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This volume contains the proceedings of the 22nd annual meeting of – mostly
experimental and applied – entomologists in The Netherlands, held on Friday 17
December 2010, in Ede, near Wageningen. As every year, the Section Experim-
ental and Applied Entomology (SETE) of the Netherlands Entomological Society
(NEV) organized the meeting. The plenary lecture was presented by Dr.
Caroline Nieberding (Evolutionary Ecology and Genetics group, Catholic
University Louvain, Belgium), on olfactory communication and sexual selection
in a model tropical butterfly.

Amateurs, students and professional scientists who present their work at the
meeting are given the opportunity to publish in the proceedings. This has result-
ed in the nine papers making up this volume. Apart from few corrections of
apparent mistakes, all manuscripts are published essentially as they were hand-
ed in. Only in this way it is possible to bring out the proceedings within two
months after the meeting. At the end of this volume, the abstracts of all presen-
tations – talks and posters – are included.

Jan Bruin
February 2011
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Gilles San Martin, Paul Bacquet & Caroline M. Nieberding
Evolutionary Ecology and Genetics group, Biodiversity Research Centre, Earth and
Life Institute, Université catholique de Louvain, Belgium, 
E-mail: caroline.nieberding@uclouvain.be

Bicyclus anynana (Lepidoptera: Nymphalidae) is a widely used model
species in evolutionary and developmental biology. This species is part
of a highly diversified subtribe (Mycalesina) resulting from a rapid
species radiation in which sexual selection, in concert with adaptation
to new environment may have played an important role. In this paper,
we review the current knowledge about sexual selection in Bicyclus any-
nana. We discuss in an integrated view all traits identified so far as
being relevant in mate choice: white pupil of fore wing dorsal eyespots,
male sex pheromone and to a lesser extend wing size. We discuss also
the potential functional roles of these traits for species and sex recog-
nition and as information source on mate quality. We aim at highlight-
ing the consequences of the large diversity of methodological
approaches used so far and we briefly underline understudied traits
(i.e., behavior) that could potentially be important for mate choice.

Keywords: courtship, sexual role, plasticity, sex pheromone, natural
selection, eyespot, wing pattern, Nymphalidae, Satyrinae

A striking sexual dimorphism with males displaying secondary sexual struc-
tures, such as the feathery antennae of male moths, was described early in mod-
ern Evolutionary Biology (Darwin 1871). It caused astonishment because male
exaggerated ornaments were likely to decrease individuals’ survival and as such
were in disagreement with the increasingly accepted theory of natural selection.
Darwin himself proposed that sexual selection, rather than natural selection,
could account for the presence and the evolution of these sex-specific traits
(Darwin 1871). Sexual selection can be seen as a component of natural selection
in which the reproductive success is determined by one sex in the population,
not by the rest of the environment. Simply stated, sexual selection is a conse-
quence of the fact that, in most species, females invest more in reproduction
than do males. Females are therefore the limited resource in male-female sexual
interactions: males usually compete for getting access to females and females
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play the role of the choosy sex. Female choice is based on some male traits
which, if heritable, will become more common and potentially more remarkable
in the population across generations. In species in which males invest a lot in
parental care, such as some species of waders, sexual selection is reversed and
males play then the role of the choosy sex (Andersson 1994).

Since The Descent of Man, and Selection in Relation to Sex (Darwin 1871), the
original debate between Darwin and Wallace about the relative importance of
sexual vs. natural selection in producing sexual dimorphism has taken the front
scene again. The importance of natural selection in driving sexual dimorphism
in the Lepidoptera was recently reviewed in details (Allen et al. 2011). Mating
success depends on (1) the ability to find and (2) be chosen by mates (mate
choice). Firstly, the ability to find a mate includes the steps of mate prospection
efficiency, and pugnacity or motivation during courtship, which are likely to be
partly under natural rather than sexual selection. Second, mate choice is also
composed of several steps, some of which may also be under natural rather than
sexual selection: intra-sex conflicts (e.g., male-male fights), pre-copulation mate
choice (i.e., female choosing between males), and post-copulation mate choice
(e.g., cryptic female choice between the sperm of several mates) (Arnqvist &
Rowe 2005).

Sexual selection is commonly explained by the following, nonexclusive,
mechanisms (reviewed in Andersson & Simmons 2006):

-Direct phenotypic effect or direct benefit: male ornaments indicate their ability to
provide a material advantage in case of reproduction (nuptial gifts, large territo-
ry or parental care). For example, many butterfly males transfer a sper-
matophore to the female during mating. Spermatophores may contain nutrients
enhancing the female reproductive potential.

-Indicator mechanism or indirect benefit: male ornaments are linked to a genetic
advantage it will transmit to the offspring.

-Sensory bias: female preference is here supposed to have initially evolved by nat-
ural selection (e. g. preference for a specific colour indicative of food quality)
and secondarily exploited in male ornaments.

-Fisherian runaway, theory of the sexy sons: Female preference is directed towards
male ornaments preferred by the majority of females, so that male offspring will
display the preferred ornaments and will thus be preferred too. If both male
ornament and female preference are variable and heritable, a self-reinforcing
correlation between trait and preference can appear (runaway mechanism). The
ornament or signal targeted by the preference can be arbitrary (i.e. not linked to
any direct or indirect advantages), yet the runaway mechanism can strengthen
other mechanisms of sexual selection.

-Genetic compatibility: mate quality may depend on mutual genetic affinities in a
one-to-one combination rather than associated to intrinsic absolute differences
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between individuals. For example, a selective advantage is provided by the max-
imisation of the genetic diversity of the major histocompability complex (genes
coding for immunity), as more genetically divergent individuals produce better
offspring. Whereas aforementioned mechanisms allow for the most part females
to assess male quality, in this last mechanism females may also assess whether
the encountered individual is of the right sex or of the right species (sex and
species recognition systems) (Ryan & Rand 1993), in order to minimize genetic
incompatibilities.

BICYCLUS AS A MODEL SPECIES
Here we will summarize the accumulating information affecting mating success
in the tropical butterfly Bicyclus anynana (Butler, 1879) (Nymphalidae:
Satyrinae). Bicyclus anynana was at first brought to the laboratory in order to
study phenotypic plasticity of multicoloured rings present on the wings (eye-
spots) (Brakefield & Reitsma 1991). The most remarkable feature of this African
species is indeed its seasonal polyphenism: a form typical of colder and drier sea-
sonal environment (DSF) and a form representative of a hot and wet season
(WSF) (Fig. 1; reviewed in Brakefield 2010). To fit the different ecological con-
straints of these alternating dry and wet seasons typical of the tropics, the dif-
ferential expression of several traits is induced by the developmental tempera-
ture experienced by the larvae. Differences between the two forms concern mor-
phological differences in wing patterns, physiology and life history traits
(Brakefield 2010). Since these early studies, B. anynana has become a model
invertebrate for more fields of research including evo-devo of butterfly eyespots,
and the study of life-history and ageing processes (Brakefield 2010). The relative
convenience of its all-year-round rearing, its short generation time, its size
allowing marking-recapture protocols and the species richness of the Bicyclus
genus (over 80 subspecies described; Condamin 1973) as a generous source of
comparative data have made this species a model well suited for a broad range of
techniques to study ecology, evolution and development (Brakefield et al. 2009).

Several studies have investigated sexual selection issues in B. anynana, and
recently the courtship behaviour of male B. anynana was described in details
(Nieberding et al. 2008). Male courtship is composed of a ritualized succession of
four steps (orientation, flickering, thrust and attempting copulation) which
allow the male to display its sexual ornaments and the female to accept or reject
it. Previous studies showed that the presence of the white pupils in the centre of
the dorsal forewing eyespots (Robertson & Monteiro 2005) and the production
of male sex pheromone (Nieberding et al. 2008) contribute to male mating suc-
cess. Mating success is also affected by wing size (Frankino et al. 2005, 2007) but
see the corresponding discussion. Additional traits likely affect mate choice and
sexual selection but have not been tested so far: male vigour during ‘fights’
(flight display of several males that seem to discourage each other of approach-
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ing females) and courtship, and acoustic communication during courtship. We
here discuss in an integrated view all traits identified so far as being relevant in
mate choice and suggest the mechanism of sexual (or natural) selection acting
on each trait. We also aim at highlighting the consequences of the large diversi-
ty of methodological approaches used so far in producing somehow biased or
contradictory results across studies.

The experimental setup matters
Male mating success is assessed using behavioural experiments in which males
are submitted to different treatments or put in different groups based on mor-
phological differences and then competed in a 2:1 to 4:1 male-female sex ratio for
mating success to wild-type virgin young females. Two main setups are used.
The one most commonly used consists of a small cage (ca. 30 × 40 cm) in which
a female is given the choice between 2-4 males, and couples are removed once a
mating was initiated. Breuker & Brakefield (2002) add a second female which
chooses between the remaining two males after the first couple has been
removed. The second setup consists of releasing a large number of males and
females in a tropical greenhouse to mimic their natural environment and densi-
ties (Frankino et al. 2005, 2007, Nieberding et al. 2008) [Fischer et al. (2008) used
a large cage of about ca. 2 m³]. Male genitalia are then marked with coloured flu-
orescent powders which are transferred to the female genitalia during mating.
The necessity for validations of behavioural data in semi-natural conditions was
highlighted in B. anynana as the conditions of captivity may influence behav-
ioural responses and affect the expression of key courtship traits (Joron &
Brakefield 2003). In the large-scale greenhouse setup, both the ability of the male
to locate and reach a potential mating partner and the close-range male courtship
are assessed, so that the global male mating success is tested. This setup mimics
the natural conditions of courtship better than small competition arenas, in
which the first step of male mating success is not permitted. Additionally, mate
availability is limited in small competition arenas, which is also likely to affect
female choosiness.

Eyespots
Wing eyespots in B. anynana are composed of a white pupil surrounded by black
and gold rings. They are present on the dorsal and ventral sides of the forewing
and on the ventral hindwing of both sexes (Fig. 1). So far, most of the work on
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Figure 1. (A) Traits known to be under sexual selection in Bicyclus anynana illustrated
for a male of the wet season form: 1) UV reflectance of the white pupil on the
forewing dorsal face eyespots; 2) Male sex pheromone components produced by the
androconia situated on the ventral face of the forewing and the dorsal face of the hind-
wing (arrows point the hairpencils). (B) Ventral and dorsal coloration of the wet and
dry season forms in males and females.
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mating success in B. anynana focused on several features of these eyespots, which
were tested for their effect in mate choice and sexual selection. Features include
global size of eyespots, relative size of gold and black rings, and size, shape and
UV reflectance of white pupils. Eyespot size treatments are based on the choice
of extreme morphologies naturally occurring in the lab population (Robertson &
Monteiro 2005), or produced by artificial selection (Beldade 2002), or by wing
injury performed during wing development. In the latter case, injury of the
future position of the eyespot or ectopic injury produces smaller than normal
eyespots if the injury is done shortly after pupation, whereas later injury induces
bigger than normal eyespots (French & Brakefield 1992; Brakefield & French
1995; Breuker & Brakefield 2002). Males with contrasting sizes of black and gold
rings and of white pupils were obtained using artificial selection (Beldade et al.
2002; Allen et al. 2008). Eyespot pupils can be suppressed by applying black paint
or a transparent solution that decreases UV reflectivity (Robertson & Monteiro
2005; Costanzo & Monteiro 2007; Prudic & Monteiro 2011).

Size and brightness of the ultraviolet reflecting pupils present on the dorsal
forewing appear to be the only eyespot feature that matters to females. Pupil
absence is strongly selected against, as are artificially enlarged pupils, whereas
small to intermediate (normal sized) pupils seem to function equally well
(Robertson & Monteiro 2005). To our knowledge, the relative importance of
upper and lower dorsal forewing pupils has not been tested so far.

The other eyespots features (ventral forewing and hindwing eyespots, black
and gold rings, eyespot global size) are not under direct mate choice. However,
correlations between these features and white pupils [R = 0.8-0.86 for pupil and
eyespot diameters (Nieberding et al. in prep.)] could lead to apparent sexual
preference on the other traits. Moreover, contradictory results found by Breuker
& Brakefield (2002), in which females preferred normal-sized black rings of the
dorsal forewing eyespots compared to smaller ones, may arise from their
methodological protocol. Breuker & Brakefield (2002) produced smaller than
normal eyespots by damaging the cells positioned on the future eyespots early
during development, and it is likely that such smaller eyespots had no pupil left
(French & Brakefield 1995). As such, the absence of white pupils rather than eye-
spot size was likely counter-selected by females in their experiment.

Interestingly, although it is generally admitted that there is no sexual dimor-
phism in B. anynana eyespots (Brakefield et al. 1998; Breuker & Brakefield 2002),
it was recently shown that pupils display seasonal, but also sexual, cryptic
dimorphism: female pupil size is stable across the wet and dry seasons, but male
pupils are approximately 3-6× smaller than female pupils in the wet or dry sea-
sons, respectively (Prudic & Monteiro 2011). UV-reflectance of these white
pupils varies significantly between seasons for both sexes (Prudic & Monteiro
2011). Such size differences are biologically meaningful as females display
marked mate preferences for males with pupils within this range of size differ-

MATE CHOICE AND SEXUAL SELECTION IN BICYCLUS ANYNANA

14



ences (4× larger pupils for ‘large’ males compared to ‘smaller’ ones; Robertson &
Monteiro 2005). The existence of sexual dimorphism in this eyespot feature may
matter for sex recognition: pupil size may indicate sex status as females avoid
males with larger than normal pupils, a female characteristic (Breuker &
Brakefield 2002; Robertson & Monteiro 2005). The presence of a male-specific
sex pheromone (see below) is likely an additional signal for sex recognition but
we cannot exclude multiple cues for sex recognition.

So far there is little experimental evidence about the information conveyed
by eyespot features to females, which prevent us from predicting the long-term
evolution of the traits across Bicyclus species. Oliver et al. (2009) suggest that the
function of eyespots depends on the wing surface considered: dorsal forewing is
under sexual selection, whereas ventral hindwings are associated to predator
escape, a function often invoked for butterfly eyespots. Across Bicyclus species,
dorsal forewing eyespots evolve more rapidly than eyespots from other wing
surfaces in agreement with the higher rate of evolution usually displayed by sex-
ually selected traits (Oliver et al. 2009). Moreover, dorsal forewing eyespots,
together with three other traits involved in mate choice, evolve at different rates
between males and females, further supporting their hypothesis.

Ventral hindwing eyespots would thus only be under natural selection pres-
sures. However, the literature gives little evidence that B. anynana eyespots are
associated to predator escape (Lyytinen et al. 2003, 2004; Vlieger & Brakefield
2007), but the efficiency of eyespots as predator escape features could depend on
the context, e.g., the light conditions during the experiment (Olofsson et al.
2010). Regarding dorsal forewing eyespots, varying levels of fluctuating asym-
metry of eyespot pupils, a feature usually associated to male quality, was not
associated to female mate choice (Breuker & Brakefield 2002, 2003). The left-
right symmetry of the black rings and not of the white pupil size was here meas-
ured but it is likely that the treatment had an impact on both features of the eye-
spots (French & Brakefield 1995).

Thus, so far there is little information about the role of eyespots in convey-
ing information about male quality to females. In addition to the aforemen-
tioned potential role of eyespots in sex recognition, eyespots may also play a role
in species recognition, i.e., in reproductive isolation, as a large variation is
observed in the size of forewing dorsal eyespot size and of the black and gold
rings across Bicyclus species (Brakefield & Roskam 2006; Brakefield 2010). Oliver
et al. (2009) found also that several pairs of Bicyclus sister species differ in the
composition of dorsal wing ornaments. However, these studies do not focus on
the specific features of the eyespots (pupils) that play a role in female mate
choice in B. anynana. Part of the interspecific variation of eyespots is probably
correlated to pupil variation, but the range of phenotypic variation for the pupils
(presence or absence of the two pupils, limited range of size) is limited compared
to the variability of the other features of eyespots. We propose (but this remains
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totally speculative) that the simple presence or absence or size of the pupils is
not very species-specific but that the combination of their presence and of the
male courtship behaviour (e.g., frequency of wing flickering) acts as a species-
specific visual ‘Morse code’ to the female. It would also be timely to test whether
females from species other than B. anynana use additional eyespot features in
mate choice.

Wing size
Fore- and hindwing sizes are strongly correlated in B. anynana (Frankino et al.
2005). The first behavioural experiments were performed in small cages using
the variation in size naturally occurring in the lab-population. These experi-
ments concluded that mate choice is not influenced by differences in wing size
(Breuker & Brakefield 2002; Robertson & Monteiro 2005). In contrast, ‘normal’-
sized males displayed a higher mating success than large- or small-winged males
obtained by artificial selection (fore- and hindwings selected in the same direc-
tion) and competed in large-scale, more natural-like, conditions (greenhouse
experiments) (Frankino et al. 2005). The allometric relationship between fore-
and hindwings is also important as the mating success of ‘normal’-sized males is
much higher than males with artificially modified allometries (fore- and hind-
wings selected in the opposite directions, producing ‘large forewing and small
hindwing’ males, and vice-versa) (Frankino et al. 2007). Alternatively, artificial
selection on wing size could have modified correlated traits known to affect
mate choice: pupil and androconia size (see below), which was not checked.
Lastly, these results may be either due to female mate choice (and corresponding
stabilizing sexual selection on wing size or correlated traits) or to the male apti-
tude to reach the female (natural selection on male flight ability).

Male sex pheromone (MSP)
Sex pheromone production is suppressed by applying a ‘scent-blocking’ nail
solution on the androconia of young males (Robertson & Monteiro 2005;
Nieberding et al. 2008), or by removing the androconia with fine scissors
(Nieberding et al. 2008), before they start pheromone production. Costanzo &
Monteiro (2007) recently showed using a small cage set-up that the androconia
are important to B. anynana male mating success. Males for which the putative
pheromone production of the fore- and hindwing androconial structures was
blocked mated less often than control males in male-male competition experi-
ments. They found that the chemicals emitted by both androconia were equally
important for female choice. Moreover, they showed that the chemicals are like-
ly to be perceived by the female antenna, because when the latter were blocked,
females were no longer able to discriminate between scented and unscented
males. Costanzo & Monteiro (2007) suggested that the MSP in B. anynana could
be involved in sex recognition, because they observed that males would often
attempt to court males that had their androconial structures blocked.
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Recently, we have shown that the transfer of pheromone from males to
females in B. anynana is probably associated with the flickering and thrust phas-
es of courtship (Nieberding et al. 2008). We identified by gas chromatography
coupled to electro-antennograms the male components that induced a female
antennal response, characterized their chemical structure, namely (Z)-9-tetrade-
cenol (Z9-14:OH), hexadecanal (16:Ald) and 6,10,14-trimethylpentadecan-2-ol
(6,10,14-trime-15-2-ol), hereafter MSP1, MSP2 and MSP3, respectively. We con-
firmed that the androconia are involved in their production which occurs after
adult emergence. We also assessed the behavioural activity of these components
in semi-natural conditions (Nieberding et al. 2008). Taken together, the absence
of supplementary secondary sexual structures on the body of males (Condamin
1973), the absence of novel synthesized components by males reared on the
native food diet, and the recovery of male mating success of perfumed operated
males, suggest that the three identified components form the full MSP blend of
B. anynana (Nieberding et al. 2008).

These results together highlight that the production of a MSP is important
for mate choice. Yet, there is so far no published information about the existence
of sexual selection acting on the MSP blend. Accumulating observations suggest
that sexual selection on MSP composition is likely: MSP titres and ratios dis-
play a high variability in stock males of B. anynana providing an opportunity for
sexual selection (Nieberding et al. 2008). Our analysis of courtship also revealed
that virgin females frequently reject one or more males before accepting a mate,
and that female rejection usually occurs directly after the flickering and thrust
phases when MSP transfer probably occurs suggesting that females could use
MSP to assess the quality of individual males. If sexual selection is acting on
MSP composition, variation in MSP blend may be associated with variation in
male ‘quality’ (i.e., direct or indirect genetic benefits). The toolkit developed for
B. anynana (e.g., methodology of micro-surgical manipulations, synthetic
pheromone components and experimental competition assays) enables the rele-
vant experiments to be performed to investigate the type of information that is
conveyed by B. anynana MSP. Finally, ongoing work on MSP diversity in the
whole Bicyclus genus reveals large differences in MSP composition between
species. Rapid evolution of the MSP signal suggests Fisherian runaway dynam-
ics, and the differences between species could allow females to use MSP as a
species recognition tool.

