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Preface

This volume contains the proceedings of the 23rd annual meeting of – mostly
experimental and applied – entomologists in The Netherlands, held on Friday 16
December 2011, in Ede, near Wageningen. As every year, the Section Experimental and Applied Entomology (SETE) of the Netherlands Entomological Society
(NEV) organized the meeting. The invited plenary lecture was presented by Dr.
Peter H. Nibbering (Infectious Diseases, LUMC, Leiden), on the use of medicinal maggots in chronic wounds.
Amateurs, students and professional scientists who present their work at the
meeting are given the opportunity to publish in the proceedings. This has resulted in the six papers making up this volume. Apart from few corrections of apparent mistakes, all manuscripts are published essentially as they were handed in.
At the end of this volume, the abstracts of all presentations – talks and posters
– are included.
Jan Bruin
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Control of hovering flight during oviposition by
two species of Bombyliidae

Wopke Wijngaard

Dahliastraat 9, 5271 HB Sint-Michielsgestel, The Netherlands
E-mail: wopke.wijngaard@home.nl (http//www.insect-behavior.nl)

The evolutionary history of species can be revealed in part by studying
behaviour. In many species of Bombyliidae the females possess a sand
chamber to coat their eggs with dust before oviposition. Generally oviposition behaviour of these females consists of a hovering phase ending
with a swing of the abdomen to fling an egg into or near a nest entrance
of a possible host. For two species, Bombylius major and Anthrax anthrax,
this behaviour has been filmed with 300 frames/s. The details have
been quantified using a model from control theory. The parameters of
the model characterize each species. In B. major in the hovering phase
the distance to the nest entrance is diminished while the loop gain is
increasing. In A. anthrax the distance is oscillating around a constant
value, as a result of bi-level distance control. Anthrax anthrax is inspecting the hole before starting the hovering phase and mostly delivers only
a single egg at the hole, with a maximum of two; B. major will even
hover near a shadow and may deliver many eggs at one place.
Keywords: Bombyliidae, oviposition, position control, model

The study of animal behaviour is revealing evolutionary relationships between
species (Alcock 2005). Behavioural characters may be used to construct a phylogenetic tree (de Queiroz & Wimberger 1993). As an example the nesting behaviour in the genus Osmia (Hymenoptera: Megachilidae) has been used to construct a phylogenetic tree (Bosch et al. 2001). Unfortunately the collection of
behavioural data is time consuming. In this paper data for the oviposition behaviour of two species from the family Bombyliidae (Diptera) are discussed. The
data have been obtained by filming the behaviour.
The family Bombyliidae is particularly interesting because of its morphological diversity and a unique oviposition behaviour shared by many species.
Females of these species at first charge their sand chamber with dust to be able
to coat the eggs. Afterwards they fly to a suitable oviposition site and, while
hovering, oviposit by flicking eggs with vigorous motions of the abdomen
(Yeates 1994). Here the oviposition behaviour of two species from different subPROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012
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families, Bombylius major (L.) (subfamily Bombyliinae) and Anthrax anthrax
(Schrank) (Anthracinae), is investigated in more detail. The females of these
species are shooting eggs in the nesting holes of solitary bees. Before shooting an
egg the females are hovering near the nest entrance for a few seconds. The overall oviposition behaviour is similar for both species. In detail there are some
species-specific differences. A control model will be helpful in describing the
details of the behaviour.
The general structure of a control model is given in Fig. 1. In the literature a
model of hovering behaviour has been given for insects of different orders.
Examples are the hovering of the hummingbird hawk moth Macroglossum stellatarum L. while feeding (Farina et al. 1994) and the hawk moth Manduca sexta L.
(tobacco hornworm) (Sprayberry & Daniel 2007). Another example is the hovering of the male hoverfly Eristalis nemorum (L.) above a female (Wijngaard
2010). In this paper the oviposition behaviour of B. major and A. anthrax will be
modelled in order to obtain a detailed description of this behaviour.
MATERIALS AND METHODS
The camera which has been used for filming is a Casio EX-F1. The camera has
been used to film in a high speed mode with 300 frames per second. The films
have been analysed using the Tracker Video analysis and modelling tool (version 2.14), ‘Tracker’ for short (http://www.cabrillo.edu/%7Edbrown/tracker/
index.html). The position of one clearly recognizable point of the fly has been
measured, i.e., the centre of the head as seen from above. For the nesting hole a
point at the rim has been chosen. The results for behaviour near one nest
entrance are called ‘tracks’. The ‘tracks’ are coded by the date and time of recording the film and a code for a specific track of the film. Track 280311_1437B is track
B from the film recorded March 28 2011 at 14:37 hours. Calculations have been
performed with Matlab.

Bombylius
Bombylius major is using the nests of mining bees. Females were filmed with a
hand-held camera near Nijmegen in April 2010 and near Grave, both The
Netherlands, in March and April 2011. Parts of the film with much movement
along the line of sight have been discarded. For most tracks the distances are esti-

Figure 1. General control model.
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mated in cm. When no other scale is available in the field of view, the unit of
distance is chosen to be the length of the female, approximately 1.4 cm. The
analysis is using relative distances, transformation from units to cm is therefore
not necessary in estimating the parameters of the model.

Anthrax
Anthrax anthrax females were filmed in the spring of 2011, at an insect hotel in the
nature reserve ‘Strabrechtse Heide’ near Heeze and an insect hotel near Boxtel,
both The Netherlands. The unit of distance is chosen to be the length of the fly,
between 0.7 and 1.4 cm. Filming is sometimes oblique with respect to the direction of movement. The analysis is using relative distances, transformation from
units to cm and correction for oblique filming is therefore not necessary in estimating the parameters of the model.
RESULTS
Oviposition behaviour of B. major and A. anthrax shows some similarities. Both
species are hovering near the nest entrance of a solitary bee for a few seconds and
by a swing of the abdomen an egg is shot into the hole. Bombylius major females
shoot their eggs not only in real nest entrances, but in almost every dark spot.
Sometimes they remain hovering and shooting many eggs into the same hole.
Anthrax anthrax is at first landing near the hole and inspecting it before starting
the egg-depositing behaviour. Mostly only one egg is shot into a hole. Details are
given for each species separately.

Bombylius major
In a nesting aggregation of solitary bees (i.e., Andrena vaga Panzer), B. major
females are hovering around apparently looking for a nest. Every now and then
the fly is decelerating and after a short while she swings her abdomen forward
shooting an egg into or near a nest entrance. In most cases, the female moves on,
looking for more nest entrances. However, sometimes the fly stays at a nest
entrance and shoots more eggs into the same hole. In a period of 1 h on March
28, 2011, egg shots into 25 different holes have been filmed. In 20 of these 25 holes
only one egg was shot. In the remaining five holes a total of approximately 50
eggs were shot. Here the discussion will be restricted to the case with more than
one egg in a hole.
On one occasion oviposition was filmed on a horizontal sandy patch of soil.
From the position of the fly and her shadow the height of the fly above the sand
could be calculated. In this case the female is displaying the ‘egg shooting’
behaviour near the shoe of the author. Probably the shadow between the shoe
and the ground was seen by the female as a nest entrance. Five consecutive egg
shots were filmed with 300 frames/s of which only 100 frames/s was used. The
position of the head of the fly was evaluated numerically with ‘Tracker’. The
11
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measured horizontal distance (cm) of the head of the fly with the rim of the shoe
as a function of time is given in Fig. 2. The five egg shots are clearly visible. Fig.
3 shows a detail of Fig. 2 with the second egg shot. From Fig. 2 and Fig. 3 characteristic features of the signal are: (A) In anticipation of an egg shot the fly is
diminishing the distance to the hole or nest entrance with velocity 1.78 ± 0.46
cm/s. (B) In Fig. 3, in a time interval of 0.7 s before the second egg shot, the distance is oscillating with a period of 0.324 s. This oscillation is also present with
the other egg shots. The result for the five egg shots is 0.313 ± 0.013 s. A quantitative criterion for oscillation is given in Appendix 1. (C) The time interval
between egg shots is approximately constant (2.7 ± 0.2 s).
Sometimes eggs are visible at the abdomen of the female Bombylius. In these
cases the time interval between egg shots may range from 1 to even 14 s. These
cases are interpreted as abnormal and are excluded from the following discussion. The case with approximately equal intervals will be interpreted as ‘normal’. Features A and B have been evaluated quantitatively for ‘normal’ tracks
with a total of 30 egg shots, including the results of Fig. 2. The results are: (A)

Figure 2. Horizontal distance of female Bombylius major to the rim of the shoe. Five egg
shots are visible. Track 230410_1605, distance in cm.

Figure 3. The measured horizontal distance for the second egg shot from Fig. 2.
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in general, the distance is diminishing before the egg shot, and (B) the fly is
oscillating clearly in 21 out of 30 egg shots. When oscillating, the period has a
value of 0.25 to 0.33 s.
Feature C, the time interval between egg shots into the same hole, has been
measured for several films. On one occasion more than 25 shots into the same
hole were delivered of which the first 19 shots have been filmed. The intervals
between these shots as a function of time are given in Fig. 4. The interval is nearly constant.
A possible exception concerning feature A (diminishing distance) has been
found: in Fig. 5 the first egg shot is preceded by an interval in which the mean distance is decreasing. Between the first and the second egg shot the mean distance
is constant. In this case there was no hole or black patch visible in the neighbourhood, only some grass shoots. The fly may switch between points of interest.

Figure 4. Bombylius major oviposition of 19 eggs into one hole. Interval as a function of
time. Track 280311_1437.

Figure 5. Bombylius major. In this track the mean distance before the second egg shot is
approximately constant. Track 290311-1505B.
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Anthrax anthrax
Anthrax anthrax delivers mostly only one egg at each hole. Anthrax females will
inspect the hole before shooting an egg. After inspection Anthrax starts a hovering phase in front of the hole, oscillating around an approximately constant distance. The oscillation is sometimes very pronounced as given in Fig. 6. In Fig. 6
along the vertical axis the distance between the head of the fly and a point at the
rim of the hole is displayed as seen by the camera. The unit of distance is the
length of the fly. The fly is moving obliquely to the viewing axis of the camera
approximately along a straight line. Therefore the distance as seen by the camera is approximately proportional to the real distance between the head of the fly
and the point at the rim of the hole.
From Fig. 6 the characteristic features of the signal are: (A) the female
Anthrax is not diminishing the mean distance to the hole in anticipation of an
egg shot, (B) the distance is oscillating with a period of 0.21 s, and (C) the time
between end of inspection and egg shot is 2.40 s.
These features have been evaluated for more tracks, with the result: (A) the
female Anthrax is not diminishing the mean distance to the hole in anticipation
of an egg shot, (B) oscillation is sometimes irregular; when regular for an interval >0.6 s as in Fig. 6, the period is 0.195 ± 0.033 s (from eight tracks), and (C) the
time between end of inspection and egg shot is 1.89 ± 0.40 s (from 11 tracks).
THE MODEL
The results suggest a distance control system that is sometimes oscillating. The
proposed model (Fig. 7) is adapted from the model that was used for the hoverfly E. nemorum (Wijngaard 2010). The movements are approximately along a
straight line, therefore the model is chosen to be one dimensional. In the model

Figure 6. Anthrax anthrax oviposition behaviour. Vertical axis: Distance from head to
hole as seen by the camera, approximately proportional to the real distance. Track
250511_1528 unit distance=length of the fly.
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the physical distance r between female and hole is filtered by a first-order filter
as a model of the neural calculation of distance. The result is the estimated distance restim. This estimated distance is compared with the reference value rref, the
result is amplified by a controller. The output of the controller is input of a filter representing the mechanical inertia. The output of this filter is the physical
velocity vF. The velocity is integrated to obtain the position xF. The availability
of an egg in the sand chamber is a supervisory parameter (see sections on
Bombylius and Anthrax). The complete model is given in digital form in
Appendix 2. The control system consists of a feedback loop with two first-order
systems and an integrator in series, therefore the system will oscillate when the
amplification effected by the controller is large enough. The period of oscillation
delivers an estimate of the time constants.
For Bombylius the controller is a proportional controller with gain Kr. The gain
Kr and the reference value are controlled by the egg availability parameter. Egg
availability is chosen 0 for a time of the order of 0.5 s after an egg shot. Egg availability is increasing linearly with time until an egg shot occurs. Kr is chosen proportional to the egg availability. The reference value as a function of egg availability is given in Fig. 8. The parameters are adapted to fit the experimental signals.

Figure 7. The one dimensional model.

Figure 8. Reference as a function of egg availability. Parameters: basic reference, egg
threshold and slope tan(α).
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It is assumed that an egg will be shot when the estimated distance is smaller
than a threshold and the egg availability is large enough. When this occurs the
egg availability is reset to zero, the reference is reset to its initial value and an
extra feedforward pulse is added to the force to simulate the fast retraction of the
fly to a larger distance. The model has been used to simulate the experimental
signal of Fig. 2. The result is given in Fig. 9. The model shows the oscillation and
the diminishing distance before the egg shot correctly. The time interval
between the last two egg shots is too small, this may be repaired by choosing a
smaller distance threshold for the last shot.

Figure 9. Bombylius major. Comparison between experiment (Fig. 2) and model. For
parameters see Appendix 2.

Figure 10. Anthrax anthrax. The experimental distance compared with the simulated signal. Track 250511_1528.
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For Anthrax, in cases like Fig. 6, oscillation is starting right after the inspection phase with only a small delay. Oscillation continues until the egg shot
occurs. This is in accordance with the use of a bi-level controller (Lewis & Yang
1997) with output changing sign when the estimated distance equals the reference. The egg shooting phase of the behaviour is started when the egg availability is larger than 0.95 and the estimated distance is smaller than the reference
and the estimated distance is decreasing. In the egg shooting phase the force generated by the bi-level controller and the reference value are increased. After a
delay the force generated by the bi-level controller and the reference value are
again set to their default values. In Fig. 10 the modelled and the experimental signal of Fig. 6 are compared. For the model the time constants are τ = τv =0.032 (s)
generating an oscillation with period 0.188 s. From the period of oscillation it is
not possible to calculate the two time constants independently. The model does
not explain the changing mean distance.
DISCUSSION
The behaviour has been filmed in the field. Mostly the movement of the female
flies was not perpendicular to the line of sight of the camera. However in many
cases the movement was approximately along a straight line. In these cases the
form of the movement as a function of time could be discerned. The oscillation
period could be accurately evaluated. The distance is evaluated with respect to
an easily recognizable point near the rim of the hole in the direction of movement of the fly. The exact point at which the fly is orienting is not known.
In modelling it has been assumed that the distance will be controlled. As an
alternative for Anthrax the position of the hole in the field of view may be controlled. This option has not been elaborated due to the inability to evaluate the
position of the hole in the field of view from the films.
For Bombylius it has been assumed that the controller is a proportional controller with gain Kr proportional to the egg availability. As an alternative the
controller may be a bi-level controller started when the egg availability is
increasing above a threshold. This may explain the fact that after an egg shot the
distance to the hole at first is at different levels (see Fig. 2). The results for the
second egg shot in Fig. 5 are also in line with this interpretation. In a bi-level
controller the oscillation will start with a large amplitude as soon as the controller is functioning.
The results of the model are dependent on many parameters. Due to the nonlinearities introduced by thresholds the results are sensitive to small changes in
parameters and starting values. Small perturbations may lead to large differences. Therefore an exact fit between model and experiment in Fig. 9 has not
been possible.
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Conclusions
The oviposition behaviour of B. major (Bombyliidae, subfamily Bombyliinae)
and A. anthrax (subfamily Anthracinae) shows some common characteristics.
After a hovering phase eggs are delivered to a possible nest entrance of a solitary
bee. This general behaviour is probably characteristic for species of the family
Bombyliidae with a sand chamber (Yeates 1994). A striking difference between
Bombylius and Anthrax is the inspection phase of the hole present in Anthrax but
not in Bombylius. A second difference is the characteristic diminishing of the distance before egg shooting by Bombylius not to be found with Anthrax. In
Bombylius the oscillation is starting in the last phase of hovering when the distance is diminishing. With Anthrax the oscillation is starting with the end of the
inspection phase.
It will be of much use to relate this behaviour to the position of the species in
a phylogenetic tree (Yeates 1994). In the extensive literature on Bombyliidae
only few remarks about behaviour can be found. Heterostylum robustum (Osten
Sacken) (Bombyliinae) is never landing for inspection as part of its oviposition
behaviour (Stephen 1959, Hull 1973). This implies the absence of an inspection
phase. Some aspects of the behaviour of B. major are present in other
Bombyliinae, such as Systoechus autumnalis Becker, using locust egg pods in a
way reminiscent of the behaviour of B. major by laying sometimes 20 eggs at one
location (Merton 1959).
The results for the oviposition behaviour of B. major and A. anthrax are suggesting the following characters for use in the derivation of a phylogenetic tree:
(1) mean distance to the hole while hovering decreases in anticipation of the egg
shot: yes/no; (2) bi-level or proportional control; (3) inspection of hole before
start of the hovering phase of the oviposition behaviour: yes/no; (4) start of
oscillation of distance with take-off or later; and (5) maximum number of eggs
shot into one hole.
It is expected that the quantitative study of behaviour in Bombyliidae will
reveal many interesting results.
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Appendix 1
Criterion for oscillation in Bombylius major
At first a time interval of 0.7 s before the egg shot will be detrended. This
detrended signal is fitted with a sinusoidal function. The value of the goodness
of fit R2 is calculated. 1-R2 is the unexplained variance. The criterion for oscillation is R2 >0.5. In Fig. A1 R2 = 0.82 >0.5, indicating oscillation. For information on
the goodness of fit see: http://en.wikipedia.org/wiki/Coefficient_of_determination (accessed 7 December 2011).

