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This volume contains the proceedings of the 24th annual meeting of – mostly
exper imental and applied – entomologists in The Netherlands, held on Friday 14
December 2012, in Ede, near Wageningen. As every year, the Section Experim -
en tal and Applied Entomology (SETE) of the Netherlands Entomological Society
(NEV) organized the meeting. The invited plenary lecture was presented by
Drs. Rob de Vos (Naturalis Biodiversity Center, Leiden), on 20 years of insect
survey and inventory in Indonesian New Guinea 1993-2012.

Amateurs, students and professional scientists who present their work at the
meeting are given the opportunity to publish in the proceedings. This has result-
ed in the five papers making up this volume. Apart from few corrections of
apparent mistakes and inconsistencies, all manuscripts are published essentially
as they were handed in. At the end of this volume, the abstracts of all presenta-
tions – talks and posters – are included.

Jan Bruin
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Many studies address aphid feeding behaviour to learn more about resist-
ance mechanisms in plants. Time-to-event techniques can be used to
exploit the datasets more profoundly by looking at changes in aphid
behaviour over time. Our present dataset was acquired by automated
video-tracking of probing behaviour of Nasonovia ribisnigri, the lettuce
aphid, on leaf discs of two different lettuce cultivars, one susceptible to
aphids and one resistant to aphids. The behaviour of individual aphids
was recorded in a no-choice situation during 8 h. All experiments were
performed on three different days. We first addressed the structure of the
alternating non-probing and probing behaviours. To investigate whether
the duration of these two behavioural components is affected by plant
resistance, we performed a time-to-event analysis for the events ‘start of
a probe’ and ‘end of a probe’. These analyses showed that the tendency to
stop a probe was lower for aphids on the susceptible cultivar and the ten-
dency to start a probe was higher on that cultivar. This can be seen in the
durations of the probes – these were longer on the susceptible cultivar –
and the non-probes – these were shorter on the susceptible cultivar. For
the current dataset we analyse the behaviour in more detail by including
some covariates. In the future, we will use the time-to-event analysis to
assess the level of resistance of varieties of a plant species by considering
the distributions of both probe and non-probe durations.

Keywords: survival analysis, aphid behaviour, host plant resistance

Aphids are major pests for crops all over the world. They limit plant productiv-
ity by feeding on the phloem. Moreover, aphids are often vectors of plant
pathogens. Almost every crop is a host to at least one aphid species. Because

Analysing aphid behaviour with time-to-event
techniques to discriminate between
susceptible and resistant plants



10

most aphid species developed resistance to insecticides, they are difficult to con-
trol (Blackman & Eastop 2006, Minks & Harrewijn 1989, Powell et al. 2006). In
addition, the lifestyle of aphids can hamper the efficiency of chemical control,
because they may feed only on the occluded inner leaves of a plant (Palumbo
1999). Plants have evolved multiple ways to defend themselves against herbivo-
rous insects, for instance, by means of repellent volatiles, trichomes, toxins and
digestibility reducers (Panda & Khush 1995, Schoonhoven et al. 2005, van Poecke
2007, Dicke & Baldwin 2010). Exploiting natural variation in host plant resist-
ance to control herbivorous insects is one of the basal elements of environmen-
tally benign pest management (Panda & Khush 1995, Schoonhoven et al. 2005). 

Previously, it has been demonstrated that plant resistance can be inferred
from the behaviour of aphids (Pickett et al. 1992, Klingler 1998, Pompon &
Pelletier 2012). Aphids are phloem-feeding insects. When probing a plant with
their stylets aphids can ingest primary and secondary plant metabolites. Before
aphids start feeding, they make multiple short exploratory probes, without
extracting phloem from the plant. Stylet penetrations take at least 10 min before
a phloem vessel is reached (Tjallingii in Minks & Harrewijn 1988) and often the
first event of phloem uptake occurs several hours after initial contact between
aphid and plant. From previous research it is known that resistant plants induce
more short probes compared to susceptible plants. Also the total time spent on
phloem ingestion is much shorter on resistant compared to susceptible plants
(Cook et al. 1987, Montllor & Tjallingii 1989, Sauge et al. 1998). 

To record the behaviour of aphids, we used an automated video-tracking
method. This method is less precise than Electrical Penetration Graphs (EPG),
but comparable to human observations of probes. With video-tracking the posi-
tion and movements of the insect were recorded with a sample rate of 25 frames
per second during the whole recording period. By registration of moving and
non-moving events and the position of the aphid (on the leaf or elsewhere in the
arena), the video tracking software EthoVision® XT 8.5 acquired data about the
number, duration and timing of probes (Noldus et al. 2002, Kloth et al. in prep.).
Unlike EPG this method cannot verify physical contact between stylet and
plant, which plant tissue is penetrated and whether any phloem is ingested. The
advantage of automated video-tracking is, however, that it can screen many
more plant lines in parallel in a shorter time compared to EPG. A previous study
showed that number and durations of probes measured with this video-tracking
system were highly correlated to human observations of probes (Kloth et al. in
prep).

In this study the behaviour of aphids is analysed by survival analysis.
Survival analysis has not been used a lot to analyse behavioural data, but is suit-
able for this kind of data (Velema et al. 2005). Usually the total time spent on a
certain behaviour is recorded, but not if this is one consecutive period or multi-
ple shorter periods. Survival analysis works with time intervals in which this
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difference can be visualized. Another advantage of survival analysis is the fact
that censored data, i.e. data where the behaviour is still going on at the end of
the observation, is also included in the analysis (Jansen et al. 2004). In addition,
both probing and non-probing events can be assessed with survival analysis,
while non-probes have been ignored in most studies.

The aim of this study is to investigate whether survival analysis is a suitable
method for identifying resistant and susceptible plants in a dataset acquired by
automated video-tracking. To this end, we use video-tracking observations of
the lettuce aphid, Nasonovia ribisnigri biotype Nr:0, on a resistant and suscepti-
ble cultivar of lettuce, Lactuca sativa.

METHODS AND MATERIALS

Data
We observed winged lettuce aphids and their feeding behaviour on either a let-
tuce cultivar known to be very resistant (Corbana) to this aphid species or a let-
tuce cultivar known to be susceptible (Terlana) to this aphid species (ten Broeke
et al. 2013). The probing behaviour of the aphid was recorded using automated
video-tracking. Each aphid was observed in a circular arena, 8 mm in diameter,
containing a leaf disc, 6 mm in diameter, with the abaxial side up on a substrate
of agar. The duration of each experiment was 8 hours during which the position
and probing behaviour of the aphid was continuously recorded with a camera
and EthoVision® XT 8.5 (Noldus et al. 2002, Kloth et al. in prep.). For both the
susceptible and resistant lettuce cultivars 30 replicates were performed, each
with a different aphid and plant individual. Both cultivars were screened simul-
taneously over 3 days.

Time-to-event analysis
In general, time-to-event analyses (or survival analyses) have the following
setup. First, the event of interest is defined. Thereafter, the time until the occur-
rence of this event is recorded. The time until an event happens is called the fail-
ure time. Sometimes, these failure times cannot be observed because an individ-
ual is out of sight and it is unknown what has happened. Such observations are
censored observations. Censoring can also occur due to the fact that an experi-
ment stopped before the event of interest has happened. Based upon the failure
times, we analysed the probability per unit time that the event will happen given
that it has not occurred yet. This conditional probability is called the hazard rate
[(h(t,z)] and can vary in time t with different influencing factors or covariates z.
Originally, the considered event is death, hence the term ‘survival analysis’, and
this event can only happen once to each individual. 

In the current dataset, we are interested in probing behaviour of aphids. With
the observed and censored probing and non-probing durations we made the his-
tograms for probing and non-probing on susceptible and resistant plants. We
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also calculated a crude way for determining the mean duration of (non-)probes,
namely the total time of all (non-)probe lengths divided by the total number of
realised (non-)probes. For the different durations we also made Kaplan-Meier
survivor curves (Klein & Moeschberger 2003) on susceptible and resistant plant
species to show the effect of cultivar on the durations.

To assess the qualitative effect of the covariate ‘plant cultivar’ (coded as 0 for
Terlana and 1 for Corbana) we used Cox proportional hazards model, were the
effect β of covariate z is expressed in the factor with which the baseline hazard
is multiplied: h(t,z) = h0(t) exp(βz).

In this study, we consider two events of interest: the beginning of a probe and
the end of a probe (analogous to how behavioural records are analysed by
Velema et al. 2005). In contrast to conventional survival analyses, the events of
interests can happen for the same individual multiple times during a period of 8
h of automated video-tracking. The two events, i.e. the start and end of a probe,
are analysed in two separate Cox proportional hazards models by respectively
analysing the non-probe and probe duration. The only covariate considered in
the current paper is whether the aphid feeds on a susceptible (cultivar Terlana)
or resistant (cultivar Corbana) host plant. For the analysis of probe duration we
used the tendency to stop probing on a susceptible plant as the baseline hazard
rate. In both the probe duration and the non-probe duration data, right censor-
ing occurs because the observations are stopped at a fixed time point. 

RESULTS
The only different behavioural bouts that we addressed in the video-tracked
behaviour of the aphids are the probing and non-probing bouts. Probing bouts
are the intervals between the start and the end of the probing behaviour, while
non-probing bouts are the complementary intervals, namely between the end of
one probe and the start of the next. Because EthoVision® XT 8.5 is programmed
to register a probe start on the condition that the aphid was not moving over a
consecutive period of several seconds before the start, each behavioural record
starts by definition with a non-probing bout. 

We have analysed the non-probing bouts first by making a histogram of all
censored and observed probing bout lengths on the resistant and susceptible cul-
tivars (Figure 1a,b). We performed a similar analysis on the non-probing bouts
by making a histogram of all censored and observed non-probing bout lengths
on the resistant and susceptible cultivars (Figure 1c,d). Because there are so
many non-probes and probes with a short duration these histograms do not
clearly show the differences between the cultivars. Therefore, we provide in
Figure 2 the log of the Kaplan-Meier survivor curves. In panel (a) of Figure 2 it
becomes clear that the probing bouts in the susceptible cultivar last longer and
in panel (b) of this figure it is shown that the non-probing bouts in the resistant
cultivar last longer.

ANALYSING APHID BEHAVIOUR WITH TIME-TO-EVENT TECHNIQUES
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With a Cox proportional hazards model we analysed the effect of the culti-
vars on probing and non-probing bout lengths. The results are shown in Table 1.
The tendency to stop probing bouts on resistant cultivars is 1.21 [exp(βP) =
exp(0.187)] times that on the susceptible cultivar, meaning that on average prob-
ing bouts are shorter on resistant cultivars. Mean probe length as defined in
Methods and Materials on the susceptible variety is 13.96 and on the resistant
variety 7.79 min. The tendency to start probing bouts on resistant cultivars is
0.88 [exp(βN) = exp(−0.131)] times that on the susceptible cultivar, meaning that
on average non-probing bouts last longer on resistant cultivars. Mean non-probe
length, as defined in Methods and Materials on the susceptible variety is 6.38
and on the resistant variety 7.84 min.

M.W. BOOIJ, K.J. KLOTH, M.A. JONGSMA ET AL.
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Figure 1. Histograms of probing and non-probing bout lengths are shown for the resist-
ant and susceptible cultivars of lettuce: (a) probes on susceptible cultivar (n = 651), (b)
probes on resistant cultivar (n = 836), (c) non-probes on susceptible cultivar (n = 656),
and (d) non-probes on resistant cultivar (n = 851).
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Figure 2. Log-survivor plots of the duration of (a) probing and (b) non-probing bouts.

Table 1. The effect of the cultivar on the probing and non-probing bout lengths is
analysed with a Cox proportional hazards model. The baseline hazard is the tendency
to, respectively, stop or start probing on the susceptible cultivar. The regression coeffi-
cients for probing and non-probing bouts are denoted as βP and βN, respectively.

Cultivar Probing bouts Non-probing bouts
βP P βN P

Resistant 0.187 <0.001 −0.131 0.012



DISCUSSION
For both cultivars more than 50% of the probing bouts last less than 1 min. This
means that the majority of probes does not involve phloem ingestion, but is
rather exploration of plant surface and leaf epidermis or obstruction by elements
of these tissues. In addition, more than 50% of non-probing bouts last shorter
than 2 min on both cultivars, suggesting that the aphids in general have a strong
tendency to start a new probe.

As expected, we found that probing bouts last longer on the susceptible cul-
tivar. This is confirmed by an EPG study with N. ribisnigri on these cultivars
(ten Broeke et al. 2013) and consistent with EPG studies that described the gen-
eral trend of aphids to perform more and shorter probes on resistant plants
(Cook et al. 1987, Montllor & Tjallingii 1989, Sauge et al. 1998). Rather a new
finding is that non-probing bouts last longer on the resistant cultivar. We would
expect that a deterrent plant cue would result in a delay of the next probe, but as
far as we know, no studies up to now have proven this. The difference between
the susceptible and resistant cultivar is, however, more clearly reflected in the
duration of the probing bouts than in the duration of the non-probing bouts.

In conclusion, time-to-event techniques prove to be a promising approach for
analysing aphid behaviour and identifying resistant plant lines. Instead of using
summary statistics such as the sum of probe durations, this method takes the dura-
tion of each individual probe into account over the total length of the observation.
It thereby delivers more insight into aphid behaviour and orchestrated plant
defence mechanisms. Furthermore, it has the advantage that interrupted probing
and non-probing bouts at the end of an experiment are correctly included in the
analysis. In this study we used a dataset acquired by automated video-tracking, but
time-to-event techniques could as well be applied to EPG data. In the future, we
will explore these possibilities and incorporate more covariates that might affect
probing behaviour, such as experimental design and behavioural factors.

