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This volume contains the proceedings of the 26th annual meeting of – mostly
exper imental and applied – entomologists in The Netherlands, held on Friday 19
December 2014, 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. 

Amateurs, students and professional scientists who present their work at the
meeting were given the opportunity to publish in the proceedings. This has
resulted in the four papers making up this volume. Apart from (few) corrections
of apparent mistakes and inconsistencies, all manuscripts are published essen-
tially as they were handed in. At the end of this volume, the abstracts of all pre-
sentations – talks and posters – are included.

This volume concludes the series of proceedings. Over the years the number
of contributions has slowly decreased to what seems to be an assymptotic four
or five papers. The board of SETE has now decided to discontinue the publica-
tion series. The most important reason is that the proceedings volume has grad-
ually lost its function as a written account of the latest research developments,
that have been presented during the day.

Jan Bruin
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Luc L.M. de Bruijn, Martin E. Wunderink, Gladstone Solomon & Marinus J.
Sommeijer
Behavioural Biology, Utrecht University, PO Box 80086, 3508 TB Utrecht, The
Netherlands, E-mail: m.j.sommeijer@uu.nl

Division of labour according to age (age polyethism) has been thor-
oughly studied in the honeybee Apis mellifera. We investigated the
division of labour and the relationship between age, task allocation and
pigmentation in the stingless bee Frieseomellita paupera Prov. (Apidae,
Meliponinae). In this species newly hatched workers are completely
pale, whereas fully developed individuals are completely black. We
compared task allocation and pigmentation in established colonies with
a laying queen and a steady production of young bees, with those in a
colony that lacked an influx of young bees. In conditions with an inter-
rupted production of young bees, older workers retained tasks normal-
ly performed by younger nest mates. Strikingly, these older workers
additionally showed a colouration of the abdomen, usually exclusively
seen in younger workers. This can be explained by the typical biology
of this species and by hypothesizing a system of task allocation in
which workers patrol the colony to find tasks that need to be done. We
assume that only bees that are not fully coloured have an abdomen that
is sufficiently elastic to allow for storing a large amount of larval food
which is essential for performing brood rearing activities.

Keywords: age related behaviour, foraging for work, pigmentation, task
allocation, Frieseomellita paupera

One of the main characteristics of eusocial insects is a distinct division of tasks
between the members of the colony. In the social Hymenoptera, the separation
between the female members is most conspicuous: the queen (or queens) has the
single task of producing eggs and the workers perform all other duties necessary
for nursing the offspring and maintaining the colony. In eusocial bees, workers
build brood cells and other nest structures, forage for food and other commodi-
ties, process the incoming food and prepare it for use by nest mates or for stor-
age, rear sibling worker and male larvae, feed the queen, defend the nest against
enemies, and clean the nest.

Flexible morphology and task allocation in
workers of the stingless bee Frieseomellita
paupera (Hymenoptera, Meliponinae)
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In several species of stingless bees (Meliponinae) the division of labour
among workers was found to be largely comparable to that in A. mellifera, the
young workers predominantly performing hive duties as cleaning and nursing
the brood, and older workers being the foragers [Plebeia (Plebeia) droyana
(Terada et al. 1975), Scaptotrigona postica (Sakagami et al. 1982), Melipona favosa
(Sommeijer 1984)]. Recently a morphological separation was found between
guard bees and foragers in Tetragonisca angustula (Grüter et al. 2012).

The most prominent difference in task allocation between stingless bees and
A. mellifera can be found in behaviours concerning brood rearing. Sommeijer
(1984), marked M. favosa workers individually, and found that the tasks, of cell
building and provisioning of brood cells, which in Apis are performed by differ-
ent age classes, are in this stingless bee not only performed by the same age class,
but are interconnected and performed on the same day by the same individuals.
This difference between Apis en M. favosa is attributed to the different systems
for building brood cells and rearing brood.

Both in Apis and Meliponinae, the age dependent system of allocating tasks
is to some extent flexible. Worker bees react by changing their normal behav-
iour when the colony is stressed and another effort of the individuals is needed.
In a colony of M. favosa with a small influx of young bees, we found that indi-
viduals that participated previously in brood cell building and provisioning can
revert to these tasks at an older age. That the relation between age and tasks may
vary according to colony conditions is also noted by others (Bego & Simões 1972,
Sakagami et al. 1982, Kolmes & Sommeijer 1992). The flexibility not only extends
to behaviour, but also implies physiological adaptations (Simões, 1974).

In most stingless bee species the recently emerged workers have a different
colour than older workers and are therefore called callows. Sakagami (1982)
describes a general pigmentation scenario for stingless bees: nurse bees, being
older than a few days, are intermediately pigmented and foragers (older still) are
completely pigmented (cf. Bassindale 1955).

The process of pigmentation probably is connected to the process by which
the chitin skin hardens in the course of time. In the genus Melipona, this process
is rather quick (a few days) and inconspicuous, with only minor colour differ-
ences. In the tribe Trigonini the pigmentation process is more conspicuous.
Here, callows usually are of a very light colouration, sometimes almost white,
whereas fully developed foragers can be pitch-black. In these species the pigmen-
tation process takes a longer period of time. Bassindale (1955) discriminated
between five pigmentation stages in Trigona gribodoi Magretti, each worker went
through these stages over time. For Trigona (Tetragonula) laeviceps, Salmah et al.
(1983) described a strict relation between age and pigmentation, that made it pos-
sible to determine workers age by classifying her pigmentation stage.

In the slender neotropical stingless bee Frieseomellita paupera Prov. [former
name: Trigona (Tetragona) nigra paupera], we also found a relation between the
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body pigmentation and the tasks that are performed by workers. As in T. gribodoi
Magretti, nurse bees of F. paupera that engage in brood cells building and provi-
sioning, are exclusively half way in the pigmentation process: possessing pale
abdomens and black heads and thoraces. In this species foragers are always
entirely black (Sommeijer et al. 1984).

Frieseomellita paupera is within the stingless bees further characterised by a
series of typical features concerning brood care and colony multiplication.
Colonies of this species have a tendency to swarm more readily than many other
species and nests can be found in all kinds of nesting places (Fig. 1).

Brood production is concentrated in a single ‘integrated oviposition process’
(IOP, cf. Sakagami 1983), which typically takes places once per 24 h, in the dark
hours of the day. In this IOP, up to about 35 cells are being provisioned and
oviposited by the queen. At the start of the IOP all newly constructed cells are
being filled synchronously with larval food. Provisioning of a single brood cell
in this species consists of a relatively small number of food discharges (mean ±
SD = 3.5 ± 0.6; Sommeijer et al. 1984). The entire process is performed in just a
few minutes. Unlike many other species of stingless bees, workers of F. paupera
do not oviposit during IOP, nor do they at any other time in their lives.

The objective of our study is to analyse a number of the phenomena that set
these bees apart from other groups of stingless bees. By integrating these phe-
nomena, we attempt to improve the understanding of their functional signifi-
cance. In this paper we present the result of a study on the ontogeny of the
colouration process in F. paupera. The extent of the flexibility of this process was

L.L.M. DE BRUIJN, M.E. WUNDERINK, G. SOLOMON & M.J. SOMMEIJER
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Figure 1. Unstable Frieseomellita paupera nesting sites. Left: A nest in a cardboard beer
bottle case; right: Nest remains in the inside of a plywood door.



studied by placing colonies of this species in a stress situation. The role of the
flexibility of this process, usually thought of as relatively autonomous and rigid,
in the typical biology of F. paupera will be discussed.

MATERIAL AND METHODS

Colony origin and maintenance
Frieseomellita paupera is a common species on the islands of Trinidad and Tobago
and is also reported from Venezuela, Colombia, Panama and Costa Rica (Moure
et al. 2007). We performed our studies on Tobago, located near the coast of
Venezuela (11°15'N, 60°40'W). The island has a tropical climate including a dry
and a rainy period and with an average daily temperature of around 32 °C.
Observations were carried out just after the rainy season, from the end of
August to March, in stable ambient conditions.

Colonies were collected from cavities (for instance in trunks of tropical
almond trees or in brick-walls) and were subsequently transferred to wooden
boxes (measuring 30 × 14 cm).The boxes were placed inside a building, in order
to be able to protect them from weather influences and predators. After a period
of habituation the bees were allowed to forage outside, through a plastic tube
running through the wall of the building. To be able to observe bees without dis-
turbing them, each box was covered with glass and observations were done using
red light.

Observed colonies
For this study we used three colonies: two regular colonies (col #1 and col #2) and
one temporarily de-queened colony (col #3). The two regular colonies each con-
tained a laying queen and workers of all age classes. In these colonies there was
a stable influx of young bees. In the temporarily de-queened colony we removed
the queen for a period of 24 days. By doing so, we disrupted the production and
subsequent emergence of young bees. After this period the queen was reintro-
duced. On the day of reintroduction of the queen, still a number of young bees
emerged that were produced in the period before the de-queening, but their num-
bers decreased rapidly, resulting in a shortage of superseding young workers.

Age marking
To be able to assess the relationship between age, behaviour and colouration, we
marked all newly hatched workers of one particular day. By connecting the hive
to an annex in which mature brood was placed to hatch, we were able to easily
catch and mark all bees that emerged in 1 day. Workers were provided with
small dots of paint on their thorax. Thus, in each of the colonies col #1 and col
#2 a cohort of 34 young bees were marked, and in col #3 of 20 bees. All of these
workers were completely pale in colouration.

FLEXIBLE MORPHOLOGY AND TASK ALLOCATION
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Observation methods
In all colonies we made an inventory of the colour patterns, running from the
white new-borns (callows) up to the entirely black workers. The colour of head,
thorax, and abdomen, as well as of the legs, was assessed both dorsally and ven-
trally.

Workers of different colouration as well as age-marked workers were traced
inside the hive during the day time in three daily observation periods of 40 min
each. Of all observed bees the activity was noted down to be able to assess the
participation of workers of certain age and/or colouration class in tasks, related
to brood rearing, maintenance of the colony structures and foraging. The obser-
vations of workers of different colouration classes were done in a period of 2
months, the individually marked workers were traced for as long as they were
seen present in the colony.

In the evenings, similar observations were done, but the duration of the
observations was longer at this time of day, to be able to also observe workers’
involvement in cell construction, ‘royal court’ formation and IOP behaviour.

RESULTS

Stages of pigmentation
By scanning for colouration patterns in a colony of F. paupera, we were able to
obtain an inventory of possible colouration patterns. We placed them in order of
increasing pigment (Fig. 2). This scheme will be referred to as the ‘pigmenta-
tion-scenario’.

Tasks performed by colouration classes
Strikingly, the division of activities over the various pigmentation stages was
similar for all observed colonies, in both of the two regular colonies #1 and #2 as
well as in the manipulated colony #3 (Table 1). WW workers participate in
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Table 1. Performance of behaviour activities by workers of different colouration.
Stage Activities
WW Patrolling, trophallaxis, pollen processing
GW-I Cell nibbling, cell construction, pot nibbling, pollen processing
GW-II Cell nibbling, cell construction, pot nibbling, pillar construction, wax processing, pollen 

processing
GW-III Cell nibbling, cell construction, cell discharge, pot nibbling, pillar construction, wax 

processing, collecting of debris and its transfer to foraging bees, pollen processing
BW Same as for GW-III
BG Pot nibbling, pillar construction, wax processing, fly out, ventilating
BB Same as for BG



trophallaxis and pollen nibbling, BW workers are particularly important in the
construction and provisioning of brood cells and BB workers are foragers.

Age related task participation
Figure 3 shows the age related participation in tasks performed in the regular
colonies col #1 and col #2. Brood rearing activities (brood cell building, discharg-
ing of larval food) and Royal Court behaviour are performed at an age of 4-15
days with a peak between 9 and 11 days. Building and maintaining nest structures
other than brood cells is performed between 3 and 44 days, and foraging starts at
an average age of 23 days.

The colouration process in both regular colonies and in
colonies with an interruption of influx of young bees
The graphs in Figure 4 show the relation between age and pigmentation stage for
age marked workers. In the regular colonies #1 and #2, marked workers were
seen up to an age of 44 days. After 6 or 7 days all of the observed worker bees (N
= 22 and 21 in col #1 and #2, respectively) were in the GW-stage. In 3 weeks time
no more GW workers were found, and 36% and 29% of the observed marked
workers (N = 28 and 21, respectively) were of the BW colouration and about 20%
reached full pigmentation. After 6 weeks all observed bees were BB (N =28 and
24 for col #1 and #2, respectively).