Sexual (and natural?) selection on the male side
Cost of reproduction in females is well known and studied, and one generally
expects to observe trade-offs between life-history traits related to reproduction.
For example, larval and adult diets affect egg size, a trait correlated to female fit-
ness in most insect species (Bauerfeind & Fischer 2009)

It is now generally accepted that reproduction is costly for males as well, thus
males too may be subjected to trade-offs between investment in reproduction
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and other life-history traits such as longevity. We start to understand at which
level male cost for reproduction may be positioned. Bicyclus anynana males pro-
duce a spermatophore that contains both fertile and non-fertile sperm. Both
types are transferred to the female during copulation and non-fertile sperm can
constitute up to 95% of an ejaculate (Lewis & Wedell 2007). Spermatophores in
B. anynana are small in comparison to other Lepidoptera and do not contain large
amounts of nuptial gift (Ferkau & Fischer 2006). Yet, spermatophores decrease
in size between first and subsequent matings, and later spermatophores have a
decreased dry mass and a higher water content suggesting that spermatophore
production is indeed physiologically costly (Ferkau & Fischer 2006). Similarly,
in Bicyclus butterflies, which feed on rotten fruits as adults, adult diet did not
affect male mating rate or sperm production except that the first transmitted
spermatophore was bigger for males fed on fruit than with sugar. Bigger males
produce bigger spermatophores with both more non-fertile and fertile sperm
(Lewis & Wedell 2007). Lastly, variation in the number of previous successful
copulations or the sodium composition of the male diet did not affect female
reproduction in terms of number of eggs, sodium contents of eggs, but may
slightly affect egg hatchability (Molleman et al. 2004).

It remains generally unclear how life-history factors have shaped lifetime
investment into male sexually selected traits (Fischer et al. 2008). Fischer et al.
(2008) investigated male reproductive success in relation to age and nutritional
status, condition and wing damage. They propose that older males should be
more willing to invest in potentially costly behaviour (e.g., courtship) as they age,
as older males stand to lose substantially less in trials than younger ones (‘resid-
ual reproductive value’ hypothesis). In agreement with this hypothesis, older
males had a considerably higher mating success than younger males in small cage
experiments. Yet, the higher mating success of older males may be either due to
male motivation for courtship increasing with age (Fischer et al. 2008), or to
females preferring older males (Nieberding et al., unpubl. data), or most likely to
a combination of the two factors. The higher mating success of older males faded
away in experiments using larger cages in which male flight to locate and reach
females is also tested. This suggests that the potential differences in male moti-
vation may be masked under more natural conditions. This outcome was expect-
ed, as mating success does not only depend on male motivation but also on male
physiological factors, such as flight endurance, manoeuvrability, energy reserves,
responsiveness, (e.g., Joron & Brakefield 2003), all of which are likely to diminish
with age (Fischer et al. 2008) and may be under natural rather than sexual selec-
tion pressure. Noticeably, there is a positive correlation between male age at first
mating and both size of the first spermatophore and proportion of non-fertile
sperm [Z. Lewis, unpubl. data, in Lewis et al. (2010)].

Additional support in favour of the importance of male behaviour in female
mate choice was recently provided (Janowitz & Fischer 2010). Ample mating
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opportunities during male lifetime is correlated to a reduced mating success
(Janowitz & Fischer 2010). Courtship and flight activity tended to directly affect
male mating success, with more active males gaining more matings, and
courtship activity was reduced in males having had regular access to females
during their life. Male access to mates did not affect the longevity, fecundity,
egg hatching rate of mated females. There was no evidence either for a cost of
mating on male survival or fertility (Janowitz & Fischer 2010).

Other male-specific traits under natural selection likely affect their mating
success; one of them being developmental time. Many animal species display
sexual dimorphism in developmental time: the mean adult emergence is usually
shorter in males compared to females (protandry). Protandry can be advanta-
geous for males because it increases their probability of mating (Zwaan et al.
2008). Early emerged males are more likely to encounter virgin females, which
is important as only approximately one third of B. anynana females remate in the
field (Brakefield & Reitsma 1991) [one quarter in the lab; Brakefield et al. (2001)].
After 30 generations of artificial selection on protandry, lines selected for lower
protandry (males emerging later and females emerging earlier than in the stock
population) had lower egg-to-adult survival and lower rates of hatching, which
suggests that interactions with fertility might constrain certain directions of
change in patterns of protandry (Zwaan et al. 2008). The proportion of non-fer-
tile and fertile sperm produced in spermatophores, as well as the time necessary
to mate were also affected in artificially selected lines for lower or higher
protandry, which suggests that there might be a trade-off between developmen-
tal time and sperm production (Lewis et al. 2010).

PERSPECTIVES
Recently, it was shown that the alternative male (competition) and female
(choosiness) roles typical of sexual selection are not necessarily fixed within a
species (Prudic & Monteiro 2011). Plasticity in sexual roles arises within B. any-
nana in relation to temperature experienced during larval development and
reversed sexual selection takes place (male choosiness and female competition
for accessing males) (Prudic & Monteiro 2011). This switch is correlated with a
change in direct benefits to females and mating costs in males. Thus, the discrete
seasonal environments known to produce these two developmental forms
impose alternating, symmetrical patterns of sexual selection, one season on male
ornaments, the following season on female ornaments. Studied ornaments are
the dorsal eyespot pupil size and UV reflectance, which are shown here to be
dimorphic between seasonal forms (Prudic & Monteiro 2011), but also between
sexes (see above). This symmetry through time in male and female sexual roles
results in the maintenance of sexual ornaments in both sexes. It leads to the
question of which phenotypic traits are used by choosy males to recognize
females of their own species. So far, the only traits likely involved in species
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recognition are the dorsal forewing pupils which provide limited variability, as
discussed above. Courtship behavioural differences across species – currently
understudied – may provide an answer to this question. Lastly, this recent study
challenges our ideas about the long-term evolution of the previously discussed
male traits under the pressures of sexual, or natural, selection in such a dynam-
ic process.
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Tuta absoluta is a moth originating from South-America causing seri-
ous damage on Solanaceae, in particular tomato. Since it was first
found in Spain in 2007, it has now been reported in most countries
along the Mediterranean Sea, the Middle East and eastern Europe, as
well as in countries in Central and Northwest Europe. This article
gives an overview of the pest risk analysis for this pest for The
Netherlands focussing on pathways for introduction, probability of
establishment, economic impact, discovery of indigenous natural ene-
mies and options for Integrated Crop Management.

Keywords: Tuta absoluta, tomato, introduced species, pest risk analysis,
natural enemies

In September 2007 the Plant Protection Service of The Netherlands received
information indicating that Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)
had been introduced in Spain. Until then T. absoluta was only known from
South-America, where it is one of the most damaging pests on tomato. Without
control measures the pest can cause entire yield losses. The larvae mine in
leaves, stems and fruits of many species of Solanaceae, including potato and egg-
plant, and a number of wild hosts like the common weed Solanum nigrum. The
fact that it can establish on non-cultivated plants in- or outside a greenhouse
enables it to survive even in absence of a cultivated crop. The mining behaviour
also makes the species more difficult to control.

The information on the presence of T. absoluta in Spain initiated a pest risk
analysis (PRA) by the Plant Protection Service to assess the risk of the species
for The Netherlands. A pest risk analysis is the process of evaluating scientific
and economic evidence to determine whether a new pest should be regulated and
the strength of any official measures to be taken against it.

Introduction of the tomato leafminer Tuta
absoluta into Europe
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Pest Risk Analysis and Survey
The PRA focused on four main components: (1) the probability of introduction
in The Netherlands, (2) the probability of establishment, (3) the potential eco-
nomic impact, and (4) pest risk management options to prevent introduction,
establishment and economic impact.

Probability of introduction
In the PRA the most important pathways for introduction were considered to be
vine tomatoes and propagation material of Solanaceae plants from infested areas
in the Mediterranean region, and the carriage equipment associated with these
commodities. Large quantities of tomatoes are being imported into The
Netherlands from southern Europe every year especially in winter. For example,
in December 2009 over 29 million kilogram tomatoes were being imported from
Spain. To verify whether T. absoluta was transferred along with these tomatoes
a survey was started with pheromone traps in packaging facilities where import-
ed tomatoes were processed.

The first check of the traps in January 2009 immediately resulted in the find-
ing of specimens of T. absoluta, followed by findings of many more specimens in
the next months in most packing facilities (Fig. 2). A visual inspection of the
product showed that T. absoluta was in particular associated with vine tomatoes;
these carry more green parts, in which larvae may mine and pupate. Pupae were
often found on the calyx of these tomatoes, but sometimes also in cracks in the
fruits. Caterpillars were also found feeding inside tomato fruits (Fig. 1).
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Figure 1. Larva of Tuta absoluta feeding in tomato fruit.



A similar survey was carried out in greenhouses, to verify whether transfer
could take place from packing stations to tomato production sites (Fig. 2). In
March the first specimens of T. absoluta where caught in pheromone traps in green-
houses and captures peaked between August and October (Fig. 2). These findings
demonstrate that T. absoluta was introduced in The Netherlands via imported
tomatoes and was able to enter tomato greenhouses if packing facilities were near-
by. In the Westland area, where many packing facilities are found, T. absoluta was
found in almost half the number of greenhouses involved in the survey.

These findings demonstrate that the probability that T. absoluta escapes from
fresh market tomatoes in trade and successfully transfers to tomato production
places is high.

Probability of establishment
Threshold temperatures and temperature sums needed for development indicate
that T. absoluta probably cannot survive winter conditions in The Netherlands,
but transient populations in the field may be possible during the summer
months (for details see Potting 2009). In The Netherlands, the organism may
multiply outdoors during summer months on suitable solanaceous host plants,
including potato. A CLIMEX study indicates that in southern Europe climatic
conditions are suitable for permanent establishment of outdoor populations (for
details see Potting 2009, Desneux et al. 2010).

Conditions in a greenhouse growing tomatoes are well suitable for T. absolu-
ta to develop and reproduce. In the PRA, it is estimated that in a greenhouse
T. absoluta can have nine generations per year. Spread of the pest between green-
houses may occur in spring and summer time.
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Figure 2. Captures of Tuta absoluta in survey in 2009 at packing stations (yellow bars)
and tomato production greenhouses (black bars). Indicated are total number of cap-
tured moths in pheromone traps in two week periods.



Potential economic impact
Due to the feeding habit of the organism, damage to tomato production can be
very high, because also fruits can be mined, which may induce unacceptable lev-
els of cosmetic damage. Tomato is one of the most important crops in The
Netherlands, with 1690 ha (2010) acres of greenhouses with tomato with an
annual production value of more than €1 billion. Since this production concerns
primarily fresh market tomato fruits virtually no cosmetic damage is tolerated
and hence potential economic impact can be high.

An additional potential economic impact is possible due to disruption of
Integrated Crop Management (ICM) practice. Insecticidal control of T. absoluta
may disrupt ICM, because the insecticides that are needed to control the pest
may negatively affect biological control agents and pollinating bumble bees.

Another aspect of the economic impact is the fact that T. absoluta has a quar-
antine status in several countries, like the USA and Canada. In response to the
T. absoluta outbreaks in the EU, the authorities of the US and Canada imposed
strict import conditions for tomatoes from several EU countries, including The
Netherlands.

Pest risk management options
To prevent further spread and establishment of T. absoluta, EU requirements
should be adapted to prevent spread of the organism via import and internal
movement of plants and fruits of Solanaceae, especially vine tomato. Fruits in
trade should have no signs of insect damage. In case of fruits originating from
infested areas, measures are needed to disinfest fruits or prevent adult moths to
escape from the pathway during movement or at the time of unloading, for
instance by use of closed packaging conditions, refrigeration or screening.

Furthermore, in the PRA the movement of carriage equipment associated
with tomato fruits from infested areas was identified as an important pathway.
Importing countries should ensure that crates that are returned to tomato pro-
ducers from packing operations are sterilised before being returned and workers
should be vigilant in cleaning or disposing of all packaging which has contained
infested fruit and any vehicles which have been used to transport such fruit to
limit the possibility of spread.

Current situation in Europe
Since its introduction in Europe in 2007 T. absoluta has spread rapidly (for details
see Potting 2009, Desneux et al. 2010). Costs for implementing effective pest risk
management options to prevent further spread would be high. Given its pres-
ence in 2009 in several EU member countries and high costs of official measures
that would outweigh the benefits of regulation, an EU quarantine status was not
recommended anymore. Therefore T. absoluta has no quarantine status in the
EU at the moment and there are no official measures in place to prevent the
spread of the organism.
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By September 2010 the species is reported in 20 European countries (Fig. 3).
In the more northern countries these are mostly records from greenhouses. The
species has also been reported now in many countries in North-Africa and the
Middle-East. In all countries with warmer climates major damage has been
reported (Desneux et al. 2010).

Prospects for integrated control in The Netherlands
The first means in the control of T. absoluta is the use of pheromone traps for early
detection. Several types of traps are applied (delta traps and water traps). In The
Netherlands traps are being placed both in the crops and in the barn from where
trucks are being loaded or unloaded. The number of trapped moths in The
Netherlands is very low, visual symptoms in crops are rarely found and no signif-
icant damage has been reported so far. Since growers are however concerned, in
2009 a project funded by the Product Board for Horticulture was started to inves-
tigate the possibilities to control the pest in The Netherlands. This project had two
goals: the short-term aim was to identify chemicals, preferably compatible with
ICM, that could effectively control T. absoluta in case of an outbreak; the long-
term aim was to identify biological control options, that would allow growers to
continue the system of ICM if T. absoluta might establish and become a pest.

For research on effective insecticides tests were carried out with chemical
agents in greenhouses of Wageningen UR Greenhouse Horticulture. Test plants
were infested by adults from a rearing of T. absoluta in cages in well confined
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Figure 3. Distribution of Tuta absoluta in Europe and the Mediterranean Basin,
September 2010.
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greenhouses. Results showed that flubendiamide (Fame), spinosad (Tracer) and
abamectin (Vertimec) are effective against T. absoluta. In the current control
practice these insecticides are commonly applied at the end of the cultivation
period in order to end with a low pest density. Of these agents only the recent-
ly introduced chemical flubendiamide has, as far as known, no side-effects on
natural enemies including Encarsia and Macrolophus.

For biological control of whiteflies in tomato, introduction of the predacious
bug Macrolophus pygmaeus (Rambur) (Heteroptera: Miridae) is common practice.
Spanish research showed that it may control both whiteflies and T. absoluta, if
their numbers build up well. The bug attacks eggs and young caterpillars of T.
absoluta, but since populations build up slowly, early and multiple introductions
are needed (Urbaneja et al. 2009). In Dutch greenhouses no detailed observations
have been done on the effect of Macrolophus pygmaeus on T. absoluta, since pest
numbers were too low.

In 2009 high levels of parasitism by naturally occurring larval parasites were
detected in Morocco, Spain and Italy (Desneux et al. 2010), which indicate that
native natural enemies are adapting to this new pest. The severe infestations of
T. absoluta in southern Europe have apparently provoked the population devel-
opment of indigenous parasitoids. Some producers of natural enemies have
started rearings of Necremnus artynes (Walker), Necremnus tidius (Walker) or
both (Hymenoptera: Eulophidae) to introduce these on the Mediterranean mar-
ket in 2011. The distribution of N. artynes and N. tidius is not restricted to the
Mediterranean area. This may result in biological control without the need of
introduction of natural enemies from the original area of distribution of the pest
(classical biological control).

The research project of Wageningen UR Greenhouse Horticulture focussed
on the occurrence of indigenous natural enemies in The Netherlands. This was
investigated by taking tomato plants infested with eggs of T. absoluta outdoors
in a nature reserve in Kinderdijk. Kinderdijk is distant from any tomato grow-
ing location and large numbers of Microlepidoptera are found frequently, as well
as large numbers of parasitic wasps. Both eggs and developing caterpillars are
possible subjects for parasitism or predation. Parasitoids and predators were
recorded during the tests; the plants were put in cages again before caterpillars
started pupation, to prevent escape of T. absoluta into the environment. Parasitic
wasps showed interest in the younger leaf miners and two ectoparasitoids devel-
oped successfully: Elachertus inunctus Nees and Pnigalio soemius (Walker)
(Hymenoptera: Eulophidae) (identification by Christer Hansson, Lund
University, Sweden). Elachertus inunctus (Fig. 4) is a parasitoid of several
microlepidoptera species; Pnigalio soemius is a generalist parasitizing on many
leafmining species of microlepidoptera, Diptera and Coleoptera. Apart from par-
asitic Hymenoptera, predators were also found on the outdoor tomato plants:
Dicyphus errans (Wolff) (Heteroptera: Miridae) occurred regularly during sum-
mer and Heterotoma sp. (Heteroptera: Miridae) was observed occasionally.
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Future research will show which natural enemies perform best in Dutch
greenhouse tomato. Dutch growers will continue with the introduction of M.
pygmaeus, but they are always interested in new developments in biological con-
trol.

Conclusions
Given its rapid spread in Europe and North-Africa T. absoluta can be considered
a true invasive pest. The Pest Risk Analysis by the Plant Protection Service con-
cluded that the impact of the species did qualify it for the EU quarantine list, but
given its establishment in Spain and Italy and the costs involved to prevent fur-
ther distribution to other countries this was not an option anymore. By now the
economic impact of the species is huge in southern Europe, North-Africa and
the Middle-East. In The Netherlands no significant damage has been reported
so far, apart from the restrictions for export of tomato to the USA and Canada.
Recent research shows that a wide variety of natural enemies may play a role in
the control of T. absoluta. This indicates that, if damage would increase in The
Netherlands, the prospects for maintaining the ICM system are good.
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Figure 4. Adult of Elachertus inunctus.
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In 2010 an extensive national exotic mosquito survey was conducted at
companies that import used tires. Three exotic mosquito species were
found at used-tire companies at five locations in The Netherlands: the
Asian tiger mosquito (Aedes albopictus), the American rock-pool mos-
quito (Ae. atropalpus), and the yellow fever mosquito (Ae. aegypti). The
survey set-up included a qualitative risk assessment of the companies,
meant to gain insight in possible factors that are indicative of the risk
that exotic mosquitoes are imported. Details on the methodology of the
tire inspections are presented together with the results of the survey.
Continuous surveillance of import pathways of exotic mosquitoes is
crucial to facilitate early detection. This study may help in setting up
new surveys or to improve existing mosquito surveillance.

Keywords: exotic mosquitoes, Aedes albopictus, Aedes aegypti, Aedes
atropalpus, risk assessment, surveillance, tires

The worldwide spread of exotic mosquitoes is a threat to public health, because
they may act as vectors of pathogens, causing diseases in animals and humans.
Together with international travel, the increasing international trade is the main
reason why several important mosquito vector-species have expanded their
native distributional range (Enserink 2010).

In Europe we have witnessed multiple examples of the introduction of exot-
ic mosquitoes such as the Asian tiger mosquito (Aedes albopictus) in Italy
(Sabatini et al. 1990), the American rock-pool mosquito (Ae. atropalpus) in The
Netherlands (Scholte et al. 2009), the Asian rock-pool mosquito (Ae. japonicus) in
Switzerland and Germany (Schaffner et al. 2009) and Ae. japonicus in Belgium
(Versteirt et al. 2009). In some countries, the exotic species Ae. albopictus has also
shown to be able to transmit pathogens between humans, causing dengue and
chikungunya cases in France (Gould et al. 2010, La Ruche et al. 2010), and even a
chikungunya outbreak in Italy (Rezza et al. 2007).

Surveillance and findings of exotic mosquitoes
in used tires in The Netherlands: 
a methodological approach
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Mosquito larvae occur in a wide-range of natural aquatic habitats including
ditches, ponds, tree holes and bromeliad plants. Besides natural, also artificial
containers with stagnant water such as used tires, cemetery vases and buckets
are known to be a suitable habitat (Vezzani 2007). Used tires are abandoned,
dumped, recapped, or stored for trading and eventually re-used. Abandoned or
outdoor stored tires are nearly ideal mosquito incubators. Exposed to the ele-
ments tires can accumulate persistent water, organic material and microbes (Yee
2008). In addition they offer high humidity, high temperatures, and lack of nat-
ural enemies. Female mosquitoes can lay their eggs inside these tires, using them
as a ‘vehicle’ to get transported and invade new areas (Reiter & Sprenger 1987).
Eggs of Aedes spp. are drought resistant and are oviposited above the water level
(e.g., in tires the area where the mosquito species is indigenous). When the water
level inside tires raises due to rain (e.g., in a new area where that species did not
previously occur) the eggs can hatch.

