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This volume contains the proceedings of the 25th annual meeting of – mostly
exper imental and applied – entomologists in The Netherlands, held on Friday 13
December 2013, in Ede, near Wageningen. As every year, the Section Experim -
en tal and Applied Entomology (SETE) of the Netherlands Entomological Society
(NEV) organized the meeting. 

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

Jan Bruin
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Maaike Wubs1, Elias Böckmann2, Rainer Meyhöfer2 & Lia Hemerik1

1Wageningen University, Biometris, Department of Mathematical and Statistical
Methods, PO Box 16, 6700 AA Wageningen, The Netherlands, E-mail:
lia.hemerik@wur.nl; 2Gottfried Wilhelm Leibniz Universität Hannover, Institute of
Horticultural Production Systems, Dept. Phytomedicine, Herrenhäuser Strasse 2, 30419
Hannover, Germany

For use in a decision support system for control of pest arthropods a
simulation model has to be developed for predicting the population
dynamics of greenhouse pests and their biological control agents. The
first step in this process is modelling the pest population in a pre-
dictable way. Here, we report the results of specific improvements of
an INSIM simulation model and its validation with experimental data
collected in a tomato greenhouse. In this experiment known numbers
of the whitefly Trialeurodes vaporariorum were released in the tomato
crop. During the growing season adult whiteflies were monitored with
yellow sticky traps and the third and fourth larval stages were manu-
ally counted on nine leaves of eight plants. Simulation of the total pop-
ulation showed a similar trend as observations of larvae on plants and
adults on yellow traps, although the timing of fast population increase
was not correct. When simulations started with the median counts of
larvae on plants and estimated numbers of the other whitefly stages,
most simulations could accurately estimate the population in the com-
ing 3 weeks.

Keywords: INSIM, temperature-dependent, development, reproduc-
tion, yellow sticky plate

The whitefly Trialeurodes vaporariorum is a pest that can severely decrease crop
yield in glasshouse tomato through transmission of viruses and deposition of
sticky honeydew on the plant. The growers’ first interest is a healthy crop with-
out increasing costs or risks of yield losses. Therefore, they have to take deci-
sions on pest control with respect to the use of insecticides and/or biological
control agents. In The Netherlands integrated pest management (IPM) combin-
ing reduction of insecticides and introduction of biological control agents is
already successful since the 1990s (Lewis et al. 1997). IPM reduces the impact of
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pest control on the environment and results in a healthier final crop product. For
IPM to be successful, frequent monitoring of the pest status is necessary in order
to determine whether the pest population reaches a threshold (i.e., economic
injury level). There are already several modelling approaches considering the
greenhouse whitefly and natural enemies, mainly Encarsia formosa. The most
detailed one is by van Roermund (1995). He has been modelling the population
dynamics of the whitefly, T. vaporiarorum, and its parasitoid, E. formosa, with a
detailed simulation model which included stochasticity and dispersion, using an
individual based model for the behaviour of the parasitoid. Other models on
whitefly have been proposed by Yano et al. (1989) as well as Hulspas-Jordaan
and van Lenteren (1989).

To forecast insect development as part of a decision support system for con-
trol of pest arthropods we first have to build a model to predict the temperature-
dependent development, survival and reproduction of the pest insect. The new
version of the INSIM program (Hemerik & van Nes 2007), a follow-up of the
original program by Mols and Diederik (1996), was used for this purpose. The
development, survival and reproduction of the greenhouse whitefly as measured
under laboratory conditions were taken as summarised by van Roermund (1995).
To check whether these temperature-dependent parameters can forecast
observed population dynamics in the greenhouse, we validated them with data
from a greenhouse experiment. First, a simulation was done starting with the
number of released adult whiteflies. Subsequently, simulations starting with
median or mean counts of late immature stages on plants were performed to
check whether these give the same population trend as observed in 2-4 weeks.

METHODS AND MATERIALS

Experimental set-up
The greenhouse experiment with only whitefly was carried out at the Julius
Kühn-Institute in Braunschweig (Germany). In this greenhouse (40 m2) tomato
plants (cultivar: Campari; Enza Zaden Deutschland) were planted at the end of
April 2012. Plants were planted in four rows with 1.25 m between the rows and 12
plants per row. The plants were allowed to grow up to 2.5 m. When reaching this
length, they were forced to grow downwards. Leaves were picked when they
started degenerating. Two yellow sticky traps were placed (i.e., 1 trap / 20 m2)
between plants within rows. Yellow traps were positioned just above the plants
and their height was adjusted until maximum plant height was reached. The ini-
tial population of 24 adult whiteflies of each sex was released into the greenhouse
chamber at 16 May. All whitefly individuals originated from a permanent rearing
on tobacco (Leibniz Universität Hannover, Institute of Horticultural Production
Systems, Germany). They were reared for at least two generations on tomato
under greenhouse conditions (mean ± SD = 22.5 ± 5.5 °C, 44-80% RH). Due to
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exponential population growth of whiteflies this experiment was terminated at 1
August. Temperature was rather constant throughout the experiment (21.83 ± 4.16
°C). During the experiment fungicides were used to control powdery mildew
(July 3: Topas®, Syngenta; July 13: Collis®, BASF).

Adult T. vaporariorum were counted on yellow sticky traps. Additionally,
whiteflies (adults, 3rd and 4th instar nymphs including prepupae and pupae)
were counted directly on tomato leaves of eight plants. Per plant, adults and later
instars were counted on nine leaves, namely from the lower surface of three
tomato leaves at lower, intermediate and upper plant level, respectively. All
counts were taken at weekly intervals from 23 May until 1 August.

Description of the model
INSIM (INsect SIMulation) is a model for simulating the phenology and pop-
ulation development of insect species. The Manual of INSIM for MATLAB can
be found at the internet under the link http://content.alterra.wur.nl/webdocs/
internet/aew/downloads/webmanual_INSIM_for_MATLAB.pdf. The model
calculates daily temperature-dependent development for the considered species
from daily maximum and minimum or average air temperatures. The tempera-
ture sum is also calculated. Because in reality the development of insects in gen-
eral is a stochastic process, the INSIM model uses boxcar trains (see Goudriaan
& van Roermund, 1989) to simulate developmental dispersion.

Simulations were carried out for (1) the total whitefly population in the
greenhouse starting with the number of released adults and for (2) the popula-
tion on nine leaves starting from counts of third and fourth instars on nine
leaves at different times (22, 29, 36 or 43 days after the release of whiteflies) as
starting points for this population on nine leaves. In both simulations, measured
average daily air temperature was used to calculate development.

The first simulation started with the released numbers of adult whitefly and
simulation was continued till the end of the observations (1 August). The simu-
lated numbers of adult whiteflies were compared to the average catches on the
yellow sticky traps, and the simulated number of third and fourth instar larvae
to the counts of these instars on the plants. The focus here is whether the trend
of the dynamics was simulated correctly.

However, for the intended use of the simulation model, it is important that
the model can predict what will happen in the next 2-4 weeks. The model will
be initiated with the observed number of adult whitefly on yellow sticky traps
or number of larval stages three and four on the plant. We chose to start simu-
lation from the counts of third and fourth instars on the plants, as this gives the
current population size and is not an aggregation over the week, as the catches
on the yellow traps are. The number of individuals in the other stages of white-
fly (eggs, younger nymphal stages, adults) had to be estimated; from the time
that the population reached the state of steady increase in the first simulation
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onwards we could estimate the ratios between the different stages. With these
the other stages were initialized based on the counts of the third and fourth lar-
val stages. Both mean and median counts of larvae on the plant were used as
starting values. When the median count was zero, 0.5 was used. Simulations
were done for 30 days, as this is about the time span needed for prediction.
Simulated results were compared to the counts of larval stages on the plants.

RESULTS
In the model we first have to define all developmental stages in the lifecycle of
the greenhouse whitefly Trialeurodes vaporariorum. These stages are egg, first,
second, third and fourth larval stages, prepupa, pupa and adults (Fig. 1). For each
of these stages the temperature-dependent development and mortality had to be
defined in the appropriate tables (see Appendix). We have included minimum
and maximum thresholds for development according to van Roermund (1995).
Because adult male whiteflies are present in the greenhouse and can also be
caught on the yellow sticky plates, the male adult stage is included in the simu-
lation as a separate stage, because these do not lay eggs. In all other whitefly
stages there is no distinction needed between the sexes. The longevity of male
adults was assumed to be 46% of the longevity of female adults. For complete-
ness we provide the development, the variation therein and mortality rates at the
different temperatures relevant for the simulation model in the Appendix.

The simulation results starting from the numbers of adult whitefly initially
released into the greenhouse are shown in Figure 2. Because of the different y-
axes for both panels in Figure 2, it is only possible to say something about trends
in the simulation versus the data (quantities cannot be directly compared). The
counts of immature stages on plants decreased after mid-July, due to the immi-
gration of E. formosa from a nearby greenhouse (Fig. 2B). Therefore, after this
date observed data for both the adults and the later immature stages were omit-
ted. For adult whiteflies the trend in the simulation is the same as in the counts
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Figure 1. The lifecycle of Trialeurodes vaporariorum as modelled with INSIM.



on the yellow plates although it is delayed by 2 weeks (Fig. 2A). The fast in -
crease in population growth starts 1 week earlier in the simulations than
observed on the leaves (Fig. 2B).

The next simulations started from observed numbers of older immature
stages on the leaves. In this case, it is possible to directly compare the simulated
numbers to the observed numbers. The first simulation started 22 days after the
release of adult whiteflies into the greenhouse. This was the first day that imma-
ture whitefly stages were observed on the plants. In general, the population size
on nine leaves was estimated rather well for the coming 2-3 weeks. The simula-
tion that starts on day 22 with the average shows a slight overestimation after 2
and 3 weeks, but the one starting from the ‘median’ value not (Fig. 3A). The sim-
ulations starting with the average at day 29 increased very fast and clearly over-
estimated the population compared to the observations whereas the one starting
with the ‘median’ value showed a moderate increase which fits better to the
observations 1-3 weeks ahead. The simulation starting with the average at day 36
had an accurate simulation for 1 and 3 weeks ahead (days 43 and 56, respective-
ly), although the simulation overestimated the population observed on day 50.
Starting from the median counts underestimated the population growth in the
coming weeks. The simulation starting with the average at day 43 showed a sim-
ilar pattern to the one of day 29, and the simulations starting from the median
showed a better match with the observations (dashed lines in Fig. 3). On these
two days (29 and 43) the average is much higher than the median. For days 22
and 29, the simulation initiated at the adopted median of 0.5 for the third and
fourth immature stages give good results for the first 3 weeks. The population 4
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Figure 2. Model results for the simulation with INSIM of the numbers of Trialeurodes
vaporariorum in the different stages. The initial values of adult whiteflies were put at
the numbers released into the greenhouse in the experiment. (A) the number of adult
whiteflies in the simulation (line) and the mean number caught on the yellow sticky
plates (open squares), (B) the total number of larval stages three and four (line) and
the mean (open squares) and median (red triangles) number of larval stages three and
four on nine tomato leaves.



weeks ahead is not correctly simulated in any of the four starting days, neither
by starting from the mean nor the median.

Adult whitefly were also counted on the leaves. Simulations starting at the
medians (or adopted median of 0.5 when median was 0) gave accurate predictions
of the adult population on the plant 1-3 weeks ahead (results not shown). Only at
43 days both simulations overestimated the observed adult population on the
plant.

DISCUSSION
It is promising that this population based simulation of the temperature depend-
ent development of the pest insect T. vaporariorum can show a similar trend as
the catches of adult whiteflies on the yellow sticky plates or counts of larval
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Figure 3. Simulations of the population starting from the average count of older imma-
ture stages of Trialeurodes vaporariorum (3rd instar and older) on the plants with esti-
mated numbers in the other stages. Starting at (A) day 22, (B) day 29, (C) day 36, (D)
day 43; the mean (open squares) and median (red triangles) number of larval stages
three and four on nine tomato leaves. Drawn lines represent simulations starting with
average counts and dashed lines the ones starting with median counts, namely on days
22, 29, 36 and 43, respectively, 0.5, 0.5, 0.5 and 6 per nine leaves. For days 22 and 29,
median of 0.5 was used because the real median was zero, whereas the average was
above zero.



stages three and four on nine leaves. The simulations for the average population
of larval stages three and four on nine leaves starting from the counts on the
plants (Fig. 3) performed better than the simulations where the whole popula-
tion of adult whitefly in the greenhouse was simulated (Fig. 2), especially when
the simulations were started with the (approximate) median values. Only at day
36 the simulation starting at the median fits less well with the observations than
the simulation starting at the average. Simulations starting at the initial release
of the whitefly adults are less accurate and show a significant earlier (larval
stages) or later (adults) increase in the simulations than in the observations.
Simulating in this way can propagate errors: if there was an initial discrepancy
between simulation and observation, this will persist and even grow. Moreover,
we did not account for immigration and emigration of adult whiteflies. Also, the
plants on which the whitefly were counted, were not homogeneously distributed
over the greenhouse but from two central rows. This might lead to sampling
errors, because places close to doors or to windows that can be opened suffer
notoriously from high infestation with pest insects.

When comparing counts of adult whiteflies on yellow plates to simulations,
one has to keep in mind that a count on a yellow plate is the integration over the
last week, while the simulation gives the state on the current day. It is therefore
acceptable that observations on the yellow plates and the simulations of the
number of adult whiteflies do not completely coincide; trends in the simulated
adult population are expected to show up slightly later in the yellow trap catch-
es. However, the fast increase of the population of adults in the simulation
comes later than observed on the yellow plates, which is not accurate.

For the counts on the plants, the proportion of leaves on which the population was
counted decreased over the season, because always nine leaves were counted, while
the crop grew. This might therefore give a distorted impression of the population, as
a larger part of the population is sampled earlier in the season than later on. The
counts on the plant later in the season might therefore be less representative.

To correct for the discrepancy between simulated and observed trends in the
simulation of the total greenhouse, we looked at several aspects, like reducing
reproduction in the second half of female life. However, these only changed the
population size, not the observed trends.

Although simulation representing the whole greenhouse did not show the
right timing of dynamics according to the observations, and several options to
improve the simulation did not work, parameter values were not changed: the
more relevant simulations (the one starting from counts on the plants) as well
as the use of the same parameters of development and reproduction in other sim-
ulations (van Roermund 1995) showed good results.

For the intended use of the simulation model, the input is the count of adult
whiteflies on the yellow plates. Therefore, a reliable formula has to be developed
that can transform the catches on the yellow plates into the population in the

M. WUBS, E. BÖCKMANN, R. MEYHÖFER & L. HEMERIK

15



crop (Böckmann et al. 2015). The next thing is to find the right unit for the sim-
ulation, as the results of simulating the population in the whole greenhouse are
difficult to interpret. A useful unit is the numbers of whitefly per leaf, which
would require simulation of the leaf initial value as well. It should be noted, that
in that case it would be nice to run the model a particular number of times with
randomly drawn initial conditions between 25 and 75% quantiles in the observa-
tions and report the average result (with SE) from these simulations.

In conclusion, the median value of counted number of later immature stages
on nine leaves provides a good starting point for the simulation of their numbers
in the next 2-3 weeks. A decision support system based on this model that is
updated with weekly counts on late immature stages of whiteflies would project
the numbers of this pest population into the future more or less correctly.
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APPENDIX
Tables for the various stages of the whitefly Trialeurodes vaporiarorum:
Temperature-dependent development and mortality of eggs, first to fourth larval
stages, pre-pupae, pupae, pre-oviposition females, adult males and adult females,
and temperature-dependent oviposition of females (data from van Roermund,
1995).