FLEXIBLE MORPHOLOGY AND TASK ALLOCATION
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Figure 2. Pigmentation-scenario based on the distinct pigmentation-patterns for work-
er-bees in Frieseomellita paupera colonies (d, dorsal side; v, ventral side). WW: Just
emerged worker bees, completely pale head, thorax and abdomen. The legs are half
black/white. GW-I: Pale head and thorax, pale abdomen with brown tip on ventral
caudal side. The legs are half black/white. GW-II: A brown head, a small pale brown
plate on thorax (dorsal side) and a pale abdomen. The legs are half black/white. A
small brown tip at the caudal end, ventral side of abdomen. GW-III: A grey head, a
small black plate on thorax (dorsal side) and a pale abdomen. The legs are half
black/white. A small black tip at the caudal end, ventral side of abdomen. BW: A
black head, a big black plate on thorax (dorsal side) and a pale abdomen. The legs are
half black/grey. A small black tip at the caudal end, ventral side of abdomen. BG: A
black head, a completely black pigmented thorax. The abdomen is pale on the ventral
side and grey/black on dorsal side. The legs are fully black pigmented. BB: A fully pig-
mented Frieseomellita worker-bee (completely black).



In contrast, in the queen deprived colony (col #3) there is a striking delay in
the colouration process. In this colony the half way colouration stage BW was
seen to prevail up to 44 days in the final week in which marked bees were seen.
In all observations done 2, 4, 6 and 7 weeks, more than half of the observed
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Figure 3. Age dependant participation in various tasks performed in hives with a regu-
lar influx of young workers.

Figure 4. Age dependant colouration of workers in two (regular) colonies with a steady
influx of young bees (A) and in a colony with a disrupted influx of young bees (B). In
both regular colonies there is a succesion of colouration stages running from WW
through BW to BB in 6-7 weeks. In the colony with a disrupted influx of young bees
after 3 weeks the BW stage prevail up to an age of 7 weeks.



marked bees still were in BW stage. At 44 days only four marked workers were
left and they all were half coloured (BW). These bees died without becoming
fully pigmented.

Thus, the first steps in the pigmentation process appeared to be similar for
colonies #1, #2 and #3. During the first 17 days all bees, regardless of colony con-
ditions, went through the same pigmentation stages from completely pale to a
stage in which the head and thorax are black, and the abdomen pale (half
coloured stage). Subsequently, in the regular colonies (#1 and #2) with a stable
influx of young bees most workers became fully pigmented after 3 weeks.
However, in colony #3, the half coloured stage was prolonged up to an age of 44
days in all observed bees but one.

DISCUSSION

Flexibility in both behaviour and physiology
Our results show that in F. paupera both worker behaviour and the ontogeny of
the pigmentation of the cuticle are not firmly depending on age, but instead are
flexible. In established thriving colonies, with a stable influx of young bees,
there is a clear correlation between worker age and activities performed. At 9
days of age there is a peak in brood activities. At 3 weeks of age the first bees
start foraging. In our experimental colonies there was a prolonged performance
of brood activities by workers of a far older age class, up to an age of 57 days.

These results are in line with the concept of ‘foraging for work’ (Franks et al.
1994): workers patrol the colony and find tasks that need to be done. Recently,
another example of physiological flexibility related to task allocation was found
in A. mellifera (Baker et al. 2012). In this species, the authors established that
learning ability can recover in aged foragers that revert to nursing tasks. They
found that this recovery is positively associated with levels of stress
response/cellular maintenance proteins in the central brain.

The process of pigmentation appeared to probably consist of two sub phases:
1. An autonomous phase. In the first 17 days of their lives, all workers pass

through similar colouration stages and reach the half coloured phase, possessing
black heads and thoraces and white abdomens. This development is independent of
colony conditions, we found it in all normal colonies we observed and also in both
experimental colonies, which indicates a genetically fixed first half of the process.

2. A flexible phase. This may last from 4 days up to more than 40 days, accord-
ing to colony needs. At the end of this phase workers may sometimes reach full
pigmentation, but some half coloured workers, that maintain this colouration pat-
tern for the longest time, may never get fully colourized. We have found these
workers to die as a half coloured bee. As half coloured bees of very high age were
never found in all regular colonies we observed, we can rule out the possibility of
the colour variation being an expression of genetic polymorphism.

FLEXIBLE MORPHOLOGY AND TASK ALLOCATION
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The physiological regulation of these phenomena is yet unclear. Several insect
hormones are known to affect the development of the cuticle and its coloration as
well as insect behaviour. A likely candidate for regulating both the coloration of
the cuticle as well as worker behaviour in F. paupera is Juvenile Hormone (JH).
This hormone is known to affect the pace at which a honey-bee worker (A. melli -
fera) develops into a forager (Sullivan et al. 2000). In this species JH titers
progressively increase through the first 15 or so days of the worker's life before the
onset of foraging (Elekonich et al. 2001). Furthermore in other insect species, JH
regulates the synthesis of phenoloxidase (Hiruma & Riddiford 1984), which in
bees is important in the production of melanine, and through this in the process of
cuticle pigmentation (Zufelato et al. 2004).

The function of flexible behaviour and pigmentation
Frieseomelitta paupera is a very successful species, both on the island of Trinidad
and on Tobago. Nests are very common and are found in a many nesting sites.
The flexibility we found in the task performance of workers is functional for the
high swarming frequency of this species. A recently established swarm implies a
disruption of emergence of workers since the new queen still has to start laying.
With a daily production of some tens of brood cells and a normal worker-partic-
ipation in ‘discharging larval food’ of a few days, every day a number of about 90-
120 workers must be available for this task. Smaller or larger disruptions in the
influx of bees demands for a task allocation, not firmly exclusively (strictly)
depending on age. In addition to this behavioural flexibility also a flexible
abdomen is needed. Frieseomelitta paupera is a species with only 3.5 larval food dis-
chargers per brood cell, each of these individuals discharging only once.
Furthermore, trophallaxis is rare in this species, and surrounding workers do not
‘refill’ discharging workers during IOP. This is very different from, e.g., M. favosa
(Sommeijer et al. 1985). In M. favosa many trophallactic actions take place during
POP’s, enabling individual dischargers to discharge several times during a single
POP. Therefore in F. paupera, each discharging individual must be able to contain
an ‘exceptionally’ large amount of larval food at the start of the IOP. Light col-
ored abdomens of F. paupera nurse-workers are larger than the black abdomens of
foragers. An additional observation showed that bees with white abdomens were
able to ingest much more liquid food than those with black abdomens.

We suggest that a regular shortage of young workers to supersede their eld-
erly sisters (e.g., as a consequence of natural swarming) is a strong selective force
for the evolution of a flexible task allocation system, to secure more continuous
brood production.

The absence of laying workers, another typical aspect of the biology of F. pau-
pera, appears also to be related to the low number of discharges of larval food in
brood cells. Large amounts of larval food kept in the extended honey stomach,
leave little room for fully activated ovaries in a worker. The intriguing diversi-
ty in reproductive behaviour of stingless bees must be subject for evolutionary
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studies. Comparing the occurrence and regulation of worker oviposition com-
bined with worker participation in larval feeding between major stingless bee
groups, may be necessary for understanding social behaviour in bees.
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Chasing of moving prey or mates by insects is a common behaviour of
species from various orders. Two strategies have been discerned in the
literature: Pure Pursuit, also called Tracking, and Interception. In the
Pure Pursuit strategy the insect is always moving in the direction of
the target. A most striking example of chasing behaviour is the circling
of two male butterflies Pararge aegeria (L.). The circling behaviour has
been filmed in the natural habitat. Apart from circling, collisions occur.
In most cases circling is superposed upon a drift independent of cir-
cling. The circling between collisions is modelled as two insects chas-
ing each other with the Pure Pursuit strategy.

Keywords: Pararge aegeria, insect behaviour, courtship, tracking, pure
pursuit

A territorial male speckled wood butterfly (Pararge aegeria L.) will chase another
approaching male. The intruder may react however, with the result that both
males are encircling each other in a contest (Kemp et al. 2006). This circling behav-
iour is occurring also with other species. The circling behaviour of Chrysozephyrus
smaragdinus and Neozephyrus japonicus has been filmed in the natural habitat
(Imafuku & Ohtani 2006, Imafuku et al. 2006). Chasing and pursuit by insects has
been studied quantitatively (Land & Collett 1974, Collett & Land 1975, 1978, Olberg
et al. 2000, Boeddeker & Egelhaaf 2005, Wijngaard 2011, Haselsteiner et al. 2014).
Two strategies have been discerned in the literature: Tracking and Interception
(Collett & Land 1978, Olberg et al. 2000). In the Tracking strategy the insect is
always moving in the direction of the target. Interception may occur when the
insect is following a constant bearing strategy. In modelling the chasing behaviour
it has been assumed in the literature that the path of the target is given as input
data. In this paper it will be shown that the circling behaviour of butterflies is to
be understood as two insects chasing each other. To this end the model for chas-
ing solitary bees (Wijngaard 2011) will be used for both circling butterflies. The
choice of this model implies a choice for the tracking strategy. In this paper the

Modelling butterfly circling behaviour
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tracking strategy will be called Pure Pursuit, in line with the terminology from
missile guidance systems (Shneydor 1998, Zarchan 2007).

MATERIALS AND METHODS
Circling butterflies P. aegeria have been filmed in Sint-Michielsgestel, The
Netherlands, and a few other locations in The Netherlands. Short films are
made using a Casio EX-F1 camera with 300 frames/s (512 × 384 pixels) and a
Canon SX40-HS camera with 120 frames/s (640 × 480 pixels). Parts of the films,
to be called tracks, are evaluated frame by frame using ‘Tracker’ (http://www.
physlets.org/tracker/) to obtain the position of the butterflies as seen from the
camera. The films are coded by the date and time of recording the film. As an
example film 130512_1022 is recorded May 13 2012 at 10:22 hours. The tracks are
coded with the code of the film and eventually a code for a specific track. As an
example track 130512_1022A is track A from film 130512_1022. The first frame from
track 300413_1359 is given in Figure 1.

The butterflies are arbitrarily called A and B. The position of the butterflies
is evaluated with respect to a point of the paving as origin. It has been attempt-
ed to evaluate the position of the head, but this position was not always very
clear due to lack of contrast with the environment. The unit of length is approx-
imately 1 cm using the assumption that the wingspan of the butterflies is 3.7 cm.
The resulting position of butterflies A and B of track 300413_1359 is given in
Figure 2. In Figure 2 the circling is not obvious; however, an observer will see
circling by following the mean position of the butterflies. To show the circling,
the position will be referred to the momentary mean position, to be also called
the centre of mass, of both butterflies as given with the experimental results.

MODELLING BUTTERFLY CIRCLING BEHAVIOUR

Figure 1. First frame of track 300413_1359. The butterflies and their shadows on the pave-
ment are visible here.



Development of the model
The tracking strategy to be used here will be called Pure Pursuit in line with the
terminology from missile guidance systems (Shneydor 1998, Zarchan 2007). The
model for one insect is the model for male solitary bees (Wijngaard 2011). For
generality in the terminology of missile guidance systems, a Leader (L) and
Follower (F) will be discerned. The variables are defined in Figure 3. The struc-
ture of the model is given in Figure 4.

In the model for one butterfly rotation control is given by dφ/dt =
KrB*sin(θe) (Wijngaard 2011). The desired speed sp is determined by the propor-
tional control expression for the distance r:

sp = Kr*(r-rref) + sp0,

W. WIJNGAARD
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Figure 3. Definition of angles (adapted from Wijngaard 2011).

Figure 2. The measured position of butterflies A and B of track 300413_1359. The red bar
indicates the end of the path.



where rref is a reference value, r>0, sp0 is a constant (>0), and Kr is the gain of
the distance control system. This expression for distance control has already
been suggested as a description of the velocity control of the hoverfly Syritta pip-
iens (Collett & Land 1975). An extra input velocity Vtranslate is implementing the
drift of the circling butterflies.