Some Aedes spp. that are associated with tires such as the invasive species Ae.
albopictus and Ae. japonicus are important vectors for human diseases such as
dengue and chikungunya. When these mosquito species breed in the vicinity of
human activities, there is a potential risk of disease transmission, indicated by
the examples described above. This can be either because eggs itself may already
be infected with a virus at their arrival (Rosen 1987, Baqar et al. 1993), or via
infectious human travelers (virus carriers) that bring a disease to an area where
the vector is present, that can transmit pathogens to other people, as shown in
the chikungunya outbreak in Italy (Rezza et al. 2007).

Until 2009 it was not reported that exotic mosquitoes are imported into The
Netherlands via tires (Scholte et al. 2009), although data collected in 2009 and
2010 suggest that it has happened before. Apart from this route, it was already
reported from 2006 onwards that the exotic mosquito Ae. albopictus occasionally
enters The Netherlands at companies that import Lucky bamboo (Dracaena
sanderiana) plants (Scholte et al. 2007).

The finding of Ae. atropalpus in 2009 at two companies that import used tires
illustrated that The Netherlands are also exposed to the risk of exotic mosqui-
toes imported via the international used tire trade, and formed the basis for the
work that is presented here: results of an extensive national surveillance (2010)
of companies that trade in used tires. In addition this paper describes a qualita-
tive method to divide trading tire companies in different categories and their
corresponding risk to import exotic mosquitoes. It is meant to gain better insight
in possible factors that are indicative of the risk and to help design or improve
mosquito surveillance on tire companies in general.
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MATERIALS AND METHODS

Survey set up
In cooperation with representatives of the tire industry, thirty-four companies
that were registered to be trading in used tires, were sent a questionnaire to
acquire information regarding the imported tires. Companies that had not
responded, were phoned and asked the same questions as in the questionnaire.
All the approached companies that imported used tires were included in the sur-
vey. Based on the obtained information a qualitative risk assessment was per-
formed for each company to assess the risk on introduction of exotic mosquito
species. The following risk factors were taken into account: (1) the type of tires
that are imported, (2) the origin of the tires and (3) the method of storage. Risk
factors were quantified by giving them a score (Table 1). The total score was cal-
culated for each company. Companies that had a total score ≥4 were assigned to
the high risk category (n = 14), with a score of 3 to the medium risk category
(n = 3), and with a score ≤2 to the low risk category (n = 17).

Inspections were conducted to determine if exotic mosquitoes were present
at a company. This was done from April through October with varying frequen-
cy based on the risk category, ranging from every 2 weeks (high risk), 3 times
per season (medium risk) to once per season (low risk). At least one visit to the
medium and the low risk companies was paid during summer, when mosquitoes
are most abundant.
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Table 1. Risk factors, values and their relative scores, that were used to assess the risk
that exotic mosquitoes are imported at tire companies. For each risk factor, one value
and corresponding score was selected. The total score was the sum of the individual
scores of the three risk factors.
Risk factor Value Relative

score
1. Type of tires Car/van 0

Truck 1
Airplane 1
Agricultural vehicles 1
A combination of tire types above 1

2. Origin From EU country without reports of exotic mosquitoes (negative) 0
From EU country reported as positive 2
From Dutch company reported as positive 2
From non-European country 2
A combination of origins above 2

3. Storage method Indoors (dry) 0
Outdoors (exposed to rain) 2
A combination of storage methods above 2



Tire inspections
Tires with water were visually inspected for mosquito larvae with an even
intensity over the tire storage site. If present, mosquito larvae were collected
from tires with a plastic cup and transferred with a pipette in tubes with 70%
ethanol. To decrease the effect of disturbance and risk that larvae were more dif-
ficult to collect, tires were approached cautiously and the cup was immersed fast
at the water surface instead of slowly ‘scooping’ the water. At least 10 tires with
larvae were sampled per inspection, if less tires contained larvae, up to 100 tires
were inspected. Water in tires of which the opening was too narrow was sucked
up with a manual pump.

Adult mosquitoes, sometimes present inside the tires, were disturbed by kick-
ing tire piles. Flying mosquitoes were collected with a net, and mouth aspirator.
Adult mosquitoes were killed by placing them in a tube in a freezer. All samples
were labeled, sealed, and sent to the CMV laboratory for diagnostics.
Mosquitoes were diagnosed either morphologically by using the diagnostic keys
from FS (Schaffner et al. 2001, Schaffner 2003) or molecularly by PCR sequenc-
ing the mitochondrial cytochrome oxidase subunit 1 (CO1) gene (Simon et al.
1994). In some cases also macro-photographs were made and sent to the associ-
ate mosquito taxonomist (FS) for confirmation. Immediately after morphologi-
cal diagnosis, exotic mosquitoes were stored in RNA-stabilizing buffer to allow
virus detection later on. A few adult mosquitoes were preserved to serve as
voucher specimens.

Shortly after the finding of an exotic mosquito at a company, all potential
breeding sites in a 500m buffer around the company were investigated and
removed if possible. Additionally, 4-5 adult traps (BG-sentinel, Biogents) and
10-15 oviposition traps were placed in this buffer zone, and emptied weekly.
Oviposition traps consisted of a black plastic container (height: 15 cm, diameter:
15 cm), with hay-infusion water and a piece of polystyrene. If exotic specimens
were found in a buffer zone, a new buffer zone of 500m was defined with the site
of finding as buffer-centroid and new traps were place inside the buffer zone. All
trap locations and findings outside company premises were geo-referenced using
a GPS-device (GPSMAP 60C, Garmin). All locations, samplings and diagnoses
were stored in an Oracle database.

Both larvicides and adulticides were used to for mosquito control. Details on
the control methodology are presented in Scholte et al. (2010). If a company was
found to be positive, from that moment inspections were performed weekly at
that location to determine the effectiveness of the control.

RESULTS AND DISCUSSION
At five of the 34 companies that were included in the survey exotic mosquitoes
were found. One of these companies occupied two sites, both of which were
infested. In another case, two adjacent companies were both found to be ‘posi-
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tive’. In these cases, the infestations were obviously linked to each other, and
therefore the two companies were treated as one in the results. For these reasons,
we speak of five positive locations hereafter. A number of 360 specimens of three
exotic species were found at the five locations: Ae. albopictus was found at four
locations, Ae. aegypti at two locations and Ae. atropalpus at four locations.
Overall, Ae. atropalpus larvae and adults were found in highest numbers. Only 13
adults of Ae. aegypti were found and no larvae. No mosquito eggs were found in
any of the oviposition traps. A more detailed overview on the findings of exot-
ic mosquitoes can be found in Scholte et al. (2010).

In total, 180 visits were paid to the 34 tire companies and their surroundings.
At 27 visits at least one of the three exotic species was found. The first exotic
specimen was found at 21 July 2010 (larval Ae. atropalpus at location 1) and the last
on 5 October 2010 (adult Ae. albopictus at location 5).

At three of the five locations exotic mosquitoes were found in the surround-
ing areas of the company premises. Aedes albopictus adults were found between
25m and 300m from the tire platform in BG-Sentinel traps at three locations.
Aedes atropalpus larvae were found between 15m and 150m from the tire platform
in a water-filled tarpaulin, a wheelbarrow and a plant pot respectively, at one
location. Other life-stages of these species were not found in the surroundings.
Aedes aegypti was never found outside company premises.

Besides exotic mosquito larvae also larval specimens of three indigenous
species were found in tires of various companies: Culex pipiens, Cx. territans and
Anopheles plumbeus, of which Cx. pipiens was found in highest numbers. Also hun-
dreds of non-biting midges (Chironomidae) larvae were found inside the tires.

The finding of Ae. albopictus in the outdoor environment is important because
it is a competent vector of chikungunya and dengue viruses (Gratz 2004), and is
probably able to survive the Dutch climate (Takumi et al. 2009). Aedes aegypti
was found in relatively low numbers, and at 2 locations only. Although Ae.
aegypti is not directly associated with the international trade in tires, several
studies report this species to be a tire breeder (reviewed by Yee 2008). This is the
first time that Ae. aegypti was reported in tires in The Netherlands and it is more
than 50 year ago that this species was seen in Europe (Enserink 2010). Since it is
a tropical species it is unlikely that it would survive the winter here.

The reported finding of Ae. atropalpus was not the first in The Netherlands;
the species was also found in 2009 (Scholte et al. 2009). Other European reports
go back to 2003 and 2006 from France (Scholte et al. 2009 and references therein)
and in 1996 from Italy (Romi et al. 1997) from where it has been successfully
eliminated (Romi et al. 1999; F Schaffner, pers. comm.). Therefore it is likely that
the found Ae. atropalpus originates from the USA since this is the only place
where this species naturally occurs.

Companies on which the exotic species were found, imported used tires from
countries that are colonized by Ae. aegypti and Ae. albopictus, including Italy and
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USA or from countries where the species naturally occurs; in case of Ae. atropal-
pus from the USA.

It is likely that exotic mosquitoes have been introduced before 2009 and 2010,
but since this was the first extensive survey at these high risk introduction loca-
tions it is the first time that they were noticed, together with the findings in 2009.

Using the risk factors and their scores, described above, has shown to be an
effective method to assess the variation in risk that exotic mosquitoes are
imported: all positive companies belong to the high risk category, although rec-
ognizing that the likelihood of positive findings were higher for these high risk
companies because they were inspected more often than companies of other cat-
egories. In future surveys at Dutch tire companies, the categorization of compa-
nies will be evaluated based on interviews with company owners and observa-
tions of inspectors.

The concern that exotic mosquitoes might spread from a tire company to its
surroundings is reasonable, indicated by the finding of Ae. atropalpus larvae and
Ae. albopictus adults up to 150 and 300 m from the company premises respective-
ly, and in breeding sites other than used tires (Ae. atropalpus only). Up to now,
no exotic species were found further than these distances from tire-platforms.
However, unless measures are taken to reduce the risks, mosquito eggs will con-
tinue to be imported via the used tire trade. In case some of these species estab-
lish, it will increase the risk of mosquito-borne pathogen transmission.

Therefore continuous monitoring of import-pathways including used tire
companies is crucial to facilitate early detection and subsequent control.
Additional measures such as roofed tire storage, arrangement of tire stacks, and
preventive control could reduce the spread of exotic mosquitoes via tires even
more. It would be helpful not to limit this to The Netherlands, but take meas-
ures in all countries involved in the international tire-trade.
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The Asian hornet Vespa velutina nigrithorax was introduced in southern
France in 2004. During the inventory in 2009, nests were found in the
vicinity of Paris. To predict the potential occurrence in The
Netherlands, a CLIMEX study has been conducted. The results show
the likely geographic origin of European populations of the hornet in
Yunnan province (China), and the suitability of climate in The
Netherlands for support their populations.

Keywords: modelling, potential distribution, climate change scenarios,
Hymenoptera, honeybee pest

In 2004, the Asian Hornet Vespa velutina nigrithorax was introduced in southern
France. The suggestion is that one or several fertile females were transported in
ceramic pots from Yunnan (China) origin, used for bonsai plants. By the end of
2009, this invasive species was recorded in 32 France departments (INPN 2010),
covering a distance larger than 600 km, Paris being the most northern record. By
the end of 2010 V. velutina has also been reported in the northern provinces of
Spain, Navarre and Basque Country (Drs. Capdevila-Argüelles & Zilletti,
Grupo Especialista en Invasiones Biológicas, pers. comm.), where it seems to
have spread on its own. This means that V. velutina nigrithorax reaching The
Netherlands could soon be a reality.

The Asian hornet is native to Southeast Asia, including northern India,
China and the mountains of Sumatra and Sulawesi (Archer 1994). Apparently,
the climate in those parts of the world is warmer from that in The Netherlands,
so the establishment of populations in The Netherlands would be hampered by
the hardiness of the Dutch climate. In France, overwintering queens where
found in tree trunks (Mollet & De la Torre 2007) where frost does not penetrate.
That means that also V. velutina nigrithorax could try to allocate places to hiber-
nate in natural areas, similar to what the native hornet Vespa crabro does in The
Netherlands.

To analyze the possibility of the establishment of V. velutina nigrithorax in The
Netherlands, several experts where consulted. Professor Ken Tan (Yunnan

Mapping the potential occurrence of an
invasive species by using CLIMEX: case of the
Asian hornet (Vespa velutina nigrithorax) in
The Netherlands



Agricultural University, China, pers. comm.) Quentin Rome (Muséum National
d'Histoire Naturelle, Paris, France, pers. comm.) and Dr. Wolfgang Rabitsch
(Biologische Vielfalt & Naturschutz, Vienna, Austria, pers. comm.) all expect V.
velutina nigrithorax would survive and reproduce under Dutch climatic conditions.
Maxent (Maximum Entropy Methods) analysis based on geographic distribution
records in Asia and in France predicts indeed that V. velutina nigrithorax can estab-
lish in The Netherlands and in the most areas of Europe (see figures in Rome et
al. 2009). To confirm and compare Maxent results specifically in The
Netherlands, a CLIMEX study has been done.

CLIMEX is a software package that contains two quite different climate-
matching tools. There is the CLIMEX ‘Match Climates’ function (a tool for
comparing the meteorological data of different places without reference to any
particular species), and the CLIMEX model (a simulation model that enables
the user to estimate the potential geographical distribution and seasonal abun-
dance of a species in relation to climate). The CLIMEX study made for V. veluti-
na nigrithorax includes the following subjects: Climate Matching, CLIMEX
model, and study of the model under Climate Change Scenarios (+1 °C, +2 °C).

Climate matching
The Match Climates application allows the user to select a location (the ‘Home’
location) and find locations (the ‘Away’ locations) whose climate is similar to
that of the ‘Home’ location. In CLIMEX, the similarity of the climate between
the ‘Home’ and the ‘Away’ locations is measured by the Composite Match
Index (CMI), a value between zero and one, with higher values corresponding
to a greater match between locations (Sutherst et al. 2007). CMI >0.7 means good
matching (0.7 is the limit of reasonable availability), and if CMI = 1, climates are
exactly the same (Darren Kritikos, pers. comm.).

Mollet & De La Torre (2007) suggest that the first specimens were acciden-
tally introduced into France with Chinese merchandise imported from Yunnan
province. The original area of the introduced populations in France is still
unknown, not even after the completion of a research on comparing DNA of
specimens from France with specimens of Yunnan (Kunming, Wuding, Mengzi
and Jianchuan) (Arca et al. 2009). In CLIMEX, four meteorological stations
from Yunnan Province are included: Zhaotung, Kunming, Mengzi and
Tengchong. Since 2005, V. velutina nigrithorax populations are found in southern
France. It suggests that the climate in this region is suitable and comparable to
the climate of their place of origin. If we use meteorological stations in southern
France as Bordeaux (or Toulouse, Limoges, etc.) as ‘Home’ location, and using
the Match Climates application, location Zhaotong (Fig. 1) in Yunnan (China)
appears with CMI values >0.7. In contrast, the other meteorological stations in
southern Asia register values <0.7. Therefore, location Zhaotong has a climate
most similar to southern France and could potentially be the origin of the intro-
duced population in France. V. velutina nigrithorax is a species that lives in
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Zhaotong (Dong & Wang 1992), and this location has not yet been taken in for
a DNA compare research.

If we use the application with Zhaotong as ‘Home location’, the resulting
map (Fig. 2) shows CMI> 0.7 in Europe from the Pyrenees to the middle of The
Netherlands (Vlissingen: 0.70; Rotterdam: 0.71; Gilze-Rijen: 0.70; De Bilt: 0.70;
Maastricht: 0.70). Netherlands CMI values for weather stations are similar to
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Figure 1. Location Zhaotong (Yunnan) in China.

Figure 2. Zhaotong (Yunnan, China) Match Climate Europe. Green triangles indicate
the locations of Vespa velutina nests until 2009 (INPN 2010), blue dots indicate stations
where CMI >0.7, and crosses indicate stations where CMI <0.7. The red circle and blue
lines indicate the current distribution in Europe and the area with a climate similar to
Zhaotong.



that in the locations in France, where the Asian hornet has settled populations
(CMI Bordeaux: 0.76; CMI Limoges: 0.72).

Fig. 3 shows the result of comparing the climate of a location where the Asian
hornet has a registered population in Europe (for instance Limoges in France),
with the climate of the rest of Europe. CMI >0.7 (good matching) shows in
almost all Europe including all weather stations in The Netherlands: Den
Helder, Leeuwarden, Groningen, Amsterdam, De Bilt, Winterswijk,
Rotterdam, Gilze-Rijen and Maastricht.

Climex model
CLIMEX enables the user to estimate the potential geographical distribution
and seasonal abundance of a species in relation to climate, and is applied to a
species by selecting values for a set of parameters that describe its response to
temperature, moisture and light (Sutherst et al. 2007). The biology of V. velutina
nigrithorax remains poorly documented, and very few studies have been conduct-
ed on the insect in its natural range of distribution (Perrard et al. 2009; Claire
Villemant, pers. comm.). Parameters such as threshold temperatures, degree
days per generation, etc. are still not available to build a CLIMEX model.

Perrard et al. (2009) describes that the activity of V. velutina nigrithorax can
occur under rainy, cloudy and clear weather conditions. They also describe that
the nests of V. velutina nigrithorax observed under natural conditions in France
showed a rhythm of activity similar to the trends observed also in France on
Vespula vulgaris (L. 1758), and Vespula germanica (Fabricius 1793). In the
CLIMEX software Version 3, a full set of parameter values is available for the
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Figure 3. Limoges (France) Match Climate Europe. Green triangles indicate the loca-
tions of Vespa velutina nests until 2009 (INPN 2010), blue dots indicate stations where
CMI >0.7, and crosses indicate stations where CMI <0.7.



latter species. The model parameters of V. germanica (Fig. 4) were manually
slightly adjusted until the simulated potential geographical distribution indicat-
ed by the Ecoclimatic Index (EI) values agreed with the V. velutina nigrithorax
known native distribution in Yunnan and Southern Asia (Fig. 5).
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Figure 4. Parameters used in CLIMEX
for Vespa velutina nigrithorax.

Figure 5. Model Vespa velutina nigrithoarx (0.5° world grid meteorological data) Asia-
Europe. Triangles: Locations V. velutina, Red gradation: EI values.



The EI describes the overall favourability of any location for that particular
organism. The EI is scaled between 0 and 100. EI scores of 1-5 are generally inter-
preted as marginally climatically suitable habitat, 6-25 suitable, and >25 represents
a very favourable climate for a species (Kriticos & Leriche 2010). The reference
climate dataset (1961-1990) used by CLIMEX was used to project the threat posed
by V. velutina nigrithorax in Europe (Fig. 6). Under the current climate V. veluti-
na is projected to be capable of establish in the most part of Europe, including The
Netherlands. EI value around Limoges (Central France) where populations of V.
velutina nigrithorax are present is 18. EI values in The Netherlands range from 16
in South (Limburg) until 11 in North (Groningen), indicating that Dutch climate
conditions would be suitable for V. velutina nirithorax.

Climate change scenarios
Under the reference climate dataset (1961-1990) V. velutina nigrithorax is project-
ed to be capable of establishing in the most of Europe. In the last 10 years, aver-
age temperature in The Netherlands raised around +1 °C compared with temper-
ature between 1971-2000 (KNMI 2010). The CLIMEX software enables users to
consider the potential implications of climate change (setting new temperature
and rainfall parameters) on the potential geographical distribution and seasonal
phenology and survival of species (Sutherst et al. 2007). The projected geograph-
ic distribution of V. velutina nigrithorax under +1 °C climate change scenario pro-
vides a better indication of the current risk (Fig. 7). The future risk was gauged
using a climate change scenario of +2 °C (with an increase of the rainfall in sum-
mer and a decrease during the winter months). This scenario makes The
Netherlands more suitable for establishing of populations of the hornet (Fig. 7).
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Figure 6. Model Vespa velutina nigrithorax (0.5° world grid meteorological data) Europe.
Triangles: Locations V. velutina, Red gradation: EI values.



