for surveillance and control in the form of protein-based baits mixed with
a toxicant. However, response of these species to protein baits differs,
which may reflect their nutrition and rates of maturation. The objective of
this study was to determine if age, sex and prior exposure to protein (yeast
hydrolysate; YH) affected attraction to and feeding on protein in B. dorsalis
and C. capitata. To achieve this, virgin females and males of each species
were fed three different diets from adult emergence: sugar only, sugar and
YH, and sugar and limited (24 hours) exposure to YH. When aged 1, 10 and
21 days, flies were then placed in arenas containing a capillary tube loaded
with a YH solution (45 g/l). Fly behaviour was recorded for 12 hours using timelapse photography and video recordings. Attraction to (time until first visit,
number of visits) and consumption of the YH solution (total and rate) was
then determined using activity tracking software and linear measurement
of the solution remaining in capillary tubes. Overall, B. dorsalis consumed
more protein than C. capitata. Flies deprived or with limited access to YH
prior to testing visited the capillary tube sooner and consumed more YH. The
amount of YH consumed was very high among female B. dorsalis at 10 days
of age, whereas YH consumption was more consistent over time among
female C. capitata. These results provide a biological basis for variation in
attraction of B. dorsalis and C. capitata to protein baits.
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The dynamic gut microbiome of the major malaria vector
Anopheles arabiensis
Ashmika Singh1, Alexander C.S.N. Jeanrenaud1,2, Basil D. Brooke2,1, Shüné V.
Oliver2,1
University of the Witwatersrand, Johannesburg, South Africa.
Communicable Diseases, Johannesburg, South Africa.
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National Institute for

The mosquito gut microbiome is a crucial determinant of adult fitness.
Factors influenced by the gut microbiome include larval development, adult
immunity and vector competence, as well as modulation of the insecticide
resistance phenotype. Anopheles arabienis (Diptera: Culicidae) is one of the
major malaria vectors of southern Africa, and is particularly difficult to control
due to its’ flexible behaviour. As it is an opportunistic feeder that frequently
rests and feeds outdoors, it is less effectively controlled by traditional vector
control methods that target indoor resting and feeding females. Outdoor
resting and biting coupled with increasing levels of insecticide resistance
mean that additional methods of control are needed for this species. The
gut microbiome is a useful target, but still requires characterisation in this
species. In this study, we aim to characterise the basal gut microflora of
an insecticide susceptible strain, SENN, as well as an insecticide resistant
strain, SENN DDT. The characterisation will be done over the lifetime of the
mosquito, from fourth instar larvae, to 3-day old sugar fed versus blood
fed, to older (15-day old), epidemiologically significant females. The gut
microflora will be assessed using Matrix assisted Laser Desorption Ionization
Time-of-Flight Mass spectroscopy as well as 16s library sequencing by
Next Generation sequencing on an Illumina platform. The study aims to
examine the effect of environmental influences on the composition of
the gut microbiome, to elucidate the effects of insecticide resistance on
the microbiome composition, as well as to assess the number of species
associated with insecticide degradation in the two strains, allowing insight
into the role of the gut microbiome on the biology of these mosquitoes.
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Characterisation of the gut microflora of the common American
cockroach Periplaneta americana
Ashmika Singh1, Crystal Viljoen2, Basil D. Brooke3,1, Shüné V. Oliver3,1
1
University of the Witwatersand, Johannesburg, South Africa. 2National Health Laboratory
Services, Johannesburg, South Africa. 3National Institute for Communicable Diseases,
Johannesburg, South Africa.

The common American cockroach Periplaneta americana (Blattodea:
Blattidae) is a common household pest with a cosmopolitan distribution.
They are found infesting sites of public health significance, such as places
where food is prepared, and hospitals. The gut microflora of this and other
cockroach species are known to harbour antibiotic resistant bacteria,
and viable bacteria can be excreted into the environments that they
colonise. This study ultimately aims to survey the cockroach populations of
a local hospital to assess the potential role of cockroach populations in the
transmission of antibiotic resistant bacteria. The current study represents a
pilot study optimising the preparation of cockroach guts and solid excreta
for microbial identification using Matrix assisted Laser Desorption Ionization
Time-of-Flight Mass spectroscopy. The procedure will be optimised on
local wild cockroaches from the Botha de Meillon insectary, representing
a baseline domestic population that will ultimately be compared to
cockroaches from a public health institution. This will also assist in assessing
whether the cockroaches from the public health facility have higher levels
of bacterial diversity and incidences of antibiotic resistance. The gut and
faecal bacteria will be cultured and prepared for antibiotic sensitivity
analysis. This pilot study will ultimately give information about the status of
cockroaches as vectors of antibiotic resistance patterns at a local hospital.
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Preliminary survey results of field pests of maize in the Eastern
Cape Province, South Africa
Nolitha Skenjana, Azola Tshinyonga
Dohne Agriculture Development Institute, Stutterheim, South Africa.

Maize is a staple for many in the Eastern Cape Province. The crop is cultivated
for human consumption, to feed animals and for income generation. As
such, maize farmers in the province have, over the years received financial
subsidies and technical support from government in order to improve the
quantity and quality of their produce. Unfortunately, maize is attacked by a
variety of pests and their management depends on the farmers knowing the
enemy they are dealing with. Surveys on the maize pest species complex
were started in 2017, and are still underway. The surveys are conducted in
five of the six district municipalities of the Eastern Cape Province, excluding
Sarah Baartman District. Currently sampling has been carried out in more
than 50 sites, including villages and farms. Scouting of insects starts at
emergence till harvesting stage. The identification of insects was through
the use of identification keys obtained from published journals and books.
The density of the population has been found to vary with date of planting
and altitude. The feeding patterns of the insects, the sites where they were
collected and also the stage when they were collected on maize was
recorded. Also, for confirmation, specimens of some insects were sent to the
Albany Museum in Grahamstown and to the Plant Quarantine Laboratory
in Stellenbosch. A variety of insects have been collected, these included,
the stem borer complex (Busseola fusca (Lepidoptera: Noctuidae),
Sesamia calamistis (Lepidoptera: Noctuidae), Chilo partellus (Lepidoptera:
Crambidae), Aphids, Armyworms (Fall armyworm, African Armyworm, False
Armyworm and the beet armyworm), cutworms, Sweet potatoe horn worm,
maize black beetle, pollen beetle and African bollworm. The results are
showing that there is an increased variety in the species complex and also
intensity. This then presents a need for a well-informed pest management
program.
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Determination of potential host plants, and the metabolic costs
of digestion on alternate hosts, in an emerging pest of sugarcane,
Cacosceles newmannii
Chantelle Smit1, Marion Javal1, Philipp Lehmann2, Desmond E. Conlong3,
John S. Terblanche1
Department of Conservation Ecology and Entomology, Stellenbosch University, Stellenbosch,
South Africa. 2Department of Zoology, Stockholm University, Stockholm, Sweden. 3South African
Sugarcane Research Institute, Mount Edgecombe, South Africa.
1

Larvae of a long horn beetle were found for the first time feeding on
sugarcane in the Entumeni district of KwaZulu-Natal in 2015. This beetle
was later identified as Cacosceles newmannii (Thomson) (Coleoptera:
Cerambycidae: Prioninae: Cacoscelini). The larvae of this beetle cause
significant damage to sugarcane, resulting in important economic losses
for the growers. While this beetle is indigenous to South Africa, its primary
host plants remains unknown and difficult to determine. Relatively little is
known about the biology of this emerging sugarcane pest, therefore formal
research is needed to create a sustainable integrated pest management
plan. The objectives of this study are two-fold: First, we aim to identify the
potential host plants of this beetle by means of stable light isotope (δ13C
and δ15N) elemental analyses of beetles and diverse plants from the region.
Stable isotope abundances in animal tissues can be informative about
potential diet sources, and may provide information regarding the possible
previous host plant this beetle relied upon before switching to sugarcane,
assuming variation among isotopes in the alternate natural hosts. Second,
we will measure and compare the metabolic costs of digestion (specific
dynamic action, SDA) of C. newmannii on two different host plants at two
different temperatures to better understand the energetic consequences
of alternate host choice. The data generated will provide insight into the
potential fitness consequences of digesting meals of different hosts and how
these costs might change under different environmental temperatures. This
study will aid in understanding the physiological basis of host plant use and
how population dynamics might be affected through larval growth rates
and energetics.
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A challenge for postharvest control - heat shock protein expression
in aestivating grain chinch bug (Macchiademus diplopterus)
Renate Smit, Shelley Johnson
University of Stellenbosch, Cape Town, South Africa.