For two insects chasing each other the model for each insect is connected to
the other one as given in Figure 5. The insects are indicated by the labels F
(Follower) and L (Leader). Calculations have been performed with ‘Matlab’.

RESULTS

Experimental
For an observer looking at the behaviour of P. aegeria males, circling is quite con-
spicuous. However, analysing the films in more detail reveals many moments at
which the images of the butterflies overlap as seen from the camera. It was pos-
sible to gain more information about collisions in films in which both the but-
terflies and their shadows could be discerned as in Figure 1. The criterion to be
used here for a collision is overlap of the images of the butterflies and overlap of
the shadows. Using this criterion the interval between two collisions is of the
order of 1 s. So, for example in film 010513_1234, in 11 s eight collisions have been
detected. The resolution of the films was too small to follow a particular butter-
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Figure 5. Model for two insects chasing each other.

Figure 4. Model for one male butterfly (adapted from Wijngaard 2011).



fly during a collision. The experimental results will be discussed based on two
tracks, 300413_1359 and 130512_1022A. 

The measurements of position in track 300413_1359 are given in Figure 2. The
butterflies are arbitrarily labelled A and B. The circling is superimposed upon a
drift. The circling will become apparent when the position is given with refer-
ence to the centre of mass of the butterflies as given in Figure 6. The diameter
of the circles in Figure 6 is 5.5 cm.

The angle θ from butterfly A to B, with reference to the x-axis, is given as a
function of time in Figure 7. From Figure 7 the angular velocity ω = dθ/dt may
be evaluated.

For circling butterflies θ as a function of time is linear. In Figure 7 the angu-
lar velocity is 16 rad/s clockwise, therefore the time necessary for one revolution
is 2.π/16 = 0.39 s. The rotation direction, clockwise or anticlockwise, depends on

W. WIJNGAARD
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Figure 7. θ as a function of time for track 300413_1359. The blue line indicates the experi-
mental results, the red is a linear fit. From the fit ω = -16 indicates a clockwise rota-
tion.

Figure 6. Position referred to the centre of mass. The red line connects the positions of
A and B at the end of the track (track 300413_1359).



the position of the camera with respect to the butterflies. When the butterflies
move in a circle but not perpendicular to the optical axis of the camera, the cir-
cle is imaged as an ellipse and the graph of θ as a function of time will show
bumps. According to Figure 6, as seen from the camera, the butterflies are mov-
ing nearly in a circle.

As a second example, track 130512_1022A will be investigated. The angle θ
from A to B is given as a function of time in Figure 8. The angle θ is increasing
until t = 0.6 indicating anticlockwise rotation. In the second part of the track the
rotation is uncertain and will even change to clockwise rotation. The first part
of the track (130512_1022AP), will be modelled in the modelling section. The
diameter of the circles is 4.2 cm.

The angular velocity of the line connecting both butterflies is a characteristic
parameter of the circling behaviour. Using 21 tracks the angular velocity has
been estimated to be 16.2 ± 3.5 rad/s.

Model
At first it will be shown that the model will explain circling behaviour. To sim-
plify the argument the butterflies, to be called F and L, are assumed to be iden-
tical with drift velocity Vtranslate zero. The rotational inertia is assumed to be neg-
ligible (Figure 9). In uniform circular motion the butterflies F and L will be at
symmetrical positions with respect to the centre of the circle. F is following L
and L is following F. At time t, F will rotate with the aim to shift the image of
L to the centre of its visual field with θe = 0. A moment later at t + Δt, F did
rotate but F also moved along the circle. L has moved too with the result that the
angle θe does not change. When the rotational inertia is neglected the velocity v
is in the direction of the body tangential to the circle.

When the movement is stationary θe is constant and in this simplification θe

= π/2. The movement of butterfly F will be investigated here. The angular veloc-
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Figure 8. The first part of this graph indicates anticlockwise rotation with angular
velocity ω = 20 rad/s (track 130512_1022A).



ity of the body is given by:

dϕ/dt = KrB*sin(θe) = KrB.

The angular velocity is also given by:

dϕ/dt = v/(d/2) (d is the diameter of the circle).

For speed control with reference distance 0:

V = speed = Kr*(d-0) + sp0.

For the example of Figure 6 |dϕ/dt| = 16, delivering KrB = 16. With d = 7 and
sp0 = 30, v = 56 and Kr = (v-sp0)/d = 3.7. Simulation with these parameters deliv-
ers the result given in Figure 10. Approximately the same result will be obtained
with sp0 = 0 and Kr = v/d = 8.

A result concerning the stability of the circular movement may also be
obtained in this way. From the equations given above the distance d between F
and L is:

D = (2*sp0)/(KrB-2*Kr).

From this relation it may be concluded that d will increase to infinity when
Kr = KrB/2. Therefore, when Kr>KrB/2 the model is unstable. The model will
become unstable too when KrB is too large.
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Figure 9. Uniform circular motion with rotational inertia neglected.



The simulation for butterfly F in Figure 10 should show an angular velocity
|ω| = KrB = 16; however, the angular velocity is only 12.6 rad/s due to the fact
that in the simplified theory the rotational inertia has been neglected. In Figure
10 the start conditions are not on the circle. After a short transient a stationary
oscillation (circling butterflies) will be obtained. Small changes in KrB or Kr
will only result in an other radius of the circle or a slight change in frequency.
Therefore the model is stable as it should be. In general the centre of mass of the
two butterflies will drift about. Drift is incorporated in the model with the inser-
tion of an extra translation velocity Vtranslate before the integrator to obtain the
position as given in Figure 4.

For the experimental result of Figure 2 a comparison between model and
experiment has been made in detail. The simulation has been run until a station-
ary movement is obtained with reference to the centre of mass of the butterflies.
One period of this stationary situation is compared with the experiment. The
simulated position had to be shifted to the range of the experimental results. The
mean position of F and L has been shifted to the mean of the experimental points
for A and B. In this way Figure 11 is obtained. Figure 12 presents the results with
reference to the centre of mass.

A fit between simulation and experiment is possible when A is identified
with L and B with F. In Figure 12 the ellipsis of butterflies A and B are shifted
over a few cm. From the simulation it can be concluded that this effect is caused
by the drift velocity of F and L.

The second track to be studied is the part of track 130512_1022A with clear cir-
cling, to be called 130512_1022AP. The experimental data for the position along
with the simulation results are given in Figure 13. The results referred to the cen-
tre of mass are given in Figure 14.

For track 130512_1022AP a fit between simulation and experiment is possible
when A is identified with F and B with L. For both tracks a reasonable fit
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Figure 10. Simulation of butterfly F using the parameters as calculated for the simpli-
fied example. The black lines indicate the body of the butterfly. Simulation time: 1.5 s.
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between simulation and experiment has been obtained. Although the simulated
butterflies are called L and F it has not been possible to designate a Leader or
Follower function to F or L or to indicate a winner of the contest.

DISCUSSION
The circling behaviour of two P. aegeria males is obviously three dimensional.
Nevertheless filming with one camera will deliver movies with unequivocal cir-
cling. The usefulness of filming with one camera has also been shown in the

W. WIJNGAARD

Figure 12. The position with reference to the centre of mass. Results of the model with
experimental points from Figure 2 track 300413_1359. For parameters see Appendix.

Figure 11. Results of the model with the experimental points of Figure 2, track
300413_1359. A is identified with L and B with F. For parameters see Appendix.



study of circling behaviour of Chrysozephyrus smaragdinus (Imafuku & Ohtani
2006). For C. smaragdinus horizontal and vertical circles were distinguished and
a tilt angle was calculated with the assumption that the butterflies are exactly
moving in circles (Imafuku & Ohtani 2006). For P. aegeria this assumption is not
justified due to the frequent collisions. For P. aegeria in most tracks the circular
movement is superposed upon a drift. Circling is apparent when the position is
referred to the centre of mass of the butterflies. The angular velocity is 16.2 ± 3.5
rad/s in accordance with the value of 17.6 rad/s for vertical circling of C.
smaragdinus (Imafuku & Ohtani 2006).
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Figure 14. Results referred to the centre of mass of the model with experimental points
from track 130512_1022AP. For parameters see Appendix.

Figure 13. Results of the model with experimental points from track 130512_1022AP. A
will be identified with F and B with L. For parameters see Appendix.



Fitting model and experiment has been done by hand. The number of param-
eters is high, but the fit is guided by the experimental data for the angular veloc-
ity, the radius of the circle and the drift velocity. The circling behaviour is a sta-
tionary situation not much influenced by the time constants. Only the filter
with time constant τ for filtering the velocity determines the angle between the
body-axis and the tangent of the circle. The reference distance was always cho-
sen zero to diminish the number of parameters. The fit given in Figures 11-14 is
evaluated by sight. A fair fit may also be obtained with constant velocity of F
and L (Kr = 0). Therefore, it will not be necessary to assume that the butterflies
are able to estimate distance.

The model calculates the direction of the body-axis; however, the resolution
of the movies is not high enough to compare model and experiment in this
respect. The flapping wings may also disturb the fit between model and experi-
ment. It has not been attempted to include collisions in the model due to the
impossibility of following the individual butterflies during a collision.

In conclusion, circling behaviour arises when two P. aegeria males follow
each other in a contest. The angular velocity of circling is a characteristic quan-
tity. In most cases the circling is superposed upon a drift velocity. A model is
developed, based on the butterflies chasing each other in Pure Pursuit. The
model delivers an explanation of many details of circling behaviour. The drift is
independent of circling. The origin of the drift velocity is not clear.

The model presented here is delivering a general framework for a quantita-
tive characterisation of circling behaviour. It would be of interest to follow indi-
vidual P. aegeria males to gain insight in the factors determining the winner of a
contest.
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APPENDIX

Parameters for the simulation of track _300413_1359
KrB = 27.00, Kr = 8.60
sp0 for L: 12.00
sp0 for F: 40.00
Vtranslate for L: x-component –10, y-component 40
Vtranslate for F: x-component –45, y-component 10

Parameters for the simulation of track 130512_1022AP
KrB = 28.00, Kr = 5.50
sp0 for L: 40.00
sp0 for F: 40.00
Vtranslate for L: x-component –15, y-component 5
Vtranslate for F: x-component –20, y-component 5
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Given the established populations in the municipality of Lelystad, The
Netherlands, and in the neighbouring countries Belgium and Germa-
ny, the Asian bush mosquito Aedes japonicus japonicus, a putative vector
of Japanese encephalitis virus and West Nile Virus, seems to be very
well adapted to European conditions, and a further spread is considered
likely in Europe. In 2014, a specific mosquito monitoring program in
the province of Flevoland has been implemented with the purpose of
detecting populations of this invasive mosquito in municipalities adja-
cent to Lelystad. The methodology used consisted of adult trapping
and visual inspection of preferred potential breeding sites, such as arti-
ficial containers in allotment gardens and cemeteries. Thirty-seven
sites in allotment gardens, six cemeteries, two used tire companies and
30 random generated locations using carbon dioxide-baited traps have
been monitored. Pre-imaginal stadia of Ae. j. japonicus have been found
only in allotment gardens belonging to the municipality of Lelystad in
the months of January, April, August and September, showing the
ability of this species for hibernating as a larvae in the Dutch climate.
Larval samples in allotment gardens and cemeteries, and carbon diox-
ide-baited traps samples outside Lelystad were negative for the pres-
ence of Ae. j. japonicus. So far, Ae. j. japonicus established populations in
the Netherlands seems to be confined in the municipality of Lelystad.

Keywords: Asian bush mosquito, invasive mosquito species, monitoring

In January 2013, a female mosquito collected during routine national vector sur-
veillance in the week 18-25 July 2012 in Lelystad, The Netherlands, was morpho-
logically identified and genetically confirmed as the Asian bush mosquito, Aedes
japonicus japonicus (Theobald) [= Ochlerotatus japonicus sensu Reinert et al. 2004 =
Hulecoeteomyia japonica sensu Reinert et al. 2006] (Figure 1). In order to assess the
extent of the infested area, subsequent extensive mosquito surveillance in the sur-
rounding area during 2013 consisted of visual inspection of potential habitats and

2014 Aedes j. japonicus mosquito surveillance
in the province of Flevoland, The Netherlands
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adult trapping in increasingly distant locations around the location of the initial
finding. This survey confirmed the existence of a widely established population
of Ae. j. japonicus in the municipality of Lelystad (Ibañez-Justicia et al. 2014).