Figure A1. Calculation of the criterion for oscillation. Experimental results from Fig. 2.
Track 230410_1605.
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Appendix 2
Calculation loop for Bombylius major
Parameters in red
for k=2:N

T=0.001 (integration time)

egg=egg+0.435*T;

egg = egg availability, increasing with time

Kr=Kreggfac*egg;

Kr depends on egg availability

If egg>eggthresh
rref=rrefmax-(egg-eggthresh)*5.5;
else
rref=rrefmax;
end;

Calculation of reference value rref.
[tan(α)= -5.5 see Fig. 8]

xF(k)=xF(k-1)+T*VF(k-1);

Position xF is calculated with velocity VF as input.

r(k)=abs(xF(k)-0);

Calculate physical distance, r(k)

restim(k)=(1-Mv)*restim(k-1)+Mv*r(k);

Filtering physical distance r(k) to obtain the estimated
distance restim(k)

feedforward=feedforward*(1-M);

Feedforward is diminishing with time constant τ

force=Kr*(rref-restim(k))+feedforward;

Controller

VF(k)=(1-M)*VF(k-1)+M*force;

Filtering the force to obtain the velocity

If (restim(k)<(rthresh))&(egg>eggthresh)
egg=0;
rswitchtime=tL(k);
feedforward=feedforwmax;
end;

Criterion for entering the egg shooting phase
Resetting egg availability to 0

If (egg<eggthresh)&(tL(k)<
(rswitchtime+deadtim))
egg=0;
end;

Introducing a delay of deadtim before increasing egg
availability again. The length of the shooting phase is
deadtim

end;

Starting the extra move backwards by using feedfor
ward

End of the calculation loop

Parameters that have been used to generate the model signal of Fig. 9.
Parameters
Kreggfac
eggthresh
rrefmax
rthresh
Mv=M
feedforwmax
deadtim

Start conditions
87
egg
0.515
0.63 Egg availability for which reference is starting to decrease xF(1)
rrefmax
4.0
Reference value of distance when egg availability small VF(1)
0
2.0
Distance threshold
feedforward 0
0.0206 Filter factor (1-exp(-T/τ))
50
Extra force when starting egg shot
0.5
Length of shooting phase
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Fokker-Planck model for movement of the carabid beetle Pterostichus melanarius in arable
land:
Model selection and parameterization

Herman N.C. Berghuijs1,2, Bas Allema2, Lia Hemerik1, Wopke van der
Werf3, Jeroen C.J. Groot2 & Walter A.H. Rossing2
1Biometris,

Department of Mathematical and Statistical Methods, Wageningen
University, PO Box 100, 6700 AC Wageningen, The Netherlands, E-mail:
lia.hemerik@wur.nl; 2Farming Systems Ecology Group, Wageningen University, PO
Box 563, 6708 PB Wageningen, The Netherlands; 3Centre for Crop Systems Analysis,
Wageningen University, PO Box 430, 6700 AK Wageningen, The Netherlands

Carabid beetles in arable land move between different habitats to
exploit resources that vary in time and space. Understanding such
movement is key to explaining how the pest control function of carabids in arable crop lands depends on the spatial configuration of crop
fields and associated semi-natural habitats, but movement at and
beyond field scale is not well understood. Here we use a model selection framework to identify and parameterize a parsimonious movement model, based on mark-release-recapture data in two adjacent
arable crop fields, one planted with rye, and the other with oil radish.
The simplest model assumes motility of beetles to be the same in the
two crops, and it does not consider losses of beetles over time due to
death or mark loss. These assumptions are relaxed either separately or
together in competing models, resulting in a comparison between four
models. All models consider the effect of spatially heterogeneous pitfall trapping on the size of the moving population. Models were fitted
to data with Poisson likelihood, and Akaike’s information criterion
was then used to rank the models. The model selection showed that
including a parameter for loss of beetles due to mortality or mark loss
resulted in the best approximation of the observed data. The data did
not support the assumption of different motility between the two
crops. We conclude that our extended model can be used to simulate
beetle recapture in mark-release-recapture experiments, but further
refinements to the model are needed. The inverse modeling framework
for model identification and parameter estimation that was applied in
this study proved effective to select the most promising model and
parameter values.
Keywords: Pterostichus melanarius, dispersal, Poisson distribution, AIC,
model selection
PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012
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In mark-release-recapture (MRR) experiments, a large number of insects are
released into an area and recaptured over time. Data from this type of experiments either consist of dispersal distances or the locations and time at which a
certain number of beetles is recaptured (Turchin 1998). Analysis of these data
can provide insight in insect population dispersal patterns. A common way to
analyse such MRR data is to consider animal population spread as a continuous
diffusion process (Inoue 1978, Kareiva 1982, Turchin 1998, Cronin et al. 2000,
Yamamura 2002, Reeve et al. 2008). Diffusion in one or more dimensions is described by partial differential equations (PDEs). According to Yamamura et al.
(2002), one advantage of PDEs is their mathematical tractability, i.e. there are
analytical solutions available that describe animal density in time and space.
Unfortunately, analytical solutions of these models cannot take spatially heterogeneous removal by recapture into account. If a substantial part of the beetle
population is removed in the course of the experiment, the process of beetle
removal by catch must be accounted for. Fagan (1997) presented an experimental approach to do this. He conducted a MRR experiment in which he released
mantids and recaptured them at the boundaries of the experimental field. He
used a diffusion model to analyse his data assuming absorbing boundaries. This
approach, however, cannot be applied to analyse MRR data that consist of counts
of insects that are recaptured within the experimental field. Yamamura et al.
(2003) solved this problem by adding a loss term to the diffusion equation for
beetle removal due to catching. Their model, however, requires that traps are
placed uniformly in a lattice pattern.
Usually, PDE-based movement models for insects are based on Fickian diffusion. However, as pointed out by Turchin (1998), ecological diffusion should
be based on the Fokker-Planck equation. The distinction is important because
the Fokker-Planck equation results in a non-homogeneous steady state, where
local density is inversely proportional to motility, whereas ordinary Fickian diffusion demonstrates continuous dissipating density gradients until the density
has become spatially homogeneous.
Here, we present a movement model that accounts for local removal due to
catching that can be applied for any spatial configuration of traps. Dispersal in
this model is based on the Fokker-Planck equation. We identified the model
using data from an MRR experiment with the common carabid beetle
Pterostichus melanarius Illiger in arable land. We wanted to know if, besides
removal due to trapping, also a removal term should be included in the model for
mortality and mark wear, and secondly, we wanted to know if a different motility should be implemented for two fields grown with different crop species. We
formulated four Fokker-Planck models to answer these questions: (1) without
mortality and without a crop specific motility; (2) with mortality and without a
crop specific motility; (3) without mortality and with a crop specific motility;
and (4) with mortality and with a crop specific motility. In all these models
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mortality includes mark wear. Model selection was used to rank models and
select those with the greatest support from the data (Hilborn & Mangel 1997,
Bolker 2008). Ranking was based on Akaike’s information criterion (Akaike
1974, van der Hoeven et al. 2005).
MATERIAL AND METHODS
Field experiment
A mark-release-recapture experiment with P. melanarius was performed on parcel 5 of the organic university farm Droevendaal (Wageningen, The
Netherlands) in 2009. The parcel measured 229 × 52 m2 and was bordered at all
sides by a 3-6 m wide grass margin and at the north side by a grass margin with
a hedgerow of 1.5-2.5 m tall shrubs. The MRR experiment was carried out in a 120
× 52 m study area within this parcel. One half of the area was grown with winter rye (Secale cereale var. Admiraal) and the other half with oil radish (Raphanus
sativus var. Brutus). Both crops were sown in the first week of August 2009 to a
row spacing of 12.5 cm.
The beetles were released on 7 September 2009 at 6 p.m. (1015 in oil radish and
1015 in winter rye) along a 12-m-long line in both crops (Figure 1). Beetles
released in winter rye were marked with gold nail polish (OPI Nail lacquer, NL
H41) while beetles released in oil radish were marked with pink nail polish (OPI
Nail lacquer, NL B777). Trapping stations (Ø 8.5 cm) were placed in parallel
lines at 10, 20 and 30 m from the release lines. The released beetles had been collected by pitfall trapping in a triticale field on the same farm during summer.
Beetles were sexed and only females were retained. They were stored in 300 ×
400 mm containers in a dark room at 4 °C until the time of release. Beetles were

Figure 1. The set-up of the mark-release-recapture experiment with oil radish (left) and
winter rye (right). Dots indicate the trap positions. Dashed lines indicate the beetle
release lines.
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fed with fly maggots (Lucillia caesar) during storage. The mark was applied a few
days before release. A plastic screen of 1.40 m was placed behind (as seen from
the release site) the traps at 20 and 30 m from the release line to increase trapping probability. The trapping stations were emptied to count recaptured beetles
between September 8 and September 30, 2009, with an interval between catches
of 1, 2 or 3 days. Recaptured beetles were not returned to the field.
Model development
We compare four movement models. We simulated beetle dispersal according to
the Fokker-Planck equation and included a term for the fraction of beetles that
was trapped per unit of time because a substantial part of the marked beetles was
captured (in total 468 pink and 528 gold beetles). A loss rate was also included
because marked beetles could die, or more likely, loose their mark over time. The
PDE of the most complicated model (our model 4, see below) is given in equation 1. The other three PDEs are simplified versions of equation 1.
wN( x , y , t )
wt

w 2 P ( x , y )N( x , y , t ) w 2 P ( x , y )N( x , y , t )

 [D ( x , y )  [ ] N( x , y , t )
wx 2
wy 2

(1)

for x ≤ 60 it holds that μ(x,y) = μ1 and for x > 60 it holds that μ(x,y) = μ2.
Here, N(x,y,t) is the number of beetles at location (x,y) at time t, μ1 is the
motility (m2 day−1) in oil radish, μ2 the motility in winter rye, ξ (day−1) is the loss
rate due to mark wear and mortality and α(x,y) (day−1) is the loss rate due to
recapture at location (x, y). Our simplest model, model 1 describes beetle dispersal with local recapture: μ1 = μ2 and ξ = 0. In model 2 the basic model is extended with spatial independent loss rate: μ1 = μ2 and ξ ≠ 0. In model 3 the basic model
is extended with a habitat specific motility: μ1 ≠ μ2 and ξ = 0. Finally, in model 4
the basic model is expanded with both the loss rate and a habitat specific motility: μ1 ≠ μ2 and ξ ≠ 0. For the catch we estimated the global catch efficiency ω
with α(x,y) ≡ φω μ(x,y)/ΔxΔy, with φ = 1 at the location of the trap and φ = 0 at
all other locations.
In order to simulate beetle dispersal in time and space, boundary conditions
and initial conditions have to be formulated. In the field experiment beetles were
released on a 12 m transect in winter rye and oil radish. In the model it is
assumed that the beetles were released from four equally spaced points on these
release lines.
Several boundary conditions were compared. Reflecting boundaries are not
appropriate because they do not allow beetles to leave the field, which they can
do in reality. On the other hand, zero boundary conditions are neither appropriate, because they would allow beetles to leave the field, never to return, resulting in an overestimation in beetle losses from the field. We explored model
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behaviour for different boundary conditions and found that a ‘slow release
boundary’ around the field gave the most satisfactory and credible simulation
results. The slow-release boundary consists of a 1-m-wide strip around the field
with a low motility (μ3). This low motility results in an aggregation of beetles in
this margin, and a slow release back to the field from this boundary. The value
of μ3 was determined once by optimisation for the least restricted model (Eq. 1)
and then used as a constant for the optimization of the other models.
Optimisation was based on the Poisson negative log-likelihood (see below) and
resulted in a value of μ3 of 3 m2 day−1.
Numerical approximation
None of the four considered models can be solved analytically, because φ is spatially heterogeneous. Consequently, numerical approximations are required in
order to run simulations and analyse the field data. The PDEs were solved
numerically by the forward central difference method.
Estimation of the parameters
The most suitable model and the value of model parameters were identified
using an inverse modelling approach employing the evolutionary algorithm of
Differential Evolution (Storn & Price 1997). The Poisson negative log likelihood
(NLL) was used as a measure for goodness of fit. This measure was calculated
as follows:
NLL

¦¦¦ ^N
x

y

predicted ( x , y , t ) 

`

Ndata (x , y , t ) ln[Npredicted( x , y , t )]  ln[Ndata ( x , y , t )! ]

(2)

t

Here, Ndata(x,y,t) represents the number of trapped beetles in the field experiment at a given time and location, Npredicted(x,y,t) represents the number of
trapped beetles at a certain time predicted by the model corresponding to the
chosen model (with or without habitat specific movement).
Model selection
Based on the number of estimated parameters p and the NLL, models can be
compared by using Akaike’s information criterion (Akaike 1974, van der Hoeven
et al. 2005, Hilborn & Mangel 1997):
AICi = 2NLLi + 2pi
(3)
Here, i is the index of the model (i = 1…4). The AIC considers all models with
ΔAIC < 2 equivalent. For model validity also AIC-weights can be calculated
within the set of four models considered. Here the AIC weight for model i (with
i = 1…4) is:
AIC weighti

exp('AICi )
4

¦ exp('AIC )