Acknowledgments We would like to thank Cindy ten Broeke for the supply
of aphids and plants for the video tracking experiment.
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Eristalis nemorum (L.) males show a characteristic hovering behaviour
above females feeding on a flower. A male may hover 1-2 cm above a
female for minutes. When the female leaves, the male will follow
swiftly. This following behaviour is described by a control model with
velocity control. When a male is hovering above a female with more
males in the neighbourhood, clusters of hovering males may come into
existence. Sometimes even four males are hovering in a column above
a female. The existence of columns of hovering males is explained by
the males obeying a small set of simple behavioural rules.

Keywords: hovering, hoverfly, position control

Eristalis nemorum (L.) males show a characteristic hovering behaviour above
females feeding on a flower (Stubbs & Falk 1983, Iliff 2003, Reemer et al. 2009;
Figure 1). A male may hover 1-2 cm above a female for minutes. In a previous
paper a quantitative characterization of the hovering of a male hoverfly E. nemo-
rum has been given (Wijngaard 2010). In this paper an overview is given of vari-
ous aspects of the movement of the males. When a female is leaving, the male
will react swiftly. A conceptual model will be used to quantify the timing of this
reaction.

In the summer of 2012, clusters of hovering males have been filmed, even a
column of four hovering males above a female. The way in which a column of
hovering males arises is also investigated here. 

MATERIALS AND METHODS
The flies have been filmed near Sint-Michielsgestel, The Netherlands, from
May until July 2012. The behaviour is very characteristic, therefore the flies have
not been kept for further identification. Two cameras were used: a Casio EX-F1
or a Canon SX-40HS. Both cameras filmed in a high speed mode (HS) with 300
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(Casio) or 120 (Canon) frames per s. The camera is held in hand. Parts of the
film with much movement along the line of sight have been discarded. The
films have been analysed in small sequences of several seconds (i.e., tracks),
using ‘Tracker’, short for ‘Tracker video analysis and modelling tool’
(http://www.cabrillo.edu/~dbrown/tracker/). The ‘tracks’ are coded by the
date and time of recording plus a track-specific code; for example, track
‘300512_1557A’ indicates track A of the film recorded on May 30, 2012, at 15:57
hours. As unit of distance the length of the male or female is chosen, i.e., approx-
imately 1 cm.

EXPERIMENTAL RESULTS
At first some general observations about the behaviour of male E. nemorum are
described. Males may be found searching for females in a patch of flowers. The

ERISTALIS NEMORUM MALE AEROBOTICS

Figure 1. A male
Eristalis nemorum hov-
ering above a female.



males are looking for dark objects of the size and shape of a female. The object
of interest will be approached and touched with the legs. When this check is pos-
itive the male may start hovering.

One hovering male
In the field the hovering males E. nemorum are apparent by the emission of a
characteristic humming sound of approximately 280 Hz, the frequency of the
wingbeat. A hovering male may do so for minutes, but every now and then, the
male is touching the female with its legs. This may function to test whether the
object is a female E. nemorum. A real copulation does not occur in these circum-
stances. 

Horizontal position control has been investigated in a previous paper
(Wijngaard 2010). The control of vertical distance is somewhat more complicat-
ed. When the male is touching the female, the vertical distance is at first
enlarged with a jump and afterwards diminished with a time constant of the
order of 0.5 s. An example is given in Figure 2. In Figure 2 the male is at first
hovering approximately 1 unit above the female. At time t = 0.9 the female is
touched by the legs and the distance is increased to 3.5 units. Afterwards the dis-
tance is decreased exponentially with time constant 0.77 s. At t = 2.8 s the dis-
tance is again increased due to some unknown cause.

In hovering above the female the male is performing a wobbling oscillation
with a frequency of approximately 7 Hz. Perhaps this oscillation is of use to
determine the distance to the female (Wijngaard 2010).

Many times the male is not hovering above a female but above some other
object. Hovering has been observed above a honeybee, a soldier beetle, a white
clover flower head (Trifolium repens), and a male E. nemorum.

W. WIJNGAARD
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Figure 2. Vertical dis-
tance after touching.
Exponential fit (green)
with time constant 0.77
s. Track 280612_1613.



Following behaviour
When the female is flying away the male in general will follow the female. The
reaction of the male is very fast. To gain more insight the conceptual model
from the previous paper will be used with added velocity control.The model
given here is meant to be of use for the following behaviour in one dimension,
either in the horizontal x-direction or in the vertical y-direction. The proposed
model is given in Figure 3. For generality the model does not mention a male or
female, instead a ‘Follower’ is following a ‘Leader’. For a male hovering above a
female, the male is the Follower and the female the Leader. The physical dis-
tance xF-xL between Follower and Leader is filtered by a first order system to
obtain the distance destim as seen by the insect. The filter is modelling sensory
and neural delay. The estimated distance is compared with the internal reference
dref and amplified by the proportional gain Kr. In parallel the estimated distance
destim is differentiated to obtain the estimated velocity. The velocity is amplified
by a parameter Kd. The resulting control signal is the sum of a proportional and
derivative (velocity) part. The control signal is filtered by a first order system,
modelling the mechanical part of the system, to obtain the physical velocity. By
integrating the velocity the position xF of the Follower will be obtained.

As an example the model has been used to fit the experimental results for a
male following a female. In this case male and female were both stationary at
the start of the track. The results for the vertical y-direction are given in Figure
4. The parameters of the model have been chosen to fit the experimental results
visually. The chosen parameters are therefore only indicative.

Two males hovering above a female
Sometimes two males are hovering above one female, one male above the other
(Figure 5). The highest male, to be called male2, may follow either the female or
the lower male, to be called male1. 

ERISTALIS NEMORUM MALE AEROBOTICS

20

Figure 3. The conceptual
model with proportion-
al and derivative
(velocity) control.
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Figure 5. Two males
hovering above a
female.

Figure 4. The vertical
position of female
(blue) and male (green)
as a function of time
along with the fitted
results of the model
(red). Kr = 13, Kd = 0.7 s,
τv = τ = 0.02 s.



A male may hover above another male, so male2 will follow male1. In most
cases male1 is following the female, but sometimes male1 is following male2.
This hypothesis is supported by a few tracks where the two males are drifting
away from the female. An example is given in Figure 6. Here for some time
male1 and male2 are drifting away from the female until the distance, approxi-
mately at time t = 3, is too large and the vertical distance to the female is decreas-
ing to normal values. The conceptual model has been used to model this behav-
iour. The parameters of the model have been chosen to obtain a reasonable fit
with experiment.

Development of a column of hovering males
The development of a column of hovering males has been filmed. Here, as an
example, it will be described how a column of two hovering males may arise
from one male hovering above a female. In Figure 7 four frames from a film are
given. The female is indicated by a red dot. At first only one male, indicated by
a green dot, is hovering above the female. Then another male, the orange male,
is coming in the field of view. The orange male is touching the green one with
its legs and then going on until the female will be touched. After touching the
female a second time, the orange male is entering the hovering phase. The green
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Figure 7. Pictures from a film, with the first picture at the left. A second male is added
to the first hovering male forming a column of two hovering males above a female.
The total time between the first and the last picture is 2 s. Track 190612_1654Film.

Figure 6. Track
190612_1654. For 0.5<t<2.97
the males are following
each other and the dis-
tance to the female is
drifting away. Model:
Kr = 18, τv = τ = 0.03 s,
Kd = 0. At time t = 5
both males are leaving
the female to hover
above a nearby fly.



male is at first pushed forward to the female and then continues hovering. So at
the end two males are hovering in a column above the female.

Generalizing results of this kind, components of behaviour related to hover-
ing are now integrated to obtain the rules to be used by E. nemorum males to
obtain a column of hovering males. The rules which a male will obey are: (1)
Search for a dark object on a flower. (2) Touch the object of approximately your
own length with your legs. (3) When a female is encountered enter the hovering
phase. (4) When a hovering male is encountered look for a female below the
hovering male. If a female is found enter the hovering phase somewhere in the
column of hovering males. Otherwise leave the scene.

DISCUSSION
The trajectories are in reality three dimensional, but only the position in a plane
perpendicular to the line of sight has been measured. This will not be a problem
when the movements in the plane and perpendicular to the plane are independ-
ent. Parts of the results with much movement along the line of sight have been
discarded. The camera has been held by hand, therefore the camera has not been
completely stationary. This has been partly, but not completely, compensated in
some cases by choosing a point in the background as a reference. The unit of dis-
tance is the length of a male or female, this is approximately 1 cm. However the
analysis in terms of the model will not depend on absolute distance, so this
choice of the unit of distance does not have consequences for the analysis. 

Conclusion
Eristalis nemorum males are capable of closely following a female feeding on a
flower or leaving. The simple rules used by the males in following females are
the cause of columns of males hovering above a female. The conceptual model
has been helpful in analyzing this behaviour.
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Anthropogenic nitrogen deposition has been recognized as a factor
affecting the dynamics and composition of plant communities. Its
impact on insect communities is still largely unknown. Using data
from the Dutch Butterfly Monitoring Scheme, we analyzed the varia-
tion in local trends of butterfly abundance in three Natura 2000 habitat
types of known sensitivity to nitrogen deposition: coastal dunes
(H2130), wet heathlands (H4010A) and species-rich Nardus grassland
(H6230). We found evidence of a negative impact of increasing levels
of nitrogen deposition on butterfly trends in all three habitat types.
Interestingly, species from more nitrogen-rich habitats showed a simi-
lar, though less pronounced, response. The results constitute the first
evidence of a significant dose-response relationship between nitrogen
deposition and declines in insect abundance at a national scale.

Keywords: nitrogen deposition, biodiversity, butterflies, monitoring,
Natura 2000 habitat types

Anthropogenic nitrogen deposition from agriculture, traffic and industry has
been recognized as a cause of biodiversity loss and change of ecosystem func-
tioning in plant communities since the 1980s (Vitousek et al. 1997, Bobbink et al.
1998). The excess nitrogen has even been identified as a major threat to ecologi-
cal stability at a global level (Rockström et al. 2009). The recent review by
Bobbink & Hettelingh (2011) of critical loads of nitrogen deposition for natural
and semi-natural ecosystems has underpinned earlier studies and has updated
the estimates of critical nitrogen loads with a strong focus on plant communi-
ties. Evidence of the impact of nitrogen deposition on animal communities is
almost non-existent, with the exception of a few studies on butterflies. The
study by Weiss (1999) on the butterfly Euphydryas editha bayensis in California
(USA) linked excessive nitrogen deposition on serpentine soils to grass

Effects of local variation in nitrogen deposition
on butterfly trends in The Netherlands



26

encroachment, habitat deterioration through loss of host plants and, ultimately,
population decline. WallisDeVries & Van Swaay (2006) analysed the probabil-
ity of declining ranges of butterfly species in response to both nitrogen deposi-
tion and spring temperatures at a national level for nine European countries
along a gradient of continentality. They found that both factors acted in concert
to explain butterfly declines and they argued that the cooling of spring microcli-
mates could be the driving mechanism. Finally, changes in plant chemistry
under nitrogen excess could affect nutritional quality, both leading to increased
frequency of insect outbreaks (Throop & Lerdau 2004, Bobbink & Hettelingh
2011) and declines of habitat specialists (Fisher & Fiedler 2000, Nijssen & Siepel
2010, Turlure et al. 2013).

Although these studies have provided insight into the possible mechanisms
that may lead to biodiversity loss under nitrogen deposition, there still is a
strong need for evidence showing a dose-response relationship between nitrogen
deposition and population trends for animals. This requires spatially detailed
data on nitrogen deposition and changes in animal abundance. The Dutch
Butterfly Monitoring Scheme offers this possibility within the context of The
Netherlands, where detailed assessments of nitrogen deposition are available as
well (Hettelingh et al. 2008). In this study we performed such an analysis with
a focus on butterfly populations from three Natura 2000 habitat types that are
known to be sensitive to nitrogen deposition.

MATERIALS AND METHODS

Habitat types and nitrogen deposition
We focussed on Natura 2000 habitat types of known sensitivity to nitrogen dep-
osition with extensive monitoring data for butterflies. Three habitat types with
sufficient data were selected: Grey Dunes (H2130, i.e., Fixed coastal dunes with
herbaceous vegetation; critical load 570-1070 mol N/ha/year), Wet Heaths
(H4010A, i.e., Northern Atlantic wet heaths with Erica tetralix; critical load 710-
1430 mol N/ha/year), and Nardus Grassland (H6230, i.e., Species-rich Nardus
grassland on siliceous substrates; critical load 710-1070 mol N/ha/year) (critical
loads after Bobbink & Hettelingh 2011).

Data on nitrogen deposition (total N as NOx and NHy in mol/ha/year)
were obtained from RIVM for 1995 and 2005 at a 1 km resolution (Hettelingh et
al. 2008). Grid cells were assigned to five deposition levels: (1) 600-1200, (2) 1200-
1800, (3) 1800-2400, (4) 2400-3000, and (5) >3000 mol N/ha/year. Levels were then
combined into different categories for the 2 years (i.e., 32 for level 3 in 1995 and
level 2 in 2005).

