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virtually continuous source of fruit throughout the year compared to the other wild olive
stands which displayed more erratic olive production. This correlated to lower incidence of
both groups of insects in these areas. Measurements of olive fruit sizes from each of the areas
indicated that the wild olive fruit stands along the river produced larger wild olive fruit which
probably more readily supported the successful development of both olive fruit flies and
parasitoids.  Ovipositor length of the collected parasitoid species were measured on speci-
mens from each of the collection areas and these measurements were correlated with fruit
sizes in order to determine differences in species composition based on fruit size.
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In order to overall evaluate the ecological safety and planting risk of insect resistant transgenic
Bt cotton, the composition and diversity of the arthropod community in 4 Bollgard varieties:
‘109B’, ‘154’, ‘690’, and ‘972’ was studies by means of the quantitative analysis method in
Dafeng of Jiangsu coastal region. The results showed: no marked difference in arthropod
species was found between each of Bollgard varieties and traditional variety check (Simian-3).
The dominant species and their abundance were very close among them. The parameters of
arthropod community structure include species richness (S) total individuals (N) community
diversity (H2 ) evenness (J) and concentration © in each of Bollgard varieties were fluctuating
near the ones in check. The path analysis of H2†with other parameters showed that it all was
dominant C and J that mainly decided the change of H2  for arthropod community in 5
treatments. H2  would be reduced with increasing of dominant C and decreasing of J for all
treatments. The coefficient of species similarity (V1) and the coefficient of community simi-
larity (V2) between each of Bollgard varieties and check was determined by the Sorenen’s
formula and all very high. The arthropod community average value of V1 is 0.5758±0.7742
whereas the average value of V2 is 0.4961±0.6484 respectively. From the results above, it is
clear that the stability of the arthropod community of 4 Bollgard varieties is not significantly
different than traditional cotton and its risk increase by planting Bollgard varieties is not
obvious.

___________________________________________________________________________  Bai et al.
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An important aspect in the assessment of the environmental risks of genetically modified
crops is their potential impact on non-target organisms. These include parasitoids and preda-
tors that are important for natural pest regulation. A gene encoding snowdrop lectin (Galanthus
nivalis agglutinin, GNA) has successfully been engineered into a number of crops, causing
partial resistance to sap-sucking insects such as aphids. However, also non-target insects may
unintentionally be exposed to the insecticidal compound. Several studies have shown that
sap-sucking insects excrete GNA in their honeydew, an important carbohydrate source for
many parasitoids and predators. Here we address whether this route of exposure poses a risk
for the aphid parasitoid Aphidius ervi Haliday (Hymenoptera: Braconidae).

Our study shows that ingestion of GNA dissolved in a sucrose solution has a direct
negative effect on the longevity of adult A. ervi, similar to other parasitic wasps (Romeis et al.
2003). However, honeydew itself can be a suboptimal food source, which may affect the
impact of the transgene product (Hogervorst et al. 2003). To address this issue we have inves-
tigated the effect of honeydew from two aphid species [Sitobion avenae (Fabricius) and
Rhopalosiphum padi (L.) (Hemiptera: Aphididae)] feeding on GNA-expressing or non-trans-
formed wheat plants on A. ervi longevity. We found a significant effect of aphid species on
parasitoid longevity, but there was no significant plant effect. This was probably due to the
low GNA expression level in the transgenic plants resulting in low GNA concentrations in
the aphid honeydew. In addition, the honeydew was analysed for carbohydrate and amino-
acid composition, factors that are of importance for the nutrition of honeydew-feeding in-
sects. HPLC analysis showed some slight differences in honeydew sugar and amino-acid
composition between the two aphid species but no effect due to the GNA expression was
apparent.

To increase the amount of GNA in the honeydew, R. padi were fed on either pure
artificial diet or on diet containing 0.1% GNA. Collected honeydew was fed to A. ervi. Hon-
eydew from R. padi reared on a diet containing 0.1% GNA reduced longevity of A. ervi by

Hogervorst et al. _____________________________________________________________________



Poster Presentations Second International Symposium on Biological Control of Arthropods

29

almost 50% when compared to parasitoids that had been fed with honeydew from aphids
reared on pure diet. In contrast, a 2M sucrose solution with 0.1% GNA reduced the lifespan
of the parasitoid by about 30% when compared to a 2M sucrose solution.

