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Abstract

HLAVJENKA VOJTECH, SEIDENGLANZ MAREK, SAFAR JAROSLAV. 2017. Spatio-temporal
Distributions and Associations of Cabbage Stem Weevil (Ceutorhynchus Pallidactylus Marsham, 1802)
and Pollen Beetle (Brassicogethes Aeneus Fabricius, 1775) in winter oilseed rape. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 65(3): 839-847.

From 2013 to 2015 the within-field spatio-temporal distributions and interactions between
Ceutorhynchus pallidactylus and Brassicogethes aeneus in winter oilseed rape crops were assessed using
SADIE analysis (Spatial Analysis by Distance IndicEs) and Quick association analysis. A significant
tendency for aggregation was recorded in C. pallidactylus males in the crop in both 2013 and 2015.
Females showed a high tendency towards aggregation only in 2013. Both sexes were significantly
associated in crops in 2013 and 2015. B. aeneus adults showed a high tendency towards aggregation
in all three years. From the three seasons the cumulative distributions (based on the sums of insect
catches in traps for the individual dates) of males and females of C. pallidactylus were significantly
associated with the cumulative distribution of B. aeneus adults only in 2013. Contrary to this, an almost
significant dissociation between cumulative distributions of C. pallidactylus males and B. aeneus adults

was recorded in 2014.

Keywords: SADIE analysis, quick association analysis, pests, brassica napus

INTRODUCTION

Oilseed rape (Brassica napus L.; Brassicaceae) crops
are host to a diverse community of invertebrates,
including many pest and beneficial species (e.g.
Kazda, 1958; Laska and Kocourek, 1991; Bezdék,
1997; Alford et al., 2003; T6th, 2013). For future
advances in integrated pest management (IPM)
strategies, including improved risk assessment
and the possibility of improved targeting of
biological control, more understanding is needed
of the distribution and within-field spatio-temporal
interactions of the main pests and their naturally
occurring biological control agents (natural
enemies) (Warner et al., 2000; Ferguson et al., 20006).

The spatial relationships between insects and
crop plants remain an aspect of pest/host-plant
ecology which has so far received insufficient
attention. The spatial distribution of insect pests
infesting oilseed rape was the subject of studies by
Free and Williams (e.g. Free and Williams, 1978;
1979 a, b). Insects were sampled along a line transect
into crops, and from discrete points at the edges
and centres of crops, to determine pest distribution
during their immigration and infestation of the crop
(Warner et al., 2000). However, there is still a lack of
detailed information on the spatial heterogeneity of
pest populations in oilseed rape at crop level, and
the effect of this heterogeneity on crop yield and
its implications for sampling and decision-making
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in integrated pest management (IPM). Spatial
information is also needed for studies of insect
movements into and within crops (Murchie et al.,
1999) to underpin the development of pest control
strategies in which the application of pesticides
may be spatially targeted to minimize their negative
impact on beneficial insects (Evans et al., 1998).
The spatial distribution pattern for an insect
species was often measured using the relationship
between the variance and mean in the past (Taylor,
1984; Clark and Perry, 1994) and spatial association
between different populations in crops has been
measured using a correlation coefficient. These
approaches do not utilize information about
the location of insect counts. In the past decade,
the development of novel spatial statistics, notably
Spatial Analysis by Distance IndicES (SADIE, Perry,
1998 a, b) has enabled spatial information in a two
dimensional array of sample counts to be used as
part of the analysis, giving a much more detailed
and informative picture of the pattern of crop
colonization by insect species. This method enables
any association between different species to be
analysed (Williams and Ferguson, 2010; Ferguson
etal., 2000).