Butterfly monitoring data
Butterfly abundances were obtained for the years 1992-2008 from the Dutch
Butterfly Monitoring Scheme. Butterfly numbers represent weekly counts for
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all species between April 1st and September 30th along permanent transects
under suitable weather conditions (details on methods in Pollard & Yates 1993).
Each transect consists of a series of usually 20 sections of 50 m length and 5 m
width. For Phengaris alcon we used egg count plots of a known size (typically 100
m2) where the annual count consists of the maximum of two counts in late July
and early August. The transects (or plots) are distributed over the whole coun-
try; imbalances in geographical distribution are accounted for in trend analysis
by a weighting procedure according to landscape type (Van Swaay et al. 2002).

Transects (or plots) were assigned to habitat types primarily on the basis of
topographical information and vegetation classification. In the case of H6230, we
added the criterion of the occurrence of at least the characteristic typical species
Pyrgus malvae or at least the presence of one of the following species Argynnis
aglaja, A. niobe, Hesperia comma, Lycaena tityrus in addition to Thymelicus
sylvestris, which is considered to be a constant species for this habitat type (Bal
2007); transects in which the wetland species Boloria selene occurred were dis-
carded as belonging to a different habitat type.

For data analysis, we selected transects (or plots) with at least 5 years of
counts and set a minimum limit of five transects per nitrogen deposition level.
Four deposition levels could be analysed for H2130 (n = 63 transects) and H4010
(n = 114 transects or egg count plots) and three deposition levels for H6230 (n =
34 transects). We only included species with counts from at least three transects
(or plots) for each deposition level in a given year. This limited the set of species
to a total of 19 (Table 1).

Butterfly species were assigned to either a low or an intermediate-high
(including indifferent) nitrogen status of their habitat (Table 1) according to
Oostermeijer & Van Swaay (1998), who identified the probability of species
occurrence along monitoring transects in relation to Ellenberg’s nitrogen indica-
tor value of the local plant community.

Data analysis
Butterfly trends per habitat type and nitrogen deposition level were first esti-
mated at species level using TRIM 3.54 (Pannekoek & Van Strien 2005), which
determines changes in log-transformed abundance as an index value in compar-
ison to the baseline year. We then averaged these values across species to obtain
a mean annual abundance index for the two nitrogen status groups at all deposi-
tion levels for each habitat type. For H4010 we had to reduce the deposition lev-
els from four to two levels by combining levels 43/44 and levels 53/54.

Effects of nitrogen deposition level on the population trends for the two
species groups with different sensitivity to nitrogen availability were analysed
with Generalized Linear Mixed Models (GLMM) using standard least square
analysis in JMP 5.0.1 (Sall et al. 2005). The annual log-abundance index was
taken as the response variable and species nitrogen status, nitrogen deposition
level and year were considered as explanatory variables, along with their two-
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way interactions (three-way interactions were investigated but left out from the
model after ascertaining that they were not significant). Model residuals were
checked for normality.

RESULTS
The variation in butterfly abundance trends in the Grey Dunes could be
explained for 72% by the GLMM model. Strong declines in butterfly abundance
were observed, as shown by a highly significant Year effect (Figure 1, Table 2).
The large Status × Year interaction effect pointed to a more severe decline for
the low-N species. Overall, species with low nitrogen status showed a 6.5%
lower log-abundance index (corresponding to 24% difference in actual abun-
dance). Abundance indices differed only modestly between nitrogen levels, with
the highest values for the 21-level. Also, the Status × Deposition interaction indi-
cated variation in the effect of deposition level on abundance between the two
species groups, with no clear order in relation to deposition. However, the sig-
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Table 1. Selected butterfly species for the three Natura 2000 habitat types in relation to
nitrogen status. Low nitrogen status reflects an optimum Ellenberg inidicator value for
nitrogen of ≤4 (on a scale of 1-9, after Oostermeijer & Van Swaay 1998; NA signifies
that there was no significant response of occurrence probability to nitrogen value for
this species).

Habitat type
Species Nitrogen Nitrogen H2130 H4010 H6230

status optimum
Argynnis niobe Low 3.8 X
Coenonympha pamphilus Low 3.7 X X
Hesperia comma Low 1.0 X
Hipparchia semele Low 2.4 X
Lycaena phlaeas Low 3.0 X
Lycaena tityrus Low 2.5 X
Phengaris alcon Low 1.9 X
Plebejus argus Low 1.0 X
Pyrgus malvae Low 3.2 X X
Thymelicus sylvestris Low 3.2 X
Aglais io Intermediate-High 5.7 X X
Aglais urticae Intermediate-High 8.0 X X
Aricia agestis Intermediate-High 5.0 X
Gonepteryx rhamni Intermediate-High NA X X
Issoria lathonia Intermediate-High 4.5 X
Maniola jurtina Intermediate-High 4.2 X X X
Pieris rapae Intermediate-High 8.0 X
Polyommatus icarus Intermediate-High 4.9 X
Thymelicus lineola Intermediate-High 4.5 X X X



nificant Deposition × Year interaction revealed the most severe decline in abun-
dance at the highest nitrogen deposition level.

Despite the lower number of both years and deposition levels, the regression
model accounted for 76% of the variation in butterfly trends in Wet Heaths
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Table 2. Results of the GLMM analysis for the three Natura 2000 habitat types: Grey
Dunes (H2130), Wet Heaths (H4010) and Nardus Grassland (H6230). Indicated are the
proportion of explained variation by the model (R2), the degrees of freedom of the
error term in the model (d.f.) and the F-ratio of statistical tests with their significance
(ns: not significant, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).

Habitat type
H2130 H4010 H6230

R2 0.721 0.757 0.413
d.f. 123 37 50
Nitrogen status 7.3** 8.3** 0.1ns
Nitrogen deposition 5.1** 21.9**** 1.7ns
Year 51.7**** 6.0* 1.2ns
Status x deposition 11.4**** 1.5ns 2.3ns
Status x year 37.1**** 17.1*** 9.0**
Deposition x year 8.5**** 7.7** 4.9*

Figure 1. Trends of but-
terfly abundance in
H2130 Grey dunes for
a) 6 species of low-
nitrogen habitats and
b) 9 species of interme-
diate- to high-nitrogen
habitats. Different
symbols indicate dif-
ferent levels of nitro-
gen deposition (the
first symbol denotes
the 1995 level, the sec-
ond the 2005 level; 1:
600-1200, 2: 1200-1800, 3:
1800-2400 mol
N/ha/year).
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Figure 2. Trends of but-
terfly abundance in
H4010 Wet heaths for
a) 2 species of low-
nitrogen habitats and
b) 4 species of interme-
diate- to high-nitrogen
habitats. Different
symbols indicate dif-
ferent levels of nitro-
gen deposition (the
first symbol denotes
the 1995 level, the sec-
ond the 2005 level; 3:
1800-2400, 4: 2400-3000
and 5: >3000 mol
N/ha/year).

Figure 3. Trends of but-
terfly abundance in
H6230 Nardus grass-
lands for a) 4 species of
low-nitrogen habitats
and b) 3 species of
intermediate- to high-
nitrogen habitats.
Different symbols
indicate different lev-
els of nitrogen deposi-
tion (the first symbol
denotes the 1995 level,
the second the 2005
level; 3: 1800-2400, 4:
2400-3000 and 5: >3000
mol N/ha/year).



(Figure 2, Table 2). The most significant factor was the 6% difference in log-
abundance (corresponding to 22% difference in actual abundance) due to nitro-
gen deposition, with a lower abundance at the high deposition level. The strong-
ly significant Status × Year interaction showed a lesser decline for the low-N
species, which maintained stable population levels at the lowest nitrogen depo-
sition. This also was reflected by the higher abundance indices for the low-N
species. Overall, the species showed a slight decline, which was significantly
worsened at the higher nitrogen deposition level, as indicated by the significant
Deposition × Year effect.

For Nardus Grassland, the model explained a lesser proportion (41%) of the
variation in butterfly abundance (Figure 4, Table 2). Only two of the interaction
terms were significant, especially the Status × Year interaction, which pointed
to a stronger decline for the low-N species at higher nitrogen deposition. The
significant Deposition × Year interaction was especially due to a more positive
trend at the lowest deposition level in comparison to the two higher levels.

DISCUSSION
This study is the first to analyze population abundance trends of insects in rela-
tion to local variation in nitrogen deposition at a national scale. We focussed on
habitat types that are known to be sensitive to nitrogen deposition: Grey Dunes,
Wet Heaths, and Nardus Grassland. For all three investigated habitat types we
found significant indications of population decline that were worse at higher
nitrogen deposition levels. This similarity in response, despite the underlying
variation in habitat types and specific differences, confirms the significance of
nitrogen deposition as a detrimental influence on biodiversity beyond plant
communities (see Bobbink & Hettelingh 2011), i.e., also including animal com-
munities. This supports an earlier exploratory analysis on species richness by
Van Hinsberg et al. (2008), who found a higher loss of species of threatened but-
terflies and birds at greater levels of critical load exceedance for nitrogen. 

We did find significant variation in response of butterfly abundance between
habitat types in other respects. In the Grey Dunes, the observed declines were
the strongest and were even noticeable at the lowest nitrogen deposition, also for
species that do not depend on nitrogen-poor habitats. This was against the
expectations, because deposition levels in the coastal region were considered to
be low compared to other regions in The Netherlands. Recently, however, it was
established that previous estimates of nitrogen deposition in the dunes should be
considered as serious underestimates (Bobbink & Hettelingh 2011, Kooijman et
al. 2012). This agrees with our results, where the deposition estimates that we
used led us to expect lesser declines. With updated estimates, the nitrogen
exceedance would probably be more in line with the observed declines.

In the Wet Heaths the declines were not as serious as the high deposition lev-
els would suggest. The two heathland specialists from nitrogen-poor habitats
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even showed more favourable trends than the high-N species. However, heath-
lands are actively managed by sod-cutting and this management successfully
removes the accumulated nitrogen (Bobbink & Hettelingh 2011). Thus, due to
sod-cutting, especially heathland specialists may be able to maintain stable pop-
ulations despite nitrogen deposition exceeding critical loads. Still, the declines
observed at the highest deposition levels of >3000 mol N/ha/year in 1995 suggest
that there is a limit to what restoration management may achieve for butterflies.

A similar conclusion may be drawn for the results in Nardus Grassland. Here,
declines occurred for species of nitrogen-poor habitats at 1995 deposition levels
of >2400 mol N/ha/year. Below this level, the management of these habitats by
mowing or grazing may keep habitats in sufficient condition for stable butterfly
populations.

A general result from this analysis was the similarity in response of species
from nitrogen-poor habitats to that of species from habitats of greater nitrogen
availability (or species that appear to be indifferent to nitrogen). Declines were
greater for the low-nitrogen species in Grey Dunes and Nardus Grassland, but
the type of response was similar for the species from more nitrogen-rich habi-
tats. Thus, a common species such as Maniola jurtina showed a significantly
more negative trend in abundance at higher nitrogen deposition in both Grey
Dunes and Nardus Grassland. In Wet Heaths the decline for the nitrogen-rich
species group was indeed even more severe than for the low-nitrogen species.

We conclude that the present analysis of butterfly population trends presents
convincing evidence for the occurrence of negative effects of excess nitrogen
from anthropogenic deposition on insect biodiversity. The fact that this
response is not limited to species from nitrogen-poor habitats, but extends to
species from more productive habitats as well, suggests that excess nitrogen
affects the entire butterfly community. This underlines the urgency to take ade-
quate measures, both to reduce nitrogen emissions and to invest in mitigation.
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In 2007 the Dutch Ministry of Agriculture, Nature and Food quality
(LNV) provided forest owners a subsidy aimed at making forest edges
‘ecologically more valuable’ for various species groups. Ecologically
valuable forest edges are defined as gradients from the open field to the
forest. The aim of this study is to assess the impact of the realised trans-
formations on butterflies 5 years after the intervention. Additionally,
the planting of new shrubby species directly after the transformations
has been evaluated. In total 23 forest edges in six areas in The
Netherlands have been selected for monitoring. In May, June and July
2012 all forest edges were monitored six times using Pollard walks and
in every transect a relevé was made. The transformations and plantings
did not have a large impact on the plant species composition, cover of
herbs, cover of shrubs and average height of the vegetation. Statistical
tests provided evidence that the soil conditions and anthropogenic
influence are the most important drivers for differences in plant species
composition and cover of shrubs. The transformations have a signifi-
cant effect on the butterfly numbers. Species richness and abundance
increased with 48 and 121%, respectively. This effect was significantly
larger on moist soils (interaction effect). Additionally, presence of a
meadow bordering the forest edge resulted in a significant increase in
butterfly abundance (main effect). An increase of nectar availability
was detected and explains for a large part the observed positive effects
on butterflies.