The grain chinch bug, Macchiademus diplopterus (Distant) (Hemiptera:
Lygaeidae), is a phytosanitary pest, endemic to the Western Cape in
South Africa, requiring postharvest control on fruit exported to international
markets. Interceptions on fruit arriving at importing countries and recent
studies in postharvest treatment development, suggest that the grain chinch
bug is highly tolerant of thermal stresses (heat treatment or cold storage),
becoming more so as the aestivation (summer hibernation) period of its life
cycle progresses. To better understand grain chinch bug thermo-tolerance,
and ultimately develop effective postharvest control treatments against
this pest, physiological studies were conducted. Molecular techniques were
used to examine the biochemical composition (protein, glycogen, sugar
and lipid content) in the gran chinch bug, and the changes therein, during
aestivation. Results related to the expression and abundance of the soluble
protein content will be presented here. A wide variety of proteins were
identified, including a number of heat shock proteins and proteins involved
in energy production, metabolism and mobility. During the mid-aestivation
period (week 11 to 13) to mid-late aestivation (week 20 to 22), it was observed
that a higher abundance of heat shock proteins (smHsp20, Hsp 10, 70, 80
and 90), were present compared to early-aestivation (week 48 to 50). This
is indicative of the potential role of heat shock proteins in the insect’s ability
to increase its thermo-tolerance during aestivation, which coincides with
the fruit harvesting and export season. Thus making grain chinch bug more
likely to survive the stresses of thermal postharvest treatments and persist in
causing rejections of export fruit. Alternative postharvest treatments need to
be developed for effective phytosanitary control of grain chinch bug.
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Characterisation of Lepidoptera species
Macadamia nut damage in South Africa

associated

with

Ashleigh Kim Smith1, Brett Hurley2, Bernard Slippers1, Gerda Fourie1
Department of Biochemistry, Genetics and Microbiology, Forestry and Agricultural
Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa. 2Department of
Zoology and Entomology, Forestry and Agricultural Biotechnology Institute (FABI), University of
Pretoria, Pretoria, South Africa.
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Lepidopteran pests are of major economic importance to macadamia
grower’s worldwide. In South Africa, four species have been associated
with macadamia nut damage, namely false codling moth (Thaumatotibia
leucotreta (Lepidoptera: Tortricidae), macadamia nut borer (Thaumatotibia
batrachopa (Lepidoptera: Tortricidae), carob moth (Ectomyelois ceratoniae
(Lepidoptera: Pyralidae)) and litchi moth (Cryptophlebia peltastica
(Lepidoptera: Tortricidae). Detailed information regarding species identity
of the borer larvae in the nuts and the genetic diversity of these species is
not available. The aim of this study was to identify the Lepidoptera obtained
from damaged nuts from KwaZulu-Natal, Mpumalanga and Limpopo for
two consecutive growing seasons and to investigate the population diversity
and genetic structure of these species. For this purpose, a 650 bp section of
the mtDNA cytochrome oxidase I gene was sequenced, and a maximum
likelihood tree generated. To further characterize populations, uncorrected
p-distance between haplotypes was determined and a parsimony network
constructed. Thaumatotibia batrachopa was by far the most dominant
species found in damaged nuts across both growing seasons and comprised
over 95% of the total larvae collected. Only 5 T. leucotreta individuals were
obtained, while no C. peltastica or E. ceratoniae larvae were obtained from
damaged nuts. Populations studies of T. batrachopa showed that the main
haplotype was found in all three growing regions. However, there were
several haplotypes unique to the different growing regions. The observed
variation within and differentiation between populations could affect the
efficacy of biological control agents and pheromone traps in different
growing regions and requires further investigation.
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Codling moth mating disruption, using meso pheromone dispensers
Vernon Steyn1, Gerhard Booysen2
1
Insect Science (Pty.) Ltd., Riebeek Kasteel, South Africa. 2Insect Science (Pty.) Ltd., Tzaneen,
South Africa.

Codling moth (CM), Cydia pomenella (Lepidoptera: Tortricidae), is one
of the most important pome fruit pests worldwide, it causes direct crop
damage and poses phytosanitary restrictions. It is currently listed as an
A2 pest and endangers the South African pome fruit industry that has an
annual turnover of R4.6 billion. Mating disruption broadcasts the female
pheromone throughout the orchard, to reduce mate finding ability of the
male moth, leading to a reduction of damage and is widely used effectively
against CM. Consequently, recent studies have focused on improving
the technique by understanding how the pheromones are distributed
throughout the agricultural landscape by different dispensers, how the
insect perceives and reacts to it. Codling moth is disrupted competitively
and thought to favour plumes that are more concentrated. In South Africa,
several different dispensers, including reservoir and mega dispensers, are
registered against CM. A new meso dispenser that promises to be a costeffective alternative, will soon also be available. Internationally, meso and
mega dispensers have been compared to the industry standard dispensers
that emit lower concentrations of pheromone, but are deployed at higher
densities. However, how these dispensers will relate in the South African
context remains unclear. Here, the new meso dispenser’s efficacy to reduce
the mate finding ability of CM males was compared to reservoir and mega
dispensers allowing the comparison between dispensers releasing low to
higher pheromone concentrations. Mating disruption was quantified using
recapture rates and damage assessments from multiple experiments. Our
data: 1) provides evidence that CM disruption has a non-linear relationship
with dispenser density; 2) provides evidence that meso dispensers are as
effective as other dispensers to elicit mating disruption; and 3) confirms that
CM males are competitively disrupted by meso dispensers. The efficacy of
mating disruption against CM and benefit of using the various dispensers will
be discussed.
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Managing the invasive plant Parthenium hysterophorus: A case
for multiple biological control agents
Lorraine Strathie1, Sakhi Sambo1, Xolile Magoso1, Frank Chidawanyika2, Milly
Gareeb1, Jeremy Goodall1, Nontembeko Dube1
Agricultural Research Council - Plant Health and Protection, Hilton, South Africa. 2University of
the Free State, Bloemfontein, South Africa.
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As Parthenium hysterophorus (Asteraceae), an annual shrub of Central
and South American origin, continues to expand its distribution globally,
biological control has become increasingly important to manage this
weed sustainably. A severe invader in more than 40 countries in Africa,
Asia and Australia, parthenium weed infestations impact on crop and
animal production, biodiversity conservation and cause allergic reactions
in humans and animal, with resultant economic losses. Following successful
management of parthenium weed in Australia, biological control efforts
were initiated in 2003 in South Africa. Parthenium weed distribution was
mapped and predictive climatic models were developed to determine
potential distribution of the weed and the likely establishment of selected
agents. Subsequent to host-specificity assessments and approval for
release of the biocontrol agents, mass-rearing and field implementation
efforts were undertaken. A stem-borer Listronotus setosipennis (Coleoptera:
Curculionidae), leaf-feeder Zygogramma bicolorata (Coleoptera:
Chrysomelidae) and a seed-feeder Smicronyx lutulentus (Coleoptera:
Curculionidae) have been released on parthenium weed at more than
350 sites during the past five years, in addition to the summer rust fungus
Puccinia xanthii var. parthenii-hysterophorae. More successful establishment
of the endophagous weevils contrasts with limited, sporadic occurrence
of the leaf-feeder, apparently influenced by multiple factors. Reduction
of parthenium weed is favoured by utilising a combination of agents, as
demonstrated by a field study. To achieve more extensive control, a rootcrown boring moth Carmenta sp. nr. ithacae (Lepidoptera: Sesiidae) and
stem-galling moth Epiblema strenuana (Lepidoptera: Tortricidae) were
imported into quarantine to assess their suitability for introduction. Aspects
of the biocontrol programme on parthenium weed are discussed.
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Modelling genetic manipulative tools towards improved control
methods for Sirex noctilio
Hannes Strydom1,2,3, Rachid Ouifki4,3, Michael Chapwanya4,3, Bernard
Slippers1,2,3
1
Department of Biochemistry Genetics and Microbiology, Pretoria, South Africa. 2Forestry and
Agricultural Biotechnology Institute, Pretoria, South Africa. 3University of Pretoria, Pretoria, South
Africa. 4Department of Mathematics and Applied Mathematics, Pretoria, South Africa.