Psylliodes chrysocephala (L., 1758), Ceutorhynchus
pallidactylus (Marsham, 1802), C. napi Gyllenhal,
1837, C. assimilis (Paykull, 1792), Brassicogethes aeneus
(F., 1775) and Dasineura brassicac (Winnertz, 1853)
are considered to be the most important insect pests
in winter oilseed rape crops in Europe (Williams
and Ferguson, 2010). In this paper we focus on two
of the six key insect pests: cabbage stem weevil
(C. pallidactylus; Coleoptera: Curculionidae) and
the pollen beetle (B. aeneus; Coleoptera: Nitidulidae).
C. pallidactylus adults emerge from hibernation in
the spring (March/April) and migrate to rape crops.
After a period of feeding and mating the females lay
their eggs into the petioles or mid-ribs of the leaves
(March to June). The harmful stage is the larva.
There are three larval instars; first and second instars
tunnel inside the leaf petioles and midribs, but later
move into the stems. B. aeneus adults also emerge
from overwintering sites in spring (March-June).
When temperatures exceed 12-15°C, they migrate
to oilseed rape plants. Just the immigrating adults of
this species form the harmful stage. They seriously
damage flower buds (Alford et al., 2003; Williams and
Ferguson, 2010).

The first objective of this paper is to describe
the  within-field spatial  distributions  of
C. pallidactylus and B. aeneus adults in winter oilseed
rape crops using SADIE analysis.

The second objective of this paper is to investigate
if there are some spatial associations between
B. aeneus adults and both sexes of C. pallidactylus
(interspecific association) and also between both
sexes of C. pallidactylus (intraspecific association) in
crops using Quick association analysis.

MATERIALS AND METHODS

Crop site and insect sampling

The trials were located in Rapotin (near the town
of Sumperk; Olomouc region, Czech Republic),
carried out under field conditions in the course of
2013-2015. Uniformly managed (same conventional
tillage operations, same fertilizing and same
pre-emergence herbicides used) winter oilseed
rape fields were used as experimental crops in all
three years. The acreages of the rape fields differed
in the individual years: 1.4-ha (2013), 0.8-ha (2014,
2015). Fields had regular rectangular shapes in all
three years.

Adults of C. pallidactylus and B. aeneus were
sampled from April 8" (BBCH 50) to May 3" (BBCH
62) in 2013, from March 3 (BBCH 32) to April 11"
(BBCH 55)in 2014 and from March 234 (BBCH 13) to
June 34 (BBCH 72) in 2015 using yellow water traps
(diameter: 20 cm; water + several drops of detergent;
YWT) installed across the crop in a rectangular
grid formation (6 x 6 = 36 sampling places in 2013,
5x5=25 places in 2014 and 2015). Each YWT
(individual sampling point) was designated by its x
and y coordinates. The distances between individual
sampling places were different in 2013 compared
to 2014 and 2015 due to differences in acreages of
the fields and numbers of YWT placed in grids (as
shown in Figs. 1-6). The YWT were emptied twice
a week. At each date of insect sampling the mean
growth stage (BBCH scale was used according to
Becka et al,, 2007) of the winter oilseed rape crop was
recorded.

The adult catches were preserved in bottles, filled
with 70% ethyl alcohol until they could be sorted. In
the laboratory species and sexes were identified. For
distinguishing females from males of C. pallidactylus
a previously published method (Seidenglanz et al.,
2013) was used.

Analysis of pest distribution and association

Spatial distributions of adults of C. pallidactylus
and B. aeneus were analysed using the statistical
methodology termed SADIE (Perry, 1995; 1998 a, b).
This technique enables the spatial characteristic of
observed distributions to be assessed and compared
by randomisation procedures, using indices and
a test of randomness. To describe the spatial pattern
in single sets of 36 counts (25 counts in 2014 and
2015) of adult insects caught in the YWTs, two
indices were used - the main SADIE index I, and
one subsidiary index J, In the case of non-random
distribution of individuals of the tested population
in crops, indicating a significant tendency to
aggregate in clusters (patch or gap clusters) the value
of I, is higher than unity (L >1 for p<0.05).
The index ], discriminates between patterns, where
there is one major cluster, for which its value is
greater than unity, and two or more clusters, for
which its value is equal to or less than unity (J.~ 1 for



Spatio-temporal Distributions and Associations of Cabbage Stem Weevil (Ceutorhynchus Pallidactylus...

841

p < 0.05). SadieShell software version 2.0 was used
for computing the indices.