Keywords: evaluation, forest edges, butterflies, nectar

Many forest edges in the agricultural landscape show an abrupt change of forest
patch into open field. The presence of this distinct line often between extremely
intensive land-use and the extensively managed forest has a negative impact on
most forest edge species (Veling et al. 2004). In 2007 Dutch Butterfly Conservation

Successful forest edge management for
butterflies (Lepidoptera)
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provided forest owners a subsidy from the Dutch Ministry of Agriculture, Nature
and Food quality (LNV) aimed at various species groups to make forest edges
‘ecologically more valuable’. Ecologically valuable forest edges are defined as gra-
dients from the open field to the forest, including three zones: (1) a strip with
grasses and tall herbs, (2) a zone with shrubby vegetation, and (3) trees and the
core of the forest. Veling et al. (2004) distinguish two ways to develop these gra-
dients; stop mowing a strip of the low vegetation adjacent to the forest, or cut a
strip of the forest. Within the subsidy program all beneficiaries choose to cut a
strip of the forest and were free to sell, pile or remove the rest wood. The devel-
opment of the gradient was aided by either planting shrubby vegetation, or relied
on spontaneous shrub development. Butterflies are supposed to benefit from these
transformations by increased nectar availability, increased shelter opportunities,
and more places with suitable microclimate. Additionally, the transformations
could result in more oviposition sites for butterflies with host plants in the forest
edge (Warren 1985, Dover et al. 1997, Wallis de Vries et al. 2012). However, it is
unclear if the transformations would be significantly beneficial for butterflies. 

The aim of this study is to assess the impact of the forest edge program for but-
terflies 5 years after the intervention. Special attention is paid to four target butter-
flies: Melitaea athalia, Limenitis camilla, Apatura iris, and Satyrium ilicis. Additionally,
the planting of new shrubby species directly after the clearings is evaluated. 

METHODS
The subsidy program supported the transformation of 45 forest edges in 14 areas
in The Netherlands. The procedure for area selection was to include as many
forest edges in this study as possible and to make a comparison between trans-
formed forest edges with and without plantings of shrubby species. Finally, 23

FOREST EDGE MANAGEMENT FOR BUTTERFLIES

Figure 1. Location of
the research areas.



forest edges in six areas were selected to monitor (Table 1, Figure 1). Ten pairs
(transformed – not-transformed) could be formed, including four pairs with
plantings and six pairs with spontaneous development of the shrub layer. Three
additional forest edges have been included to make sure no species are over-
looked and to keep overview during the monitoring process. The within-pair
distance for the forest edges was <100 m and the between-pair distance for the
forest edges was >200 m (based on Sekar 2012).

In May, June, and July 2012 all forest edges were monitored 6 times (1-15
May, 16-31 May, 1-15 June, 16-30 June, 1-15 July, and 16-31 July) using Pollard
walks: butterflies were counted in an imaginary box of 5 × 5 m in front of the
walking observer (Pollard & Yates 1993). The walks were carried out in the strip
with tall grasses and herbs for the transformed edges and just at the border of
forest and open field for the non-transformed edges. Monitoring of butterflies
was only done at suitable weather conditions (Van Swaay et al. 2011). The tran-
sects were 100 m long and at every visit time, date, cloudiness (in eights), tem-
perature (°C) and wind force (bft) were noted. Nectar availability was estimat-
ed for every plant (group) using four classes (method reproduced from Van
Swaay et al. 2011), nectar abundance was defined as the sum of all class values
over the six visits, and nectar plant richness as the number of flowering plant
species over the six visits. 

Changes in vegetation and suitability for butterflies was documented by mak-
ing a relevé (30 × 5 m) in each transect. For transformed edges this relevé was
located just outside the tree zone and for non-transformed edges just inside the
forest zone. The relevés used the Braun-Blanquet scale (Braun-Blanquet 1964)
and plant species that can occur in multiple layers were given an additional layer
code (1 = tree layer, 2 = shrub layer, 3 = herb layer). For further analysis the Braun-
Blanquet scale was transformed to an ordinal scale (Table 2). The total herb cover
(COV_H), shrub cover (COV_S) and tree cover (COV_T) within the relevé and
the cover of the forest behind the transect (COV_FOR) were estimated. The veg-
etation of the forest behind the transect was categorized as deciduous (LOOF_B),
mixed (MIX_B) or evergreen (NAALD_B). The vegetation of the bordering
open field was categorized as production field (A_AKKER), meadow (A_WEIL),
or heather (A_HEIDE). The height of the forest, average height of the edge and
width of the edge were estimated using a clinometer and a line tape. 
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Table 1. Location of the research areas.

Area Region Owner # of forest edges
1 De Scheeken Noord Brabant Brabants landschap 4
2 De Groote Heide Noord Brabant Brabants landschap 3
3 Landgoed ‘t Zelle Achterhoek Private owner 4
4 Sallandse Heuvelrug, Haarle Salland Natuurmonumenten 3
5 Landgoed Het Waarrecht Twente Private owner 5
6 Landgoed Het Meuleman Twente Private owner 4



The relevés were analysed using a Detrended Correspondence Analysis
(DCA, McCune and Grace 2002). Differences in herb, shrub and tree cover
between transformed and non-transformed edges were tested with Wilcoxon
signed rank tests. Within transformed forest edges the effect of plantings on
shrub cover and average height of the edge have been tested with a Mann
Whitney U test. The impact of environmental factors on the shrub cover were
tested with a Kruskal Wallis test. The effects of the transformations and envi-
ronmental factors on the butterfly distribution have been tested with paired t-
tests and Wilcoxon matched pairs tests. Environmental factors were added as
covariables in a repeated measures ANOVA with two ‘time points’. Butterfly
species and nectar plant species with less than three occurrences along all the
forest edges have not been included in the analysis, because of a lack of statisti-
cal power. The choice of the right statistical test was dependent on the distribu-
tion of the data (normal or not), number of groups (2 or >2) and whether there
was a paired structure or not. Paired t-tests and ANOVAs were only applied to
normally distributed data (nectar abundance and richness). Non-normal data
were fit in a normal distribution using ln-transformations (butterfly abundance
and richness and abundance of Pieris napi). Data that could not be transformed
in a normal distribution were analysed using non-parametric tests (Wilcoxon,
Mann Whitney U, Kruskal Wallis). 

RESULTS

Vegetation
A total of 93 plant species were found in 23 relevés. The ordination (DCA)
showed a clear distinction of the relevés in three groups (Figure 2). The first
group consists of relevés on wet and nutrient rich soils and the species composi-
tion resembles units of the Alno-padion alliance. The second and third group are
both located on dry sandy soils, but have a different anthropogenic influence. The
second group consists of relevés with a dominant evergreen tree layer and a
species poor shrub and herb layer. The third group can be classified to the Betulo-
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Table 2. The Braun-Blanquet scale, ordinal scale and corresponding classes used for the
relevés.

Braun-Blanquet Ordinal Value 
r 1 Some individuals
+ 2 Many individuals, <1% cover
1 3 5-12% cover
2 4 13-25% cover
3 5 26-50% cover
4 6 50-75% cover
5 7 >75% cover



Quercetum roboris association and consists of mixed and deciduous stands of
Quercus robur, Betula pendula, and Pinus sylvestris. The difference between relevés
made in transformed or non-transformed forest edges and the effects of planting
shrubby species were not visible in the ordination (Figure 2). Statistical tests con-
firmed that group membership could better explain the development of the shrub
cover than edge transformations or new plantings. Forest edges on wet soils have
a significant higher shrub cover (Kruskal Wallis test: P = 0.012; n = 23). Between
transformed and non-transformed edges and edges with or without plantings no
significant differences could be found in herb cover, shrub cover and average
height of the shrub layer. The tree cover was significantly higher in non-trans-
formed forest edges (Wilcoxon signed rank test: Z = -2.448, P = 0.014; n = 10).

Additionally, the transformed forest edges showed a significantly higher nec-
tar availability (Table 3). Nectar abundance and richness increased with 111 and
101%, respectively. This increased nectar availability is significantly higher on wet
soils (interaction effect; Figure 5) and bordering vegetation, transect orientation
and plantings do not show any effect on the nectar availability (Table 4).
Separately testing of nectar plant species showed that all species have an increased
abundance along transformed forest edges, but this difference is only significant
for Circium sp. (Wilcoxon signed ranks test: Z = -2.201, P = 0.028; n = 9). 
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Figure 2. DCA plot of the 23 relevés and classification into 3 groups. The x-axis may be
interpreted as a hydrological gradient from moist soils to dry sandy soils. The y-axis
may be interpreted as a gradient from low to high anthropogenic influence. There is no
clear distinction in species composition between transformed (numbers with suffix ‘a’
and 4c and 9c) and non-transformed edges (numbers with suffix ‘b’ and 13c).

1.

3.

2.



Butterflies
During this study a total of 25 butterfly species and 1021 butterfly individuals were
counted. On the 23 transects 19 butterfly species were found with a total count of
467 individuals. Six additional species have been found in the surrounding areas,
but not on the selected transects. None of the four target species were found in
this study, except one observation of Limenitis camilla on the Meuleman estate.
The transformed forest edges showed a significantly higher butterfly abundance
and richness (Table 3, Figures 3 and 4). Butterfly abundance and richness showed
an increase of 121 and 48%, respectively. The butterfly abundance and the abun-
dance of Pieris napi is significantly higher on wet soils than on dry, sandy soils
(interaction effect). No interactions or main effects were observed for butterfly
richness (Table 4). Presence of a meadow bordering the forest edge resulted in a
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Table 3. Paired t-test for the difference between transformed and non-transformed for-
est edges. ln_richness = ln(butterfly richness+1), ln_abundance = ln(butterfly abun-
dance+1), ln_KGW = ln(abundance Pieris napi+1), nc_richness = nectar plant richness,
nc_abundance = nectar plant abundance).

t df P
ln_richness 5.290 8 0.001
ln_abundance 4.627 8 0.002
ln_KGW 1.120 8 0.295
nc_richness 5.333 8 0.001
nc_abundance 3.721 8 0.006

Table 4. Main effects and interaction effects of the repeated measures ANOVAs. The
main effect indicates a difference between the levels of a factor. The interaction effect
indicates whether the measurement has the same impact within the levels of a factor. 

Group Bordering Orientation Plantings
vegetation

F P F P F P F P
Main effect
ln_richness 2.126 0.188 3.218 0.112 0.172 0.846 0.107 0.753
ln_abundance 1.954 0.205 7.176 0.026 0.229 0.802 0.169 0.693
ln_KGW 0.631 0.453 4.417 0.066 0.041 0.960 0.167 0.695
nc_abundance 10.204 0.015 1.383 0.321 0.146 0.867 0.264 0.623
nc_richness 5.950 0.046 0.574 0.591 0.626 0.566 0.185 0.680
Interaction effect
ln_richness 2.651 0.148 0.564 0.596 0.028 0.972 0.677 0.438
ln_abundance 7.469 0.029 0.550 0.604 1.156 0.376 1.434 0.270
ln_KGW 5.580 0.050 0.076 0.928 1.152 0.377 2.483 0.159
nc_abundance 25.964 0.001 0.550 0.604 0.458 0.653 0.009 0.929
nc_richness 5.600 0.050 0.661 0.550 0.541 0.608 0.079 0.787
Group = wet soils or dry sandy soils. Significant differences are highlighted in bold. 



significant increase in butterfly abundance (main effect). Transect orientation
and plantings do not show any effect on the butterfly distribution (Table 4). 

Separate testing of butterfly species indicated that all species have an increased
abundance along transformed forest edges, but this difference is only significant
for holly blue (Celastrina argiolus; Wilcoxon signed rank test: Z = -2.121, P = 0.034;
n = 9) and ringlet (Aphantopus hyperantus; Z = -2.533, P = 0.011; n = 9). 

Explanatory variables
The explanatory variables for the increased butterfly abundance and richness on
transformed transects were tested with a correlation analysis. Both butterfly
abundance and richness are strongly correlated with the nectar availability
(Table 5). Other variables do not show a significant correlation with either but-
terfly abundance or richness. On species level the numbers of most butterflies
are correlated with one or more nectar plant species. Three out of ten tested but-
terflies are not correlated with any nectar plant: {orangetip (Anthocharis car-
damines), small white (Pieris rapae) and brimstone (Gonepterix rhamni)}.
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Figure 3. Mean (± SE)
ln-transformed butter-
fly abundance values
for transformed
(adjusted, n = 12) and
non-transformed
(unadjusted, n = 11)
forest edges.
Significant difference
is indicated with an
asterisk (*).

Figure 4. Mean (± SE)
butterfly richness val-
ues for transformed
(adjusted, n = 12) and
non-transformed
(unadjusted, n = 11)
forest edges.
Significant difference
is indicated with an
asterisk (*).



DISCUSSION
Out of four previously selected target species only Limenitis camilla was found
during this study. The previous and only observation of Limenitis camilla in the
region of Het Meuleman dates from 1993. This individual could be a migrant or
a small population might exist in the neighbourhood. Surprisingly Limenitis camil-
la was not found during the research in De Scheeken, despite presence of a pop-
ulation there. A relatively long cold and rainy period during the flight time might
have reduced the chances of spotting Limenitis camilla. The existence of this
species at De Scheeken in 2012 has been confirmed by one observation made along
a transformed forest edge (www.waarneming.nl). The other three target species
were not observed during this study and are only known from historical observa-
tions in the research areas. Fragmentation and loss of habitat quality are known
factors restricting these target species. Melitaea athalia for example has only one
population left on the Veluwe and disperses only over small distances (Bos et al.
2006). Abundant suitable host plants were observed only for the target species
Limenitis camilla, but not for Melitaea athalia, Apatura iris, and Satyrium ilicis
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Figure 5. Mean (± SE)
nectar abundance on
dry (n = 17) and wet
(n = 6) soils for trans-
formed (green) and
non-transformed (red)
forest edges. On wet
soils the transforma-
tions result in signifi-
cantly more nectar
(interaction effect).

