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Abstract. A multi-model ensemble of 15 climate change projections from regional climate models was used to assess the impact of
changes in air temperature and precipitation on the phenology of pest species in agriculture. This allowed the bandwidths of expected
changes in both meteorological variables to be calculated, forming the basis for assessing and clearly communicating the uncertainties
related to the model results. More specifically, we investigated the potential impact of regional climate change effects on the crop inva-
sion of the rape stem weevil, Ceutorhynchus napi Gyllenhal (Coleoptera: Curculionidae), in Central Europe (Luxembourg). Multisite
and perennial data from field observations were used to choose a biological model from the literature, based on daily maximum air
temperature and daily totals of precipitation to describe the migration of C. napi. Based on this statistical relation, we were able to
reproduce the observed crop invasion with a mean root mean squared error (RMSE) of 10 days. Daily values of projected maximum
air temperatures and daily totals of precipitation of the multi-model ensemble were used as input data for the threshold-based biologi-
cal model that projects the immigration of this pest species into oilseed rape crops (Brassica napus L.). We examined three thirty-year
timespans, the near (2021 to 2050) and the far future (2069 to 2098) and compared them to a reference timespan (1961 to 1990). The
projections showed a significant shift of crop invasion to an earlier onset for the near (14 days) and far future (21 days) compared to the
reference period. In addition, the timespan in which the potential crop invasion will take place increased from 53 days in the reference
timespan to 73 days in the near and 65 days in the far future based on the ensemble median values. It could be expected that a shifting
of the immigration period will increase the risk of missing the appropriate time frame for an insecticide application. A depletion of
stored nutrient resources, leading to starvation after diapause, can be eliminated for C. napi under climate change effects, as this species
hibernates motionless as an adult in earth cocoons until emergence in early springtime driven by temperature.

INTRODUCTION tion. Adult stage is reached after 5 weeks, but the adults do
not emerge from the cocoons until following spring (Al-
ford et al., 2003). C. napi is present in Central Europe (Al-
ford et al., 2003) and hence also common in Luxembourg
(Braunert, 2009). In recent years, forecast systems for the
crop invasion of C. napi were developed to advise farm-
ers on the timing of insecticide applications (Johnen et al.,
2010). Most of these forecast systems are based on simple

Effects of global change on applied plant protection were
recently reviewed (Juroszek & Tiedemann, 2013), and pos-
sible impacts of increasing air temperature are expected,
especially for pest species (Kocmankova et al., 2011) in
agricultural crop production. So far, the effects of climate
change on herbivore phenology in oilseed rape (Brassica
napus L.) have been described for the cabbage seedpod - ) - . ;
weevil, Ceutorhynchus obstrictus (Marsham) (Olfert & threshold models using variables like soil and air tempera-

Weiss, 2006), and the cabbage stem weevil, Ceutorhynchus ture (Fritische, 1956)}'1 b .
pallidactylus (Mrsh.) (Junk et al., 2012). Luxembourg was chosen as a test area because extensive

field observations of the rape stem weevil were available
for the validation of the results of the statistical models
describing the migration behavior of C. napi. The meth-
odology presented here can be easily transferred to other
regions by adjusting the meteorological threshold values.
The results from a dynamical downscaling of numerical
climate model projections are an essential part of regional
climate change assessments and impact studies. Global
(GCM) and regional climate models (RCM) are well estab-
lished tools to simulate the potential future climate but still
afflicted by different uncertainties e.g. due to the initial or
boundary conditions, the emission scenarios, or by the fact
that some physical processes are not fully implemented

However, the effects of a future changing climate on the
rape stem weevil, Ceutorhynchus napi Gyllenhal (Col.:
Curculionidae), a common pest in oilseed rape causing sig-
nificant yield losses (Williams, 2010), have not yet been in-
vestigated. C. napi is a univoltine species with three larval
instars (Glinthart, 1949). Adults immigrate to oilseed rape
crops from their overwintering habitats in the soil of previ-
ous year’s crop in early springtime (Alford et al., 2003).
After a short feeding time for ovary maturation, C. napi
females oviposite individual eggs into the top of the main
stems or lateral racemes close to the growing tip of the
plants (Williams, 2010). The larvae mine within the pith
of host plants. Mature larvae migrate into the soil for pupa-
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(Knutti et al., 2010). One way to deal with these uncertain-
ties is to analyze an ensemble of equally valid, possible
realizations of regional climate change projections.