Invasive insect pests cause major economical loss in forest plantations in
South Africa. One of the serious invasive pests in Pinus (Pinaceae) plantations
is the woodwasp, Sirex noctilio (Hymenoptera: Symphyta) and its fungal
symbiont, Amylostereum areolatum. There are concerns regarding the
future sustainability of the control methods for this pest. For example, climate
change and emergence of resistance to current biocontrol agents could
negatively impact control methods and warrants the consideration of new
control methods. CRISPR-Cas9 based gene drive system has the potential
to modify the dynamics of insect populations and has recently been
suggested as a possible control method for mosquitoes. The influence of
CRISPR-Cas9 based gene drive systems on populations is, however, not yet
fully understood. In this study, we propose a mathematical model to predict
the influence of CRISPR-Cas9 gene drive system on a S. noctilio population.
The model consists of two sub-models, the first of which is a population
model that predicts the growth and expansion of a S. noctilio population
under the influence of current control methods. This model was tested using
data gathered from populations of S. noctilio in South Africa. The second is
a model based on allelic frequencies that predicts the theoretical spread
of a CRISPR-Cas9 gene drive in a S. noctilio population. The model serves
as a proof of concept and allows comparison of the best and worst case
scenarios should CRISPR-Cas9 be considered as a control method.
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Thermal plasticity in the invasive tomato leafminer Tuta absoluta
Vimbai Tarusikirwa1, Reyard Mutamiswa2, Casper Nyamukondiwa1
Botswana International University of Science and Technology, Palapye, Botswana. 2University
of the Freestate, Bloemfontein, South Africa.
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Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), commonly known as
the South American tomato leafminer is one of the most invasive devastating
global insect pests of tomato. Following its introduction in Africa, T. absoluta
has rapidly spread and established across the continent threatening
national food security and livelihoods. Losses of up to 100% and increased
cost of production due to increased pesticide usage have been reportedly
experienced by small and large scale farmers in Africa. Biological factors,
e.g. host polyphagy may likely contribute to its successful establishment
in novel environments. For example, the diversity of Solanaceous plants in
Africa likely support their proliferation. However, upon introduction to new
environments, short- to –long term plasticity may also likely aid survival in
new environments. Nevertheless, these short- to -long term physiological
adjustments are unknown for T. absoluta. Against this background, we
investigated the effects of short-term acclimation (hardening) on field
populations of larval and adult T. absoluta. Following hardening, we
measured traits of temperature tolerance vis critical thermal limits [critical
thermal minima (CTmin) and maxima (CTmax)], heat knockdown time (HKDT),
chill coma recovery time (CCRT) and supercooling points (SCP). Preliminary
results show that both larval and adult T. absoluta can shift their thermal
tolerance in short timescales (rapid heat- (and -cold hardening), albeit
larva were more plastic than adults. Heat and cold hardening significantly
improved SCP and HKDT while cold hardening marginally improved CTmin.
Conversely, heat hardening significantly impaired CTmin and CCRT, suggesting
mechanisms associated with tolerance for the two stress environments may
be decoupled. These results imply a short-term plastic fitness advantage
in novel environments that may help explain the continued geographical
range expansion and invasion success of T. absoluta.
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The role of competition, temperature and fire in structuring
grassland ant communities
Nokubonga Thabethe1, Stefan Foord2, Caswell Munyai1
University of KwaZulu-Natal, Pietermeritzburg, South Africa. 2University of Venda, Thohoyandou,
South Africa.
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Competition and temperature have been documented as the key
factors in structuring natural communities. Intraspecific competition is well
documented in ant communities. Temperature on the other hand affects ant
foraging success, while disturbance such as fire changes habitat structure
and species composition. The current study determines how competition
and temperature affect ant behavioural dominance in structurally different
habitats. Secondly it determines how changes in vegetation structure affect
competitive interactions among ant species. And lastly, it tests if there’s a
trade-off between dominance and average temperature in structurally
different habitats. The study was conducted at the University of KwaZuluNatal (Pietermaritzburg) grassland. Burnt and unburnt grassland habitats
were sampled, each with 5 replicates, which were 50 m apart. We laid out
a 3 × 4 grid of laminated index cards with cat food as bait. We recorded
surface temperature at baits using an infrared thermometer (Raytek® MT
4). We observed ant activities every 15 minutes for 3 hours, and recorded
all competitive interactions between species. Pheidole (megacephala
group) was the most abundant in both habitats. Three species (Tetramorium
UKZN_01, a generalist; two scavengers, Mesoponera caffraria and
Polyrhachis schistacea) were strictly found in the burnt habitat. One
generalist Monomorium UKZN_02 was strictly found in the unburnt. There was
a shift in the dominance hierarchy. Subordinate ants in the unburnt habitat
changed their ranks to dominant and subdominant in the burnt habitat. For
each species, the number of competitive interactions increased in the burnt
habitat, which is likely caused by changes in vegetation structure, including
more available bare ground. In the unburnt habitat, the dominance index
increased with a slight decrease in average temperatures. This means in the
unburnt habitat, there is some evidence of a trade-off between behavioural
dominance and average temperature. The importance of competition and
temperature varies with habitat type.
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Diversity underestimated? Identifying lineages in the
hypervariable keystone pollinator species Prosoeca peringueyi
from the Succulent Karoo biodiversity hotspot
Genevieve Theron1, Allan Ellis2, Bruce Anderson2, Florent Grenier2, Steve
Johnson1, Timo van der Niet1
University of KwaZulu-Natal,
Stellenbosch, South Africa.
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Global biodiversity hotspots represent ideal natural laboratories for studying
the factors which drive the evolution and maintenance of both functional
diversity and species richness. The quality of these studies may, however,
be strongly affected by incomplete species-level taxonomy. This study
focuses on the morphologically variable long-tongued nemestrinid fly
species Prosoeca peringueyi (Lichtwardt) (Diptera: Nemestrinidae), from
the Succulent Karoo biodiversity hotspot in Southern Africa – a keystone
pollinator of dozens of plant species. The aim of this study was to identify
operational taxonomic and morphological units within the highly variable
Prosoeca peringueyi complex. Measurements of extended tongues
revealed non-continuous variation, both between and within populations
across the species range. DNA barcoding revealed two distinct clades. One
of these comprises individuals with long tongues, whereas the other includes
a mix of individuals with short and intermediate tongue lengths. The two
clades are not only characterised by distinct proboscis lengths, but also by
markings on the thorax and consistent variation in the presence of pile on
the anterior of the thorax. Combined genetic and morphological evidence
therefore suggests that biodiversity was previously underestimated, and
that the description of a new fly species, comprising the shorter-tongued
morph, is warranted. This species coexists across its range with P. peringueyi
despite having similar life history strategies. There is some evidence that at
the extremes of the tongue-length continuum each of these two fly species
utilise a distinct portion the available floral resources, allowing the coexistence of multiple plants and pollinator species through reciprocal niche
partitioning.
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The missing mechanism in global insect decline. Are soil dwelling
insects directly affected by rising CO2 concentrations?
Claudia Tocco, Nic Venter, Danica Marlin, Blair Cowie, Marcus Byrne
School of Animal, Plant and Environmental Sciences, University of the Witwatersrand,
Johannesburg, South Africa.