Table 5. Correlation coefficients for nectar richness (nc_rich.), nectar abundance
(nc_abun.), butterfly richness (vl_rich.), and butterfly abundance (vl_abun.). 

vl_richn vl_abun
nc_richn Correlation coefficient (ρ) 0.738*** 0.700***

P (2-tailed) <0.001 <0.001
n 23 23

vl_abun Correlation coefficient (ρ) 0.777*** 0.811***
P (2-tailed) <0.001 <0.001
n 23 23

*** P<0.001 (2-tailed test). 



In general it can be concluded that the forest edge transformations had a clear
impact on butterflies. The abundance and richness increased with 121 and 48%,
respectively. Studies in England and Finland confirm that the main drivers of
butterfly numbers are the nectar availability and the vegetation adjacent to for-
est edges (Dover et al. 2000; Saarinen et al. 2005). A possible factor in this study
might be that nectar also increases the visibility of butterflies in the landscape
and possibly interferes with the estimated number of observed butterflies.
Nevertheless, this study confirms that the nectar availability increased signifi-
cantly with the forest edge transformations. The effect of nectar on butterfly
populations is not a simple one to one relation, but laboratory experiments indi-
cate that increased nectar availability will most likely enhance reproduction in
butterfly populations. Female Aglais Io specimens could detect small concentra-
tions of amino acids in nectar and have a preference for nectar with a high con-
centration of amino acids (Mevi-Schütz & Erhardt 2002). Additionally, females
of Araschnia levana produce more eggs when served amino acid rich nectar. This
effect was only visible when the host plants have a low quality (N-concentra-
tion), which is often the case for second generation butterflies of Araschnia lev-
ana. Amino acids in nectar can compensate for sub-optimal larval food for Aglais
io, Aglais urtica, Vanessa atalanta, and Vanessa cardui as well (Mevi-Schütz &
Erhardt 2005). It is assumed a higher nectar availability will consequently
increase the total amount of amino acids. Studies with male Coenonympha pam-
philus showed an increased nectar consumption when sugar concentrations were
low and a correlation of sugar concentration with nectar consumption and but-
terfly longevity (Cahenzli & Erhardt 2012). Further indications of the impor-
tance of nectar plants for butterflies were found by Wallis de Vries et al. (2012).
Using field information from Dutch butterfly monitoring schemes they showed
that loss of nectar plants is associated with decreasing numbers of butterflies of
several species.

The effect of forest edge transformation on shelter opportunities, microcli-
mate and ovipositioning places could not be assessed in this study. According to
the literature this has probably a positive effect on butterfly populations
(Warren 1985, Dover et al. 1997, Wallis de Vries et al. 2012). Possible negative
effects can occur if the width of the edge is enlarged to such an extent that the
core area of the forest is influenced. In particular species at small forests could
be sensitive to this measure, as interior forest communities are expected to be at
some distance away from the edges (e.g., Bossart & Opuni-Frimpong 2009). As
a result of edge enlargements forest species experience a reduced forest patch
size, which will influence survival and colonization possibilities (Hanski 1999).
However, all Dutch butterfly species associated with forest depend to a large
extend on open conditions and are not expected to experience reduced patch
sizes as a result of forest edge transitions. Of course for the conservation of other
species groups this factor must be considered when applying this measure.
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#A short version of this paper is published as ‘Schmallenberg virus in
Culicoides spp. biting midges, the Netherlands, 2011’ in Emerging Infec -
tious Diseases 19(1): 106-109 [http://dx.doi.org/10.3201/eid1901. 121054]

Infections with Schmallenberg virus (SBV) are associated with con-
genital malformations in ruminants. To identify potential vectors for
SBV, Culicoides collected in the autumn of 2011 in the Netherlands were
tested retrospectively by RT-PCR. A total of 610 pools of heads (10
Culicoides/pool) from 6,100 female Culicoides were analyzed. Twelve
pools of the Obsoletus Complex and two pools of C. chiopterus tested
positive, the majority with Ct-values of between 20 and 30. Molecular
sequencing of positive Obsoletus Complex midges revealed eleven to
be C. scoticus and one C. obsoletus sensu stricto. Prevalence of SBV in
midges of the Obsoletus Complex was 56 per 10,000, ten times higher
when compared to bluetongue virus detection in the same Culicoides
species in Europe during 2002-2008. Vector biology might have been
positively influenced by climatological circumstances in 2011 with a
prolonged vector season (several weeks) and a higher survival rate and
increased vector abundance (rain in summer and higher temperatures
in autumn)

Keywords: Schmallenberg virus, Culicoides, RT-PCR

Commencing in the late summer of 2011, a previously unknown pathogenic
agent, provisionally named Schmallenberg virus (SBV) or Shamonda-like virus,
spread silently across much of northern Europe, infecting ruminant livestock in
Germany, Denmark, the Netherlands, Belgium, the United Kingdom,
Luxembourg, France, Italy and Spain. In November 2011, the Friedrich Loeffler
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Institute (FLI) in Germany reported the discovery of SBV and that this
Orthobunyavirus - new to science - was linked to clinical problems in cattle (1).
Studies since have confirmed SBV to be associated with congenital malforma-
tions in newly born lambs, goat kids and calves (2). 

More than 300 viruses comprise the family Bunyaviridae and are assigned
amongst five genera. Bunyavirus is the largest of these genera and embraces more
than 170 viruses divided into 18 serogroups (3) and amongst which is found the
Simbu serogroup of 25 viruses. Along with Schmallenburg virus, this serogroup
includes also Shamonda virus (SHAV), Akabane virus (AKAV), Sathuperi virus
(SATV) and Aino virus (AINOV), all known for their teratologic effects in rumi-
nants. As far as is known all Simbu serogroup viruses are arthropod-borne, with the
majority isolated from mosquitoes and Culicoides biting midges (3). SBV is an RNA
virus, and based on the three gene segments (S, M and L), shares a 97% identity with
SHAV (S segment), 71% with AINOV (M segment), and 69% with AKAV (L seg-
ment) (4). A recent phylogenetic study indicates SBV to be ancestral to SHAV (5).

Three recent preliminary reports have indicated one or more species of Culicoides
biting midges to be possible field vectors for SBV in northern Europe (6,7,8).
During the autumn of 2011 Culicoides were collected at three separate livestock hold-
ings situated in the eastern and the north-eastern parts of the Netherlands. 

MATERIAL AND METHODS

Trapping locations
Within the framework of an ongoing bluetongue research project managed by
the Central Veterinary Institute (CVI), Lelystad, and conducted at a dairy in
the municipality of Ermelo (province of Gelderland) in the east of the
Netherlands, Culicoides were trapped almost daily throughout September and
early October, 2011. The dairy herd consisted of approximately 100 dairy cows
and young stock. In addition, and as part of ongoing research projects (9,10) of
the Faculty of Veterinary Medicine, University of Utrecht, Culicoides were
trapped also in the vicinity of sheep in the municipality of Bilthoven (province
of Utrecht) in the central part of the Netherlands, and at a second sheep flock in
the municipality of Midden-Drenthe (province of Drenthe), in the north-east-
ern part of the Netherlands. 

Climatological characteristics of 2011
The year 2011 ranked among the three warmest years since 1901 in the
Netherlands (source: Royal Netherlands Meteorological Institute, de Bilt,
Netherlands; http://www.knmi.nl/klimatologie/maand_en_seizoensoverzicht-
en/jaar/jaar11.html).

Spring was very mild and dry, summer was very wet, followed by an
extremely mild autumn. November was a record dry month and December
ranked fourth among the mildest winter months in the last 100 years.
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Culicoides trapping
In the province of Gelderland, Culicoides biting midges were collected in
September and early October of 2011 using various methods that included the
‘golden standard’ Onderstepoort-type blacklight trap (11). The trapping of
midges in the vicinity of sheep in the provinces of Utrecht and Drenthe was
done using the Onderstepoort-type trap and a drop-tent cage in which an ewe
and her lamb had been placed; collections using both methods were made over
several days in August and September of 2011. Captured Culicoides were stored in
70% ethanol. Prior to assay for SBV, female midges were age-graded as either
nulliparous, parous, gravid or freshly blood fed (engorged) (11).

Culicoides identification
Culicoides were identified morphologically using primarily the published keys of
Campbell and Pelham-Clinton (12), Glukhova (13), and the unpublished PhD
thesis of Jean-Claude Delécolle (14). The accurate morphological separation of
the females of C. obsoletus sensu stricto from C. scoticus is unreliable, and for this
reason their data are combined and referred to as ‘the Obsoletus Complex’. The
four remaining species assayed were C. dewulfi, C. chiopterus, C. punctatus and C.
pulicaris. After assay the identity of each SBV-positive midge pool was con-
firmed molecularly (described below).

Preparation of Culicoides pools
As noted earlier, only parous and gravid female midges not engorged with fresh
blood, were selected for assay. After age-grading, the 6,100 midges were divided
into 610 species-specific pools, i.e. 10 midges/pool. The number of pools assayed
for each species was as follows: Obsoletus Complex (230), C. chiopterus (144), C.
dewulfi (130), C. punctatus (105), and C. pulicaris (1). In total 556 of the pools orig-
inated from the dairy in the municipality of Ermelo, 44 (39 pools of C. chiopterus
and five of the Obsoletus Complex) from the sheep flock in the municipality of
Midden-Drente, and 10 pools (Obsoletus Complex) from a sheep flock in the
municipality of Bilthoven. 

Before being assayed, and working under a dissecting microscope using a
scalpel, the head of each midge was separated away from the body in 70%
ethanol; 10 heads were then pooled and assayed for SBV, while the correspon-
ding abdomens (also pooled) were stored in 70% ethanol. Once a pool of 10 heads
was found SBV-positive the corresponding pool of dissected abdomens was
retrieved and assayed also; in this instance the 10 abdomens were assayed indi-
vidually, so that the individual abdomen that proved to be SBV-positive could
be identified also molecularly, to establish exactly which one of the two species
of the Obsoletus Complex was involved, and to confirm or refute the morpho-
logical identifications of the remaining Culicoides species made while the midge
pools were selected some weeks earlier.
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RNA extraction and RT-PCR
RNA extraction was performed using a protocol developed by the Veterinary
and Agrochemical Research Centre (CODA-CERVA), Brussels, Belgium,
which in turn is an adaptation of protocols described by Mehlhorn et al. (15) and
Vanbinst et al. (16) for detection of Bluetongue virus in Culicoides. Total nucle-
ic acid was isolated using the MagnaPureLC isolation robot (Roche-
Diagnostics©) according to the manufacturer instructions. RT-PCR detection of
SBV was done according to the protocol for SBV-S segment detection provided
by the Friedrich Loeffler Institute (FLI), Germany.

Cut-off value
The cut-off value of the RT-PCR was set at a cycle threshold (Ct) value of 35 for
the pools of the heads. Pools with Ct values >35 were retested (duplo samples in
Table 1) and considered positive when confirmed in the retest. Reported Ct val-
ues, using the same RT-PCR, from blood samples from infected cattle in
Germany were 24-35 (4), confirming our choice for the cut-off. No Ct values
above 40 were observed. If a specific pool of Culicoides heads tested positive, the
corresponding pool of stored bodies was retracted and each separate body was
than tested by RT-PCR. Briefly, separate bodies were thoroughly rinsed with
70% ethanol and subsequently total nucleic acid was isolated as described above.

Culicoides species determination by sequencing
The 18S-ITS1-5.8S region was amplified using the PanCulF and PanCulR primer
set adapted from Cêtre-Sossah et al. (17). Briefly reactions were done in 50μl total
volume consisting of 5x PCR buffer, 2.5 mM of MgCl2, 2 μM of each primer,
100μM dNTP’s and 0.5 μl of GoTaq® Hot Start Polymerase (5 U/μl; Promega,
Madison USA) and 5 μl of DNA template. PCR was carried out with the follow-
ing cycling conditions: an initial denaturation step at 94°C for 3 min followed by
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Table 1. Culicoides biting midges collected during August and September 2011 in the
Netherlands, and the number of pools tested (and tested positive) for Schmallenberg
virus nucleic acids using RT-PCR.

No. positive/tested pools
Municipality C. obsoletus C. dewulfi C. chiopterus C. punctatus C. pulicaris Total 

(Province) complex pools
Bilthoven 0/10 - - - - 0/10

(Utrecht)
Midden-Drenthe 0/5 - 1/39 - - 1/44

(Drenthe)
Ermelo 12/215 0/130 1/105 0/105 0/1 13/556

(Gelderland)
Total 12/230 0/130 2/144 0/105 0/1 14/610



40 cycles at 94°C, 1 min; 45°C, 1 min; 72°C, 1 min and a final extension phase at
72°C for 4 min. PCR products were examined by electrophoresis in a 1.0%
agarose gel containing ethidium bromide. Bands of the appropriate size (ca. 400
bp) were excised and isolated using the Zymoclean™ Gel DNA Recovery Kit
(Zymo Research, Irvine, CA, USA). Amplicons were sequenced with forward
and reverse primers by using the BigDye Terminator v1.1 Cycle Sequencing Kit
in a ABI PRISM1 3130 Genetic Analyzer (both supplied by Applied Biosystems,
Foster City, IA, USA). Sequences were analysed and aligned using the
Sequencer 4.10.1 software package (Ann Arbor, MI, USA). Consensus sequences
from each individual Culicoides body were then aligned using Seaview 4.2.7
(CNRS, Lyon, France) (18,19,20,21,22). Trees were generated in Seaview using
the PHYLIP package.