Table A1. Eggs.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0464 0.11 0.0017
10 0.0541 0.11 0.002
12 0.063 0.11 0.0024
14 0.0734 0.11 0.0028
16 0.0855 0.11 0.0032
18 0.0994 0.11 0.0037
20 0.1154 0.11 0.0044
22 0.1335 0.11 0.005
24 0.1533 0.11 0.0058
26 0.1736 0.11 0.0065
28 0.1912 0.11 0.0072
30 0.1986 0.11 0.0075
32 0.1784 0.11 0.0067
34 0.0918 0.11 0.0035
35 NaN NaN 0
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Table A2. First larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0611 0.26 0.0026
10 0.0747 0.26 0.0032
12 0.0913 0.26 0.0039
14 0.1115 0.26 0.0048
16 0.136 0.26 0.0058
18 0.1655 0.26 0.0071
20 0.201 0.26 0.0086
22 0.243 0.26 0.0104
24 0.2919 0.26 0.0125
26 0.3468 0.26 0.0149
28 0.4051 0.26 0.0174
30 0.4598 0.26 0.0197
32 0.4956 0.26 0.0213
34 0.4814 0.26 0.0207
35 0.4381 0.26 0.0188
36 0.3557 0.26 0.0153
37 0.2174 0.26 0.0093
38 NaN NaN 0

Table A3. Second larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.1 0.35 0.0026
10 0.1185 0.35 0.0031
12 0.1404 0.35 0.0037
14 0.1663 0.35 0.0044
16 0.1971 0.35 0.0052
18 0.2335 0.35 0.0062
20 0.2766 0.35 0.0073
22 0.3277 0.35 0.0086
24 0.388 0.35 0.0102
26 0.459 0.35 0.0121
28 0.5415 0.35 0.0143
30 0.6341 0.35 0.0167
32 0.7273 0.35 0.0192
34 0.7841 0.35 0.0207
35 0.7668 0.35 0.0202
36 0.6792 0.35 0.0179
37 0.4602 0.35 0.0121
38 NaN NaN 0

MODELLING DEVELOPMENT OF A WHITEFLY

18



Table A4. Third larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.123 0.36 0.0046
10 0.1399 0.36 0.0053
12 0.1591 0.36 0.006
14 0.181 0.36 0.0068
16 0.2059 0.36 0.0078
18 0.2341 0.36 0.0088
20 0.2662 0.36 0.01
22 0.3026 0.36 0.0114
24 0.3436 0.36 0.013
26 0.3893 0.36 0.0147
28 0.4388 0.36 0.0165
30 0.4888 0.36 0.0184
32 0.5289 0.36 0.0199
34 0.531 0.36 0.02
35 0.4978 0.36 0.0188
36 0.4204 0.36 0.0158
37 0.2699 0.36 0.0102
38 NaN NaN 0

Table A5. Fourth larval stages.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.124 0.5 0.0043
10 0.1448 0.5 0.005
12 0.169 0.5 0.0058
14 0.1973 0.5 0.0068
16 0.2303 0.5 0.008
18 0.2689 0.5 0.0093
20 0.3139 0.5 0.0109
22 0.3665 0.5 0.0127
24 0.4278 0.5 0.0148
26 0.4994 0.5 0.0173
28 0.5831 0.5 0.0202
30 0.6807 0.5 0.0235
32 0.7946 0.5 0.0275
34 0.9277 0.5 0.0321
35 1.0023 0.5 0.0347
36 1.0827 0.5 0.0375
37 1.1519 0.5 0.0398
38 NaN NaN 0
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Table A6. Pre-pupae.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.1392 0.31 0.0054
10 0.1575 0.31 0.0061
12 0.1774 0.31 0.0069
14 0.1987 0.31 0.0077
16 0.221 0.31 0.0086
18 0.2438 0.31 0.0094
20 0.2662 0.31 0.0103
22 0.2872 0.31 0.0111
24 0.3051 0.31 0.0118
26 0.3174 0.31 0.0123
28 0.3211 0.31 0.0124
30 0.3119 0.31 0.0121
32 0.2841 0.31 0.011
34 0.23 0.31 0.0089
35 0.1901 0.31 0.0074
36 0.1397 0.31 0.0054
37 0.077 0.31 0.003
38 NaN NaN 0

Table A7. Pupae.
Temp (°C) Development rate SD Relative mortality rate
7.5 NaN NaN NaN
8 0.0879 0.3 0.0023
10 0.1067 0.3 0.0028
12 0.129 0.3 0.0034
14 0.155 0.3 0.0041
16 0.185 0.3 0.0049
18 0.2192 0.3 0.0058
20 0.2573 0.3 0.0068
22 0.2983 0.3 0.0079
24 0.3408 0.3 0.009
26 0.3815 0.3 0.01
28 0.4154 0.3 0.0109
30 0.4345 0.3 0.0114
32 0.4263 0.3 0.0112
34 0.3719 0.3 0.0098
35 0.3192 0.3 0.0084
36 0.2435 0.3 0.0064
37 0.1394 0.3 0.0037
38 NaN NaN 0
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Table A8. Pre-oviposition females.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.8221 0.54 0.8221
10 0.8221 0.54 0.8221
14 0.8221 0.54 0.8221
17 0.8221 0.54 0.8221
20 0.8763 0.54 0.8763
22 0.9145 0.54 0.9145
24 0.9543 0.54 0.9543
26 0.9958 0.54 0.9958
27 1.0173 0.54 1.0173
30 1.0173 0.54 1.0173
38 NaN NaN 0

Table A9. Adult males.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.1308 0.54 0.1308
10 0.0944 0.54 0.0944
12 0.0727 0.54 0.0727
14 0.0599 0.54 0.0599
16 0.0529 0.54 0.0529
18 0.0504 0.54 0.0504
20 0.0525 0.54 0.0525
22 0.0603 0.54 0.0603
24 0.0773 0.54 0.0773
26 0.1127 0.54 0.1127
28 0.1897 0.54 0.1897
30 0.3761 0.54 0.3761
32 0.8979 0.54 0.8979
34 NaN NaN 0
36 NaN NaN 0
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Table A10. Adult females.
Temp (°C) Development rate SD Relative mortality rate
-10 NaN NaN NaN
8 0.0649 0.54 0.0649
10 0.0459 0.54 0.0459
12 0.0349 0.54 0.0349
14 0.0285 0.54 0.0285
16 0.0251 0.54 0.0251
18 0.0239 0.54 0.0239
20 0.0248 0.54 0.0248
22 0.0286 0.54 0.0286
24 0.037 0.54 0.037
26 0.0547 0.54 0.0547
28 0.0952 0.54 0.0952
30 0.2058 0.54 0.2058
32 0.6505 0.54 0.6505
34 NaN NaN 0
35 NaN NaN 0

Table A11. Temperature dependent reproduction of female adult Trialeurodes vaporario-
rum (from van Roermund 1995). At each temperature, the maximum longevity is divid-
ed into two classes of equal length. Reproduction is given as the number of eggs laid
per day in these classes.
Temp (°C) Class 1 Class 2
7.5 0 0
8 0.0528 0.0528
10 0.7344 0.7344
14 3.2655 3.2655
18 5.8257 5.8257
22 6.7048 6.7048
26 5.4223 5.4223
30 3.1233 3.1233
34 1.2698 1.2698
35 0.9583 0.9583
36 0 0
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Thrips (a.k.a. thunderflies) are minute slender piercing-sucking insects
represented by over 5000 species in the order Thysanoptera. The west-
ern flower thrips, Frankliniella occidentalis, is a devastating pest insect
on numerous crop species worldwide. Besides the direct damage inflict-
ed by feeding on cell contents, they transmit pathogenic viruses lead-
ing to significant yield losses. Exploring and understanding the genet-
ic basis of plant resistance mechanisms to thrips can greatly benefit the
development of thrips-resistant crops. However, for the most part
resistance mechanisms at the molecular level are still unclear.
Screening plants for resistance to insects is generally a costly exercise
in terms of space, time and labor. The need for efficient large-scale phe-
notyping systems is increasing now that next-generation sequencing
has rendered a wealth of genomic information. Combining quantita-
tive genetics with high-throughput phenotyping systems could reveal
new genetic markers and genes that underlie thrips resistance in plants.
Breeding for host plant resistance with the help of these markers may
lead to a durable solution to F. occidentalis. This review will focus on the
mechanisms that plants can use to chemically defend themselves
against thrips, current methods of phenotyping for host plant resist-
ance against thrips and the role of quantitative genetics in elucidating
novel resistance mechanisms in natural plant populations.

Keywords: western flower thrips, Frankliniella occidentalis, resistance
breeding, crop resistance, literature review, phenotyping, quantitative
genetics

Rise of Frankliniella occidentalis
Thrips are minute, slender insects that belong to the Paraneoptera. The scientif-
ic name Thysanoptera derives from the Greek words thysanos (fringed) and pteron
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(wing), referring to their typical wing structure, although they are sometimes
alternatively called ‘thunderflies’, due to the observed swarming behavior of
these tiny insects, triggered by thunderstorms in hot summers. The Paraneoptera
lineage (also including the orders Hemiptera, Psocoptera and Phthiraptera) is
characterized by the progressive development of haustellate mouthparts, adapted
in different orders within the Paraneoptera branch for different feeding strategies
(Buckman et al. 2013). Thrips are unique in this branch (and among all insects
species for this matter) in having an asymmetrical feeding apparatus, consisting
of three haustellate stylets derived from the two maxillae and the left mandible
(depending on the species, the right mandible is reduced or completely lost dur-
ing embrogenesis). These stylets are housed in a conical mouth opening and can
pierce epidermal cells and pollen of plants to suck up their contents with the help
from the cibarial pump (Lewis 1984, Kindt et al. 2003). The empty cells fill with
air and become reflective, making them recognizable as ‘silver scars’. The west-
ern flower thrips (WFT), Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae), has established itself as a world-wide pest in the last decades. This
highly polyphagous thrips species causes direct feeding damage on many differ-
ent important crop species, and also indirect feeding damage by transmitting
pathogens like tospoviruses (Hunter & Ullman 1989). Starting from North
America, it spread to all other continents from the 1970s onwards (Kirk & Terry
2003). Western flower thrips are difficult to manage with pesticides, partly due to
their small size and thigmotactic behavior, which causes them to hide deep in the
flowers out of reach of most sprayed chemicals. In addition, their rapid life cycle
in combination with high pesticide pressures has led to the emergence of pesti-
cide resistance in the last two decades. The haplo-diploid mode of reproduction
of F. occidentalis may also enhance this process, wherein genes associated with
pesticide resistance are fully expressed in the haploid males (Cloyd & Bethke
2011). Countering thrips solely on the basis of pesticide applications is, therefore,
no longer an option. A more refined and holistic solution is needed, combining
different strategies in an Integrated Pest Management (IPM) approach. 

Key in the successful application of IPM is the use of non-insecticidal tactics
like biological control and host plant resistance. Other additional tactics can for
instance be found in insecticide resistance management (IRM) programs, like
the rotation of different insecticide use (with different modes of action), the
monitoring of thrips resistance and population sampling to determine proper
implementation of insecticide applications (instead of spraying pesticides in a
proactive manner) (Gao et al. 2012). Over the past few decades, much work has
been done in the development of efficient biological control agents. Several
effective 'natural enemies' of F. occidentalis, like predatory mites, have proven
their effectiveness in greenhouses, although the success rate of biological control
agents is dependent on the plant species (Ramakers 1988, Messelink et al. 2006).
In addition to biological control, host plant resistance is a cornerstone in IPM,
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yet the molecular mechanisms underlying host plant resistance to thrips are for
the large part still unknown, hampering the development of host plant resistant
crop varieties. This review will focus on ways in which plants can chemically
defend themselves against F. occidentalis, the different methods currently applied
to assess host plant resistance towards thrips and the role of quantitative genet-
ics in elucidating novel resistance mechanisms occurring in natural plant popu-
lations. Elucidating the molecular architecture behind host plant resistance to
thrips, will pave the way for breeding programs that can develop cultivars resist-
ant to F. occidentalis.

Plant defensive chemistry against Frankliniella occidentalis
The fact that plants are sessile organisms, does by no means imply that they are
helpless victims in relation to their environment. Although they are harassed in
some shape or form by members of all kingdoms of life, it is exactly this harass-
ment that has defined the unique defensive arsenal of plants. Plants have evolved
morphological features that hinder herbivory, like trichomes and leaf waxes
(Panda & Khush 1995, Schoonhoven et al. 2005), but likely even more important
are the diverse chemical defenses (Schoonhoven et al. 2005, Mithöfer & Boland
2012) that have evolved under the selection pressure of herbivores. F. occidentalis
is, for obvious reasons, often studied in relation to economically relevant (orna-
mental) crops, and some studies have brought forward chemical resistance in
plants against thrips herbivory. Protease inhibitors can have negative effects on
a wide range of insects. Using transgenic potatoes, it was observed that specific
cysteine protease inhibitors had a time-dependent deterrent effect on feeding and
oviposition success of F. occidentalis in 2-choice assays (Outchkourov et al. 2004).
In chrysanthemum (Dendranthema grandiflora) using TLC and HPLC, isobuty-
lamide was proposed as a candidate compound involved in thrips resistance
(Tsao et al. 2005). 

A different study, using nuclear magnetic resonance (NMR)-based
metabolomics showed that thrips-resistant chrysanthemum varieties contained
higher amounts of chlorogenic acid and additional bioassays with artificial diets
confirmed the negative effect of this phenylpropanoid on the survival rate of
juveniles (Leiss et al. 2009). Although chlorogenic acid occurs in high levels in
carrot plants (Daucus carota L.), NMR did not show differences in cholorogenic
levels between resistant and susceptible carrots. Instead, the flavonoid luteolin,
the phenylpropanoid sinapic acid and the amino acid beta-alanine were correlat-
ed with thrips resistance in this plant species (Leiss et al. 2013). Using several
wild and cultivated tomato species, the presence of acylsugars was correlated
with lowered thrips feeding damage (Mirnezhad et al. 2010). Using LC/MS on
nine different pepper (Capsicum) cultivars showed a correlation with several
tocopherols, alkanes, a sterol and a terpene in relation to thrips resistance,
although no additional bioassays were done to confirm the function of these
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compounds (Awang 2013). Studies with the model plant Arabidopsis thaliana
using transcriptomics and different knockout mutants, revealed a prominent
role of the phytohormone Jasmonic Acid (JA) in relation to thrips resistance.
Mutant plants hampered in their JA signaling pathway, were not able to trigger
induced defenses leading to higher susceptibility in two-choice assays (de Vos et
al. 2005). The function of JA in thrips resistance is not restricted to Arabidopsis
but is likely a general mechanism underlying resistance of plants to thrips. In
Chinese cabbage (Brassica rapa), JA also played a crucial role in the induced
defenses triggered by F. occidentalis (Abe et al. 2009).

Depending on the plant species and analytic tools used, different candidate
compounds have been brought forward that play a potential role in thrips resist-
ance. Correlations between specific chemical compounds and thrips resistance
are frequently found, but even when these compounds are further tested in in
vitro bioassays, a profound understanding of how these metabolites directly
influence thrips behavior is still lacking for the most part. Testing different
germplasm for chemical profiles will likely bring forward ‘interesting’ com-
pounds, but we should be careful in mixing up ‘correlation’ with ‘causality’,
especially when these compounds are not further investigated for their specific
role in plant resistance.

Current methods to phenotype thrips resistance
There are currently several different methods to determine the resistance of host
plant genotypes to F. occidentalis, based on assessing plant damage, population
size, and mortality or by monitoring insect behavior in various choice assay for-
mats or using Electro Penetration Graphs (EPG). When thrips feed on the epi-
dermal cell layers of various plant tissues, they leave behind typical silvery feed-
ing spots, also referred to as 'silver scars'. Plant damage in terms of the number
or total area of 'silver scars' can be used as a proxy for host acceptance and
growth rate of a juvenile individual or population (Abe et al. 2009, Leiss et al.
2013). Population size and/or mortality rate of thrips can be used as an end-point
measurement of resistance, using whole plants, or in vitro using detached plant
parts (Outchkourov et al. 2004). Extracts from plants can be screened using
micro-titer plates filled with plant extracts covered with parafilm, that thrips
can easily pierce through to feed and oviposit (Leiss et al. 2013).

To dissect overall host plant resistance into component traits, focusing on
insect behavior instead of host plant performance might be more effective
(Kloth et al. 2012). Complex traits are often multi-genic. Exposing these compo-
nent traits could lead to stronger signals in genetic studies, because there could
be less confounding of multiple genetic mechanisms within one phenotype. This
highlights the potential of accurate and high-throughput phenotyping of insect
behavior on host plants. Both for volatile and non-volatile cues two-choice
assays in a single open arena lasting no longer than 24 h have been used regular-
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ly (Outchkourov 2004, Yang et al. 2013). Distributions of insects are scored by
eye at specific time intervals. Volatile cues determine the initial choice, while
non-volatiles influence insect density distributions across both samples that
depend quantitatively on the content of the nonvolatile compounds. For consti-
tutive deterrents it was shown that they induced a stable differential density dis-
tribution within the first 4-6 h of the experiments (Outchkourov 2004, Yang et
al. 2013). To establish the exclusive role of volatiles, Y-tube olfactometer systems
have been the preferred setup (de Kogel et al. 1999; Koschier et al. 2000). Plant
volatiles are passed through a glass Y-shaped tube, and one thrips at a time is
scored for preference of either arm and odor source. As an alternative to Y-tubes,
flight behavior has been measured using wind tunnels (Davidson et al. 2006).
Both methods can accurately determine the initial choice of thrips individuals,
but it is hard to determine what happens after thrips arrive on a host plant.
Manual determination of thrips settlement over time can be used on whole
plants or leaf discs to elucidate thrips behavior after initial host plant selection.
This could elucidate the role of additional aspects like plant structure and sec-
ondary metabolites in relation to thrips behavior (Koschier et al. 2007, Yang et al.
2013). If detailed information on probing behavior is required, Electro
Penetration Graph (EPG) could be applied. This system uses an electric circuit
to ‘visualize’ the probing behavior of piercing/sucking insects. It was originally
designed to monitor probing behavior of aphids. The studies with thrips suggest
it is not a very reliable screening method of host plant acceptance for this order
of insects (Kindt et al. 2003, Kindt et al. 2006). In summary, existing methods to
quantify thrips feeding damage, behavior or life cycle have not yet been auto-
mated in any way or are not suitable for automation. Yet, there is a strong need
for methods allowing parallel-unattended screening of natural variation in
resistance/susceptibility traits.

Exploring natural variation in Arabidopsis for thrips
resistance
The metabolome of most plants is characterized by a huge variety of secondary
chemical compounds that can have negative effects on insect herbivores. It has
been estimated that plants can synthesize more than 200,000 specialized com-
pounds, which have evolved in the response to particular ecological challenges
(Mithöfer & Boland 2012). Morphological and chemical defenses are evolved
traits with a selective advantage against local threats. It is therefore likely, that
specific populations of a species with a worldwide distribution have adapted
their defensive traits to the local herbivores.