From these results we can conclude that if A. ervi is exposed to GNA through honey-
dew, this will negatively affect their lifespan. This will have potential implications for biologi-
cal control of aphids.
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Bacillus thuringiensis (Berliner) (Bt) is a gram negative soil bacterium that produces a range of
endotoxins during sporulation. These endotoxins have entomopathogenic properties enabling
Bt formulations to be used as microbial insecticides for more than 50 years by organic farm-
ers. More recently Bt genes have been manipulated and inserted into several plant species to
create insect resistant crops (Bt plants) thus reducing reliance on chemical pesticides. Though
controversial, this method of biocontrol has many advantages over Bt insecticidal sprays in-
cluding season-long expression of the proteins whilst protecting the proteins from degrada-
tion by UV light.  Recent research has shown that the Bt plants introduce the endotoxin into
the soil via root exudates, post-harvest incorporation of plant residues and pollen.  The en-
dotoxin can bind to soil, especially clay and humic acid particles, which protect it from degra-
dation whilst remaining active against target pests. This has lead to concerns about a build up
of the toxins in the environment to levels which are potentially harmful to non-target organ-
isms or would increase the chance of resistant target organisms emerging.

We investigated the effects of genetically modified crop-derived Bt endotoxins on the
soil biotic community using genetically modified Brassica oleracea var. italica (L) (Brassicaceae:
Cruciferae) producing the Cry1Ac lepidopteron-active toxin. Effects on both target
lepidopteron larvae and non-target soil-dwelling organisms, including insects, molluscs and
nematodes, were investigated using microcosm studies and enzyme linked immunosorbent
assay (ELISA) techniques to track the endotoxin.  Results so far indicate that the Bt toxin can
have a direct effect on non-target organisms but effects are species specific. Indirect effects on
predators have also been measured. Implications for the widespread use of these pest-resis-
tant plants, within integrated pest management systems, are discussed.

_________________________________________________________________________ Moore et al.
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A major concern regarding insect resistant transgenic plants is their potential impact on non-
target organisms, including beneficial arthropods such as predators. In order to assess the
risks that transgenic plants pose to predatory arthropods, several factors have to be taken into
account. An important factor is the degree of exposure of these arthropods to the insecticidal
protein expressed by the plant. In the case of transgenic maize expressing the cry1Ab gene
derived from the soil bacterium Bacillus thuringiensis (Bt), predators may be exposed to the
Bt toxin when preying on herbivores containing the toxin after feeding on transgenic plants.
In addition, they can be directly exposed when feeding on plant parts (e.g. pollen) containing
the toxin. So far, assessment of the exposure predominantly has been done in laboratory
studies. To date, little is known about the extent to which beneficial arthropods are exposed
to Bt toxin under field conditions.

We collected the most relevant arthropod groups (both, herbivores and predators) in Bt
maize (Event 176) fields in Spain at different periods in the season and analysed their toxin
content using an immunological test (ELISA). Our results revealed that Bt toxin levels in
most important herbivores (aphids, thrips, cicadellids) and consequently in predators were
extremely low or not detectable before pollen shed started. The pattern changed when pollen
was available. Nymphs as well as adults of Orius spp. (Heteroptera: Anthocoridae) contained
significant levels of toxin. Similar levels were found in adults of Chrysoperla spp. (Neuroptera:
Chrysopidae) during that period. After pollen shed, spider mites (Tetranychus urticae Koch
(Acarina: Tetranychidae)) occurred in the maize fields. This herbivore was shown to contain
levels of toxin that exceeded those expressed by Bt maize plants by a factor of three. Accord-
ingly, significant toxin levels were found in Orius spp. and larvae of Chrysoperla spp. The
highest levels among predators were found in the larvae of the specialist spider mite feeder
Stethorus punctillum Weise (Coleoptera: Coccinellidae).

Obrist et al. _________________________________________________________________________
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Our findings confirmed that the Bt toxin can be transmitted from lower to higher trophic
levels and thus that predators are actually exposed to it. However, the exposure strongly
depended on the feeding ecology of predators as well as on the sampling time in the season,
that is to say on the presence of pollen or spider mites in the field. This study provides infor-
mation about the feeding behaviour and toxin exposure of important predators in the field
and represents a further step towards an ecological risk assessment of Bt maize.
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Host plant resistance and biological control are effective methods of insect pest control.  Since
both methods are generally inexpensive, self-perpetuating and non-pollutant they are ren-
dered as desirable and sustainable components of integrated pest management.  Tritrophic
studies involving the interactions between plant, herbivore and natural enemy indicated that
the application of host plant resistance and biological control to an insect pest could give
significantly better or worse control than expected from each factor alone.

Both host plant resistance and biological control have been applied against the Russian
wheat aphid, Diuraphis noxia Kurdjumov (Homoptera: Aphididae), in South Africa. This is
the most serious insect pest of wheat in the summer rainfall areas of the country.   To date 12
(non- transgenic) cultivars, containing different levels of plant resistance, have become avail-
able to farmers in the country.  More than 70 % of the wheat farmers in the eastern parts of
the Free State Province are planting resistant cultivars, which resulted in a reduction of ca.
36% in insecticide application between 1990 and 1996.  During this period the parasitoid
Aphelinus hordei (Kurdjumov) was introduced from the Ukraine into South Africa and re-
leased in wheat fields.  Field trials were conducted in 1998 and 1999.    Trials were planted in
two major treatment blocks about 700m apart and in only one block parasitoids were re-
leased.  Within each block, three cultivars (two resistant and one susceptible) were planted in
plots and replicated four times.  Aphelinus hordei (2000/plot) was released augmentatively
once early in the season and the aphid population development was followed on a weekly
basis.