RESULTS

Livestock at Culicoides trapping locations
The entire dairy herd at Ermelo was blood sampled on April 19, 2012 and tested
for antibodies to SBV using the virus neutralisation test (VNT) described by
Loeffen et al. (23). Of 107 cattle tested, 103 were seropositive (VNT titer ≥ 8); the
four seronegative animals (VNT titer < 4) were six-month-old calves. None of
the animals in this herd displayed clinical signs indicative of an SBV infection,
neither in 2011, nor in early 2012, when some calves were born, but without con-
genital malformations. At a dairy herd, situated <100 m from the sheep where
Culicoides were collected in the municipality of Midden-Drenthe, a malformed
calf was born that displayed arthrogryposis hydranencephaly syndrome (AHS),
typical of an infection with SBV. Though brain material from this calf tested
negative in the PCR, it does not exclude SBV as only a fraction of calves infect-
ed with the virus test PCR-positive (24). The owner of the flock did not allow
his sheep to be tested for antibodies against SBV in May 2012. 

RT-PCR detection of SBV in Culicoides
Fourteen (2.3%) of the 610 Culicoides pools (consisting of heads) tested SBV-pos-
itive by RT-PCR (Table 1). Twelve of these represented two species of the
Obsoletus Complex, eleven C. scoticus and one C. obsoletus sensu stricto; all
emanated from the dairy at the municipality of Ermelo and were collected in
September. The two remaining pools were C. chiopterus, one from the munici-
pality of Midden-Drente collected around sheep in August, and the second from
the municipality of Ermelo collected around cattle in September. Twelve of
these 14 pools had Ct values ranging between 19.6 and 30, while the two remain-
ing pools were weak positive, with Ct values of 34.98 and 36 (Table 2).
Subsequent testing of the individual bodies linked to each SBV-positive heads
pool, revealed 13 pools to have Ct values lower (meaning a higher viral load) than
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those obtained for their corresponding heads. In one pool of ten bodies of the
Obsoletus Complex, two of the bodies tested SBV-positive, one strongly and the
other weakly. All 130 pools of C. dewulfi tested RT-PCR-negative for SBV, as
well as the 105 pools of C. punctatus and the single pool of C. pulicaris.

Culicoides species determination by sequencing
All but one individual Culicoides body could be identified molecularly to species
using the ITS1 region as discriminant (Table 2) and confirmed the morphologi-
cal identifications that had been made originally during the age-grading and
pooling process. The molecular were superior in being able to clarify which
species of the Obsoletus Complex were involved and indicates that C. scoticus
played a more prominent role than C. obsoletus ss in the transmission of SBV.
The ITS1 sequences obtained from samples 95-D and 501 were almost identical
to the published sequences of C. chiopterus; the same applied to sample 294 and
representing C. obsoletus sensu stricto (25). While sequence polymorphism in C.
scoticus was diverse, we were able to assign unambiguously each of the eleven
SBV-positive bodies to this species. 

DISCUSSION
Our study demonstrates that SBV was harboured in three species of field-col-
lected Culicoides, namely C. scoticus, C. chiopterus and C. obsoletus sensu stricto.
These species were amongst the more abundant of the 15 species found on the
livestock holdings sampled during August and September of 2011 in the eastern
and north-eastern parts of the Netherlands. The holdings were situated in the
heart of the epidemic and of the approximately 100 animals at the dairy in
Ermelo more than 96% had seroconverted to SBV. On this same farm large
numbers of Culicoides - up to 800/minute at certain hours of the day - were
caught regularly while the cattle were at pasture by day, followed by similarly
large numbers in light traps operated at the buildings where they were housed
each night. Culicoides were particularly abundant in September and October of
2011 and though midge activity declined thereafter, it continued until the begin-
ning of December. The heightened midge abundances were preceded by climat-
ic circumstances that for the Netherlands seemed ideal for Culicoides to propa-
gate in: a wet summer followed by a very mild autumn.

The low Ct values obtained by RT-PCR indicate high concentrations of SBV
were present in the Culicoides; the fact that Ct values in the heads of midges
closely matched those obtained from their associated abdomens renders it cer-
tain that SBV had replicated to transmissible levels in the midges, and supports
the contention that two species of the Obsoletus Complex and C. chiopterus act
as natural vectors for SBV. In particular, our findings consolidate the vectorial
involvement of the Obsoletus Complex as they mirror preliminary findings
made earlier by Rasmussen et al. (7) in Denmark and Goffredo et al. (8) in Italy.
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In spite of the relatively large numbers of pools tested and found negative, our
findings should not be interpreted to exclude the involvement of other species,
such as C. dewulfi or C. punctatus, in the field transmission of SBV.

Besides SBV at least eight other Simbu serogroup viruses have been isolated
from Culicoides in various parts of the Old World, predominantly in Japan and
Australia and in Africa (26). These include AKAV, AINOV, Douglas virus,
Peaton virus and Tinaroo virus, all isolated in Australia from C. brevitarsis
(27,28). AKAV has been isolated also from C. wadai (29) in Australia, from C.
oxystoma in Japan (30,31), from C. imicola in Oman (32), from C. milnei and C. imi-
cola in Zimbabwe (33) and from a mixed pool comprising mainly C. imicola in
South Africa (34). AINOV has been isolated from C. oxystoma and C. punctatus
in Japan (31), while SHAV has been isolated from C. imicola in Nigeria (35) and
from a mixed species pool of unidentified Culicoides in Japan (36). Finally, Sango
virus and Shuni virus have been isolated from unidentified Culicoides in Nigeria
(37). Except for C. punctatus the remaining five species of Culicoides listed above,
and implicated in the transmission of viruses belonging to the Simbu serogroup,
do not occur in north-western Europe. 

Experimental infection studies first provided evidence of the involvement of
Culicoides in the transmission of a Simbu serogroup virus, namely AKAV (38).
It replicated in a laboratory strain of C. variipennis infected orally; virus loads
increased 1000-fold and could be transmitted 7-10 days after incubation at 25 °C.
In Australia, AKAV has been shown to replicate also in C. brevitarsis, with virus
reaching midge salivary glands following 10 days incubation (39). 

An issue bedeviling vector research is that nearly all biting midge species
involved in the transmission of veterinary pathogens belong to groups of close-
ly related species and so are difficult to identify accurately. To resolve the uncer-
tainty that surrounds their taxonomy, vector midges are being identified
increasingly using molecular markers derived from gene regions such as CO1,
ITS1, ITS2 and so forth. In this study, the molecular differentiation of C. scoti-
cus and C. obsoletus ss was hampered by the presence of heterozygous alleles
within ITS1 and singled out recently as problematic (25). However, significant
sequence differences occurred outside of these short polymorphic regions and
helped differentiate C. obsoletus ss from C. scoticus. Nevertheless, additional stud-
ies are needed to elucidate the exact nature of the polymorphisms within ITS1,
especially with regard to the six or more species of the Obsoletus Complex that
occur throughout the Palaearctic and Nearctic regions and of which the females
are notoriously difficult to identify.

The prevalence of bluetongue virus (BTV) in midges of the Obsoletus
Complex collected in Italy in 2002 was approximately 4 to 7 per 10,000, assum-
ing one positive midge per positive pool (40), while during the BT epidemic in
the Netherlands in 2006-2007, this was approximately 3 to 16 per 10,000 C.
chiopterus and C. dewulfi midges tested respectively, assuming one positive midge
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per positive pool (41,42). In Australia three separate studies showed the preva-
lence of AKAV in parous, non-engorged Culicoides brevitarsis to be 6 per 10,000
(27), 13 per 10,000 (29) and 19 to 56 per 10,000 (43,44).

The prevalence of SBV detected in Culicoides midges overall from our study
was 25 per 10,000 (15 per 6,100) Culicoides tested. More specifically, the prevalence
of SBV in midges from the Obsoletus Complex was 56 per 10,000 (13 per 2,300).
This is on the upper side of aforementioned data for AKAV and about ten times
higher than those reported for BTV (40). For C. chiopterus our results were 14 per
10,000 (2 per 1,440) midges tested, which is about 5 times higher than those
reported for BTV (41). 

The high proportion of SBV-infected Culicoides midges is a result of the
interplay between host, vector and environment. Lack of transport restrictions
in 2011 might have spread infection by infected hosts over long distances and
may have started several foci of local transmission. SBV might replicate more
efficiently in Culicoides midges or specific Culicoides species compared to other
viruses. This has to be determined by experimental vector competence studies,
which is currently under investigation at Pirbright (UK) and Wageningen
University. Vector biology might have been positively influenced by climato-
logical circumstances in 2011 with a prolonged vector season (several weeks) and
a higher survival rate and increased vector abundance (rain in summer and high-
er temperatures in autumn).
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Invited Plenary Lecture
Twenty years insect survey and inventory in
Indonesian New Guinea 1993-2012
Rob de Vos
Naturalis Biodiversity Center, Leiden, rob.devos@naturalis.nl

(Almost) 20 years of insect survey and inventory took place by members of the
Papua Insects Foundation. In this lecture a short review will be given of the
efforts, travels and contacts we had and some results will be presented accom-
plished by the author in the study of the Tiger Moths (Lepidoptera, Erebidae,
Arctiinae).

Lectures
1.1 Schmallenberg virus RNA detected in Culicoides
biting midges in The Netherlands in 2011
A.R.W. Elbers, R. Meiswinkel, E. van Weezep, M.M. Sloet van
Oldruitenborgh-Oosterbaan & E.A. Kooi
Central Veterinary Institute, Lelystad, armin.elbers@wur.nl

Infections with Schmallenberg virus (SBV) are associated with congenital mal-
formations in ruminants. To identify potential vectors for SBV, Culicoides col-
lected in autumn 2011 in The Netherlands were tested by RT-PCR. Twelve pools
of the Obsoletus complex and two pools of C. chiopterus tested positive, the majo-
rity with Ct-values of between 20 and 30. Molecular sequencing of positive
Obsoletus complex midges revealed 11 to be C. scoticus and one C. obsoletus sensu
stricto. Our findings do not exclude involvement of other species.

1.2 Molasses as a source of carbon dioxide and other
chemical attractants for malaria vectors Anopheles
gambiae sensu lato and Anopheles funestus
C.K. Mweresa, W.R. Mukabana, J.J.A. van Loon & W. Takken
Entomology, Wageningen University, collinsmwere@yahoo.com

This study explored the possibility of utilising molasses as an alterantive to cur-
rent sources of carbon dioxide and for enhancing trap catches of malaria vectors
in western Kenya. Relative attraction of Anopheles gambiae to sugar and molas-
ses-produced carbon dioxide was evaluated in a dual choice and a 4 x 4 Latin squ-
are design under semi-field and field conditions. Molasses-produced carbon
dioxide provides a more potent lure in traps used to control and sample both
unfed and blood-fed malaria vectors.
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1.3 Novel approach to detect culicoides borne virus
circulation: A case study with Schmallenberg virus
Marieta Braks, Ernst-Jan Scholte, Adolfo Ibáñez-Justicia, Ankje deVries,
Marian Dik & Chantal Reusken
RIVM, Bilthoven, marieta.braks@rivm.nl

Biological transmission of arboviruses from an arthropod vector to a vertebrate
host typically occurs when salivating during the process of blood feeding.
Because mosquitoes salivate during sugar feeding, it is feasible that when a
virus-infected female feeds on a sugar source, virus may be expectorated along
with the saliva. In the current paper the possibilities of this method to monitor
the circulation of a novel orthobunyavirus, named Schmallenberg virus, bet-
ween culicoides and cattle was investigated.

1.4 Why are some mosquitoes better vectors of viruses
than others?
C.J.M. Koenraadt, J.J. Fros, L. Simons, J. Loonen, C.E. de Krom, I.
Staneva, C. Geertsema, V.I.D. Ros & G. Pijlman
Entomologie, Wageningen Universiteit, sander.koenraadt@wur.nl

In view of emerging viral vector-borne diseases such as West Nile and
Schmallenberg virus, it is becoming increasingly important to evaluate and
understand the mechanisms that determine why one species of insect is better
capable of transmitting these viruses than other, often closely related species.
Addressing this question will highlight the risks in terms of introduction and
possible spread of a disease. Here, we present the first results from ecological,
genetic and physiological studies on vector competence of mosquitoes.

1.5 Understanding virulence of entomopathogenic
fungi in controlling malaria mosquitoes
C.A. Valero-Jiménez, C.F. Merkus, B.J. Zwaan, W. Takken & C.J.M.
Koenraadt
Genetics, Wageningen University, claudio.valero@wur.nl

Malaria is a disease that yearly kills thousands of humans. To control its vector,
entomopathogenic fungi are used. Understanding the components and mecha-
nisms of virulence is crucial. My project entails (i) studying natural variation in
the fungus Beauveria bassiana for virulence components against the insects
Anopheles gambiae and Drosophila melanogaster, and (ii) experimental evolution of
virulence to track the dynamics of virulence and the evolvability of its individu-
al components.
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1.6 Spatiotemporal dynamics of emerging pathogens in
questing ticks in The Netherlands
Elena Claudia Coipan, Willem Takken & Hein Sprong
Entomology, Wageningen University, elena.coipan@wur.nl

Questing Ixodes ricinus from 21 study sites were collected. The ticks were analy-
sed for the presence of five pathogens and their spatiotemporal variation was
assessed. Rickettsia helvetica and Borrelia burgdorferi had the highest overall pre-
valence, followed by Neoehrlichia mikurensis, Anaplasma phagocytophilum and
Babesia spp. Coinfection of B. afzelii with N. mikurensis and Babesia spp. occurred
significantly more often than expected. The abundance of pathogens and the fre-
quency of coinfections underline the need to consider them when evaluating the
risks of infection and subsequent disease.

