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(Give a summary of the total project in no more than 250 words).

The aim of this study is to establish, under controlled conditions, the relative impact of three

pest ant species on the effectiveness of biological control of vine mealybug by parasitoids

Anagyrus species near pseudococci (Girault) and Coccidoxenoides perminutus (Timberlake)

(Hymenoptera: Encyrtidae). The three ant species involved were the Argentine ant (Linepithema

humile (Mayr)), cocktail ant (Crematogaster peringueyi Emery) and the black pugnacious ant

(Anoplolepis steingroeveri (Forel)). Experiments were carried out with butternut infested with

approximately 100 vine mealybugs. The cocktail ant proved to be the most disruptive ant while

the pugnacious ant the least. C. perminutus was the more effective and ant tolerant mealybug

parasitoid than A. species near pseudococci. This data is very valuable in that it can help

explain trends found in ant and mealybug infestations and determine the choice of parasitoid to

mass release.
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FINAL REPORT
(Relevant publications may replace the final report)

1. Problem identification and objectives
State the problem being addressed and the ultimate aim of the project.

The interaction between ants, vine mealybug and mealybug parasitoids has not yet been
quantified in South Africa. Different ant species exhibit various degrees of aggression
towards mealybug parasitoids and this would therefore, amongst other factors, influence
the degree of disturbance of biological control of mealybug. The aim of this study is to
establish the relative impact of three pest ant species on the effectiveness of biological
control of vine mealybug by parasitoids in the field and under controlled conditions.

2. Workplan (materials & methods)
List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage and
examination stages and parameters.

Insect colonies

Vine mealybug colonies

Colonies of vine mealybugs were maintained on butternuts Cucurbita moschata, in the
laboratory at 27+1°C with a 12:12 (L: D) hour photoperiod and 65+5% RH. Butternuts were
washed in 5% bleach solution to prevent fungal growth. The butternuts were infested with
mealybug crawlers. After the first molt, mealybugs were thinned to approximately 100
individuals that were allowed to develop up to a desired stage before use in experiments.
For A. sp. near pseudococci, 3 instar to preovipositing female vine mealybugs were used
and for C. perminutus, 2" instar mealybugs were used (Islam & Copland 1997; Joyce et al.
2001).

Ant colonies

Ants (workers and queens) were collected from commercial vineyards. A. steingroeveri and
C. peringueyi were collected from Ashton (-33.85°S, 20.08°E, 186m) in the Breede River
Valley (BRV) while L. humile were collected from Simondium (-33.83'S, 18.83°E, 175.2 m).
The three ant species were maintained in plastic containers (18cm x 18cm x 16cm) in the
laboratory containing soil or material from the original nests. Each ant nest was connected
to a clear Perspex container (25cm x 25cm x 20cm) with clear plastic tubing (20cm long
and 6mm in diameter). A mealybug infested butternut was placed into each Perspex
container and ants were allowed to forage freely, mimicking the field situation, on this
butternut for honeydew until 48 hours prior to the experiment. All ant colonies were kept at
27+0.5°C, 65+5% RH and a 12:12 (L: D) photoperiod.

Parasitoid colonies

1. Anagyrus sp. near pseudococci

To establish a colony of A. sp. near pseudococci, field collected vine mealybugs were
incubated individually in gelatin capsules at room temperature. Mealybugs were checked
daily for any emerging parasitoids which were identified under a stereo microscope. Only A.
sp. near pseudococci species was selected. The parasitoids were placed in a cage (66cm x
66cm x 37cm) containing butternuts infested with vine mealybug. Parasitoids were offered a
50% honey: water solution and kept at 27°C, 65+5% RH with a 12:12 (L: D) photoperiod.
After 7 days, parasitised mealybugs were moved into another cage for parasitoid
emergence. Emerged parasitoids were supplied with an unlimited number of mealybugs.
Newly emerged individuals were allowed to feed and mate before they were used. Only
mated 2 day old females were used in the experiment. An unlimited number of males were
given access to newly emerged females for 24 hours (Tingle & Copland 1988; 1989).
Testing was done when sufficient newly emerged parasitoids were available and each
individual was used only once. A. sp. near pseudococci from the field were regularly added
to laboratory colonies to prevent inbreeding of the laboratory colony.