DISCUSSION
Similar to the Maxent analysis (Rome et al. 2009), the CLIMEX analysis indi-
cates that V. velutina nigrithorax would be able to establish in The Netherlands
under the current climatic conditions. An incursion of V. velutina nigrithorax in
The Netherlands could have an important impact on beekeeping, ecosystems
and biodiversity. The CLIMEX model analysis, based on the species parameter
values of Vespula germanica, is validated by the presence of V. velutina nigrithorax
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Figure 7. CLIMEX model Vespa velutina Europe (0.5° world grid meteorological data)
Climate Change Scenario. +1 °C (rainfall: +10% summer, –10% winter), +2 °C (rainfall:
+15% summer, –15% winter). Triangles: Locations V. velutina, Red gradation: EI values.



in its natural range of distribution in Asia and in the locations in France.
According to the Match Climates analysis, location Zhaotong in Yunnan
province (China) would most likely be the place where the first specimens came
into France with the pottery.
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Male solitary bees are chasing females in a characteristic way. Chasing
behaviour has been filmed for Megachile willughbiella (Kirby, 1802),
Andrena vaga (Panzer, 1799) and Dasypoda hirtipes (Fabricius, 1793)
males. Films have been partly analysed frame by frame and the results
compared with a conceptual model from control theory. For Megachile
the model consists of three parts, a control system for distance, a sec-
ond control system for rotation of the body axis and a third control sys-
tem for the sideways velocity. In the distance control system, a switch
from large to small reference distance will cause pouncing upon the
female. For Andrena the distance control system is replaced by a system
of filtered speed. For Dasypoda both systems do occur.

Keywords: Megachile, Andrena, Dasypoda, insect behaviour, courtship

Many insect species are capable of accurate manoeuvres in catching prey or chas-
ing females. Chasing and pursuit of insects have been quantitatively described
by many authors. An early example is the work on chasing by Fannia canicularis
males (Land & Collett 1974). More recently the tracking strategy of the blowfly
Lucilia has been studied (Boeddeker & Egelhaaf 2005). Tracking systems have
been studied for missiles intercepting targets (Shneydor 1998, Zarchan 2007). In
the terminology of missiles the guidance system is the complete system of inputs,
processing and outputs leading the missile to the target. The guidance system of
three species of male solitary bees will be studied here (Fig. 1). 

The guidance system of male solitary bees
chasing females
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Figure 1. General guidance system.



Male solitary bees are chasing females in a characteristic way. To gain infor-
mation about the guidance system, chasing behaviour has been filmed for
Megachile willughbiella (Kirby, 1802), Andrena vaga (Panzer, 1799) and Dasypoda hir-
tipes (Fabricius, 1793) males. Megachile males are territorial and will pounce upon
every female in their territory. Andrena vaga males are patrolling nesting aggrega-
tions in search of emerging females. Dasypoda males are patrolling nesting aggre-
gations and also fields with yellow Asteraceae on which females collect pollen.

In general the input of the guidance system is visual until the last phase when
the male is touching the female. The visual input is not very detailed. Megachile
males pounce upon females sitting at a flower, but bumblebees will also be
chased. Andrena males pounce upon pieces of dark material, apart from females,
also pieces of charcoal. Dasypoda males also pounce upon other males. In a tech-
nical guidance system or autopilot, the current position will be evaluated.
Megachile males, before pouncing upon a female, will hover a few moments near
the female at a distance of a few centimetres suggesting the use of distance infor-
mation. Andrena males do not show such a hovering phase, so they probably do
not use distance information to the female in chasing. Dasypoda males may use
distance information but do not do so obligatory. The outputs of the processing
part of the guidance system are commands to the wings generating the velocity
and the direction of the body axis. In this paper the processing part of the guid-
ance system will be described in terms of control systems (Dorf 1992).

The chasing movements are approximately in one plane and are filmed with
the camera perpendicular to the plane of movement. Parts of the films have been
evaluated frame by frame. Examples of the results are given in Figs. 2 and 3. The
male position and direction is given by a line with a dot. The dot is the position
of the male’s face, the line is indicating the direction of the long axis of the body.
The lines are drawn in 30 ms intervals. The female position is given by ‘o’ for
each 30 ms interval.
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Figure 2. Male Megachile
willughbiella chasing a female
landing on a flower. For the
X- and Y-axes the unit of dis-
tance is the length of the male
(appr. 1.4 cm).



From Fig. 2 it may be concluded that Megachile males may fly backwards
before pouncing on the female. In the last part of the chase Megachile males are
moving in the direction of the body-axis, in the first part of the chase the direc-
tion of movement is partly sideways. In Fig. 3 for Andrena the male at first is
searching for a female. Probably 0.27 s after entrance in the field of view the
female will be detected, see Fig. 3. The body-axis will rotate, but due to the iner-
tia of the insect the translation velocity does not change momentarily.

MATERIALS AND METHODS
The camera is a Casio EX-F1. The camera has been used to film in HD with 30
frames/s and in a high speed mode with 300 frames/s. The films have been
analysed in small parts of a few seconds, called tracks, using the ‘Tracker Video
analysis and modelling tool’, ‘Tracker’ for short (http://www.cabrillo.edu/
%7Edbrown/tracker/index.html). The position of one clearly recognizable
point of the male has been measured, i.e., the centre of the face. For the female
the scutellum has been chosen. The tracks are coded by the date and time of
recording the film and a code for a specific track of the film. Track 090629_1548A
is track A from the film recorded June 29 2009 at time 15.48. For Andrena Track
240310_1257A is track A from the film recorded March 24 2010 at time 12.57.
Calculations have been performed with Matlab.

Megachile
The M. willughbiella males have been filmed in Sint-Michielsgestel, The
Netherlands, in the summer of 2009 from June 21 until July 2 and in the summer
of 2010 from June 21 until July 11. The number of individual male bees is small,
it even cannot be excluded that each summer only one male has been filmed.

The camera is held by hand. Parts of the film with much movement along the
line of sight have been discarded. For some tracks the unit of distance is chosen
to be the length of the male, approx. 1.4 cm, when no other scale is available in
the field of view. The analysis is using relative distances, transformation from
units to cm is therefore not necessary in estimating the parameters of the model.
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Figure 3. Male Andrena vaga
chasing a non-moving female.
The distances along the X-
and Y-axes are in cm.
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Andrena
The A. vaga males have been filmed in the nature reserve ‘Kampina’ near Boxtel,
The Netherlands, in the spring of 2010 March 24, in a large nesting aggregation
of A. vaga. The females did not yet bring pollen to their nests. Males were chas-
ing females as well as a piece of charcoal. For easy filming a fresh dead female
has been placed 16 cm from a piece of charcoal. The camera is on a tripod point-
ing vertically to the ground. The distance of the bee above the ground could be
estimated by following its shadow on the ground. The unit of distance is 1 cm.
For the films with 300 frames/s, 2 out of 3 frames have been discarded to obtain
100 frames/s. Evaluation with 300 and 100 frames/s delivered the same results.

Dasypoda
The D. hirtipes males have been filmed near Sint-Michielsgestel, The
Netherlands, in a nesting site in 2008 and on a small field with Hypochaeris rad-
icata (Common catsear) in 2010.

Development of the model for the processing part of the
system
The processing part of the guidance system will be described in terms of control
(sub)systems. Three subsystems are distinguished, control of velocity in the
direction of the body-axis, control of the direction of the body-axis and control
of sideways velocity. Sometimes chasing occurs approximately along a straight
line with the body-axis in the same direction. In these cases the subsystem for
control of velocity in the direction of the body-axis may be studied apart from
the other systems. Therefore this subsystem will be developed first. Afterwards
control of the direction of the body-axis will be added. In this paper control of
sideways velocity will not be discussed.

Control of velocity in the direction of the body-axis
Sometimes the male is moving along a straight line, without rotation and side-
ways movement. Here a model for blowflies (Boeddeker & Egelhaaf 2005) has
been adapted for use with male solitary bees. The geometry of the model is given
here in Fig. 4.

In the model for the blowfly the distance r determines the desired speed sp.
sp is filtered by a low pass filter (Fig. 5). This low pass filter is modeling the time
necessary to compute the distance, i.e., by determining the size of the female as
seen by the male. The output spfilt of this low pass filter is input to a low pass
locomotion filter to obtain the translation velocity vM. The position xM of the
male will be obtained by integrating the velocity vM.

For Megachile the desired speed sp is determined by the proportional control
expression for the distance r:

sp = Kr.(rref-r),
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with Kr is the gain of the control system, rref is a reference value and r>0. This
expression for distance control has already been suggested as a description of the
velocity control of the hoverfly Syritta pipiens (Collett & Land 1975). The one
dimensional (1D) model is given in block-schematic form in Fig. 5.

The model is a third order proportional control system. This control system
will not be stable when the gain Kr is large enough. This will explain an oscilla-
tion of the male about a mean position. A chase will be explained by assuming
that the male is suddenly changing its reference to a small value.

When a Megachile male collides with the female in most cases the female will
not fly away. In these cases the male will touch the female for some time and fly
back a few cm before touching the female again. This behaviour is included in
the model by including a collision detector. When a collision is detected the
velocity vM is reset to zero, and another value for the proportional gain Kr may
be chosen. With a positive reference value for the distance the male will
rebound, as does the real insect. The results of a simulation are given in Fig. 6
along with the experimental results. In Fig. 6, Kr = 23 before the first contact and
Kr = 80 after the first contact (rref = 0.83, τv = 0.04 and τ = 0.15 s). It may be con-
cluded that the fit of the model with experiment is within the experimental error
in this case. The parameters are tentative and have not been optimised exhaus-
tively.

Oscillation
The 1D model will oscillate when the gain Kr is large enough. Oscillation may
occur in reality when the male is hovering near a female. An example for
Megachile is given in Fig. 7. The amplitude of the oscillation is increasing with
time. In Fig. 7 the period of the oscillation is approx. 0.42 s. The 1D model will
predict an oscillation with period 0.42 s when for example τv = 0.04 s, τ = 0.11 s
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Figure 4. Geometry to be used for developing the one dimensional model.

Figure 5. 1D model for Megachile.



and Kr = 34, or when τv = 0.067 s, τ = 0.067 s and Kr = 30.
For Dasypoda a strong oscillation has been observed with a male hovering

near a female sitting on a flowering head of Sheep’s bit (Jasione montana;
Campanulaceae) (Fig. 8). The period of oscillation is only 0.22 s compared to 0.42
s for Megachile. The oscillation period 0.22 s delivers, when τv = τ, τv = τ = 0.035
s and Kr = 57 s-1.

Linear pursuit
For Megachile, sometimes after chasing, the female is flying away with the male
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Figure 6. Megachile. Distance
between male and female as a
function of time simulated by
the one dimensional model
(blue) and the experimental
results (green). Unit of dis-
tance length of male. Track
090629_1604A.

Figure 7. Megachile. Distance
as a function of time for an
approximately linear path.

Figure 8. Dasypoda Distance as
a function of time for an
approximately linear path.
Unit of distance length of
female.

52



following. In track 090629_1608 the female is crossing the field of view of the
camera with a velocity of 127 units/s. The male is following at a distance of 6.8
units. These results will be interpreted as the stationary values after a change in
an input of the control system. This delivers an estimate of the gain Kr with the
assumption that the reference value rref is 1. The velocity of the male is 127
units/s too, so 127 = Kr.(6.8-1) and therefore Kr = 22. This is in accord with the
result for oscillation. In pursuit the male guidance system should not oscillate
and therefore Kr<34 or 30.

Andrena
For Andrena the expression for proportional control will be replaced with a con-
stant value for the desired speed sp. Andrena males do not recoil from females.
An example of a chase along a straight line is track 240310_1258 (Fig. 9) here the
male is walking at first, rotating its body-axis in the direction of the female and
then starting the chase along an approximately straight line.

The model with sp = 48 cm/s and τv = τ = 0.04 s delivers a reasonable fit for
the velocity (Fig. 10).

WOPKE WIJNGAARD

Figure 10. Velocity of Andrena
male moving along an appro-
ximately straight line. sp = 48
cm/s and τv = τ = 0.04 s.

Figure 9. Andrena male mov-
ing along an approximately
straight line.
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Control of rotation of the body-axis
When the body-axis of the male is not directed to the female the rotation con-
trol should redirect the body-axis in the direction of the female.

The error angle θe (Fig. 11) should be zero. When θe>0 the angle ϕ of the body-
axis with the reference direction should be increased. The control expression for
the desired angular velocity α is α = KrB*sin(θe) (Boeddeker & Egelhaaf 2005).
In Fig. 11 the translation direction is not in the direction of the body-axis due to
the filter mimicking the translation inertia of the bee. In the missile literature
this simple chasing strategy is called Pure Pursuit. The complete 2D model is
shown in Fig. 12.
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Figure 11. Definition of angles.

Figure 12. 2D model in blockschematic form (without sideways velocity control).



Modelling sideways velocity control
Solitary bee males may fly sideways in the direction perpendicular to the body
axis. This behaviour is sometimes apparent as part of the chasing behaviour.
Sideways velocity control has also been found with the hoverfly Syritta pipiens
(Collet & Land 1975) and the solitary wasp Odynerus spinipes (Voss & Zeil 1998).

The complete model, in discrete form, including sideways velocity control, is
given in the Appendix.

RESULTS OF THE MODEL
Only results of the model without sideways velocity control will be given here.
As an example for Megachile the results of Fig. 2 will be simulated. After a pre-
liminary evaluation the time constants have been chosen τv = 0.04 s, τ = 0.15 s,
and τf = 0.04 s. The other parameters and the initial values of the first order and
integrator blocks will be chosen manually to minimize two criteria, the distance
between the male position and the modelled male position and the deviation of
the modelled and experimental direction of the body-axis. In Fig. 13 the result is
given. The optimisation of the parameters of the model has been done with
small changes of parameters, however the possibility exists that a set of param-
eter values delivering a better fit has been overlooked.

For Megachile a total of 16 tracks have been investigated. The parameters may
deviate from the example. The proportional gain for control of velocity in the
direction of the body-axis is chosen from the range 5-30, before pouncing, when
no oscillation exists. For the rotational subsystem the gain KrB may be chosen
between 5 and 60. The origin of this variation in these parameters is not yet
clear.
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Figure 13. Megachile. The
results of the 2D model for
the experiment of Fig. 2.
Parameters: Kr = 12 s-1, KrB =
10 s-1, τv = 0.04 s, τ = 0.15 s, τf
= 0.04 s. The reference dis-
tance rref is chosen 6.1 at the
start to change to 1.3 when the
filtered speed spfilt changes
from negative to positive.



Megachile female moving
The model is also applicable to a male following a moving female. An example
for Megachile is given in Fig. 14. Although Dasypoda males may use distance con-
trol, following behaviour has not been observed.

Andrena
As an example for Andrena the results of Fig. 3 (track 240310_1316B) will be sim-
ulated. For Andrena the time constant τ of the translation inertia is diminished
to τ = 0.04 s to obtain a fit with experiment. In Fig. 15 the result is given.

A total of 26 tracks have been investigated. The parameters may deviate from
the example. The proportional gain for the rotational subsystem KrB may be
chosen between 12 and 50. For some of these tracks sideways velocity control is
in effect.
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Figure 14. Megachile.
Parameters: Kr = 24 s-1, KrB =
60 1/s, τv = 0.04 s, τ = 0.15 s, τf
= 0.04 s. The reference dis-
tance rref is chosen 0.

Figure 15. Andrena vaga. Part of
experiment of Fig. 3.
Parameters: KrB = 25 s-1, τv =
0.04 s, τ = 0.04 s, τf = 0.04 s.
The desired speed sp is chosen
-15 cm/s at the start to change
to 105 cm/s when the filtered
speed spfilt changes from posi-
tive to negative.



Dasypoda
For Dasypoda chasing of females at flowers of H. radicata may be described with
the model with filtered speed, which has been used for Andrena. In Fig. 16 an
example is given.

DISCUSSION
Only the parts of the films with movement in a plane approximately perpendi-
cular to the optical axis of the camera have been saved for analysis. Deviations
from the ideal plane are not very important with regard to the characteristic
movements. Pouncing is approximately along a straight line. The filmed pounc-
ing behaviour will therefore not be very much dependent on the plane of obser-
vation.

For Megachile it is not clear how many different individual males have been
filmed. It is possible that each season only one individual male has been
patrolling the studied patch of flowers. For Andrena only the chasing of a dead
female and a piece of charcoal has been investigated. Chasing of a living female
may show other behaviour.

The hovering and pouncing behaviour of Anthidium males is reminiscent of
the behaviour of Megachile males. The behaviour of Megachile, Andrena and
Dasypoda males may be representative for male behaviour in Apidae.

Conclusions
Male solitary bees are performing aerobatics in following and chasing females.
The chasing behaviour of M. willughbiella, A. vaga and D. hirtipes males has been
described by one general model. The species may differ in the use of distance con-
trol. The time constants may differ too. The flying manoeuvres are modelled.
Although the parameters are uncertain, the model delivers an explanation of
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Figure 16. Dasypoda. Filtered
speed, KrB = 45 s-1, τv = 0.04 s,
τ = 0.04 s, τf = 0.04 s. The
speed is chosen – 6 units/s at
the start to change to 70
units/s when the filtered
speed spfilt changes from posi-
tive to negative.



many details of the flying behaviour. The characteristic pouncing behaviour with
rebound of Megachile has been explained as a result of the distance control part of
the model along with the effect of a collision with the female. Sometimes in
Megachile and Dasypoda, the male is oscillating for a few seconds along the line of
sight to the female. This oscillation has been explained as an instability of the dis-
tance control system when the gain Kr is larger than the critical gain for oscilla-
tion. The onset of pouncing is controlled by the bee by changing the reference
distance to a small value. The criterion for changing the reference is probably
derived from the input to the motor system of the bee, i.e., the filtered speed of
the model. When the Megachile female, after an attack by a Megachile male, is fly-
ing away, the male will start following behaviour. This pursuit behaviour of
Megachile is largely controlled by the distance control system with a reference dis-
tance of approx. 1 unit (length of male) and a proportional gain of approx. 20 s-1.

Andrena vaga males patrolling a nesting aggregation are chasing females with-
out a hovering phase and without recoil. The chasing behaviour may be
explained by a model with filtered speed instead of distance control.

The model presented here is delivering a general framework for a quantita-
tive comparison of chasing behaviour.
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Appendix
The 2D algorithm is given in discrete form, with sideways velocity control
included. The variables are calculated at the moments k.T with k an integer and
T the calculation interval. The default value of the calculation interval is T =
0.001 (s). xM is the position of the male. xM is a complex number, the real part is
the x-component and the imaginary part is the y-component of position.

Algorithm Comment
Define start conditions for k = 1

for k = 2 to Nend

xM(k) = xM(k-1) + vM(k-1)*T Integrate velocity to obtain position

r(k) = xF(k) - xM(k) Vector form Male to Female

sp = Kr*(|r(k)| - rref) or for Andrena sp = constant Proportional control for Megachile

spfilt(k) = (exp(-T/τv))*spfilt(k-1) + (1 - exp(-T/τv))*sp Filter representing neural processing

ϕ(k) = ϕ(k-1) + αfilt(k-1)*T Update direction of body-axis

θefilt(k) = (exp(-T/τf))*θefilt(k-1) + (1 - exp(-T/τf))*θe(k) Neural delay for calculation of error angle

vM(k) = (exp(-T/τ))*vM(k-1) + (1 - exp(-T/τ))* spfilt(k)*exp(i.ϕ(k)) is the desired velocity
[spfilt(k)*exp(i.ϕ(k)) + exp(i.ϕ(k))*i*Kt*θefilt(k)] to be filtered by the filter representing

translation inertia to obtain the velocity vM;
exp(i.ϕ(k))*i*Kt*θefilt(k) represents trans-
verse velocity control

θe(k) = angle(r(k)) - ϕ(k) Calculate error angle

α(k) = KrB*sin(θe(k)) Proportional rotation control

αfilt(k) = (exp(-T/τf))*αfilt(k - 1) + (1 - exp(-T/τf))*α(k) Filter representing rotational inertia and 

neural calculation time
For Megachile change over to a small reference

distance to initiate a chase.

For Andrena change over to another value for sp.

Collision detection

end
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Maggot debridement therapy (MDT) has become more and more com-
mon in the treatment of chronic wounds. In the last decade alone, more
than 100 papers were published on this subject. MDT is used to aid in
removing necrotic tissue from a wound, thus resulting in a reduction of
amputations. The limb salvage rate is reported as 50% after use of
MDT. This article presents an overview of the history of maggot
debridement therapy. In addition, a patient case is discussed.

