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Vector competence of biting midges: parameters
involved in virus transmission
Eva Veronesi
National Centre for Vector Entomology, Parasitology Department, University of
Zürich, Switzerland

Culicoides biting midges (Diptera: Ceratopogonidae) are worldwide distributed
arthropods, except of Iceland, New Zealand and Hawaii. These insects are very
important for medical and veterinary aspects as they can transmit pathogens
affecting both human (Oropuche virus) and ruminants (Bluetongue virus,
African horse sickness virus, Epizootic haemorragic disease, Schmallenberg and
Akabane virus). They can also cause severe nuisance in horses due to the aller-
gic reaction of their bite (sweet hitch). In the past years, northern Europe expe-
rienced large outbreaks of Bluetongue, with severe implication on the economy
resulting in a loss of about 60,000 holdings in only one year. There is no cure for
these diseases. Their spread can only be controlled by vaccination, animal
restriction movements and vector control. In this paper, several mechanisms
involved in the transmission of these viruses and interactions between the
pathogens and their vector Culicoides species will be explored.

Lectures

1.1 Aerial density of Culicoides (Diptera:
Ceratopogonidae) is influenced by livestock host 
species and distance to livestock in pasture
A.R.W. Elbers & R. Meiswinkel 
Central Veterinary Institute, Lelystad, armin.elbers@wur.nl

Little is known about the fine-scale distribution of Culicoides midges in the
landscape. The aim of this study was to investigate the influence of livestock
host species and distance of measurement to hosts on aerial midge density mea-
sured by aerial sweep-netting. The dairy cow was a far stronger attractor of
Culicoides midges than the sheep. Aerial Culicoides density declined significantly
with increasing distance from the hosts and much stronger for the dairy cow
than for the ewe. The declining relationship between Culicoides density and
distance to the host was best fitted by a leptokurtic function for the dairy cow,
for the sheep a linear and leptokurtic function fitted equally well.
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1.2 Effect of natural and synthetic odour blends on
malaria mosquitoes with different host preferences
Annette O. Busula, Willem Takken, Elizabeth Loy, Beatrice H. Hahn,
Wolfgang R. Mukabana & Niels O. Verhulst 
ICIPE, Kenya / Entomology, Wageningen University, obukosia@yahoo.com

The anthropophilic malaria mosquito Anopheles gambiae s.s. primarily takes
blood from humans, whereas its close sibling An. arabiensis is more opportu-
nistic. This study determined the effect of natural and synthetic odour blends on
these two species. In a semi-field trial, more An. gambiae and An. arabiensis pre-
ferred traps baited with CO2 than traps baited without odour. Human odour
attracted more of both species, although An. arabiensis was also attracted to cow
and chicken odours. A five-component synthetic blend was highly attractive to
both mosquitoes. These studies were continued under natural conditions where
odour blends were tested outdoors under the eaves of five traditional houses. In
this setting, the response of each species differed for each odour bait and catches
of An. arabiensis contained many blood-fed mosquitoes. Blood originated mostly
from cows. In conclusion, synthetic odour blends are highly effective for stan-
dardized monitoring of outdoor mosquitoes although not all mosquitoes will res-
pond equally to the same blend.

1.3 Aedes j. japonicus mosquito surveillance in the
province of Flevoland, The Netherlands
Adolfo Ibañez-Justicia, Marian Dik, Wietse den Hartog, Rens van den
Biggelaar & Arjan Stroo
Centre for Monitoring of Vectors (NVWA-CMV), Wageningen,
a.ibanezjusticia@nvwa.nl

Because of the established populations in Lelystad, and in Belgium and
Germany, the Asian bush mosquito Aedes j. japonicus, a putative vector of
Japanese encephalitis virus and West Nile Virus, seems to be well adapted to
European conditions, and a further spread is considered likely. In 2014, a speci-
fic monitoring program in Flevoland province (incl. Lelystad) has been imple-
mented to detect further populations, by visual inspection of potential breeding
sites and adult trapping: 24 allotment gardens, 6 cemeteries, 2 used-tire compa-
nies and 30 randomly generated locations using CO2-baited traps were monito-

red. Pre-imaginal Ae. j. japonicus were found only in allotment gardens in
Lelystad municipality, in January, April, August and September, showing the
species’ ability to hibernate as a larva in the Dutch climate. Samples outside
Lelystad were negative for the presence of Ae. j. japonicus.
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1.4 Distribution and ecology of Dermacentor 
reticulatus in The Netherlands
Arjan Stroo
Centre for Monitoring of Vectors (NVWA-CMV), Wageningen, c.j.stroo@nvwa.nl

The tick Dermacentor reticulatus is spreading its range in many countries in
Europe. It is a competent vector of canine babesiosis as well as many other dise-
ases, including human ones. The CMV studies the faunistics and ecology of the
species in The Netherlands and cooperates with the RIVM for analysis of the
resulting risk posed to human (and animal) health. An overview of the metho-
dology and first results will be given.