2. Coccidoxenoides perminutus
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Coccidoxenoides perminutus were obtained from DuRoi Integrated Pest Management
(Letsitele, South Africa) as mature pupae. Newly emerged individuals were allowed to feed
before use in the experiments. Field collected C. perminutus were not used as rearing both
parasitoids would have been difficult due to logistic constraints.

Quantitative Observations

Ants foraged on a butternut infested with 100 vine mealybugs in each of the six
experimental cages of 21.5cm x 21.5cm x 16cm (three cages, one for each ant species per
parasitoid species). An ant free cage was included as a control for each parasitoid species.
The ants were allowed to forage for three hours before 20 two-day old fertilised A. sp. near
pseudococci females were introduced. Similarly, 20 one-day old C. perminutus were used.
Observations were made 10 minutes after the release of parasitoids for each treatment
whereby the number of ants and parasitoids on the butternut was recorded during a one
minute period at 10 minute intervals for two hours.

Parasitoids were then left in the experimental cages for 24 hours after which they were
removed and the number of surviving, dead and/or missing parasitoids, if any, recorded.
Mortality of the parasitoids was defined as the number of dead + missing parasitoids/total
number of parasitoids and expressed as a percentage. All mealybugs were removed and
incubated individually in gelatin capsules at 27°C, 65+5% RH with a 12:12 (L: D)
photoperiod, for two weeks after which they were examined for parasitism under a stereo
microscope. Percentage parasitism of the vine mealybug was defined as the number of
parasitised mealybugs/ total number of mealybugs.

The tests were performed on five different dates for each parasitoid species with five
replicates per ant colony and their controls (ant free treatment).

Data analysis

Data were analysed using Generalised Estimating Equations (GEEs) (Liang & Zeger 1986)
in GENMOD procedure of SAS (SAS Enterprise Guide 3, 2004) using Poisson distribution
and an identity link function. Abbott’s correction formula (Abbott 1925) was used to correct
for control mortality.

3. Results and discussion
State results obtained and list any benefits to the industry. Include a short discussion if applicable to your results.
This final discussion must cover ALL accumulated results from the start of the project, but please limit it to essential
information.

Ant behaviour in the presence of parasitoids

The mean number of ants on the mealybug-infested butternuts differed significantly
(p<0.0001) between ant species (x°=17520.4; df=2, time intervals (x°=9.671E7; df=11) and
parasitoid species (x°=200.58; df=1). C. peringueyi, recruited in larger numbers than L.
humile or A. steingroeveri (Figure 1). The number of ants (across species) on the mealybug
infested butternut was significantly higher in the presence of A. sp.near pseudococci than in
the presence of C. perminutus.

Parasitoid behaviour in the absence and presence of ants

The mean number of parasitoids foraging on the mealybug infested butternut differed
significantly over the two hour period (p<0.0001), between ant species (x°=7900.14; df=3),
parasitoid species (x°=69.22; df=1) and time (x°=8886663; df=11). The interactions;
time*parasitoid species*ant species, parasitoid species*ant species and time*parasitoid;
were also highly significant (p<0.0001). C. perminutus foraged in significantly higher
numbers than A. sp. near pseudococci (Figure 2).
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Figure 1: The mean number of ants, Linepithema humile, Crematogaster peringueyi and Anoplolepis
steingroeveri on a mealybug-infested butternut for different parasitoid species during a one minute
observation period over two hours. Vertical bars denote 0.95 confidence intervals.
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Figure 2: The mean number of Anagyrus sp. near pseudococci and Coccidoxenoides perminutus on
the mealybug-infested butternuts for each treatment during one minute observation periods over 2
hours. Means followed by different letters differ significantly for each parasitoid species (p <
0.05).Vertical bars denote 0.95 confidence intervals.
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Effects of ants on parasitoid mortality and mealybug parasitism

Parasitoid mortality was significantly different between parasitoid species (x°=13.47; df=1;
p<0.001) and ant species (x°=2168.53; df=3; p<0.0001) (Figure 3). A. steingroeveri caused
the least parasitoid mortality during the 24-hour exposure period. Percentage parasitism
differed significantly (p<0.0001) between parasitoid species (x°=38.18; df=1) and ant
species (x°=10351.8; df=3) .C. perminutus caused significantly more parasitism than A. sp.
near pseudococciin the presence of all ant species tested (Figure 4).