Aedes j. japonicus originates from Japan, Korea and Southern China (Tanaka
et al. 1979) and has also been found in south-eastern Russia (Gutsevich &
Dubitskiy 1987). The first interception of the species in Europe occurred in
France in year 2000 (Schaffner et al. 2003). Afterwards, this species has estab-
lished populations in Belgium (Versteirt et al. 2009), Switzerland (Schaffner et
al. 2009), southern Germany (Becker et al. 2011), Austria and Slovenia (Seidel et
al. 2012), western Germany (Kampen et al. 2012) and northern Germany (Werner
& Kampen 2013). In the same way, in the new world it has successfully estab-
lished in numerous states of the USA since the first interceptions in the 1990s,
and in 2000 it was already reported from south-eastern Canada (Kampen &
Werner 2014).

This species has never been proven to be an efficient vector of pathogens in
the field, but under laboratory conditions, it has been shown to be a competent
vector of Japanese encephalitis virus (Takashima & Rosen 1989), West Nile
virus (Sardelis & Turell 2001), La Crosse virus (Sardelis et al. 2002a), Eastern
equine encephalitis virus (Sardelis et al. 2002b), St. Louis encephalitis virus
(Sardelis et al. 2003), chikungunya virus and dengue virus (Schaffner et al. 2011).

Because of the established populations in The Netherlands in the municipal-
ity of Lelystad, and in the neighbouring countries Belgium and Germany, the
Asian bush mosquito Ae. j. japonicus, seems to be very well adapted to European
conditions, and a further spread is considered likely from new colonized areas in

AEDES J. JAPONICUS IN FLEVOLAND, THE NETHERLANDS
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Figure 1. Adult female of Aedes j. japonicus (photo: A. Ibañez-Justicia).



Europe. In 2014, a specific mosquito monitoring program in the province of
Flevoland has been implemented with the purpose of detecting populations of
this invasive mosquito in municipalities adjacent to Lelystad.

MATERIAL AND METHODS
In general, the methodology used to detect new colonized areas in the province
consisted of visual inspection of preferred potential breeding sites (artificial con-
tainers in allotment gardens and cemeteries) and adult trapping in the study area
(see Figure 2).

Study area
The study area included in the surveillance in 2014 was the Dutch province of
Lelystad and nearby areas in adjacent provinces (see Figure 2).

Sampling protocol

Adult sampling

During the surveillance in 2014, 30 locations (see red dots in Figure 3) all over the
study area (the province of Flevoland and nearby areas in adjacent provinces)
were randomly generated from three categories, natural habitats agricultural and
urban areas, and sampled once for a single week (cross-stratified sampling) dur-
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Figure 2. Study area. Red oval: Flevoland province in The Netherlands; red star:
Lelystad municipality.



ing the active period of adult mosquitoes (April-October), using the CO2-baited
Mosquito Magnet Liberty Plus trap (Woodstream®, Lititz, USA; hereafter MM
trap) following the strategy described by Ibañez-Justicia et al. (2015). Each site
was sampled once for 7 days with an MM trap. After this, the trap was placed in
the next sampling site. Instructions were given to place the trap as close as pos-
sible to the provided XY random coordinates. If it was not possible (e.g., in some
urban areas with the presence of children, or the presence of temporary water
bodies on location), the trap could be moved to a safe place within 100 m of the
original XY coordinates. In that case, new coordinates were recorded. Field
information, sampling information (inspector name, site number, trap start date,
trap end date), XY coordinates recorded with a Global Positioning System
(GPS), and one unique sampling number barcode were recorded in a fieldwork
data form. Trapping nets from the MM trap with collected mosquitoes and field-
work data form were sent together inside a sealed plastic bag to the laboratory for
morphological identification where they were stored at -20 °C until analysis. All
data from each sampling location were input into VecBase [a tailor-made data-
base application built for CMV using Oracle Application Express (Oracle
2009)], with details on XY coordinates, field inspector, number of days in the
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Figure 3. Detail study area. Red dots: MM-traps; blue triangles: allotment gardens;
black cross: cemeteries; black square: used tyre company.



field, species captured, quantity, sex (male, female), etc. VecBase provided
options to manage the stored data and to make specific queries (ECDC 2012).

The MM trap was chosen over other trapping alternatives for the following
reasons: 1) this trap captures blood seeking mosquitoes attracted by CO2 and
octenol; 2) MM traps are the only available trap type that allows the autonomy
needed for this sampling scheme (constant flow of CO2 for more than a week)
provided by an easy to purchase and replace propane tank; 3) this trap was effec-
tive to capture Ae. j. japonicus during the activities in 2012 (first finding report)
and in 2013 (extensive surveillance in Lelystad municipality) (Ibañez-Justicia et
al. 2014).

Additionally, two BG-Sentinel traps (Biogents, Regensburg, Germany) that
are routinely run near to risk sites for introduction of exotic mosquito (two tyre
trade companies in Lelystad and Almere, province Flevoland) were also con-
trolled for presence of Ae. j. japonicus. BG-Sentinel traps used in the used tyre
companies attract the mosquitoes with CO2 and with a specific lure (BG-Lure
cartridge), a dispenser which releases a combination of substances that are also
found on human skin (ammonia, lactic acid, and caproic acid), and that are espe-
cially attractive for selected invasive mosquito species (e.g., Ae. aegypti, Ae.
albopictus, Culex quinquefasciatus) (Biogents 2014). In 2013, the BG-Sentinel trap
(without CO2) operated near to the tyre trading company in Lelystad also con-
tained one Ae. j. japonicus female (Ibañez-Justicia et al. 2014) indicating the abil-
ity of the trap for capturing this species in the field, even without using CO2.

Larval sampling

Extensive mosquito surveillance in allotment gardens and cemeteries of the
province of Flevoland was implemented from April until October 2014. In order
to find the locations in the province, a search action was done using a web search
engine. Flevoland’s municipality’s names in combination with the Dutch words
‘begraafplaats’ (cemetery) and ‘volkstuin’ (allotment garden) were used as input
for the web search. Location names and addresses were obtained as output of the
web search. Thirty-seven sites in allotment gardens and six cemeteries (see
Figure 3) were selected in the study area.

In the selected locations, visual inspection of preferred potential breeding
sites (artificial containers in allotment gardens and cemeteries, see Figure 4), and
collection of mosquito larvae was carried out. Larvae where collected from the
containers using mosquito larvae dippers and fine mesh aquarium nets, and with
the help of a plastic pipette where transferred to a plastic tube containing 70%
alcohol.

Field information, sampling information (inspector name, site number, date
sampling), XY coordinates recorded with a Global Positioning System (GPS),
and one unique sampling number barcode were recorded in a fieldwork data
form. Plastic tubes with collected mosquito larvae and fieldwork data form were
sent together inside a sealed plastic bag to the laboratory for morphological iden-
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tification. As for the adult samplings, all data from each sampling location were
input into VecBase.

In addition, known positive (where Ae. j. japonicus breeds) allotments in the
municipality of Lelystad were inspected every 3 months from January until
October 2014 in order to known the activity/stages of the species.

Mosquito diagnostics
Adult samplings were screened for the presence of the target mosquito species
(Ae. j. japonicus), and only the specimens of the species were planned to be sub-
jected to morphological identification in the laboratory. If the sample was nega-
tive for presence of the target species, the complete sample was stored at -20 °C.
In larval samples, only species belonging to the Aedes/Ochlerotatus genera were
identified to species level and counted. The other mosquito larvae specimens
from other genera (e.g., Culex spp.) were identified until genera level. Because of
the high numbers of non target species larvae specimens collected in the allot-
ment gardens and cemeteries (more than 72,000 mosquito larvae), the first 100
non target specimens were counted in a glass Petri dish, and the rest of the sam-
ple was estimated counting the total number of Petri dishes with similar amount
of larvae in the sample.
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Figure 4. Example of a preferred breeding site in locations (allotment gardens) where
Aedes j. japonicus has established populations.



Species identification was done on morphological features in the laboratory.
For indigenous mosquitoes collected during the survey, an identification key
specifically designed for the rapid identification of Dutch adult female culicids
was used (Scholte 2009; based on Schaffner et al. 2001, Becker et al. 2003,
Verdonschot 2002). Exotic and invasive species were identified using dichotom-
ic and electronic identification keys (Harbach 1988, Schaffner et al. 2001).

RESULTS AND DISCUSSION
The 30 random generated locations (see Figure 3) were effectively sampled dur-
ing the survey using MM-traps. All traps except for one site (in the municipal-
ity of Nunspeet) contained mosquito specimens. The 30 MM-traps were nega-
tive for the presence of Ae. j. japonicus in the study area. The two BG-Sentinel
traps that are routinely run into two used tyre trade companies at province
Flevoland were also controlled for presence of Ae. j. japonicus, and also resulted
negative for the presence of this invasive mosquito species.

Forty-three sites (37 sites in allotment gardens and six cemeteries) in 12
municipalities (see Table 1 and Figure 3: Lelystad, Almere, Dronten, Ens,
Biddinghuizen, Kampen, Zeewolde, Urk, Harderwijk, Ermelo, Swifterband and
Huizen) were visited twice during the year: between 24 April and 15 May, and
between 22 September and 6 October 2014. In total, 72,790 mosquito larvae were
caught. All allotment gardens and cemeteries sampled outside the municipality
of Lelystad resulted negative for the presence of Ae. j. japonicus in both sampling
periods. In the municipality of Lelystad, the earliest Ae. j. japonicus larvae were
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Table 1. Number of sampling sites, number of larvae collected in each municipality.
Location No. No. larvae

sampling Total Aedes j. Anopheles Culiseta Culex
sites japonicus sp. sp. sp.

Almere 14 27,551 0 0 5,407 22,144
Biddinghuizen 1 450 0 0 100 350
Dronten 4 1,322 0 0 200 1,122
Ens 1 164 0 0 0 164
Ermelo 4 1,364 0 0 4 1,360
Harderwijk 2 5,950 0 0 0 5,950
Huizen 2 356 0 0 0 356
Kampen 1 1,000 0 0 100 900
Lelystad 9 32,148 786 10 629 30,723
Swifterband 1 1,200 0 0 0 1200
Urk 1 400 0 0 0 400
Zeewolde 3 885 0 0 0 885
Total 43 72,790 786 10 6,440 36,945



collected in an allotment garden on 10 January 2014. In 19 Augustus 2014, three
allotment gardens and one cemetery in the municipality of Lelystad were also
investigated in order to know the activity of the species in the infested area. Two
allotment gardens resulted positive. Larvae and pupae were present in the bar-
rels used for collecting rain water in allotments.

Four mosquito genera were collected in the larval samples: Culex, Culiseta,
Anopheles and Aedes/Ochlerotatus. The most abundant specimens found in the
artificial containers belongs to the genera Culex, followed by Culiseta. A total
number of 786 specimens of Ae. j. japonicus larvae were morphologically identi-
fied, all of them belonging to already known allotments with established popu-
lations of this invasive mosquito.

Pre-imaginal stadia of Ae. j. japonicus have been found only in allotment gar-
dens belonging to the municipality of Lelystad in the months of January, April,
August and September, showing the ability of this species for hibernating as a
larvae in the Dutch climate. Larval samples in allotment gardens and cemeter-
ies, and carbon dioxide-baited traps samples outside Lelystad municipality in the
province of Flevoland were negative for the presence of Ae. j. japonicus. Using
the same strategy used in the previous years 2012 and 2013, it can be concluded
that, so far, Ae. j. japonicus established populations in the Netherlands seems to
be confined in the municipality of Lelystad.
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In nature conservation species are often used as an indicator for habi-
tat quality assessments. The presence or absence of an indicator species
is then used as a proxy for a certain ecosystem attribute or habitat qual-
ity in general. Both single species and a multispecies group can be used
as indicators; a multispecies group should be more robust. Species traits
provide another method to find bottlenecks for species occurrence.
Species traits are a useful addition to a multispecies group if it is not
possible to select a species as indicator. This study provides an
improved framework to integrate trait groups in the assessment
methodology to predict the nature quality of an area. The new frame-
work was tested with data of butterflies, grasshoppers, ants, bees, hov-
erflies, moths, amphibians, reptiles, ground beetles, plants and mosses
from 48 plots in an experimental setting in wet heathlands. The subset
of species with additional trait groups predicts the total amount of wet
heathland species better than the original framework or a subset with
just wet heathland plant species. The best single indicator species for
wet heathlands were calculated, all from different taxonomic groups
and often red-listed or endangered. With these lessons new selection
processes are provided, to select the best indicator species. This selec-
tion process could be fruitfully incorporated in practical conservation
policy and management.