We used a multi-model ensemble to derive bandwidths
of possible changes and thereby also assess the uncertainty
associated with the projected changes. This is currently
considered good-practice in impact studies (Knutti et al.,
2010). In contrast to other studies, e.g. Carvalho et al.
(2010), we used a single biological impact model, but an
ensemble of climate change projections based on the same
greenhouse gas emission scenario, A1B (Solomon et al.,
2007). Thus, it is possible to adequately capture the range
of uncertainties associated with climate projections (Beau-
mont et al., 2007) and to understand the range of effects
that are expected in the future (Kocmankova et al., 2011).

The main objective of the present study was to evaluate
the migration of C. napi to oilseed rape crops under the
effects of regional climate change conditions based on a
multi-model approach in order to show the uncertainties
related to the climate change projections.

MATERIAL AND METHODS

In situ meteorological observations

For the description of the average climatological conditions in
Luxembourg we used observations of daily maximum air temper-
ature and daily precipitation totals from the SYNOP (surface syn-
optic observations) station at Luxembourg-Findel Airport (WMO
station ID = 065900). This station, the only official SYNOP sta-
tion in Luxembourg, is located in the south-east of the City of
Luxembourg (49°37'N, 06°13°E, 379 m a.s.L.).

Furthermore, daily values of maximum air temperature (meas-
ured at 2 m height) and total precipitation (measured at 1 m height)
were taken from the meteorological monitoring network stations
of the “Administration des Services Techniques de I’ Agriculture”
(ASTA), as well as from our own standard automatic weather sta-
tion (AWS) (Fig. 1) for the period from 2007 until 2011. Unfor-
tunately, for these stations no long-term data sets are available;
therefore Findel was used as climatological reference.

Thionville ,
BOE ¢ 6.5E

Fig. 1. Geographical overview of the study area and the field
sites. Orange diamonds (ASTA) and crosses (own network): bio-
logical observation sites and meteorological stations used; Bu —
Burmerange, Ob — Obercorn, Ch — Christnach, Us — Useldange,
Re — Reuler; orange rectangle: Findel Airport station. Red/green
crosses/triangles: spatial distribution of 25 km resolution RCM
grid points, grid elements used to derive the time-series for Lux-
embourg are highlighted as triangles in green; selected are grid
points that have any overlap with Luxembourg. Yellow: national
borders. Inset: Luxembourg’s location within Europe. Topogra-
phie USGS GTOPO30.

Regional climate change projections

Fifteen out of 22 available regional climate change model re-
sults from the Research Theme 2B of the EU-FP6 ENSEMBLES
project (van der Linden & Mitchell, 2009) were used (Table 1).
Seven models were omitted because they only partly covered the
whole timespan from 1961 to 2098.

TaBLE 1. List of regional climate change model results used in this study; emission scenario: A1B, spatial resolution: 25 km x 25 km,
temporal resolution: daily data; timespan: 1961-2098. For more detail see van der Linden & Mitchell (2009).

Driving Global Climate Model Moc.lel- Institution Regional Climate Mode'l (RCM) Institution
(GCM) abbreviation used for downscaling

HadCM3Q16 Ml METO-HC RCA3 C4l
ARPEGE_RMS.1 M2 CNRM ALADIN CNRM
ECHAMS5r3 M3 MPI-MET DMI-HIRHAMS DMI
ARPEGE M4 CNRM HIRHAMS DMI
BCM M5 UIB HIRHAMS DMI
HadCM3Q0 M6 METO-HC CLM ETHZ
HadCM3Q0 M7 METO-HC HadRM3QO0 METO-HC
HadCM3Q3 M8 METO-HC HadRM3Q3 METO-HC
HadCM3Q16 M9 METO-HC HadRM3Q16 METO-HC
ECHAMSr3 MI10 MPI-MET RegCM ICTP
ECHAMS5r3 Mll MPI-MET RACMO KNMI
ECHAMS13 MIi2 MPI-MET REMO MPI-M
BCM M13 UIB RCA3 SMHI
ECHAMS5r3 M14 MPI-MET RCA3 SMHI
HadCM3Q3 MI15 METO-HC RCA3 SMHI
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TaBLE 2. Thirty-year (1961-1990) long-term monthly mean air temperatures (long-term annual mean = 8.3°C) and precipitation
(long-term annual amount = 874 mm) at the Findel SYNOP station in Luxembourg (STD = standard deviation).