(4)

i

i 1
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RESULTS
Comparison of models with Akaike’s information criterion demonstrated that
models with beetle losses (models 2 and 4) were far superior over those without
losses, the former having AIC values that were approximately 238 smaller than
the latter (Table 1). The better fit of models with beetle losses is graphically
illustrated in Figure 2. According to the criterion that models differ if their AICvalues differ more than 2 we can conclude that no difference exists between
models 2 and 4. This is confirmed by the AIC weights of 0.66 for model 2 and
0.34 for model 4, indicating support for both models. Nevertheless, the AIC
weights of models 2 and 4 show that model 2 which has a single parameter for
the motility is more likely to explain the observations in the field experiment
than model 4 which has crop-specific parameters for motility.
DISCUSSION AND CONCLUSIONS
The results convincingly show that loss of beetles should be accounted for in the
model describing dispersal. We have also shown that the P. melanarius population dispersal in the field experiment is more likely to be similar across crop
habitats than habitat specific.
The model could be made more specific by accounting for the plastic screens
that were placed behind the traps at 20 and 30 m (but not at 10 m) to increase
catching rate. This can be achieved by assigning different parameter values for
trap locations with or without a screen. The model could also be expanded with
the addition of the grass margin at the northern side and the grass margin without hedgerow at the southern side of the simulated field. The disadvantage of
this addition is that there are no recapture data from these habitats and that the
motility in that border can only be estimated indirectly from data collected in oil
radish and winter rye.
Although the speed of beetles’ dispersal seems not to be affected by different
habitat types, it does not necessarily mean that beetles do not have a preference
for one of the crop types. In further research, it could be investigated whether
beetle dispersal is influenced by the interface between two habitat types, rather
than by the habitat type itself. This approach may provide more insight in
whether beetles are attracted or repelled by a habitat type if they approach the
interface between different habitat types.
One disadvantage of MRR experiments is that recapturing beetles dilutes the
population density in the field by preventing further dispersal of beetles once
they are recaptured. In the ‘boundary flux approach’ designed by Fagan (1997),
reaction-diffusion models are used to analyse beetle dispersal by considering
recapturing at the edge of the experimental field. This approach makes it no
longer necessary to account for beetle population density dilution by recapturing
beetles in the field. However, this type of experiment does not allow using data
from traps within the experimental field and indirectly estimates beetle densi26
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Table 1. Results of the model selection for the four Fokker-Planck models describing
beetle dispersal in two crops, arranged by increasing AIC; Model: model number as
explained in text; p: number of estimated parameters in the model. Model parameters:
ξ: loss rate; μ1 and μ2: motility in oil radish and winter rye crops (if μ1 = μ2 then the
value is put in the middle); ω: dimensionless global catch efficiency of the traps; AIC:
Akaike’s information criterion; ΔAIC: difference in AIC with the best model; AIC
weight: a measure of belief in the current model (out of the considered four models).
Model p
ξ (day-1) μ1 (m2 day-1) μ2 (m2 day-1) ω (-)
AIC
ΔAIC
AIC weight
2
3
0.067
153
0.15
2009.6 0.0
0.66
4
4
0.067
138
174
0.15
2010.2 0.7
0.34
1
2
224
0.09
2248.1 238.5
0.00
3
3
198
255
0.09
2248.9 239.3
0.00

Figure 2. The cumulative number of beetles recaptured throughout the experiment
(open circles) and the simulated number of recaptured beetles (solid lines) as estimated
by 4 considered models with different diffusion constants (μ1 and μ2 for the two crops)
and loss rate (ξ). (a) Model 1: μ1 = μ2 and ξ = 0; (b) model 2: μ1 = μ2 and ξ ≠ 0; (c)
model 3: μ1 ≠ μ2 and ξ = 0; (d) model 4: μ1 ≠ μ2 and ξ ≠ 0.
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ties over time within the experimental field. Yamamura et al. (2003) solved this
problem by adding a loss term in the diffusion equation for removal due to trapping. Their solution, however, requires that traps are placed uniformly in a lattice pattern. As far as we know, our study is the first one to identify a dynamic
movement model based on the Fokker-Planck equation from MRR data collected with an irregular grid of traps.
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The cotton aphid, Aphis gossypii, is a major pest in eggplant crops
grown in greenhouses throughout Japan. This species easily becomes
resistant against insecticides. A promising way to control these aphids
biologically is with banker plants. Then, the alternative prey, Rhopalosiphum padi, on these plants should guarantee a permanent production
of the general predator, larvae of the gall midge Aphidoletes aphidomyza
which prefer to eat the pest insect. When the pest in the crop is scarce
the banker plant should serve as a refuge for the general predator. With
a differential equation model we show under which conditions biological control in this specific system can be called successful. We discuss
whether the mathematical conclusions are biologically feasible.
Keywords: open rearing system, eggplant, mathematical model

Since the early seventies of the twentieth century a lot of pest species in greenhouses have been controlled with biological control agents like parasitoids or
predators (van Lenteren & Godfray 2005). For the control of the whitefly Trialeurodes vaporariorum Westwood, the parasitoid Encarsia formosa Gahan has been
used successfully (van Lenteren et al. 1996). For some pest species like aphids
chemical pesticides were used intensively. Currently, however, some aphid
species like the cotton aphid, Aphis gossypii Glover, have become resistant
against pyrethroid insecticides in some parts of the world (Sun et al. 1994).
Therefore a search has started for a new strategy to control these resistant
aphids. For aphids in glasshouses natural enemies like parasitoids and predators
are both available. Usually, these were introduced with massive inoculations.
Recently, one of the promising ways to control these aphids is by means of the
banker plant system.
In such systems non-crop plants are brought into the greenhouse for controlling pests. These plants are allowed to develop pest infestations that do not harm
the crop plants. The natural enemies of the pest developed on the so-called
PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012
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banker plants are released onto these plants. These released natural enemies are
polyphagous and act as biological control agents for the pest in the crop: as these
reproduce and increase in numbers, they spread out into the whole greenhouse.
It is like a mini-rearing system for the biocontrol agents.
This strategy has become popular in recent years (see e.g. van der Linden &
van der Staaij 2001). In addition, the banker plant system is, particularly for
aphid control, introduced by producers of biological control agents (Franks
2010). In the most commonly used situation, a cereal grass (wheat, oats, barley)
is sold in rockwool cubes, pre-infested with an aphid that is very specific to feeding on these types of grasses. The rockwool cube is potted up into a larger pot
size or hanging basket and grows along with the rest of the crop. Aphid parasitic
wasps or predators are released onto these banker plants and as new adults
emerge they fly out into the main crop. The system can give excellent control of
aphids and has the advantage of continuous introduction of newly emerging
wasps or predators that have not had to undergo the trauma of being shipped
half-way around the world before they reach their final destination. In this way,
the predators or parasitoids stay longer around because the alternative prey or
host on which they are reared is still present on the banker plant. Moreover, in
the practice of biological control the banker plants are replaced regularly by fresh
ones to guarantee a permanent inflow of predators or parasitoids into the crop.
In this paper, we concentrate on one particular system where A. gossypii is
biologically controlled by larvae of the gall midge, A. aphidomyza. This aphid
species occurs worldwide and is a primary pest on cucumbers, melons and eggplants in greenhouses. To reduce the numbers of these aphids in Japanese greenhouses with eggplant as crop, biological control is preferred, when other pests are
also controlled biologically (Yano 2006). With a simplified two-compartment
model we are investigating the population dynamics of the cotton aphid and its
predator, just after the adult gall midges can disperse from the banker plant compartment into the full greenhouse. We are especially interested in the questions:
(1) whether pest control is possible at different initial densities of pest, and (2)
what is the timing of the control: from which time does the decline start?
MATERIAL AND METHODS
The system
In Japanese greenhouses, A. gossypii is frequently discovered as a pest species on
eggplants. Biological control of this aphid species is preferred and therefore, the
banker plant system has been introduced some years ago (Yano 2006, Franks
2010). In this kind of biological control a general predatory species of aphids is
reared on an alternative prey species, here the bird cherry aphid, Rhopalosiphum
padi (L.) on the banker plant. This aphid species can primarily be found on its
primary host the bird cherry (Prunus padus). For rearing, secondary host plant
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species can be used, namely members of the family Gramineae, especially maize,
barley, oats and wheat. In Japan, the bird cherry aphid is reared mostly on barley. The general predators considered are larvae of the gall midge A. aphidomyza.
These voracious larval predators of aphids are used successfully on herbs to biologically control aphids in general and especially the cotton aphid (Franks 2010).
In the banker plant compartment all stages of the gall midge can be present on
the barley and the bird cherry aphid sub-system. As adult gall midges emerge
from pupae, the females fly to find aphid colonies amongst which they lay eggs.
The small orange-red eggs hatch in a few days and the yellow/orange maggotlike larvae (up to 2.5 mm long) kill and feed on the aphids. The larvae drop from
the plants to pupate.
The model
For the purpose of suppressing the pest density of the cotton aphid in the crop
compartment (see Figure 1) we start with neglecting the banker plant compartment and built the model of the interaction between the prey and predator from
first principles. This one prey and one predator system is governed by the
growth of the cotton aphid, its consumption by the predator, the production of
the predators and the natural death of the predator (see eqn. 1). The dynamics of
the state variables C the density of the cotton aphid and PC the density of the
predaceous larvae and their change in time are given in eqn. 1.

(1)

For the growth rate of the cotton aphid we assume exponential growth in the
absence of the predator. The consumption by the predator is modelled with a
Holling type two functional response (see e.g. Turchin 2003), which is a saturat-

Figure 1. Schematic figure for the description of the banker plant system with a two
compartments model. The migration rates to and from the banker plant are mC and
mA, respectively.
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ing function with increasing prey density. Predators are produced from the consumption of the prey with an efficiency eC. The predator is assumed to have a
constant per capita death rate q. With these assumptions the interaction between
prey and predator in the crop compartment is given by eqn. 2. For simplicity we
give an overview of the state variables and parameters of the full (two compartment) model in Table 1.

(2)

In essence, the same kind of predator-prey interaction (eqn. 2) takes place in the
banker plant compartment. Here, A is the density of the alternative prey, the
bird cherry aphid and PA is the density of the predaceous larvae in this compartment (although it is the same species). Up to now the two predator-prey interactions in the two compartments are modelled separately. However, the two
compartments are connected by the migration of the predators between crop and
banker plants (see Figure 1). We assume that the predators migrate with a constant probability per time unit mA from the banker plant compartment into the
crop and vice versa (mC). Therefore, the term mA PA(t) is added to the second line
and subtracted from the fourth line in eqn. 3, mC PC(t) is subtracted from the second line and added to the fourth line in eqn. 3.

(3)

If (i) in the banker plant compartment the production rate of the predator is
maximum eA fA PA(t) because a lot of alternative prey is available, and (ii) the
migration rate for the predator to the crop is much higher than migration from
the crop to the banker plant (mA>>mC), because the cotton aphid is the preferred
prey item, then the system of differential equations reduces to
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Table 1. Description of the parameters and state variables. For each of these we give the
(pseudo)units and the default value if appropriate.
State
variables
Description
Unit
Initial value
−1
C
Density of pest insect (cotton aphid)
[#prey] [plant]
varying
PC
Density of predator (larvae of gall midge)
in crop compartment
[#pred] [plant] −1
varying
PA
Density of predator (larvae of gall midge)
in banker plant compartment
[#pred] [plant] −1
varying
varying
A
Density of alternative prey (bird cherry aphid)
[#prey] [plant] −1
Parameters
rC
fC
eC
hC
rA
fA
eA
hA
mC
mA
q

Description
Relative growth rate of C
Maximum rate of prey C intake per predator
Conversion factor for prey C into predator
Density of prey C at which the predator
obtains half of its maximum intake rate
Relative growth rate of A
Maximum rate of prey A intake per predator
Conversion factor for prey A into predator
Density of prey A at which the predator
obtains half of its maximum intake rate
Migration rate of predator from crop to
banker plants
Migration rate of predator from banker
plants to crop
Death rate of predator

Unit
Time −1
[#pred] −1 day −1
[#pred] [#prey] −1

Default value
0.37
0.878
0.167

[#prey] [plant] −1
day −1
[#pred] −1 day −1
[#pred] [#prey] −1

50
0.581
0.198

[#prey] [plant] −1

-

day −1

-

day −1
day −1

0.1
0.25

(4)

From now on we simplify system 4: (1) The alternative prey A is assumed to stay
on the banker plant and is also kept at a high level by the glasshouse owner.
Therefore, we are not considering the dynamics of the alternative prey. (2) The
simplified differential equations for the predator (PA) in the banker plant compartment is a simple exponential model. It has the solution PA(t) = PA(0)exp[(eA fA –
q – mA)t] (see derivation in eqn 5).
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(5)

In equilibrium, the aphid population population in the banker plant compartment is A(t) = fA PA(t) / rA. Thus the simplified model based on assumptions (1)
and (2) is given in eqn. 6.

(6)

After we have parameterized the model in eqn. 6 simulations were done with
Grind for Matlab developed by E.H. van Nes (http://www.aew.wur.nl/UK/
GRIND) in MatLab 7.8.0.
Parametrization of the simplified model
The relative growth rate (rC) for A. gossypii (on cucumber) is reported by van
Steenis (1993) as 0.37−0.45 per day (at 24 °C). In addition, we know (Nishikawa
et al., unpubl.) the relative growth rate of the predatory stage of A. aphidomyza on
the cotton aphid (rPC) as 0.147 per day (at 25 °C) and on the bird cherry aphid
(rPA) as 0.115 per day. Because we know approximate values of the maximum
daily predation of A. aphidomyza larvae on cotton aphids and bird cherry aphids
as 6.92 and 5.67 aphids per day (Junichiro Abe, pers. comm.), we can calculate eC
as (the number produced) / (the number consumed) = exp(0.147) / 6.92 rPC / fC
and eA = exp(0.115) / 5.67 (see Table 1). Moreover, fC = rPC / eC and fA = rPA / eA
The migration rate from banker plant to crop is set to 0.1 per day, meaning that
it takes on average 10 days to migrate. The larvae live on average 4 days and
therefore the value of q is set to 0.25.
RESULTS
The system of two differential equations (eqn. 5) is non-autonomous, because
time is explicitly used in the last term in the differential equation for the predator. Therefore, a stable equilibrium point cannot be calculated and a stability
analysis is not appropriate. With simulations at different initial densities of
aphids per plant in the crop C(0), initially no predators in the crop PC(0) = 0 and
different initial densities of the predator PA(0) in banker plant compartment we
34

LIA HEMERIK & EIZI YANO

determine whether control is achieved within a time span of two weeks, the timing of the control is denoted and the maximum number of aphids per plant in
the crop is investigated.
As can be seen in Figure 2a the pest can in principle be controlled at any initial number of aphids per plant, but these initial numbers should be above a certain threshold, which is higher if initial numbers are higher. The time of the
decline of the number of cotton aphids per plant decreases with higher introduced numbers of predators in the banker plant compartment (Figure 2b).
Moreover, the maximum number of aphids at which the decline starts is higher
as the decline starts later (Figure 2c). Because the predator has a short lifespan
the control in this system is not long-lasting as can be seen in the two typical
dynamics that show no control and temporarily control (Figures 3a and 3b,
respectively).

Figure 2. The simulations were done with the parameter values from Table 1. (a) The
relation between initial number of cotton aphids per plant and the initial numbers of
predators per plant in the banker plant compartment is shown. Only for numbers of
introduced predators above the drawn line the pest insect in the crop can, according to
the model, be controlled. (b) For the initial aphid number per plant as shown in the
legend the relation between the initial number of predators in the banker plant compartment and the start time of the ‘decline’ is given. (c) For the initial aphid number
per plant (shown in the legend) the relation between the start time of the ‘decline’ and
the maximum number of aphids per plant at the start time of the ‘decline’ is plotted.
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Figure 3. The development of the cotton aphid numbers per plant and the predators per
plant in the crop compartment. (a) The aphid population growth is slowed down [C(0)
= 30; PA(0) = 230]. (b) The aphid population temporarily decreases [C(0) = 30; PA(0) =
250].