Atmospheric CO2 has risen from 280 ppm, in the pre-industrial era, to
current levels of 400 ppm. Many studies have investigated indirect effects
of elevated CO2 on herbivorous insects, which respond to changes in the
quality and defense mechanisms of their host plants by showing prolonged
developmental times, and reductions in adult biomass and abundance.
In addition, elevated atmospheric CO2 has been shown to increase soil
microbial biomass and abundance. However, information about the direct
effects of elevated CO2 on insects is lacking. The dung beetle Euoniticellus
intermedius (Reiche) (Coleoptera: Scarabaeidae) was used as a model
insect to test the direct effect of CO2 on insect evolutionary fitness. Two
generations were reared at 250, 400, 600 and 800 ppm CO2 on standardised
dung. In the F2 generation, results showed that body size and mass were
reduced by exposure to elevated CO2, accompanied by increased
developmental time and mortality. The mechanism behind this effect is
unknown but measured increases in CO2 levels in the brood ball and in
soil microbial respiration suggest that elevated atmospheric CO2 triggers
competition for nutrients and O2 from associated microbiota. If this response
is widespread among soil dwelling insects it could account for massive
declines being reported in global insect abundance.
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Assessing the threat of the Polyphagous Shot Hole Borer to native
forests in South Africa
Garyn Townsend1,3, Francois Roets2, Elmar Van Rooyen2, Martin Hill3, Wilhelm
De Beer1
1
3

University of Pretoria, Pretoria, South Africa. 2Stellenbosch University, Stellenbosch, South Africa.
Rhodes University, Grahamstown, South Africa.

The polyphagous shothole borer or PSHB (Euwallacea whitfordiodendrus
(Coleoptera: Curculionidae)) is an ambrosia beetle native to Southeast Asia.
Over the past decade it has become a highly invasive pest in the United
States of America and Israel, infesting more than 200 tree species including
agricultural crops such as avocado (Persea americana (Lauraceae)), and
ornamental trees such as oak (Quercus spp. (Fagaceae), London plane
(Platanus x acerifolia (Platanaceae)) and maple (Acer spp. (Sapindaceae))
species. Female beetles bore through the bark of a host tree, inoculating the
xylem surrounding its tunnels with a fungal symbiont, Fusarium euwallaceae
(Hypocreales: Nectriaceae). This fungus can reduce the transport of nutrients
and water, resulting in wilting, dieback of branches and even mortality. In
2017, the PSHB was discovered in Pietermaritzburg, South Africa, and has
since been found in many other locations throughout the country. More
than 80 affected tree species have already been identified in South Africa,
including at least 35 native tree species. Thus, this beetle poses a major
risk not only to agricultural crops and urban trees, but also to native forests
throughout South Africa. The purpose of this project is to gain insight into the
spread, host range and effect that PSHB is having in indigenous forests in the
Southern and Eastern Cape regions. This includes tracking the distribution
and spread of the beetle in these regions, determining which indigenous
trees are potential hosts to the beetle, and what effect the beetle and its
symbiotic fungus have on these trees. Preliminary results have shown that
more native tree species are infested than previously had been realised.
However, the current data are not sufficient to make reliable predictions of
the impact of the beetle and its fungus on our natural forests.
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Comparative study on the efficacy of different malaria vectors
sampling tools in low malaria transmission areas – Nkomazi
District, Mpumalanga
Power Tshikae1, Thabo Mashatola1,2, Silindile Sibambo3, John Govere2,
Givemore Munhenga1,2
Centre for Emerging Zoonotic and Parasitic Diseases, National Institute for Communicable
Diseases of the National Health Laboratory Services, Johannesburg, South Africa. 2Wits Research
Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research on Malaria,
School of Pathology, Faculty of Health Sciences, University of Witwatersrand, Johannesburg,
South Africa. 3Mpumalanga Malaria Control Programme, Nelspruit, South Africa.

1

South Africa has significantly reduced malaria burden to pre-elimination
within its malaria endemic provinces of Limpopo, Mpumalanga and
KwaZulu-Natal through many years of extensive and sustained indoor
residual insecticide spraying (IRS) of most households, supported by limited
vector surveillance using larval scooping and house searches. For a decade
now, malaria transmission has been maintained below 1/1 000 population
at risk. While this has put South Africa on the elimination pedestal, the
current vector surveillance tools used by malaria control programmes
are not sensitive for detecting all vector species responsible for residual
transmission. Moreover, there is a dearth of information on surveillance tools
that can adequately sample malaria vectors under low transmission setting.
Against this backdrop, six vector surveillance tools were deployed in three
villages in Nkomazi District to assess the comparative performance of the
surveillance tools in catching malaria vectors. Six collection techniques
(human landing catches, Larval collection, CO2 Tent trap, Window exit trap
and the Light trap) were evaluated against the Clay pots in three villages
(Block A, Block C and Vlakbult) during 2018/2019 malaria season. Mosquito
collections were carried out for five consecutive days each month in each
village. All surveillance tools except for clay pots inside the house, window
traps and larval collection, were rotated to remove orientation and position
bias. Preliminary results of five months of collection, show that one hundred
and eighty mosquitoes belonging to seven morphological species were
processed. Anopheles arabiensis and A. merus (Diptera: Culicidae), major
and minor local malaria vectors respectively, were detected by different
surveillance tools. A. merus featured prominently in larval collection while A.
arabiensis was only collected in traps that depend on host seeking behavior
of females. The results indicate that no one method can adequately sample
malaria vectors under low transmission setting and the significance of various
vector surveillance tools is discussed.
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Impacts of experimental drought, grazing and seasonal
precipitation changes on the diversity of ants and spiders in the
Savanna and Fynbos of South Africa
Ratshibvumo Tshikambu, Stefan Foord
University of Venda, Thohoyandou, South Africa.

Soil arthropods play many vital roles in ecosystems such as nutrient cycling
and altering the physical and chemical structure of the soil. Spiders and
ants are sensitive to habitat transformation and disturbances, such as
grazing and drought. Their diversity is also influenced by seasonal changes
in precipitation, temperature and vegetation. Changing climate and
land use are predicted to have significant effects on species diversity,
community composition and ecological traits with concomitant impact on
ecosystem function. Manipulation experiments in the field are powerful tools
for the development of a causal understanding of ecological processes.
This study aims to determine how ant and spider community composition
and species richness are modified by grazing, drought and seasonality in
summer (Savanna) and winter (Fynbos) regions of South Africa. The two
experimental farms, one in each province, are separated by more than 5
km to avoid pseudo-replication and ensuring reliable replications. Ants and
spiders will be collected seasonally in a two-way crossed experiment using
pitfall traps with a diameter of 62 mm arranged in a triangular shape in each
of the plots within the sampling blocks in Limpopo and Western Cape. Each
block will have four randomly assigned treatments: grazing (CONT), drought
(DRO_LTE), grazing and drought (DRO) and a control (LTE). Ants and spiders
caught in the pitfalls will be washed, sorted, identified to morpho-species
and preserved in 98% ethanol in the laboratory. The data set will be analyzed
using R version 3.5.0 (2018), with GLMM used to model the taxa response
factors to the treatments. Changes in species composition and identifying
the most influential species will be analyzed using PERMANOVA and SIMPER,
respectively.
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Preliminary results on the geographic spread of the Fall armyworm
(Spodoptera frugiperda) in the Eastern Cape Province, South
Africa
Azola Tshinyonga, Nolitha Skenjana
Dohne Agricultural Development Institute, Stutterheim, South Africa.