Keywords: maggot, maggot debridement therapy, surgery, wound care

History of Maggot Debridement Therapy
Maggot debridement therapy (MDT) has been used in wound healing for centuries.
In the Old Testament myasis (human infested with maggots) already has been des-
cribed. The first European Medical reference appears in the Hortus Sanitanus (1491),
probably written by its printer, Jacob Meydenbach (Grassberger 2002). The book con-
sists of a collection of herbal knowledge retrieved from medieval and classical authors
such as Galen, Albertus Magnus and Dioscorides.

The first person to observe the beneficial effects of fly larvae on wounds was
the surgeon Ambroise Paré (1509-1590) (Goldstein 1931). He described patients
who, against all odds, recovered from untreatable gunshot wounds. His opinion
was that the ‘wurms’ he saw, were the result of ‘Generatio Spontane’ (this the-
ory introduced by Aristotle, states that from an individual of one species a total
different species could develop). No evidence, in literature, is found that Paré
intentionally used maggots to clean wounds. Baron Dominique Larrey (1766-
1842), a famous surgeon in the army of Napoleon Bonaparte, wrote about sol-
diers who had maggot infested wounds, but was frustrated that it was difficult
to persuade his patients to leave the maggots in place. He believed that maggots
promoted healing without leaving any damage (Goldstein 1931). The same obser-
vation came from a group of imprisoned Confederate medical officers during the
American Civil War (Adams 1952). They had to leave the wounds of the soldiers
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undressed, because the prisoners were denied any bandages. Many of the Union
soldiers, with bandages, died, while the soldiers with larva-infested wounds
cleared up quickly. Zacharias, one of the Confederate surgeons, was the first to
intentionally apply maggots to the wounds of the soldiers, in order to clean and
debride them (Baer 1931). He noted: ‘During my service in the hospital in Danville,
Virginia, I first used maggots to remove the decayed tissue in hospital gangrene and with
eminent satisfaction. In a single day they would clean a wound much better than any
agents we had at our command…. I am sure I saved many lives by their use, escaped sep-
ticaemia, and had rapid recoveries.’ (Baer 1931)

In the last century MDT changed from the battlefield to the hospital. The
first surgeon to use MDT in a hospital was William S. Baer. In the 1920s he was
faced with a group of untreatable patients with severe osteomyelitis (inflamma-
tion of the bone), which would nowadays be treated with antibiotics. He suc-
cessfully treated these patients with maggots (Baer 1931). Because of his success,
MDT became a regular therapy in the United States. By 1934 more than 1,000
surgeons were using maggot therapy. Despite the success, dr. Baer experienced
some problems with the sterility, with subsequent tetanus developing in some of
his patients. This led to the production of sterile maggots by the Lederle
Corporation (Puckner 1932). At the same time Alexander Fleming (1881-1951)
introduced antibiotics in 1940, which made use of MDT oblivious. This because
antibiotics could be produced by the pharmaceutical industry. In the subsequent
years maggots disappeared after widespread production and use of the first
antibiotic in 1944. However, only 4 years after the introduction of penicillin,
more than 50% of the Staphylococcus aureus specimens produced β-lactamase,
which made these bacteria resistant to the antibiotics (Wainwright 1990,
Cazander 2010). This percentage increased over time. The rising antibiotic
resistance resulted in failed wound healing and therefore maggots were re-intro-
duced in the 1980s (Sherman & Pechter 1988). In 1989 Dr. Ronald Sherman start-
ed rearing larvae and used them successfully in a controlled trial on decubital
ulcers (Sherman et al. 1995). MDT seemed even to clean the wounds infected
with antibiotic-resistant S. aureus (MRSA) (Dissemond et al. 2002). Maggots
became commercially produced. Currently 300 centers in the United States and
about 1,000 centers in Europe are using MDT (MDT 2007).

Maggot Debridement Therapy
Maggots are derived from the blow fly, Lucilia sericata. The larvae of the fly, the
stadium which best can be used for MDT, are relatively small (<2 mm) when
they are applied (see Fig. 1) and can grow up to 1 cm in 2 to 3 days (see Fig. 2).
To complete the whole blow fly cycle it takes up to fourteen days. The larvae
stay only for two to three days on the wound, after that they will be changed for
new ones (Steenvoorde 2008).

Success rates for MDT in literature ranges from 70 to 80% (Mumcuoglu et al.
1999, Courtenay et al. 2000, Wolff & Hansson 2003, Steenvoorde et al. 2007). This
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percentage depends on a patient selection. A wound of traumatic origin treated
with MDT will most likely heal. Wounds combined with open joints, will often
have difficulty in healing and mostly it will result in an amputation of the
infected joint. Co-morbidities as diabetes, vascular diseases, age, malignancy and
ischemia are often predicting the results in a negative way (Steenvoorde 2008).

Debridement
The term ‘debridement’ comes from the French ‘desbrider’, meaning ‘to unbri-
dle’. In medical terms it means to remove dead, damaged, or infected tissue in
order to improve the healing potential of the remaining tissue (http://en.
wikipedia.org/wiki/debridement). It seems that a chronic wound does not
progress through the wound healing phases (haemostasis, inflammation, prolif-
eration and maturation), when the infected or dead tissue is left intact. To
ensure wound healing the wound has to maintain a moist wound environment,
to keep it free from infection, prevent excessive inflammatory responses and to
stimulate the closure of the wound edges (Kirschen et al. 2006). Debridement,
which results in bleeding, stimulates the production of growth factors. Platelets
control bleeding and form a platelet plug. Activated platelets release various
growth factors and cytokines (Hunt 1988). These act as chemo attractants for
inflammatory cells and mitogens for fibroblasts and epithelial cells, all crucial
components for proper wound healing (Zacur 2007). International consensus is
that debridement is a vital adjunct in the care of patients with chronic wounds
(National Institute for Clinical Excellence 2000, Smith 2002). However, no level
1 evidence has been published if debridement (in any form) has a beneficial
effect on wound healing (Bradley et al. 1999). MDT is a form of biological
debridement. In the next paragraph we will present a patient with a wound after
digit amputation of the foot.
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Figure 1. Maggots as derived from the pro-
ducer.

Figure 2. Maggots fullgrown (after 2-3
days).



PATIENT CASE
An elderly patient presented himself to the Rijnland Wound Clinic with a
wound after amputation of digit 2 and 3 of his right foot. Previous history
revealed that he suffered from diabetes, arterial vascular disease, adipositas and
he had smoked for several years. The combination of these co-morbidities
caused the capillaries of his right foot to degenerate, which led to gangrene of
digit 2 and 3. The treating surgeon decided to amputate the two digits (with
removing the metatarsal heads) and leave the wound open for local treatment.
No healing tendency occurred during normal dressing therapy. By physical
examination we saw an open, yellowish, foul smelling wound between digit 1
and 4. Sharp debridement with a knife was very painful and did not have the
required effect. Therefore it was decided to use MDT.

As shown in Fig. 3, the wound edges were taped with plaster. The maggots
were placed in a bag - some kind of tea bag - onto the wound (Fig. 4). The dress-
ing is topped with nylon chiffon, as a cage-like dressing (Fig. 5). Wet gauzes and

MAGGOT DEBRIDEMENT THERAPY

64

Figure 3. Amputation wound with debris. Figure 4. Wound including maggots in a
biobag.

Figure 5. Concealed wound. Figure 6. Removal of the bandage.



a light bandage were put over for moistening. For wetting normal saline (0.9%)
was used. After 3-4 days the patient was ordered back to the Wound Clinic to
remove the bandage with the maggots (Fig. 6). The whole treatment required
several dressing changes. After the last treatment the wound was red, meaning
that the necrotic, yellow tissue was resolved by the maggots (Fig. 7). Figs 8 and
9 show the wound in a later stadium: almost closed. The whole healing process
took 2-3 months.

DISCUSSION AND CONCLUSION
Since centuries MDT is used, intentionally or not, on wounds. The last century
MDT is used actively in chronic wounds. After the invention of penicillin,
MDT was applied in a lower scale, until the 1980s when MRSA became a prob-
lem. In this period MDT developed in to what it is now. For complicated
wounds, with a high chance to be amputated, the use of maggots could be limb
saving (Jukema et al. 2002). In the case described above, MDT had a positive
effect on the wound healing. If a wound is too painful for a sharp debridement,
it sometimes has to take place in theatre under general anaesthetics. The use of
maggots can reduce the necessity to go to the theatre for a surgical debridement.
However, every individual case has to be evaluated separately.
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Figure 7. Red wound surface is shown.

Figure 9. Wound almost closed.

Figure 8. Scar tissue removed: a small red
wound.
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In this study we investigate the hypothesis that presence of the gener-
alist soil-dwelling predatory mite Stratiolaelaps scimitus (Womersley)
results in lower densities of the phytoseiid soil-dwelling predator
Neoseiulus barkeri Hughes in Hippeastrum (amaryllis). If true, this
may increase risks of bulb scale mite Steneotarsonemus laticeps (Halbert)
infestations in Hippeastrum, because N. barkeri predates on this pest,
whereas S. scimitus does not. In a greenhouse trial we show indeed that
the release of S. scimitus results in significantly lower densities of N.
barkeri in a Hippeastrum crop. Moreover, analyses of soil and bulb
samples from a commercial Hippeastrum farm suggest that this pred-
ator interference is facilitated by soil cooling techniques that drive the
predators together to small ‘islands’ of higher surface temperatures.

Keywords: biological control, greenhouses, food web interactions, pred-
ator interference, hyperpredation

Biological control in greenhouses has evolved the past decades from relatively
simple systems of a few specialist natural enemies to complex communities of
multiple interacting natural enemies and pests (Janssen et al. 1998, Sabelis et al.
2008, Messelink et al. 2010). One of the reasons for this increase in complexity is
the presence of generalist predators within biocontrol communities. Most of
these predators not only eat several pests, but also other natural enemies. These
interactions between natural enemies are classified as ‘intraguild predation’ when
one predator species (the intraguild predator) kills and eats another predator
species (the intraguild prey) with whom it also competes for shared prey (Polis
et al. 1989). Intraguild predation seems to be a general phenomenon but usually
does not disrupt biological control (Janssen et al. 2006, 2007, Vance-Chalcraft et
al. 2007). However, generalist predators can also eat other natural enemies with-
out sharing a prey. This so-called ‘hyperpredation’ can be very disruptive for bio-
logical control (Rosenheim 1998, Symondson 2002, Messelink et al. in prep).

Here we investigate the interaction between two species of soil-dwelling
predatory mites: the larger predator Stratiolaelaps scimitus (Womersley) (often

Generalist predator Stratiolaelaps scimitus
hampers establishment of the bulb scale mite
predator Neoseiulus barkeri in Hippeastrum
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marketed under the name Hypoaspis miles, Walter & Cambell 2002) and the
smaller predator Neoseiulus barkeri Hughes. Both predators occur together (spon-
taneously or by releases) in Hippeastrum crops (Messelink et al. 2006).
Stratiolaelaps scimitus can be used for controlling thrips (Berndt et al. 2004). In
earlier studies we showed N. barkeri to be a promising candidate for biological
control of the tiny bulb scale mite, Steneotarsonemus laticeps (Halbert) (Acari:
Tarsonemidae) in greenhouse cultures of Hippeastrum (Messelink & van
Holstein-Saj 2006, 2007). Since than, many growers started to use this predator
for controlling bulb scale mites, but the results so far are mixed. Laboratory
observations showed that S. scimitus does not attack bulb scale mites (Messelink
& van Holstein-Saj 2006), but successfully attacks and kills the bulb scale mite
predator N. barkeri (Fig. 1). We hypothesized that S. scimitus can hamper the
establishment of N. barkeri, and thus increase risks on bulb scale mite infesta-
tions in Hippeastrum. We tested this by following the population dynamics of
N. barkeri in Hippeastrum with and without additional releases of S. scimitus.
Furthermore we followed the population dynamics of both predators on a com-
mercial Hippeastrum farm where soil cooling is applied for flower induction.

MATERIAL AND METHODS

Effects of Stratiolaelaps scimitus on Neoseiulus barkeri
establishment
A greenhouse experiment was set up to test whether the predator S. scimitus
affects the establishment of N. barkeri in a Hippeastrum crop. On greenhouse
tables, Hippeastrum bulbs cv. Lion were grown in 16 plastic boxes of 44 × 65 cm

PREDATOR INTERFERENCE IN A HIPPEASTRUM CROP

68

Figure 1. The predator Stratiolaelaps
scimitus feeding on the predator
Neoseiulus barkeri



which were filled with a 20 cm layer of peat. Each box contained 15 bulbs, which
were prior to the experiment cleaned with a hot water treatment of 2 h at 47 °C.
The peat layer in the boxes was finally mulched with a 2 cm layer of sawdust,
according to standard cultivation techniques. The predator S. scimitus was added
to half of the boxes in densities of 1000/m2, 5 weeks after planting the bulbs. Two
weeks later, the second predator N. barkeri was released either by scattering 1000
mites/m2 above the crop, or by adding one rearing sachet on the soil (slow
release product, supplied by BioProduction, Denmark). These sachets released
ca. 1400 predatory mites in 8 weeks in the laboratory. Thus in total there were 4
treatments: two release strategies of N. barkeri, each combined with or without
S. scimitus. Each treatment was replicated 4×. Every single box with bulbs was
isolated by a continuously present water layer on the tables, with the intention
to avoid contamination among the treatments. The population dynamics of both
predators and other soil organisms were followed by weekly analyses of one bulb
and one soil sample (500 ml) per box. Microarthropods were extracted from
these samples by heat and collected in ethanol, using Tullgren funnels, and
counted under a binocular microscope (40×). Bulbs were prior to these analyses
cut in smaller pieces. Predatory mites were mounted on glass slides for micro-
scopic determination. For statistical analyses, a repeated measures ANOVA was
performed on log(x+1)-transformed numbers of predators with the time since
introduction of N. barkeri as the repeated measure variable. Differences among
treatments were tested at a 5% level using Fisher’s LSD.

Effects of soil cooling on predator dynamics
Commercial Hippeastrum farms in The Netherlands apply soil cooling tech-
niques in summer till autumn in order to produce flowers in winter (Fig. 2).
Flowering is induced by cooling the soil for 12 weeks to 12 °C by using cold water
pipes in the soil. The high greenhouse temperatures in summer, result in strong
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Figure 2. Illustrating the growing cycle of Hippeastrum on a commercial farm.



temperature differences between the bulb parts standing above soil and the bulbs
parts standing within the soil. We tested whether soil cooling techniques affect
the population dynamics of N. barkeri and its hyperpredator S. scimitus. Samples
were collected from a Hippeastrum farm where both predators were established
by earlier releases. On the farm, cv. Dancing Queen was cultured on a loamy
soil. Nine bulb and soil samples (500 ml soil) were randomly collected in week
number 26 (June) just before cooling, and the same number of samples in week
number 36 (September) during the soil cooling period. The bulb and soil samples
were analysed separately using Tullgren funnels as described above. Predator
densities were analysed using a generalized linear model with a poisson distri-
bution and soil cooling as factor.

RESULTS

Effects of Stratiolaelaps scimitus on Neoseiulus barkeri
establishment
Densities of N. barkeri were significantly lower in treatments with S. scimitus
than in treatments without this predator (F3,9 = 19.14, P<0.001; Fig. 3). Also a
spontaneously occurring smaller (ca. 350 μm) predator of the genus Dendrolaelaps
was present in significantly lower densities in treatments where S. scimutus was
not released (F3,9 = 162.19, P<0.001). Other soil organisms such as oritabid mites
and collembolans were present in all treatments in equal densities of 20 and 400
per sample respectively. The release method of N. barkeri was not significantly
affecting the densities of this predator in absence of S. scimitus. However, in
combination with S. scimitus, densities of N. barkeri remained higher when N.
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Figure 3. Population dynamics of Neoseiulus barkeri in Hippeastrum with and without
the hyperpredator Stratiolaelaps scimitus. Shown are average (± s.e.m.) densities of juve-
nile and adult predators per soil + bulb sample.



barkeri was scattered at once compared to the slow release rearing sachets (Fig. 3).
Stratiolaelaps scimitus established very well in all treatments were they were
released, resulting in average densities of 30 mites per sample (converted ca.
3400/m2).

Effects of soil cooling on predator dynamics
The predator N. barkeri was present in both soil and bulb samples before cool-
ing, whereas densities in samples collected during the cooling period were very
low (Fig. 4), resulting in significant differences between the two sampling dates
(F1,16 = 7.73, P = 0.013). In contrast, overall densities of the larger predator S. scim-
itus did not differ between samples before and during cooling (F1,16 = 0.39, P = 0.54).
However, there seems to be a shift in habitat preference of this predator (Fig. 4).
Densities on bulbs seem to be higher during cooling than before cooling,
although not significantly (F1,16 = 3.06, P = 0.099).

DISCUSSION
This study shows that interactions among soil-dwelling predatory mites may
increase risks of disruption of biological pest control in the soil. Our laboratory
observation that the larger predator S. scimitus eats the smaller predator N. bark-
eri was confirmed in a long term greenhouse trial where the addition of S.
Scimitus reduced N. barkeri to very low densities. Besides this hyperpredation,
competition for food might have played a role as well. However, the presence of
high densities of collembolans and oribatid mites suggest there was sufficient
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Figure 4. Population dynamics of Neoseiulus barkeri and its hyperpredator Stratiolaelaps
scimitus on a commercial Hippeastrum farm before and during soil cooling (12 °C).
Shown are average (± s.e.m.) densities of juvenile and adult predators per soil (500 ml)
or bulb sample.



other prey present (for example, nematodes are excellent food sources for preda-
tory mites, but not measured with Tullgren Funnels). Although we did not
study the effect of the hyperpredation on bulb scale mite control, it is very like-
ly that the lower densities of N. barkeri will release bulb scale mite from control.
We showed earlier that N. barkeri can not totally eradicate bulb infestations,
because the tiny tarsonemid mites are hidden deep inside the bulbs (Messelink
& van Holstein 2007). However, we showed that N. barkeri can reduce the
spread of this pest to other uninfested bulbs. A maximal effect is thus expected
when N. barkeri is continuously present at sufficiently high densities. This study
shows that S. scimitus almost eradicates N. barkeri. Hence, bulbs are less protect-
ed by infestations by bulbs scale mites at these very low predator densities.
Furthermore, studies where effects of hyperpredation on biological pest control
was measured, show a strong disruption of this pest control (Prasad & Snyder
2004, Messelink et al. in prep.). For example, Prasad & Snyder (2004) found that
large carabid beetles in the soil ate several smaller carabid beetles, which result-
ed in a lower predation rates on eggs of Delia spp.

Hyperpredation of S. scimitus on N. barkeri might even increase by culture
techniques growers use for flower induction. Our data suggest that the applica-
tion of soil cooling drive the soil-dwelling predatory mites from the soil to the
bulbs. A plausible reason for this habitat shift is that the predators are driven by
their preference for higher temperatures. For S. scimitus it is know that optimal
temperature for development and reproduction is about 25 °C (Ydergaard et al.
1997) and that the minimum temperature for development is 10 °C, which is
closely to the soil temperatures of 12 °C when cooled. Thus the lower soil tem-
peratures may force the predators to the upper bulb parts, where temperatures
are higher. Hence, soil cooling may facilitate hyperpredation of S. scimitus on N.
barkeri. This could explain the absence of N. barkeri in samples collected during
the soil cooling period.

Summarizing, this study provides evidence for predator interference between
two soil-dwelling predatory mites, which may seriously disrupt the biological
control of bulb scale mites in Hippeastrum. Such interactions should be consid-
ered when developing biological control programs with generalist predators.
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Renewed restoration efforts have not lead to full recovery of the rich
entomofauna of Dutch chalk grasslands. To detect the main bottle-
necks and to develop promising restoration management tools we used
a life-history strategy approach. This bottom-up approach to detect key
environmental factors from the variation in species assemblages was
applied to ants and butterflies. For all species present in Dutch chalk
grasslands and nearby reference sites life-history traits were listed
from literature. Also based on literature research it was assessed what
the functional consequences of these traits are. Next, the combined
consequences of occurring trait combinations were considered. This
resulted in the compilation of a limited number of functionally differ-
ent life-history strategies. These life-history strategies are compiled in
such a way, that species assigned to the same life-history strategy are
expected to respond in a similar way to changes in their environment.
We analysed the occurrence of ants and butterflies with different life-
history strategies in Dutch chalk grasslands and reference sites. The
main parameters determining the occurrence of characteristic species
obtained from this life-history strategy analysis were management
timing and habitat isolation. These results are used to formulate prom-
ising restoration measures improving the conditions for chalk grass-
land insects.