To assess association in distributions of two
populations (3 x @ of C. pallidactylus and &, @ of C.
pallidactylus x B. aeneus) Quick Association analysis
was used (version 2.0). The software calculates
an overall spatial association index (X), based
on the similarity of the local clustering indices
previously stated for the two compared populations
(Ferguson et al, 2006). Values of X are >0 for
distributions that are associated (for p <0.025),
around zero for distributions positioned at random
with respect to another, and <0 for distributions
that are dissociated (p > 0.975). The mean number
of pests caught in YWT and the standard error
of the mean (SE) were calculated using standard
routine statistical methods. For graphic visualisation
of SADIE results Statistica software v. 12 (STATSOFT,
Inc. 1984-2015) was used.

RESULTS

Spatio-temporal distribution and association
of C. pallidactylus in 2013

A total of 8270 adults of C. pallidactylus (of which
25.16 % were females) were caught in the 36 YWTs
from April 8" to May 3" Only a few individuals
were caught thereafter (the catches made after
May 3™ were not included in the SADIE analysis).
The major part of flight activity lasted for two weeks
(from April 15" to 30™; BBCH 53-60) and relatively
high catches were recorded on April 15* and 18"
(for females also on April 25%). The peak for female
flight activity (mean: 25.13 individuals per trap)
was recorded on the same day as for the males
(mean: 9233 individuals per trap) on April 18®.
Then the male catches declined continuously up to
May 3 (mean: 491 &) whereas the females activity
on April 25" and May 3rd showed a slight increase
but thereafter also gradually decreased.

SADIE analysis of the distribution of males
indicated strong aggregation (I, > 1 for p < 0.05) on
April 15%, 18" and 22". Females were significantly
aggregated for four dates: April 15%, 18%, 25" and
30" (Tab. T). On April 18" males and females were
aggregated into two patch clusters localized on
the west and east sides of the field. A gap cluster
was localized on the south-west of the field (I, > 1
and J,~1 for p <0.05; Figs. 1-2, Tab. I). Females
also showed aggregation into more than one cluster
on April 25% (Tab. 1). Significant overall spatial
associations (positive value of X for p <0.025)
between the C. pallidactylus sexes were recorded
from April 15% to May 3.

From the sums of catches gathered in 36 YWTs
from April 8" to May 3" it is clear that there was
a significant tendency for males and females to
aggregate in crops (I,>1 and J.»1 for p<0.05;
Tab. I). The distributions of both sexes were
significantly associated in the crop from April 15%

to May 3™ as well as sums of these catches (X for
p < 0.025; Tab. II).

Spatio-temporal distribution and association
of C. pallidactylus in 2014 and 2015

A total of 339 adults of C. pallidactylus (of which
35.10 % were females) were caught in 25 YWTs from
March 3" to April 11 2014. In 2015, a total of 1313
adults (of which 59.86 % were females) were caught
from March 23" to June 6™.

In 2014, males were randomly distributed within
the field (I, for p > 0.05) during the whole period
of monitoring (March, April). The females showed
significant aggregation only on April 7" (I, > 1 for
p < 0.05). The highest catches for both sexes were
recorded on March 13% (BBCH 39) and April 1¢
(BBCH 53), butrelatively low numbers of individuals
occurred in YWTs (2.24 &, 1.20 @ and 2.96 &4, 1.24 Q,
respectively). The overall spatial indices (X) were
non-significant (p > 0.025; p < 0.975) for both sexes
from March 3 to April 7% (Tab. II).

In 2015, the major flight activity period for both
sexes lasted roughly two weeks (from April 13™ to
29" BBCH 39-55). The males were non-randomly
distributed on three dates, April 13%, 15" and May 1%
(L > 1 for p < 0.05). The females showed aggregation
in one major patch cluster and one or more
adjacent patch clusters (I, > 1 for p < 0.05 and J,~ 1
for p < 0.05) situated along the south (south-east)
margin of the field on April 15" (Fig. 4) and 21*
(Fig. 6). On April 15% the males showed aggregation
in one major patch cluster and in another adjacent
patch cluster, (Fig. 3) localized in similar areas
of the field as those for females. Both sexes were
significantly spatially associated on April 15" and
215 (Tab. I1).