Conclusion
It pays to be early with introduction of predators: introduce predators already at
low aphid infestations. Less predators are needed for a decline in the pest population to happen.
From Figures 3a and 3b we can conclude that the predator population is
unable to guarantee biological control in the long term; Figure 3b suggests that
more introductions of predators are necessary for continued control
The timing of the decline can be relevant for assessing the damage of the
commercially harvested plant fruits. If data are available about losses due to
damage of the eggplant fruit, then an optimal introduction strategy for the predator might be determined with the help of the model.
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The tropical Andes encompass vast areas with altitudes above 4000 m,
where the combination of high UV radiation and metal pollution creates environments that challenge the survival and persistence of aquatic life. Since the pigment melanin counteracts the negative effects of
UVR, and has the additional ability to sequester metal cations, it has
been hypothesized that melanin plays an important role in the ability
of benthic invertebrates to persist under these harsh conditions. The
aim of the present study was therefore to determine the combined effects of Cu and UVR on survival and melanin synthesis in Chironomus
riparius larvae, by mimicking the extreme environment of high altitude
Andean streams under laboratory conditions. It was observed that melanin production was induced by lethal Cu concentrations in the water
as well as by exposure to UVR. The detrimental effects of Cu and
UVR added up to multistress. Ninety-six hour pre-exposure to UVR
decreased the sensitivity of the larvae to UV, but this was not due to
an increase in melanin in the larvae. The observed responses to Cu and
UVR may explain the persistence of chironomids under the most extreme metal and UV-B conditions in high altitude Andean streams.
Keywords: UV radiation, metal pollution, benthic invertebrates, Andes,
high altitude, multistress, Chironomidae, Diptera, midge

The tropical Andes encompasses vast areas with altitudes above 4000 m,
creating environments that challenge the survival and persistence of biota.
The altitude, the close proximity to the equator, the low cloudiness and a
thin ozone layer cause much higher UV irradiances compared to temperate
latitudes (Kinzie et al. 1998). Elevated UV radiation (UVR) can be harmful
to life, causing damage to DNA and proteins, and in transparent shallow
waters it has been described as the major driver of the distribution and comPROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012
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position of macroinvertebrate communities (Hurtubise et al. 1998, LoayzaMuro et al. submitted).
Mineral extraction has been the main economical activity in the Andean
region for the last centuries and continues to grow. Metals from mining activities and natural leaching, due to weathering of metal-rich rocks, have deteriorated important freshwater bodies in the region, exceeding local and international
quality standards (Loayza-Muro et al. 2010). Metals, especially in mixtures, can
be toxic to many organisms (Hickey et al. 2002) and can accumulate in the food
chain (Bervoets et al. 1997). Indeed, in high altitude Andean streams, metal pollution has been observed to induce strong shifts in benthic community composition with more sensitive taxa at reference sites and more tolerant taxa at polluted sites (Loayza-Muro et al. 2010). Hence, the combination of high UVR and
metal pollution in the Andes may well represent extreme environmental conditions challenging the persistence of aquatic life. Despite these unique conditions
little research has been performed in the Andean region or similar scenarios
(Loayza-Muro et al. submitted).
In aquatic organisms, a relevant defence strategy against harsh UV conditions is the production of protective pigments like carotenoids, mycosporine-like
amino acids (MAAs) and melanin. Melanin is the only pigment produced de novo
by animals upon exposure to UVR. It counteracts the negative effects of UVR
by converting the excess of harmful energy as heat (Krol et al. 1998, Herrling et
al. 2008, Hansson et al. 2009), and it was recently discovered that it has the additional ability to sequester reactive metal cations (Szpoganicz et al. 2002, Hong et
al. 2007). It has also been observed that, in vitro, the presence of some metals (e.g.
Cu) induced the formation of melanin (Gallas et al. 1999). In the Andes, LoayzaMuro et al. (submitted) observed that Chironomidae persisted under the harshest UV and metal polluted conditions, and measured higher melanin levels in
Chironomidae at both high UVR and at metal impacted sites (unpublished data).
This suggested that melanin plays an important role in the ability of chironomids to persist under these conditions, by sequestering metals and counteracting
the effects of UVR. Because there is a need for experimental verification of these
field observations, the aim of the present study was to determine the combined
effects of Cu and UVR on survival and melanin synthesis in Chironomus riparius
(Chironomidae, Diptera) larvae, by mimicking the extreme environment of high
altitude Andean streams under laboratory conditions.
To this purpose C. riparius larvae were exposed to Cu, to UVR and to both stressors combined. Cu was chosen because of its presence in Andean polluted streams
(Loayza-Muro et al. 2010). To select a Cu concentration that guaranteed serious
stress, but still assured a substantial number of surviving larvae for melanin analysis, first the 96-h LC50 for Cu was determined. In addition, the combined Cu and
UVR experiment was repeated with larvae pre-exposed to UVR to simulate the natural situation of long-term exposure to high UVR in high altitude Andean streams.
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MATERIALS AND METHODS
Outline of the study
In the first experiment C. riparius larvae were subjected to a range of Cu concentrations in the water in order to determine the 96-h LC50. Next, the combined
influence of Cu and UVR on survival and melanin production in the larvae was
investigated in a multifactorial experiment conducted in a Benthatron facility.
The multifactorial experiment was repeated with larvae pre-exposed to UVR for
96 h. In all experiments, the Cu concentrations in the water and the melanin
concentrations in the larvae were measured.
Test organism and culturing conditions
The nonbiting midge Chironomus riparius (Chironomidae, Diptera) has a wide
distribution (Dornfeld et al. 2009). The short life cycle (3-4 weeks) consists of
four larval stages, a pupal stage and an adult stage (Marinkovic et al. 2011). The
larvae are mostly sediment-dwelling and are extensively used in toxicity experiments (León Paumen et al. 2008, Marinkovic et al. 2011).
In the present study, larvae were obtained from the University of
Amsterdam’s in-house C. riparius culture. The midges were cultured in aquaria
containing 8 l of Dutch Standard Water (deionised water with 200 mg/l
CaCl2·2H2O, 180 mg/l MgSO4·H2O, 100 mg/l NaHCO3 and 20 mg/l KHCO3;
pH = 8.2 ± 0.2) and 1.5 l of cleaned quartz sand (60-200 μm). The culture was
maintained in a climate room at 20 °C, 65% humidity and a 16:8 h light:dark
regime was applied. The cultures were fed a mixture of Trouvit (Trouw,
Fontaine-les-Vervins, France) and Tetraphyll (Tetrawerke, Melle, Germany) in
a 20:1 ratio.
Cu toxicity experiment
The 96-h LC50 for Cu was determined following OECD guideline 219 (OECD
2004) with slight modifications. First, a range finding experiment was performed followed by a definitive toxicity test. In the range finding experiment
CuCl2 (100 mg/l) was dissolved in DSW to a final volume of 100 ml to obtain
the following nominal Cu concentrations in the water: 0 (control), 200, 400, 800,
1600 and 3200 μg/l. There were three replicates per concentration, each consisting of ten fourth instar larvae in a 100 ml beaker without sediment and food. The
experiments were initiated by introducing the ten larvae into each test beaker
using blunt tweezers. After 96 h the number of surviving larvae was counted. In
the definitive toxicity experiment a narrower Cu concentration range was tested based on the results of the range finding experiment: 0 (control), 25, 50, 100,
200 and 400 μg/l.
Combined UVR and Cu experiments
The combined UVR and Cu experiments were conducted in 100-ml beakers in a
benthatron facility during 96 h. Test beakers contained 100 ml of DSW without
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sediment, food and aeration. Water temperature was kept at 18 °C and a 16:8 h
light:dark regime was applied. Four treatments with three replicates each and ten
larvae per replicate were assayed: control (without UV and without Cu), Cu
(nominal concentration 100 μg/l ≈ nominal LC50 value), UV (1.75 W/m2) and the
combination of Cu and UV. After 96 h of exposure the number of surviving larvae was counted and the melanin concentrations in the larvae were determined.
The experiment was repeated with larvae pre-exposed to UV. To this purpose, 96 h prior to the experiment, approximately 150 fourth instar larvae were
transferred from the culture into a glass beaker containing 800 ml of DSW.
Larvae were fed 0.5 mg of food/larva/day and water was aerated and kept at 18
°C. During these 96 h larvae were exposed to UVR (1.75 W/m2). To keep conditions similar between the two experiments, preceding the first experiment, larvae were also placed in a glass beaker for 96 h, but without UVR.
Analysis of Cu concentrations in water
To determine the actual Cu concentrations in the water, in all experiments 2 ml
water samples per replicate were taken after 1h and 96 h of exposure. These were
acidified with 20 μl 65% HNO3. Copper concentrations in the samples were
determined by flame atomic absorption spectrophotometry (Perkin-Elmer
AAnalyst 100, Germany). The measured Cu concentrations in the water after 1
and 96 h of exposure were averaged for each replicate to obtain the actual Cu
concentration.
Analysis of melanin concentrations in larvae
Melanin analysis was conducted following Hebert & Emery (1990). Eight fourth
instar larvae per replicate were dried in a 2 ml Eppendorf tube at 40 °C for 24 h.
The samples were then crushed, weighed and homogenized in 1 ml 5M NaOH
for 10 min. in a bath sonicator. Next, 10 μl 3% H2O2 was added and the samples
were placed in a 65 °C waterbath for another 24 h. Finally, the samples were centrifuged for 5 min at 6000 rpm and 600 μl of the supernatant was analysed in a
Shimadzu UV-1601 spectrophotometer at 350 nm.
Statistical analyses
To determine the LC50 for Cu the logistic response model y = c/(1+eb[log(x)log(a)]), adopted from Haanstra et al. (1985), was fitted through the concentrationresponse data with y being survival, a the LC50, b the slope of the logistic curve,
c the average survival in the control, and x the actual Cu concentration in the
water. For the toxicity experiment, the effect of Cu on the melanin concentrations in the larvae was determined by one-way analysis of variance (ANOVA).
A Bonferroni post-hoc test was conducted to determine significant differences
between treatments. To determine the relationship between the melanin concentration in the larvae and the Cu concentration in the water a Pearson product-moment correlation test was run.
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For the multifactorial experiment a two-way ANOVA was applied to determine whether there was an interaction between the effects of UVR and Cu.
One-way ANOVA’s were run to determine the effects of UVR, Cu and
UVR+Cu on survial, and on the melanin concentrations in the larvae. A Bonferroni post-hoc test was conducted to determine significant differences between
treatments. Independent samples T-tests were run to compare survival and
melanin concentrations in the larvae between the multifactorial and pre-exposed
multifactorial treatments. All tests were run in SPSS version 16.0 and a significance level of P<0.05 was applied.
RESULTS
Cu toxicity experiment
The actual Cu concentrations in the water for the range finding experiment
were: 14 (control), 132, 259, 476, 890 and 1503 μg/l. For the definitive toxicity
experiment the actual Cu concentrations were: 14 (control), 23, 36, 63, 132 and 259
μg/l. The actual Cu concentrations in the water corresponded to the nominal
concentrations with a 93% recovery for the lowest test concentration, decreasing
to 47% for the highest test concentration. Control survival in the range finding
experiment was 73 and 77% in the definitive toxicity experiment, slightly below
the 80% prescribed by OECD guideline 219 (OECD 2004). A clear dose-response
relationship was observed for the effect of Cu on survival of C. riparius larvae
after 96 h of exposure (Figure 1). From the fitted logistic response model the
LC50 for Cu was calculated to be 80 μg/l (95% CL: 71-89).
There was a significant positive correlation between the melanin concentration in the larvae and the Cu concentration in the water (r = 0.801, P = 0.009;
Figure 2). The NOEC for melanin production in the larvae induced by Cu in the
water was 132 μg/l, the LOEC was 259 μg/l.

Figure 1. Average (± s.e.) survival (%) of Chironomus riparius fourth instar larvae after
96 h of exposure to Cu. Dots indicate the average data points (n = 3) and the line indicates the logistic response model of Haanstra et al. (1985).
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Combined UVR and Cu experiment
The actual Cu concentrations in the water for the UVR and Cu experiment
were: 14 (control), 76 (Cu), 3 (UVR) and 83 (Cu+UVR) μg/l. Control survival
for the combined UVR and Cu experiment was 78%, slightly below the 80% prescribed by OECD guideline 219 (OECD 2004). Significant lower larval survival
was observed in the Cu treatment (P<0.05), the UVR treatment (P = 0.001) and
in the Cu+UVR treatment (P<0.001; Figure 3). According to the two-way
ANOVA, lower survival was caused by significant main effects of both Cu
(P<0.01) and UVR (P<0.001). Even though the Cu+UVR treatment showed the
lowest survival, no interaction between Cu and UVR was observed (P = 0.55).

Figure 2. Positive correlation between the average (± s.e.) melanin concentration in the
Chironomus riparius larvae (μg/g dw) and the Cu concentration in the water (μg/l) after
96 h of exposure to different Cu concentrations in the water (μg/l) (r = 0.800, P =
0.010). dw = dry weight, n = 3 per treatment. The LC50 was 80 μg/l, the NOEC was 132
μg/l, the LOEC was 259 μg/l.

Figure 3. Average (± s.e.) survival (%) of Chironomus riparius larvae after 96 h of exposure to the different treatments in the combined UVR and Cu experiment, with actual
Cu concentrations in the water between parentheses. Different characters indicate significant differences between treatments at the P<0.05 level. n = 3 per treatment.
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Pre-exposed combined UVR and Cu experiment
The actual Cu concentrations in the water for the pre-exposed UVR and Cu
experiment were: 1 (control), 72 (Cu), 3 (UVR) and 76 (Cu+UVR) μg/l. Control
survival for the pre-exposed combined UVR and Cu experiment was 87%,
which is in accordance with the 80% prescribed by OECD guideline 219 (OECD
2004). Pre-exposure to UVR caused a significantly higher survival of the larvae
exposed to UVR (P = 0.001) and Cu+UVR (P<0.001; Figure 4) compared to not
pre-exposed larvae, but not of those exposed to Cu only. Pre-exposure to UVR
did, however, not result in higher melanin concentrations in the larvae in any of
the treatments (Figure 5).

Figure 4. Average (± s.e.) survival (% of control) of Chironomus riparius larvae in the
combined UVR and Cu experiment and in the pre-exposed combined UVR and Cu
experiment after 96 h of exposure to the different treatments, with actual Cu concentrations in the water between parentheses. n = 3 per treatment; *** = P<0.001.