1.5 Mosquito surveillance in Amsterdam: urban 
ecology and options for mosquito control
J.A. Buijs, C.B.F. Vogels, C.J.M. Koenraadt, D. Cianci & A. Stroo
GGD, Amsterdam / NVWA-CMV & Entomology, Wageningen,
jbuijs@ggd.amsterdam.nl

In 2014 the public health service Amsterdam started a survey in collaboration
with CMV and WUR (Muggenradar) in order to determine the distribution of
mosquitoes in Amsterdam. The objective was to identify microhabitats suitable
as mosquito breeding sites and to determine the distribution of mosquito species,
sampled in 94 locations in five ecotopes. The survey gives insight in urban mos-
quito ecology and the (im)possibilities to down-regulate mosquito populations
and it forms the basis for risk models.

1.6 Muggenradar: a citizen science approach for 
mosquito surveillance
C.B.F. Vogels, L.J.J. van de Peppel, A.J.H. van Vliet & C.J.M. Koenraadt
Entomology, Wageningen University, chantal.vogels@wur.nl

A novel mosquito surveillance approach was developed involving Dutch citi-
zens in order to determine the geographic distribution and biting nuisance of the
Northern house mosquito (Culex pipiens) in The Netherlands: Muggenradar.
Citizens were asked to fill out an online questionnaire regarding mosquito nui-
sance and to send a dead mosquito specimen to our laboratory. Over 2,000 mos-
quitoes were submitted to the laboratory. Biotype analysis revealed interesting
findings about biting nuisance that cannot be found with traditional surveillan-
ce studies.
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1.7 Vector-borne disease intelligence: Dealing with
disease burden and threat in The Netherlands
Marieta Braks, Arjan Stroo & Hein Sprong
RIVM, Bilthoven / NVWA-CMV, Wageningen, marieta.braks@rivm.nl

Owing to the complex nature of vector-borne diseases, whereby monitoring of
human case patients does not suffice, public health authorities experience chal-
lenges. Knowledge on the presence and distribution of vectors and the pathogens
that they transmit is vital to a risk assessment process to permit effective early
warning, surveillance, and control of vector-borne diseases. By classifying the
surveillance structure into five contexts, we hope to provide guidance in optimi-
zing surveillance efforts.

2.1 Modelling butterfly circling behaviour
Wopke Wijngaard
Sint-Michielsgestel, wopke.wijngaard@home.nl

Chasing of moving prey or mates by insects is a common behaviour of species
from various orders. Two strategies have been discerned in the literature, pure
pursuit and interception. In pure pursuit the insect is always moving in the directi-
on of the target. Interception may occur when the insect is following a constant
bearing strategy. Examples of both strategies have been filmed. A most striking
example is the circling of two male Pararge aegeria butterflies. The circling will
be modelled as two insects chasing each other in pure pursuit.

2.2 The detection of explosive compounds by a 
parasitic wasp
M. Grobbe
Entomology, Wageningen University, sporenkunde@gmail.com

The screening and detection of volatile compounds indicating the presence of
explosives or contraband is becoming increasingly important within our modern
day society. The parasitic wasp Nasonia vitripennis could be a suitable candidate
for the detection of explosive volatile compounds. This presentation gives an
overview of recent work being done on the detection of RDX volatiles by this
parasitoid.
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2.3 Changing odours and colours: how plant responses
to pollination and herbivore infestation affect the 
behaviour of flower visitors
Dani Lucas-Barbosa, Pulu Sun, Anouk Hakman, Teris A. van Beek, Joop
J.A. van Loon & Marcel Dicke
Entomology, Wageningen University, dani.lucasbarbosa@wur.nl

We investigated how plant responses to pollination and insect herbivory affect
the behaviour of insect pollinators. Our results show that plants respond to pol-
lination and herbivore infestation with changes in the profile of volatiles and
phenolics. Herbivory and pollination influenced the volatile and phenolic profi-
le of leaves and flowers differently, and these changes in turn, influenced the
behaviour of a nectar and pollen in different ways. We discuss these results in
the context of trade-offs between plant defence and pollinator attraction.