Keywords: ant, butterfly, chalk grassland, strategies, life-history traits

Chalk grasslands in North-Western Europe are potentially very rich in flora and
fauna (Wallis de Vries et al. 2002). However, over the past century the number,
size and quality of these grasslands have declined strongly (Wallis de Vries et
al. 2002). This decline has been especially severe in the Netherlands, where only
20 chalk grassland sites remain with a combined surface area of no more than 30
ha. (Willems 2001). These sites are highly isolated and have suffered from
eutrophication both from adjacent agricultural areas and from airborne nitrogen

Using life-history analyses to improve
restoration management
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pollution. Together with the cessation of traditional land use, this resulted in
severe grass- and shrub encroachment (Bobbink and Willems 1993, Willems
2001). In the early 1980’s existing restoration management has been improved
and new restoration measures have been implemented in many sites. This man-
agement consists mainly of sheep grazing or mowing, focussing primarily on
removing excess primary production. Although this has clearly improved the
situation for a number of threatened plant and animal species, the situation
remains critical for many insects. Especially characteristic butterflies have even
continued to decline (Wallis de Vries et al. 2002).

As several processes have simultaneously affected the study sites in the past
decades (fragmentation, eutrophication, abandonment and different forms of
restoration management) it is very difficult to identify which processes have
been most detrimental, and thus should first be addressed by restoration meas-
ures. This is further complicated by the considerable variation in size, landscape
configuration, slope and aspect between the individual chalk grassland remnants
(Willems 2001). This complex web of factors impedes efforts to isolate the
effects of single factors by direct site comparison. Common methods which cor-
relate species occurrences to environmental parameters through multivariate
statistics fail to isolate key factors as several factors are auto-correlated and the
number of potential study sites is lower than the number of potentially impor-
tant parameters. To circumvent these methodological problems we took a bot-
tom-up approach (Fig. 1), isolating key factors through the analysis of species’
life-history traits.

In recent years a growing number of studies have demonstrated that species’
life-history traits can successfully be used to gain insight in species-environment
relationships (McGill et al. 2006, Verberk et al. 2008b). Species traits include
morphological, physiological or phenological features without reference to the
environment (Violle et al. 2007). As species’ traits provide the causal mecha-
nisms underlying species-environment relationships they have proven to be
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Figure 1. Top-down and bottom-up approaches to identify key environmental factors
determining the local species composition.



especially suitable to explain and predict species responses to changes in their
environment (e.g., van Kleef et al. 2006, Lambeets et al. 2009, Öckinger et al. 2010,
van Turnhout et al. 2010, Verberk et al. 2010). Previous studies on soil mesofau-
na (Siepel 1994), bog invertebrates (Verberk et al. 2008a) and breeding birds (van
Turnhout et al. in press) have operationalised species traits through life-history
strategies, focusing on trait combinations rather than single traits to assign
species to functionally different life-history strategies. Species assigned to the
same life-history strategy are expected to respond in a similar way to changes in
their environment. Using these life-history strategies rather than individual
traits allows to evaluate the relative importance of traits and to weight traits dif-
ferently depending on the context. This is important as traits are interconnect-
ed through trade-offs and different traits may act in concert (Siepel 1994,
Verberk et al. 2008a). In addition different trait combinations may solve the
same ecological problem and can thus be grouped into the same life-history strat-
egy (Siepel 1994, Verberk et al. 2008a).

The aim of this study was two- fold. First, a three step procedure was devel-
oped to build life-history strategies. This procedure can be applied to all taxo-
nomic groups. The life-history strategies derived from this procedure can be
modified and reused for a wide variety of research questions on species-environ-
ment relationships. The second aim of this study was to use life-history analy-
sis to identify the main bottlenecks for insects in chalk grasslands. Specifically,
the developed procedure was used to build life-history strategies for ants and
butterflies. These strategies were tested and then used to get insight in the key
environmental factors determining the occurrence of characteristic ant and but-
terfly species in Dutch chalk grasslands. This knowledge on which environmen-
tal factors are of key importance leads to improvements in restoration measures
for chalk grassland insects.

METHODS
The life-history strategy approach to isolate key environmental factors is a
multi-step approach consisting of the theoretical compilation of life history-
strategies (step 1 to 3) and the application of these strategies to actual field data
(step 4).

Step 1. Trait analysis
Stearns (1976) and Siepel (1994) have argued that species’ responses to their envi-
ronment depend on their traits related to reproduction, development, synchro-
nization and dispersal. Therefore the first step in our approach is to identify the
main traits in these four domains for the species group under study. For exam-
ple, in butterflies the most important traits related to dispersal are adult size,
wing morphology and behaviour (migration and site fidelity). Based on litera-
ture the attributes of these traits can be listed for all species in the study sites. In
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many cases there is insufficient information on certain traits for some of the
species. These knowledge gaps are, however, not always problematic as some
traits can be predicted based on the remaining traits or are unimportant as the
functional implications are already determined by other traits.

Step 2. Evaluating consequences of traits and trait-
combinations
The next step is to evaluate the consequences of the trait combinations found in
step 1. Based on logic and literature the consequences of most traits are soon
apparent. For example, absence of wings and small body size clearly hamper a
species distribution and make species more vulnerable to habitat fragmentation
and isolation. It is important to incorporate all traits in this step and to be aware
of exceptions. Some species may for example have good flight ability, but if their
site fidelity is strongly developed, they may just as well be strongly affected by
site isolation. Within species, traits are linked through trade-offs. In general,
energy invested in one trait (e.g., number of eggs) causes species to invest less in
another trait (e.g., egg size). Species can also differ in energy-intake causing spe-
cialized species to be able to survive under low food conditions, but also restrict-
ing their investment in all life-history traits. Comparing species differing in
only a few traits helps to clarify how such trade-offs work and what their eco-
logical consequences are. Single traits and trait combinations can have many dif-
ferent ecological consequences. In this step of the analysis it is important to
focus on consequences at the spatial scale (microsite, habitat, landscape) and
hierarchical level (individual, population, species) that is appropriate for the
research question under study.

Step 3. Compiling life-history strategies
As a third step all species behaving similarly can be grouped. This grouping does
not only bring together species sharing the same traits, but also species with dif-
ferent trait combinations resulting in the same ecological consequences. This
grouping of species into life-history strategies that respond in a uniform way to
their environment, strongly reduces the number of response variables (few
strategies instead of many species). The strategies indicate a priori what the most
important environmental factors are within the taxonomic group under study.

Step 4. Analysis of field data
Finally the theoretically compiled life-history strategies can be tested and
applied to field data. By analysing shifts in the occurrence of the life-history
strategies between sites (or in time) it can be assessed whether the environmen-
tal factors identified as being important are a key issue at the study sites. As the
life-history strategy approach provides insight in the mechanisms causing
species’ responses to changes in their environment, the predictions provided by
this approach can be tested using measurements of the identified environmental
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parameters. For the Dutch chalk grasslands the outcome of the life-history strat-
egy analyses were tested using the results of a field survey in six Dutch chalk
grasslands and one Belgian and three German reference sites conducted in 2005
and 2006. Within these sites ground-dwelling species were collected using pitfall
traps. Butterflies and a number of other flying insects were assessed through
transect walks and free sweep net catches. In 2007, 2008 and 2009 additional envi-
ronmental parameters were measured at these ten sites to test the predictions of
the life-history strategy analyses.

RESULTS

Ants
Based on 14 life-history traits related to (colony-) reproduction, (colony-) devel-
opment, synchronization and dispersal, ants living in Dutch chalk grasslands
could be assigned to four functionally different life-history strategies. These
strategies can be characterized as generalists (G), poor dispersers (D), species
whose distribution is limited to sites with high food availability (F) and species
that are restricted to sites with high soil temperatures during nest founding
before the onset of winter (T). The main environmental parameters that affect
some ant species more than others are thus the degree of habitat isolation, the
amount of available food and the temperature of the soil in summer and autumn.
To detect whether any of these factors are a bottleneck in Dutch chalk grass-
lands the presence of the four life-history strategies in Dutch chalk grasslands
and German and Belgian reference sites was analysed.

In total 35 ant species were caught in the ten surveyed sites. The number of
species per strategy ranged from four (strategy G) to 13 (strategy D). For strate-
gies F and G the average number of species per pitfall trap series did not differ
between sites (strategy F, χ2 = 12.15, P = 0.21, d.f. = 9; strategy G, χ2 = 15.04, P =
0.10, d.f. = 9). The number of species from strategy T significantly differed
between sites (χ2 = 23.40, P<0.01, d.f. = 9). This was also the case for the average
number of species from strategy D (χ2 = 23.02, P<0.01, d.f. = 9). It thus seems that
some of the chalk grasslands are too cold or too isolated for a number of ant
species, while food availability is not limiting at the study sites. These hypothe-
ses were confirmed by field measurements of the soil temperature and the dis-
tance between the study sites and their next nearest chalk grassland.

With increasing distance to the next nearest chalk grassland there was a sig-
nificant exponential decline in the number of species from strategy D (R2 = 0.58,
P = 0.01, d.f. = 9). Especially sites that were more than 1 km away from the next
nearest chalk grassland had low numbers of species from strategy D.

The number of ant species from strategy T was strongly positively correlat-
ed to the soil temperature in August, September and November (R2>0.33, P<0.01,
d.f.>16). The soil temperature itself turned out to be strongly determined by
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management timing, in addition to site specific factors like aspect and inclina-
tion. Sites that were only mown or grazed in autumn had a significantly lower
average soil temperature in August than sites that were mown or grazed during
the summer season (ANOVA: F = 22.0, P<0.001, d.f. = 23). In addition the
increase in soil temperature between May and August was significantly lower in
sites without summer management (ANOVA: F = 6.360, P = 0.024, d.f. = 15). All
sites with only autumn management had low numbers of species from strategy
T and low August soil temperatures irrespective of their aspect and inclination.
It thus seems that restricting grazing and mowing activities to the autumn/win-
ter season is a serious bottleneck in Dutch chalk grasslands for ant species from
strategy T (Fig. 2).

Butterflies
For butterflies a similar analysis as demonstrated above for ants revealed that
habitat isolation and the current intensity of autumn management are most like-
ly important bottlenecks. Based on their life-history traits all characteristic chalk
grassland butterflies can be classified as poor dispersers. Field data show that
only one site (Sint Pietersberg), which is located nearest to source populations
in Belgium (1 km) has experienced recolonisations of characteristic species in the
past decades (Vlinderstichting, unpubl. data). In addition most characteristic
chalk grassland butterflies hibernate as caterpillars or pupae in the vegetation or
litter layer. High mortality caused by heavy grazing during hibernation could be
an important reason for the continuing decline of these species following man-
agement intensification around 1980. Such negative effects of the current inten-
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Figure 2. Effect of vegetation structure on the soil temperature at 5 cm depth on a
sunny day in May (maximum air temperature 20.2 °C) in a chalk grassland. The red
line shows the soil temperature under a short sward (mown in previous autumn). The
blue line depicts the temperature on the same day and at the same site at a spot with a
thicker vegetation layer (1 year after mowing).



sity of autumn grazing in Dutch chalk grasslands (Fig. 3) were confirmed in an
experiment in which the survival rate of Glanville fritillary (Melitaea cinxia)
caterpillars was measured under different grazing regimes (CGE van Noord-
wijk, unpubl.).

DISCUSSION

Life-history strategies as a tool
There is a growing body of evidence that traits and strategies are a useful tool to
understand species responses to their environment (e.g., van Kleef et al. 2006,
Lambeets et al. 2009, Öckinger et al. 2010, van Turnhout et al. 2010, Verberk et al.
2010a). However, the use of life-history strategies is still limited (but see Siepel
1995, Verberk et al. 2008a,b, Verberk 2010, van Turnhout et al. in press). One rea-
son for this is that the compilation of meaningful life-history strategies is a very
time consuming process, which is often hampered by a lack of sufficiently detailed
trait information. On the other hand, once compiled life-history strategies provide
a framework that can be extended and reused to solve new issues. Due to the over-
whelming number of traits and interactions between traits the compilation of
strategies may seem arbitrary, but the opposite is true. Analysing the potential
species variation and the functional consequences of these species’ life-history
traits actually helps to focus on those environmental factors that are most impor-
tant to the species group under study. Due to this bottom-up character the life-his-
tory strategy approach provides important new insights, which are not revealed by
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Figure 3. Glanville fritillary
(Melitaea cinxia) nest damaged
by sheep grazing in autumn.
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traditional top-down approaches. In the ant analysis it was not only revealed that
soil temperature is an important parameter, but specifically soil temperature in
summer and early autumn. This led to the hypothesis that summer management
is essential, which was confirmed by field measurements. A traditional approach
would most likely have revealed a correlation of the affected species to soil tem-
perature in general leaving us unaware of the importance of summer management.

Another advantage of the life-history strategy approach is its mechanistic
character. This method provides actual insight into the mechanisms causing
species responses to their environment. Therefore it provides clear testable
hypotheses, enabling rigorous testing of its results. In addition, the life-history
strategy approach can be used in situations in which the traditional top-down
approaches are unsuccessful, for example due to low numbers of study sites in
relation to the number of environmental parameters.

Bottlenecks in chalk grassland restoration
The life-history strategy analyses that were conducted for ants and butterflies
revealed two main bottlenecks for the restoration of these species in Dutch chalk
grasslands, habitat isolation and the timing of management actions. Habitat iso-
lation is known to be an important problem both for chalk grassland butterflies
(Wallis de Vries et al. 2002) and ants (Mabelis 1994, Mabelis & Verboom 2009).
Smits (2009) has demonstrated that also characteristic plant species are severely
threatened by the current degree of isolation of Dutch chalk grasslands. The
same is true for grasshoppers (Kleukers et al. 1993, 2004) and most likely also for
many other insect species. For both ants and butterflies it seems that a distance
of more than 1 km between habitat patches provides a serious bottleneck for (re-)
colonisation of suitable habitats.

Both for ants and butterflies it was also revealed that the current manage-
ment timing does not match the life-cycle of chalk grassland species.
Interestingly, the results for ants and butterflies are different but highly comple-
mentary. Ants from strategy T need a short, open sward, which provides high
soil temperatures in summer and autumn. It was demonstrated that adequate
summer management is essential to reach such high soil temperatures in Dutch
chalk grasslands. At the same time, the butterfly data showed that the current
autumn grazing intensity in most sites is too high for most butterfly species.
Thus also for butterflies it would be better to concentrate management efforts in
the summer months instead of autumn. It is yet unclear to what extend the cur-
rent management timing is also a bottleneck for other insect groups. It is likely
that the negative effects of intensive sheep grazing in autumn extend to all
insect species hibernating aboveground.

Management recommendations
To restore and conserve ant and butterfly communities in Dutch chalk grass-
lands both of the identified bottlenecks need to be addressed. To enable poorly
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dispersing species to exchange between sites and to colonise new sites the con-
nectivity between chalk grasslands needs to be improved. Both for ants and for
butterflies a maximum distance between sites of 1 km seems essential to provide
opportunities of inter-site dispersal. To create such a network of chalk grassland
sites it is important to restore severely degraded chalk grassland patches and
even create new nutrient-poor grasslands on ex-arable land.

To tackle the problem that the current management timing does not match
the life-cycle of chalk grassland ants and butterflies the management cycle
should be adapted. All Dutch chalk grasslands are currently mainly grazed or
mown in autumn. Some sites are additionally managed in summer. For both
species groups in this study it would be better to shift the main management
period to the summer season (May-June), where necessary combined with low
intensity autumn grazing. This is most likely also beneficial for the chalk grass-
land vegetation as soil nutrient levels are still increasing under the current
autumn management. Summer management is expected to counter this trend,
restoring nutrient poor conditions that are essential for characteristic chalk
grassland plants (Smits 2010). Summer mowing and grazing may however, cre-
ate new problems like insufficient nectar plants for butterflies and bees.
Therefore it is important to spread management actions both in time and space
to create escapes for vulnerable species. Sites should be divided into several com-
partments which are managed separately, with ample time between compart-
ments to allow reflowering and regrowth of food plants. Such compartimenta-
tion also allows to adapt the management intensity to the local situation. In this
way the negative effects of disturbance caused by management actions can be
minimised, while optimising the vegetation structure. Such a management
regime has already been applied successfully for several years in a number of
Belgian chalk grasslands. It also strongly resembles the historic grazing regime
that was applied in the Dutch chalk grasslands prior to 1900 (Hillegers 1993).
This is however, no guarantee for success as the circumstances have changed
dramatically due to the nitrogen accumulation in the soil and the radical changes
in landscape configuration that have occurred over the past century. Field test-
ing of the proposed management alterations is essential to really improve
restoration management for chalk grassland insects.
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Based on monthly monitoring, 330 Lepidoptera species were observed
in an urban district (Tuindorp, Utrecht, The Netherlands) between
1976 and 2001, many of these new with respect to current inventories.
Seasonal variation of number of species, number of individuals and
Shannon diversity of samples show sharp maxima at the end of July,
while evenness shows a minimum. Trend analysis of the maxima
shows decreases of 20-28% for the pertinent period, whereas the mini-
mum and the days at which the extreme values occur do not change
substantially. Temperature and precipitation can partly explain these
trends.

Keywords: Lepidoptera, seasonal, annual, diversity, climate, urban dis-
trict

Systematic and long-term monitoring of Lepidoptera in an urban district in The
Netherlands has not been reported before in the literature, to my knowledge.
However, his type of study can provide information on the fauna suited to sur-
vive in an environment of ever growing urbanization (Settele et al. 2009). Due
to practical limitations my long-term monitoring had to apply relatively simple
sampling methods such as visual inspection of consumer light sources, illumi-
nated shop windows, beating of vegetation, short walking routes close to the
place of living, and macrophotography. Fortunately, the past decades have pro-
vided a wealth of means for improved determination, recording and data inter-
pretation enabling studies beyond the mere recording of species.

Here I report methods and results of a 26-year study in the district of
Tuindorp in the city of Utrecht, The Netherlands. The study has three main
objectives: determination of the local fauna at the level of separate species
including all stages, and seasonal variation and long-term annual trends at the
level of the total assemblage of adults only. The latter will include the possibil-
ities for explanation based on climatic factors.

Lepidoptera monitored in the city of Utrecht
(district Tuindorp) in the period of 1976-2001

PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 22 - 2011 87



MATERIALS AND METHODS

Sampling, determination and recording
During 26 years (1976-2001) Lepidoptera (macrolepidoptera, diurnal butterflies
and macromoths) were monitored in the garden of a private house (coordinates
52°06’26.25’N, 5°07’33.38’O) and in the surrounding district of Tuindorp (built in
1930-1937, area 0.464 km2, around 6000 inhabitants). The district is located in the
north-eastern part of the city of Utrecht, in 5 × 5 km gridcell 31-48
(Staatsbosbeheer 1981), The Netherlands. The district is relatively green. A few
wasteland spots were built on during the monitoring period and another one in
the north-western corner of the area was managed in an environmentally friend-
ly way after 1993. The district is included by railways and, beyond 1 km distance,
by highways, in the north-eastern direction bordering to a relatively open area,
partly aiming at the development of nature.

On each of the 163 complete sampling days, focusing on adults, Lepidoptera
were observed at daytime and evening-night (until 4-5 h after twilight) both in
the garden and on fixed walking routes of 1-2 km lenght through the district. In
the garden in the daytime beating of vegetation took place and in the evening-
night visual inspection of a light source (consumer light bulb of 150 W at 2.5 m
height shining to the south-west into the garden). On the walking routes butter-
fly and moth attracting vegetations in gardens were inspected and in the
evening/night illuminated shop windows. In addition to these complete sam-
pling days a large number of accidental and incomplete observations took place
of all stages.

When necessary for determination the insects were photographed (diaposi-
tives up to 1.4× magnification). 74.8% of the species recorded were photographed.
No killing or preparation took place. Individuals were identified by comparing
with images and descriptions in the literature with an estimated certainty of
94.2%. Recently in some cases redetermination was carried out by comparison
with data on websites on microlepidoptera (Microlepidoptera 2006) and
macrolepidoptera (De Vlinderstichting & Werkgroep Vlinderfaunistiek 2008).
Species were included in records of an Excel database. The total number of
records is 12180, 2693 records of these are for complete sampling days.