Figure 5. Average (± s.e.) melanin concentrations (% of control) in Chironomus riparius
larvae from the combined UVR and Cu experiment and the pre-exposed UVR and Cu
experiment after 96 h of exposure to the different treatments, with actual Cu concentrations in the water between parentheses. n = 3 per treatment.
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DISCUSSION
In high altitude Andean streams metal pollution and high UVR were shown to
shape macroinvertebrate communities and it was observed that Chironomidae
persisted under the harshest UV and metal conditions (Loayza-Muro et al. submitted). This raised the question how chironomids manage to persist under
these extreme environmental conditions. In aquatic organisms, a relevant
defence strategy against harsh UV conditions is the production of melanin (Krol
et al. 1998, Herrling et al. 2008, Hansson et al. 2009). High up in the Andes,
Loayza-Muro et al. indeed measured higher melanin levels in Chironomidae
(unpublished data).
Recently it was discovered that melanin also has the ability to sequester reactive metal cations (Szpoganicz et al. 2002, Hong et al. 2007) and that, in vitro, the
presence of some metals (e.g. Cu) induced the formation of melanin (Gallas et
al. 1999). Likewise, Loayza-Muro et al. (submitted) observed that chironomids
from metal polluted high altitude Andean streams contained more melanin than
those from reference sites at the same altitude. Also in the present laboratory
study, melanin was produced by chironomid larvae upon exposure to Cu, confirming the field observations of Loayza-Muro et al. (unpublished data).
Melanin induction by Cu was observed above 132 μg/l Cu, explaining why no
effect of Cu on the melanin concentrations in the larvae was observed in the
combined Cu and UVR experiment, in which the animals were exposed to the
96 h LC50 of 80 μg/l. The LC50 was chosen as test concentration in the combined Cu and UVR experiment in order to guarantee serious stress, but still
assure a sufficient number of larvae for melanin analysis. Yet, this concentration
was too low to induce melanin production.
Pre-exposure to UVR for 96 h resulted in lower mortality of C. riparius larvae in the UV and Cu+UV treatments. However, this lower sensitivity was not
caused by an increase in the melanin concentration in the larvae. This suggests
that a different protective mechanism was induced by pre-exposure to UVR, like
the synthesis of other protective pigments or enhanced free radical scavenging
and anti oxidant capacity (Meng et al. 2009). Pigments like carotenoids and
mycosporine-like amino acids (MAAs) are known adaptations to harsh UVR
conditions and thus possible candidates for causing the observed lower sensitivity to UVR of pre-exposed larvae. However, carotenoids and MAAs are not produced de novo by animals, implying that the larvae would have acquired them
from their food during pre-exposure.
It is concluded that by mimicking the extreme environment of high altitude
Andean streams under laboratory conditions, the results obtained in the present
study confirmed several observations made in the field. The effects of Cu and
UVR added up, causing multistress conditions, suggesting that in the Andes, the
metal mixtures in the water and the much higher UV irradiances may explain
the impoverished communities under the most extreme metal and UV-B condi46
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tions (Loayza-Muro et al. submitted). We also confirmed the production of
melanin by chironomids upon exposure to Cu and showed that pre-exposure to
UVR decreased the sensitivity to UV and Cu+UV, which may explain the persistence of chironomids under the most extreme metal and UVR conditions in
high altitude Andean streams.
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Infestation with head lice (Pediculosis capitis) is a widespread nuisance.
The Dutch National Institute for Public Health and Environment recommends combing possibly in combination with pediculicides. The current study aims to determine the levels of permethrin resistance of head
lice in The Netherlands using both molecular tests and bioassays to
develop evidence-based guidelines for the control of head lice in The
Netherlands. For the latter an in vitro lice rearing system is under development.
Keywords: Pediculosis capitis, head lice, permethrin, resistance

Even though pediculosis capitis or infestation with head lice (Pediculus humanus
capitis) is not a serious threat for human health, it is still a severe problem in The
Netherlands (RIVM 2010). Infestation with head lice is often associated with
poor hygiene while this is an incorrect assumption (Dodd 2001, Roberts 2002).
The social stigma leads to distress, discomfort and embarrassment of both the
infested child and parents (Lebwohl et al. 2007, Leung et al. 2005).
Head lice are very host specific insects which are specialized to live only on
the human scalp (Heukelbach 2010, Meinking & Taplin 1996). It is unlikely to
find head lice away from the human host since their survival off the scalp is only
up to 48 h (Frankowski et al. 2010). Itching and irritation occur as consequence
of an allergic reaction to the saliva of the head lice, although this allergic reaction does not always occur (Frankowski et al. 2010). The life cycle starts with an
egg stage, followed by three nymphal stages which have a similar appearance as
the final adult stage (hemimetabolous insects) (Meinking 2004). Eggs, or nits,
are firmly attached to hairs at approximately 4 mm from the scalp, under warm
and moist conditions in which the eggs can hatch (Frankowski et al. 2010). After
day two of maturity, an adult female is able to mate and lay five to ten eggs per
day, with a maximum number of 100-150 eggs during her approximately 20-30
day life (Meinking & Taplin 1996, Mumcuoglu et al. 2009).
PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 23 - 2012
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Head lice are a persistent problem showing a constant low prevalence among
schoolchildren in The Netherlands (Metsaars et al. 2000). Registered products
for head lice control in The Netherlands contain either malathion (Prioderm®),
permethrin (Loxazol®) or 4% dimeticone (XT Luis®) (RIVM 2010). In addition,
the use of a louse comb for combing the hair of the infested child is strongly
advised. Malathion belongs to the organophosphorous insecticides and kills head
lice by inhibiting acetylcholinesterase (Gao et al. 2006, Meinking et al. 2007).
Permethrin is a synthetic pyrethroid insecticide that affects the voltage-gated
sodium channels of head lice resulting in disruption of the nervous system and
inability to blood feed (Lebwohl et al. 2007). Unfortunately, resistance has developed against both malathion and permethrin resulting in strongly reduced effectiveness (Burgess 2009b, Meinking 2004). On the other hand, it is unlikely that
resistance will develop against dimeticone and combing with a lice comb since
both have a physical mode of action (Heukelbach et al. 2008). The mode of action
of dimeticone is coating of the head lice which results in immobilization and
which prevents excretion of water (Burgess 2009a). Physiological stress due to
high osmotic pressure will lead to rupture of organs and eventually death of the
head lice. The louse or nit comb, a fine toothed comb, is another control tool
against head lice which can to be used on dry or wet hair of an infested person
(Hill et al. 2005, Plastow 2001). With the louse comb all lice can be removed from
the hair when done accurately. However, combing can be very time consuming
and nits are difficult to remove.
Resistance (or decreased sensitivity) to both malathion and/or permethrin
has already been reported from several parts in Europe, including UK, Czech
Republic, Denmark and France (Downs et al. 1999, Izri & Briere 1995, Kristensen
et al. 2006, Rupes et al. 1995, Silverton 1972). Relatively little research regarding
pediculicide resistance in The Netherlands has been done so far. Though, treatment failure which could be due to resistance, has already been reported
(Metsaars et al. 2000). However, resistance can be easily confused with reinfestation or incorrect use of products and guidelines (Frankowski et al. 2010,
Heukelbach 2010). Several factors contribute to the development of resistance
including, selection pressure of pediculicides, residual effects and incorrect use
of pediculicides (Insecticide Resistance Action Committee 2011, Lebwohl et al.
2007, Meinking 2004, Meinking & Taplin 1996). It is a misconception that resistant head lice cannot be killed by the pediculicide for which they are resistant; a
higher dose or longer exposure time is required in order to kill resistant head lice
compared to susceptible head lice (Bialek et al. 2011, Burow et al. 2010). Resistance
should therefore be considered as relative lower sensitivity rather than absolute
insensitivity against a certain pediculicide.
Three mutations (Table 1) have been identified in the voltage-gated sodium
channel α-subunit gene of permethrin resistant head lice (Lee et al. 2000, 2003).
These mutations in the so-called knockdown resistance (kdr) like gene result in
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a certain level of nerve insensitivity and are therefore thought to be the main
mechanism involved in permethrin resistance (Lee et al. 2003, Tomita et al. 2003).
However, contradictory results have been found regarding the correlation
between presence of kdr-like genes and clinical resistance against permethrin.
Some studies indeed have found the correlation between the presence of mutations in the kdr-like gene and clinical resistance against permethrin (Bialek et al.
2009, Kasai et al. 2009, Kristensen et al. 2006, Yoon et al. 2003), while other studies found that permethrin is still an effective treatment against head lice with
the resistance genes (Bialek et al. 2011, Burow et al. 2010). This indicates that presence of the mutations in the kdr-gene does not necessarily lead to absolute resistance to permethrin. More research regarding underlying mechanisms of permethrin resistance such as upregulation or overexpression of genes is necessary.
However, the difference can also be due to differences in dose or exposure time,
which are both important determinants of a successful treatment of resistant
head lice.
Bioassays can be used to determine actual resistance levels against commonly used pediculicides. In common used bioassay head lice are exposed to the
active compound of a pediculicide, such as permethrin, on filter papers (Burgess
et al. 1995, Lee et al. 2000, Mumcuoglu et al. 1990, 1995, Picollo et al. 1998, Pollack
et al. 1999, World Health Organization 1970). Results obtained with bioassays
can be used to constitute dose-response curves in order to obtain insight in effectiveness of the tested component. However, one of the major difficulties associated with bioassays using head lice is the large number of lice which need to be
exposed in order to obtain reliable results. Opposed to head lice, body lice
(Pediculus humanus humanus) are often used for in vitro experiments; rearing body
lice does often involve feeding on rabbits instead of human volunteers (Downs
et al. 1999, Hemingway et al. 1999). However, in order to develop clear guidelines
which are based on the Dutch situation, it is essential to use head lice originating from primary schools in The Netherlands. Two main methods that provide
for a large number of head lice for bioassays are described in the literature. The
first method involves the simultaneous large scale collection of head lice from
schools after which the head lice are directly exposed to the to-be-tested products (Gao et al. 2003, Kristensen et al. 2006, Mumcuoglu et al. 1990, 1995, Picollo
et al. 1998, 2000, Pollack et al. 1999), while the second method involves the development of an in vitro rearing system (Sonnberg et al. 2010, Takano-Lee et al. 2003,
Yoon et al. 2006). Due to practical constrains such as time and number of volunteers, the first method was not applicable for this study and therefore attempts
were made to set up an in vitro rearing system.
Before a head lice colony can be set up in the laboratory, head lice need to be
reared on the arm of volunteers in order to obtain a large number of nits. This
seems necessary since only a fraction (10.9-35.8%) of the newly hatched first
instar nymphs are willing to successfully feed through the membrane in the sys51

IS RESISTANCE LOUSING THINGS UP IN THE NETHERLANDS?

tem, in contrast to later stages which are even more difficult to rear in the system (Takano-Lee et al. 2003). Due to the low feeding success there appears to be
a strong selection of head lice which are able to feed in the system. This selection may lead to a laboratory population which is distinct from the wild-type
head lice found on primary schools (Sonnberg et al. 2010). This could potentially lead to biased results obtained with the laboratory colony in bioassays.
Although this selection may occur, such head lice colony is more suitable for
research than body lice which are far more distinct from the population in The
Netherlands.
The current study aims to determine the levels of permethrin resistance of
head lice in The Netherlands using both molecular tests and bioassays in order
to develop evidence-based guidelines for the control of head lice in The
Netherlands. For realization of the latter, an in vitro head lice rearing system
analogue to the system described by Yoon et al. (2006) has been developed. Due
to large-scale development of resistance against permethrin, it is expected that
Dutch head lice have become less sensitive for products containing permethrin
(Braks et al. 2011, Lee et al. 2000, Metsaars et al. 2000, Mumcuoglu et al. 1995, Yoon
et al. 2006).
MATERIALS AND METHODS
Specimen collection
In 2010, 1,000 primary schools in The Netherlands were solicited by email to
enrol in this study. All schools were stimulated to inspect their pupils for head
lice infestations at the first Wednesday after spring holidays. Furthermore, it
was requested to send the collected head lice in small tubes to the Dutch
National Institute for Public Health and the Environment (RIVM) in
Bilthoven, The Netherlands. All received tubes were stored at –20 °C. All head
lice collected during this campaign were used for molecular experiments regarding resistance genes.
In 2011, a total of 12 primary schools in Bilthoven and De Bilt, The Netherlands, were again solicited by email to enrol in the current study. The schools
were requested to report infestations with head lice, after which the investigator
directly visited the school. Infested pupils were combed with a louse comb
(Nitcomb-M2®, Kernpharm, Veghel, The Netherlands) in order to collect living
head lice and viable nits. All collected head lice and nits were put in a small cup
with sealable lid, which was placed inside a small Styrofoam box, in which they
were transferred to the laboratory situated at the RIVM. All living head lice and
viable nits were used for setting up an in vitro rearing system
Rearing system
Adult head lice collected from schools were kept on the arm of the investigators
(CV, MB, ET). A piece of extra thick blot paper (Biorad, Hercules, CA, USA),
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mini blot size (7.0 × 8.4 cm), of approximately 2 mm thick was cut out at a size
of 4 × 3 cm with an opening of 2 × 1 cm and was placed in the middle of an
absorbent wound dressing (Leukomed®, BSN Medical, Hamburg, Germany) of
5 × 7.2 cm, from which the absorbent pad was removed. Head lice together with
hair strands of 1-2 cm or a hair tuft were placed in the opening of the highly
absorbent paper. The absorbent wound dressing was fixed to the arms of the
investigators (Figure 1). Every 1-3 days, nits were removed and put into a small
Petri dish with lid of 50 × 9 mm (Falcon® 1006, Becton Dickinson Labware,
Lincoln Park, NJ, USA) containing a moist piece of filter paper, which was
placed in an incubator (Heidolph Unimax 1010 and Inkubator 1000, Heidolph
Elektro, Kelheim, Germany). Viable nits collected from schools were also placed
into a small Petri dish with a moistened filter paper.
A rearing system analogue to the in vitro systems described by Takano-Lee et
al. (2003) and Yoon et al. (2006) was set up in the laboratory of the RIVM. For
this, the upper parts of 50 ml centrifuge tubes (Greiner Bio-One, Frickenhausen,
Germany) were cut off at approximately 40-45 mm from the top (at the 35 ml
mark). The screw top of the tubes served as blood reservoirs while the inverted
tubes were used as rearing vessels (Figure 2). Tubes were washed with fabric softener diluted in water in order to reduce static electricity. A membrane was
formed by putting 0.06 g of aquarium sealant (Aqua-sil, Den Braven Sealants,
Oosterhout, The Netherlands) between two pieces of Parafilm M (Pechiney
Plastic Packaging, Chicago, IL, USA) of 2.5 × 2.5 cm. The aquarium sealant was
spread between the two pieces of Parafilm M by making rolling movements
with an applicator stick. The membrane was stretched out to approximately 10 ×
10 cm and fixed onto the screw-top end of the tube in order to seal the rearing

Figure 1. Feeding unit on the arm of
the investigator.

Figure 2. All components of the in
vitro rearing unit; rearing vessel,
blood reservoir, hair tuft and piece
of wide mesh gauze.
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vessel. Hair tufts consisting of 200-300 human hairs with a length of 2.0-2.5 cm
were made and pieces of wide mesh gauze with a diameter of approximately 2.6
cm were cut out (Figure 2). Every week, human blood provided by the researcher
(CV) was added to blood tubes (3 ml) containing 9NC coagulation sodium citrate 3.2% (Vacuette sandwich tube, Greiner Bio-One, Kremsmünster, Austria).
A mixture of 3,980 μl of the blood and 20 μl penicillin-streptomycin antibiotic
mixture (1,000 parts penicillin, 1 mg streptomycin and 0.9 mg NaCl per ml)
(Gibco®, Invitrogen, Carlsbad, CA, USA) together with a small magnetic stirrer were put into the blood feeding reservoir after which the rearing vessel was
placed onto the lid. The rearing unit was sealed with Parafilm M in order to prevent microbial contamination of the blood mixture. The wide mesh gauze
(Heltiq, Koninklijke Utermöhlen, Wolvega, The Netherlands) and hair tufts
were placed inside the rearing vessel in order to mimic the human scalp. Nits,
which were about to hatch, were placed inside the rearing unit. A piece of watersoaked filter paper (No. 1 grade 1 circles, Whatman Nederland, ’s
Hertogenbosch, The Netherlands) was attached to the upper part of the rearing
unit with a paperclip after which it was sealed with Parafilm M, in order to
maintain high humidity inside the rearing unit. The complete constituted rearing units (Figure 3) were placed onto a magnetic stirrer (Framo®-Gerätetechnik
M20/1, Salm en Kipp, Breukelen, The Netherlands) in an incubator in order to
maintain a constant temperature of 31 ± 1 °C. Rearing units were replaced every
48-72 h.
Detection of resistance mutations
A total number of 94 head lice originating from 19 different primary schools in
The Netherlands were tested with conventional PCR for presence of the three
mutations of the kdr-gene. DNA was extracted by boiling the individual head
lice for 20 min at 95 °C in 100 μl ammoniumhydroxide (1 ml 25% ammonia + 19
ml H2O) in closed Eppendorf tubes. The Eppendorf tubes were opened for an
additional 20 min in order to evaporate the ammonia. The 908 bp long DNA
fragment in the voltage-sensitive sodium channel α-subunit gene containing the
three mutations (M815I, T917I and L920F) responsible for resistance against per-