3.1 Insect life history and the evolution of bacterial
mutualism
Lee Henry & Charles Godfray
Amsterdam / Oxford, leehenrym@gmail.com

Bacterial symbiosis has played a fundamental role in the evolution of eukaryo-
tes. However, we know little about how mutualisms with bacteria originate.
Here I use the facultative symbionts of 133 aphid species to test how insect life
history influences the evolution of bacterial mutualism. We find that ant-ten-
ding and plant specialization of insects affects the relationships they form with
symbionts. This provides evidence of the ecological conditions that facilitate
cooperative relationships between microbes and eukaryotes.

3.2 Insect symbionts and insect community dynamics
Enric Frago, Rieta Gols, Frank van Veen, Charles Godfray, Marcel Dicke &
Dirk Sanders
Entomology, Wageningen University, enric.frago@wur.nl

Appreciation of the complexity of insect communities has revealed the pivotal
role played by insect symbionts. Little is known, however, about their role in
mediating indirect species interactions (i.e., separated by more than one trophic
link). In microcosm laboratory experiments, but also in the field, we demonstra-
ted that the symbiont Hamiltonella defensa can have important implications for
the long-term dynamics and the diversity of aphid communities.
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3.3 The extraembryonic serosa protects the insect egg
against desiccation and infection
Chris Jacobs & Maurijn van der Zee
Biology, Leiden University, cgc.jacobs@biology.leidenuniv.nl

Insects can inhabit nearly all terrestrial habitats due to a well-protected egg. For
a long time the ability of eggs to survive adverse conditions has been attributed
to maternal investments. Contrary to common belief, insect eggs are far from
helpless. The insect egg itself develops a cellular layer around the egg called the
serosa, which protects the egg against desiccation and infection. We propose
that this multifunctional serosa contributed to the great success of insects.

3.4 Microbial mediation of plant-insect interactions
Arjen Biere & Timo Boom
Terrestrial Ecology, NIOO, Wageningen, a.biere@nioo.knaw.nl

Microbes can play crucial roles in the outcome of plant-insect interactions.
Insect-associated microbes, such as endosymbionts, can greatly enhance the abi-
lity of their insect hosts to exloit particular plant species. Likewise, plant-asso-
ciated microbes, such as mycorrhizae, can affect the suitability of their host
plants for insect herbivores. We investigate how mycorrhizae affect the nutri-
tional and defense quality of the leaves on their host plants and the consequen-
ces of these changes for herbivores and their parasitoids.

4.1 A new exotic beetle in Europe: benefit for ragweed
control and/or risk?
Suzanne Lommen, Urs Schaffner, Heinz Müller-Schärer and the SMARTER
Task Force ‘Ophraella’
Ecology & Evolution, Fribourg University, Switzerland, suzanne.lommen@unifr.ch

Since 2013, the exotic leaf beetle Ophraella communa is well established south of
the Alps. Its arrival may be a break-through with regard to the sustainable mana-
gement of its favourite host plant, the highly allergic invasive common ragweed
in southern Europe. However, Ophraella may also pose a risk to other plants, par-
ticularly sunflower. We here present the first results of a science-based assess-
ment of the potential risks and benefits of O. communa in Europe.
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4.2 Identifying antibiosis resistance sources to 
cabbage root fly, Delia radicum, among wild species in
the Brassica-complex
Shuhang Wang, Greet Steenhuis-Broers, Roeland R.E. Voorrips, Guusje
A.B. Bonnema, Nicole M. van Dam, Noortje Bas, Ben Vosman & Joop J.A.
van Loon
Entomology, Wageningen University, shuhang.wang@wur.nl

Cabbage root flies constitute the most damaging biotic factor in cabbage vegeta-
ble production in Western Europe and North America. Root fly larvae (mag-
gots) damage the root system early in the season which may result in plant mor-
tality or serious growth retardation. The presence of antibiosis against the lar-
vae was evaluated in wild Brassica species using greenhouse and field assays. In
2012, 95 accessions belonging to 18 Brassica-species were screened in a no-choice
field test. Fifteen accessions were selected and tested against root fly under
greenhouse conditions in spring 2013. Three accessions that showed few eclosed
flies and a low fly dry weight are considered highly resistant. Individual
resistant plants were crossed with susceptible plants to generate a mapping
population. We next aim to perform detailed analyses of larval behaviour, deve-
lopment and survival on the most promising accessions. Preliminary tests sug-
gested that freshly hatched larvae can choose between resistant and susceptible
plants as food sources.