2.1 Exotic mosquitoes in The Netherlands: 2005-2012
E.J. Scholte, A. Ibañez-Justicia, M. Dik, M. Steeghs & M. Braks
Centrum Monitoring Vectoren, Wageningen, e.j.scholte@minlnv.nl

In 2005, agressively biting mosquitoes were found in a greenhouse that had
imported lucky bamboo. These findings of Aedes albopictus, the Asian tiger mos-
quito, were the first of many more to come. In 2009, populations of another exo-
tic mosquito species (Aedes atropalpus, the American rockpool mosquito) was
found. This time the introduction pathway was the international trade in used
tires, and these mosquitoes were found at two company sites in Brabant. In 2010,
due to increased and improved surveillance, a total of three exotic mosquito spe-
cies were found at such sites: the Asian tiger mosquito, the American rockpool
mosquito and the yellow fever mosquito (Aedes aegypti). The findings, control
measures, public and political pressure, legislation, and international context
will be discussed.

2.2 De opmars van de Aziatische hoornaar in Europa
Jan Smit
NEV, Sectie Hymenoptera, smit.jan@hetnet.nl

Sinds 2004 is de Aziatische hoornaar Vespa velutina nigrithorax gevestigd in zuid-
west Frankrijk. Vanaf die tijd heeft deze hoornaar het verspreidingsareaal in
Europa snel vergroot. De belangrijkste prooien bestaan uit honingbijen, vliegen
en sociale wespen. Hoe verdedigen met name verschillende soorten en rassen
van honingbijen zich tegen hoornaars?
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2.3 Public enemy number one? The gray silverfish in
The Netherlands
B. Schoelitsz & M. Brooks
KAD, Wageningen, bschoelitsz@kad.nl

One of the most encountered pest insect within buildings is the gray silverfish
(Ctenolepisma longicaudatum). This thermophilic species has spread throughout
The Netherlands. It is hypothesized that the current building methods facilita-
te the establishment and development of this species within buildings.

2.4 Pepper weevil going Dutch: first occurrence and
eradication of Anthonomus eugenii in Dutch
greenhouse peppers
Brigitta Wessels-Berk, Antoon Loomans & Dirk Jan van der Gaag
NVWA, Wageningen, b.f.wessels-berk@minlnv.nl

The pepper weevil (Anthonomus eugenii Cano) is an insect pests of cultivated
chilli and sweet pepper (Capsicum spp.) in Central and North America. In July
2012 there was an outbreak of this pest in a Dutch glasshouse growing sweet pep-
pers. In the following months subsequent outbreaks were found in four other
sweet pepper greenhouses, all within 1 km from the first outbreak. The NVWA
took emergency measures in order to eradicate and control these outbreaks. The
biology and impact of the pest as well as results of the findings and eradication
measures are discussed.

2.5 Why is Harmonia axyridis so successful? Lovely
ladybirds under attack
C. Lidwien Raak-van den Berg; H.J. (Marieke) de Lange & Joop C. van
Lenteren
Entomology, Wageningen University, lidwienrvdb@gmail.com

The ladybird Harmonia axyridis is regarded as an invasive alien species. It has
been suggested that intraguild predationis especially important for the invasion
success of H. axyridis. We studied intraguild predation behaviour of three lady-
bird species (Coccinella septempunctata, Adalia bipunctata and H. axyridis) on small
lime trees (Tilia platyphyllos) under semi-field conditions. The results of these
semi-field experiments confirm that H. axyridis is a strong intraguild predator as
a consequence of its aggressiveness and good defence against predation from
heterospecific species.
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2.6 Gravende rivierkreeften, waar gaat het heen?
Bram Koese
EIS-nl, Leiden, bram.koese@naturalis.nl

Naar aanleiding van enkele meldingen van opmerkelijke oeverschade, uiteenlo-
pend van een geperforeerd gazon, een verzakte oprit en een afgegleden oever
hebben Stichting EIS en het kenniscentrum dierplagen (KAD) in het najaar van
2012 een inventarisatie uitgevoerd naar de aard en omvang van graafschade door
rivierkreeften. In totaal werden 42 gangen ‘blootgelegd’ waarin in totaal 72
kreeften werden aangetroffen tot een maximale afstand van 6 m van de
waterkant. Waar en wanneer bevinden kreeften zich onder de grond en vooral:
waarom?

3.1 Evaluation forest edge management for butterflies
Wilco Non
Vlinderstichting, Wageningen, wilco.non@outlook.com

In 2007 the Dutch ministry of Agriculture, Nature and Fisheries (LNV) provi-
ded forest owners a subsidy to make forest edges 'ecologically more valuable'.
The Dutch Butterfly Conservation is interested in the impact on butterflies 5
years after the action. In spring and summer 2012, 23 forest edges throughout The
Netherlands have been monitored and the results are presented here.

3.2 Effects of local variation in nitrogen deposition on
butterfly trends in The Netherlands
Michiel F. Wallis de Vries & Chris A.M. van Swaay
Vlinderstichting, Wageningen, michiel.wallisdevries@vlinderstichting.nl

Anthropogenic nitrogen deposition has been recognized as a factor affecting the
dynamics and composition of plant communities. Its impact on insect commu-
nities is still largely unknown. Using data from the Dutch Butterfly Monitoring
Scheme, we analyzed the variation in local trends of butterfly abundance in dif-
ferent Natura2000 habitat types. We find evidence of a negative impact of hig-
her levels of nitrogen deposition on butterfly trends in coastal dunes (H2130),
wet heathlands (H4010A) and species-rich Nardus grassland (H6230).
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3.3 Effects of excess nitrogen and drought on larval
development of the wall brown butterfly, Lasiommata
megera
Esther Klop & Michiel F. Wallis de Vries
Entomologie, Wageningen Universiteit, esther.klop@wur.nl

We analysed the effects of excess N and drought on larval development of the
wall brown butterfly, Lasiommata megera. This species is declining in several
West-European countries. This decline could be related to changes in host qua-
lity. We performed a larval rearing experiment and an analysis of monitoring
data. The monitoring data indicated negative effects of N. However, we found
no negative effects of high leaf N and drought on larval performance.

3.4 Uitreiking & winnaar Uyttenboogaart-Eliasen
Stichting Thesis Award

4.1 Resistance of the woolly apple aphid to control by
entomopathogenic nematodes
N. Berkvens, T. Beliën, J. Van Vaerenbergh, M. Maes, N. Viaene
ILVO, Merelbeke, Belgium, nick.berkvens@ilvo.vlaanderen.be

The restricted use of effective insecticides against the woolly apple aphid
(WAA), Eriosoma lanigerum, has led to this aphid becoming a major pest in apple
orchards in Western Europe. We investigated the efficacy of six commercially
available species of entomopathogenic nematodes (EPN) to control WAA. Only
Steinernema carpocapsae caused significant mortality in screening experiments in
multiwell plates (20-40% mortality). However, the aphids were often parasitized
but not killed by S. carpocapsae. Applying a plant-parasitic nematode
(Pratylenchus thornei) killed as many aphids in multiwell plates as did S. carpocap-
sae. This showed that mortality of WAA due to S. carpocapsae was probably cau-
sed by a factor nonspecific to EPN application, e.g. excess stress. Normally,
insects are killed by EPN through the endotoxins produced by their symbiotic
bacteria, which are released into the insect hemolymph by the EPN vector. We
discovered that the symbiotic bacteria of S. carpocapsae, Xenorhabdus nematophila,
were unable to grow in the hemolymph of the WAA. In conclusion, our study
suggests WWA are able to bypass control by the EPN-symbiotic bacteria
mechanism by preventing growth of the symbiotic bacteria.
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4.2 Exploiting intraspecific variation to improve
biological control agents - a case study
Suzanne Lommen, Peter de Jong, Bart Pannebakker & Paul Brakefield
Leiden Universiteit/PPO, suzannelommen@hotmail.com

Ladybird beetles are important predators of aphids, but are not frequently used
in biological control because adults tend to fly away from the crop after release.
We first show that a natural flightless morph of the ladybird beetle Adalia
bipunctata has a prolonged residence time, and can improve biocontrol. We then
demonstrate how artificial selection can improve the quality of these flightless
morphs. Finally we discuss genetic improvement of natural enemies in a broa-
der context.

4.3 Genetic analysis of thrips resistance in carrot
R. Rakhmawati, J. Rong, P.G.L. Klinkhamer & K.A. Leiss
Institute of Biology, Leiden University, R.Rakhmawati@biology.leidenuniv.nl

Host plant resistance to the agricultural key pest western flower thrips
(Frankliniella occidentalis) in carrot including wild and cultivated types was stu-
died. Subsequently, we investigated the presence of SNPs for thrips damage.
We exposed 5 replicates of 30 accessions, which had been part of a carrot gene
mapping population, to thrips bioassays. We observed significant differences in
thrips damage. Also thrips reproduction was significantly different, whereby the
number of larvae were positively correlated with thrips damage. However, no
differences in silver damage between wild and cultivated carrots were observed.
Pre-liminary SNPs for thrips damage were identified.

4.4 The mobility of the Nr-resistance factor in lettuce
Cindy J.M. ten Broeke, Marcel Dicke & Joop J.A. van Loon
Entomologie, Wageningen Universiteit, cindy.tenbroeke@wur.nl

The black current-lettuce aphid, Nasonovia ribisnigri, is an economically impor-
tant pest of lettuce. The control of this aphid in lettuce is largely based on gene-
tic host plant resistance, which is based on a single gene, the Nr-gene, which
provides absolute resistance against N. ribisnigri. In this study, the mobility of
the Nr-resistance factor was studied by analyzing the penetration and feeding
behaviour of aphids on whole plants, grafts, leaves and leaf disks.
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5.1 Sex determination in the wasp Nasonia: males are
womanizers
E.C. Verhulst, J.A. Lynch, D. Bopp, L.W. Beukeboom & L. van de Zande
Evolutionary Genetics, University of Groningen, e.c.verhulst@rug.nl

Sex determining pathways are rapidly evolving. Therefore many variations in
sex determination mechanisms are found, particularly in the insect class. In the
haplodiploid wasp, Nasonia, we have identified a new genetic element in the sex
determination cascade, we termed womanizer. This element is maternally silenced
and only able to stimulate expression of the feminizing gene transformer in fer-
tilized, diploid zygotes that received an active paternal allele, resulting in female
development. In unfertilized haploid zygotes, transformer is not expressed becau-
se only the silenced womanizer is present, leading to male development.

5.2 Genetics of decayed sexual traits in an asexual
wasp
Wen-Juan Ma, Tanja Schwander, Bart Pannebakker, Leo Beukeboom &
Louis van de Zande
Evolutionary Genetics, University of Groningen, w.ma@rug.nl

Environmental shifts or changes in lifestyle may result in formerly adaptive
traits to become non-functional. Sexual traits are expected to decay after a shift
to asexual reproduction. Previous experiments in the wasp Asobara japonica con-
firmed the decay of several sexual traits. To investigate the genetics of sexual
decay, we introgressed genes from the asexual into the sexual lineages. Our
combined data on mating behaviors and offspring sex ratios produced by females
from different sexual-asexual hybrid classes suggest a simple genetic architectu-
re underlying decay of sexual traits, consistent with a single recessive locus cau-
sing behavioral changes in asexual females. Together, our results provide insights
into mechanisms underlying decaying traits after major life-history shifts.

5.3 Breaking Haller’s rule: Brain-body size isometry in
a minute parasitic wasp
Emma van der Woude
Entomologie, Wageningen Universiteit, emma.vanderwoude@wur.nl

Haller’s rule holds that smaller individuals have larger brains relative to their
body than larger-bodied individuals. We recently studied brain and body volu-
me in adults of the parasitic wasp Trichogramma evanescens and found an isome-
tric brain-body size relationship. This may be typical for the smallest species
with a rich behavioural and cognitive repertoire: a further increase in expensive
brain tissue relative to body size would be too costly in terms of energy expen-
diture.
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5.4 Evolution of sex-determination genes in
Hymenoptera
Elzemiek Geuverink, Eveline Verhulst, Louis van de Zande, Ken
Kraaijeveld, Jetske de Boer & Leo Beukeboom
Evolutionary Genetics, University of Groningen, e.geuverink@rug.nl

Insects possess a wide variety of sex determination mechanisms that are partly
conserved at the molecular level. We assessed the divergence of the key gene
transformer in the haplodiploid order Hymenoptera which contains genera with
different reproductive modes (arrhenotoky and thelytoky) and sex determina-
tion mechanisms (Complementary Sex Determination and non-CSD). We will
discuss how the frequent duplications and fast divergence of transformer are
governed by changes in primary sex determination signals.