Figure 3. Constituted rearing unit
sealed with parafilm.
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methrin was amplified with sequence specific primers (forward primer: 5’HLQS 5’-ATTTTGCGTTTGGGACTGCTGTT-3’ and reverse primer: 3’-HLQS 5’CCATCTGGGAAGTTCTTTATCCA-3’) (Kwon et al. 2008). Each PCR
reaction consisted of 12.5 μl of HotStarTaq master mix (Qiagen Benelux, Venlo,
The Netherlands), 2 μl of the template DNA, 0.2 μl of both primers (10 pmol/μl)
and 10.1 μl of MiliQ water, in a total volume of 25 μl. The PCR program started
with 5 min at 94 °C, followed by 35 cycles of 30 s at 94 °C, 30 s at 63 °C and 1 min
at 72 °C, ending with 10 min at 72 °C. PCR products were made visible with gel
electrophoresis, on a 1.8% agarose gel. PCR products were purified using Exosap.
Three different primer sets were used for sequencing the different mutation
sites (T917I, L920F and M815I) and the entire 908 bp fragment (M815I site; forward primer: 5'-QSMI: 5'TGTGGCCTTACTTGTATTCGA-3’ and reverse
primer: 3'-QSMI 5'CCCCCCGCATTAAAATTAAAT-5’, T917I and L920F
sites; forward primer: 5'-QSTILF: 5'-AAATCGTGGCCAACGTTAAA-3’ and
reverse primer: 3'-QSTILF: 5'-TTACCCGTGTAATTTTTTCCA-5’ and the
whole 908 bp fragment; forward primer: 5’-HL-QS: 5'-ATTTTGCGTTTGGG
ACTGCTGTT-3' and reverse primer: 3’HL-QS: 3'-CCATCTGGGAAGTTC
TTTATCCA-3') (Kwon et al. 2008). Sequences of at least one of the three mutation sites were available for analysis of each head louse.
Statistical analysis
Life history traits of the reared head lice were analysed using Microsoft Office
Excel 2003. Sequences of positive PCR products were blasted in GENBANK.
Using Bionumerics version 6.6, all sequences have been analysed by manual
visual inspection of the chromatograms in order to determine the genotype (susceptible or resistant) of the head lice.
RESULTS
Specimen collection
The maximum number of 140 primary schools enrolled in the 2010 campaign.
Out of this maximum number, 31 schools (22%) returned a total number of 98
specimens (nits, nymphs and/or adults) to the RIVM (Braks et al. 2011). During
later stages of this study, new samples were sporadically sent in. From only
three schools viable specimen (nits, nymphs and or/adults) were collected during the 2011 campaign. From these schools a total number of approximately 30
nits (from which five nits hatched), 50 nymphs and 33 adult head lice were collected.
Rearing system
Head lice were successfully reared on the arm of the investigators. A total number of 1-10 head lice (first, second or third instar nymphs or adults) were placed
inside one feeding unit on the arm of the investigator. Mating occurred fre55
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quently, resulting in fertile nits, which were oviposited on the hair strands
placed inside the unit, on fibers of the wound dressing or on the hair on the arm.
The thick hair strands placed inside the units were preferred for oviposition. In
this system, an average number of 4.5 ± 0.3 nits were laid by one female per day.
Approximately 84.2% of the nits were viable, since development of an eyespot
became visible. However, only 58.6% of the nits that showed development actually hatched in the in vitro rearing system, which is 49.3% of the total number of
nits. It took 2-6 (average: 4.3 ± 0.1) days before an eyespot, indicating the development of the nymph’s nervous system, appeared. Up to now, nymphs have
taken up blood through the membrane, although none of the nymphs inside the
in vitro rearing system has reached the second nymphal stage.
Detection of resistance mutations
The genotype of a total number of 94 head lice originating from 19 different primary schools (Figure 4) in The Netherlands was determined in this study.
Table 1 shows the nucleotides at the three mutation sites which determine the
genotype (susceptible or resistant). Head lice showing a single peak at each
mutation site are either homozygous susceptible or resistant, depending on
presence of the mutation, while double peaks indicated heterozygosity (Gao et
al. 2003, Kwon et al. 2008). All head lice included in the analysis appeared to be
homozygous resistant for the three mutations in the kdr-gene. Figure 5 shows
the three sections of the sequence containing the three mutations with single
peaks, which are present in all homozygous resistant head lice tested in this
study.
DISCUSSION
The main objective of this study was setting up an in vitro rearing system in
order to enable future research on head lice resistance against recommended
pediculicides, with the ultimate goal of developing clear national guidelines
Table 1. Susceptible and resistant genotypes with the nucleotides at the three mutation
sites.
Genotype
Mutation sites
M815I
T917I
L920F
Susceptible
ATG
ACA
CTT
Resistant
ATT
ATA
TTT

Figure 4. Peaks at the three mutation sites of resistant head lice.
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Figure 5. Origin of head lice with
the homozygous resistant genotype.

which can possibly lead to the eradication of head lice from The Netherlands.
During this study it appeared to be difficult to collect a reasonable number of
living head lice from primary schools. First of all, response rates of schools
reporting infestation with head lice were relatively low (only three out of 12
schools during 4 months). This could either be due to actual absence of head lice,
lack of motivation to control pupils, lack of reporting minor infestations or
because schools did not want to participate in this study. However, none of the
schools indicated to refuse to participate in this study. Second, after checking the
pupils of several classes at two schools which reported a recent outbreak of head
lice, no living head lice or viable nits were found. An explanation for the absence
of head lice in these classes could be the raised awareness of infestation with
head lice being present among pupils and their parents in these classes. Proper
treatment could have resulted in the eradication of head lice from these classes
and therefore no head lice were found at the moment of arrival of the investigator. Interestingly, if infestation with head lice was ascertained, in most cases
only one or two pupils per class were infested and only a few head lice were
found on the child’s head, which is in line with the study of Metsaars et al.
(2000). Based on these findings, infestation with head lice appears to be a persistent problem which constantly maintains itself at low endemic levels among
a low number of pupils at primary schools. Even though the number of infested
children remains constantly low, parents and teachers experience the problem as
serious. So far head lice have not been successfully eradicated from schools,
making it a recurring problem which should be regarded as serious due to its
social aspects, despite the lack of severe health consequences.
During this study, some difficulties were encountered in developing an in
vitro rearing system similar to the system described by Yoon et al. (2006). First
of all, hatch rates of nits placed in the system were relatively low, although fertility was high. Approximately 84.2% of the nits appeared to be fertile since
57
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development was visible, however after development of the eyespot hatch rates
were relatively low of 49.3% in contrast to hatch rates of 75% found by TakanoLee et al. (2003). During the start of this study hatch rates were even lower
(approximately 11.5%), which could be due to low genetic variation of the three
parental head lice. The relatively low hatch rates could also be due to the humidity and oxygen supply inside the rearing units. In contrast to the units of Yoon
et al. (2006), the rearing units in this study were sealed with Parafilm M in order
to maintain high humidity, resulting in limited air supply. This could have had
a suffocating effect on the nits. Second, only a limited number of head lice were
collected during this study which resulted in relatively low genetic variation of
parental head lice, since all head lice originated from one primary school. Third,
static electricity inside the rearing tubes had a negative effect on nymph locomotion. This was overcome by washing the tubes with fabric softener. Fourth,
Dutch head lice in general could be difficult to colonize as differences in colonization success between geographically distinct populations have been found
by Takano-Lee et al. (2003). During this study period we did not succeed in setting up a self-maintaining laboratory colony of head lice. However, during this
study newly hatched first instar nymphs successfully fed through the membrane
of the rearing system, as blood has been observed in the abdomen of the nymphs,
indicating that the system is functioning properly. Therefore, more time and
ideally more adult head lice providing for nits are needed in order to set up a selfmaintaining laboratory colony which is essential for performing bioassays.
Alternatively, the effectiveness of pediculicide treatments could be evaluated in
a clinical study as has been done by e.g. Burow et al. (2010).
All head lice tested for presence of the mutations in the kdr-gene appeared to
have the homozygous resistant genotype. This is consistent with results
obtained in other Western European countries including UK (100% homozygous
resistant), Germany (93% homozygous resistant) and Denmark (75% homozygous resistant) (Clark 2010, Hodgdon et al. 2010). However, it remains unclear
whether this resistant genotype actually leads to clinical resistance against permethrin. Due to practical constraints which needed to be overcome and lack of
time, an insufficient number of head lice was available for testing with bioassays. Therefore, national guidelines for the control of head lice cannot be adapted and remain the same, based on available literature.
Conclusions
This study showed that 100% of head lice tested originating from The Netherlands
has the homozygous resistant genotype. This indicates that pediculicides containing permethrin (partly) have lost their efficacy in controlling head lice, but clinical proof is still lacking. More time is needed in order to rear a sufficient number
of head lice which can be tested for permethrin resistance in bioassays. As clinical
proof is lacking at this moment, national guidelines for the control of head lice
cannot be adapted and should as yet continue to be based on literature. Another
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possible way of obtaining clinical proof is by focusing future research on clinical
studies in order to determine efficiency of commonly used pediculicides.
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An additional tool for arbovirus surveillance in
The Netherlands: The use of honey-baited
cards to detect circulating mosquito-borne
viruses

Adolfo Ibáñez-Justicia1*, Ernst-Jan Scholte1, Chantal Reusken2, Ankje de
Vries2, Marian Dik1 & Marieta Braks2
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Due to the presence of ungulates, migratory birds, humans, and diverse
and large mosquito populations, De Oostvaardersplassen National
Reserve can be considered a high-risk area for arboviruses circulation
in The Netherlands. Up to now, arbovirus-surveillance in mosquitoes
was hampered by the fact that RNA-virus degenerates rapidly once a
virus-infected mosquito has died; mosquitoes often die soon after being
caught in a mosquito trap. In order to develop a logistically-simple
method to detect circulating mosquito-borne viruses in risk areas in
The Netherlands, honey-baited Flinders Technology Associates filter
paper (FTA® card) were placed into CO2-baited mosquito traps, as
well as in the environment with high mosquito density. On FTA®
cards nucleic acids (viral RNA) (buffer) are instantly captured and stabilized for about 7 days in an outdoor environment. When feeding on
the honey, mosquitoes ‘spit’ saliva that possibly contains arbovirus, on
the FTA® card. In this way, virus circulation in mosquitoes can be
detected even when the virus in the mosquitoes themselves has degenerated. In total 441 mosquitoes of five different species were collected,
12-26th September 2011. All species are reported field or laboratory vectors for a wide variety of pathogens, including West Nile virus, Usutu
virus, Tahyna virus, Rift valley fever virus, Sindbis virus, and Batai
virus. Three species fed on the honey-baited FTA® cards: Anopheles
claviger (34.2% of 371 individuals), Culex pipiens/torrentium (17.5% of 40
individuals), and Culiseta annulata (15.3% of 13 individuals). The processing and analysis of FTA® cards used in this experiment is ongoing.
The potential of the use of this method as a part of a nationwide early
warning system for mosquito-borne virus-circulation will be discussed.
Keywords: arbovirus, surveillance, Culicidae, saliva, zoonoses
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The Dutch national park ‘De Oostvaardersplassen’ is considered a high risk
ecosystem for introduction and enzootic circulation of WNV, SINV, USUV
and BATV in the Netherlands (Reusken et al. 2010). The 6000 ha nature development reserve is of international importance as wetland and habitat for migratory birds, including birds visiting from arbovirus endemic areas in Europe and
Africa. The area is renown for its wide variety in wildlife, but also for its richness of mosquito species mosquito abundance. Since 1999 over 190 different bird
species have been observed in the reserve, including over 45 bird species of which
evidence for WNV infection is available from foreign field studies (Koopmans
et al. 2008). Mammals in the park include approximately 500 ‘Heck cattle’, 1100
‘Konik horses’ and 2300 red deer. De Oostvaardersplassen has diverse landscapes
including marshes, lakes, ponds, ditches, trenches, plains, shrubs, and forests,
creating a large diversity of potential mosquito breeding sites. The presence of
365.000 inhabitants of two cities less than 3 km away creates the opportunity for
introduction of enzootic circulating arboviruses in the urban cycle through peridomestic birds and subsequent transmission to humans through bridge vectors
(Reusken et al. 2010). Information of the mosquito population and arbovirus circulation in the nature reserve is essential for an assessment of the risks posed to
the local public health. A combined mosquito and WNV survey in De
Oostvaardersplassen was initiated in 2009 (Reusken et al. 2010) and continued in
2010 (Reusken et al. 2011), including a broader screening for arboviruses, viz.
Usutu virus (USUV), Sindbis virus (SINV) and Batai virus (BATV).
Currently, the strategies to detect arbovirus in The Netherlands are based in
clinical diagnosis of human cases and animals with symptoms, in sentinel animals, or in arthropod vectors. In a survey in this area in 2010 (Reusken et al. 2011),
virus surveillance was based on virus isolation from mosquitoes collected using
a variety of trapping techniques. Up to now, arbovirus-surveillance in mosquitoes was hampered by the fact that RNA-virus degenerates rapidly once a virusinfected mosquito has died; mosquitoes die soon after being caught in a mosquito trap. We consider the current methods logistically complicated, expensive
and laborious. In order to minimize the effort for arbovirus surveillance in
potentially high-risk areas, we applied an Australian innovation in our mosquito surveillance traps in the area ‘De oostvaardersplassen’ consisting of slides
filled with honey-baited Flinders Technology Associates filter paper (FTA®
cards) (Hall-Mendelin et al. 2010). This surveillance strategy exploits the process
whereby mosquitoes expel virus in their saliva during sugar feeding (van den
Hurk et al. 2007). As long as the mosquitoes captured in the CO2 baited traps
feed on the sugar-baited cards, arbovirus present in the saliva of infected mosquitoes could be detected in the cards. On FTA® cards nucleic acids (viral RNA)
(buffer) are instantly captured and stabilized for about seven days in an outdoor
environment. In this way, virus circulation can be detected even when mosquitoes have died in the trap. In this paper, we evaluate the suitability of this sys64
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tem in the field, and the potential of the use of this method as part of a nationwide early warning system for mosquito-borne virus-circulation.
METHODOLOGY
Field trials
Study location
Field trials were made in a specific area in the ‘Oostvaardersveld’, an area of
approximately 328 ha in the south-eastern corner of De Oostvaardersplassen
(Figure 1) from September 12-26th, 2011. The ‘Oostvaardersveld’ consists of open
grassland with sparse shrubs, ponds, marshes, canals, and deciduous forest. A
group of approximately 100 Konik horses are present, spending most of their

Figure 1. Study location ‘De Oostvaardersplassen’ in Province of Flevoland, NL.
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time in an open grassland area in the north-eastern part of the Oostvaardersveld.
In the middle of this open grassland lays a shallow, permanent pond with high
numbers of birds (mostly geese, various duck species and shorebirds). This area
of open grassland is surrounded by deciduous forest (mostly Salix species). In
some parts of this forest, regularly floods occur, creating marshes. A north-western second area was also selected in the survey, because of its high abundance of
mosquitoes during the time period. This area (Figure 1), that is surrounded by
water and next to the bird-watching hide ‘Zilverreiger’, presents similar characteristics than the ‘Oostvaardersveld’, except the presence of large mammals.
Experimental design
Six trap locations were initially chosen from the locations in the area with a high
number of mosquitoes collected during the experiment in 2010. One single location, situated northwest in the national park, was added 1 week later, replacing
one of the six initial locations, because of its high abundance and aggressiveness
of mosquitoes at the site. Traps were run continuously with a single dry-ice container during one (Monday to Tuesday), two (Tuesday to Thursday) and four
days (Thursday to Monday). FTA® cards and mosquitoes were removed from
the trap and brought to the Centre for Infectious Disease Control of the
National Institute for Public Health and the Environment (RIVM).
In the northwest location, where high numbers of mosquitoes were present,
3 FTA® cards were placed with tape in branches of trees amidst to the CDC trap
(see Figure 2). These FTA® cards remained at the site during 6 days, and subsequently brought to RIVM for analysis.
Trap design
The carbon dioxide (dry-ice)-baited CDC Miniature Incandescent Light Trap
Model 512 (John W. Hock Company) was used during the experimental period
(Figure 2). The top part consists of an insulated dry ice container that is simply
a modified Igloo® drink cooler with stainless steel hardware to make it easy to