4.3 The single and combined effects of pyrrolizidine
alkaloids and chlorogenic acid on survival of Western
flower thrips
Xiaojie Liu, Klaas Vrieling & Peter Klinkhamer
Biology, Leiden University, liuxiaojie1026@hotmail.com

We conducted a thrips bioassay (2nd instars) and investigated effects of 3 pyr-
rolizidine alkaloids and their corresponding N-oxides. We studied the interacti-
ons between chlorogenic acid and PAs. Bioassays revealed that retrorsine and
jacobine induced dose-dependent mortality while monocrotaline did not. The
free base of retrorsine and jacobine caused significantly higher mortality than
corresponding N-oxides. We observed antagonistic effects between CGA and
PAs. Specifically, the mortality was decreased by combinations of CGA and PA
compared to single compounds.
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5.1 Photoprotective compounds in mayflies
(Ephemeroptera: Baetidae) from extreme altitudes in
the Peruvian Andes
G. Bonthond, A. Spelt, R. Loayza-Muro, M.H.S. Kraak & J.A.J. Breeuwer
IBED, Amsterdam University, guido.bonthond@student.uva.nl

Mayfly nymphs inhabiting the clear shallow streams of the tropical Andes are
exposed to extremely high intensities of UV. By synthesis of the pigment mela-
nin, invertebrates can protect themselves against UV radiation. Carotenoids and
mycosporine-like amino acids (MAAs) are UV absorbing compounds which
have been less thoroughly studied. Both are not synthesized by animals but have
a microbial origin. From the analysis of a large collection of high altitude
Andean mayflies we conclude that some evolutionary lineages indeed are capa-
ble of utilizing microbial photoprotective compounds, in addition to melanin, in
order to persist the extreme UV radiation at high altitude.

5.2 Ecological speciation by temporal isolation in a
population of the stonefly Leuctra hippopus
(Plecoptera, Leuctridae)
Louis Boumans
Natural History Museum, Oslo, Norway, louis.boumans@nhm.uio.no

The population of the stonefly Leuctra hippopus in the Isterfoss rapids in central
Norway has distinct morphological and phenological features. Adults emerge
about a month earlier than those of nearby populations, and are short-lived.
Morphometric measurements, and AFLP fingerprinting and SNPs mined from
RAD sequences show that the population is clearly morphologically and geneti-
cally distinct and homogeneous compared to its geographical neighbours.
Temporal isolation is the most important direct barrier to gene flow, the shift in
reproductive season resulting from local temperature and water level conditions.

5.3 Host specificity in ticks
Raoul van Oosten, Erik Matthysen, Dieter J.A. Heylen, Kurt Jordaens,
Thierry Backeljau & Joel White
Biology, Antwerp Univerity, Belgium, raoul.vanoosten@uantwerpen.be

Many ticks have one or only a few hosts, but it is unknown whether this is due
to the inability to feed on uncommon hosts or simply because of a lack of con-
tact. In a number of experiments we evaluated host suitability of a number of
hosts for two ticks with different host seeking behaviour. We found that feeding
performance differs between ticks and hosts.
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5.4 Seasonal timing in a holometabolous insect: how
does the winter moth use photoperiodic cues?
L. Salis, E. van den Hoorn, D.G.M. Beersma, R.A. Hut & M.E. Visser
Animal Ecology, NIOO, Wageningen, l.salis@nioo.knaw.nl

Organisms synchronize their life-cycles to the annual variation in environmental
conditions in order to maximize their fitness. As temperature largely influences
insect development, a key question is whether temperature-induced advancement
of phenology in one life stage is carried over the following stages. Here I will dis-
cuss how wintermoths maintain annual synchronization at the adult stage, irres-
pectively of egg hatching. Our results emphasizing the importance of studying the
entire life-cycle to assess the impact of climate change on phenology.

5.5 Ecological requirements of the fauna of 
rich-structured woodlands: The silver-washed fritillary
(Argynnis paphia) as model species
B. Omon, M. Wallis De Vries & K. Veling
Vlinderstichting, Wageningen, bram.omon22@gmail.com

The woodlands on the calcareous slopes in the province of Limburg, The
Netherlands, are home to a rich flora and fauna. However, changes in forest
management appear to have led to a decline of characteristic species. Insight in
the drivers of species loss were lacking for the fauna of these woodlands.
Presented is a study that aimed to determine the factors that limit the distribu-
tion of the Silver-washed fritillary (Argynnis paphia), a butterfly that can serve
as a model species for this forest type.