Jan. Feb. Mar. Apr. May Jun Jul. Aug.  Sep. Oct.  Nov. Dec.
Temperature (°C)
Mean 0.0 1.1 4.0 7.5 11.8 149 169 164 134 9.1 3.9 1.0
STD 2.6 2.6 1.9 14 1.6 1.4 1.8 1.3 1.4 1.5 14 1.9
Precipitation (mm month™)
Mean 71 62 70 61 81 82 68 72 70 74 83 80
STD 38 40 35 37 41 45 33 29 36 51 31 47

All projections were based on the Special Report on Emissions
(SRES) A1B emission scenario of the Intergovernmental Panel
on Climate Change, IPCC (Solomon et al., 2007). This scenario
describes anthropogenic emissions in a future world with rapid
economic growth, an increasing global population until the mid-
dle of this century and a balanced use of fossil and non-fossil
energy resources. It is widely used in impact assessments due to
data availability (Shindell et al., 2007; Weilin et al., 2011) and it is
the only emission scenario used in the ENSEMBLE project (van
der Linden & Mitchell, 2009).

The period from 1961 to the year 2000 is considered as the
control period based on observed twentieth century emissions,
and is followed by the projection period from 2001 to 2100 in
which the IPCC A1B emission scenario was used (Solomon et
al., 2007). As the HadCM3-driven RCM (Table 1) temporal cov-
erage ends in November 2099, the far-future timespan is defined
from 2069 to 2098, the near-future from 2021 to 2050. The thirty
years from 1961 to 1990 define the reference period according to
the official valid reference period defined by the World Meteoro-
logical Organization. The variables used for our analyses are the
daily maximum air temperature and daily total precipitation. To
derive spatial means for Luxembourg from the ENSEMBLE data,
all grid cells that overlap with Luxembourg’s spatial domain are
averaged using a weighing factor per grid element based on the
respective overlap area.

Hence, a threshold-driven approach was used to describe the
migration of C. napi to oilseed rape crops, for which absolute
values of the meteorological variables were necessary. Therefore,

a bias correction of the model output was required (Piani et al.,
2010). A non-linear bias correction method using the E-OBS data
(Haylock et al., 2008) set was used to correct the daily model
output. A detailed description of the approach is given by Nilson
et al. (2010). The necessary correction factors are determined for
the reference timespan from 1961 to 1990 and afterwards applied
to the complete time-series from 1961 to 2100. According to Ro-
jas et al. (2011), we also assumed a stationary error model for
the future time frames. Following Christensen et al. (2010) and
Ylhéisi et al. (2010), model weighting adds an additional level of
uncertainty to the ensemble based climate projections. Therefore,
no weighting factors were applied to individual RCM results in
our study.

Biological models

Different biological models from the literature (Dosse, 1951;
Fritzsche, 1956; Debouzie & Wimmer, 1992) — all based on mete-
orological variables e.g. air temperature and precipitation — were
tested based on our field observations of crop invasion of C. napi.
The biological model by Debouzie & Wimmer (1992) is one of
the most common, freely available tools to predict the migration
of the rape stem weevil and takes the daily maximum air tempera-
ture, as well as daily totals of precipitation, into account. These
variables were measured at all our test sites in Luxembourg. The
model showed the best agreement with field observations and was
therefore combined with the results of the ENSEMBLES project
to analyze the possible effects of changing air temperatures and
precipitation amounts. The model was used to predict the day of
the year (DOY) of crop invasions by C. napi based on the follow-

TaBLE 3. Annual values of mean maximum air temperature and precipitation of the five meteorological stations near the experimental

sites (less than 2 km).