Fall armyworm (Spodoptera frugiperda) (FAW) (Lepidoptera: Noctuidae),
is a serious invasive pest of more than 80 plant species. Originally from
the tropical regions of the United States of America, Argentina, and the
Caribbean, FAW is known to prefer grass-based plants such as maize (Zea
mays (Poaceae), wheat (Triticum spp. (Poaceae)), oats (Avena sativa
(Poaceae)) and sugarcane (Saccharum officinarum (Poaceae)). These
crops are among the staple food in the southern African region, including
South Africa. In South Africa, FAW is a quarantine pest. In the Eastern Cape
Province, its presence was first reported in May 2017. Province-wide focussed
surveys of FAW on maize and other commonly grown crops were initiated
at the time of the first confirmed case of FAW in the Cebe Administrative
Area, Centane. Currently, a total of 2 875 larvae have been collected on
maize and sorghum (Sorghum bicolor (Poaceae)) throughout the six District
Municipalities of the Eastern Cape Province. Specimens from each district
were sent to the Plant Quarantine Station in Stellenbosch for identification.
Only two districts were found to be free of FAW, namely, Chris Hani and
Joe Gqabi Districts. OR Tambo and Amathole Districts were affected most
in terms of insect spread. Infestations were higher on crops planted at low
altitudes, along the coast, than on those planted inland. Furthermore, FAW
attacks on crops were severe on crops planted late in the season. The pest
was mainly collected from maize, except in Sarah Baartman District where
it was also collected fromn sweet sorghum. Data from this study will help
government develop policies and make decisions on support programmes
relevant to crops affected by FAW. Findings from this study will also inform
farmers’ pest management strategies and programmes, in addition to
improving the knowledge of this pest in South Africa.
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A comparison of sex pheromones, sexual attraction and mating
compatibility between false codling moth populations
Jennifer Upfold1, Francois Joubert1, Martin Hill1, Candice Coombes1, Sean
Moore1,2
Centre for Biological Control, Department of Zoology and Entomology, Rhodes University,
Grahamstown, South Africa. 2Citrus Research International, Port Elizabeth, South Africa.

1

False codling moth (FCM), Thaumatotibia leucotreta (Meyrick) (Lepidoptera:
Tortricidae) is prevalent as a citrus pest throughout South Africa. Populations
of FCM have been kept in culture at Rhodes University for several years for
use in laboratory experiments. The populations were originally sourced from
Citrusdal, Addo, Marble Hall and Nelspruit citrus growing areas. There is also
a fifth colony of ‘mixed’ origin. These five FCM populations were used to
establish regional genetic structure and sex pheromone composition of the
moth in South Africa. The sex pheromone is comprised of three isomers, trans8-dodecenyl acetate, cis-8-dodecenyl acetate and dodecyl acetate.
Previous research found that geographically distinct FCM populations have
differences in the ratios of these isomers. For example, the sex pheromone
of an Ivory Coast population had a ratio of 69%, 23% and 8% respectively
compared to a Malawian population which had a ratio of 32% 52% and
16% respectively. Genetic analysis using the amplified fragment length
polymorphism technique showed the five cultures kept at Rhodes University
were genetically isolated and were therefore used in a series of trials. Previous
choice trials with Citrusdal FCM males and virgin females from different
regions showed the males preferred females from their own population.
However, this was in a controlled environment choice trial, therefore not
reflective of a field situation. Composition of sex pheromones in females from
the four different regions and the ‘mixed’ colony, will be compared, as will
the attraction of males to females from the regionally distinct populations,
in both choice and no-choice tests. Finally, mating compatibility will be
compared between these different populations. If differences are found
in the blend of isomers between populations and if significant differences
are found in attraction of males to females and in mating success in a nochoice situation, possible implications for FCM control will be investigated.
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Soil biota as bioindicators of fire disturbances in montane
grassland areas in the Golden Gate Highlands National Park
Sylvia van der Merwe1, Vaughn Swart1, Emile Bredenhand2, Charles Haddad1
University of the Free State, Bloemfontein, South Africa.
Phutaditjaba, South Africa.

1

2

University of the Free State,

In recent years, ecologists have debated the use of biodiversity, biological
richness, and animal and plant abundance as a collective measure of
environmental health. Soils are generally essential sources of a large variety
of ecosystem services and monitoring soils and their inhabitants may allow
scientists to closely monitor changes in ecosystems. Despite this, soil is still
one of the most poorly studied habitats of terrestrial ecosystems. Planned
fires are known to increase plant growth in montane grasslands and arid
regions, and many conservation plans now incorporate voluntary burnings
in yearly strategies in order to control the extent of burnings in protected
areas. In a thirteen-month study of a voluntarily burnt site, soil mesofauna was
recorded to monitor diversity and abundance changes after the fire event.
Initial results indicated an increased activity by predatory mesofaunal guilds
over time compared to a non-burnt site. Species abundance was observed
to decrease directly after the burning event, but higher species diversity
was recorded over time in the burnt site. Analysis of faunal groups over the
thirteen-month period indicated that groups found in the frequently burnt
site may be more specialised to thrive in the conditions brought about postfire, but overlaps are prominent and groups are not necessarily specific to
each site. Principal Component Analysis of soil mineralogy showed that there
were distinct differences between the two sites over time, suggesting that
soil biota after burnings should be monitored alongside abiotic factors for
more accurate analysis. More specific associative analysis between biotic
and abiotic results suggest that it is possible to monitor effects of disturbance
using more specific criteria, and indicate that monitoring should be done on
a full ecological scale rather than by using isolated faunal groups alone.
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Contrast and context in a fragmented landscape: the persistence
of insect biodiversity within a timber production landscape
Aileen van der Mescht, James Pryke, René Gaigher, Michael Samways
Stellenbosch University, Stellenbosch, South Africa.

Habitat fragmentation, as well as transformation lead to the formation of
novel landscapes where natural habitat fragments are left isolated in a
highly transformed, and often, inhospitable matrix. Contrast and context
are inherent features in these fragmented landscapes, and shape the
responses, distributions and ability of native insect assemblages to persist in
both the matrix, and habitat fragments. In many instances, specialist insect
species are lost, as contrast between transformed and natural biotopes
results in changes to the microclimate, resource distribution and nutrient flow
of a system. The surrounding matrix, or context, can further exacerbate the
effect of fragmentation, as edge effects can extend deeper into natural
patches, as well as the matrix acting as a sink population leading to an
overall decrease in invertebrate species diversity. We aim to investigate the
contrast between, as well as the context, that exists between grasslands and
indigenous forests and a surrounding timber production matrix. The study area
covered Baynesfield and Richmond in KwaZulu-Natal. Pitfall traps, as well as
active searchers, were used to sample the insect assemblages. In addition
to univariate statistical methods, multivariate analyses were conducted
to determine the response of alpha and beta diversity to contrast and
context. Specie richness along the different transect types responded to an
array of environmental variables, highlighting the importance of landscape
heterogeneity in conserving species richness and diversity. The assemblages
of grasslands and indigenous forests are highly distinct from each other as
well as from the plantations. Interestingly, the assemblages within young
and mature plantations are not significantly different, suggesting that the
matrix is able to maintain a viable assemblage of species that differ from
the natural biotope types. Contrast in this landscape is indeed high, but it
does not appear to influence species assemblages in either of the natural
biotopes.

oral presentation

ESSA 2019

183

Baseline susceptibility of Spodoptera frugiperda to three
insecticides in South Africa
Dewald Van Niekerk, Hannalene Du Plessis, Johnnie Van Den Berg
North-West University, Potchefstroom, South Africa.