6.1 The role of transformer-2 in Nasonia vitripennis
sex determination
E. Geuverink, A. Rensink, I. Rondeel, L. van de Zande & E. Verhulst
Evolutionary Genetics, Groningen University, e.geuverink@rug.nl

Sex determination in insects consists of a cascade of genes leading to the switch
doublesex which controls sexual differentiation. Its regulator transformer is present
in most insect orders. In some species it forms a complex in the sex determination
cascade with transformer-2, a conserved gene possibly involved in processes other
than sex determination. In the parasitoid wasp Nasonia vitripennis, sex determina-
tion is governed by maternal silencing of a yet unidentified primary signal and
maternal provisioning of female-specific transformer mRNA. Our results show
that the sex determining function of transformer-2 is conserved in N. vitripennis,
but the high mortality during transformer-2 knockdown in early developmental
stages indicates additional functions during embryogenesis. This mortality is
associated with ploidy level of the offspring and suggests a dosage effect.
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6.2 Exploring DNA methylation in a noctuid moth
Rik Lievers, Peter Kuperus, Dennis van Veldhuizen & Astrid T. Groot
IBED, Amsterdam University, r.lievers@uva.nl

We investigate whether phenotypic plasticity in the sex pheromone of noctuid
moths is due to epigenetic modifications, specifically DNA methylation. We use
methylation-sensitive AFLP analysis to examine whether there is variation in
DNA methylation between Heliothis virescens females that differ in their sex pher-
omone composition. Our first results show that females indeed vary in their methy-
lation patterns, that methylation patterns seem heritable, and that DNA methyla-
tion could potentially contribute to plasticity in sex pheromone composition.

6.3 Doublesex regulates sex specific dimorphism: A
study in Nasonia and Muscidifurax
Eveline C. Verhulst
Genetics, Wageningen University, e.c.verhulst@gmail.com

Insects have a remarkable diversity of sex specific morphologies, but the mole-
cular basis of this diversity is poorly understood. The conserved gene doublesex,
that sets the switch to male or female development is well described, but little is
known of its downstream targets that shape the sex-specific characteristics. To
study this I use three closely related parasitic wasp species, Nasonia vitripennis,
Muscidifurax uniraptor and M. raptorellus. Here, I present some results of my rese-
arch into the doublesex gene of all three species.

6.4 First insights into the embryonic development of
the damselfly Ischnura elegans
Sabrina Simon
Biosystematics, Wageningen University, sabrina.simon@wur.nl

Here, we fill in an important gap for future comparative gene expression analy-
ses by analyzing and comparing transcriptomic data across the whole embryo-
nic development of the damselfly Ischnura elegans. Pilot analyses reveal three
switches of transcriptional activity, identified by the transcriptome relations-
hips among the 9 stage-specific profiles during Ischnura development. The new
development-dependent transcriptomic information of this non-model orga-
nism will not only provide resources to quantify variability in gene expression
across developmental stages within a species, it will also help to further under-
stand insect development, e.g., how the segmental body plan is patterned and
how the timing of segmentation has diverged during insect evolution.
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6.5 Meta-analysis of dietary restriction microarrays in
Drosophila melanogaster
Jelle Zandveld, Joost van den Heuvel, van den Akker & Bas Zwaan
Genetics, Wageningen University, jelle.zandveld@wur.nl

Dietary restriction (reduced nutrient intake without malnutrition) increases
health in from flies to mammals. To find out whether similar processes are
involved between organisms, we first should check whether within one orga-
nism there's consistency in gene transcription responses to diet. Our meta-ana-
lysis of fly microarray data shows obvious inconsistencies between studies, that
may be explained by the egg laying response only. This talk will give more
insight in what whole genome transcription tells us.

7.1 Timing effects of herbivory on induction of plant
defense and insect performance depend on plant
mycorrhizal status
Minggang Wang, T. Martijn Bezemer, Wim H. van der Putten & Arjen Biere
Terrestrial Ecology, NIOO, Wageningen, m.wang@nioo.knaw.nl

We examined how timing of aboveground herbivory by Spodoptera exigua
influenced the response of Plantago lanceolata to later arriving conspecifics and
whether these responses were modulated by mycorrhizal colonization. Induced
defense, measured as reduced leaf area consumption by later arriving caterpil-
lars, increased with time since induction, but only on non-AMF plants.
Mycorrhizal colonization itself caused an increase in defense metabolite (catal-
pol) concentrations in shoots and reduced the relative growth rate of caterpillars.