Keywords: indicator species, species traits, wet heahtlands, insect con-
servation, biodiversity

In nature conservation, restoration management is often necessary to counteract
negative human influences (Miller & Hobbs 2007, Jordan & Vaas 2000) and to
increase biodiversity and habitat quality. The impact of these changes in habitat

Which species should we count? Improving an
indicator species approach for biodiversity
conservation in wet heathlands
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can be measured by investigating the response of several or a single species
(Kremen 1992). Such a species is then used as an indicator of biodiversity (Duelli
& Obrist 2003).

Species can be used in many different ways. A species can be used as an
assessment tool in nature conservation or as a specific restoration target, or both.
Two related concepts are umbrella species and flagship species. An umbrella
species is both a rare species and a conservation target (Fleishman et al. 2000).
When conservation measures for this umbrella species are taken, co-occurring
species can profit too. A flagship species is used to show the quality of a certain
area and to increase public attention for a project (Hilty & Merenlender 2000).
Such species are often targets for nature conservation. Indicator species differ
from umbrella and flagship species as they are not necessarily nature conserva-
tion targets: they are strictly used to assess the habitat quality or biodiversity of
an area.

Indicator species
Debate is on-going whether to use a single species as conservation target or the
use of a species group (Hilty & Merenlender 2000). A single rare species can give
only information on a particular ecological niche of the whole ecosystem inves-
tigated. A strong argument for using a larger group of species is that such a group
can cover a longer ecological gradient (Maes & Bonte 2006). Figure 1 shows a
framework in which different species are indicator for different ecosystem
attributes. A disadvantage of the use of one species is that the selected species
can be absent in certain areas. The researcher can select a limited number of eas-
ily detected species. But the selection of a species group can be subjective (Maes
& Van Dyck 2005). Another important issue is the larger effort it takes to sur-
vey a group of species, especially when various survey methods are applied. A
group of indicator species can be combined into a multispecies group (MSG) in
order to increase the predictive power of the response to habitat quality (Hilty
& Merenlender 2000, Maes & Van Dyck 2005, Maes & Bonte 2006).

Several authors described selection steps to construct a group of indicator
species (Maes & Van Dyck 2005, Hilty & Merenlender 2000), in order to make

WHICH SPECIES SHOULD WE COUNT?

Figure 1. Schematic overview of the multispecies approach. Information about the
occurrence of indicator species is used to test the quality and changes of different
ecosystem attributes. Based on Maes & Van Dyck (2005).



the selection process less subjective. This is applied also by Maes & Bonte
(2006). In 5 steps ecosystem attributes on which the species group has to provide
information (step 1) are selected. All available and suitable species are selected
(steps 2 and 3), information on the expected reaction on changes in ecosystem
attributes is gathered (step 4) and a final selection is made, so no species with-
out additional indicator value have to be counted.

Species traits
The species traits method is used to find bottlenecks for species occurrence. It
investigates the response of species using the biological traits of a complete
species group (Fujita et al. 2013). This method can be improved by conducting a
life history analysis (van Noordwijk et al. 2012, Verberk et al. 2013). The selection
of traits which may be the selective criterion in the life history of the species
group requires knowledge on both the ecosystem and biology of the investigat-
ed species group (van Noordwijk et al. 2012). The output obtained from the trait
approach shows the bottlenecks for species occurrence. Van Noordwijk et al.
(2012) show that a certain group of ants need a high temperature and therefore a
more open vegetation. These bottlenecks are marked as red blocks in Figure 2.
Biologists can use this knowledge to choose between management options to
overcome these bottlenecks.

Trait-based studies can lead to mechanistic understanding, where indicator
species can show existing patterns of ecosystem characteristics. Verberk et al.
(2013) state that using indicator species does not give information on causal rela-
tions. Studying traits is easier when multiple areas are studied, as different
species pools in geographical separated areas are not a problem as long as simi-
lar traits are detected. The species traits approach is in general more time con-
suming because all occurring species of a certain taxonomic group need to be
investigated. The information on the reaction of species to certain changes in
their surroundings may be less specific than with the multispecies approach.
Detailed knowledge on the biological species traits is necessary. So, this method
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Figure 2. Schematic overview of the species trait approach. Through an analysis of
occurring and missing traits in a species assemblage it is possible to find the bottle-
necks for species occurrence. Bottlenecks for species occurrence are shown as red
blocks. Based on van Noordwijk et al. (2012).



can only be used with taxonomic species groups where detailed knowledge on
the biology on the level of the organism is available but it does not need a priori
information on the specific responses on changes in the environment.

Problems in the indicator approach
Several problems may occur in the application of the indicator species approach.
Unfortunately it was not always clear which species were the best to select. In
field studies it is often not clear beforehand which potential indicator species
occur on the study site. It is also possible a potential indicator species is too rare
or too common. In addition the known distribution of species is often not detailed
enough, so it becomes hard to predict which species is the best to select within a
particular area. Or there are several species available but with a patchy distribu-
tion. So often it is impossible to select the best indicator species for a certain
ecosystem attribute on forehand. In Figure 3 an overview is presented for the sit-
uation when one or two attributes cannot be measured with an indicator species.

All of these problems can be solved by integrating trait groups or life history
groups into an MSG. We suggest the trait approach as the solution to overcome
this problem. Instead of selecting two species as representing indicators for a
certain ecosystem attribute we select a group of species that share a specific trait
as is shown in Figure 4. The occurrence of this species group has to give specif-
ic information about the evaluated ecosystem attribute. By implementing this
framework we can still evaluate the ecosystem attributes, even if no specific
indicator species can be selected.

Integrating the species traits method into the MSG will increase the amount
of species which has to be counted in the field. But combining these two meth-
ods will make it possible to evaluate all ecosystem attributes instead of just those
attributes were an indicator species can be found for. More data of a larger
species group can provide more detailed information than two indicator species.
Combining both methods can lead to a better knowledge on the reaction of
species on changes in their environment.

There are several possibilities to include a trait group in an MSG. Weighted
trait groups can be added with the fraction per sample of the total species num-
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Figure 3. Problem in the multispecies approach. The red ‘x’ marks a situation where it
is unclear which species should be selected. Question marks mean that it is not clear
which species should be selected.



ber recorded of that trait group in the study. We expect a weighted integration
is better than using data with just the occurrence of a trait group in a plot.
Weighted integration means that a trait group is almost never as much con-
tributing to the MSG as a real species. Only if all species of the trait group in a
study are present in one site, the trait group is contributing numerically as much
as when an indicator species from the MSG is present. With trait occurrence
data it is very easy to get to the same value as an indicator species from the
MSG. It does not matter if a site has 1 species from the trait group or many more.
A lot of quality information is left out with trait occurrence integration, so we
expect a weighted integration is better.

It is important to know whether we can improve the indicator species
approach by integrating trait groups, to achieve a successful assessment of the
impact and quality of restoration management. We applied the MSG approach
in two restoration sites for wet heathland areas in Noord-Brabant, The
Netherlands. Studies on an MSG were done before in wet heathlands in nearby
Flanders, Belgium (Maes & Van Dyck 2005). With this study in the same
biotope in a nearby region in The Netherlands we can compare our findings and
test if the proposed improvement provides a higher predictive power of the habi-
tat quality.

Questions about the use of sod-cutting as a tool for biodiversity conservation
are urgent in Dutch policy for wet heathland conservation (Wallis de Vries et al.
2013, 2014), so an experimental setup was available for our study. This study
investigates the short-term impact on biodiversity of two alternatives for sod-
cutting in wet heathlands: choppering and intensive rotational grazing.

Improving the indicator species approach
The framework in Figure 4 is a proposed improvement of the MSG. We expect
that with added trait groups the improved MSG will have a higher predictive
power than a basic MSG group. The main scientific question in this research is:
can we improve the indicator species approach by integrating trait groups, for a
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successful assessment of the impact of restoration management methods on wet
heathland invertebrates?

It is also interesting to know if added trait groups improve the predictive
power equally. We expect that the selection of trait groups based on ecological
reasoning is very important, so we expect that different trait groups have an
unequal additional effect to the productive power of the improved MSG.

To apply the framework of Figure 4 we need to integrate the trait groups in
the MSG, therefore we need to know what the best method is to integrate trait
groups in a multispecies group. We expect that an MSG with trait groups with
weighted data has a better predictive power than an MSG with trait groups with
occurrence data. In order to select the best species for monitoring of wet heath-
land biodiversity we want to know which species are the best to select. Also we
want to know whether individual species have a higher predictive power of habi-
tat quality than an improved MSG.

In scientific studies and policy advice plants are often used as indicators of all
biodiversity (Berendse et al. 1993, Bakker et al. 2012). We also want to know what
the predictive power of habitat quality is when we only select plant species. We
expect the predictive power to be lower than an MSG which consists of various
taxonomic groups.

In applied studies, which species are counted depends largely on legislation
like the EU Habitat Directive. Also the species from obligatory monitoring in
The Netherlands from the SNL (Subsidiestelsel Natuur en Landschap) subsi-
dies scheme are used in monitoring habitat quality. Are these species pools
selected with sound selection steps?

METHODS

Sampling
In an experimental design, sod-cutting, choppering, pressure grazing and a con-
trol treatment were applied on a wet heathland area of 20 × 20 m (Wallis de
Vries et al. 2014). Sod-cutting and choppering were carried out in winter 2011-
2012, intensive rotational grazing was done in the summer of 2012. In the control
area no restoration management was done. On all those four treatments liming
was applied on one plot and one plot each without liming, which lead to eight
treatments. Two nature areas, Kampina and Strabrechtse heide, in the eastern
half of Noord-Brabant province both contain three blocks with eight treatments.
In total 48 plots, six groups of eight treatments, were investigated.

We counted and caught many taxonomic groups to calculate a total amount
of wet heathland species per plot. Butterflies, grasshoppers, ants, bees, hover-
flies, moths, amphibians, reptiles, ground beetles, plants and mosses were iden-
tified and counted. Specific literature for sampling methods, identification and
wet heathland status for each taxonomic group are found in Appendix A.
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We used the framework of van Noordwijk et al. (2012) to assign all species to
a certain life history strategy (LHS) group. These groups are limited by various
constraints. The F strategy, mainly Myrmica ants are food limited in their semi-
claustral founding mode. The queen forages when she tries to bring up the first
group of workers so she is vulnerable to shortage of food. Information on other
life history strategies in ants is in Appendix B.

Multispecies groups
For step 1 of the selection process of Maes & Van Dyck (2005) we select which
ecosystem attributes our indicator species have to reflect. Our study area con-
tains small patches of wet heathland which are, except for the control site,
recently disturbed. Our indicator species should only use a small area of land.
We want our indicator species to be sensitive for the following biotope structure
characteristics: microtopography, organic matter in topsoil, young trees and
bushes, purple moor grass (Molinia caerula), vegetation diversity (Wallis de
Vries et al. 2014) and flower diversity (Peeters et al. 2012). We want the indicator
species to be sensitive for the following environmental stressors: trampling and
eutrophication (Wallis de Vries et al. 2014).

Two trait groups were added to basic MSG to act as an indicator for ecosystem
attributes were it is hard to select the best species. Trait groups were both construct-
ed with weighted data and with trait occurrence data. With weighted integration
we used the formula SumInd + (PlotTrait1/TotTrait1) + (PlotTrait2/TotTrait2)
for every plot to come to a score of the improved MSG. SumInd is the total amount
indicator species present at a plot. PlotTraitN is the amount of species from trait
group N recorded in that plot. TotTraitN is the total amount of species from trait
group N recorded in the whole study. For integration with occurrence data we
treated the trait groups as additional indicator species.