The model plant Arabidopsis thaliana is often studied in relation to insect her-
bivory, especially when research questions are centered on gaining insights in
plant defenses at the molecular level (de Vos et al. 2005, Bidart-Bouzat &
Kliebenstein 2011). The popularity of A. thaliana has several reasons, namely the
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vast amounts of molecular tools and mutant lines that are available and its prac-
tical use (small plants, small genomes, short generation time and selfing repro-
duction strategy). However, natural variation in A. thaliana is still an underex-
ploited area in plant science (Alonso-Blanco & Koornneef 2000), despite the
ample opportunity it offers to answer some of our most fundamental and excit-
ing questions concerning how and why key traits in plant defense have evolved.
More and more information on the molecular biology of plants is becoming
available in the current -omics era. Entire populations of model plants like A.
thaliana have been completely genotyped. Phenotyping such a population for the
ability to cope with biotic stresses such as insect herbivory, allows genome-wide
studies in relation to insect resistance. In this way, novel naturally occurring
defensive mechanisms and strategies may be discovered, that can be utilized to
further deepen our understanding of plant defense in relation to insect her-
bivory. Studying the genetic architecture on a genome-wide scale can take place
in a pedigree based QTL mapping or population based association studies
(Mitchell-Olds 2010).

Pedigree based linkage mapping (or QTL mapping) is the classical approach
in finding QTL that relate to the trait of interest. In general, it involves geno-
typing and phenotyping the F2 progeny of two well characterized parents, in
order to associate specific regions of the genome with the trait of interest. The
recombination events of such a population are often limited, resulting in a low-
resolution map wherein significant QTL can still encompass a region of well
over 1000 kb, covering hundreds of potential candidate genes. In addition, the
genetic diversity captured by such a population is very narrow, when compared
with the diversity on the species level. With the dropping costs of genotyping,
Association Mapping with large natural plant population has been put forward
as a promising tool, utilizing the recombination events of millions of years to
find QTLs underlying the trait of interest. Both approaches have complementa-
ry advantages and disadvantages (Mitchell-Olds 2010).

The Aradidopsis HapMap population consists of 349 wild A. thaliana acces-
sions that have been collected worldwide (Baxter et al. 2010). These accessions
have been genotyped, (initially for 250.000 SNPs, but the majority of these acces-
sions have by now been fully resequenced) bringing with it a promising tool for
-omics research at the population level. Since all these accessions and the asso-
ciated genetic information are freely available for all to explore, many different
laboratories in plant science contribute and collaborate while working on this
population. In the last few years, the first studies were published that used this
population. For example, this population was used to identify ATPase3 as the
primary determinant of natural variation in leaf cadmium (Chao et al. 2012). A
more recent study was conducted on drought response in this population, reveal-
ing novel effector genes involved in proline accumulation (Verslues et al. 2014).
Using the Arabidopsis HapMap, the worldwide genetic diversity in these traits
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was explored with GWAs mapping on the publically available SNP datasets.
Both studies show the benefits of working with Arabidopsis in a GWAs context,
as reverse transgenic approaches can be relatively easily applied to validate the
functional genes underlying significant SNPs. However, complex biotic interac-
tions are often multi-genic, and robust and multiple phenotyping tools should be
used to find clear association signals and validate the function of the potentially
many candidate genes that will be identified through GWAs (Kloth et al. 2012).
It is becoming more and more clear that phenotyping large panels of plants is the
bottleneck in understanding genotype-phenotype relationships in quantitative
genetic studies (Cobb et al. 2013). Robust phenotyping is a necessity for charac-
terizing the genetic factors that contribute to quantitative phenotypic variation
still hidden in natural populations. In this regard, phenotyping host plant resist-
ance for herbivorous insects will require collaborations across many different
disciplines (biology, engineering, statistics, software development, etc.), in order
to enable high-throughput phenotyping of large plant populations. The develop-
ment of such high-throughput phenotyping platforms to screen for thrips resist-
ance will stimulate progress in exploring the natural variation still undiscovered
in the Arabidopsis HapMap population.

Fall of the thunderflies
The chemical basis of resistance in several plant species has been clarified to
some extent in the recent years (Mithöfer & Boland 2012), but there is still much
work to be done in this field. Here, I bring forward the idea of exploiting natu-
ral variation in thrips resistance in the Arabidopsis HapMap population, by ways
of genome wide association (GWAs) mapping. The basis of this natural varia-
tion will likely not be a consequence of an enduring co-evolutionary arms-race
between thrips and Arabidopsis, since their life-cycles and geographical origin do
not match. This does, however, not imply that all Arabidopsis accessions are sim-
ilarly vulnerable to thrips, since other naturally occurring herbivores could have
triggered defensive mechanisms that are also effective against F. occidentalis.
Screening the Arabidopsis HapMap for thrips resistance, could lead to the discov-
ery of naturally occurring resistance mechanisms in an unbiased blind approach. 

Using A. thaliana as a model species to study thrips resistance means that we
can use all the molecular tools, cutting edge technology and thousands of readi-
ly available mutants from the Arabidopsis community. It will give relevant
insights in the genetic architecture behind insect resistance. Homologs of prom-
ising candidate genes could be screened for in crop plants. Furthermore, the tech-
niques developed by screening the Arabidopsis HapMap population, could be
implemented in GWAs studies on relevant crop species that have been geno-
typed. Techniques include the statistical and computational models used for
GWAs, and the techniques developed to accurately screen a population of this
size in a quick and reliable manner. Phenotyping large plant panels for thrips

M.P.M. THOEN

29



resistance is considered a major bottleneck that limits the power of genetic
analyses and genomic prediction. A major challenge in unraveling the quantita-
tive genetics of host plant resistance for the coming years, is not only to under-
stand the genetic basis of this complex trait, but also translate this knowledge
into breeding programs that can synthesize new crop varieties (Cobb et al. 2013). 

Finding new natural ways in which plants defend themselves against pest
insects, and understanding these ways on the molecular level, could pave the
way for breeding new varieties of resistant crop varieties. This will in its turn
diminish the amount of pesticides that are currently used to protect crops, and
make way for a more environmentally friendly and sustainable practice of agri-
culture (Broekgaarden et al. 2011). Perhaps one of the most important aspects of
a successful management is recognizing that the complete control of F. occiden-
talis is impossible. However, breeding for host plant resistance towards this pest
insect can be an essential step to manage thrips within acceptable limits. A true
‘Fall of the Thunderflies’ is not attainable, but managing thrips in such a way
that there are no significant economic losses in the near future, is possible when
IPM is successfully applied. The effective use of biological control is important,
but in the coming years there is still much potential in breeding for host plant
resistance as an important pillar in IPM. There is a diverse and vast arsenal of
naturally occurring defense mechanisms in plants, for plant scientist and breed-
ers to explore. Utilizing these natural resources of host plant resistance, by
exploring natural variation in a GWAs approach, has great potential for finding
new effective plant defenses against F. occidentalis.
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In a beehive in Bobo Dioulasso, Burkina Faso, the varroa mite was
found, a parasite on honeybees (Apis mellifera). During a PUM mission
for assistance to the Union Proviciale des Apiculteurs du Houet a hive was
opened for inspection. We took a sample of drone brood with us.
When we found varroa in it we took another sample of worker bees
and counted the varroa and the bees, after washing with soap water.
Then we constructed a special bee hive to count the varroa daily fallen
out of the hive. After a week we applied a treatment. Results are the
numbers of varroa and the number of infected bees.

Keywords: Varroa destructor, hive beetle, wax moth, acaricide

As I expected to find varroa on the honeybees in Burkina, we could work very
efficiently with this research. I found the parasitic mite in Ghana in April 2009
and did similar research there, but in another season and over a longer period. I
was in Bio Dioulasso from 6-26 September, but after I left, the group continued
on its own.

MATERIALS AND METHODS
Several methods were used to check the number of varroa mites. (1) We first
took a drone brood sample and studied it. (2) Then we sampled other hive visi-
tors. (3) We took a sample of worker bees from a cluster in the field. We count-
ed the bees and the varroa washed out in soap water and in 90% alcohol. (4) A
special hive was constructed to study the daily or weekly fall of varroa. (5) A
package of ApiLife Var was inserted in this hive, a Kenya top-bar hive with
mesh material of 25 × 50 cm and drawer in the bottom. The Italien product
ApiLife Var contains thymol, eucalyptus, menthol and camphor and acts as an

Varroa mite on honeybees in Burkina Faso
(Apis mellifera adansonii)
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acaricide. (6) Collecting and counting of varroa from this hive continued after
the first author left.

RESULTS
The varroa in the sampled drone brood were not counted, it was just good for a
surprise. But there were more mites than two per body.

Other hive visitors, all insects (ants, two beetle species and wax moths) were
seen or sampled (Table 1). The large hive beetles – probably Hoplostomus fulig-
ineus – were not always seen, two were found on the bottom of a hive. The
greater wax moth leaves typical impressions in the wood of the hive (Smith,
1960; Mutsaers, 1991; Lawal, 2007). We consider ants as visitors of the hive more
than of the bees.

The number of honeybees from the collected sample was split in two parts:
746 honeybees were washed in soap water and had 13 mites (1.7%), and 669 hon-
eybees were washed in 90% alcohol and had nine mites (1.4%). Together these
were 1415 honeybees with 22 mites (1.6%).

VARROA MITE ON HONEYBEE IN BURKINA FASO

Table 1. Results of counting varroa mites and others from varroa drawer
Varroa drawer Varroa mites Small hive beetle Ants Pollen load
14-sep-11 4 1 1 4
15-sep-11 1
16-sep-11 29 4
17-sep-11 14
18-sep-11 6
19-sep-11 8 12
20-sep-11 3

All members count bees and varroa. Right: Varroa mites through binocular, probably
Varroa destructor.
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Small hive beetle (Aethina tumida) and Greater wax moth (Galleria mellonella).

Varroa drawer and hive with varroa drawer. Below: ApiLife Var.



When the special bee hive was ready we transferred an average colony of 7
kg into it. The next day, 14 September, we collected the drawer in the morning
and shook off what was on it on a paper. There was a lot of rubbish the first day,
but we found four mites. 

We inserted a package of ApiLife Var into the hive on the evening of 21
September and continued collecting the drawer in the morning, on a daily basis.
In total 1491 mites were collected in 10 days after treatment, on average 149 per
day (Table 2). Over the whole period of 25 days, from 14 September to 7 October,
on average 64 mites per day were found. Before treatment the average was much
lower, the maximum number was 29 per day (Table 1).

DISCUSSION
We do not know since when the varroa mites, probably Varroa destructor
(Anderson & Trueman, 2000; Rozenkranz et al., 2010), are present in the honey-
bees, but our estimate is 3-5 years. Other bee experts or experienced beekeepers
did not find them, and in the experience of the first author, also from Ghana,
they are not found unless they are especially looked for. The mites are among
the first found in West Africa, shortly after Frazier et al. (2009). Lawal and
Banjo (2007) did not mention them in Nigeria.

Our study took place in the honeybee building-up season, when around 10%
of the total brood is drone brood (Mutsaers, 1991b, 1992ab). The other brood,
worker brood, may also produce varroa, even though a fraction (B Cornelissen,
pers. comm., 2011).

In Burkina the African bee, A. m. adansonii, is held in traditional hives or top-
bar hives. The hives are all with naturally built combs, refreshed through har-
vesting. Colonies abscond when low in number or weight, or disturbed
(Mutsaers, 1992b, 2009). They survive the varroa mites when large enough (>3
kg), but whether the varroa mites affect production still has to be investigated.

VARROA MITE ON HONEYBEE IN BURKINA FASO
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Table 2. Counting mites after ApiLife Var treatment (application: evening of 20
September 2011)
Date Varroa from drawer Date Varroa from drawer
21-sep-11 1102 26-sep-11 20
22-sep-11 205 27-sep-11 18
23-sep-11 69 28-sep-11 9
24-sep-11 42 29-sep-11 11
25-sep-11 15 30-sep-11 9
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Using instrumental insemination with pooled and deliberately mixed
semen from many drones for larger groups of honeybee queens (Apis
mellifera L.) is a valuable breeding tool. Collecting sperm from as many
as 7000 males and inseminating 250 queens with the mix requires sev-
eral days. Hence, sperm storage equipment to keep sperm viable for
longer periods is needed. A portable storage box to temperate the cap-
illaries at 17.5 ± 0.3 °C was developed using peltier elements and sophis-
ticated electronics. The instrumental insemination results after storage
of 75-76 days are reported.

Keywords: Apis mellifera, artificial insemination, stirring & storage of
pooled semen

The ability to pool and deliberately mix semen from many drones and then use
this mixture for instrumental insemination of larger groups of queens is a valu-
able tool for honeybees, Apis mellifera L., breeding. Used in closed breeding it
results in a greater effective breeding population (Page & Laidlaw 1982, Cobey &
Lawrence 1990). As the mixing of diluted sperm followed by centrifugal recon-
centration leads to larger amounts of dead sperms, this system is abounded
(Collins 2003). Kühnert et al. (1989) reported on a successful breeding program
using this way of homogenizing. Nevertheless, this method is more or less aban-
doned.

Manual stirring with equal amounts of a buffer makes double instrumental
insemination necessary. Even the insemination of 2 × 8 mm3 diluted sperm
results in reduced amounts of sperm in the spermatheca as compared to classical
insemination with 8 mm3 (Konopacka & Pohorecka 1994). Therefore a method
to stir large amounts of sperm (3 ml sperm = ca. 7000 males) using relatively
small amounts of buffer (10% by volume) was developed and used in a Buckfast
closed breeding project.

Mixing and storing large volumes of honeybee
(Apis mellifera mellifera) sperm integrated in a
breeding program
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Collecting sperm from as many as 7000 males and inseminating 250 queens
with the mix requires a number of days. Sperm-quality is the key-factor for suc-
cessful insemination. Sperm that is able to enter into the spermatheca after stor-
age is a long pursued goal. Mostly the use of cryo-preservation is chosen
(Hopkins & Herr 2010, Wegener et al. 2012). Up till now the results are disap-
pointing. The sperms demonstrate active motion after thawing, but after insem-
ination with it, the sperm apparently did not manage to enter into the sperma-
theca (Wegener et al. 2013).

To keep collected semen vital for longer periods, a sperm storage devise was
developed. From older research (1989) we knew that at temperatures below 19 °C
sperm is immobilized. A portable storage box to temperate the capillaries at 17.5
± 0.3 °C was developed using peltier elements and sophisticated electronics.

MATERIALS AND METHODS
Mature drones were stimulated to ejaculate by the standard method and the
semen was collected with a Winkler devise (capillary volume 160 μl) (Winkler,
1988; Fig. 1). Each sexually mature male with sperm was pinned-up, effectively
separating the ejaculation process from the sperm collection. Sperm from differ-
ent genetic sources was stored separately. The scale on the sperm collection tube
allowed for the collection of known volumes of sperm per genetic source. Each
completely filled (160 μl) capillary was immediately closed airtight and stored at
17.5 ± 0.3 °C (Fig. 2).

After completing the semen collection, all capillaries are sucked empty into
the stirring vessel and 10% (vol.) of modifed Kiew-buffer (Paufler 1974, Moritz
1984) was added to allow for a good mixing. Mixing was checked by eye. After
the mixing had resulted in an optically homogenous mass, clean sterile Winkler-
equipment is used to excavate the vessel (Brauße & van Praagh 2010) and the
completely filled capillary was closed airtight. These capillaries with mixed
sperm were kept at 17.5 ± 0.3 °C in a box for 75 (2010) or 76 days (2012) after col-
lection and mixing.

At the end of the breeding seasons 2010 and 2012 young queens were prepared
for insemination with portions of 10 μl long-stored sperm. From the same series
some young queens were open mated. All queens were kept in standard Apidea®
nuclei. Around 14 days after the instrumental insemination, all experimental
queens were transported alive to the Dol Institute for photometric estimation of
sperm numbers that had entered the spermatheca after insemination or natural
mating, according to their protocol (absorbance method). For calibration pur-
pose it uses two natural-mated queens as well. To be able to compare all the steps
in the process also queens inseminated with freshly collected sperm were meas-
ured, as well as queens inseminated with sperm with a shorter period of storage
(49 and 22 days).

MIXING AND STORING HONEYBEE SPERM



Absorbance to estimate sperm numbers/spermatheca
The intact spermatheca is placed on a microscope slide and 20 μl of 1% NaCL
(kitchen quality) is added. The spermatheca wall is punctered by forceps and a
pin. Two insect pins are used to spread the spermatheca wide open and the con-
tent is stirred intensely with the saline solution. Within about 30 s the semen is
activated; the drop is homogenous and milky white. Using 4 ml aqua dest, the
semen drop is moved from the microscope slide into a 25 ml glass vessel. Due to
the osmotic shock the individual sperm cells ball and absorbance of the solution
is measured in a 1-cm cell at 400 nm using a Shimadzu 160 UV-VIS double beam
spectrophotometer. The correlation between absorbance and semen content is
given by the equation: y = 0.0569x – 0.0129, r = 0.977 (Fig. 3).
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Figure 1. Winkler equipment. The glass tip holder, union nut (= clamping part for the
tip) and the piston are made of stainless steel, all other metal parts are made of brass.
The sperm storage capillary is made of glass and is 109 mm long (volume 160 μl).

Figure 2. The portable storage box to temperate the capillaries. Eight air-tightly closed
capillaries in place, one pulled out to show it. The peltier-elements and the electronics
regulate a storage temperature of 17.5 ± 0.3 °C. 