7.2 Testing the generalist-specialist dilemma: The role
of pyrrolizidine alkaloids in resistance to invertebrate
herbivores in Jacobaea species
Xianqin Wei, Klaas Vrieling, Patrick P.J. Mulder & Peter G.L. Klinkhamer
Biology, Leiden University, weix@biology.leidenuniv.nl

Plants face an evolutionary dilemma from the contrasting effects of generalist
and specialist herbivores on SMs. To test this hypothesis, bioassays were perfor-
med with F2 hybrids from Jacobaea species segregating for their pyrrolizidine
alkaloids (PAs), using a specialist flea beetle (Longitarsus jacobaeae) and a gene-
ralist slug (Deroceras invadens). We concluded that the generalist herbivores
were deterred by different structural groups of PAs while the specialist herbivo-
res were attracted or adapted to PAs in their host plants.
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7.3 To fight or to escape: How do plants cope with 
herbivore attack?
K. Moisan, R. Las, J.J.A. van Loon, M. Dicke & D. Lucas-Barbosa
Entomology, Wageningen University, kay.moisan@wur.nl

This study addresses herbivore-induced resistance and allocation of resources by
plants upon herbivory, in four brassicaceous plant species. These plant species
differed from each other in levels of direct and indirect resistance, and all stu-
died plant species showed some degree of tolerance to herbivory by Pieris brassi-
cae. Remarkably, some plant species invested in reproduction upon herbivory,
whereas others invested in root biomass and carnivore attraction. During this
talk, the underlying mechanisms will be addressed.

7.4 Consequences of intra-specific variation in aphid-
induced plant responses on herbivore and carnivore
community composition
Y. Li, J. Stam, E. Poelman, M. Dicke & R. Gols 
Entomology, Wageningen University, yehua.li@wur.nl

Both plant genotypic differences and induced phenotypic changes could structu-
re the insect community. Using wild cabbage populations (Brassica oleracea) that
differ in both constitutive and inducible defensive chemistry, in a common gar-
den experiment, we investigated the effect of intra-specific variation in aphid-
induced (Brevicoryne brassicae) plant responses on herbivore and carnivore com-
munity composition. In addition, we monitored parasitism dynamics of one
common crucifer specialist Plutella xylostella in more detail.

7.5 Dead or alive, disentangling the biotic and subsidy
effects of aboveground and belowground organisms on
plant-insect-soil interactions
Martijn Bezemer
Terrestrial Ecology, NIOO, Wageningen, m.bezemer@nioo.knaw.nl

It is well established now that aboveground and belowground organisms that live
in separate domains can interact via the shared host plants. What is frequently
overlooked in these so called ‘aboveground-belowground’ experiments is that, as
they contain nutrients, the effects of addition of those organisms can be due to
their biotic interactions such as plant-herbivore interactions, but also due to nutri-
ent subsidies. I will present the results of an experiment in which we tested the
effects of introducing live or dead grasshoppers and earthworms on plant commu-
nity composition, and aphid and parasitoid abundance. I will show that the effects
of adding dead organisms can be as large as the effects of live organisms, whereas
only the latter effects are usually considered in this type of research.
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8.1 Entomoarchaeology as part of a multidisciplinary
study of a soil core near the Roman site Fectio,
Utrecht province
Tom Hakbijl
Naturalis, Leiden, tom.hakbijl@naturalis.nl

The analysis of a soil core indicated heavy environmental impact (deforestation)
around the military site. The analysis of insect remains appeared particularly
useful in understanding the nature of the various archaeological layers, type of
dung, food of horses, state of food, stored products pests, taphonomy of these
pests, presence of human ectoparasites and the water quality of the Rhine. A
number of species found no longer belong to the Dutch fauna.