2007 2008 2009 2010 2011 2012

Air temperature (°C)
Burmerange Mean 14.0 13.2 13.6 12.6 15.5 10.1
STD 7.4 7.6 8.3 9.4 7.8 6.9
Obercorn Mean 12.1 11.4 11.6 10.4 11.7 9.8
STD 6.5 6.8 7.5 8.3 6.7 7.2
Useldange Mean 11.4 10.6 10.8 9.7 11.2 10.1
STD 6.4 6.8 7.4 7.9 6.4 6.9
Christnach Mean no value 10.6 10.1 9.0 11.1 10.2
STD 6.7 7.4 8.0 6.5 7.1
Reuler Mean 9.7 9.9 9.3 7.8 10.2 8.4
STD 6.2 6.6 7.5 8.5 6.4 6.9

Precipitation (mm)

Burmerange Sum 798 655 628 496 530 709
Obercorn Sum 1135 1000 971 934 771 979
Useldange Sum 834 974 825 667 505 859
Christnach Sum 702 751 621 531 831
Reuler Sum 723 1225 1101 1076 517 873
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Fig. 2. Anomalies of air temperature and precipitation for the meteorological seasons winter (A) and spring (B) for two different
future timespans (near future = 2021 until 2050 and far future = 2069 until 2098) with respect to the reference period from 1961 till
1990. Long-term annual mean air temperature in winter = 0.7°C, spring = 7.4°C; long-term annual mean precipitation in winter = 200
mm, spring = 135 mm. Given are individual values of each model (small dots), which represent the mean values of a thirty-year period,

as well as the multi model median of all models (bigger dots).

ing conditions: (i) before 15 March, a maximum air temperature
> 9°C on 3 consecutive days, (ii) no precipitation is observed on
those days and (iii) after 15 March, a single day with a maximum
air temperature > 9°C and no precipitation are sufficient to initiate
migration (Debouzie & Wimmer, 1992).

In situ biological observations

Field data collected in a perennial (2007 to 2012), multi-
located monitoring programme was used for comparison with
the predicted crop invasion of C. napi according to the pheno-
logical model by Debouzie & Wimmer (1992). Individuals of C.
napi were caught at five locations in Luxembourg: Burmerange
(49°29'N, 6°19'E, 222 m a.s.1.), Obercorn (49°31'N, 5°51°E, 313
m a.s.l.), Useldange (49°46°N, 5°57°E, 307 m a.s.l.), Christnach
(49°47°N, 06°16°E, 313 m a.s.l.) and Reuler (50°03'N, 06°02'E,
472 m a.s.l.) For monitoring yellow water traps (30 cm x 30 cm X
15 cm, 8 traps per location) were installed along the field borders
in areas where no insecticide was applied during the growing sea-
son. The trap height was adjustable from ground level to 1.7 m
above ground. Three small holes (3 mm in diameter) were drilled
into the middle of the side panels to assure a relatively constant
water level in the trap (3 1 per trap) by avoiding the accumulation
of rainwater. The traps were controlled and insects were sampled
twice per week (Monday and Thursday). A small quantity of soap
was added to the water in the traps to break the surface tension
thereby drowning the insects (Williams, 2010). The captured in-
sects were stored in plastic containers in a 70% ethanol solution,
before being manually identified and counted by using binocu-
lars. Individuals of C. napi were separated from other pest insects
and determined using an identification key (Alford et al., 2003).

Statistics

We used the Kolmogoroff-Smirnoff test to check whether
the projected frequency distributions of crop invasion (Fig. 5)
showed a Gaussian distribution. Since this was not the case for
all 15 models, the non-parametric Mann-Whitney rank sum test
(SigmaStat Ver. 3.0, Erkrath, Germany) was used to test whether
there were statistically significant differences between the fre-
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quency distributions of the migration periods between the refer-
ence period (1961 to 1990) and the two future timespans (2021 to
2050; 2069 to 2098).

RESULTS

In situ climatological conditions

The annual mean air temperature for Luxembourg (Fin-
del Airport station) was 8.3°C (1961 to 1990). The climate
is semi-oceanic with mild winters and moderate summers.
The warmest month is July with a long-term mean air tem-
perature of 16.9°C (Table 2). The precipitation amounts are
almost equally distributed throughout the year and reach a
long-term annual mean of 874 mm.