Faunistics
Species of the total number of records were tabulated by series number and name
(Werkgroep Vlinderfaunistiek & De Vlinderstichting 2010), number of years
the species was observed, the first and last year of observation and its presence
in gridcell 31-48 according to website data mentioned above. It was indicated
whether alternative identification could be excluded, whether additional species
could be present under the same identification and whether the species is con-
sidered to be rare for The Netherlands.
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Seasonal variation
Complete samples were characterized (Magurran 2007) by: the number of
species (S), the total number of individuals (N), Shannon diversity (H) and
evenness (E = H/S). The latter is a measure of the equality of the partitioning
of individuals over the species. The Shannon diversity is calculated from H =
exp (-Σi=1-S ln ni/N) with ni = number of individuals of species i. Plotting char-
acteristics of the samples vs. ranknumber of days in a year suggested that S, N
and H for a year could be fitted to a Weibull model and E to a parabola:

G = F. (K/L). (D/L)K-1. exp[-(D/L)K], with G = S, N of H (1)

E = B0 + B1. (D-B2)2

D = rank number of a sampling day

F, K, L, B0, B1 and B2 = parameters to fit.

For months (March-December) without sampling days the average was taken of
months from years having observed data. After the fit of parameters to 10
monthly data the seasonal variation of each year was characterized by the
extreme values (peaks and valleys) of the models and the day on which these
extrema occur:

Gmax = F.(K/L). [(K-1)/K](K-1)/K. exp[-(K-1)/K], Emin = B0 (2)

Dmax = L.[(K-1)/K]1/K, Dmin = B2.

Annual trends and climatic factors
Trends of the 4 extrema and 4 peak-/valley days P(J) over years (J) and trends
of climatic factors Ki(J) were defined as the slopes P1 and K1,i to be fitted in lin-
ear regression equations:

P(J) = P0 + P1.J, (3)

Ki(J) = K0i + K1i.J. (4)

Twelve climatic factors i – based on KNMI (2010) data – were studied: the annu-
al and seasonal temperatures and precipitation plus Weibull temperature peak
(Tmax) and peak-day (DTmax) calculated from these. It was attempted to explain
the trends of the characteristic quantities from trends of climatologic factors by
first carrying out the multilinear regressions:
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P(J) = A0 + Σi=1-12 Ai. Ki(J) (5)

followed by substitution of eqn. 4 in eqn. 5, resulting in

P(J) = V0 + V1.J, (6)

with V0 = A0 + Σi=1-12 K0i.Ai and V1 = Σi=1-12 K1i.Ai. For a statistically perfect
explanation V1 should be equal to P1.

All calculation were carried out in Excel or using S-PLUS software (S-PLUS
2000).

RESULTS

Fauna
The list of species (not shown here, but available on request) contains 330 species
(155 microlepidoptera, 21 diurnal butterflies and 154 macromoths). Eighteen
species, 10 identified unambigiously, are considered to be rare in The
Netherlands. Only one of these, Idaea rusticata (Denis & Schiffermüller, 1775),
was observed frequently (22 years) in the district. After division of the total peri-
od into 1976-1984 (9 years, 5766 records) and 1985-2001 (17 years, 6414 records) it
turned out that the number of species not observed in the second period (76) was
larger than the number not met in the first period (52). This decrease was
strongest for microlepidoptera and macromoths (see Fig. 1). Maniola jurtina (L.,
1758) and Polyommatus icarus (Rottemburg, 1775) were found because of improved
nature management after 1993.

On websites (Microlepidoptera 2006, De Vlinderstichting & Werkgroep
Vlinderfaunistiek 2008) 316 species (119 microlepidoptera, 26 diurnal butterflies
and 171 macromoths) are found for the complete gridcell 31-48 and the period of
1980-2010 (see Fig. 2). In my district 187 species were also found, 129 only in the
gridcell and 143 only in the district. The website Microlepidoptera 2006, recent-
ly founded, strongly underestimates the number of microlepidoptera. The web-
site De Vlinderstichting & Werkgroep Vlinderfaunistiek 2008 is mentioning
more diurnal butterflies because of the presence of a large open and nature area
in the gridcell which is not present in the district.

Seasonal variation
For each year extreme values of S, N, H and E were found after fitting of eqn.
1. A typical example is given in Fig. 3 for the year of 1981. Sharp peaks were found
around D = 203 (July 22) for S, N and H. Evenness shows shallow minima with
inaccurate valley-day values.
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Annual trends and climatic factors
Trends of S, N, H, E extrema and their peak-/valley-days are pictured in Fig. 4,
which contains the coefficients P1 (change/year) of eqn. 3. Smax, Nmax and Hmax

have statistically significant downward trends. Decreases of 20-28% of the mean
values were found in a period of 26 years. Emin does not show any trend, nor do
the peak-/valley-days of S, H and E. Only the peak-day of N shows a weakly
positive trend.

Trends of yearly, seasonal and Weibull temperature descriptors (T in °C × 10)
and of yearly and seasonal precipitation (R in mm) are given in Fig. 5, which
contains the coefficients K1i (change/year) of eqn. 4. All temperature descriptors
except for the autumn temperature show significant trends. All are positive,
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BOTH 65 21 101 187

DISTRICT 90 0 53 143DISTRICT 90 0 53 143

Figure 1. Correspondence (%) of species in the first 9 and second 17 years.

Figure 2. Correspondence (%) of species in the district and in gridcell 31-48.
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Figure 3. Extreme values and peak-/valley-days of S, N, H and E in 1981.

Figure 4. Change/year of S, N, H, E extremes and their peak-/valley days.
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except for the Weibull peak-day (Dmax,T) with its negative trend. The latter
means that the temperature peak has shifted towards earlier days in the perti-
nent period. This is caused by the strong increase of winter and spring temper-
atures compared to the absence of a trend in the autumn temperature. Only year-
ly and summer precipitation show a significant trend, which is positive.

A complete analysis of the results of eqns. 5 and 6 is in preparation. As an
example I present an explanation of the absence of a trend found in the peak-day
of the number of species in a sample (Dmax,S of Fig. 4 and eqn. 3). Relevant data
are given in Table 1.

The first and second column of the table mention the climatic factors
explaining by 63% (r2 = 0.63) the peak-day, the third column the changes/year of
the climatic factors and the fourth column their contributions in eqn. 6. The esti-
mated V1 = P1 = 0 within the errors. The temperature peak-day (together with
the temperature height) contributes the expected shift to an earlier peaking of S,
but this effect is neutralized by increased precipitation.
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Figure 5. Change/year of temperature and precipitation factors.
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Table 1. Explanation of the absence of a trend in Dmax,S
Ki Dmax,S, eqn. 5 K1,i in eqn. 4 K1i.Ai. in eqn. 6

156.2±27.4 (A0)
DmaxT 0.367±0.11 (A1) -0.373±0.185 -0.137
Tmax -2.49±0.83 (A2) 0.029±0.024 -0.072
Ryear 0.027±0.006 (A3) 6.87±3.37 0.190

0.63 (r2) -0.018±0.145 (V1)
0.000064 (p) 0.143±0.153 (P1 in eqn. 3)
3.82 (rse)



DISCUSSION
With respect to the fauna it has to be commented that my method will have
underestimated especially leaf-mining microlepidoptera and other species not
sensitive to visual inspection, beating of vegetation and light sources.

The (moderate) limitations to the certainty of identification of species will
be of less importance in the study of seasonal variation and annual trends.
Species in a sample should only be unique and different and not completely
identified for this purpose.

I have found limited or no trends in peak-days of the number of species, the
number of individuals and Shannon diversity of samples. I have explained that
this will be caused by increased precipitation counteracting the shift caused by a
decrease of the Weibull temperature peak-day. To the peaks will contribute an
assemblage of species including migrating ones, species hibernating as adults
and species of all generations. In addition, my temperature and precipitation fac-
tors are based on temperature and precipitation of the complete year. This may
explain differences with studies of others (e.g., Ellis et al. 1997), who found peak
shifts to earlier days for species selected in quite other ways.

Further analysis is required in order to find out to which degree the substan-
tial decrease of peak-heigts of the number of species, number of individuals also
found by others (e.g., Szentkiralyi 2002) and the Shannon diversity can be
explained by climatic factors. Other factors both inside and outside the district
studied could be much more important (Settele et al. 2009).
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Invited Plenary Lecture

Olfactory communication and sexual selection
Caroline Nieberding
Evolutionary Ecology and Genetics Group, Biodiversity Research Centre, Université
Catholique de Louvain, Belgium, caroline.nieberding@uclouvain.be

Sexual selection is considered as the main driving force of structures involved in
mating systems. Sexual selection relies on the existence of communication
systems among individuals and the signals used should convey information on
the identity of potential mating partners. 
Olfactory communication in the context of sexual selection is widespread, but
has been much less extensively studied than some other channels of communi-
cation including vision. Olfactory communication usually relies on combina-
tions of chemical components forming a sex pheromone. This chemical com-
plexity provides the potential to convey sophisticated information about indivi-
duals regarding for example social status, genetic relatedness or immunocompe-
tence. Such complexity has been documented in a few vertebrates and social
invertebrates and has revealed that a high level of refinement of the information
can be transmitted by sex pheromones. Yet, the preference of females for some
part of the signal, and the consequences thereof for the evolution of the signal,
remain largely unexplored, particularly in non-social invertebrates.
In recent years, we started investigating the evolution of olfactory communica-
tion by means of sexual selection in the butterfly model species Bicyclus anyna-
na. We showed that B. anynana females strongly rely on the perception of a
three-component male sex pheromone for mate choice, making this species a
good model to study the complexity of information conveyed by olfactory sig-
nals in a non-social invertebrate. We also showed that the information value of
the male sex pheromone is much more refined and detailed than previously
thought. 
Furthermore, the understanding of the specific information of importance for
females in the male sex pheromone blend allows making predictions about the
evolution of the signal across the Bicyclus genus.
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Lectures

1.1 Exotic mosquitoes in used tires, finding and control
in The Netherlands in 2010
Jakob Beeuwkes, W. den Hartog, M. Dik & E.J. Scholte
Centrum Monitoring Vectoren (nVWA), Wageningen, j.beeuwkes@minlnv.nl

Some mosquitoes are known for their ability to hitch-hike with goods around
the world. An example of this are used tires, which can be an ideal breeding-site
for some mosquito species. In the summer of 2010 three invasive mosquito
species were found on used-tire companies in The Netherlands: yellow fever
mosquito (Aedes aegypti), Asian tiger mosquito (Ae. albopictus), and American
rock-pool mosquito (Ae. atropalpus). The first two species are known for their
role as vector and form a potential threat to public health. Results of the surveil-
lance- and control-strategy of the invaders and implications of the invasion will
be presented.

1.2 Headlice resistance and guidelines for control
Marieta A.H. Braks, C. Reusken, C. Dam, I. Ligthart & D. Beaujean
Nederlands Instituut voor Volksgezondheid en Milieu, Bilthoven,
marieta.braks@rivm.nl

Headlice infestation (pediculosis) is a problem to many children and their par-
ents on the globe. In many countries resistance of headlice to a commonly used
pediculicide, permethrine, has been shown in bioassays and/or molecular assays.
Here we present the first results of such a study in The Netherlands. In addi-
tion, recent changes in the guidelines of headlice control in The Netherlands,
coordinated by the RIVM, will be discussed.

1.3 Mapping risk of the vector-borne viral infection Rift
Valley Fever for The Netherlands: mathematical model-
ling
Egil A.J. Fischer, Gertjan Boender, Aline A. de Koeijer & Herman J.W. van
Roermund
Central Veterinary Institute, Wageningen UR, Lelystad, egil.fischer@wur.nl

We constructed a risk map for the initial spread and establishment of the to-
Africa confined viral vector-borne infection Rift Valley Fever. Using climato-
logical, entomological and veterinary knowledge, we could map risk areas, and
gave insight in possible control by either veterinary measures or vector control.
The presentation will focus on the uncertainties regarding the entomology (vec-
tor density, vector competence and vector life history parameters) in our risk
estimates and predictions.
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1.4 Desiccation resistance in Borrelia-infected Ixodes
ricinus ticks?
Fedor Gassner & W. Takken
Foundation for Sustainable Development, Wageningen Universiteit, Zwolle,
fedor.gassner@wur.nl

Pathogen-mediated manipulation of arthropod behaviour has been described in
numerous organisms. Host searching activity of Ixodes ricinus ticks is limited by
the tick’s sensitivity to desiccation. Microclimatic conditions determine the
length of host searching activity and the height of the activity in the vegetation.
In turn, the host searching activity determines the chance of transmission of
Borrelia burgdorferi s.l. to and from hosts. Here, we question whether B. burgdor-
feri s.l. can alter the desiccation resistance of its vector I. ricinus. Survival analy-
ses showed that infected ticks survived significantly longer under desiccating
conditions compared to uninfected ticks. The results are discussed in relation to
transmission chance of the pathogen and previously obtained results on
increased activity of Borrelia-infected ticks.

2.1 Geographic and genetic variation of olfactory com-
munication in butterflies: the male sex pheromone of
Bicyclus butterfly species
Paul Bacquet, O. Brattström, H.-L. Wang, M. De Jong, S. Heuskin, C.
Löfstedt, P.M. Brakefield, A. Vanderpoorten & C.M. Nieberding
Evolutionary Ecology and Genetics Group, Biodiversity Research Centre, Université
Catholique de Louvain, Belgium, paul.bacquet@student.uclouvain.be

The importance of olfactory communication in reproductive isolation between
species is poorly understood. In Lepidoptera, evolution of sex pheromones is
thought to occur through ratio changes or presence-absence of components. In
the African species-rich genus Bicyclus (Nymphalidae, Satyrinae), wing struc-
tures (androconia) producing male sex pheromone (MSP) are key characters
in species discrimination. In model species B. anynana, MSP plays a role in
mate choice, and part of the pheromone blend is under strong directional sex-
ual selection by females. Reproductive isolation between closely related
Bicyclus species may occur through evolution of MSP composition via sexual
selection.
In this framework, we assessed if and how MSP composition can diverge at the
intraspecific level, i.e. between geographically distinct populations of four
species. MSP composition was identified for each population by GC-MS.
Differences in MSP composition were analysed relative to phylogenetic related-
ness and geographic isolation. Sexual selection is expected to stabilize MSP
composition at the population level, but, with restricted gene flow, the high lia-
bility of the sexually selected trait should lead to some differences between
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allopatric populations. Our results show that the chemical differences are not
linked to genetic divergence between populations, and are sometimes as big as
those between species. This confirms that some intraspecific changes in the
MSP composition can be the base of a speciation event.

2.2 Fitness benefits of female mate choice and herita-
bility of male reproductive traits in the collembolan
Orchesella cincta
Z. Valentina Zizzari, Annika Braakhuis, Willemijn Beulink, Nico M. van
Straalen & Jacintha Ellers
Dept of Animal Ecology, Vrije Universiteit Amsterdam, valentina.zizzari@falw.vu.nl

Several species have adopted a mating system of dissociated sperm transfer
where males and females do not have bodily contact to mate because males
deposit spermatophores on the soil. We investigated several aspects related to
the reproductive behaviour of the collembolan Orchesella cincta a species with
dissociated mating behaviour. We show that O. cincta females gain indirect ben-
efits from choosing among spermatophores of different males because female
choice increases the number of spermatophores produced by their male off-
spring.

2.3 The guidance system of male solitary bees chasing
females
Wopke Wijngaard
Sint-Michielsgestel, wopke.wijngaard@home.nl

Male solitary bees are chasing females in a characteristic way. Chasing behav-
iour has been filmed for Megachile willughbiella and Andrena vaga males. Films
have been partly analysed frame by frame and the results compared with a con-
ceptual model from control theory. For Megachile the model consists of three
parts: a control system for distance, a second control system for rotation of the
body axis, and a third control system for sideways velocity. In the distance con-
trol system, a switch from large to small reference distance will cause pouncing
upon the female. For Andrena the distance control system is replaced by a sys-
tem in which the velocity is chosen.
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2.4 Sexually selected traits in butterflies: canalization
in the expression of a pleiotropic mutation?
Caroline Nieberding, G. San Martin, S. Saenko & P.M. Brakefield
Evolutionary Ecology and Genetics group, Biodiversity Research Centre, Earth and
Life Institute, Université Catholique de Louvain, Belgium,
gilles.sanmartin@gmail.com

A phenotype is said to be canalized when it is maintained invariant despite envi-
ronmental or genetic perturbations. Canalization of adaptive traits allows cryp-
tic genetic variation to accumulate, which may affect the evolvability of a pop-
ulation. Two important adaptive traits in the butterfly Bicyclus anynana are the
production (by the androconia on the wings) of male sex pheromone (MSP) and
the shape of the dorsal forewing eyespots, as these traits determine male mating
success and are under sexual selection by females. The mutant ‘comet’ was iden-
tified in the laboratory stock and it originally displayed modified eyespots and
androconial structures at all rearing temperatures. These phenotypic changes are
produced by a single, pleiotropic recessive mutation. 
Here we characterized the morphological (androconia size), physiological (MSP
production), and behavioural (mating success) effects induced by comet across 5
larval rearing temperatures (19-28 °C). We show that the induced morphologi-
cal and physiological changes increase when temperature decreases. Most affect-
ed by comet are the hindwing androconial structures, the correlated reduction of
MSP production, and the distorted shape of the eyespot foci. During the exper-
iments (across successive lab-generations), we saw that the comet phenotype
reversed to wild type at higher rearing temperature, limiting the mutation’s phe-
notypic effects to lower, supposedly more stressful, temperatures. Comet also
displays lower mating success than stock males, but it remains unclear whether
this is due to reduced MSP production or to differences in eyespots shape. We
suggest that the effect of the comet mutation was rapidly canalized at the phe-
notypic level at higher, more favourable, temperature. Yet, phenotypic effects of
comet could have remained visible at lower temperature because it is linked to
higher stress in this tropical butterfly species. The mutant may prove useful in
future studies of the genetic bases of canalization and pheromone biosynthetic
pathways.
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3.1 Does the overwintering strategy of Harmonia
axyridis contribute to its high invasiveness?
C. Lidwien Raak-van den Berg, Jeltje M. Stam, Lia Hemerik, Peter W. de
Jong & Joop C. van Lenteren
Entomologie, Wageningen Universiteit, lidwien.raak-vandenberg@wur.nl

A semi-field experiment was carried out to assess the winter survival of the
exotic Harmonia axyridis in The Netherlands. Overwintering H. axyridis adults
were collected at various locations in late autumn. Hibernation was monitored
in outdoor cages at a central location and at the original overwintering sites.
Winter mortality was measured. Harmonia axyridis had a high survival during
the relatively cold and long winter of 2009-2010 in The Netherlands. The orien-
tation of the overwintering sites (North, East, South, West) influenced survival.
Harmonia axyridis overwintering in leaf litter showed high mortality. 

3.2 Longhorns in The Netherlands: evaluation of eradi-
cation of Anoplophora chinensis
A.J.M. Loomans, B.F. Wessels-Berk & D.J. van der Gaag
Plant Protection Service, National Reference Centre, Wageningen,
a.j.m.loomans@minlnv.nl

The invasive longhorn, Anoplophora chinensis (Forster), has been intercepted on
many consignments of plants for planting of Acer spp. originating from China
and Japan. As a result of two small outbreaks in December 2007 (Westland) and
November 2009 (Boskoop) on trees and shrubs outside a nursery, EC decided to
take emergency measures to eradicate this pest. The results of the findings and
eradication measures are discussed.

3.3 Mapping potential occurrence of exotic species
using CLIMEX: case of the Asian hornet Vespa velutina
nigrithorax in The Netherlands
A. Ibáñez-Justicia & A.J.M. Loomans
Plant Protection Service, National Reference Centre, Wageningen,
a.ibanezjusticia@minlnv.nl

The Asian hornet Vespa velutina nigrithorax was introduced in southern France
in 2004. During the inventory in 2009, nests were found in the vicinity of Paris.
To predict the potential occurrence in The Netherlands, a CLIMEX study has
been conducted. The results show the likely geographic origin of European pop-
ulations of the hornet in Yunnan province (China), and the suitability of cli-
mate in The Netherlands for support their populations.
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3.4 Introduction of the tomato leafminer Tuta absoluta
into Europe
M.J. van der Straten, R.P.J. Potting & A. van der Linden
Plant Protection Service, National Reference Centre, Wageningen,
m.j.van.der.straten@minlnv.nl

The tomato leafminer, Tuta absoluta (Lepidoptera, Gelechiidae), originating
from South America was introduced in Spain in 2006. An overview is given of
the pest risk analysis of this new pest for The Netherlands. Information is given
on the routes of introduction, spread throughout Europe, and possible impact.
The actual situation in The Netherlands and the EU is discussed.