RESULTS
In both years the numbers of sperm cells that reached the spermatheca after stor-
age was clearly lower as compared to insemination with fresh sperms or natural
mating (Tables 1 and 2). Except for queen 7 (2010) all queens had their sperma-
thecae filled up with sperm amounts sufficient for at least one complete season
of undisturbed worker brood production. All small hives showed normal undis-
turbed worker brood patterns, except for nrs. 2, 5 and 10 (2012) as these queens
had not started laying spontaneously after instrumental insemination or natural
mating, before being transferred to Dol.

The difference between the years in average number of stored pool sperm
that reached the spermatheca (2010: 1.6 × 106; 2012: 2.5 × 106), could well be caused
by opening the 2010 capillary during storage time.

DISCUSSION
The described methods are a useful tool to keep honeybee sperm ready for
insemination for >10 weeks after collection. Apparently, the addition of 10%
(vol.) Kiew-buffer and the stirring leads to a mix that offers better storage pos-
sibilities compared to just clean untreated sperm (2010, compare queens 1-4 to 5-
7). Nevertheless the storage reduces the number of sperms per portion able to
enter the spermatheca. A comparative statistical analysis of immobile and active
sperm cells after storage was never done in detail.

Storage of sperm from one season into the next using this method seemed not
possible up till now. Our actual experience is compatible with the data published
(Brauße 1989). The proven successful storage period was improved from 42-43
days (Brauße 1989) to 75-76 days (this paper). The number of sperm cells/sper-
matheca has not significantly decreased during the longer storage period – 1989:

MIXING AND STORING HONEYBEE SPERM
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Figure 3. Relationship between absorbance and counted number of sperms based on 17
samples.

 



2.06 × 106; 2012: 2.5 × 106 (this paper). But the sperm condition is optimised, allow-
ing our breeding programs to be reliable, even for some necessary inseminations
later in the season. In 2013, 2.1 ml sperm from 4045 males was collected, stirred
and used for the Buckfast POOL-breeding program (Brauße & van Praagh 2010).

Nevertheless, a temperate storage of honeybee semen – whether at 17.5 ± 0.3 °C
(this paper) or cryo-storage – can up till now not replace the very effective nat-
ural storage procedures as realised in the spermatheca of the honeybee queen.
‘Despite the need of oxygen for maintaining the fertilizing ability of spermato-
zoa in the bee queen's spermatheca (Koeniger, 1970), the ether linkages of phos-
pholipids are successfully protected and can still be maintained even after 2 years
of storage in vivo.’ Koeniger herself points out that the products from the sper-
mathecal glands appear to be an important factor in the quality assurance of the
sperm inside those glands. Apparently those glands are very dependent on an
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Table 1. Data on the 2010 experimental queens.
Nr. Inseminated Laying on day Origin of semen Sperm count (× 106)
1 2-Sept-2010 6 Pool mixed stored 75 days 2.1 
2 2-Sept-2010 6 Pool mixed stored 75 days 1.2 
3 2-Sept-2010 6 Pool mixed stored 75 days 1.5 
4 2-Sept-2010 5 Pool mixed stored 75 days 1.6 
5 2-Sept-2010 5 Fresh stored 22 days (control) 1.1 
6 2-Sept-2010 5 Fresh stored 22 days (control) 1.2 
7 1-Sept-2010 6 Fresh stored 49 days (control) 0.9 
8 - ok Natural mating (control) 3.2 
9 - ok Natural mating (control) 4.8 

Table 2. Data on the 2012 experimental queens. Queens 2 and 5 did not start laying eggs
spontaneously, but their spermatheca were filled.
Nr. Inseminated Laying on day Origin of semen Sperm count (× 106)
1 2-Sept-2012 7 Pool mixed stored 76 days 1.5 
2 2-Sept-2012 †14 Pool mixed stored 76 days 3.3 
3 2-Sept-2012 10 Pool mixed stored 76 days 2.2 
4 2-Sept-2012 9 Pool mixed stored 76 days 2.8 
5 2-Sept-2012 †14 Pool mixed stored 76 days 2.5 
6 2-Sept-2012 9 Pool mixed stored 76 days 2.8 
7 31-Aug-2012 8 Fresh (control) 4.6 
8 11-Sept-2012 7 Fresh (control) 2.1 
9 11-Sept-2012 7 Fresh (control) 3.6 
10 - not Natural mating (control) 4.0



intensive gas-exchange through the tracheal-net. Not despite the need of oxy-
gen, but thanks to the need of oxygen by the spermathecal glands, the ether link-
ages of phospholipids are successfully protected. The inner-lining of the sper-
mathecal lumen regulates the internal environment of the place where the
sperms are stored for years.

One of the steps for future improvements could be adding the triacylglyc-
erides detected by Wegener et al. (2013), and protective means in line with the
protection mediating enzymes described by Collins et al. (2004) and Baer et al.
(2009), to the KIEW-buffer used. Another step would be to give the 3-D cell cul-
ture technics a chance to mimic the diffusion of the known compounds to
sperms in an airtight compartment.
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The world population is growing, leading to an increasing demand for
animal protein. Several environmental problems are associated with
conventional meat production. Insects could be an alternative, more
sustainable source of animal protein. Tenebrionid beetle larvae
(Tenebrio molitor, Zophobas atratus and Alphitobius diaperinus) are being
produced in The Netherlands for human consumption. These larvae
could be produced more sustainably on diets made from side streams
from the food and bio-ethanol industry. However, side streams can be
contaminated with mycotoxins. Zearalenone, ochratoxin A and T-2
toxin in a concentration of 500 μg/kg of diet had a minor effect on lar-
val growth and survival. Toxin was detected in larvae in concentra-
tions up to 45 μg/kg dry weight. Concentrations dropped rapidly when
larvae fasted or consumed control diet after feeding on toxin-contain-
ing diet. This shows the insects did not retain mycotoxins in their body
in unmetabolised form.

Keywords: edible insects, tenebrionid beetle larvae, contamination,
mycotoxins, food safety

The world population is growing, leading to an increasing demand for animal
derived protein (Tilman et al. 2011). Several environmental disadvantages are
associated with conventional meat production, such as greenhouse gas emission,
land and water use (Mekonnen & Hoekstra 2010, Steinfeld et al. 2006). The pro-
duction of mini-livestock, such as edible insects, could provide an alternative
protein source. Edible insects provide protein of similar quality to conventional
livestock (Verkerk et al. 2007), but compare favourably to conventional meat in
terms of greenhouse gas production and land use (Oonincx et al. 2010, Oonincx
& de Boer 2012).

Insects are already consumed in Africa, Asia and Latin-America (FAO 2013,
van Huis 2013). Initiatives are taken up to introduce insects as food in the

Exposure of tenebrionid beetle larvae to 
mycotoxin-contaminated diets and methods to
reduce toxin levels
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Western world. Tenebrionid beetle larvae (mealworm), such as the Yellow
mealworm (Tenebrio molitor), Lesser mealworm (Alphitobius diaperinus) and
Giant mealworm (Zophobas atratus) are promising candidates for human con-
sumption. These insects are already commercially produced as pet food for fish,
birds and reptiles. More recently, several commercial rearing companies in The
Netherlands have started to produce these insects for human consumption. The
three species differ in size and development time. The larval development time
for T. molitor is approximately two to three months and larvae are harvested by
the insect breeder at a weight approximately 100 mg. Alphitobius diaperinus is the
smallest of the three species with a development time of approximately 6 weeks
and a harvest weight of 20 mg. The largest of the three species, Z. atratus, has a
development time of about 3-4 months and an approximate harvest weight of
600 mg. Upon harvest, these tenebrionid beetle larvae contain approximately 45-
67% protein and approximately 20-42% fat on a dry matter basis (Despins &
Axtell 1995, Finke 2002). Furthermore, tenebrionid beetle larvae contain all
essential amino acids as well as essential polyunsaturated fatty acids such as
linoleic acid and linolenic acid (Despins & Axtell 1995, Finke 2002).

Tenebrionid beetle larvae are commonly produced on wheat bran or, in some
cases, on more complex diets which include soybean. These insects could be pro-
duced more sustainably and efficiently on diets derived from organic side
streams from the local food and bio-ethanol industry. Compared to when pro-
duced on wheat bran only, side stream derived diets can result in increased
growth performance of the insects as well as in enhancement of their nutrition-
al value (Ramos-Elorduy et al. 2002). Food safety is an important aspect when
dealing with new food as well as feed sources (EC 1997, 2002b). Side streams
used as insect feed could be contaminated with toxic substances such as myco-
toxins, which could have a deleterious effect directly on the insect and/or, indi-
rectly, on the animal or human consumer of the insect material. Mycotoxins are
toxic secondary metabolites produced by fungi. Contamination can occur either
in the field during crop growth, or during storage of derived food products.
Mycotoxins commonly found in food are aflatoxins, ochratoxins, and Fusarium
toxins such as zearalenone and trichothecenes.

Elaborate research has been performed to determine the risks of mycotoxin
contamination of feed for conventional livestock (Duarte et al. 2010, EFSA 2004,
2011a, Zinedine et al. 2007). However, only few studies are available on the risk
of mycotoxin contamination of edible insects. Mycotoxigenic fungi such as
Aspergillus, Penicillium and Fusarium species were isolated from samples of
Saturniid caterpillars, viz. Imbrasia belina (Simpanya et al. 2000) and Bunaea alci-
noe (Braide et al. 2011). However, presence of mycotoxins was not investigated.
Abadon-Becognee et al. (1998) investigated the effect of fumonisin B1, a Fusarium
mycotoxin, on the growth and metabolism of T. molitor. The presence of fumon-
isin B1 at a concentration of 450 μg/g diet reduced larval growth and metabolism,

REDUCTION OF TOXIN LEVELS IN TENEBRIONID LARVAE



but did not increase mortality. About 40% of the ingested fumonisin B1 was
excreted with the faeces. Davis & Schiefer (1982) reported reduced larval growth
of T. molitor feeding on diets containing up to 64 μg/g of the trichothecene T-2
toxin, but no increased mortality. Mycotoxin contamination can already form a
health risk for humans and animals at much lower concentrations, of which
there might be no directly visible effects on insect mortality or growth perform-
ance. To the authors' knowledge, no studies have been performed to determine
directly whether insects retain mycotoxins in their larval body when fed myco-
toxin contaminated diet. Low level contamination of edible insect feed could
thus form a possible threat for the human or animal consumer of the insects.

Three mycotoxins were selected for this study: zearalenone, ochratoxin A
and T-2 toxin. Zearalenone is produced by several Fusarium species (EFSA 2011b).
The toxin has oestrogenic activity and commonly occurs in cereal species.
Contamination usually occurs in the field, but can also occur during poor storage
conditions of cereal derived products. Maximum allowed levels for zearalenone
range from 50 μg/kg in processed grain products for human consumption to 350
μg/kg for unprocessed maize (EFSA 2011b). Zearalenone was found in wheat and
maize samples throughout Europe, in concentrations ranging from 15 μg/kg to as
high as 5700 μg/kg after a year with a particularly wet summer (Scudamore &
Patel 2000, Schollenberger et al. 2006, Hoogenboom et al. 2008). The maximum
tolerable daily intake of zearalenone was previously established on 0.5 μg/kg
body weight by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) in 2000, and on 0.2 μg/kg body weight by the Scientific Committee on
Food (SCF). More recently, the Panel on Contaminants in the Food Chain estab-
lished a tolerable daily intake of 0.25 μg/kg body weight (EFSA 2011b).

Ochratoxin A is produced by Aspergillus and Penicillium species. The toxin
has nephrotoxic (i.e., affecting the kidneys), neurotoxic, carcinogenic, immuno-
toxic and genotoxic activity. It occurs in a wide range of food components,
including cereals, nuts, grape and grape products, beer and coffee (EFSA).
Maximum allowed levels for ochratoxin A differ per country, but were set to 10
μg/kg for all food in The Netherlands (EC 2002a). Average levels of ochratoxin
A detected in food samples ranged from 0.03 μg/kg in beer and 0.29 μg/kg in
cereal products to 0.72 μg/kg in roasted coffee (EC, 2002a). The tolerably week-
ly intake of ochratoxin A was established to 100 ng/kg body weight, which cor-
responds with 14.3 ng/kg body weight per day.

T-2 toxin is a trichothecene mycotoxin produced by Fusarium species. The
toxin has haematoxic (i.e., affecting the blood) and immunotoxic activity and
occurs in cereals and cereal products (EFSA 2011a). Average concentrations of T-
2 toxin detected in food samples ranged from 0.11 μg/kg for wheat products and
0.09 μg/kg for rye products to 2.2 μg/kg for oat products in Germany
(Gottschalk et al. 2009). Biselli and Hummert (2005) analysed food products
from European origin and found up to 8.4 μg/kg in maize and up to 266 μg/kg in
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oat based products. The tolerable daily intake of T-2 toxin and HT-toxin, which
is its major metabolite, was established to 100 ng/kg body weight (EFSA 2011a).

The aim of this study is to determine whether mycotoxins remain in tenebri-
onid beetle larvae after feeding on contaminated diets. Furthermore, two differ-
ent methods for decreasing toxin concentration in the larval body were tested,
viz. fasting and feeding on uncontaminated control diet.

MATERIALS AND METHODS

Insect material
Newly hatched larvae of Yellow mealworm (T. molitor), Giant mealworm (Z.
atratus) and Lesser mealworm (A. diaperinus) were obtained from insect rearing
company Kreca (Ermelo, The Netherlands). Larvae were allowed to grow undis-
turbed in covered plastic crates (50 x 30 cm) in a climate chamber (28 °C, 65%
RH, 12h photoperiod) until the start of the experiment.

Mycotoxins
Crystalline powder of Zearalenone, Ochratoxin A and T-2 toxin of 99.5% puri-
ty were obtained from Sigma-Aldrich (St. Louis, MO, USA).

Diet preparation
Control diet was obtained from Kreca and consisted of pure wheat bran for T.
molitor and Z. atratus. For A. diaperinus, the diet contained maize, wheat, wheat
bran, soy, limestone and palm-, sunflower- and soybean oil. Carrot was provid-
ed for moisture ad libitum. Toxin powder was mixed with the diets in a concen-
tration of 500 μg per kg of diet. This fairly high concentration was chosen to
increase the chance that levels detected in larvae after the experiment would
exceed the LC-MS/MS detection limit (see Chemical analysis) while being low
enough to expect no larval mortality as was observed by Abado-Becognee et al.
(1998) and Davis & Schiefer (1982) when mycotoxin concentrations exceeded
450 and 64 μg/g, respectively.

Feeding experiment
Newly hatched larvae were allowed to grow on control diet for 21 days for A. dia-
perinus, 26 days for T. molitor, and 33 days for Z. atratus prior to the start of the
experiment. The different feeding times were based on the different develop-
ment times of the species. Larvae were weighed and then transferred to either a
control diet or a diet containing one of the three mycotoxins. Five replicate were
used per diet, per species. Each replicate was a 12 x 12 x 7 cm plastic box with aer-
ation slits containing 70 larvae for A. diaperinus, 50 larvae for T. molitor and 35
larvae for Z. atratus. Larvae were supplied with 1 g (A. diaperinus), 2 g (T. moli-
tor) or 4 g (Z. atratus) of toxic diet at the start of the experiment and more was
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added as needed. For A. diaperinus and T. molitor, 2 g of carrot was added twice a
week. For Z. atratus this amount was 3 g twice a week. Differences in larval den-
sity and feed amounts were based on the different sizes of the species. Larvae
were allowed to feed on toxic diet for 15 days for A. diaperinus, 28 days for T. moli-
tor and 40 days for Z. atratus. These differences were based on the different
development times of the species. After this time, the larvae were expected to be
at harvest weight, which is the general size at which the larvae stop growing and
are expected to go into pupation. At the end of the feeding experiment, larval
samples were taken from each replication to a combined expected dry weight of
about 1 g and were stored at -20 °C until further analysis.

Reducing toxin concentration by allowing to feed on control
diet
After the feeding experiment, larvae were cleaned of diet with a brush, weighed
and transferred to uncontaminated control diet for 24, 48 and 72 h before harvest.
One gram diet and 1 g carrot was supplied for A. diaperinus and T. molitor and 2
g diet and 2 g carrot was supplied for Z. atratus. After the indicated feeding
times, larvae were cleaned of diet, weighed and stored at -20 °C until further
analysis.

Reducing toxin concentration by fasting
After the feeding experiment, larvae were weighed and deprived of food for 24,
48 and 72 h before harvest. To eliminate the risk of cannibalism, Z. atratus lar-
vae fasting for 48 and 72 h were placed individually in separate cylindrical plas-
tic containers (2 cm diameter, 7 cm high). Larvae were subsequently weighed
and stored at -20 °C until further analysis.

Chemical analysis
Larvae were lyophilised until a constant weight using a GRI Lyophilizer (GR
Instruments, Wijk bij Duurstede, The Netherlands) and were subsequently
ground to powder using a Retch 301 mixer mill. Replications were pooled and
sent to food safety research institute RIKILT (Rijks-Kwaliteitsinstituut voor
Land- en Tuinbouwproducten, Nation's-Quality Institute for Agricultural and
Horticultural Products, Wageningen, The Netherlands) to detect the presence
and amount of mycotoxins by high performance liquid chromatography coupled
to a triple quadrupole mass spectrometer. The limit of detection (LOD) was 2
μg/kg for zearalenone and T-2 toxin and 1 μg/kg for ochratoxin A. Results are
based on single pooled sample analysis.

Statistical analysis
Data on larval survival and weight gain were analysed by one-way ANOVA
using IBM SPSS Statistics v.20. The Šidák correction was applied to determine
differences between individual means.