5.5 The origin of morphological novelty: lessons from
Drosophila oogenesis
Barbara M.I. Vreede & É. Sucena
Instituto Gulbenkian de Ciência, Portugal, b.vreede@gmail.com

The respiratory appendages on the dorsal-anterior side of Drosophila eggshells, a
structure originating in a common ancestor of Drosophilidae, are an excellent
and very tractable model system for morphological innovation. To study the co-
option of genetic pathways in the evolution of this novelty we have compared
oogenesis and eggshell patterning in Drosophila melanogaster with Ceratitis capita-
ta, a tephritid fly whose eggs do not bear dorsal appendages. Our results empha-
size the importance of pre-existing functional signals in developing tissue, as a
basis for future structural innovations.

5.6 Metal and altitude driven genetic structure of
chironomid communities in high altitude Andean
streams
M. De Baat, R. Loayza-Muro, J.A.J. Breeuwer & M.H.S. Kraak
IBED, Universiteit van Amsterdam, milo.amsterdam@gmail.com

High altitude Andean streams are characterized by high UV-B radiation and
metal pollution, inducing shifts in community composition towards chironom-
ids. Analysis of the genetic composition of chironomid communities revealed
that reference sites at 3000 and 4000 m showed similar species richness, but a
completely different set of species, while polluted sites at 3000 and 4000 m were
inhabited by only two species, found nowhere else. Chironomid species compo-
sition is thus shaped by both altitude and pollution.
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6.1 Effectiveness of European agri-environmental
schemes in mitigating pollinator loss
Jeroen Scheper & David Kleijn
Alterra, Wageningen, jeroen.scheper@wur.nl

Accumulating evidence for declining populations of pollinators has increased
the need for measures that mitigate pollinator loss. We used a meta-analytic
approach to examine how different ecological factors affect the effectiveness of
agri-environmental schemes (AES). Effectiveness of AES was affected by far-
ming system, landscape context, the size of the species pool and the induced eco-
logical contrast. Effectiveness was highest in structurally simple arable landsca-
pes that were relatively species poor and resource poor. In these landscapes AES
create the largest ecological contrast.

6.2 Recent changes in Dutch pollinators
Luisa Carvalheiro
Naturalis Biodiversity Center, Leiden, luisa.carvalheiro@naturalis.nl

In recent decades, growing concern about biodiversity loss has led to increases
in public investment in conservation. While there is a widespread perception
that such initiatives have been unsuccessful, until now there are no extensive
quantitative comparisons of the rate of change of multiple taxa before and after
policy implementation. Here we evaluate whether rates of bee diversity change
have altered in three European countries with high land-use intensity (UK, The
Netherlands, Belgium) over the past 60-80 years.

6.3 The effects of plant responses to herbivores on the
behaviour of pollinators and predators
Yavanna Aartsma, Joop J.A. van Loon, Marcel Dicke & Dani Lucas-
Barbosa
Entomologie, Wageningen Universiteit, yavanna.aartsma@wur.nl

In this field study, effects of eggs, leaf and flower infestation by Pieris brassicae
on interactions between Brassica nigra plants and insects of other trophic levels
was investigated. We quantified visits by pollinators and the behaviour of the
social wasps Polistes dominula and Vespula germanica when foraging for and hand-
ling of prey. The data are discussed in the context of bio-interactions induced by
insect herbivore infestation.

PRESENTATIONS

70



6.4 Honey bees and beekeeping: a link to the past to
explain the current state of affairs?
Bram Cornelissen
PRI-Bijen, Wageningen, bram.cornelissen@wur.nl

Managed honey bee populations have been in the lime light in the last decade or
so due to the prophesized collapse worldwide. But are populations really collap-
sing or are we simply experiencing a new era in our shared history? Historical
data on honey bees populations and beekeepers might provide a broader insight
into the problems that honey bee and beekeepers in the Netherlands are faced
with.

6.5 Better tools for identification and monitoring of
bees
Thibault de Meulemeester
Naturalis Biodiversity Center, Leiden, thibaut.demeulemeester@naturalis.nl

Bee identification is a difficult task and even common species of bumblebees are
easily confused even by expert taxonomists. DNA barcoding of course offers a
novel method for identification, but it is still expensive and difficult to use for
the general public. As an alternative we are developing identification based on
geometric morphology analysis of bee wings. Here we present the first promi-
sing results based on analysis of the Dutch bumblebees.

6.6 Boekpresentatie: De Nederlandse bijen
Theo Peeters
Stichting Bargerveen, Nijmegen, t.peeters@science.ru.nl

Overzicht van de familie van de bijen (Apidae s.l.) in Nederland. Van alle bij-
ensoorten (358) die in Nederland zijn aangetroffen is in het boek een bespreking
van hun verspreiding, habitat en biologie opgenomen. Tevens worden in een
groot aantal hoofdstukken diverse aspecten van het bijenleven in ons land, zoals
sociaal en parasitair gedrag, relaties met andere organismen, veranderingen in de
bijenfauna, bescherming en beheer, verder uitgewerkt. Ik geef een overzicht van
de diversiteit van de bijenfamilie en van het faunistisch onderzoek in Nederland,
aan de hand van voorbeelden uit het boek.
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7.1 Effect of toxic compounds on tritrophic
interactions in a terrestrial ecosystem
A.A. Kampfraath, C. Le Lann, D. Giesen & C.A.M. van Gestel
IEW, Vrije Universiteit, Amsterdam, d_kampfraath@hotmail.com

We preformed a tritrophic ecotox-test, in which lipophillic pesticides were
added to the growth medium of a plant by a recently developed passive dosing
method. A tritrophic system of Triticum aestivum (wheat), Sitobion avenae (grain
aphid) and Aphidius rhopalosiphi (parasitoid wasp) was exposed to ranges of three
concentrations of the two pesticides 1,4-dichlorobenzene (DCB) and 2,6-dichlo-
robenzonitrile (DCBN). A stronger effect was seen on the wasps than on the
aphids probably caused by the incapability of the parasitoid to synthesize lipids.

7.2 Experimental soil compaction mimics effects of
large grazers on soil fauna
R. van Klink, M.J.J. Schrama, M.P. Berg, M.F. Wallis de Vries & J.P. Bakker
Community and Conservation Ecology, University of Groningen,
roel.vanklink@gmail.com

In a full-factorial experiment on a salt marsh, we used experimental soil com-
paction and mowing to emulate the effects large grazers have on clay soils. We
found that mowing only changed plant communities, but not soil fauna, and
compaction alone vice versa. Mowing and compaction together pushed the
system towards grazed conditions. This is an underappreciated pathway by
which large grazers affect their habitat.

7.3 Automated video-tracking of aphids
Karen J. Kloth, Marga Booij, Manus P.M. Thoen, Cindy J.M. ten Broeke,
Gerrie L. Wiegers, Olga E. Krips, Maarten A. Jongsma & Marcel Dicke
Entomology/Plant Physiology/PRI/Noldus, Wageningen, karen.kloth@wur.nl

In plant breeding and genomics there is an increasing demand for efficient
methods to screen plants for resistance to herbivorous insects. In this study we
have developed an automated video-tracking system to screen aphid behaviour
on different host plants. The program EthoVision XT® 8.5, is used to register
movement patterns correlated to probing behaviour. We have studied the lettuce
aphid, Nasonovia ribisnigri, on two lettuce cultivars and compared results of the
novel video-tracking method with electrical penetration graphs.
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7.4 Phloem penetration by aphid stylets: a hesitating
story
Freddy Tjallingii
EPG Systems, Wageningen, fred.tjall@epgsystems.eu

Aphids are phloem feeding herbivores but previous to phloem feeding many
brief punctures of phloem sieve elements are often shown before sustained fee-
ding bouts. So far we could not recognise the brief punctures when monitoring
plant penetration by electrical penetration graphs (EPGs). Now we think these
brief punctures can be distinguished from brief punctures in other types of plant
cells.

8.1 Walking with insects: how baculoviruses
manipulate caterpillar behaviour
Vera I.D. Ros, Stineke van Houte & Monique M. van Oers
Virologie, Wageningen Universiteit, vera.ros@wur.nl

Many parasites alter host behaviour to enhance the chance of transmission. The
examples of behavioural manipulation are rapidly accumulating, covering a
broad spectrum of parasites and hosts. Nevertheless, surprisingly little is known
of the underlying causative molecular mechanisms. A typical case of behaviou-
ral manipulation is found in insects infected with baculoviruses. Infected cater-
pillars show enhanced mobility and start climbing to the top of plants or the
forest canopy (‘tree top disease’). Larvae die at elevated positions, which is
thought to promote dissemination of the virus to lower foliage. Recently, the egt
gene from the baculovirus Lymantria dispar nucleopolyhedrovirus (LdMNPV)
was identified to induce tree top disease in L. dispar larvae. Here, we studied the
effect of Autographa californica multiple nucleopolyhedrovirus (AcMNPV) on
climbing behaviour in two host insects: cabbage looper Trichoplusia ni and beet
armyworm Spodoptera exigua. We show that the effect of this virus on caterpil-
lar behaviour differs between the two host species, and dispute the role of the egt
gene in inducing tree top disease.

8.2 Secrets of learning rate revealed by Nasonia
Katja M. Hoedjes, Louise E.M. Vet & Hans M. Smid
Entomologie, Wageningen Universiteit, katja.hoedjes@wur.nl

Learning is important for insects to optimize behaviour, but there are large dif-
ferences between species when it comes to learning rate. Some species will
remember a learned cue for several days after a single learning experience, whe-
reas others require multiple learning experiences to do so. We study variation in
learning rate in parasitic wasps of the genus Nasonia. These wasps are excellent
to study both ecological as well as mechanistic aspects of learning rate.
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8.3 Comparative genomics and evolution of learning
rate and memory formation in parasitic wasps
J.F.A. van Vugt, H. Smid & L.E.M. Vet
NIOO, Wageningen, j.vanvugt@nioo.knaw.nl

Our study focuses on identifying the genes involved in memory formation of
Cotesia glomerata and C. rubecula wasps, that reveal a distinct and natural varia-
tion in learning rate and memory types that occur after an oviposition experien-
ce. To this end the gene expression levels of naive wasps and wasps that have
experienced one or more learning trials will be compared by means of deep
sequencing the mRNA of the heads.

8.4 Analyzing aerobatics of males of the hoverfly
Eristalis nemorum
Wopke Wijngaard
Sint-Michielsgestel, wopke.wijngaard@home.nl

Eristalis nemorum males show a characteristic hovering behaviour above females
feeding on a flower. Sometimes two, three or even four males may hover inline
above the female. When the female or a male is leaving, one or more males may
follow. The analysis of the movements has been aided by using a control model.
Males are following dark objects, even a male hovering above it. In stable inline
hovering of more males each male is following the male or female below.
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Posters

Acarological diagnostic research at the Diagnostic
Centre for Plants during the period 2002-2011
J. Witters & H. Casteels
ILVO, Merelbeke, België, johan.witters@ilvo.vlaanderen.be

The Diagnostic Centre for Plants (DCP) provides an identification service of
plant pests and diseases for governmental agencies, growers and private persons.
In 2002, DCP set up an additional discipline, viz. acarology. Since its beginning,
more than 2000 requests were addressed to DCP to determine the presence of
harmful mites. Funnel extraction, washing and dissecting microscopy techni-
ques were used to isolate mites. Mites were slide mounted and identified using
phase-contrast microscopy. These findings are a valuable source of information
concerning economic herbivorous mites occurring in Belgium. This poster
reports an overview of the identified pest species.

Effects of male ejaculate on female performance in the
sorghum plant bug Stenotus rubrovittatus (Hemiptera:
Miridae)
Keiko Oku
Entomology, Wageningen University, keiko.oku@wur.nl

In Stenotus rubrovittatus, males transfer a spermatophore to females during copu-
lation. However, when male mating interval is shorter than 1 h, males do not
transfer any spermatophores during the second copulation. Using this phenome-
non, the effects of spermatophores on female sexual receptivity, fecundity and
sex pheromone release were examined. As a result, spermatophores likely parti-
cipate in reducing female sexual receptivity and enhancing female fecundity, but
not controlling female sex pheromone release in S. rubrovittatus.

Status of Drosophila suzukii (Diptera: Drosophilidae) in
Belgium
H. Casteels, J. Witters, V. Huyshauwer, I. De Neve, T. Beliën, C. Fasotte,
M. Tomme, J. Zini & M. Dubrulle
ILVO, Merelbeke, Belgium, hans.casteels@ilvo.vlaanderen.be

Drosophila suzukii, a species of Asian origin, was detected in Belgium for the first
time in the autumn of 2011; this is the first record of the species occurring in the
more temperate northwest of Europe. Drosophila suzukii can infect healthy soft-
bodied fruit such as blueberries, blackberries, raspberries, cherries and strawber-
ries, but equally hard fruit such as apples and pears. After infestation, seconda-
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ry parasites and invaders often contribute to further deterioration of the fruit.
These characteristics make D. suzukii an economically important pest species
and emphasize the necessity for an effective management scheme. For this rea-
son the Belgian NPPO (Federal Agency for the Safety of the Food Chain,
FASFC) setup a monitoring campaign in 2012 which mainly focused on soft fruit
production. Attractant traps were placed in soft fruit orchards, at border inspec-
tion points, at fruit auctions and in warehouses. Concurrently, pcfruit on the one
hand and the Walloon Agricultural Research Centre (CRA-W) and the
Groupement des Fraisiéristes Wallons (GFW) on the other hand also carried
out a monitoring program in the region of Sint-Truiden and in Wallonia
(Belgium’s southern region), respectively. The results of this monitoring cam-
paign are discussed.
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