____________________________________________________________________________  Prinsloo
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As expected percentage infested tillers on the resistant cultivars was significantly lower
than on the susceptible cultivars.  Where A. hordei was released a further reduction in the
percentage of infested tillers was observed in the susceptible and the resistant cultivars (Fig.
1A and B). This is an indication that A. hordei is compatible with these cultivars.

Figure 1. Percentage infested tillers per plot in the presence of the parasitoid A. hordei (+P) or in the absence
of parasitoids on: (A) the susceptible cultivar Betta and (B) the resistant cultivar Gariep.  Arrows
indicate the date of parasitoid release.
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A number of crop plants have been genetically modified to express lectins, carbohydrate-
binding proteins, with the potential to protect the crop from sap-sucking pests such as aphids.
The lectin that has received most attention is the mannose-binding snowdrop lectin (Galanthus
nivalis agglutinin, GNA). Currently efforts are being made within the Indo-Swiss Collabora-
tion in Biotechnology (ISCB) to insert the gene that encodes for another mannose-binding
lectin, the garlic (Allium sativum L. (Amaryllidales: Alliaceae)) leaf lectin (ASAL), into chickpea
(Cicer arietinum L. (Fabales: Fabaceae)) (Romeis et al. 2004). The primary target is the aphid
Aphis craccivora Koch (Hemiptera: Aphididae), which is the transmitter of a number of viral
diseases. ASAL has been reported to affect Hemipteran species including A. craccivora in
artificial diet bioassays (Majumder et al. 2004). In aphids, lectins appear to act primarily by
reducing growth, development, and fecundity rather than causing mortality. This makes the
additional impact of antagonists such as predators and parasitoids necessary for pest control.
We have therefore compared the insecticidal properties of ASAL for the target pest and one
of its predators in the Indian chickpea system, the ladybird beetle Coccinella septempunctata
L. (Coleoptera: Coccinellidae).

Effects of ASAL on A. craccivora. The biological activity of mannose-binding lectins can
be confirmed by their agglutination properties of rabbit erythrocytes. The agglutination
properties of ASAL and GNA were compared and artificial diet tests were performed to
assess the effects on A. craccivora. Although agglutination properties of both lectins
were shown to be similar, strong differences in toxicity towards A. craccivora were found.
When aphids were fed with ASAL at concentrations ranging between 0.0001% and 0.1
(w:v), mortality after 8 days ranged between 50 and 100%. In contrast, only 14% mor-
tality was observed when aphids were reared on a 0.1% (w:v) GNA diet.

Effects of ASAL on C. septempunctata. Feeding 1st instar C. septempunctata with ASAL
dissolved in a sugar solution (0.1%, w:v) resulted in a significant decrease in predator

________________________________________________________________________  Romeis et al.
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longevity, which appeared to be due to feeding repellency rather than toxicity. No ef-
fects were apparent when the predator larvae were fed with aphids kept on artificial diet
containing ASAL.

Implications. The fact that ASAL shows a high activity towards the target pest, but has
little effect on the non-target predator species makes it an interesting compound to de-
ploy in transgenic chickpeas. To fully assess the potential of this transgenic approach it
has to be verified whether ASAL expressing chickpeas would eventually protect the
crop from virus infection.
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The phorid fly, Pseudacteon tricuspis Borgmeier (Diptera: Phoridae) has been released in many
parts of southern United States for biological control of red imported fire ant, Solenopsis
invicta Buren (Hymenoptera: Formicidae). However, little is known about the nutritional
ecology and foraging behavior and of phorid flies and the impact of sugar feeding on their
lifespan. We investigated the effect of sugar feeding on the longevity of female and male P.
tricuspis along with temporal patterns of nutrient accumulation and mobilization in flies pro-
vided different diet regimes.

Parasitoid longevity. Flies fed 25% sucrose continuously throughout their lifespan have
greater longevity than completely starved (provided no water and no sugar solution)
flies, sugar starved (provided water only) flies, or flies fed sugar solution only on their
first day of adult life (see Table 1). Flies fed 50% sucrose have similar survivorship as
those fed 25% sucrose. There was no significant effect of sex on longevity. Sex, how-
ever, had a significant effect on wing length with females being larger than males. P.
tricuspis adults are also able to utilize floral nectar from buckwheat and honeydew pro-
duced by cotton aphids, suggesting that availability of supplemental sugar sources near
its release sites may enhance the efficacy of P. tricuspis as a biological control agent of
imported fire ant.

Fadamiro and Chen __________________________________________________________________