Figure 2. From left to right, CDC Light trap, detail of the container cup with a honeybaited FTA® card, and honey-baited FTA® cards placed in field.
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use with 2 kg of dry ice. The insulation slows the rate of sublimation. By hanging the trap from the hook below the cooler, the CO2 is released at the correct
location, right above the trap. In the lower part of the container, a hole allows
the sublimated CO2, to escape and flow downwards over the lower part of the
trap. The middle of the trap consists of a plastic cover that holds a fan and a 1.5V lamp (inactivated during the experiment in order to catch only CO2 attracted
mosquitoes). This fan is powered by a group of five 12-V rechargeable battery
connected in parallel. Female mosquitoes, attracted by the carbon dioxide, fly
under the cover and enter through an opening and are sucked downward by airflow created by the plastic fan, attached to a small motor into a fine mesh bag
connected to a collection cup. From experience, we know that mosquitoes collected in such trap often still live for a period of 1-2 days. In the current study
one sugar-baited FTA® card was attached with tape at the wall inside the collection cup of each trap allowing the mosquitoes to feed on it during the time that
they were captured (Figure 2).
Honey-baited FTA® cards
Honey-baited FTA® cards were custom made. FTA® paper was soaked in warm
honey mixture (10 ml honey and 0.1 ml icing blue food colouring) for an hour
before insertion into an empty slide frame and stored until needed. Mosquitoes
that fed on these designed cards have a blue-coloured internal body.
Laboratory research
Mosquito species identification
Within a maximum of three hours after collection of the trap, the container cup
with mosquitoes (and FTA® card) was removed from the box and placed by –20 °C
for approximately 3-10 minutes. Subsequently, the killed specimen were gently
taken from the cup, separated from other insects, and identified. Mosquitoes
were morphologically identified by a specialist on European mosquito species
using a Culicidae key specifically designed for rapid field-identification of
Dutch adult female Culicidae mosquitoes (Scholte 2009a, modified after
Schaffner et al. 2001, Becker et al. 2003, Verdonschot 2002). Males were also identified. Molecular differentiation between the biotypes of Cx. pipiens (pipiens and
molestus forms) was not carried out.
Virus assay in mosquitoes and in FTA® cards
Upon identification, the collected mosquitoes were immediately flash frozen
using dry-ice and stored at –80 °C until molecular isolation and analysis (RTPCR assay). Mosquitoes were pooled by sampling site, sampling date and
species and subsequently tested for the presence of virus (Reusken et al. 2011).
The FTA® cards from the field are stored until further processing. The techniques to isolate virus from this substrate (Hall-Mendelin et al. 2010) are being
attained and validated.
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Data collection, process and statistical analysis
The records from ‘De Oostvaardersplassen’ were stored on an online vectorborne database (VECBASE), under responsibility of Ministry of Economics,
Agriculture and Innovation (ELI).
RESULTS
During the survey between 12 and 26 September 2011, a total of 441 mosquitoes
were collected. The following five species were found: Anopheles claviger, Culex
pipiens/torrentium, Culiseta annulata, Coquillettidia richardii, Ochlerotatus flavescens.
During the survey, a total of males (1.8%) were collected in the traps. Anopheles
claviger was de most abundant species with 371 specimens, representing 84% of
the collected mosquitoes. Anopheles claviger, Culex pipiens/torrentium and Culiseta
annulata were collected in all but one trap that only contained An. claviger. While
13 species that were collected during 2009 and 2010 were absent in the trapping
this year, one additional species (Ochlerotatus flavescens, 1 specimen) was collected in 2011 in comparison with 2009 and 2010.
During the survey, mosquitoes with a blue colored body were found inside the
traps. Species showed different proportion of specimens feeding in the sugar-baited FTA® cards (see Table 1): 34.2% of speciments of Anopheles claviger (n = 371)
fed on the cards, 17.5% for Culex pipiens/torrentium (n = 40), and 15.3% for Culiseta
annulata (n = 13). Three blue mosquitoes were collected with a collection pooter
after three days amidst to the three FTA® cards placed with tape in branches of
trees in the northwest location.
From the five traps that were running during the complete survey (12-26
September), the ones running with a single dry-ice container during 4 consecutive
days, captured 4.5× more mosquitoes (n = 27) than the ones running 1 day (n = 6),
and 1.8× more mosquitoes than those running 2 days (n = 15).
In total 435 mosquitoes have been subjected to virus PCR tests for WNV,
BATV, SINV, and USUV, but no virus has been detected. The results of the tests
for TAHV will follow shortly.
DISCUSSION
Currently, the strategies to detect arbovirus in The Netherlands are based in
clinical diagnosis of humans and animals with symptoms, in sentinel animals,
or in arthropod vectors. Those methods are logistically complicated, expensive
and laborious. Here we presented a pilot experiment in ‘De Oostvaardersplassen’ in order to minimize effort for arbovirus surveillance in potentially
high-risk areas. As long as the infected mosquitoes feed on the sugar-baited
cards, arbovirus could be detected in the cards.
All five species are reported field or laboratory vectors for a wide variety of
infectious pathogens (see Table 2), including WNV, BATV, SINV, RVF, TAHV
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Table 1. Total number of mosquitoes collected with CDC Light traps per species 2010
and 2011 in De Oostvaardersplassen, and percentage of the mosquitoes collected in 2011
that exhibit blue colored internal body.
2010
2011
Genus
Species
Total
Total
% blue
Culex
Cx. pipiens/torrentium
734
40
17.5
Cx. modestus
1
Cx. sp.
2
3
Aedes/Ochlerotatus
Oc. annulipes
2
Oc. annulipes/cantans
1
Oc. cantans
1
Oc. detritus
1
Oc. flavescens
1
Oc. riparius*
1
Aedes vexans*
1
Oc./Ae. sp.
8
4
Coquillettidia
Cq. richardii
144
2
Culiseta
Cs. annulata
93
13
15.4
Cs. fumipennis
29
Cs. morsitans
4
Cs. subochrea
1
Anopheles
An. claviger
6
371
34.2
An. maculipennis s.l.
6
An. plumbeus
2
An. sp.
7
Total
1035
441
*Captured using Mosquito Magnet Liberty plus traps (data not used in the total).
During the survey in 2009 using Mosquito Magnet Liberty plus traps Ochlerotatus
geniculatus and Anopheles algeriensis were also captured.

and USUV, but in the relative small numbers of mosquitoes collected in 2011 no
virus has been detected. For logisitic reasons the study could only be executed in
the second half of September, instead of August, which is considered a more appropriate time for mosquito trapping. Although CDC traps used during the experiment captured moderate number of specimen and species, the trap design is still
considered suboptimal for the purpose of detecting arbovirus in the cards. First, the
mortality of mosquitoes inside the traps placed more than two days in the field was
high. Mosquitoes trapped reside about 40cm under the air-flow of the fan probably
die from dehydration. Second, some of the slides with the blue-honey-baited FTA®
card leaked in the bottom of the collection cup. The dead mosquitoes on the bottom
of the trap were impregnated with the blue-honey, making it difficult to identify
the specimen and to assess the proportion mosquitoes that fed on the FTA® card.
A new trap design, or modification of one of the currently used traps for mosquitoes in The Netherlands (CDC, Mosquito magnet, BG Sentinel) is currently being considered for an upcoming survey in 2012. The new design should pro69
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Table 2. Overview diseases putatively transmitted by mosquito species collected in De
Oostvaardersplassen. (1) probable vector, (2) field detected and confirmed role as transmitter, and (3) lab experiment, field detection, no confirmed role as transmitter. Taken
from (Schaffner et al. 2001) and adapted based on (Poncon et al. 2007, Weissenböck et
al. 2008).
Mosquito species
Vector borne
Anopheles
Cx. pipiens/
Culiseta
Coquillettidia Ochlerotatus
diseases
claviger
torrentium
annulata
richiardii
flavescens
Anaplasmosis
3
Batai fever
1
2
2
Cani ne filariasis
1
Heartworm
2,3
Malaria
2
Myxomatosis
3
2
2
Rift Valley Fever
2
Setaria labiatopapillosa
1
Sindbis fever
2
Tahyna fever
1
2,3
1
2
3
Tularaemia
3
3
Usutu fever
2
2
West Nile fever
2
2

tect the mosquitoes from the fan air-flow, preserving the mosquitoes alive in the
trap longer time and increasing the chance of taking a sugar meal from the
honey-baited FTA® card.
In 2012, the technique to detect virus from FTA® cards (Hall-Mendelin et al.
2010) will be attained and tested on FTA® cards subjected to infected mosquitoes
or artificially spiked with virus, before subjecting it to the cards used in the field.
The potential of this tool for usage in surveillance depends on its specificity, sensitivity and costs of labour and material in respect to the virus detection of mosquitoes collected. At the end of 2012, we anticipate to have conclusive data.
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Invited Plenary Lecture
Beneficial actions of medicinal maggots in chronic
wounds
Peter H. Nibbering, Mariena J.A. van der Plas & Gwendolyn Cazander

Infectious Diseases, LUMC, Leiden, p.h.nibbering@lumc.nl
Although medicinal maggots (Lucilia sericata) are sucessfully used to treat chronic wounds, the mechanisms underlying maggot’s beneficial effects are largely
unknown. Our research revealed that maggot secretions affect a range of processes related to chronic wounds, such as fibrinolysis, inflammation, elimination of
bacteria, growth factor production and angiogenesis. Together these actions may
contribute to the healing of chronic wounds by maggot therapy.

Lectures
1.1 Is resistance lousing things up in the Netherlands?
Chantal Vogels, Cecile Dam, Ellen Tijsse & Marieta Braks

RIVM, Bilthoven, chantal.vogels@rivm.nl
Infestation with head lice (pediculosis) is a widespread nuisance. The Dutch
National Institute for Public Health and Environment recommends combing
possibly in combination with pediculicides. The current study aims to determine the levels of permethrin resistance of head lice in the Netherlands using both
molecular tests and bioassays to develop evidence-based guidelines for the control of head lice in the Netherlands. For the latter an in vitro lice rearing system
is in development.

1.2 Biodiversity and public health: a case of Lyme
disease
Marieta Braks & Hein Sprong

RIVM, Bilthoven, marieta.braks@rivm.nl
Increases in tick numbers and their associated disease could begin to conflict
with biodiversity enhancing strategies, because some conservation measures
also potentially favour ticks. Here we want to introduce a platform to discuss the
potential and draw backs of intervention strategies that reduce their numbers
and the public’s exposure to them.
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1.3 How do maggots influence wound healing
Gwendolyn Cazander, Marco W.J. Schreurs, Gerrolt N. Jukema & Peter H.
Nibbering

Department of Surgery, Bronovo, Den Haag, gwendolyn_cazander@hotmail.com
Maggots are successfully used to treat infected, chronic wounds, although
underlying mechanisms of action are only partly known. One of the main focuses of current research is the immune-modulating effect of maggot excretions.
Larvae seem to inhibit complement activation and suppress the inflammatory
response, which could partly explain their stimulation of the healing of chronic
wounds. The complement inhibitor(s) in maggot excretions could provide a
novel treatment modality for various immune-mediated and infectious diseases.

1.4 Explosives detection using parasitic wasps
D. Bon & H. Smid

Entomologie, Wageningen Universiteit, dylanbon@hotmail.com
Insects from the order Hymenoptera can be trained to learn and remember odors
from compounds of human importance through associative learning. Parasitic
wasps have been conditioned to respond to the volatiles present above explosives (landmines). This project has evaluated the potential of parasitic wasps to
detect and identify DNT with the use of host associative learning. Biosensors
using olfactory systems of insects might improve security.

1.5 A Treatise of Buggs
B. Schoelitsz & M. Brooks

Kenniscentrum Dierplagen, Wageningen, bschoelitsz@kad.nl
The bed bug is increasing in numbers in the USA, Australia, as well as Europe.
It is a species that is hard to control and because of its low abundance in the
second half of the 20th century, most people have never seen one and lack the
knowledge of how to get rid of them. But how did they deal with this pest in the
past? And what do we know of the bed bugs in the Netherlands?

1.6 Flight responses of Anopheles gambiae mosquitoes
to insecticide-treated fabrics
Jeroen Spitzen

Entomologie, Wageningen Universiteit, jeroen.spitzen@wur.nl
Insecticide-treated nets are the most successful tool to protect humans from
infected mosquito bites in malaria endemic countries. Long-lasting nets are designed to be toxic and repellent. Toxicity of these nets is evaluated by means of
standard WHO bioassays. A new method was developed to validate the WHO
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test and to include detailed behavioural information by means of automated
tracking of mosquitoes. Surprisingly, insecticide treated nets did not show a
clear difference in flight response compared to control netting.

1.7 A new, additional approach for arbovirus
surveillance in The Netherlands: the use of sugarbaited cards to detect circulating
Adolfo Ibanez-Justicia, Chantal Reusken, Ankje de Vries, Marieta Braks &
Ernst-Jan Scholte

CMV, nVWA Plant, Wageningen, a.ibanezjusticia@minlnv.nl
Up to now, arbovirus-surveillance in mosquitoes was hampered by the fact that
RNA-virus degenerates rapidly once a virus-infected mosquito has died, and
mosquitoes die soon after being caught in a mosquito trap. In order to develop a
logistically-simple method to detect circulating mosquito-borne viruses in risk
areas in The Netherlands, honey-baited FTA® cards where placed into mosquitoes CO2-baited traps, as well as placed directly in an area amidst of high numbers of mosquitoes.

1.8 Studies on mosquito vectors in areas affected by
the Nam Theun 2 hydroelectric project, Lao PDR
Alexandra Hiscox, Khamsing Vongphayloth, Pany Sananikhom, Surinder
Kaul, Steve Lindsay & Paul Brey

Institut Pasteur du Laos, Vientiane, Laos, alexhiscox@gmail.com
This presentation describes risk factors for mosquitoes in villages impacted by
construction of the large-scale Nam Theun 2 hydroelectric project, South-central
Laos. Improved housing conditions reduce the exposure of residents to Japanese
encephalitis and malaria vectors, whereas wide-scale latrine provision provides
greater opportunities for Armigeres subalbatus breeding. The distribution of Aedes
aegypti and Aedes albopictus differs markedly between urban and rural areas and
between different types of domestic container habitat.

1.9 Mosquito biocontrol
Sander Koenraadt

Entomologie, Wageningen Universiteit, Jeroen.Spitzen@wur.nl
Alternative, biological tools for controlling mosquitoes that are vectors of disease are urgently needed, especially in light of rapidly emerging insecticide
resistance. Entomopathogenic fungi provide a promising alternative. At present,
we focus on the development and optimization of field delivery techniques that
aim to infect malaria mosquitoes with fungus spores that are capable of killing
mosquitoes within a few days. Here we present the implementation of these
tools in our field site in Kenya.
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2.1 A population dispersal model for mass-markrecapture data with removal from traps
Herman Berghuijs, Bas Allema, Lia Hemerik & Wopke van der Werf

Biometris, Wageningen Universiteit, hermanberghuijs@hotmail.com
Mass-mark-recapture data can be used to estimate the dispersal rate of insects
when only a small number of recaptures are made. In contrast, at high recapture rates the removal of animals by traps influences the observed distribution.
Here, we present a population model for dispersal that accounts for the removal
of insects by trapping. The model is used for estimating a dispersal coefficient
from data for the ground beetle Pterostichus melanarius in two different crops.

2.2 Colony genetic diversity affects task efficiency in
the red ant Myrmica rubra
EJ Slaa, P Chappell & WOH Hughes

Leeds University, UK; Oegstgeest, e.j.slaa@leeds.ac.uk
High genetic diversity within social insect colonies seems a paradox because a
worker’s indirect fitness benefits from helping to rear a sibling are reduced.
Some studies, but not all, have shown that increased intra-colonial genetic diversity can enhance group performance. In this study we show that genetic diversity affects task efficiency, and that its effect depends on group size and the
nature of the task.