4.1 Effects of three host plants of Maruca vitrata on
the development of the parasitoid Apanteles
taragamae
Elie A. Dannon, Manuele Tamò, Cyriaque Agboton, Arnold van Huis &
Marcel Dicke
Entomologie, Wageningen Universiteit, eliedannon@yahoo.com

Effects of three host plants of the cowpea pod borer Maruca vitrata on the devel-
opment of the parasitoid Apanteles taragamae were investigated in laboratory at
28.7 ± 0.6 °C. Maruca vitrata larvae were fed with flowers of Vigna unguiculata,
Sesbania rostrata, and Lonchocarpus sericeus, or artificial diet. The longest develop-
ment time and the lowest proportion of females were obtained on L. sericeus.
Female wasps took longer to develop compared to males. The nonlinear trend of
the daily fecundity indicated that A. taragamae is a pro-ovigenic species.

4.2 Geographic variation in photoperiodic induction of
diapause in Nasonia vitripennis in Europe
Silvia Paolucci, Louis van de Zande & Leo Beukeboom
Evolutionaire Genetica, Rijksuniversiteit Groningen, s.paolucci@rug.nl

In order to survive in different environments, the cosmopolitan parasitoid wasp
Nasonia vitripennis needs to adjust larval diapause induction to synchronize its
life cycle with seasonal cycles. Photoperiodic diapause response (critical pho-
toperiod for inducing diapause, the effect of maternal age and overall diapause
incidence) in populations collected along a latitudinal gradient in Europe
showed a latitudinal cline which is highly suggestive for adaptive significance.
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4.3 Phenotypic and genomic characterization of para-
sitoid resistance in Drosophila
Laura Salazar Jaramillo & B. Wertheim
Evolutionaire Genetica, Rijksuniversiteit Groningen, l.salazar.jaramillo@rug.nl

Species of Drosophila show variable response against parasitoid wasps. The
source of such variability is not well understood yet. We have tested 11
sequenced species of Drosophila regarding their response against the wasp
Asobara tabida. We have also explored the presence of homologous genes
involved in parasitoid response (from D. melanogaster) in the rest of the lineage.
We show that the ability to succesfully respond against the parasitoid as well as
the pattern of abscence/presence of some homologous genes, cluster according
to phylogenetic relationships.

4.4 Parasitic manipulation: baculovirus-induced insect
host behaviour
Vera I.D. Ros, Stineke van Houte, Kelli Hoover & Monique M. van Oers
Virologie, Wageningen Universiteit, vera.ros@wur.nl

Baculoviruses infect insects, mainly of the order Lepidoptera. Infected larvae
become hypermobile and start climbing to the top of plants or the forest canopy.
This behaviour has been described as ‘Wipfelkrankheit’ or ‘tree top disease’, and
is thought to enhance the spread of the virus, thereby increasing the chance to
infect a new host. Our research aims at investigating this viral induced host
behaviour, by: 1. identifying viral genes inducing the change in behaviour, and 2.
identifying the host pathways that translate this viral signal into a change in
behaviour. 

5.1 Maggots and their use in wounds: YUK or not?
Sylvia A. Stegeman & Pascal Steenvoorde
Leids Universitair Medisch Centrum, Leiden, s.a.stegeman@lumc.nl

Maggot Debridement Therapy (MDT) becomes more and more common in
treatment of chronic wounds. In the last decade more than 100 papers were pub-
lished on this subject alone. MDT is used to help remove necrotic tissue from a
wound and reduce the chance the affected limb needs to be amputated. The limb
salvage rate is reported as 50% after use of MDT. This presentation will present
an overview of patient cases in which MDT played an important role.
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5.2 Pest control in practice: the state of the art
Yu Tong Qiu, Klaas van Rozen, Hilfred Huiting, Roelof Gruppen, Albert
Ester & Gijs van Kruistum
Praktijkonderzoek Plant & Omgeving, Lelystad, yu.tongqiu@wur.nl

Because of new EU regulations for plant protection products, the choice of
chemical control agents is getting more and more restricted. Therefore there is
urgent need for alternative plant protection tactics that are durable, environmen-
tally sound and effective. Our practice in the application of CATT (controlled
atmosphere temperature treatment), biological control as well as supervised
chemical control (especially seed coating) has been proven to be successful in
various pest control programs.

6.1 Changes in butterfly and dragonfly diversity in the
National Park Dwingelderveld 1990–2010
Ivo Lustenhouwer & Henk de Vries
Stichting WBBS, Vlinderstichting, Wageningen, ivolus2002@yahoo.co.uk

In 1990 en 2010 inventories were done on presence of butterflies and dragonflies
in the National park Dwingelderveld, The Netherlands. The results show that
the number of butterfly species has decreased while the number of dragonfly
species had increased. These differences and possible causes for these differen-
ces will be presented. Suitable nature management options for butterflies and
dragonflies will be explained.

6.2 Changes in nectar supply: a possible cause of
widespread butterfly decline
Michiel WallisDeVries, CAM van Swaay & CL Plate
Entomologie, Wageningen Universiteit, michiel.wallisdevries@wur.nl

Flowers constitute one of the main resources determining habitat quality for pol-
linators. Yet, data on changes in flower abundance are rare. We estimate trends
in floral nectar abundance on a national scale and link these data to trends in but-
terfly species richness and abundance. The results show that butterfly decline
can indeed be linked to a substantial decline in overall flower abundance and
specific nectar plants such as thistles.
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6.3 The beneficial effects of moderate grazing intensi-
ties on biodiversity in salt marshes
Roel van Klink, Michiel Wallis de Vries & Jan P. Bakker
Community and Conservation Ecology, Rijksuniversiteit Groningen,
r.van.klink@rug.nl

The utilization of large grazers is a common practice to conserve grassland
ecosystems. It prevents succession towards species-poor climax vegetations and,
if applied in the right way, will create niches for more species than ungrazed or
intensively grazed situations. The effects of large herbivores on plants have been
studied thoroughly, but we are only beginning to understand the effects and
mechanisms determining the biodiversity of invertebrates. I show the effects of
moderate grazing intensities in salt marshes on four groups of invertebrates: spi-
ders, beetles, bugs and leafhoppers.

6.4 Using life-history analyses to improve restoration
management for chalk grassland insects
C.G.E. van Noordwijk
St. Bargerveen, Nijmegen, t.vannoordwijk@science.ru.nl

Renewed restoration efforts have not lead to full recovery of the rich entomofau-
na of Dutch chalk grasslands. To detect the main bottlenecks and to develop
promising restoration management tools we used a life-history strategy
approach. We analyzed the occurrence of ants and butterflies with different life-
history strategies in Dutch chalk grasslands and reference sites. Management
timing and habitat isolation turned out to be the main parameters determining
the occurrence of characteristic species. The research is now expanded to incor-
porate carabid beetles, true bugs and bees.

6.5 Does nitrogen deposition cause decline of butter-
flies by fatal changes in host plant quality?
Gert-Jan van Duinen1, Mark Meijrink1, Jehan van den Berg1, Ankie de
Vries-Brock1, Camille Turlure2, Michiel Wallis de Vries3 & Arnold van den
Burg1
1St. Bargerveen/Dierecologie, Radboud Universiteit Nijmegen, g.vanduinen@
science.ru.nl; 2Quantitative Conservation Biology, Catholic University of Louvain-la-
Neuve, Belgium; 3Vlinderstichting/Entomologie, Wageningen Universiteit

The typical butterfly species Coenonympha tullia, Boloria aquilonaris and Plebeius
optilete of nutrient-poor raised and transitional mires show a strong decline in
parts of their distribution area, while their respective host plants (Eriophorum
vaginatum and other grasses and Oxycoccus palustre and related species) are still
present. We hypothesized that decreased availability of minerals as a result of
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acidification and drainage, as well as increased availability of nutrients due to
increased atmospheric nitrogen deposition cause imbalances between nitrogen
and essential minerals and amino acids in host plants that are fatal to the cater-
pillars. To test this we compared host plant quality between sites with different
atmospheric N deposition and ground water supply. In a bio-assay caterpillars
fed with young Oxycoccus leaves from a Belgian minerotrophic mire did better
than caterpillars fed with Oxycoccus leaves from a more acid Dutch mire. Thus,
changes in host plant quality could indeed result in deficiencies to the caterpil-
lars of threatened butterflies. In young Oxycoccus leaves an imbalance was found
between N and some minerals and amino acids with increasing N content.
Could this imbalance explain the caterpillars’ response to Belgian and Dutch
leaves?

7.1 Reproductive mode and diversity of root aphids in
ant nest mounds
A.B.F. Ivens, D.J.C. Kronauer, I. Pen, F.J. Weissing & J.J. Boomsma
Theoretische Biologie, Rijksuniversiteit Groningen, a.b.f.ivens@rug.nl

Several species of root aphids closely interact with the ant Lasius flavus. The ants
feed on aphid honeydew and actively protect and house aphids in their nests.
With the use of microsatellite markers and behavioural experiments, we aim to
acquire a better understanding of this particular mutualistic interaction and (cul-
tivation) mutualisms in general. Here, we show that all three studied aphid
species reproduce asexually on Schiermonnikoog (NL) and occur at low levels
of (genetic) diversity in the ant mounds.

7.2 Mechanisms favoring and constraining the transition
to asexuality
Tanja Schwander
Evolutionaire Genetica, Rijksuniversiteit Groningen, t.schwander@rug.nl

The frequency and phylogenetic distribution of asexuality versus sexual repro-
duction depend on a dynamic equilibrium between the origin of new asexual lin-
eages, their coexistence with sexual sister groups, and relative extinction rates.
Using insect models, I try to understand which evolutionary pathways can lead
to the successful establishment of new asexual lineages, and how different routes
to asexuality affect the competitiveness and long-term persistence of asexuals.
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7.3 PI-Wolbachia in the parasitoid wasp Tetrastichus
coeruleus: the causes and consequences of being
infected
Barbara M. Reumer, Jacques J.M. van Alphen & Ken Kraaijeveld
IBL, Animal Ecology, Leiden University, b.m.reumer@biology.leidenuniv.nl

The parasitoid wasp Tetrastichus coeruleus occurs both in sexual and asexual pop-
ulations in The Netherlands. Sexual populations occur on agricultural fields,
whereas asexual populations occur in natural areas. Asexual populations repro-
duce parthenogenetically due to a Wolbachia-infection. Sexual populations are
not infected. It is currently unclear how these populations can persist in such
close proximity. Sexual and asexual populations do not only differ in ecosystem
and reproductive mode, but also show differences in genetic background, life
history traits, physiology and behaviour.

7.4 Studying speciation using Nasonia wasps
Tosca Koevoets
Evolutionaire Genetica, Rijksuniversiteit Groningen, t.koevoets@rug.nl

When crossing different species, hybrids suffer from incompatibilities due to
disrupted gene-interactions of diverged genes. In order to understand the process
of speciation, many researchers have studied the nature of these disrupted gene-
interactions. However, dominance effects make these investigations very diffi-
cult. Here, we use the haplodiploid wasp genus Nasonia to study hybrid incom-
patibilities. Due to the haploidy of male hybrids, Nasonia is proving to be a per-
fect study system when investigating hybrid incompatibilities.

7.5 Imprinting regulates sex determination in the hap-
lodiploid wasp Nasonia vitripennis
Eveline C. Verhulst, L.W. Beukeboom & L. van de Zande
Evolutionaire Genetica, Rijksuniversiteit Groningen, e.c.verhulst@rug.nl

Sexual reproduction is widespread in nature, but sex determining mechanisms
vary considerably between species. Especially in insects a vast number of sex
determining mechanisms is known. In haplodiploid insect species sex chromo-
somes cannot be present and a different mechanism has to operate. The honey-
bee mechanism of sex determination is based on a complementary sex determin-
er (csd), but in other haplodiploid species, like Nasonia, it has been shown that
the honeybee mechanism of sex determination is not applicable. By studying
Nasonia sex determination we have identified a new mechanism for haplodiploid
sex determination that is based on epigenetic modifications of DNA.
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8.1 Heated competition, the impact of climate change
on the coexistence of competitive parasitoid species
Rianne Liefting
Vrije Universiteit Amsterdam, Heiloo, rianne.liefting@gmail.com

In the light of current climate change researchers have been examining and pre-
dicting effects on populations. Current predictive models use the associations
between environmental variables and known (single) species distributions to
define abiotic conditions within which populations can be maintained but disre-
gard biotic interactions. To determine the importance of these interactions I
looked at the reaction of two species of parasitoid wasps to changing tempera-
tures. Results show that behaviour of species changes in warming climates and
competition plays an important role in the loss of species.

8.2 Unraveling the mechanism of resistance to
Nasonovia ribisnigri in lettuce
Cindy J.M. ten Broeke, Joop J.A. van Loon & Marcel Dicke
Entomologie, Wageningen Universiteit, cindy.tenbroeke@wur.nl

The black currant-lettuce aphid, Nasonovia ribisnigri, is an economically impor-
tant pest of lettuce, Lactuca sativa. Control of the lettuce aphid in cultivated let-
tuce is largely based on genetic host plant resistance, based on a single gene, the
Nr-gene. The objective of this project is to unravel the resistance mechanism of
the Nr-gene by behavioral studies of the aphid. This was studied by using the
electrical penetration graph technique (EPG) and performance experiments.

8.3 The genetic basis of phenotypic traits causing
prezygotic isolation in Nasonia
Wenwen Diao, Louis van de Zande & Leo W. Beukeboom
Evolutionaire Genetica, Rijksuniversiteit Groningen, w.diao@rug.nl

Speciation is one of the most challenging aspects of evolutionary biology.
Although much has been learned about speciation processes, the genes responsi-
ble for reproductive isolation have been little studied. This project focuses on the
genetics and genomics of prezygotic isolation (courtship behaviour and
pheromones) in the parasitoid wasp Nasonia, aims to identify the traits underly-
ing prezygotic isolation and to determine the genes underlying Quantitative
Trait Loci (QTLs) for prezygotic isolation.
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8.4 Brain research in parasitic wasps: how oviposition
experience translates into neuron crosstalk
Alexander Haverkamp & Hans Smid
Entomologie, Wageningen Universiteit, alexander.haverkamp@wur.nl

Parasitic wasps are known for their astonishing learning abilities. During this
process of learning the selection of the right information to be stored into mem-
ory is a crucial step. Our current research aims to map those neuron circuits that
play major roles in evaluating information. In parallel, new methods are being
developed to investigate the activation patterns of these neurons. By combining
these two approaches we hope to provide further insights into the biological
basis of memory formation.

8.5 Reward value determines memory consolidation in
parasitic wasps
Marjolein Kruidhof, Foteini Pashalidou, Nina Fatouros, Louise Vet, Hans
Smid & Ties Huigens
Netherlands Institute of Ecology, Heteren, m.kruidhof@nioo.knaw.nl

Parasitoids can optimize searching efficiency for their inconspicuous hosts by
learning to associate odor cues with the reward of an egg-laying experience into
the host. We studied the effect of reward on memory consolidation in two par-
asitoid species, Cotesia glomerata and Trichogramma evanescens. These wasps par-
asitize the caterpillars and eggs, respectively, of the cabbage whites Pieris brassi-
cae and P. rapae. We found that both parasitoid species readily consolidated long-
term memory after one oviposition experience with the high-value host P. bras-
sicae, and only consolidated a shorter lasting memory type, identified as ‘anes-
thesia-sensitive memory’, with the low-value host P. rapae. Our results show for
the first time that the type of memory that an animal consolidates is dependent
on the reward value

9.1 Relative importance of plant traits affecting bot-
tom-up and top-down forces on insect abundance on
Brassica oleracea
Martine Kos, Colette Broekgaarden, Patrick Kabouw, Erik H. Poelman,
Louise E.M. Vet, Marcel Dicke & Joop J.A. van Loon
Entomologie, Wageningen Universiteit, martine.kos@wur.nl

We tested whether plant traits orchestrate insect communities stronger by bot-
tom-up or top-down forces with a model system of four cultivars of Brassica oler-
acea. During two field seasons, we measured different chemical and morpholog-
ical traits and the abundance of several herbivores and natural enemies.
Intraspecific chemical and morphological variation consistently affected the
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abundance of insect herbivores and their natural enemies. Differences in attrac-
tion of parasitoids and predators among the cultivars could not explain herbivore
and natural enemy abundance. We conclude that top-down forces, mediated by
emission of plant volatiles that attract natural enemies, were less important for
insect abundance than bottom-up forces, through plant chemistry and morphol-
ogy.

9.2 Not all pyrrolizidine alkaloids in Jacobaea plants
stimulated equally cinnabar moth oviposition
Dandan Cheng, Eddy van der Meijden, Patrick P.J. Mulder, Klaas Vrieling
& Peter G.L. Klinkhamer
IBL, Universiteit Leiden, d.d.cheng@biology.leidenuniv.nl

Six plants for each of 40 F2 hybrids of Jacobaea vulgaris and J. aquatica were offe-
red to cinnabar moths (Tyria jacobaeae) in an oviposition experiment in a green-
house. Egg batch numbers appeared genotype dependent and correlated to the
mean concentration of such pyrrolizidine alkaloids (PAs) as jacobine, jaconine,
jacoline and dehydrojaconine, which were calculated from the PA measurement
by LC-MS/MS for the same genotypes in a preliminary experiment.

9.3 Soil cooling facilitates hyperpredation of a bulb
scale mite predator by generalist soil-dwelling predato-
ry mites
Gerben J. Messelink, Eric de Groot & Renata van Holstein-Saj
Greenhouse Horticulture, Wageningen UR, Bleiswijk, gerben.messelink@wur.nl

Biological control in greenhouses has evolved the past decades from relatively
simple systems with specialist natural enemies to complex communities of
interacting natural enemies and pests. One of the complexities is caused by
using generalist predators which not only feed on multiple pest species, but also
on other natural enemies. Here we present how a generalist soil-dwelling preda-
tory mite can disrupt the biological control of bulb scale mites in Hippeastrum
(amaryllis) by preying on another smaller generalist predatory mite. Analyses
of soil and bulb samples suggest that this hyperpredation is facilitated by soil
cooling techniques that drive the predators together to small ‘islands’ of higher
surface temperatures.
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Posters

The effect of genetic diversity on colony productivity
in the red ant Myrmica rubra
E.J. Slaa, P. Chappell & W.O.H. Hughes
Leeds University, Oegstgeest, e.j.slaa@leeds.ac.uk

In the red ant Myrmica rubra both polyandry and polygyny occur, increasing
colony genetic diversity. In this study we investigated the effect of genetic
diversity on colony productivity. Genetic diversity had a negative effect on
colony fitness as measured by the onset of foraging after hibernation and the
production of larvae, but a positive effect as measured by the production of
males. Therefore the effect of genetic diversity on colony fitness may not be
straightforward.

Does the overwintering strategy of Harmonia axyridis
contribute to its high invasiveness?
C. Lidwien Raak-van den Berg, Jeltje M. Stam, Lia Hemerik, Peter W. de
Jong & Joop C. van Lenteren
Entomologie, Wageningen Universiteit, lidwien.raak-vandenberg@wur.nl

A semi-field experiment was carried out to assess the winter survival of the exo-
tic Harmonia axyridis in The Netherlands. Overwintering H. axyridis adults were
collected at various locations in late autumn. Hibernation was monitored in out-
door cages at a central location and at the original overwintering sites. Winter
mortality was measured. Harmonia axyridis had a high survival during the relati-
vely cold and long winter of 2009-2010 in The Netherlands. The orientation of
the overwintering sites (North, East, South, West) influenced survival.
Harmonia axyridis overwintering in leaf litter showed high mortality. 

Lepidoptera monitored in the city of Utrecht (district
Tuindorp), 1976-2001
Harrie A.J. Govers
‘s-Hertogenbosch, haj.govers@home.nl

Based on monthly monitoring, 330 Lepidoptera species were observed in an
urban district (Tuindorp, Utrecht, The Netherlands) from 1976-2001, many of
these new with respect to current inventories. Seasonal variation of number of
species, number of individuals and Shannon diversity of samples show sharp
maxima at the end of July, while evenness shows a minimum. Trend analysis of
the maxima shows decreases of 20-28% for the pertinent period, whereas the
minimum and the days at which the extreme values occur do not change sub-
stantially. Temperature and precipitation can partly explain these trends.
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