100 5
a0 4
80 4
70
&0
50 1
40 7
30 4
20 4
10 1

B A. sp. near psendacacci

| C. perminiiis

% Mortality

A. steingroevert L. huwile . paringuayi Cantral
Ant treatment

Figure 3: The mean (tstandard error) percentage mortality of Anagyrus sp. near pseudococci and
Coccidoxenoides perminutus after a 24-hour exposure to different ant treatments.
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Figure 4: Relative ant aggression (% parasitism * standard error) towards Anagyrus sp. near
pseudococci and Coccidoxenoides perminutus after a 24 hour exposure period to various ant
species.
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CONCLUSION AND RECOMMENDATIONS

Results from this investigation are important to growers who should be aware of the species
of pest ants foraging in their vineyards. Because the responses of parasitoids used in this
investigation differed between ant species, this affects the choice of biological control agent
used. Coccidoxenoides perminutus were more tolerant towards ants than A. sp. near
pseudococci as indicated by the generally higher parasitism rates achieved whilst in the
presence of ants. C. peringueyi and L. humile impacted the most on parasitism while A.
steingroeveri impacted the least in these laboratory trials. In vineyards, exclusion of ants,
particularly L. humile, can reduce vine mealybug populations, which could be partly due to an
increase in parasitism as parasitoids get undeterred access to mealybugs. Early season
mass releases of C. perminutus are done to augment natural populations that target the first
generation of mealybugs in the growing season. Due to their sensitivity to ants, augmentative
releases of A. sp. near pseudococci in ant infested vineyards may not be as effective.
Producers can engage in vineyard management practices that improve and conserve natural
populations of this parasitoid species. Ant control should be considered when parasitoids are
to be used as biocontrol agents of hemipteran pests as ant presence will not only affect
parasitoid abundance but also reproductive success and possibly the oviposition strategy of
female parasitoids.
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Milestone Achievement

1. Conduct 3 manipulative experiments Complete
under controlled conditions

2. Quantify relative impact of 3 ant species | Quantified impact for all ant species involved
on parasitoid efficacy on A. pseudococci and C. perminutus.

This report is an extract from a chapter of a PhD thesis and should therefore remain
confidential until the results are published.
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4. Accumulated outputs
List ALL the outputs from the start of the project.
The year of each output must also be indicated.

Technology developed

Recommendations to the table grape and wine industries regarding mass releases of
parasitoids for biological control of vine mealybug.

Human resources developed/trained
One PhD thesis completed, to be awarded during December 2008.

Patents

Publications (popular, press releases, semi-scientific, scientific)

e 4 Scientific publications planned for either Environmental Entomology, Ecological
Entomology, Forest and Agriculture Entomology, Basic and Applied Ecology or
Oecologia)

Presentations/papers delivered

e South African Society for Enology and Viticulture annual congress (2007)
¢ International Congress of Entomology, Durban (2008)
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4. Total cost summary of project

Year CFPA DFPT DFTS Winetech THRIP Other OTA
Total cost in real terms for year 1 2005 14 000 14 000 28 000
Total cost in real terms for year 2 2006 33 568 33568 | 33568 * 100 704
Total cost in real terms for year 3 2007 41 768 41768* | 50121 * 133 657
Total cost in real terms for year 4 2008 5000 5000 10 000
Total cost in real terms for year 5
TOTAL 94 336 94336 | 83689

* final amount received was 20% less.
** estimate.
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