Both types of trait groups were separately added to the basic MSG to create
an MSG with weighted trait groups and an MSG with trait groups with occur-
rence data. To know what both trait groups contribute in predictive power we
did the same analysis with just one trait group added. In this analysis with one
trait group added to the basic MSG we used the type of trait group with most
predictive power.

We compared the result of the improved MSG with the indicator perform-
ance of a single species. The indicator performance was investigated for all wet
heathland species. We selected all wet heathland plant species which were inter-
mediate rare according to the criteria from Maes & Van Dyck (2005). With data
on the presence of these species we constructed a plant MSG. Plant species that
were selected for the plant MSG are Rhynchospora fusca, Drosera intermedia,
Gentiana pneumonanthe, Trichosporum cespitosum, Eriphorum angustifolium, Drosera
rotundifolia and Narthecium ossifragum.

With our data we can calculate the best MSG possible by looking for the
species with the highest correlations with the corrected total wet heathland
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species group. Only species with a significant (P<0.05) correlation, records from
two or more plots and a clear taxonomy were selected.

Data analysis
The amount of species present from the MSG per plot was tested for correlation
with the total amount of wet heathland species in the same plot. The total wet
heathland species number is corrected for species which are part of the MSG or
integrated trait group, so no correlations with data of the species itself are pres-
ent. We used partial correlation with a correction for block differences.

We collected data with our ant survey where we can work with absolute
numbers, present/absent data, total number of species per tube and total num-
ber of species per plot. This type of data is also obtained from our pitfall survey.
To correct for large differences in the number of spider individuals we estimat-
ed the expected species number per treatment using the program EstimateS by
Colwell (2013).

Different responses to the treatments by species, species groups and trait
groups are analysed using an ANOVA test in SPSS. We designed a General
Linear Model with Location as a Random factor and Treatment, Liming and
Year as an Independent variable. Most interesting are the interactions
year*treatment and year*lime. These interactions represent the changes because
of management treatments between the two years of observation.

RESULTS
We found 273 species of which 40 are typical wet heathland species (Appendix
C). All wet heathland species sampled in this study are listed in Appendix D,
Table D3. We found 16 ant species and 4012 individuals. In Appendix B, Table
B1 all recorded ant species are classified according to the life history strategies of
van Noordwijk et al. (2012). Some additional species were found and classified
through the described principles.

We designed the MSG using the selection process of Maes & Van Dyck
(2005). Appendix D shows the various steps in the process. Table 1 shows the
basic MSG. Trait groups are added according to Figure 4. Trait groups are added
to indicate ecosystem attributes Microtopography (Jensen et al. 2003, Seifert 2007,
Peeters et al. 2004), Open patches (Bos et al. 2006, Seifert 2007), Intensive man-
agement (Seifert 2007, Boer 2010, Peeters et al. 2004), Vegetation diversity wet
zone (Weeda et al. 2000, Oostermeijer et al. 1998) and Flower diversity (Peeters
et al. 2012), as it is hard to select the best indicator species for these ecosystem
attributes. The added trait groups are flower visitors, with bees and hoverflies
selected as they are sensitive for flower diversity. F life history strategy ants,
according to van Noordwijk et al. (2012), are selected instead of Myrmica gallieni
and M. ruginodis. A few species of this genus occur in wet heathlands with the
same features so it is hard to select the best choice. Instead of making this choice
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we added this group with the same features as trait group. In any analysis with
F ants added to the MSG M. gallieni and M. ruginodis are left out.

The designed basic MSG has a significant correlation (R = 0.327, P = 0.026)
with the corrected total number of wet heathland species (Figure 5). If we add
both trait groups to the MSG the correlation is much stronger, the R is higher.
Also the significance level is increased. The weighted trait groups show a high-
er correlation with the corrected total wet heathland species than integration
with trait occurrence data (Table 2). In this case the weighted trait groups con-
tributed more in predicting wet heathland species.

The increase in R shows the increase in predictive power caused by the vari-
ous trait groups. Table 2 shows the MSG with one trait group added, both with
a weighted integration. Both trait groups contribute substantially in the increase
of predictive power. F strategy ants increase the predictive power of the basic
MSG from 0.327 to 0.390. Flower visitors increase the predictive power of the
basic MSG to 0.346. So F strategy ants are more important to predict the wet
heathland quality than flower visitors.

M.J. COURBOIS, E.M. VEENENDAAL & M.F. WALLIS DE VRIES

Table 1. MSG selected by the criteria of Maes & Van Dyck (2005). The added trait
groups for the improved MSG in the last two rows are marked with an asterisk.
Species Trophic level Mobility Sensitive for ecosystem 

attributes and stressors
Formica picea Insectivore Small Purple moorgrass, intensive 

management
Myrmica gallienii Insectivore Intermediate Microtopography, vegetation 

diversity wet zone
M. ruginodis Insectivore Intermediate Microtopography, open 

patches, intensive 
management

Maculinea alcon Herbivore (and insectivore) High Open patches, vegetation 
diversity

Ochlodes sylvanus Herbivore High Purple moorgrass, older 
vegetation

Plebejus argus Herbivore (and insectivore) High Vegetation diversity
Metrioptera brachyptera Insectivore/herbivore Intermediate Vegetation diversity
Gentiana pneumonanthe Plant (autotrophic) Low Open patches
Trichophorum cespitosum Plant (autotrophic) Low Vegetation diversity wet zone
Zootoca vivipara Insectivore Intermediate Older vegetation, vegetation 

diversity
*Flower visitors Herbivore (omnivore) High Flower diversity
*F ants Insectivore Intermediate Microtopography, open 

patches, intensive 
management, vegetation 
diversity wet zone



Table 2 shows the correlation of the plant MSG and the total wet heathland
species is 0.295 and just significant (P = 0.047). So plant species can be used to
represent all wet heathland species. This study shows also that the predictive
power of the basic MSG (R = 0.327) is already higher than the plant MSG. The
improved MSG shows an even higher predictive power (R = 0.406).

The R and significance levels of wet heathland species are given in Table 3.
The species highest in the table show a good indicator performance. Lower in the
table are Plebejus argus and Phengaris alcon, species that often are used in wet
heathland studies (Thomas 1985, Thomas & Abery 1995). They do not have a sig-
nificant correlation with the total wet heathland species.
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Figure 5. Indicator performance of the basic MSG. Correlation between the corrected
total number of wet heathland species and the amount of species of the basic MSG.
Partial correlation with correction for block differences: R = 0.327 (P = 0.026).

Table 2. Tested multispecies groups and their correlation with the total wet heathland
species. For every correlation study the total wet heathland species per plot was cor-
rected for wet heathland species in the MSG. Correlation is studied with partial corre-
lation with a correction for location and block differences (all df = 44).
MSG Method of integration R P
Basic MSG - 0.327 0.026
MSG with both trait groups Weigthed data 0.406 0.005
MSG with both trait groups Occurence data 0.361 0.014
MSG with trait group F ants Weigthed data 0.390 0.007
MSG with trait group flower visitors Weigthed data 0.346 0.019
MSG with trait groups F ants, flower Weigthed data 0.403 0.005
visitors and Cicindela beetles
MSG with trait group Cicindela Weigthed data 0.323 0.029
Plant MSG - 0.295 0.047
Best MSG - 0.633 <0.001



Based on Table 3 we selected the best MSG in Table 4. All species except
Bombus cf. terrestris in this best MSG are also wet heathland species. Other
remarkable results are that most species are red-listed and most species are in our
original MSG. All species are from different taxonomic groups and therefore the
species in the best MSG have different traits. Taken together as best MSG they
correlated significantly (R = 0.633, P<0.001) with the corrected total number of
wet heathland species as is shown in Table 2.

DISCUSSION

Single or multispecies indicator approach
This study shows one of the main advantages of a multispecies group. Some
species in the basic MSG do have a significant correlation with the total amount
of wet heathland species but others don’t. It is not always possible to predict
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Table 4. Best multispecies group.
Species Species group Red list Original MSG
Formica picea Ants Not available Yes
Bombus cf. terrestris Bees No No
Orgyia antiquoides Moths Yes No
Zootoca vivipara Reptiles Yes Yes
Carterocephalus palaemon Butterflies Yes Yes
Gentiana pneumonanthe Plants Yes Yes

Table 3. Indicator performance of individual species. Partial correlation between a
species and the total number of wet heathland species, with correction for block differ-
ences.
Species R P No. plots
Formica picea 0.434 0.003 2
Bumbus cf. terrestris 0.421 0.004 13
Orgyia antiquoides 0.334 0.023 10
Zootoca vivipara 0.330 0.025 15
Carterocephalus palaemon 0.322 0.029 3
Gentiana pneumonanthe 0.307 0.038 12
Myrmica gallienii 0.268 0.072 1
Plebejus argus 0.205 0.17 19
Diacrisia sannio 0.196 0.19 5
Callophrys rubi 0.174 0.25 3
Phengaris alcon 0.163 0.28 4
Ochlodes sylvanus 0.157 0.30 26
Deltote bankiana 0.140 0.35 14
Adscita statices 0.092 0.54 1
Metrioptera brachyptera 0.008 0.96 16
Bombus jonellus -0.082 0.59 3



which species has the highest predictive power for the total amount of typical
species (Hilty & Merenlender 2000). The predictive power of a species also
depends on scale (Maes & Van Dyck 2005). Our bumblebee B. cf. terrestris has a
high correlation in with the total amount of wet heathland species. But with larg-
er plots this species will also occur near the forest edge and disturbed edges of gar-
dens and loses it predictive power for wet heathland quality. This study shows
when some of the species fail to indicate nature quality but other species in the
multispecies group do perform, the main group can still function as a good indi-
cator of nature quality. Choosing one species as an indicator has the risk that this
species has no significant predictive power (Hilty & Merenlender 2000, Maes &
Van Dyck 2005). The vulnerability of using just one species as an indicator can
be compensated with the MSG, whose predictive power stays significant.

Because the use of various taxonomic groups in an MSG is beneficial we
advise conservationists to let species countings be done by field workers who
know a variety of species groups.

Indicator of biodiversity
We studied an MSG from several taxonomic groups. This group was construct-
ed according to the scheme of Hilty & Merenlender (2000) and Maes & Van
Dyck (2005) in order to predict the amount of wet heathland species of even
more taxonomic groups. We used data of plants, mosses, some lichens, a lizard,
butterflies, grasshoppers & crickets, ground beetles, hoverflies, bees and moths
as a proxy for the total wet heathland biodiversity. The MSG should indicate
total wet heathland biodiversity. The plant MSG we tested for indication value
had a lower predictive power than the basic or improved MSG and was barely
significant. So in order to indicate the biodiversity for a mix of species groups or
all biodiversity we advise to use species from various species groups. If a
researcher is interested in just plant biodiversity it is probably better and easier
to construct a multispecies group of just plants. Habel et al. (2007) show a treat-
ment which is good for the plant Gentiana pneumonanthe can negatively affect
Myrmica ants, belonging to another species group. However, both plant and ants
are necessary for the butterfly Phengaris alco and a high biodiversity with vari-
ous taxonomic groups present. So we advise researchers who are interested in
the total nature quality to use a wider perspective than just one species group.

Integrating species traits in MSG
In this case the weighted trait group contributed more in predicting the total wet
heathland species then the trait group with trait occurrence data. When a trait
group is only present with a small amount of species the difference between both
methods are probably smaller. The difference is also smaller when a trait group is
based on a large amount of species but all species occur only on a small amount of
sites. In this situation a weighted integration will give all sites with members of the
trait group a very small value, as only a few species of the total amount of species
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in that trait group are present. The real species in the MSG are represented by the
value 1 if present, so the trait group is influencing the MSG only in a small amount.

In such a case it can be better not to use the total number of species found in
that trait group as a maximum value but take the site with most species of that
trait group and use that as the maximum. The number of species of the trait
group present in each plot is again divided but now by this lower maximum. The
formula to calculate an MSG score per plot is than changed to SumInd +
(PlotTrait1/HighTrait1) + (PlotTrait2/HighTrait2) where HighTraitN is the
highest amount of species of a trait group found in a plot in the study. The val-
ues integrated in an MSG are much higher when this formula is used. The val-
ues are more similar than the values of the species of the MSG.