In addition, Table 3 shows the annual values of mean
maximum air temperature as well as precipitation sums for
the five meteorological stations used in this study. All sta-
tions were in close vicinity to the test fields (less than 2
km). Highest air temperature was reported for the station
near Burmerange, while the highest precipitation amounts
were observed in Reuler, situated in the north of Luxem-
bourg.

Projected climatological conditions

Due to the fact that for the migration of C. napi the tem-
perature and precipitation conditions in winter and spring
were relevant, only these seasons were analyzed (Fig. 2a
and b). Fourteen of the fifteen models showed a clear sig-
nal towards wetter winters (December, January and Feb-
ruary) in the near future, while for the far future period,
all models coincide (Fig. 2a). All models indicated higher
air temperatures for both future timespans (Fig. 2a). In
Fig. 2b, the same analysis is shown for the meteorologi-
cal spring season (March, April and May). In contrast to
the results for winter, the change signal of precipitation is



d — —
Obercorn N=23
I Useldange RMSE = 10.1
Burmerange
I Christnach
I Reuler

absolute frequency
N

OLJ. I‘ L :..“Al
5

-25 -20 -15 -10 -5 15 20 25
predicted - observed [day]

Fig. 3. Absolute frequencies of the differences in days between
observed and predicted Day of Year (DOY) of the crop invasion
(23 cases) by C. napi for the five observational sites for the pe-
riod from 2007 to 2012. Different sites are indicated by different
colours.

not so clear. Nevertheless, most of the models (9 out of 15
for the near and 4 out of 15 for the far future) predict wet-
ter conditions, while all models indicate a trend towards
higher air temperatures in the future.

Selection and validation of the phenological model

C. napi did not appear every year at every location. For
example in Obercorn it was only observed in 2010 and
2011 because of a broad crop rotation within the region.
For our study, 23 cases (year x location) were available
for the comparison with the results based on the statistical
model. The difference between the simulated and observed
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median values was smaller than the error that could be at-
tributed to the interval of observations. On average, crop
invasion was simulated, using the meteorological data sets
from the weather stations from 2007 until 2011, on DOY
76 (17 March), whereas crop invasion was observed at the
five experimental sites in situ on DOY 74 (15 March). The
absolute differences between the observed and predicted
dates of the crop invasion are shown in Fig. 3. In general,
the simple statistical relation between crop invasion and
meteorological conditions leads to satisfactory results
[mean root mean squared error (RMSE) = 10.1 days]. The
absolute difference between the predicted and observed
date of crop invasion was, in 13 cases, below an error of 10
days and only in one case more than 20 days.

Projected crop invasion of C. napi

Fig. 4 shows the effects of climate change on the crop
invasion of C. napi on a specific day of the year calculated
from daily data (maximum air temperature and precipita-
tion sums) for each year from 1960 to 2098 and for each of
the 15 models. The pronounced interannual variability of
the invasion can be attributed either to individual weather
events or to the variable meteorological conditions in gen-
eral. In addition, the median values of the crop invasion
of all 15 ensemble members were calculated (multi-model
mean). It shifted from DOY 77 (18 March, STD 15.8) in
the reference timespan to DOY 63 (4 March, STD 21.5) in
the near future and DOY 56 (25 February, STD 20.8) in the
far future. These shifts between the reference timespan and
the two future periods were tested by the non-parametric
Mann-Whitney rank sum test as statistically significant
(P=0.05).

In Fig. 5, the individual results of all 15 models for the
three different 30-year’ timespan are presented via box-
plots. The boxplots show the median and interquartile
range (IQR), defined via the 25 and 75 percentile. The
whiskers are calculated by a factor of 1.5 x IQR. In addi-
tion, outliers are shown as grey points.
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Fig. 4. Time series of the annual mean crop invasion of C. napi to crops of oilseed rape at Day of Year (DOY) (according to the
model by Debouzie & Wimmer, 1992): multi model (n = 15) spread (=1 x standard deviation, grey); multi model median (thin black
line) with long-term annual means from 1961 until 1990 (reference period, DOY 77), 2021 until 2050 (near future, DOY 63), and 2069

until 2098 (far future, DOY 56).
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Fig. 5. Boxplots of individual model results (N = 15) for the Day of Year (DOY) of the for the crop invasion by C. napi to crops of
oilseed rape (according to the model of Debouzie & Wimmer, 1992); for the reference time span (1961 until 1990 — A), the near future
(2021 until 2150 — B) and the far future (2069 until 2098 — C). The boxplots show the median and the interquartile range (IQR), defined
via the 25 and 75 percentile. The whiskers are calculated by a factor of 1.5 x IQR. In addition, outliers are shown as grey points.