S. VAN BROEKHOVEN, Q.H.T. DOAN, A. VAN HUIS & J.J.A. VAN LOON

51



RESULTS

Survival and weight gain
Survival and weight gain of larvae was determined after feeding on either con-
trol diets or diets containing mycotoxin. Survival exceeded 80% for A. diaperinus
and 90% for T. molitor and Z. atratus (Figure 1). For A. diaperinus, no significant
difference was observed in survival between larvae which fed on control diet and
larvae which fed on toxin-containing diets. For T. molitor, higher survival was
observed for larvae which fed on diets containing ochratoxin A (98%, P = 0.008)
and T-2 toxin (97.8%, P = 0.012) compared to larvae which fed on control diet
(92.4%). For Z. atratus, lower survival was observed for larvae which fed on diet
contaminated with T-2 toxin (92%, P<0.001) compared to the control (100%).

No significant difference in weight gain was observed between larvae of A.
diaperinus that fed on control diet and larvae that fed on toxin-containing diets
(Figure 2). For T. molitor, larvae that fed on diets containing ochratoxin A and
T-2 toxin gained more weight (3.07 mg/day, P = 0.004 and 2.89 mg/day, P =
0.021, respectively) than larvae that fed on control diet (2.19 mg/day). For Z.
atratus, larvae that fed on diet containing T-2 toxin gained less weight (4.23
mg/day, P<0.001) than larvae that fed on control diet (6.92 mg/day).
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Figure 1. Larval survival of Alphitobius diaperinus (A), Tenebrio molitor (B) and Zophobas
atratus (C) after feeding on a control diet or a toxin-containing diet. Asterisks denote
statistical differences compared to the control (*P<0.05, **P<0.01, ***P<0.001; one-way
ANOVA followed by Šidák correction).



Toxin concentration
No toxin was detected in samples of larvae which had only fed on control diets
(Table 1). Toxin concentrations detected in samples of larvae which had fed on
toxin-containing diets are listed in Table 2. Amount of sample analysed ranged
from 0.92 to 1.39 g dry weight for A. diaperinus, 1.05 to 3.56 g for T. molitor and 0.20
to 6.73 g dry weight for Z. atratus.

Mycotoxins were detected in low concentrations compared to the concentra-
tion of 500 μg/kg present in the diets. The highest level of zearalenone was
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Figure 2. Larval weight gain per day of Alphitobius diaperinus (A), Tenebrio molitor (B)
and Zophobas atratus (C) while feeding on control diet or a toxin-containing diet.
Asterisks denote statistical differences (*P<0.05, **P<0.01, ***P<0.001; one-way
ANOVA followed by Šidák correction).

Table 1. Toxin concentrations detected by LC-MS/MS in larvae of three tenebrionid
beetle species directly after feeding on control diets. ND = not detected. LOD was 2
μg/kg for zearalenone and T-2 toxin and 1 μg/kg for ochratoxin A. Results are based on
single analysis.

Concentration (µg/kg dry weight)
Species Zearalenone Ochratoxin A T-2 toxin
Alphitobius diaperinus ND ND ND
Tenebrio molitor ND ND ND
Zophobas atratus ND ND ND



detected in T. molitor larvae directly after feeding on toxin-containing diet (42.0
μg/kg). Toxin levels seemed to drop below the LOD after methods for reducing
the concentration were applied. Zearalenone was detected in low levels in A. dia-
perinus, though a gradual decrease was not observed. No zearalenone was detect-
ed in any Z. atratus samples. The highest level of ochratoxin A was detected in
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Table 2. Toxin concentrations detected by LC-MS/MS in larvae of three tenebrionid
beetle species directly after feeding on diets containing one of the three mycotoxins at
500 μg/kg of diet and after fasting or feeding on control diet for different time periods.
ND = not detected. LOD was 2 μg/kg for zearalenone and T-2 toxin and 1 μg/kg for
ochratoxin A. Results are based on single analysis.

Concentration (µg/kg dry weight)
Species Time point Zearalenone Ochratoxin A T-2 toxin
Alphitobius diaperinus Directly after feeding 2.7 ND ND

Fasting
24 h ND ND ND
48 h ND 1.8 5.9
72 h 4.5 ND 11
Control diet
24 h ND ND 7.7
48 h ND ND ND
72 h ND ND ND

Tenebrio molitor Directly after feeding 42.0 2.5 45.0
Fasting
24 h ND ND 14.0
48 h ND 1.1 4.9
72 h ND ND 2.2
Control diet
24 h ND 3.4 3.7
48 h ND 1.9 2.1
72 h ND 1.2 ND

Zophobas atratus Directly after feeding ND 2.8 ND
Fasting
24 h ND 2.2 2.9
48 h ND ND ND
72 h ND ND ND
Control diet
24 h ND ND ND
48 h ND ND ND
72 h ND ND ND
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Z. atratus directly after feeding on toxin-containing diet (2.8 μg/kg). Levels
quickly dropped below LOD during fasting and feeding on control diet. For T.
molitor, decrease of ochratoxin A concentration seemed more rapid during fast-
ing than during feeding on control diet. The highest level of T-2 toxin was
observed in T. molitor directly after feeding on toxin-containing diet (45.0
μg/kg). Levels decreased gradually when methods for reducing the concentra-
tion were applied and decrease was more rapid for larvae that fed on control diet
than for larvae that fasted. For A. diaperinus, an increase in T-2 toxin concentra-
tion could be observed rather than a decrease when methods to reduce the con-
centration were applied.

DISCUSSION
Small differences were observed in survival percentage when comparing larvae
that fed on control diet to larvae that fed on toxin-contained diets. Differences
were not expected, because Abado-Becognee et al. (1998) and Davis & Schiefer
(1982) only observed larval mortality of T. molitor at very high concentrations
which well exceeded natural levels found in food. A higher survival percentage
observed in toxin-containing diets in the present study could have been due to
the experimental setup. Due to a limited availability of insects, 26-day-old T.
molitor larvae that fed on control diet were smaller at the beginning of the feed-
ing experiment than the larvae that fed on toxin-containing diets (13.7 mg for the
control vs. 18.7 mg for the toxin-containing diet treatments). Smaller larvae are
more vulnerable to handling. This might also explain why the survival percent-
age of A. diaperinus larvae was lower overall than for the two larger species.
Similarly, the higher weight gain observed in T. molitor larvae which fed on
ochratoxin A and T-2 toxin compared to the larvae feeding on control diet was
most likely due to the fact these larvae were already larger at the beginning of
the experiment and achieved a higher growth rate during the experiment. The
significant differences observed are therefore more likely to have occurred due
to the experimental setup rather than as a result of the presence of toxins.

No mycotoxins were detected by LC-MS/MS analysis in more than half of
the harvested larval samples. This was not expected for those samples taken
directly after termination of the exposure to toxin-containing diets, because lar-
val guts were filled with diet. Ochratoxin A was not detected in A. diaperinus and
was detected in levels little above the LOD in T. molitor and Z. atratus. Possibly,
ochratoxin A was present in A. diaperinus, but the level was too low to be detect-
ed by LC-MS/MS. Zearalenone and T-2 toxin were found in relatively high
concentrations in T. molitor directly after feeding, but were not detected or
detected in a very low concentration in the other two species.

For T. molitor, toxin concentration in larvae which fasted or fed on control diet
decreased in general, which was according to expectation. Zearalenone concentra-
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tions seemed to drop below LOD already after 24 h of fasting or feeding on con-
trol diet. For T-2 toxin, the concentration decreased more gradually and feeding on
control diet seemed to be more efficient for decreasing toxin concentration than
fasting. Ochratoxin A toxin was only detected in a very low level in one sample
and therefore conclusions cannot be made on decrease of toxin concentration with
time. For Z. atratus, ochratoxin A concentrations appeared to decrease gradually.

Unexpected results were obtained after A. diaperinus had been fasting or trans-
ferred to a control diet. For zearalenone and T-2 toxin, higher concentrations of
toxin were detected in samples where lower concentrations were expected because
larvae had been fasting or feeding on control diet for longer periods of time.
Larvae did lose weight during fasting. It is possible that, if toxin is not excreted
through faeces, the concentration within the larval body would increase when the
insect loses moisture during fasting. However, this could not lead to a two times
higher toxin concentration over 24 h as was detected in samples of larvae that fed
on diet containing T-2 toxin. It is possible that some individual larvae ingested
more toxin than others, creating high individual variability for this species.

This study shows that insect diet that contains high levels of mycotoxins
(500 μg/kg) have no notable effect on larval survival or weight gain, meaning
that no negative effects of such high levels are noticed. This could pose a threat
to the consumer. Based on the mycotoxin levels found in this study for T. moli-
tor before methods were applied to reduce the concentration, a 70 kg human
being would have to consume 417 g dry larvae to exceed the maximum tolerable
daily intake for zearalenone. For ochratoxin A and T-2 toxin, this would be 400
and 28 g dry larvae, respectively.

In this study, the tenebrionid beetle larvae did not retain mycotoxins in
unmetabolised form in their body, despite the high concentration present in the
diets. Furthermore, mycotoxin concentration decreased rapidly during fasting
and feeding on control diets. It is therefore recommended for insect rearing com-
panies to allow insects to fast for at least 24 h prior to harvest. Mycotoxins are
expected to be largely excreted by the insects through the faeces and this would
be a plausible explanation for the rapid decline in toxin concentration detected
in T. molitor when larvae fasted or fed on control diet for longer periods of time.
However, mycotoxin presence in faeces was not determined in this study. tene-
brionid beetle larvae are known to practice coprophagy (i.e., the consumption of
faeces) and excreted mycotoxins could thus be re-ingested by other larvae.
Further research is needed to obtain better understanding on the ingestion,
excretion and possible metabolism of mycotoxins by edible insect species.
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Together with colleagues of the Papua Insects Foundation I visited in 1993, 1996,
2005, 2008 and 2011 Indonesian New Guinea to collect and inventory insects
(Figure 1). The first two visits were orientation surveys for further expeditions.
From 2005 we had contact with the local universities and we involved biology
students and teachers in our activities. This cooperation was beneficial for both
parties, the students and ourselves. The students and teachers learned the basics
of entomology and of conservation of insects, how to recognize orders and fam-
ilies, and later they got opportunities to go to a German university (Göttingen)
to upgrade their biology level and
have contact with other foreign spe-
cialists. On the other hand we profit
of their help and guidance during our
surveys and got permission by the
universities to go to areas where
tourists usually cannot go.

PAPUA INSECTS
FOUNDATION 
[Figures 2-5]

The Papua Insects Foundation is
founded on the 1st of June 2006 to
have a solid base for our activities in
New Guinea. It enables us to raise
money for helping the students in
Papua to study entomology in all pos-
sible ways, to maintain a website
which is a source for information to

(Almost) twenty years of insect survey and
inventory in Indonesian New Guinea 
(1993-2012)

Figure 1. Collecting at light in Borme.
Photo: Henk van Mastrigt.
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students, scientists and everyone interested in the insect fauna of Papua and we
can produce field guides of insect orders. At the moment we have interested
more than fifty international specialists of insects who are cooperating with us

INSECT SURVEY IN INDONESIAN NEW GUINEA 1993-2012

Figure 2. Vincent Kalkman, Rob de Vos, Piet Zumkehr in Supiori. Photo: Hans de Vos.

Figure 3. Gerrit Withaar in Cyclops.
Photo: Piet Zumkehr.

Figure 4. Henk van Mastrigt in his library.
Photo: WWF.



in publications, identifications and help to the students in Papua. Some even go
with us or go on their own to Papua for lectures and surveys with the students.

One important aim of our organisation is to provide information as a tool for
nature conservation. Nature conserving organizations like World Wildlife Fund
(WWF) and Conservation International can use this information to convince
the authorities of the importance of conservation of certain areas, especially
those areas of biodiversity hot spots and areas of endemism.

The board of the foundation is composed by Piet Zumkehr (chairman), Rob
de Vos (secretary), Gerrit Withaar (treasurer), Henk van Mastrigt and Vincent
Kalkman (board members). We all have our own speciality in insects. Piet
Zumkehr is interested in microlepidoptera (Lepidoptera, mainly leafrollers,
Tortricidae), Rob de Vos is specialized in Noctuoidea but mainly on tiger moths
(Lepidoptera, Erebidae, Arctiinae), Gerrit Withaar is specialized in longhorn
beetles (Coleoptera, Cerambycidae, mainly Tmesisternus), Henk van Mastrigt
is specialized in butterflies but mainly on Delias river whites (Lepidoptera,
Pieridae) and Vincent Kalkman is a specialist of dragonflies (Odonata).

HENK VAN MASTRIGT
[Figures 6 and 7]

The Franciscan missionary Henk van Mastrigt needs to be given account for in
more detail. He is active in former Irian Jaya since 1978 and was very much
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Figure 5. Vincent Kalkman teaching students. Photo: Hans de Vos.



interested in butterflies and started a collection. Nowadays this collection has
grown to one of the most important collections concerning New Guinea
Lepidoptera including not only butterflies but also moths. Henk travelled
through the whole former Province of Irian Jaya and present Papua. He is spe-
cialized in so called river whites, Delias butterflies (Pieridae) and published
many new species and revisions.

Henk van Mastrigt stimulated also other people to come and collect in Papua
and helped us with arrangements of the surveys, flights, contacts, licenses, etc.
Knowing the area, language and habits of the people he is very important for us
and other scientists who want to study insects of Papua. His collection is also an
important source to science for research and for interesting discoveries.
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Figure 6. Henk van Mastrigt in his collec-
tion in 1993. Photo: Rob de Vos.

Figure 7. Collection KSP of Henk van Mastrigt. Photo: WWF.



UNIVERSITIES UNCEN AND UNIPA 
[Figures 8-12]

Since 2005 we have contact with the biology students and teachers of the
Universitas Cenderawasih (UNCEN) in Waena, near Jayapura. During our vis-
its we give short lectures at the Campus and on each of our surveys we take one
or more interested students with us to teach them the basics of field entomology
but also morphology and taxonomy of insects, how to collect, how to conserve,
etc. The students and teachers help with translations and field collecting and give
us the possibility to travel to the places
we want to visit in the Province of
Papua to the interior of the Central
Mountains and to the islands in the
Cenderawasih Bay. The students are in
the opportunity to do all kind of
research projects, making reports and
publications and with doing this they
upgrade their level of biology study.

In 2011 we also came in contact with
the Universitas Negeri Papua (UNIPA)
in Manokwari. They helped us with our
surveys in the Arfak Mountains and the
interior of the Birdshead Peninsula.
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Figure 8. UNCEN logo.

Figure 9. Lecture at UNCEN Waena. Photo: Hans de Vos.



THE EXPEDITIONS

1993 
[Figure 13]

My first visit to Indonesian New Guinea was in 1993, in that time it was named
Irian Jaya. My companions were Arnold de Boer (cicadas, Hemiptera, Auche -
norrhyncha) and Twan Rutten (microlepidoptera). It was a sort of an orientation
trip to find out what was possible for future surveys. During this survey we visit-
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Figure 10. Field excursion students UNCEN,
Waena 2005. Photo: Piet Zumkehr.

Figure 11. UNIPA logo.

Figure 12. Demonstration collecting at light UNIPA, Manokwari. Photo: Jackson
Panjaitan.



ed in eight weeks many places in a wide area like the Cyclops Mountains, the
Baliem Valley, the Birdshead Peninsula (Manokwari, Meja Reserve, Warkapi)
and Wandammen Peninsula. A lot of insects were collected for study and for the
collection of the Zoological Museum of Amsterdam (now in Naturalis
Biodiversity Center, Leiden).

1996 
[Figure 14]

In 1996 I returned with a larger group of entomologists: Arnold de Boer, Piet
Zumkehr (microlepidoptera), Gerrit Withaar (longhorn beetles, Coleoptera,
Cerambycidae) and Herman de Jong (crane flies, Diptera, Tipuloidea). In this
survey we visited the Cyclops Mountains, Birdshead Peninsula, Batanta Island
and Wandammen Peninsula.
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Figure 13. Road to Pass Valley, 1993. Photo: Rob de Vos.

Figure 14. Cyclops Mountains, 1996. Photo: Piet Zumkehr.



2005 
[Figures 15-18] 

In 2005 I traveled with Piet Zumkehr, Gerrit Withaar, Jaap Zwier (Lepidoptera,
Erebidae, Aganainae), Tomas Lackner (Coleoptera, Histeridae and other small
beetles) and David Mannering (river whites, Lepidoptera, Pieridae, Delias). We
had contact with the Universitas Cenderawasih (UNCEN) for the first time. At
the campus of the biology faculty we held several short introduction lectures with
some basics of entomology. Together with the students we did some local field
excursions. Teachers Daawia Suhartawan and Hanna Kawulur picked out eight
students for accompanying us on our surveys to the interior of Papua. Icka
Ramandey, Don Bosco, Herlina Menufandu, Evie Warikar, Rinto Mam brasar,
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Figure 16. Mabilabol, Star Mountains 2005. Photo: Daawia Suhartawan.

Figure 15. Abmisibil, Star Mountains 2005. Photo: Piet Zumkehr.
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Alfred, Wiwin and Clemens joined
us on our surveys in Abmi sibil,
Mabilabol (both Star Moun tains),
Walmak and Pass Valley (both
Jayawijaya Mountains). The benefits
of both parties were mutually. The
students learned about the entomo-
logical fauna of their homeland and
got experience with collecting and
conserving the insects, recognizing
insect orders and species, etc., while
we profit of their help during our sur-
veys, translations and the permission
by the universities to go to normally
inaccessible areas and to do collect-
ing. This combination was a great
success for both, the students and us.