Flower visitors are all flying species, which can be active on a larger scale
than ants. Because of this larger activity range flower visitors are more likely to
be found in areas which they do not necessarily favour. This could explain why
flower visitors add less predictive power to the improved MSG than F strategy
ants. Another explanation is that flower diversity is, just like bare soil, not that
important in wet heathlands as in dry heathlands.

Multispecies group selection process
Our best MSG can contribute to make the selection process of a multispecies
group easier. If the goal of the study is to detect the quality of the area a selec-
tion process based on as many taxonomic groups as possible would be a good rule
of thumb. This is in line with Gossner et al. (2014). Because most species from
various species groups differ in their traits too, a selection based on various tax-
onomic groups is both justified according to the selection process of Maes & Van
Dyck (2005) and easier applicable for nature managers. With a selection based
on various taxonomic groups there is no need for study into species traits any-
more, one of the main difficulties in applying the MSG selection process.

Most species in our best MSG are red-listed or endangered. To improve an
MSG, red-list species have priority, but the presence of B. cf. terrestris in our
group suggest this criterion should not be applied strictly. One can take this into
account when deciding on the final MSG in step 5.

Different taxonomic groups require different survey methods. Maes & Van
Dyck (2005) argue in nature conservation it is important to use species which are
easy to find. We argue that in order to improve an MSG, various taxonomic
groups and, thus, survey methods are important. It is up to a nature conserva-
tion manager to choose between the quality of his study and how much effort
can be put into the survey. If, for example, a volunteer with more than average
knowledge is available, it is important to know this can improve the quality of
a study. This study provides an adjusted selection method when the nature man-
agers’ goals are to reach the highest quality (Table 5) and a selection method
which is easier to apply for nature conservation managers (Table 6). The selec-
tion method for the highest quality consists of the same steps as Maes & Van
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Dyck (2005). Step 2 and 3 of Maes & Van Dyck (2005) are merged into one step,
in step 4 an addition is made to select red-listed or endangered species, if possi-
ble, and step 5 is added. This selection process is recommended for scientific
studies or large projects. This selection method can be applied when for instance
the Habitat Directive of the EU or the Dutch nature monitoring program SNL
is evaluated.

The easier selection method is recommended for smaller projects and projects
with volunteers involved. Different taxonomic groups it is less necessary to
make lists of ecosystem attributes and species traits. Only steps 2, 3 and 5 of the
framework of Maes & Van Dyck (2005) are used.

DNA barcoding
Another aspect is that pitfall traps can become a much easier trap method in the
future. With DNA barcoding, the effort for identification can be reduced
(Moritz & Cicero 2004, Porco et al. 2013) so it will become much easier to include
species that are easy to collect but hard to identify in an analysis. This will be
possible for species which can be found in pitfall traps or sweep net transects. If
the costs of DNA barcoding per pitfall drop the coming years it will become a
cheap method to monitor nature quality. It is not necessary to know the species
in the field so fieldwork can be done by less educated employers. It is also easi-
er to use species from various species groups in monitoring or quality assessment
as less taxonomic knowledge is needed for one study.

Legislation and policy
The EU Bird and Habitat Directives protect mainly vertebrates, some plants
and some insects which are well known and large in body size. In order to cre-
ate a network of protected nature areas that protect natural biodiversity, we
advise to select species from more species groups.
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Table 5. Adjusted selection steps for highest indicator performance
Step 1 Select ecosystem attributes which your indicator species have to reflect
Step 2 List moderately rare species from as many species groups as possible
Step 3 Skip the ones that are too hard to sample
Step 4 Compile a set of species where every attribute is represented by at least two species, 

preferably with red-listed or endangered species, if possible
Step 5 Add weighted trait groups if important ecosystem attributes are not represented by two 

species

Table 6. Adjusted selection steps for easier application
Step 1 List moderately rare species from as many species groups as possible
Step 2 Skip the ones that are too hard to sample
Step 3 Compile a set of species, preferably with red-listed or endangered species, if possible



The Dutch SNL monitoring scheme uses taxonomic insect groups dragon-
flies, butterflies and grasshoppers as indicators for a good habitat quality.
However, many restoration actions in nature areas should be applied at a small
scale (Wallis de Vries et al. 2014). To monitor the quality of the restoration treat-
ment it is preferable that at least some of the fauna indicator species should react
on the same scale. In most habitats there are not that many species of dragon-
flies, butterflies and grasshopper, which hampers an effective selection of inter-
mediately rare indicator species. Therefore, in practical application, multispecies
groups in all habitats of the SNL scheme should be enlarged with habitat-specif-
ic species to be included in monitoring. For wet heathlands, for instance, the
species from our best MSG that are not included yet (Table 4) could be used.

The Dutch habitat approach was implemented to in order to implement
nature management for at ecosystem level, not for single species. The multi-
species indicator approach uses the strong points of both target species manage-
ment and the habitat management approach. The multispecies indicator
approach uses the information based on species, which leads to better under-
standing of spatial patterns of ecosystem quality and thereby gives relevant
information on the quality of the entire ecosystem.

Total number of species and red-list species
Maes & Van Dyck (2005) found a significant correlation between their multi-
species group and the total number of species. However, when using an MSG as
indicator for quality it is not so strange that they do not find a correlation with
the total number of species. In the total species group probably many generalists
are included, as well as dry heathland species or species of pine forest surround-
ing the wet heathlands. In a species poor ecosystem any disturbance can improve
local species numbers and local biodiversity. But if the new species are general-
ists with no conservation value this increase in species numbers does not neces-
sarily indicate an increase in nature quality. Therefore, we argue that it is better
to look for the total number of typical species which you want to conserve
instead of just the total amount of species.

Other studies show correlations with the richness of red-list species (Maes &
Van Dyck 2005). Many wet heathland species that were included in the MSG
are red-listed themselves. Many other species groups, such as spiders, ants and
ground beetles, do not have a red list. For correlation studies it is important to
correct for species which are present in both groups which are compared. So a
correction of the total number of red-list species with the red-list species in the
multispecies group would mean there are not so many red-listed species left to
correlate with. Those red-list species which are not included in the MSG are
often dry heathland species. A regression between the multispecies group and a
corrected total red list species would mean a regression between the multispecies
group and the number of dry heathland red-list species. It is not very useful to
compare wet heathland MSG species with dry heathland red-list species.
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Restrictions
In this study we did not include wet heathland fens and forest edge. So in wet
heathland in a larger sense probably some other species can have high correla-
tions with a total set of wet heathland species too. Because the species are not
regionally endemic but well spread and wet heathland vegetations do mainly
occur in the Northwest European Atlantic region we propose our conclusions
can be used in all wet heathland vegetations.

The selection of the best MSG is based on species from at least two plots.
Formica picea is only known from two plots, the minimum for selection.
However, Mabelis (2002) also advises to use this ant species as indicator for
monitoring of nature areas so we think it is a useful indicator species.

Conclusions
Identifying ecologically meaningful and practically manageable groups of indica-
tor species still presents a formidable challenge for conservation management. A
newly developed framework (Figure 4) was tested and it proved that an MSG
with added trait groups has a higher predictive power than a basic MSG. The
weighted integration method is better than a simple assessment on the basis of
presence data. Not every trait group adds predictive power to the MSG, so it is
important to make ecologically sound choices and select the trait groups that
indicate the quality of important ecosystem attributes. The selection process of
an MSG was altered to further increase the predictive power (Table 5). For small-
er projects involving volunteer an easier selection process is presented (Table 6).

If the goal of a study is the indication of all biodiversity, an MSG with vari-
ous taxonomic groups is important. Only when the diversity of one specific tax-
onomic group is aimed for, is it appropriate to restrict the MSG to species from
a single taxonomic group. With future developments in DNA barcoding, the
inclusion of less intensively studied taxonomic groups may contribute to a
greater diversity in the use of various taxonomic groups. This could contribute
to greater practical values of the multispecies approach, provided that sufficient
information on the ecology of included species is available.
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APPENDIX A

Ant catching was done with fruit wine baited traps (Boer 2008): small tubes with
fruit wine which ants like. Ten traps were placed for 24 h in every plot. All tube
traps were placed in a diagonal line to sample every part of the plot. The 2 m near
the edge of the plot was not sampled in order to avoid edge effects. Ant catches
were done on days with <20 °C. Only the presence of an ant species in a trap is
used for calculations, the number of traps per plot with an ant species is used as
proxy for the occurrence of a species in the plot.

Ground beetles were caught with pitfall traps. Relevées were made, one in
every plot. All other species groups are counted and identified in the field. Day
counts for butterflies, grasshoppers, amphibians, lizards, bees, hoverflies and
moths were done at warm days, 20 °C or more, between 10:00 and 17:00 hours.
Table A1 mentions for all surveyed species groups the relevant identification
keys, trait information and literature sources we based the wet heathland status
on. The counts of moths were limited to wet heathland specialist species.

Table A1. Literature sources of every species group for identification, wet heathland
status and species traits.
Species group Identification Wet heathland status Species traits
Butterflies Bos et al. 2006 Idem Idem
Grasshoppers Kleukers et al. 1997 Idem Idem
(Orthoptera)
Ants (Formicidae) Boer 2012 Boer 2010, Seifert 2007 van Noordwijk et al. 

2012, Seifert 2007, 
Boer 2010, Kipyatkov 
1993, 2001

Carabidae Boeken et al. 2002 Turin 2000 Turin 2000
Plants and other van der Meijden 2005 Sparrius 2013, van der Meijden 2005
vegetation van der Meijden 2005
Bees & bumblebees van der Blom 1989 Peeters et al. 2012 Peeters et al. 2012
Amphibians & reptiles Creemers & van Delft 2009 Idem Idem
Moths Waring & Townsend 2006 Idem Idem
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APPENDIX B

Two groups have queens who use the stored food of their own body (T and G)
or they take adult workers with them from their mother nest (D). The D strat-
egy species are constrained in their dispersal. If you use workers from your
mother nest to establish a new nest, these workers have to walk to the new site.
Also social parasites are limited in dispersal because they need a specific host
ant. Strategy T species need a high temperature to bring up their offspring in
time before winter. These species are vulnerable to closed vegetations with a low
amount of sunlight reaching the soil surface. G species are generalists who have
fewer constraints.

G and T species are harder to separate and cannot be separated based on one
single trait. T species all need a high temperature. A fast development means the
species does not need some extra energy to speed up. An early nuptial flight
means the species have a larger amount of time to develop before winter sets in.

WHICH SPECIES SHOULD WE COUNT?

62



M.J. COURBOIS, E.M. VEENENDAAL & M.F. WALLIS DE VRIES

63

T
ab

le
B

1.
L

if
e 

hi
st

or
y 

st
ra

te
gi

es
 (

L
H

S)
 o

f 
an

ts
 b

as
ed

 o
n 

va
n 

N
oo

rd
w

ijk
 e

t a
l.

(2
01

2)
. A

dd
it

io
na

l s
pe

ci
es

 b
as

ed
 o

n 
Se

if
er

t 
(2

00
7)

,
K

ip
ch

ya
ko

v 
(1

99
3,

 2
00

1)
 a

nd
 B

oe
r 

(2
01

0)
. T

he
 n

up
ti

al
 f

lig
ht

 p
er

io
d 

is
 o

nl
y 

sh
ow

n 
fo

r 
sp

ec
ie

s 
no

t 
cl

as
si

fi
ed

 b
y 

va
n 

N
oo

rd
w

ijk
 e

t a
l.

(2
01

2)
.

LH
S#

Sp
ec

ies
Fo

un
din

g 
mo

de
^

Gr
ow

th 
mo

de
De

ve
lop

me
nt 

Nu
pti

al 
flig

ht 
pe

rio
d

La
rva

l 
1s

t e
gg

 la
yin

g
sp

ee
d

dia
pa

us
e

F
M

yr
m

ica
ru

br
a

Se
mi

-cl
au

str
al,

 n
es

t s
pli

ttin
g

Ind
ep

en
de

nt
Sl

ow
La

st
Af

ter
 d

iap
au

se
F

M
.r

ug
ino

dis
Se

mi
-cl

au
str

al,
 n

es
t s

pli
ttin

g
Ind

ep
en

de
nt

Sl
ow

La
st

Af
ter

 d
iap

au
se

F
M

.s
ab

ule
ti

Se
mi

-cl
au

str
al,

 n
es

t s
pli

ttin
g

Ind
ep

en
de

nt
Sl

ow
La

st
Af

ter
 d

iap
au

se
F

M
.s

ch
en

ck
i

Se
mi

-cl
au

str
al

Ind
ep

en
de

nt
Sl

ow
La

st
Af

ter
 d

iap
au

se
F

M
.s

ca
br

ino
dis

Se
mi

-cl
au

str
al,

 n
es

t s
pli

ttin
g

Ind
ep

en
de

nt
Sl

ow
La

st
Af

ter
 d

iap
au

se
F

M
.g

all
ien

ii
Se

mi
-cl

au
str

al
Ind

ep
en

de
nt

Sl
ow

En
d A

ug
us

t
La

st
Af

ter
 d

iap
au

se
?