8.2 Which species should we count? Improving an  
indicator species approach for nature conservation in
wet heathland.
M.J. Courbois
Wageningen University, matthijscourbois@gmail.com

In nature conservation policy there is a long debate about restoration for certain
species or restoration of a whole habitat. This study presents an improved fra-
mework to assess habitat quality with indicator species and species trait groups.
Occurrence of butterflies, grasshoppers, ants, ground beetles, bees, hoverflies,
moths, amphibians, reptiles, plants and mosses was studied. The improved fra-
mework provided a better prediction of the habitat quality then the original one,
or just wet heathland plants. This shows that the prediction of nature quality is
better when both trait groups are used and also when more different species
groups are used in an assessment.
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Posters

Photoprotective compounds in Mayflies from high 
altitudes of the tropical Andes
G. Bonthond, A. Spelt, R. Loayza-Muro & M.H.S. Kraak
IBED, Amsterdam University, guido.bonthond@student.uva.nl

Invertebrates inhabiting high altitudes can protect themselves against increased
UV irradiance by synthesizing melanin, a pigment capable of absorbing UV
wavelengths. Less thoroughly studied UV absorbing compounds are carotenoids
and mycosporine-like amino acids, both of which are from microbial origin but
can be acquired by dietary accumulation or from endosymbionts. To study whe-
ther high altitude mayflies utilize carotenoids and MAAs as defense against
UV, additional to melanin along an altitudinal gradient we collected Baetidae
larva from the Andes, classified those to genus level by DNA sequencing and
analyzed pigment concentrations with spectrophotometry and HPLC.

Thermal mismatches in a soil food web, investigated
by artificial heat waves in a natural ecosystem
Oscar Franken, Jacintha Ellers, Herman A. Verhoef & Matty P. Berg
Animal Ecology, Vrije Uiversiteit Amsterdam, oscarfranken@gmail.com

Increases in extreme climatic events, such as heat waves, can have severe
impacts on food web composition if interacting species differ in their ability to
cope with heat. However, species can quickly adapt through genetic changes and
phenotypic plasticity. We used a trait-based approach to investigate the sensiti-
vity of species to high temperatures by measuring the Upper Thermal Limit
(UTL) of individuals. There are clear differences in UTL between families of
soil arthropods which can lead to mismatches between interacting species. Also,
there is evidence that artificially induced heat waves induce the UTL of some
species, and whether this shift is caused by genetic adaptation or  phenotypic
plasticity is currently under study.

Miniature Masterminds - Relative investment in brain
neuropil in miniaturized Nasonia parasitoids
Jitte Groothuis & Hans Smid
Entomology, Wageningen University, jitte.groothuis@wur.nl

We studied whether isogenic Nasonia vitripennis parasitoids simply ‘scale down’
their brains upon miniaturization by scramble competition or whether they dif-
ferentially allocate resources to different neuropils. After dissection, neuropils
were visualized using immunofluorescence and volumes analysed. Miniaturized
wasps have brains 2.6× smaller than normal wasps with significantly (relative-
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ly) smaller optic lobes and mushroom bodies. The relative volume of the central
complex is larger and the antennal lobe is unchanged. This confirms that small
brains are not scaled versions of larger brains and indicates that olfactory infor-
mation is of higher ecological importance than visual information.

The specialist baculovirus SeMNPV egt gene 
facilitates tree-top disease in their Spodoptera exigua
caterpillar hosts
Yue Han, Stineke van Houte, Vera I.D. Ros & Monique M. van Oers
Virology, Wageningen University, yue.han@wur.nl

Many parasites enhance their transmission by manipulating host behaviour.
One example concerns baculoviruses that induce hyperactivity and tree-top
disease (i.e., climbing to elevated positions prior to death) in their caterpillar
hosts. Little is known about the underlying mechanisms of such parasite-indu-
ced behavioural changes. Here, we studied tree-top disease in Spodoptera exigua
caterpillars induced by the specialist baculovirus S. exigua multiple nucleopoly-
hedrovirus (SeMNPV). SeMNPV induces a light-dependent climbing behavi-
our prior to death in S. exigua larvae. Moreover, deletion of either the open rea-
ding frame or the ATG start codon of the viral ecdysteroid UDP-glucosyltrans-
ferase (egt) gene prevents this induced behaviour, indicating that the EGT pro-
tein is required for inducing tree-top disease. We hypothesize that EGT induces
this behavioural change indirectly via prolonging the larval time to death.