2008 
[Figures 19-22] 

In 2008 I returned to Papua with Piet
Zumkehr, Vincent Kalkman (drag-
onflies, Odonata), Hans de Vos (my brother) and Joop Schaffers (photographer)
and wanted to repeat this cooperation with the UNCEN but this time with a
smaller group of students: Rinto Mambrasar, John Kaize and Herlina
Menufandu. We went to Supiori Island, Lelambo and Walmak (both Jayawijaya
Mountains). Again this cooperation was a great success.
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Figure 18. Pass Valley, river Bion,
Jayawijaya Mts 2005. Photo: Piet Zumkehr.

Figure 17. Walmak, Jayawijaya Mts 2005. Photo: Piet Zumkehr.
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Figure 20. Collecting at Supiori, 2008. Photo: Hans de Vos.

Figure 19. Supiori Island (Biak Island in view at the back), 2008. Photo: Hans de Vos.

Figure 21. Lelambo, Jayawijaya Mts, 2008. Photo: Piet Zumkehr.



2011 
[Figures 23-26] 

In 2011 I was accompanied by Ir. Piet Zumkehr, Gerrit Withaar, Drs. Harry Smit
(water mites, Acari), Siep and Jannie Sinnema (Lepidoptera, Uraniidae), Joop
Schaffers and Sandra Lamberts (both photographers). We visited areas in District
Jayapura and some of us visited the Baliem Valley with Lake Habbema. Again we
had much help from the students and teachers of UNCEN by Evie Warikar,
Supeni Sufaati and Erlani. The main target of this survey was the Birdshead
Peninsula with a wonderful trip from North to South through the Arfak
Mountains (Mokwam, Demaisi, Kobrey, Benyas, Neney Valley) and to the Anggi
Lakes. In the last week of our visit we visited Senopi in the Tamrau Plateau.
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Figure 23. Gunung Meja Reserve, Manokwari 2011. Photo: Piet Zumkehr.

Figure 22. Walmak, Jayawijaya Mts, 2008. Photo: Joop Schaffers.
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Figure 25. Senopi, Birdshead Peninsula 2011. Photo: Siep Sinnema.

Figure 24. Lake Gigi, Anggi Lakes, Arfak Mts 2011. Photo: Siep Sinnema.

Figure 26. Social diner at home with Rawati, Manokwari 2011. Photo: Jannie Sinnema.



During this survey we had contact with UNIPA in Manokwari which was a
valuable new cooperation for us. Teacher Rawati Panjaitan and her husband
Jackson, students Ika Palimbunga Pujiningrum and Trivona Helena Tuririday
and last but not least the famous guide from Manokwari Yoris R. Wanggai
helped us with the organisation of our trips, permits, and so on.

TWO FAVOURITE PLACES, WALMAK AND MOKWAM
We have been on many places and villages, some easy to reach, others very
remote. Two places were very successful for our activities and are therefore my
favourites: Walmak and Mokwam.

Walmak
[Figures 27-33] 

(District Nipsan, 1710 m, 139°38’E, -4°07’S) – It is a small village high in the
Jayawijaya Mountains East of the Baliem Valley. The only way to get there is
with a small aircraft of the Mission Aviation Fellowship (MAF). They also have
a holiday house in the village which is quite luxury (running water, 24 h elec-
tricity, kitchen, bedrooms, toilets). You have to bring food with you but the local
people can provide you with fresh vegetables, potatoes, some fruits, eggs and
occasionally also a chicken. The village is situated on a mountain slope so it’s
either go up or down. Fast running streams and rivers cross the more or less cul-
tivated landscape but the mountain rainforest is at walking distance. The airstrip
is literally in the back garden.

Usually it rains every evening which is ideal for collecting at light. In the
tropics it is proven that rain stimulates the insects to fly to the artificial light. A
rainless evening means a bad result, as is also the case with a clear night with
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Figure 27. Small aircraft of the MAF, Walmak. Photo: Rob de Vos.



full moon. Under the wide roof we could put up our sheet and lightbulb for the
collecting. The whole morning after we were always busy with conserving and
packing the insects for transport, but the luxury of the house helped a lot! You
can imagine why we visited this place two times, in 2005 and 2008, and later
some colleagues followed.

Mokwam 
[Figures 34-36] 

(1510 m, 133°54’E, -1°06’S) – Since a few years it is possible to enter the Arfak
Mountains by four-wheel drives on a still young and uncomfortable road. This
road runs from North to South through the Arfak Mountains and you pass
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Figure 29. Original houses in Walmak. Photo: Piet Zumkehr.

Figure 28. Holiday house in Walmak. Photo: Rob de Vos.
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Figure 31. Collecting at light in Walmak. Photo: Jaap Zwier.

Figure 32. Conserving and packing the insects, Walmak. Photo: Jaap Zwier.

Figure 30. Kepala Dessa (mayor and son) in Walmak. Photo: Joop Schaffers.
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Figure 33. Sorting moths. Photo: Joop Schaffers.

Figure 35. Cloud forest in Mokwam. Photo: Rob de Vos.

Figure 34. Biology station in Mokwam. Photo: Siep Sinnema.



places like Mokwam, Demaisi, Kobrey and Benyas. Mokwam is located at the
northern part of the Arfak and is a small village surrounded by a dense and
moisty cloud forest. The place is famous for its Bower Birds and bird watchers
and other nature lovers come from far to catch a glimpse of these very shy birds.
For this a biology station is available with very basic facilities (the kitchen is a
tent with camp fire, the wooden beds have no luxury) but this is all worthwhile.

Most interesting for me were the cloud forests with the trees hanging full of
mosses and lichen. This was a guarantee for success for me to find the smaller
Lithosiini moths (Erebidae, Arctiinae) which caterpillars live on it. After hav-
ing heard the success stories of colleagues (including Gerrit Withaar) who vis-
ited this place before we decided to go there in 2011. Unless the bad luck we had
with our generator we had a very successful evening of collecting at light with
many new Arctiinae species to science. Certainly a place to return to!

TIGERMOTHS
[Figures 37-40]

Each of the expedition members has its own speciality on insects or task in the
activities. I am specialized in tigermoths (Lepidoptera, Erebidae, Arctiinae) in
general and in those of New Guinea in particular.
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Figure 36. Collecting at light in Mokwam. Photo: Jannie Sinnema.



Tigermoths are well known for their striking bright colours but the group I
was first focused on are quite dull. With their general pattern of dark grey-
brown with white traverse bands or dots the species in the genus Nyctemera are
very similar to each other and therefore many misidentification have been (and
still are) made in this taxon rich group. In the whole Indo-Australian region
there are about 75 Nyctemera species, 240 taxa (including many synonyms and
subspecies). Since 1988 I am revising this genus in parts. There were so many
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Figure 37. Amerila crokeri bakeri, Walmak.
Photo: Joop Schaffers.

Figure 38. Oeonistis bicolora, Walmak.
Photo: Joop Schaffers.

Figure 39. Euchromia irius, Merauke. Photo:
Henk van Mastrigt.

Figure 40. Nyctemera baulus, Walmak.
Photo: Joop Schaffers.



misidentifications and misplaced taxa in the traditionally defined genus that I
first had to transfer many of those to other genera and now I am still busy with
revising the real Nyctemera in parts which will take certainly another couple of
years. Meanwhile I described 14 new Nyctemera species, eight new subspecies
and still 12 species are awaiting to be described. Only 14 Nyctemera species are
known from New Guinea. Let’s have a closer look at some interesting ones.

Nyctemera mastrigti De Vos, 1996 
[Figures 41-43]

This species is endemic in the Jayawijaya Mountains and occurs at high alti-
tudes. Only few specimens are known of this species. I described this species
from the only specimens known found in the collection of Henk van Mastrigt
(therefore I named this species in honour to him). Later we found only one addi-
tional specimen during our expedition in 2005 in Pass Valley where it was col-
lected by Piet Zumkehr.
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Figure 42. Biotope of Nyctemera mastrigti in
Pass Valley. Photo: Piet Zumkehr.

Figure 41. Nyctemera mastrigti [paratype fm,
Welesi Baliem Valley, ZMAN].

Figure 43. Distribution map Nyctemera mas-
trigti.



Nyctemera groenendaeli De Vos, 1995 
[Figures 44-46]

Another endemic species is Nyctemera groenendaeli and it is known from a few
localities along both sides of the border with Papua New Guinea (PNG). Only
eight specimens are known in two museum collections: the Natural History
Museum in London and in the collection of the former Zoological Museum of
Amsterdam, now in Naturalis Biodiversity Center in Leiden. All specimens
originate from the collection of Dr. J.M.A. van Groenendael, a medical doctor
who collected about 1 million butterflies and moths in the former Dutch Indies.
The species is named in honour of him.

Before publishing I wanted to see if we could collect some additional speci-
mens in what is now the type locality, Ampas (south of Jayapura). In 1993 we
visited the area but unfortunately we were not allowed by the military people to
go off road. They feared that something could happen to us because at that time
there was a lot of activity by the OPM, the freedom fighters of New Guinea.

This might be the reason that we did not succeed in finding the species. In
2011 we visited the area again but also this time we had no luck. It is probably a
rare species and very local in the northern part along the border of PNG. I do
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Figure 45. Type locality of Nyctemera groe-
nendaeli, Ampas. Photo: Rob de Vos.

Figure 44. Nyctemera groenendaeli [holotype
m, Ampas Ned Nw Guinea, ZMAN].

Figure 46. Distribution map Nyctemera groe-
nendaeli.



hope it is not extinct because much of the area is now cultivated into agriculture
and oil palm plantations.

Nyctemera oninica De Vos, 2007 
[Figures 47-49]

I found this species on the island Roon, north of Wandammen Peninsula. The
area is so remote that the children in the village Yende had never seen a white
man before. You can imagine their excitement. Although the actual specimen is
rather worn I am happy with it because it was the only one collected by us and
collecting on this island was extremely difficult. There was only a small bare
slope on a shallow hill near the village of Yende where we could put up our sheet
for light collecting. The whole wide area was covered with a dense forest which
is not good for collecting with light. I found in the Natural History Museum a
few more specimens of this species from another locality, Fakfak (Onin
Peninsula), and because I recognized these specimens first to belong to a new
species and later identified our Roon specimen to belong to the same species I
named it after the Onin Peninsula.

R. DE VOS

79

Figure 48. Yende, Roon Island. Photo: Rob
de Vos.

Figure 47. Nyctemera oninica [paratype fm,
Yende Roon Island, ZMAN].

Figure 49. Distribution map Nyctemera
oninica.



Nyctemera warmasina Bethune-Baker, 1910 
[Figures 50-53]

Since my first visit to New Guinea in 1993 I am chasing this species. It is endem-
ic in a small area in the Arfak Mountains, near the Anggi Lakes (in Papua:
Warmasin, which means salt water. This is strange because the two rather large
lakes have no salt water at all). We never succeeded in reaching the area until in
2011 when we finally had the chance to go to the Anggi Lakes because a road has

been made through the Arfak
Mountains from North to South.
Although this road is far from com-
fortable it is a great possibility to enter
this very interesting area of endemism
and a biodiversity hot spot for many
plants and animals.
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Figure 52. Host plant (red flowered
Senecio) of Nyctemera warmasina, Kobrey.
Photo: Siep Sinnema.

Figure 50. Nyctemera warmasina, Kobrey
(Arfak). Photo: Siep Sinnema.

Figure 51. Biotope of Nyctemera warmasina,
Kobrey (Arfak). Photo: Siep Sinnema.

Figure 53. Distribution map Nyctemera war-
masina.



Only few specimens are known of N. warmasina, all present in the collection
of the Natural History Museum and the last specimen ever seen was in 1928. My
colleague Siep Sinnema was so lucky to collect two specimens of this species for
me during our expedition in 2011. You can imagine my excitement.

Like all other Nyctemera species the caterpillars of this species feed on Senecio
plants. There was a quite abundant red flowered Senecio species in the area which
is most likely the hostplant for warmasina, although we did not found the cater-
pillars. This is also what the Nyctemera species have in common with the only
close relative of the genus in Europe, the Scarlet (Tyria jacobaeae), which also
feeds on Senecio.

Other tigermoths
[Figures 54-64]

Apart from the genus Nyctemera I
was also interested in other tiger-
moths. I came across the large genus
Spilosoma of which many species are
endemic in New Guinea. Apart from
Spilosoma kebea, S. dinawa and S.
biagi, all named after villages in
PNG, there was another very com-
mon Spilosoma species which was
still undescribed. It was very abun-

R. DE VOS

81

Figure 55. Spilosoma owgarra, Walmak.
Photo: Joop Schaffers.

Figure 56. Spilosoma biagi, Walmak. Photo:
Joop Schaffers.

Figure 54. Spilosoma kebea, Walmak. Photo:
Joop Schaffers.



dant in the village of Walmak (district
Nipsan, Jayawijaya Mountains) where
you literally stepped on it. I had to
describe this common species and dis-
covered in collections more unde-
scribed species. I revised the 27 New
Guinea species of Spilosoma in 2011 of
which 10 were new to science. The
common species from Walmak I

named Spilosoma vulgaris De Vos &
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Figure 57. Spilosoma vulgaris, Walmak.
Photo: Joop Schaffers.

Figure 61. Hyalaethea attemae 20080723. 001
[holotype fm, Jiwika Baliem Valley,
ZMAN].

Figure 58. Acco albipuncta [paratype fm,
Walmak Papua, ZMAN].

Figure 59. Damias biakensis [holotype fm,
Kota Biak, Biak Island, Jari Hyvärinen].

Figure 62. Notata zumkehri [holotype m,
Pass Valley Papua, ZMAN].

Figure 63. Oeonosia pectinata [paratype m,
Araucaria Camp Ned Nw Guinea,
RMNH].

Figure 60. Emelieana aurolineata [holotype
m, Warmare Dua, Irian Jaya, ZMAN].



Suhartawan, 2011. And still the discoveries are going on because in the expedi-
tion of 2011 I found another new Spilosoma species from the Arfak Mountains,
collected by Siep Sinnema.

Also smaller species of tigermoths (Lithosiini) took my attention because of
the beautiful colours, variety of wing shapes and interesting taxonomic prob-
lems. Until now I revised many genera and species groups and described 69 new
taxa. The smaller Lithosiini are mostly feeding on mosses and lichen and there-
fore moisty cloud forests are the most favorite ones for the study of this group.
In November 2011 we visited Mokwam in the Arfak Mountains which is locat-
ed at an altitude of 1510 m. It is surrounded by a dense cloud or mist forest with
a lot of beard mosses and lichen, ideal for the smaller Lithosiini. The collecting
at light indeed resulted in the discovery of many species of this group and among
them as expected many new species. This means work for at least the rest of my
life and that of others!

Monosyntaxis species complex 
[Figures 64-66]

Monosyntaxis bipunctata Bethune-Baker, 1904 was traditionally known to be distrib-
uted on the whole island of New Guinea. The species is restricted to mountainous
areas at higher altitudes. Together with
my colleague Martin Honey from the
Natural History Museum in London I
discovered that the genitalia of the iso-
lated populations in the different moun-
tain ranges through New Guinea are
significantly different from M. bipuncta-
ta. I found out that at least the popula-
tions of the Arfak Mountains, Kobowre
Mountains, Foja Mountains, Jayawij -
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Figure 64. Monosyntaxis bipunctata [m,
Owgarra PNG, BMNH].

Figure 65. Monosyntaxis bipunctata. Photo:
BM6290 male genital.

Figure 66. Monosyntaxis bipunctata. Photo:
BM6290 aedeagus.



aya and Star Mountains (together) and probably also the Kratke Mountains in
PNG are all different and therefore new species. A publication on this is in
progress. The discovery of this was possible by the collecting of new and fresh
material during our expeditions.

New described insect species until now, based on the
material collected during the five surveys in Papua
The material we collected is available for scientists and other specialists to treat
the material in their taxonomic revisions. More than 50 international entomolo-
gists are more or less cooperating with us and the first results can already be pre-
sented.

TRICHOPTERA (CADDIS FLIES) 
[Figure 67]

The late Dr. Lazare Botosaneanu (†2012) described 11 new caddis fly species from
our collected material. This task is now taken over by Prof. János Oláh from
Hungary who has new material in progress of description.

Calamoceratidae

Anisocentropus bipustulatus Botosaneanu & De Vos, 2004

Anisocentropus gilvimacula Botosaneanu & De Vos, 2004

Glossosomatidae

Agapetus inflatigonus Botosaneanu, 2009
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Figure 67. Chimarra formosa [Pass Valley, ZMAN].



Hydropsychidae

Cheumatopsyche lelamba Botosaneanu, 2009

Hydropsyche neboissi Botosaneanu, 2009

Hydropsyche trirostrata Botosaneanu, 2009

Hydropsyche walmaka Botosaneanu, 2009

Leptoceridae

Oecetis quadrangula Botosaneanu, 2009

Triaenodes contuberna Botosaneanu, 2009

Triaenodes tortuosa Botosaneanu, 2009

Philopotamidae

Chimarra (Chimarra) formosa Botosaneanu & De Vos, 2006

LEPIDOPTERA (BUTTERFLIES AND MOTHS)
Alucitidae (Many Plumed Moths) 

[Figure 68]

Before we collected new material only three species were known of this family
from New Guinea. Dr. Cees Gielis discovered 12 new species in our material:

Alucita abenahoensis Gielis, 2009

Alucita deboeri Gielis, 2009
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Figure 68. Alucita rutteni. Photo: holotype m, Walmak, ZMAN.