The Fall Armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae)
is a devastating polyphagous pest on poaceous crops. This pest was
reported for the first time in 2017 in South Africa. The insect is known for its
fast development of resistance to insecticides. The overuse of insecticides
to control S. frugiperda elsewhere has led to resistance against various
insecticide groups. The insecticide susceptibility of the invasive S. frugiperda
populations that arrived in South Africa through migration is currently
unknown. Baseline data on the susceptibility of S. frugiperda to insecticides
are needed for future monitoring of resistance of this pest in South Africa. The
aim of the study was to determine the baseline susceptibility of S. frugiperda
collected from Nelspruit and Groblersdal in South Africa to emamectin
benzoate, chlorpyrifos and spinetoram/methoxyfenozide. The toxicity
of these insecticides was estimated using IRAC susceptibility test method
no. 007. Mortality of third instar S. frugiperda larvae were assessed after 72
hours of exposure. Percentage mortality values for each bioassay were
corrected using Abbott’s formula. Corrected mortality data from the doseresponse bioassays were subjected to probit analysis. For both populations,
the estimated LC50 values for emamectin benzoate and spinetoram/
methoxyfenozide were below the recommended dosage rates, while the
estimated LC50 value for chlorpyrifos was well above the recommended
dosage rate. The Fall Armyworm can therefore be effectively controlled in
South Africa using insecticides with different modes of action if effective
applications are used. To prevent resistance to these insecticides, a wellplanned insect resistance management program should be followed.
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Systematics of “rare” Afrotropical Hymenoptera families
Simon van Noort
Iziko Museums of South Africa, Cape Town, South Africa and University of Cape Town, Cape
Town, South Africa.

African Hymenoptera are poorly known. There are approximately 20 000
described species in the Afrotropical region, but I estimate that there are
between 100 000 and half a million species, hence we only know 5% to 20%
of the fauna. Ongoing systematic revisions have allowed for an assessment
of the species richness of perceived “rare” taxa. Some families are likely to
be genuinely rare, but by far the majority of species-poor taxa are simply a
result of insufficient collecting and under-representation in collections. Over
the last 27 years I have implemented continuous inventory surveys in Africa,
which have produced in excess of 10 million specimens. Approximately 300
000 of these have been curated and mobilised, allowing for their inclusion
in taxonomic revisions by international specialists. Our recent revision of
the African Orussidae produced only a single new species of a total of
24 recognised valid species, based on specimens examined from world
collections; most orussid species are represented by a single, or a couple of
specimens, and the family appears to be genuinely rare. On the other hand,
revisions of many groups have dramatically increased their known species
richness, for example: Cryptopimpla (Ichneumonidae): 1 to 10 species;
Pristomerus (Ichneumonidae): 18 to 49 species; Glenosema (Bethylidae): 4 to
19 species; Dissomphalus (Bethylidae): 6 to 90 species (in prep.); Dyscritobaeus
(Scelionidae): 4 to 10 species; Dryinidae: 70 to 430 species (over the last
35 years), to cite a few examples. These clearly demonstrate the paucity
of knowledge of the hymenopteran fauna, particularly considering these
revisions are based on historical and contemporary specimen acquisition
from an extremely inadequate sampling of the ecosystems in the region.
More than 95% of quarter-degree grid cells still have not been sampled or
have only had superficial ad hoc sampling conducted in them.
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Congruence between arthropod and plant diversity in a
biodiversity hotspot largely driven by underlying abiotic factors
Julia van Schalkwyk, James Pryke, Michael Samways, René Gaigher
Stellenbosch University, Stellenbosch, South Africa.

Plants often form the basis of conservation planning and management.
The effectiveness of plant diversity as a surrogate for arthropod diversity
was assessed in natural areas in the Kogelberg Biosphere Reserve, a floral
endemism hotspot in the Cape Floristic Region (CFR), South Africa. Arthropods
and plants were sampled across 30 topographically heterogeneous sites in
a spatially nested design. The relationship between plants and arthropods
were quantified in terms of species richness, assemblage variation, and
assemblage turnover. The influence of arthropod trophic groups, habitat
association, and spatial scale were also explored. Generalized dissimilarity
modelling was used to investigate differential influence of explanatory groups
(geology, disturbance, local site characteristics, refuge, mesoclimate,
terrain) on arthropod and plant turnover. Congruence in assemblage
variation was restricted to local scales, and only present between plants
and those arthropods associated with the foliar component of the habitat.
Weak congruence in species turnover was due to differences in the
relative importance of explanatory groups, with different variables within
each explanatory group being important, and similar variables predicting
different turnover patterns. For both groups, variables related to geology
and fire history were important for assemblage turnover. These variables are
already incorporated in conservation planning and management for plant
diversity across the CFR. Overall plant diversity was a weak surrogate for the
arthropod groups included in this study, suggesting that as an alternative,
environmental surrogates for arthropod diversity perform better.
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Do larvae suffer from Wanderlust? Migration behaviour of Busseola
fusca larvae on Bt- and non-Bt-maize
Andri Visser1, Johnnie Van den Berg1, Hannalene Du Plessis1, Annemie
Erasmus2
1

North-West University, Potchefstroom, South Africa. 2ARC-GCI, Potchefstroom, South Africa.

The cereal stem borer species Busseola fusca (Fuller) (Lepidoptera:
Noctuidae) is considered the most destructive pest of maize throughout
much of the African continent. An effective and environmentally benign
method to control this pest is genetically engineered Bt maize. These crops
contain genes from the bacterium Bacillus thuringiensis (Bt) that allow the
expression of Cry (crystal) proteins, which are toxic to specific target insect
pests. Because of the effectiveness of these toxins, the selection pressure
for evolution of resistance is high. Various insect resistance management
(IRM) strategies have been considered to delay the evolution of resistance,
of which the high-dose/refuge strategy is favoured. This IRM strategy has
contributed to preventing the evolution of Bt-resistance in many target pest
species; however, it is based on several assumptions that are not consistently
met for different pest species. These include assumptions about the
behaviour of resistant and susceptible individuals during (Bt-crops) finding
and acceptance interactions. In this study, the migration behaviour of Bt
resistant and susceptible B. fusca larvae were evaluated in a laboratory, semifield (glasshouse), and field setting. The effect of factors such as different Bttoxins, infestation date, and plant density on the rate of plant abandonment
and the distance migrated by larvae were investigated. Results indicated
that B. fusca larvae migrated more readily from Bt- than non-Bt maize plants,
and that infestation date and plant density significantly affect the number
of plants damaged and the distance covered by migrating larvae within a
block of maize plants. However, the results also suggest that B. fusca larvae
do not migrate extensively (rarely further than 2 plants from the natal plant)
and that larval mortality is high. The implications for IRM strategies targeting
this pest are discussed in the context of agriculture in Africa.
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Monitoring of Spodoptera frugiperda moths at two sites in the
Lowveld area of South Africa
Rudie Von Abo, Johnnie van den Berg, Hannalene du Plessis
North-West University, Potchefstroom, South Africa.

The fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae), is an important agricultural pest in South Africa. Its pest status is
influenced by its wide host range, capability to fly over long-distances and
ability to develop resistance to insecticides. The presence of Fall armyworm
moths at two sites in the Lowveld area of South Africa, viz. Nelspruit and
Malelane, was monitored with pheromone baited bucket traps. The
moths were removed from the traps and the insecticide in the bucket was
replaced fortnightly. The lures were replaced once a month. Since the
pheromone lure used for trapping is not specific, the trapped insects were
separated into S. frugiperda, Leucania loreyi (Lepidoptera: Noctuidae)
moths and ‘others’. The latter included any other insect species. Both S.
frugiperda as well as L. loreyi moths were caught throughout the year at the
two sites. The number of Fall armyworm moths caught at Nelspruit followed
an expected occurrence pattern of a decrease in numbers during autumn
and the lowest numbers caught in winter. However, unexpectedly high
number of moths were recorded in the traps during winter and spring at
Malelane. These results confirm the two sites as overwintering sites of the
Fall armyworm in South Africa. The higher winter temperatures in Malelane
compared to Nelspruit favoured development of the pest in winter. The
pest can therefore migrate from these sites to the main maize producing
area of South Africa during the maize production season once favourable
environmental conditions prevail.
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First report on potential insect pests of quinoa (Chenopodium
quinoa Willd.) in the North-West Province
William Weeks
North-West Department of Rural, Environment and Agricultural Development, Potchefstroom,
South Africa.