Clear differences between the three timespans for the
crop invasion of C. napi can be observed. In the reference
timespan, the median of the appearance for the individual
models varies between DOY 70 (11 March) and DOY 79
(20 March). In the near as well as the far future timespan
the minimum median of all models decrease to DOY 53
and 28, respectively; while the maximum median of all
models only slightly varies from 79 in the reference to 78
and 74 in the near and far future timespan.

The time span in which the potential crop invasion will
take place based on the average minimum and maximum
value of each of the models increased from 53 (STD 15.3)
days in the reference period, to 73 (STD 15.9) in the near,
and 65 (STD 15.6) in the far future. The elongation of this
period is mainly caused by an earlier onset while the maxi-
mum values show only slight variations.

DISCUSSION AND CONCLUSIONS

The impact of global change on pest species in agriculture
was previously discussed under aspects of species distribu-
tion (e.g. Sparks et al., 2007), life cycle (e.g. Kocmankova
et al., 2011) or pest status of invasive species (e.g. Neth-
erer & Schopf, 2010). However, projections of increasing
air temperature and related impacts to species phenology
are still in early stages (Hodgson et al., 2011). For the first
time, our study showed possible climate change effects on
the migration of the rape stem weevil, C. napi, to oilseed
crops in the future. In order to quantify the uncertainties re-
lated to climate change projections and the coupled impact
model, a multi-model ensemble approach was used.

Ensemble projections

The advantages of using an ensemble of different re-
gional climate projections have been shown in literature,
recently (Juroszek & von Tiedemann, 2013). Kocmankova
et al. (2011) highlighted the usefulness of the multi-model
ensemble approach which makes it possible to categorize
the results from worst case to conservative scenarios. Re-
cent coordinated efforts, such as the ENSEMBLES project,
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provided regionalized climate change projections, which
form the basis for impact studies (Marletto et al., 2007).
Instead of relying on the results of a single model, an en-
semble of model results, either from different GCM-RCM
combinations (as used in the present study) or the same
GCM with slightly different initial conditions and/or phys-
ical settings can be used for climate projections. According
to figure 5B, the use of a single model result, would lead
to misinterpretations for the very early immigrations for
C. napi.

On the contrary, one of the models misses late immi-
grations due to the underlying projected air temperatures.
Combining all model projections, we were able to cover
the whole bandwidth of expected change effects and thus,
were able to assess the uncertainties of the future projec-
tions. Furthermore, the use of the multi-model ensemble of
future climate projections leads to more accurate estimates
of the potential future changes (Aratujo & New, 2007) be-
cause the effect of the internal variability could be more ac-
curately addressed (May, 2008). On one hand, this makes
the interpretation and communication of the results to non-
scientific users (e.g. farmers or stakeholders) more compli-
cated but, according to Knutti et al. (2010) and Cantelaube
& Terres (2005), there is evidence that a multi-model aver-
age or median yields better prediction than a single model.

Phenological models

Phenological models of pest species are of major inter-
est for decision support systems to determine the timing
of insecticide applications (Johnen et al., 2010). The influ-
ence of different meteorological parameters on the emer-
gence and immigration of C. napi to oilseed rape crops was
described in the literature (Glinthart, 1949; Dosse, 1951).
The phenological model used for the present projections
is based on two environmental factors: daily maximum
air temperature and precipitation (Debouzie & Wimmer,
1992). A comparison of the model output with the results
obtained by field trapping showed a good agreement for
the crop invasion of C. napi (RMSE: 10.1). The mean



DOY for simulated crop invasion (17 March) was close to
in situ data (15 March). The difference of two days may be
explained by the fact that, crop invasion of the rape stem
weevil is measured with yellow traps that are checked at
a 3-day interval, only. However, some cases showed only
a low correlation, e.g. at the site at Burmerange. At this
station, higher wind speeds were observed throughout the
year compared to the other locations. In addition at the site
in Burmerange, the soil is loamier than at the other loca-
tions. This could prevent the immigration of C. napi to the
fields after emergence from the soil (Dosse, 1951), because
loamy soils are more humid, which can hamper the emer-
gence.