2.3 How temperature affects behavioral interactions
between host and parasitoid: a mechanistic approach
C. Le Lann, G. Driessen & J. Ellers

Dieroecologie, VU Amsterdam, c.lelann@vu.nl
Global warming triggers the question if species can persist in a changing environment. However, species persistence is also dependent on species interactions
and relationships between tightly co-evolved species are expected to be disrupted by thermal changes. This study elucidates the effect of temperature on the
behavioral interactions, between the grain aphid host Sitobion avenae and its
main specialist parasitoid, Aphidius rhopalosiphi. We identified underlying physiological mechanisms of behavioral responses that largely determine parasitoid
oviposition success.
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2.4 Kin selection in non-social insects
Bertanne Visser

NIOO-KNAW, Wageningen, b.visser@vu.nl
In this study, we are looking at kin selection in the non-social parasitic wasp
Gelis acororum. We examine four potential behavioural adaptations leading to
kin selection: mate choice, sex ratio adjustment, recognition of developing kin
and brood guarding. Our results reveal no kin discrimination in female choice
experiments. However, discrimination of developing kin seems to be the behavioural adaptation that underlies kin selection in this non-social parasitic wasp.

2.5 QTLs for mate preferences and regulation of male
pheromone production in Nasonia
Wenwen Diao, Thomas Schmitt, Louis van de Zande, Mike Ritchie & Leo
W. Beukeboom

CEES, University of Groningen, w.diao@rug.nl
Assortative mating is an important form of premating isolation, pheromones
contribute to species recognition. In Nasonia wasps (parasitic Hymenoptera), N.
oneida females have a high mate discrimination against N. giraulti, but N. giraulti females are less choosy. Both species differ in male pheromones that are used
to attract females. We have quantified mating behaviour and pheromone in F2
males and mate discrimination in F3 backcrossed females, aiming to detect
QTLs for pheromones and mating behaviour.

2.6 The control of hovering flight during oviposition by
two species of Bombyliidae
Wopke Wijngaard

Sint-Michielsgestel, wopke.wijngaard@home.nl
Bombylius major and Anthrax anthrax (Bombyliidae) are parasitoids of solitary
bees. In both species oviposition behaviour consists of a hovering phase near the
nest entrance of a solitary bee followed by a swing of the abdomen throwing an
egg in the direction of the nest. Modelling this behaviour as a position control
system is delivering details that characterize the two species quantitatively. This
will be useful for unravelling the evolutionary history of these species.
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3.1 Regurgitation-based defence success of Pieris
brassicae caterpillars against Cotesia parasitoids
depends on host plant
Sara van de Kerke & Joop van Loon

Entomologie, Wageningen Universiteit, joop.vanloon@wur.nl
The degree of repellence exerted by the regurgitant of Pieris brassicae caterpillars
as chemical defence against the parasitoid wasp Cotesia glomerata was quantified
when feeding on three host plants. Caterpillars feeding on Indian cress had a significantly more effective chemical defence against parasitisation. Regurgitant
collected from caterpillars feeding on Indian cress contained aromatic breakdown products of plant-defence compounds that were absent in the regurgitant
of caterpillars feeding on the other two host plants.

3.2 Effect of rearing plant on feeding behaviour and
performance of Nasonovia ribisnigri on resistant and
susceptible lettuce
Cindy J.M. ten Broeke, Joop J. A. van Loon & Marcel Dicke

Entomologie, Wageningen Universiteit, cindy.tenbroeke@wur.nl
The black current-lettuce aphid, Nasonovia ribisnigri, is an economically important pest of lettuce. The control of the lettuce aphid in cultivated lettuce is largely based on genetic host plant resistance, based on a single gene, the Nr-gene.
Nasonovia populations (Nr1) insensitive to the Nr-based resistance in lettuce
have emerged in several locations in Europe since 2007. The effect of rearing
plant (susceptible or resistant) on the feeding behaviour of Nr1 was studied.

3.3 Mites as vector of diseases in tulip bulbs
Suzanne T.E. Lommen, Roselinde G.E. Duyvesteijn, Maarten J.D. de Kock

Applied Plant Research, WUR, Lisse, suzanne.lommen@wur.nl
Eriophyoid and astigmatid mites commonly occur in stored tulip bulbs, and
some of them are pests. Mites may (additionally) function as a vector of plant
pathogens. Two important diseases in tulip associated with mites are bud necrosis, and the potexvirus Tulip Virus X. However, the role of specific species of
mite in the epidemiology of these diseases is not fully understood. Here, we present experimental data leading to new insights on this relationship.
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3.4 Resistance mechanisms against whitefly in tomato
Floor van den Elsen

WUR, Wageningen, floor.vandenelsen@wur.nl
The aim of the project is to identify Bemisia tabaci resistance QTLs in tomato.
An F2 population, that segregates for whitefly resistance, was produced.
Integration of phenomic, metabolomic, and genomic data revealed which genomic regions are involved in whitefly resistance and the importance of metabolites for the resistance traits. F2 plants were selected on bases of phenotypic and
metabolic QTL fingerprints and backcrossed with the recurrent parent to confirm QTLs in a next generation.

4.1 Web Based Taxonomy: The beetle family
Cholevidae as an example
Rik Lievers & Menno Schilthuizen

NCB Naturalis, Leiden, rik.lievers@gmail.com
The beetle family Cholevidae (Coleoptera: Staphylinoidea) consists of about
2000 species. The beetles are generally small, dark and uniformly shaped, and
therefore difficult to identify. In order to facilitate research on Cholevidae, a socalled ‘Scratchpad’ has been set up. Scratchpads are a social networking tool that
enables researchers to manage, share and publish taxonomic data online.
Registered users are able to view, edit and upload species descriptions, images,
literature and much more.

4.2 Combined effects of Cu and UVR on survival and
melanin synthesis in Chironomus riparius larvae
M. van Gemert, M.L. de Baat, R.A. Verweij, R. Loayza-Muro & M.H.S.
Kraak

IBED-AEE, Universiteit van Amsterdam, maartenvgemert@gmail.com
Our aim was to determine the combined effects of Cu and UV-radiation on survival and melanin synthesis in chironomid larvae, by mimicking the extreme
environment of high altitude Andean streams under laboratory conditions.
Melanin production was induced by Cu and by exposure to UVR. Pre-exposure
to UVR decreased the sensitivity to UV and Cu+UV, which may explain the
persistence of chironomids under extreme metal and UVR conditions in high
altitude Andean streams.
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4.3 The genetic basis of variation in photoperiodic
diapause response in the parasitoid wasp Nasonia
vitripennis
Silvia Paolucci, Louis van de Zande & Leo Beukeboom

Evolutionary Genetics, University of Groningen, s.paolucci@rug.nl
Under adverse environmental conditions, many insects enter a dormant state
called diapause. One important factor inducing diapause is photoperiod for
which the parasitoid wasp Nasonia vitripennis shows latitudinal geographic variation. This is probably the result of adaptation. We crossed lines from Northern
Finland and Corsica to investigate the genetic basis for the induction of diapause under controlled light-dark conditions. Using molecular markers, we could
identify some genomic regions involved in diapause induction.

5.1 The state of commercial augmentative biological
control: plenty of natural enemies, but a frustrating
lack of uptake
J.C. van Lenteren

Entomologie, Wageningen Universiteit, joop.vanlenteren@wur.nl
Biological control is in a critical phase, even though many efficient species of
natural enemies have been discovered and 230 are commercially available today.
The industry developed quality control guidelines, mass production, shipment
and release methods as well as adequate guidance for farmers. However, augmentative biological control is applied on a frustratingly small acreage. I will
review trends in application, causes explaining the limited uptake and ways to
increase application of augmentative biological control.

5.2 Biocontrol in glasshouses, a dynamic world
Jeroen van Schelt

Koppert, Berkel en Rodenrijs, jvschelt@koppert.nl
Koppert Biological Systems produces insects, mites, bumblebees and microbial
products which are used by most professional vegetable and ornamental growers. The glasshouse industry is one of the most innovative agricultural areas.
This means that bio control programs have to evolve constantly. Examples of
this are given for different crops. Also the research program from Petri dish level
to large scale practices is presented.
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5.3 Theoretical evaluation of the banker plant system
Lia Hemerik & Eizi Yano

Biometris, Wageningen Universiteit, lia.hemerik@wur.nl
The banker plant system is a system in which natural enemies (e.g. Aphidoletes
aphidimyza) are reared on alternative hosts (e.g. Rhopalosiphum padi) on banker
plants that are introduced into greenhouse to control pests (e.g. Aphis gossypii).
We developed a simple mathematical model for evaluating this system. With
the model we investigated some scenarios where the predators in this system are
able to suppress the pest insect.

5.4 Biological control of aphids with parasitoids in the
presence of unsuitable hosts
Gerben Messelink, Chantal Bloemhard, Hans Hoogerbrugge & Jeroen van
Schelt

WUR Glastuinbouw, Bleiswijk, gerben.messelink@wur.nl
The parasitoid Aphidius matricariae is very successful in controlling the peach
aphid Myzus persicae in sweet pepper. However, this parasitoid is not able to parasitize the foxglove aphid Aulacorthum solani, which is a species that often occurs
together with M. persicae in sweet pepper crops. The question is how the presence of this unsuitable host affects the control of M. persicae by A. matricariae.

5.5 Biological control of thrips and fungus gnats with
soil predatory mites
Amir Grosman, Gerben Messelink, Eric de Groot & Renata van HolsteinSaj

WUR Glastuinbouw, Bleiswijk, amir.grosman@wur.nl
Not available

6.1 The function of the serosa in Tribolium castaneum
Chris G.C. Jacobs, Gustavo L. Rezende & Maurijn van der Zee

Institute of Biology Leiden, cgc.jacobs@biology.leidenuniv.
Early in development the eggs of insects are divided into embryonic and extraembryonic primordia. The extraembryonic primordium forms transient epithelia: the amnion and the serosa. These wrap the germ band embryo. The serosa is
proposed to protect against desiccation. In Tribolium castaneum the removal of
the serosa with a Tc-zen1 knock-down leads to normally sized larvae, so what is
the function of the serosa? We tested the desiccation hypothesis in Tribolium
castaneum.
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6.2 No complementary sex determination in solitary
parasitoid wasp Asobara
Wen-Juan Ma

Evolutionary Genetics, University of Groningen, wenjuanma84@gmail.com
The best-understood mechanism in the Hymenoptera is complementary sex
determination (CSD). Under CSD, sex is determined by the allelic state at a single (sl-CSD) locus or at multiple (ml-CSD) loci. We tested four Asobara species
with different life history patterns by conducting multiple generations of inbreeding, detected diploid males by flow cytometry. Our results show that sex is not
determined by CSD in four Asobara species.

6.3 The role of dGRASP in Drosophila embryogenesis
Fabrizio giuliani

Hubrecht Institute, Utrecht, f.giuliani@hubrecht.eu
Dorsal closure is a morphogenetic event occurring during mid-embryogenesis in
Drosophila where the ectoderm migrates on the aminoserosa. Many genes have
been shown to be instrumental to the closure. Here, we describe the role of a
known gene encoding the Golgi protein dGRASP in dorsal closure. We show
that this gene is upregulated in the amnioserosa and, following its loss by genetic means, dorsal closure defects occur and the aminoserosa cells specifically lose
their junctions.

7.1 Effects of insect herbivore egg deposition, on
Brassica nigra plants against feeding caterpillars
F.G. Pashalidou, D. Lucas Barbosa, J.J.A. van Loon, M. Dicke & N.E.
Fatouros

Entomologie, Wageningen Universiteit, foteini_paschalidou@wur.nl
Plant that respond ‘just in time’ to egg deposition can prevent herbivores from
feeding and development. Brassica nigra plants respond directly and indirectly
against the eggs of cabbage white butterflies (Pieris).The aim of this project is to
unravel whether egg deposition by the specialist butterfly, Pieris brassicae, or the
generalist moth, Mamestra brassicae, triggers later plant responses to the feeding
caterpillars and what are the consequences for the herbivores.
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7.2 Identification and QTLs mapping of whitefly
resistance components in tomato
Syarifin Firdaus, Sjaak van Heusden & Ben Vosman

PRI-Plant Breeding, WURC, syarifin.firdaus@wur.nl
Whitefly has caused serious problems in tomato. Its natural enemies or pesticides are ineffective to control because whitefly presence is unpredictable.
Therefore, producing resistant cultivars is the best alternative. However, it was
hampered due to polygenic inheritance. To tackle this problem, a close tomato
wild relative as donor, high density markers, good resistance parameters and
resistance-related metabolites were done for QTLs mapping. The results showed
that QTLs co-localized in chromosome 2.

7.3 Longhorns in The Netherlands: evaluation of
eradication of Anoplophora glabripennis
AJM Loomans & BF Wessels-Berk

Plant Protection Service, Wageningen, a.j.m.loomans@minlnv.nl
The invasive Asian longhorn beetle, Anoplophora glabripennis, has been found in
avenue trees in an industrial area near the city of Almere, end of 2010. A large
area of 1 km around the centre of infestation has been monitored to explore the
size and impact of the outbreak and emergency measures have been taken to
eradicate this pest. The results of the findings and eradication measures are discussed.

7.4 Varroa mite discovery on honeybees (Apis mellifera
adansonii) in Burkina Faso
Marieke Mutsaers, Ambroise Zongo, Blaise Sanon, Jean Baro, Da Martine,
Karotimi Sanou, Simone Sanou & Boureima Gansore

Rutten, marieke.mutsaers@planet.nl
In a bee hive in Bobo Dioulasso, Burkina Faso, the varroa mite was found, a
parasite of bees. During a PUM mission for assistance of de Union Provinciale
des Apiculteurs du Houet a bee hive was opened for inspection and a sample of
drone brood was taken. Wether further treatment is needed is studied further
with a special hive, a treatment and counting of varroa and honeybees.
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7.5 Invasive spread and insect herbivory in American
birdcherry (Prunus serotina)
M. Schilthuizen, K. Meijer, D. van der Klugt & L. Pimenta

NCB Naturalis, Leiden, schilthuizen@naturalis.nl
We studied the herbivore fauna of the exotic Prunus serotina in two sites in the
Netherlands. Contrary to expectation, the diversity and abundance of herbivorous insects was similar to that on the native P. padus. Herbivores on P. serotina
included generalists and monophagous specialists, recently shifted from other
hosts. To understand the evolutionary and ecological history of P. serotina colonisation, we also studied phytochemistry and, in certain groups of herbivores,
parasitoid load and host preferences.
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Posters
The genetic basis of parasitoid resistance of
Drosophila melanogaster against Asobara tabida in
artificially selected populations
Kirsten Jalvingh

Evolutionaire Genetica, Rijksuniversiteit Groningen, k.m.jalvingh@rug.nl
We investigate a parasitoid-host system in which fruit fly larvae from the
Drosophila genus are parasitized by wasps of the Asobara genus. Through an
evolved innate immune response, in some cases the fly larva is able to sequester
and kill the parasitoid egg. There is considerable genetic variation in the
strength of the immune response, both within and between Drosophila populations. We aim to elucidate the genetic basis of this adaptive variation in parasitoid defense by sequencing lines artificially selected for increased resistance.

Genome-wide SNP discovery in the parasitoid Cotesia
vestalis
Jetske de Boer

Wageningen, jetske@remjet.nl
We used a single lane of Illumina paired-end sequencing to sequence the entire
genome of the parasitoid Cotesia vestalis with the purpose of marker discovery.
We detected more than 270 thousand putative SNPs from a panel of eight
diploid females from different fields in Taiwan. A subset of these markers is
now further developed for population genetics and mapping studies.

Gras minder groen! Oude en nieuwe plaaginsecten in
gras
Klaas van Rozen

WUR-PPO, Lelystad, klaas.vanrozen@wur.nl
Een kort overzicht van oude en een mogelijk nieuwe insectenplaag in
Nederland. Van oudsher bekende bodeminsectenplagen als emelten en engerlingen blijven de gemoederen in de landbouwpraktijk periodiek bezig houden.
Daarnaast werd in Nederland voor het eerst schade geconstateerd door larven
van een nog onbekende snuitkeversoort in grasland. Hoe gaan we in de toekomst
om met deze plagen?
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