F
M

.lo
na

e
Se

mi
-cl

au
str

al
Ind

ep
en

de
nt

Sl
ow

En
d 

Ju
ne

 –
 b

eg
in 

Oc
tL

as
t

Af
ter

 d
iap

au
se

?
T

Te
tra

m
or

ium
ca

es
pit

um
Cl

au
str

al,
 h

Ind
ep

en
de

nt
Sl

ow
La

st
Di

re
ctl

y?
T

Fo
rm

ica
cu

nic
ula

ria
Cl

au
str

al,
 n

es
t-s

pli
ttin

g, 
fpl

Ind
ep

en
de

nt
Fa

st
No

ne
Di

re
ctl

y?
T

F.
cla

ra
/ru

fib
ar

bis
Cl

au
str

al,
 n

es
t-s

pli
ttin

g, 
fpl

Ind
ep

en
de

nt
Fa

st
No

ne
Di

re
ctl

y?
G

F.
fu

sc
a

Cl
au

str
al,

 n
es

t-s
pli

ttin
g, 

fpl
Ind

ep
en

de
nt

Fa
st

No
ne

Af
ter

 d
iap

au
se

G
La

siu
sn

ige
r

Cl
au

str
al,

 fp
l

Ind
ep

en
de

nt
Sl

ow
Al

l
Di

re
ctl

y &
 a

fte
r d

iap
au

se
G

L.
pla

tyt
ho

ra
x

Cl
au

str
al,

 fp
l

Ind
ep

en
de

nt
Sl

ow
Al

l
Af

ter
 d

iap
au

se
D

F. 
sa

ng
uin

ea
Ne

st-
sp

litt
ing

Ind
ep

en
de

nt
Fa

st
No

ne
Di

re
ctl

y
D

F.
pic

ea
Ne

st-
sp

litt
ing

, d
isp

er
sa

l b
y 

Ind
ep

en
de

nt
Fa

st
Be

gin
 S

ep
t (

Au
gu

st)
No

ne
Ma

y-e
ar

ly 
Ju

ne
, a

fte
r 

wa
lki

ng
dia

pa
us

e
G

Te
m

no
th

or
ax

ny
lan

de
ri

Cl
au

str
al,

 fp
l

Ind
ep

en
de

nt
Sl

ow
En

d 
Ju

ly 
– 

Mi
d 

Oc
t

Ye
s

Af
ter

 d
iap

au
se

?
# F

, T
, G

, D
: f

or
 e

xp
lan

ati
on

, s
ee

 te
xt 

an
d 

va
n 

No
or

dw
ijk

 e
t a

l.(
20

12
)

^ h
, h

ap
lom

etr
oti

c; 
fpl

, f
ac

ult
ati

ve
ly 

ple
iom

etr
oti

c (
se

e 
va

n 
No

or
dw

ijk
 e

t a
l.2

01
2)



The ability of larvae to hibernate in various stages means they can be flexible.
Every year winter sets in at a different time. If only adults or the last larvae
stage can survive winter a colony has to stop laying new eggs and bringing up
young larvae somewhere earlier in autumn, otherwise the larvae will die if win-
ter sets in soon. Such a colony is not able to make use of warm temperatures if
winter sets in late, a flexible species can profit much more. Species also differ in
the time of the first egg laying. Some species lay immediately after dispersal
behavior. These species have to breed a first group of worker ants before the first
winter. Other species lay their first eggs after their diapause so they can profit
from a whole growth season to establish their colony.

Another difference can be an additional founding mode called facultative
pleiometrose. This means that queens can aggregate in a common brood cham-
ber and bring up the first batch of workers together. This behavior has a positive
effect; apparently a queen who survives such an aggregation has faster develop-
ing offspring than a solitary queen (Seifert 2007, van Noordwijk et al. 2012).

All these traits can be vulnerable for low temperatures or not, or the interac-
tion between traits as a late nuptial flight and direct first egg lying can mean a
species is vulnerable. A species is classified as T strategist if two or more traits
mean vulnerability for low temperature.
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APPENDIX C

Table C1. Species number per taxonomic group. WH is the number of species classified
as wet heathland species.
Species group Total no. WH
Ants 16 2
Butterflies 31 5
Carabid beetles 78 9
Grasshoppers 17 3
Plants & mosses 131 15
Other 28 6
Total 273 40
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APPENDIX D

In Table D1 in the regular article the framework of Maes & Van Dyck (2005) for
compiling the MSG is presented. This Appendix shows all the steps. Table D2
shows all the ecosystem attributes and the literature sources that state the attrib-
ute is an important feature. Tree encroachment does not happen in the short
time after the treatments have been applied, so we will not select species to indi-
cate that particular attribute.

Table D1. Framework for selecting an MSG (Maes & Van Dyck 2005).
Step 1 Select ecosystem attributes which your indicator species have to reflect
Step 2 List all species or species groups which you have enough information on
Step 3 Select intermediate rare, evenly distributed and easily detected species
Step 4 List available information on niche, life history and environmental stressors
Step 5 Compile a set of species where every attribute is represented by at least two species

Table D2. Selected ecosystem attributes for step 1 of the MSG selection process. Main
literature sources state the importance of the attribute in wet heathlands.
Ecosystem attribute Main literature source
Vegetation diversity Weeda et al. 2000, Oostermeijer et al. 1998, Maes & Van Dyck 

2005
Vegetation diversity wet zone Weeda et al. 2000, Oostermeijer et al. 1998, Maes & Van Dyck 

2005
Older vegetations Oostermeijer et al. 1998, Maes & Van Dyck 2005
Purple moorgrass Weeda et al. 2000, Oostermeijer et al. 1998, Maes & Van Dyck 

2005
Open patches Bos et al. 2006, Seifert 2007, Maes & Van Dyck 2005
Microtopography Jensen et al. 2003, Seifert 2007, Peeters et al. 2004
Flower diversity Peeters et al. 2012
Three and bush encroachment Bakker et al. 2012

In Table D3 we list all wet heathland species with enough information for
step 2. In the last column we indicated if a species meets the criteria of step 3. In
Table D4 we combine available information on niche, life history and sensitiv-
ity for environmental stressors. The final Step 5 is indicated in Table 1 in the
Results section.

M.J. COURBOIS, E.M. VEENENDAAL & M.F. WALLIS DE VRIES

65



Table D3. All species selected for steps 2 and 3 of the MSG selection process. All
species mentioned meet the criteria for step 2. Species marked ‘Ok’ meet all criteria for
step 3 of the selection process.
Species group Scientific name Step 3 Found in this study
Amfibians Rana arvalis Not enough individuals Yes
Ants Formica picea Ok Yes

Myrmica gallieni Ok Yes
M. ruginodis Not enough indication value Yes
M. scabrinodis Not enough indication value Yes

Bees Andrena fuscipes Not enough individuals
Bombus humilis Not enough individuals
B. jonellus Not enough individuals Yes
Coelioxys conica Not enough individuals
Colletes succinctus Not enough individuals
Epeolus cruciger Not enough individuals
Megachile analis Not enough individuals
Nomada rufipes Not enough individuals

Butterflies Callophrys rubi Not enough individuals Yes
Carterocephalus palaemon Ok Yes
Maculinea alcon Ok Yes
Ochlodes sylvanus Ok Yes
Plebeius argus Ok Yes

Carabid beetles Acupalpus dubius Not easily detected Yes
Agonum sexpunctatum Not easily detected Yes
Amara lunicollis Not easily detected Yes
Carabus arvensis Not easily detected Yes
C. clatratus Not easily detected Yes
C. nitens Not easily detected Yes
Pterostichus cf. rhaeticus Not easily detected Yes
P. diligens Not easily detected Yes
P. minor Not easily detected Yes

Grasshoppers Chortippus montanus Does not occur
Metrioptera brachyptera Ok Yes
Omocestus rufipes Not enough indication value Yes
Stetophyma grossum Not enough individuals Yes

Hoverflies Eristalis picea Not enough individuals
Microdon analis Not enough individuals
Orthonevra intermedia Not enough individuals
Platycheirus perpallidus Not enough individuals
Sericomyia lappona Not enough individuals
Spaerophoria fatarum Not enough individuals
S. philantus Not enough individuals
S. virgata Not enough individuals

Mosses Gymnocolea inflata Not easily detected Yes
Sphagnum compactum Not easily detected Yes
S. cuspidatum Not easily detected Yes
S. tenellum Not easily detected Yes
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Moths Deltote bankiana Not enough indication value Yes
Diacrisia sannio Ok Yes
Orgyia antiquoides Ok Yes
Saturnia pavonia Does not occur

Plants Drosera intermedia Not easily detected Yes
D. rotundifolia Not easily detected Yes
Erica tetralix Not enough indication value Yes
Eriophorum angustifolium Not enough indication value Yes
Gentiana pneumonanthe Ok Yes
Juncus squarrosus Not enough indication value Yes
Molinia caerulea Not enough indication value Yes
Myrica gale Not enough individuals Yes
Narthecium ossifragum Not enough individuals Yes
Rhynchospora fusca Ok Yes
Trichophorum cespitosum Ok Yes

Reptiles Zootoca vivipara Ok Yes

Table D4. Selected species with available information on niche, life history and sensi-
tivity for environmental stressors for step 4 of the MSG selection process. Literature
used is cited in Table 3 in section Methods.
Species Trophic level Mobility Sensitive for ecosystem 

attributes and stressors
Formica picea Insectivore Small Purple moorgrass, intensive

management
Myrmica gallieni Insectivore Intermediate Microtopography, vegetation

diversity wet zone
M. ruginodis Insectivore Intermediate Microtopography, open 

patches, intensive 
management

M. scabrinodis Insectivore Intermediate Microtopography, open 
patches, intensive 
management

Carterocephalus palaemon Herbivore High Trees and bushes
Maculinea alcon Herbivore (+ insectivore) High Open patches
Ochlodes sylvanus Herbivore High Purple moorgrass, older 

vegetation
Plebeius argus Herbivore (+ insectivore) High Vegetation diversity
Metrioptera brachyptera Insectivore/herbivore Intermediate Vegetation diversity
Diacrisia sannio Herbivore High Vegetation diversity
Orgyia antiquoides Herbivore Intermediate Vegetation diversity
Gentiana pneumonanthe Plant (autotrophic) Low Open patches
Rhynchospora fusca Plant (autotrophic) Low Open patches
Trichophorum cespitosum Plant (autotrophic) Low Vegetation diversity wet zone
Zootoca vivipara Insectivore Intermediate Older vegetation, vegetation

diversity
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Invited Plenary Lectures

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

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

Lectures

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

We conducted a thrips bioassay (2nd instars) and investigated effects of 3 pyr-
rolizidine alkaloids and their corresponding N-oxides. We studied the interacti-
ons between chlorogenic acid and PAs. Bioassays revealed that retrorsine and
jacobine induced dose-dependent mortality while monocrotaline did not. The
free base of retrorsine and jacobine caused significantly higher mortality than
corresponding N-oxides. We observed antagonistic effects between CGA and
PAs. Specifically, the mortality was decreased by combinations of CGA and PA
compared to single compounds.

79

PRESENTATIONS



5.1 Photoprotective compounds in mayflies
(Ephemeroptera: Baetidae) from extreme altitudes in
the Peruvian Andes
G. Bonthond, A. Spelt, R. Loayza-Muro, M.H.S. Kraak & J.A.J. Breeuwer
IBED, Amsterdam University, guido.bonthond@student.uva.nl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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