Quinoa (Amaranthaceae) has risen from obscurity to becoming one of the
most sought after and truly globalised crops. Rapid expansion of quinoa
into virgin territories is a recent phenomenon, initially driven by global
health trends. This creates an interesting scenario where a single crop is
simultaneously represented in areas of ancient and recent cultivation, as
well as areas of very recent introduction. First introduction into South Africa
came in the form of imported grain, which preceded any local production,
industry or implementation of proper legislation. Local research efforts,
frustrated by lack of legislation for establishment of quinoa field trials, have
subsequently lagged behind developments surrounding its ascent in South
Africa. First observations on quinoa grown in restricted areas of the NorthWest Province, which were mainly centred in and around Potchefstroom
and Taung, are reviewed. Early observations have enabled important first
confirmation of several potential insect pests. A total of 15 phytophagous
insect species, belonging to three orders viz. Coleoptera, Lepidoptera and
Hemiptera (represented by suborders Heteroptera and Sternorrhyncha), will
be highlighted. Potential pests belonging to two guilds viz. chewing and
sucking are already known to occupy several niches, that include: quinoa
inflorescences, leaves and stems. Cross referencing with local and global
literature will help place first pest reports in context with other local crop pest associations, as well as pest scenarios within global areas of large scale
production. Establishment of local quinoa industries will rely heavily on IPM
strategy development, and for this reason factors likely to impact final pest
status of insects occupying specific plant niches must be considered.
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The value of museum collection data
Kirstin Williams1,2
KwaZulu-Natal Museum, Pietermaritzburg, South Africa. 2Southern African Forensic Entomology
Research Group, Department of Zoology and Entomology, Rhodes University, Makhanda,
South Africa

1

Many natural history collections were started due to exploration of new areas.
These collections were primarily used for describing new species. As we have
become more aware of the need to protect our biodiversity and collecting
has become more selective so as not to wipe out entire populations, is there
still value in collecting and collections? Museum collection data for Lucilia
sericata and L. cuprina (Diptera: Calliphoridae) – green bottle blowflies –
was modelled using MaxEnt to predict their distributions in South Africa. The
results were compared to survey data that was modelled using MaxEnt for
the same two species. These results highlight the value of museum collection
data and how it can be used. It also shows the value of having museum
data available digitally and why data capture is so important in dealing
with museum collections.
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Distribution and diversity of invasive pests of Eucalyptus in subSaharan Africa
Mesfin Wondafrash1,2, Bernard Slippers1, Alphonsine Nambazimana3, Isaac
Kayumba4, Samuel Nibouche5, Simon van der Lingen6, Birhane Asfaw7,
Herbert Jenya8, Eston Mutitu9, Idea Makowe10, Donald Chungu11, Peter
Kiwuso12, Emmanuel Kulimushi13, Paul Bosu14, Brett Hurley1
University of Pretoria, Pretoria, South Africa. 2Haramaya University, Dire Dawa, Ethiopia. 3Rwanda
Water and Forestry Authority, Kigali, Rwanda. 4University of Rwanda, Kigali, Rwanda. 5CIRAD,
Saint-Pierre, La Réunion, France. 6Sustainable Afforestation Association, Harare, Zimbabwe.
7
Central Ethiopia Environment and Forest Research Center, Addis Ababa, Ethiopia. 8Forestry
Research Institute of Malawi, Zomba, Malawi. 9Kenya Forestry Research Institute, Nairobi,
Kenya. 10Forestry Commission of Zimbabwe, Harare, Zimbabwe. 11Copperbelt University, Kitwe,
Zambia. 12National Forestry Resources Research Institute, Kampala, Uganda. 13University of
Goma, Goma, Congo, the Democratic Republic of the. 14CSIR- Forestry Research Institute of
Ghana, Kumasi, Ghana.
1

Eucalyptus (Myrtaceae) is one of the most planted tree genera across the
world, but is heavily challenged by invasive insect pests originating from
the native range of these trees. The rate of introduction of non-native
Eucalyptus-feeding insects has increased globally, including in sub-Saharan
Africa where Eucalyptus have an important socio-economic role. In this
study, we mapped the distribution and examined the genetic diversity
of non-native Eucalyptus insect pests in 14 countries across sub-Saharan
Africa. We focused on five foliage-feeding insect pests of Eucalyptus
which are known to be present in the region, namely the bluegum chalcid
wasp, Leptocybe invasa (Hymenoptera: Eulophidae); the redgum lerp
psyllid, Glycaspis brimblecombei (Homoptera: Psyllidae); the bronze bug,
Thaumastocoris peregrinus (Hemiptera: Thaumastocoridae); the Eucalyptus
weevil, Gonipterus sp. n. 2 (Coleoptera: Curculionidae); and the Eucalyptus
gall wasp, Ophelimus maskelli (Hymenoptera: Eulophidae). Insect samples
were collected through structured surveys and small-scale sampling and this
was combined with published literature to determine the distribution of these
insect pests. Genetic diversity of each of these insect pests was analysed
based on mitochondrial cytochrome oxidase I (COI) or cytochrome b (Cyt
b) sequence data. Except O. maskelli, which is a relatively recent arrival,
the other insect pests were found broadly distributed across the sampled
countries, with first reports in many countries. Analysis of genetic diversity
confirmed a common origin of geographically distant populations for G.
brimblecombei and O. maskelli, moderate diversity for T. peregrinus and
Gonipterus sp. n. 2 and two distinct lineages for L. invasa. Two divergent
haplogroups of L. invasa, with overlapping geographic range were
confirmed in Ghana, Malawi, Sierra Leone, South Africa and Zimbabwe.
Compared to published literature on previous populations, new haplotypes
were detected for T. peregrinus, Gonipterus sp. n. 2 and L. invasa, suggesting
multiple introduction of those pests in the region. Results of this study will
have implications for quarantine, research and management of Eucalyptus
insect pests in the region and beyond.
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Biodiversity co-benefits
sequestration

through

reforestation

for

carbon

Sbongiseni Xolo, Caswell Munyai
University of KwaZulu-Natal, Pietermaritzburg, South Africa.

There is a growing interest in the potential of reforestation to support the
recovery of biodiversity. Studies examining how biodiversity responds
following restoration may provide guidelines towards successful recovery
process. Study was conducted in Buffelsdraai Landfill Conservancy, a
landscape historically used for sugarcane production that has been
reclaimed for restoration. The main objective of the project is that of
Carbon sequestration, however it simultaneously ensuring the recovery of
biodiversity loss and ecosystem services. Here we evaluate to what the extent
reforestation for carbon sequestration can have co-benefits for biodiversity.
Using a standardized pitfall survey, we assessed how ants responded to
reforested habitats of different ages, relative to natural grassland, forest
and different sugarcane stands, as well as to determine the environmental
variables which underlie differences in ant diversity and composition along
the reforestation gradient. Environmental (Habitat structure) and soil surveys
were conducted at each replicate. Species richness responded with a humpshaped response as patterns of species richness significantly decreased
with increasing bare-ground cover. Both species richness and activity were
lowest in sugarcane plantation and forest sites and highest in restored and
grasslands sites, however abundance was uneven spread across species.
Ant assemblages differed significantly across all sites, with forests having the
most distinct assemblages. Leaf-litter, vegetation-structure, canopy-cover
and bare-ground cover) have had major influences on ant assemblage
structure. Four forest indicator taxa were identified and one indicator for
grassland. No indicators were found for sugarcane sites. Two species were
potential indicator for restored sites. Restoration sites were transitioning from
sugarcane plantation, and were drawing most of their colonization from
grasslands. Results presented that biodiversity benefits can be increased if
the restoration sites are kept as open woodlands with grass later in between
them. Importantly, we demonstrated the importance of grasslands as a
source of diversity to colonize the restored habitat
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Wandering spiders recover more slowly than web building spiders
after fire
Inam Yekwayo1, James Pryke2, René Gaigher2, Michael Samways2
1
University of Mpumalanga, Mbombela, South Africa. 2Stellenbosch University, Stellenbosch,
South Africa.