Alucita dejongi Gielis, 2009

Alucita devosi Gielis, 2009

Alucita lackneri Gielis, 2009

Alucita mabilabolensis Gielis, 2009

Alucita manneringi Gielis, 2009

Alucita nipsana Gielis, 2009

Alucita ochrobasalis Van Mastrigt & Gielis, 2009

Alucita rutteni Gielis, 2009

Alucita walmakiensis Gielis, 2009

Alucita wamenaensis Gielis, 2009

Erebidae

Arctiinae (Tiger Moths) 

[Figure 69]

Acco albipuncta De Vos & Van Mastrigt, 2007

Acco fasciata De Vos & Van Mastrigt, 2007

Emelieana aureolineata De Vos & Van Mastrigt, 2007

Hyalaethea attemae De Vos, 2010

Notata zumkehri De Vos & Van Mastrigt, 2007

Nyctemera oninica De Vos, 2007

Oeonosia abenaho De Vos, 2012
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Figure 69. Scoliacma suzannae [paratype fm, Walmak, ZMAN].



Scoliacma adriani De Vos, 2008

Scoliacma flava De Vos & Van Mastrigt, 2007 (= S. heringi Gaede, 1925)

Scoliacma suzannae De Vos, 2008

Spilosoma mastrigti De Vos & Suhartawan, 2011

Spilosoma vulgaris De Vos & Suhartawan, 2011

Trischalis purpurastriata De Vos & Van Mastrigt, 2007

Trischalis zahrae De Vos & Van Mastrigt, 2007

Erebinae (Underwing Moths)

Ommatophora orientalis Pavesi, De Vos & Zilli, 2010

Micronoctuinae

Pollex (Bilobiana) newguineai Fibiger, 2007

Lecithoceridae

Crocanthes cyclopsana Park, 2011

Crocanthes gatoralis Park, 2011

Crocanthes warmarensis Park, 2011

Hamatina iriana Park, 2011

Hamatina jembatana Park, 2011

Hamatina robdevosi Park, 2011

Lecithocera niptanensis Park, 2012

Lecithocera pseudolunata Park, 2012

Pterophoridae (Plumed Moths) 

[Figure 70]

Deuterocopus devosi Gielis, 2003

Deuterocopus papuaensis Gielis & De Vos, 2007

Hellinsia biangulata Gielis & De Vos, 2007

Hellinsia wamenae Gielis, 2003

Lantanophaga dubitationis Gielis & De Vos, 2007

Megalorhipida deboeri Gielis, 2003
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Megalorhipida madoris Gielis & De Vos, 2007

Nippoptilia rutteni Gielis, 2003

Saturniidae (Emperor Moths)

Syntherata devosi Naumann, Lane & Löffler, 2009

COLEOPTERA (BEETLES)
The credits for most of the collected smaller beetles are for Tomas Lackner who
joined us in 2005 in Papua. He collected many specimens with special beetle
traps. Several specialists are now dealing with the material and the results below
are just the beginning.

Carabidae 

Fortagonum angusticolle Baehr, 2010a

Mecyclothorax lackneri Baehr, 2008

Notagonum crenulipenne Baehr, 2010b

Notagonum devosi Baehr, 2010b

Notagonum fuscipes Baehr, 2010b
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Figure 70. Deuterocopus papuaensis. Photo: paratype, Pass Valley, ZMAN.



Notagonum lackneri Baehr, 2010b

Notagonum margaritum montorum Baehr, 2010c

Notagonum nigrinum Baehr, 2010b

Scarabaeidae

Anomala biakensis Zorn, 2007

Anomala bruggei Zorn, 2007

Staphylinidae

Andelis ruficaudatus Bordoni, 2010

Mitomorphus abenaho Bordoni, 2010

Mitomorphus abmisibil Bordoni, 2010

DNA ANALYSES
[Figure 71]

Most of the recently collected Lepidoptera material will be sampled for DNA
analyses in the Sylvius DNA laboratory in Leiden. Results of this will be present-
ed in the worldwide barcoding projects of Barcode of Life Database (BOLD).

Acknowledgements I like to thank all expedition members for their help and coop-
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Figure 71. Sylvius lab, Leiden. 
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Invited Plenary Lectures

Wasps know each other’s faces; cooperation, 
communication, and cognition in the Polistes
Elizabeth A. Tibbetts
Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI, USA,
tibbetts@umich.edu

Social behavior and communication are fundamentally linked. In the short term,
stable social interactions depend on reliable communication. Over the long term,
social behavior and communication systems coevolve to shape the way animals
look, think, and act. I will use visual communication in paper wasps as a model
to explore how the coevolution of social behavior and communication influen-
ces morphology, physiology, and behavior. I will focus on two common wasp
species with different types of social communication, Polistes fuscatus, which
have visual signals used for individual recognition and Polistes dominulus, which
have visual signals of fighting ability. Specific topics to be discussed include, the
role of social punishment in the evolution of honest communication, how com-
plex communication systems shape cognitive evolution, and the feedbacks bet-
ween signals, social behavior, and endocrine titers.

Water-walking insects: marrying evo-devo with ecology
for a better understanding of morphological evolution
Abderrahman Khila
Institut de Génomique Fonctionnelle de Lyon, ENS de Lyon, France,
abderrahman.khila@ens-lyon.fr

Three decades after the birth of evo-devo, there is an increasing recognition that
a strong integration of evolutionary ecology with developmental genetics is
required for a more comprehensive and thorough understanding of the origin of
animal diversity. Here we combine original natural systems, water-walking
insects (Heteroptera, Gerromorpha), with state of the art tools of functional and
developmental genetics, to study the interplay between developmental genetic
pathways and the ecological environment, and how this interaction can shape
adaptive phenotypic change. About 200 million years ago, the common ancestor
of water-walking insects invaded water surface and radiated into a diverse array
of niches, from shorelines to open oceans. This ecological transition and specia-
lization is associated with an array of adaptive changes that enabled these insects
to support their body weight and generate efficient propulsion on the water sur-
face. In this talk, I will describe the function of a set of morphological traits,
their developmental genetic basis, and how these traits were critical in the initi-
al event of water surface invasion and the diversification of the group.
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Start of insect life: Insect eggs and their interactions
with plants
Monika Hilker
Institute of Biology, Freie Universität Berlin, Germany, monika.hilker@fu-berlin.de

Insect eggs are highly vulnerable life stages that cannot escape from danger.
Insect parents take care of them by e.g. hiding them inside a substrate, endowing
them with toxins, covering them with protective material or even guarding
them with the parental body. Parents may even affect the health of the insect
embryo by transgenerational immune priming and thus influence how efficient-
ly the egg will cope with attack by egg parasitoids. However, insect eggs laid on
leaves face counteractions when the egg-laden plant starts to defend against the
upcoming danger of feeding damage by hungry larvae. Plants can react to insect
egg deposition by producing toxins killing the eggs, forming neoplasms or
necrotic tissues that lead to detachment of eggs from the plant. Plants may even
take the egg deposition as a warning signal for upcoming future larval feeding
damage; larvae feeding on a plant where they hatched from eggs show reduced
performance compared to larvae feeding on egg-free plants. In addition to such
defensive plant responses acting directly against the eggs or the hatching larvae,
plants are known to ‘call’ egg parasitoids when eggs have been laid onto leaves.
Insect egg deposition on leaves induces the emission of leaf volatiles that attract
parasitoids or induces a change of leaf surface chemistry that facilitates the para-
sitoid´s search for eggs. The high species specificity of the tripartite interactions
between plants, insect eggs and egg parasitoids requires fine-tuned mechanisms
of adaptation in each participant of this infochemical web.

Lectures

1.1 Enhancement of food supply in agricultural 
landscapes: effects on hoverflies
Esther Klop, David Kleijn & Tibor Bukovinszky
NIOO-KNAW, Wageningen, estherklop2@gmail.com

Lack of floral resources is often recognized as driver of pollinator declines. In
this multiannual project, we analysed the effects of different resource quantities
on flower-visiting insects on a landscape level. In ca. 50 ha plots, flower fields of
1-10 ha were established. Hoverflies were sampled by coloured pan trapping at
fixed distances from the fields. Flower abundance of landscape plots was estima-
ted and linked to hoverfly abundance and species richness. Here, we present our
first result.
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1.2 Intraguild predation avoidance in the context of
apparent competition in an aphid community
Enric Frago & Charles Godfray
Entomology, Wageningen University, enric.frago@wur.nl

Insect parasitoids have developed behavioural strategies to avoid intraguild pre-
dation which can have implications in the context of apparent competition. In
replicate cage experiments, we have found that intraguild predator cues reduce
parasitism efficiency of Aphidius ervi attacking the pea aphid, Acyrthosiphum
pisum, in a way that benefits the grain aphid, Sitobion avenae. This effect is reve-
aled over multiple generations, a long-term, trait mediated example of apparent
mutualism.

1.3 Disentangling above- and belowground effects of
neighbouring plants on the arthropod community on
Jacobaea vulgaris
Martine Kos & Martijn Bezemer
NIOO-KNAW, Wageningen, M.Kos@nioo.knaw.nl

We studied the relative importance of above- and belowground effects of neigh-
bouring plants on the arthropod community on the focal plant Jacobaea vulgaris.
We show that, although neighbouring plants affect the biomass of a focal plant
via both above- and belowground interactions, only aboveground neighbouring
effects were strong enough to cascade up the food web and affect the abundance
of herbivores and carnivores on the focal plant. Furthermore, the identity of the
neighbouring species also greatly affected the arthropod community on J. vulga-
ris. 

1.4 The utility of local risk maps of sheep tick for 
ecological tick prevention measures
Marieta Braks, Fay Haverkort & Aart Claassens
RIVM, Bilthoven, marieta.braks@rivm.nl

The sheep tick is a vector of several human pathogens, including the causative
agent of Lyme disease. Despite intensive educational programs, the incidence of
Lyme disease is still on the rise in the Netherlands. In the current study, we sho-
wed the utility of the developments of local risk maps for sheep ticks in nature
conservation areas in the Netherlands to guide focused ecological preventive tick
management measures.

1.5 UES Master Thesis Award
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2.1 Host preferences and biting rates of Culicoides
species in the Netherlands: comparing cattle, sheep
and the black-light trap
A.R.W. Elbers & R. Meiswinkel
Central Veterinary Institute, Lelystad, armin.elbers@wur.nl

Host preference is an important determinant of feeding behaviour in biting
insects and a critical component in the transmission of vector-borne diseases.
The aim of the study was to quantify host preferences and biting rates of
Culicoides using tethered livestock in pasture (a dairy cow and a sheep) and to
compare the numbers of biting midges aspirated off them to those captured
simultaneously in a black-light trap. Culicoides collections were made at a dairy
herd in the east of the Netherlands. Culicoides were identified to species morpho-
logically and age-graded. The C. obsoletus complex, C. dewulfi and C. pulicaris
predominated on the back and flanks of the animals, C. punctatus on the belly,
and C. chiopterus on the legs. Significantly more Culicoides were caught on the
cow (10,742) than on the sheep (1,182) or in the black-light trap (48). Midges only
began to appear in the black-light trap from sunset onwards. Though it was quite
accurate in its reflection of the vector-host relationship observed on animals in
the field, the black-light trap proved to be of limited value for determining hours
of peak biting activity, levels of abundance, and host preference, in Culicoides.

2.2 Social behavior of honeybees feeding nest mates
challenged by multiple drivers of colony losses
Coby van Dooremalen & Maria Meijer
Bees@wur, Wageningen, coby.vandooremalen@wur.nl

Honeybee colonies experience extensive losses, caused by a combination of mul-
tiple stressors. The social honeybee colony acts as a super-organism with age-
related division of labor. One of the main tasks of nest bees inside the colony is
nursing. We hypothesized that in colonies under pressure, multiple stressors
(Varroa destructor, Nosema ceranae, and chronic sublethal dose of Imidacloprid)
will reduce nursing capacity of individual bees, potentially jeopardizing the
future workforce of the colony.
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2.3 Courting behaviour and androconial chemistry of
Morpho peleides
Joop J.A. van Loon, Berhane Weldegergis, Evelien Kooij, Enzo Moretto &
Marco Gherlenda
Entomologie, Wagningen Universiteit, joop.vanloon@wur.nl

Morpho butterflies of tropical America are famous for their metallic blue reflec-
tive wings. It has been assumed that Morpho butterflies mainly use visual cues
in courtship behaviour. We report for the first time androconial organs in male
Morpho peleides and their role in courtship behaviour. We also present chemical
analysis of the complicated volatile blend stored in the androconial gland and
propose this functions as a courtship pheromone.

2.4 Benefits for two? Testing the defensive function of
egg parasitoid-attracting plant volatiles
Eddie Griese, Marcel Dicke, Erik H. Poelman, Monika Hilker & Nina E.
Fatouros
Institute of Biology, Freie Universität Berlin, Germany, eddie.griese@fu-berlin.de

When attacked by herbivorous insects, plants emit volatiles that provide relia-
ble information for parasitoids during host location. Such emissions can be
mediated not only by feeding herbivores but also when eggs are deposited. In the
wild crucifer Brassica nigra, egg deposition of the Large cabbage white butterfly
Pieris brassicae induces volatiles that attract egg and larval parasitoids (i.e., ovi-
position induced plant volatiles, OIPVs). Whether the release of herbivore-
induced plant volatiles (HIPVs) or OIPVs followed by the attraction of parasi-
toids (evolutionary enlistment) increases plants fitness is still under strong
debate. We tested whether (1) parasitism and killing of herbivore eggs by egg
parasitoids leads to an increase in reproductive output in genotypes of B. nigra
and (2) variation in volatile profiles of plant genotypes is linked to variation in
parasitism. In a common garden approach, egg clutches of P. brassicae experien-
ced higher parasitism rates on some genotypes and these plants’ volatiles were
more attractive to Trichogramma egg parasitoids in olfactometer tests than
others. However, these differences could not be linked to plant fitness benefits.
Release of HIPVs in an early phase of herbivore colonization can also attract
other non-beneficial insects. Ongoing experiments evaluate the effect of volati-
les on parasitoids and other insect community members and link it to plant fit-
ness.
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2.5 Body odours of parasitized caterpillars give away
the presence of parasitoid larvae to their primary
hyperparasitoid enemies
Feng Zhu, Berhane T. Weldegergis, Boris Lhie, Jeffrey A. Harvey, Marcel
Dicke & Erik H. Poelman
Entomology, Wageningen University, feng.zhu@wur.nl

Foraging success of hyperparasitoids depends on the utilization of reliable infor-
mation on the presence of their often inconspicuous hosts. Beside using herbivo-
re-induced plant volatiles, hyperparasitoids may use herbivore-associated cues
for host searching. We addressed whether the primary hyperparasitoid
Baryscapus galactopus uses caterpillar body odours to discriminate the herbivores
carrying larvae of different parasitoid hosts. We found that the hyperparasitoids
preferred body odours of parasitized caterpillars in two-choice bioassay. Volatile
analysis revealed that body odours of parasitized caterpillars differ from unpara-
sitized caterpillars, allowing the hyperparasitoids to detect their parasitoid host.

3.1 The genetic basis of natural variation in learning
rate between Nasonia parasitic wasp species
Katja M. Hoedjes, Hans M. Smid, Louise E.M. Vet & John H. Werren
Entomologie, Wagningen Universiteit, katja.hoedjes@wur.nl

All animal species can learn and form memories, but there is variation in learning
rate. The parasitic wasp Nasonia vitripennis is a species with a high learning rate
and will form a long-term memory after a single conditioning trial. The closely
related species Nasonia giraulti requires multiple conditioning trials to do so. We
have studied the genetic basis of learning rate by backcrossing genes involved in
learning rate from one species into the genetic background of the other species.

3.2 Intra- and interspecific variation of the Drosophila
compound eye
M. Hilbrant, D. Leite, I. Almudi, L. Kuncheria, N. Posnien, M.D.S. Nunes, S.
Arif, C. Schlötterer, P. Mitteroecker & A.P. McGregor
Oxford Brookes University, UK, mhilbrant@brookes.ac.uk

In order to gain insights into the evolution of the insect compound eye, we
investigated variation in the eye and head capsule between Drosophila melano-
gaster, D. simulans and D. mauritiana. Analysed traits include ommatidia number
and size, as well as rhodopsin mRNA expression levels and Rhodopsin protein
expression patterns across the retina. In summary, we found that the morpholo-
gy and functional properties of the compound eyes vary considerably within and
among these closely related Drosophila species.
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3.3 Host specialisation and population structure in the
endophilic tick Ixodes arboricola
A.R. Van Oosten, E. Matthysen, D.J.A. Heylen, K. Jordaens, T. Backeljau &
J. White
Biologie, Universiteit van Antwerpen, België, raoul.vanoosten@uantwerpen.be

Ixodes arboricola infests cavity-nesting birds (mainly great and blue tits) and we
have shown it has specific adaptations to detach in the nests of these birds.
Because their hosts tend to return to the same nest, dispersal of the ticks is limi-
ted and we expected strong genetic differentiation on a small spatial scale. The
project focuses on the population genetic structure (surveyed with microsatellite
loci) and adaptations of these ticks for dispersal, such as mating strategies and
host specialisation.