Changing colours and odours: Exploring cues used by
insect pollinators of Brassicaceae plants
Katherine Barragán, Joop J.A. van Loon, Marcel Dicke & Dani Lucas-
Barbosa
Entomology, Wageningen University, dani.lucasbarbosa@wur.nl

Visual and olfactory cues are among the most important floral traits exploited
by pollinating insects. Here, we investigated post-pollination changes and its
effects on the behaviour of flower visitors, and flower volatile emission in two
brassicaceous plant species. Interestingly, results show that pollinators exploit
different visual and olfactory traits when searching for nectar or pollen of flo-
wers of two close related plant species. Results correlate well with floral volati-
le emission by the studied plant species.
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To be in time: egg deposition enhances plant-mediated
detection of young caterpillars by parasitoids
Foteini G. Pashalidou, Rieta Gols, Boris Berkhout, Berhane Weldegergis,
Joop J.A. van Loon, Marcel Dicke & Nina E. Fatouros
Entomology, Wageningen University, foteini.paschalidou@wur.nl

When parasitic wasps forage for hosts that feed on plants, they use plant volati-
les induced by herbivore activities such as feeding and oviposition. Little is
known on how wasps exploit specific plant volatiles over time, and which com-
pounds indicate changes in host quality. We show stronger attraction of wasps
to plants previously exposed to egg deposition, shortly after larval hatching.
Wasp preference changed at later time points towards plants induced by larval
feeding only. Moreover, the temporal changes in parasitoid attraction matched
with dynamic changes in the chemical composition of the plant volatile blends.

Flexible morphology and task allocation in workers of
the stingless bee Frieseomellita paupera
L.L.M. de Bruijn, M.E. Wunderink, G. Solomon & M.J. Sommeijer
Behavioural Biology, Utrecht University, m.j.sommeijer@uu.nl

Young stingless bee workers perform hive duties and nurse brood, older workers
forage. This system of allocating tasks is flexible, workers remain performing
hive tasks when the needs of the colony so require. In Frieseomellita paupera Prov.
(Hymenoptera, Meliponinae) newly hatched workers are completely pale, and
workers usually pass through several colour stages before turning completely
black not before the age of 7 weeks. We relate the remarkable colouration pro-
cess to the typical behaviour of brood cell provisioning.

Increase of plant resistance with rhizosphere 
competent entomopathogenic fungi (EPF)
Rob van Tol
Biointeractions & Plant Health, PRI, Wageningen, rob.vantol@wur.nl

Entomopathogenic fungi are able to kill insects and are as such a potential mean
for pest control. Recently it was discovered that these fungi can also colonize
plant roots. Most previous work with EPF has ignored the habitat preferences
and survival of the fungus outside of the host. It is possible that factors associa-
ted with fungal biology outside of the host are more important when selecting
an isolate than how pathogenic it is against a particular host in a laboratory bio-
assay. We identified several rhizosphere-competent EPF with high virulence for
soil insects. Further, olfactory behaviour of cockchafer grubs indicated the
existence of a tritrophic relation between plant roots, EPF and soil insect. The
nature of the relation between plant and EPF is still to be determined in research.
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Identification of baculovirus F protein homolog in
Anopheles darlingi with a possible membrane fusion
function
Qiushi Wang, Just M. Vlak, Vera I.D. Ros & Berend Jan Bosch
Virology, Wageningen University, qiushi.wang@wur.nl

Baculovirus F proteins are essential envelope proteins that mediate low pH-trig-
gered membrane fusion as initial step of virus entry into host cells. Here we
report on a novel cellular protein encoded by the Anopheles darlingi (Culicidae)
genome, not only with amino acid sequence homology but also with functional
similarity to baculovirus F proteins. The A. darlingi cellular protein (Ad-F) con-
tains an N-terminal signal peptide, a furin cleavage site, predicted coiled-coil
domains, a conserved motif and a partly conserved fusion peptide. Protein struc-
ture modeling showed that Ad-F and baculovirus F congrue in a similar fashion
with the respiratory syncytial virus F protein. Phylogenetic analysis suggests
that Ad-F has evolutionary links with baculovirus F proteins as well as insect
retrovirus envelope proteins. Similar to baculovirus F proteins, Ad-F protein
was able to be cleaved by cellular furin and incorporated as a covalently linked
homodimer into pseudotyped vesicular stomatitis virus lacking its own G
encoding gene (VSVΔG). These data provide the first evidence that baculovirus
F genes may have been domesticated and adapted to a cellular function in mos-
quito. In contrast to baculovirus F proteins, cell-cell fusion mediated by Ad-F
was pH-independent. The Ad-F protein was able to mediate entry of the
pseudotyped VSVΔG into the mosquito cell line C6/36 if Ad-F was expressed
in these cells rather than only expressed in VSVΔG viruses. Together, all these
features of Ad-F resemble the asymmetric tethering and fusion mechanism of
the dimeric Golgi microtubule-associated protein (GMAP-210).
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