Fire is a natural feature of many ecosystems, with some vegetation types
highly adapted to fire in terms of their structure and processes. However,
very little is known about the effect of fire on spiders, especially as fires
have become more frequent owing to human activity. We determine
whether different functional guilds (web builders vs. wanderers) respond
differently to fires. We do this in the sclerophyllous fynbos vegetation in
the fire-prone Greater Cape Floristic Region. We determine also effect of
rockiness as refuge for these guilds, and whether it influences their post-fire
recovery. There were three site categories of time-since-last fire: 3-month,
1-year, and 7-year. We found that fire caused a decline in spider richness
and abundance, with the 3-month category supporting the lowest. In sites
that were burned within one year, abundance of wanderers was as high
as in sites that had seven years to recover. Whereas species richness and
abundance of web builders in sites that were burned one year ago were as
low as in recently-burned sites. However, species composition of wanderers
differed among categories, while no differences were observed for web
builders, highlighting that wanderers took longer time to recover than web
builders. Species richness and abundance of both guilds were not affected
by rockiness. However, rockiness is important in shaping assemblages
of wanderers. The results emphasize that the assemblage of greatest
conservation concern with increased fire frequencies are wanderers and
are candidate surrogates for monitoring post-fire recovery. These results
highlight the need to allow fynbos vegetation to recover fully between fire
intervals, and draw attention to the dangers of artificially too frequent fires.
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The role and validation of CPRR-1 in Anopheles funestus male
genitalia rotation
Jacek Zawada1,2, Yael Dahan-Moss2, Lizette L. Koekemoer1,2
University of the Witwatersrand, Johannesburg, South Africa.
communicable diseases, Johannesburg, South Africa.
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Anopheles funestus (Diptera: Culicidae) is recognised as a major malaria
vector in Africa. Genitalia rotation is required for the male to mate. This
involves the 135° to 180° rotation of claspers. The A. funestus male takes 36
hours for the genitalia to rotate through stages 0 to 4. Understanding genitalia
rotation in A. funestus males could lead us to possible avenues of control. This
investigation’s aim was to compare and discover deferentially expressed
genes of Anopheles funestus between stage 0 and stage 3. Collections of A.
funestus males with clasper rotation at stage 0 and stage 3 of their genitalia
rotation were made from the Botha DeMeillon insectary. RNA was extracted
from samples and RNA-sequencing was performed. Resulting sequencing
reads were mapped to the reference genome, in VectorBase. Cufflinks
calculated expression profiles of the assembled transcripts. Gene ontology
was performed on the differentially expressed transcripts. Transcripts were
selected according to the likelihood of being involved with genitalia rotation.
These were validated with qPCR. The transcript AFUN015952 was downregulated by a |FC| of -2.25 in stage 3 compared to stage 0 of the genitalia
rotation process. This was annotated as cuticular protein RR-1 (endocuticle)
which could be involved in genitalia rotation. RPL19 and RPS26 were used
as reference genes for qPCR validation. The qPCR results validated that
AFUN015952 was down-regulated with a P-value ≤ 0.05 in stage 3 compared
to stage 0 of the genitalia rotation process. The AFUN015952 transcript has
been validated as down-regulated in stage 3 compared to stage 0, this
could indicate its involvement in genitalia rotation. Further analysis needs to
be performed in order to confirm the role of the AFUN015952 gene product
in genitalia rotation. Understanding the genitalia rotation of Anopheles
funestus will provide valuable insight into their biology and might provide
valuable information to identify novel control targets.
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Characterisation of the life history parameters of a laboratory
reared Anopheles funestus colony
Munyaradzi Prince Zengenene1,2, Givemore Munhenga1,2, Lizette L.
Koekemoer1,2
Wits Research Institute for Malaria, MRC Collaborating Centre for Multi-Disciplinary Research
on Malaria, School of Pathology, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa. 2Vector Reference Laboratory, Centre for Emerging Zoonotic and
Parasitic Diseases, National Institute for Communicable Diseases, National Health Laboratory
Services, Johannesburg, South Africa.
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The failure to successfully colonize Anopheles funestus (Diptera: Culicidae)
has been hampered by inadequate knowledge on the biological factors
that promote colonization of this species. Life history characteristics such as
fecundity, developmental period, survival rates and longevity are critical
parameters that influence successful colonization. This study aimed to
determine baseline biological factors that permit successful colonization of
an A. funestus strain acronymed FANG. The following life history characteristics
of FANG were monitored under standard insectary rearing conditions:
egg production, egg hatch rates, mean proportion of immature stages
surviving from each developmental stage to the next and adult longevity.
Experiments for this study are ongoing, full results will be available by the
time of the conference. Preliminary results analyzed over two replicates
showed a mean egg production of 87 eggs/female (n = 140). The mean
time needed for these eggs to hatch was 2.5 days and an average hatch
rate of 79% (n = 600). The mean developmental time observed from first
instar larva until pupation is 10.65 days. The mean proportion of immature
stages surviving from each developmental stage to the next is 75% (n =600)
from first instar larvae (L1) to pupation, 69% (n= 600) from pupa to adult.
Overall 67% of eggs that hatched successfully developed into adulthood.
Longevity of the resultant adults showed a mean survivorship of 18. 8 and
14.1 days for males and females, respectively. This work constitutes the first
detailed description of the developmental cycle of a colonized A. funestus
strain under standard insectary conditions. The data generated from this
study gives an insight into the life history characteristics of A. funestus. This
information will help in understanding A. funestus rearing biology under
laboratory conditions; ultimately, this can be used as a reference point for
colonization of A. funestus populations from other geographical regions.
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The occurrence of Mopane worm (Gonimbrasia belina) in north
coastal region of KwaZulu-Natal
Godfrey Elijah Zharare1, Makhosi Nokubekezela Buthelezi2
University of Zululand, KwaDlangezwa, South Africa. 2Mangosuthu University of Technology,
Durban, South Africa.

1

Gonimbrasia belina (Lepidoptera: Saturniidae), a species of emperor moth
is an economically important insect, whose edible larva is harvested from
the wild for food. Its main host plant is mopane (Colophospermum mopane)
Fabaceae. Thus, it is generally found in Mopane woodlands. Although there
are no mopane trees in the northern coastal region of KwaZulu-Natal, an insect
answering to the description of G. belina occurs in the region. Mitochondrion
COI genes of three specimens were sequenced and compared with COI
gene sequences in the BOLD gene bank. The sequences of the specimen
had 99.24 to 100% similarity with G. belina and 99.24 to 99.47% similarity
with G. ufipana (Lepidoptera: Saturniidae). This confirmed that G. belina is
indeed present in the northern coastal region of KwaZulu-Natal, this being so
far the southernmost occurrence of G. belina. Marula (Sclerocarya birrea)
Anacardiaceae - is its main host, but has been observed feeding on Acacia
karoo Fabaceae, Mangifera indica Anacardiaceae, Saba comorensis
Apocynaceae, Grewia spp. Malvaceae, Schotia brachypetala Fabaceae
and Sclerocroton integerrimus Euphorbiaceae. Gonimbrasia belina larvae
were observed feeding on these plants from end of September to end of
October. This proves that G. belina is a polyphagous insect, and is adapted
to a wide range of climatic conditions.
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