3.4 The role of transformer in sex determination of the
parasitoid Asobara tabida (Hymenoptera)
Elzemiek Geuverink, Eveline Verhulst, Louis van de Zande & Leo
Beukeboom
Evolutionaire Genetica, Universiteit Groningen, e.geuverink@rug.nl

Similar to other insect groups, Hymenoptera have fast evolution and turn-over
of sex determination mechanisms. Complemenary Sex Determination (CSD) is
a widespread mechanism in Hymenoptera, but functional analysis has thus far
only been performed in Apis mellifera. Nasonia vitripennis has maternal imprinting
sex determination, but it is not known how widespread this mechanism is. The
parasitic wasp Asobara tabida also has a non-CSD mechanism, but the functional
details are unknown. Here we report the initial characterization of its sex deter-
mination genes and their splicing variants in adult females and males. We
investigate whether Asobara employs a Nasonia-like sex determination mecha-
nism by assessing maternal input of transformer and the start of zygotic trans-
former expression.
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3.5 Reproductive success in three congeneric 
hyperparasitoids
Jeffrey A Harvey
NIOO-KNAW, Wageningen, j.harvey@nioo.knaw.nl

Closely related organisms often exhibit traits that are strongly conserved phylo-
genetically, even when they constrain the full range of adaptive responses. Here,
lifetime reproductive success and effort, longevity and metabolic rate are com-
pared in three hyperparasitoid species in the genus Gelis. Two of the species are
wingless and largely confined to ground habitats, whereas the third is fully win-
ged and prefers to forage in canopy habitats. The results show that there are pro-
found differences in fecundity and longevity in the three species, probably
reflecting processes that vary in their subtlety.

4.1 Euseius gallicus, a predatory mite for biocontrol in
greenhouse grown cut roses
Juliette Pijnakker, Felix L. Wäckers & Yves Arijs
Biobest, Westerlo, België, juliette.pijnakker@biobest.be

The predatory mite Euseius gallicus was evaluated by Biobest in a series of green-
house experiments on sweet pepper plants and in roses. Biobest has developed a
method for large-scale mass production of Euseius spp. In all semi-field tests E.
gallicus established well in the presence of thrips and/or pollen. Biobest received
the authorization for experimenting with this species in commercial greenhou-
ses in the framework of new fauna protection regulations in the Netherlands. In
June 2013 the first predators were introduced in commercial cut roses. Euseius gal-
licus showed a rapid establishment, a high mobility and dominated Amblyseius
swirskii.

4.2 Modelling whitefly and Encarsia population 
development for a decision support system
A. Maaike Wubs, E. Boeckmann & L. Hemerik
Mathematical and Statistical Methods Group, Wageningen UR, maaike.wubs@wur.nl

For the use in a decision support system, a simulation model is developed for
population dynamics of greenhouse pests and their beneficials. Currently, the
whitefly Trialeurodes vaporariorum and Encarsia formosa are modelled. The factors
affecting interaction between the species are among others host density, parasi-
tism rate and searching time. The model is validated using experiments in
greenhouses, where known numbers of both species were released. In general,
there is a good correspondence between observed and simulated whitefly popu-
lations.
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4.3 Rise and fall of the thunderflies
Manus P.M. Thoen
Entomologie, Wageningen Universiteit, manus.thoen@wur.nl

The western flower thrips Frankliniella occidentalis is a devastating pest insect on
numerous crop species world-wide. Here, I will focus on the biology of F. occi-
dentalis, how it has become the menacing pest it is at present and how we can
protect our crops against it in the future. Exploring and understanding the gene-
tic basis of plant resistance mechanisms to herbivorous pest insects can greatly
benefit the development of insect-resistant crops. Combining genomics with
high throughput phenotyping systems could bring to light new genetic markers
and genes that underlie thrips resistance in plants.

4.4. Effects of secondary metabolites in carrot on
western flower thrips (Frankliniella occidentalis)
Rita Rakhmawati, Tim Halvemaan, Peter Klinkhamer & Kirsten Leiss
Plant Ecology, Leiden University, r.rita3@yahoo.com

Using an eco-metabolomic approach the metabolites sinapic acid, β-alanine and
luteolin, have been identified to be associated with host plant resistance to
western flower thrips (Frankliniella occidentalis) in carrot. In this study we
investigated the effect of combining metabolites looking for synergistic effects
on thrips mortality. All three metabolites reduced thrips mortaltiy. Our results
showed synergistic effects of these metabolites in host plant resistance against
thrips. Using various metabolites for host plant resistance has important impli-
cations for durable resistance breeding.

4.5 The effects of sequential infestation by herbivores
on the response of the predator Phytoseiulus 
persimilis
Tila R. Menzel, Wilke W. Heijs, Rieta Gols, Joop J.A. van Loon & Marcel
Dicke
Entomology, Wageningen University, tila.menzel@wur.nl

Plants are able to defend themselves against herbivores by use of direct and indi-
rect defense mechanisms. The latter involves the recruitment of natural enemies
of herbivores via plant volatiles that are released in response to herbivory. Plant
defense mechanisms may, however, become modified when several herbivores
feed on the same plant. Feeding can also occur in timely spaced events and still
alter plant defense responses. Here, we investigated the effect of subsequently
arriving heterospecific and conspecific herbivores on plant indirect defense
mediated by the specialist predator and biological control agent Phytoseiulus per-
similis in Lima bean plants.
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Posters

Tree-top disease in caterpillars: the role of the 
baculovirus egt gene
Vera I.D. Ros, Stineke van Houte & Monique M. van Oers
Virologie, Wageningen Universiteit, vera.ros@wur.nl

Parasitic modification of host behaviour is a widely adopted strategy of parasi-
tes to enhance their own transmission. A typical case of behavioural manipula-
tion is found in insects infected with baculoviruses. Infected caterpillars show
enhanced mobility and start climbing to the top of plants or the forest canopy
(‘tree-top disease’). As a consequence, the virus is spread over a larger area, the-
reby increasing the chance to infect a new caterpillar. Recently, the egt gene
from the baculovirus Lymantria dispar nucleopolyhedrovirus (LdMNPV) was
identified to induce tree top disease in L. dispar larvae. Here, we studied the
effect of Autographa californica multiple nucleopolyhedrovirus (AcMNPV) on
climbing behaviour in two different host insects, the cabbage looper Trichoplusia
ni and the beet armyworm Spodoptera exigua. We show that the effect of this
virus on caterpillar behaviour differs between these two host species.
Additionally, we found no evidence for a general role of the egt gene in causing
tree top disease. This implies that baculoviruses have evolved multiple strategies
to manipulate similar behavioural phenotypes in their caterpillar hosts.

Do males evaluate female age for precopulatory mate
guarding in spider mites?
Keiko Oku & Yutaka Saito
Entomology, Wageningen University, keiko.oku@wur.nl

In the two-spotted spider mite, because only the first copulation results in ferti-
lisation, males guard pre-adult females. Previous studies showed that males pre-
fer to guard older rather than younger females. However, as their experimental
designs included uncertain factors, the findings have not always been sufficient-
ly rigorous. Thus, we re-examined whether males discriminate between females
closest to becoming receptive and younger females. Here, we present the result
and a proximate factor determining the male behaviour.
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Mixing and storing large volumes of honey bee (Apis
mellifera mellifera) sperm integrated in a breeding 
program
Jacob Peter van Praagh & Jürgen Brauße
Institut für Bienenkunde, Celle, Germany, jph@tiho-hannover.de

The ability to pool and deliberately mix semen from many drones and then use
it for instrumental insemination of larger groups of queens would be a valuable
tool for honey bee, Apis mellifera, breeding. It results in a greater effective bree-
ding population. Therefore, a method to stir large amounts of sperm (3 ml sperm
= ca. 7000 males) using relatively small amounts of buffer (10% vol/vol) was
developed to be used in a Buckfast closed breeding project. Collecting sperm
from as many as 7000 males, inseminating 250 queens with the mix requires
several days. Therefore, a sperm storage equipment was developed. From older
research (1989) we know that at temperatures below 19 °C sperms are immobili-
zed. A portable storage box to temperate the capillaries at 17.5 ± 0.3 °C was devel-
oped using peltier elements and sophisticated electronics. Data on successfully
inseminated queens with deliberately mixed sperm after 76 days of storage at the
end of the beekeeping seasons 2010 and 2012 will be presented. The beekeeping
Institute Dol analyzed the sperm numbers in some of the spermatheca of both
series. The data clearly show that (1) an undisturbed temperate storage in the
closed capillary is obligatory, and (2) the large volumes we can stir and store
allow to maintain and distribute a high male genetic variability for breeding pur-
poses. The developed equipment can very well be used for the maintenance of
local bee population over many generations with little loss of genetic diversity
and biodiversity, offering a way to preserve local and native bee populations.

Systemic pesticides (neonicotinoids and Fipronil) too
much risk for biodiversity and natural ecosystems
IUCN Task Force on Systemic Pesticides (Job van Praagh)
Institut für Bienenkunde, Celle, Germany, jph@tiho-hannover.de

In the 1990’s, the systemic pesticides Fipronil and the neonicotinoids (neonics)
were first introduced on the global market. Over the past few years systemic
insecticides have rapidly grown to become the most widely used and fastest gro-
wing class of insecticides worldwide with a market share of at least 24%. Systemic
pesticides are mainly used to control sucking insects, some chewing insects inclu-
ding termites, soil insects, and fleas on pets. Suspected of being the cause of worl-
dwide decline of honey bees and wild pollinators and of the observed massive
decline of entomofauna at large, as well as the parallel decline in insectivorous
bird populations, better insight in its ecological risks is urgently needed.
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Two tricks of baculovirus SeMNPV: behavioral 
manipulation and induction of apoptosis
Yue Han, Stineke van Houte, Vera I.D. Ros & Monique M. van Oers
Virologie, Wageningen Universiteit, yue.han@wur.nl

Baculoviruses induce tree-top disease (death at elevated positions) in their cater-
pillar hosts. It is hypothesized that this behavioral change increases viral trans-
mission rate. We demonstrated that a single gene from the baculovirus
Spodoptera exigua multiple nucleopolyhedrovirus (SeMNPV) is required for tree-
top disease of its host S. exigua. Furthermore, we identified the ptp2 gene from
SeMNPV, encoding a putative protein tyrosine phosphatase, as an inducer of
apoptosis in Spodoptera frugiperda 21 (Sf21) cells. A distantly related gene, ptp,
from Autographa californica multiple nucleopolyhedrovirus (AcMNPV) did not
trigger apoptosis, indicating that only the SeMNPV ptp2 gene can induce apop-
tosis.

Plant mediated effects of Pieris brassicae egg 
deposition, on preference of the larval parasitoid
Cotesia glomerata
Foteini G. Pashalidou, Boris Berkhout, Berhane Weldegergis, Rieta Gols,
Joop J.A. van Loon, Marcel Dicke & Nina E. Fatouros
Entomology, Wageningen University, foteini.paschalidou@wur.nl

Plants can recognize herbivory in oviposition and feeding and respond to ovipo-
sition by releasing oviposition-induced plant volatiles, which can attract parasi-
toids. Plants respond to the actual feeding by releasing HIPVs. Plants might use
both stresses to respond faster against subsequent herbivory. We study whether
indirect defences can be primed; we tested the attraction of Cotesia glomerata
wasps, to plants priorly infested with eggs and then caterpillar feeding, and
against plants induced only by caterpillar feeding.
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The influence of plant responses to herbivores on
behavior of pollinators, and consequences for plant 
fitness
Dani Lucas-Barbosa, Joop J.A. van Loon, Rieta Gols, Teris A. van Beek &
Marcel Dicke
Entomology, Wageningen University, dani.lucasbarbosa@wur.nl

We investigated how plant responses to insect herbivory affect interactions with
pollinators, and ultimately plant fitness. Remarkably, before butterfly eggs had
hatched, infested plants accelerated seed production, and this could not be
explained by interactions with day-pollinators. The caterpillars feed on flowers
but not on seeds and, thus, seed production prior to herbivory on flowers safe-
guarded reproductive output. By accelerating seed production plants prevented
consumption of flowers, and effectively defended themselves against the herbi-
vores.

Adaptation to climate change: microevolution of egg
hatching reaction norm in the winter moth
L. Salis, M. van Asch & M. Visser
NIOO-KNAW, Wageningen, l.salis@nioo.knaw.nl

Under changing conditions species need to adapt to their new environment.
Climate change has led to phenological mismatches between herbivores and
their food plant. Using long-term observational data and experiments, we show
that in the winter moth Opheroptera brumata plasticity in egg hatching date has
changed genetically in a period of 10 years, resulting in closer synchrony with
oak bud burst. Hence, altered selection pressures resulted in a rapid adaptive res-
ponse in insect phenology.

DNA-barcoding and phylogenetics of European
Ptomaphagus species
Wesley van Oostenbrugge & Stefan Visser
Naturalis Biodiversity Center, Leiden, stefan.visser2@hva.nl

The Ptomaphagus beetle from the family Cholevidae is a carrion beetle which
occurs in Europe. This genus is for a large part only morphologically determin-
ed. Our main goal is to rearrange the current phylogenetic tree of the species that
occur in southern Europe using DNA. The reason that southern Europe was
chosen is because many species have been described with a small distribution
area, but it is uncertain whether the species that have been described are in fact
different species.
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The role of pyrrolizidine alkaloids in resistance against
generalist and specialist invertebrate herbivores
Xianqin Wei, Klaas Vrieling & Peter P.G. Klinkhamer
Plant Ecology, Leiden University, weix@biology.leidenuniv.nl

Pyrrolizidine alkaloids (PAs) are typical secondary metabolites of Jacobaea
plants. We performed a bioassay with 90 genotypes of F2 hybrids between
Jacobaea vulgaris and J. aquatica with a generalist herbivore, the slug Deroceras
panormitanum, and a specialist herbivore, the flea beetle Longitarsus jacobaeae.
Bioassay results showed that the specialist herbivore was not affected by Pas,
whereas the generalist herbivore was deterred by leaves with higher total PA
concentration, higher N-oxide concentration, or higher senecionine-like PAs.

Does soil quality interact with landscape complexity to
yield?
Stijn van Gils, David Kleijn & Wim van der Putten
NIOO-KNAW, Wageningen, s.vangils@nioo.knaw.nl

Yields in agriculture are influenced by various ecosystem services. Enhancing
one service often also affects delivery of other ecosystem services. Here we loo-
ked whether landscape quality (pollinator abundance), soil organic matter
(proxy for soil services) and nutrient fertilizer interact to aphid infestation and
yield of oil seed rape (Brassica napus). Fruit number of oil seed rape depends on
pollinator abundance, nutrient fertilizer and probably soil organic matter
(SOM), but these factors seem to act independently. Higher numbers of aphids
appear under nutrient fertilized conditions, but infestation of fertilized plants is
lower under high soil organic matter conditions.

The functions of the insect serosa
Chris Jacobs & Maurijn van der Zee
Evolutiebiologie, Leiden Universiteit, cgc.jacobs@gmail.com

Insect eggs are covered by an extraembryonic membrane, the serosa, which is
thought to protect the egg against the external environment. However, eggs of
the beetle Tribolium castaneum hatch normally when their serosa has been remo-
ved, questioning the function of the serosa. By exposing eggs with and without
serosa to different circumstances we show that the serosa plays a crucial role in
both the desiccation resistance and the immune competence of the insect egg.
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Chironomid species diversity at extremely high 
altitudes
Roland van Dierendonck, Hans Breeuwer & Michiel Kraak
IBED, Universiteit van Amsterdam, rvdierendonck@gmail.com

The high mountain ridges of the Andes may function as a geographical barrier,
creating the conditions for allopatric speciation of aquatic life in high altitude
streams. The aim of the present study was to compare chironomid species diver-
sity in two separate streams. It was hypothesized that metal polluted waters
downstream and mountain ridges separating the streams limit dispersal.
Individual larvae were collected at 3000 and 4000 m in the Quilcayhuanca catch-
ment and at 4000 m in the Rúrec catchment, both in the Cordillera Blanca
(Peru). The genetic structure of the chironomid sample was determined by
sequencing the mitochondrial COI gene and the nuclear CAD gene and con-
structing Maximum Likelihood phylogenetic trees. Chironomid composition of
the Quilcayhuanca 4000 m and Rúrec site were highly differentiated, but the
sites had one phylogenetic species in common. Phylogenetic species composition
of sites at 3000 and 4000 m in the Quilcayhuanca stream differed completely.
Interestingly, the Rúrec site shared phylogenetic species with the 3000 m
Quilcayhuanca site. It is concluded that dispersal of adult chironomids between
the two streams is taking place. Nevertheless, the fact that the Quicayhuanca
and Rúrec stream showed a different chironomid species composition could
indicate that mountains are indeed a barrier for dispersal.

Reducing mycotoxin contamination in edible 
tenebrionid beetle larvae
Sarah van Broekhoven, Quyen H.T. Doan, Joop J.A. van Loon & Arnold van
Huis
Entomologie, Wageningen Universiteit, sarah.vanbroekhoven@wur.nl

Insects are consumed in Africa, Asia and Latin-America. Tenebrionid beetle lar-
vae are now produced in the Netherlands for human consumption. They could
also be produced more sustainably on rest streams from the food and bio-etha-
nol industry. Rest streams can be contaminated with mycotoxins. Lower conta-
mination levels might not visibly affect larval growth and survival, leaving con-
tamination unnoticed. The aim of this study was to determine whether myco-
toxins stay behind in tenebrionid beetle larvae after feeding on contaminated
diets.
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