Projected crop invasion

In our projections, a shift of about 21 days for the crop
invasion of C. napi from the reference timespan (1961 to
1990) to the far future (2069 to 2098) was calculated. Simi-
lar effects have been shown for other pest species in oil-
seed rape, e.g. with an increasing air temperature of 3.0°C
the diapause of C. obstrictus is expected to end two weeks
earlier (Olfert & Weiss, 2006).

As shown in the present study, the average climate condi-
tions in Luxembourg in winter and springtime will change
in the future. For the spring months, an average increase
of the average maximum air temperature from 1.2°C (near
future) up to 2.5°C (far future) is projected compared to the
reference timespan. The obligate winter diapause is influ-
enced by environmental parameters and can be shortened
by increasing air temperature (Bale & Hayward, 2010). A
dry and warm springtime provides favourable conditions
for the emergence of C. napi from the soil (Dosse, 1951)
as well as for subsequent crop invasion (Debouzie & Bal-
langer, 1993). However, an early crop invasion provides
no information on the fitness of the individuals after the
diapause (Bale & Hayward, 2010). With respect to C. napi,
an earlier activity in the overwintering habitat with com-
bined energetic costs and a decreasing fitness can be elimi-
nated under climate change conditions, because the rape
stem weevil is hibernating motionless as an adult in earth
cocoons until emerging in springtime (Alford et al., 2003).

In most European countries, C. napi invades oilseed rape
crops together with another ceutorhynchid species, the cab-
bage stem weevil, C. pallidactylus (Williams, 2010). For
oviposition, the cabbage stem weevil prefers host plants
that have already been infested by the rape stem weevil
(Dechert & Ulber, 2004). Such a synchronized crop inva-
sion is also an advantage for practical farming, as a single
chemical application of insecticide is sufficient for control-
ling the pests. A shifting of activity to an earlier onset of 3
days per decade was projected for C. pallidactylus with an
average air temperature increase of 3.1°C until 2098 (Junk
et al.,, 2012). The synchronous appearance of both ceu-
torhynchid species in oilseed crops under future climate
change effects should be tested in future studies.

With a shifting of the crop invasion, the risk of missing
the appropriate time frame for an insecticide application is
therefore higher (Harrington et al., 2001). For C. napi, an
insecticide treatment needs to be carried out before females

come to oviposition (Williams, 2010). In our projections,
an increased timespan for the first immigration of C. napi
was calculated for the near future timespan. The prolonga-
tion of approximately 17 days might be attributed to the
higher variability of the air temperature values in the near
future. Although the temperature increases, still relatively
low temperatures could be observed in the meteorological
spring. In the far future, this immigration period decreas-
es again by 11 days. This could also be explained by the
changes in the meteorological variable shown in Fig. 2a
and b. The increasing air temperature values alone would
(i) lead to an earlier onset of the immigration into the me-
teorological winter season and (ii) shorten the timespan for
first immigration of C. napi overall. However, in parallel,
the increasing precipitation values during the meteorologi-
cal winter hinder the migration of the weevil to the crops
due to less favourable migration conditions.

A prolonged period of flight activity or crop invasion is
noticed under climate change conditions for other pest spe-
cies in oilseed rape, e.g. C. pallidactylus (Junk et al., 2012)
and several, univoltine butterfly species on brassicaceous
host plants (Roy & Sparks, 2000). In comparison to these
studies, the influence of changing precipitation conditions
was also taken into account in our projections. It is possi-
ble that more complex phenological models with a higher
number of environmental factors, e.g. wind speed or soil
properties can project possible impacts in more detail (Joh-
nen et al., 2010). Farmers could benefit from the present
results in various ways. On one hand, they would become
aware that the period of crop invasion will start earlier,
making an earlier monitoring activity of this pest species
necessary. On the other hand, the timespan of possible crop
invasion is prolonged, potentially making additional insec-
ticide applications necessary.
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