The aggregation indices (I, and J, for p < 0.05)
calculated from the sums of male and female catches
gathered in 25 YWTs from March 3™ to April 11%,
2014 and March 23" to June 3", 2015 were
significant only for malesin 2015 (I, > 1 and J, ~ 1 for
p < 0.05; Tab. T).

The overall spatial association index X (based on
sums of catches from March 13t to April 7t in 2014;
from April 13" to May 11* in 2015) for both sexes
was significant only in 2015 (X for p < 0.025; Tab. II).

Spatio-temporal distribution of Brassicogethes
aeneus and its spatial association with C.
pallidactylus in OSR crops 2013-2015

The first adults of Brassicogethes aeneus were
caught in YWT on April 11%, 2013 (mean 0.02
adults per trap; BBCH 52). Subsequently, numbers
of these beetles increased and very high catches
were recorded from April 22" to April 30" (more
than 400 adults per trap; BBCH 55-60). Thereafter
the numbers of adults in traps showed a slight
decrease (Tab.I).

The spatial distribution proved to be non-random
(L>1 for p<0.05) on April 22" and May 39,
2013, when beetles always showed aggregation in
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L Results of fly activity and SADIE for adults of C. pallidactylus and B. aeneus. Aggregation indices (L., J.) characterize their spatio-temporal
distributions within the winter oilseed crops in 2013, 2014 and 2015 (used grids: 6 x 6 = 36traps/2013,5 x 5 = 25 traps/2014 and 2015).

No. of .
No. of Qeutorhynchus Brassicogethes  SADIE index Cetorhynchus pallidactylus SADIE index
Date of pallidactylus denens Brassicogethes aeneus
sampling
Mean per trap (SE) Mean per trap
13.1 32 Ia ! a 2 Ia ! 32
g 0 (SE) g ) CA J
$.4.2013 0.02 (0.02) 0.02 (0.02) . . % . , « «
11.4.2013 0.13 (0.05) x 0.02(0.02) x x x x x x

15.4.2013  35.27(3.68) 7.38(0.90) 8.19 (0.58) 2.20" 1.01 2.01" 1.01 0.89 1.01
18.4.2013  92.33(6.69) 25.13 (2.00) 109.97 (6.93) 1.53" 1.05 1.54° 1.07° 0.92 0.98
22.4.2013  10.19(1.24) 4.58 (0.68) 411.33 (28.27) 141" 0.97 1.19 1.01 1.77 1.05
25.4.2013  14.33 (1.69) 10.91(1.07)  433.63 (22.87) 1.05 1.09 1.33" 111 1.30 1.00
30.4.2013 5.36(0.63) 3.83(0.38) 440.00 (21.81) 0.95 0.93 1.45" 0.99 1.30 0.99
)

352013 491(0.64)  602(081) 359.97(30.73) 120 108 097 105  150°  1.03
x (1165'555‘3 (537.'5817) 1(22.31;)1 188  1.09° 192 106 139  1.00
332014 096(0.17)  020(0.10) 111 097 . . Ny »
732014  016(007)  012(0.06) 008 (o 05) » . » . \ .
1032014  064(0.17)  0.04(0.04)  0.08(0.05) } . } . . .
1332014  224(021)  120(0.23)  012(006) 109 101 118  1.00 . »
17.3.2014  0.24(0.16) } 0.52(0.15) } . \ } 1360 117
20.3.2014 048(0.13)  016(0.07)  108(027) 101  1.02 . » 129 090
2432014  056(0.15)  044(0.17)  1448(152) 090 080 079 079 177 090
2732014  012(0.06)  032(0.14)  8.76(1.36) . . . s 191 101
142014  206(045)  124(021)  59.64(563) 104 092 095 092 173 094
342014  028(009)  0.12(0.06)  31.52(3.53) S . . . 187 097
742014  100(0.23)  092(0.19) 149.88(10.64) 131 099 151" 103 114 104
1142014  020(0.10)  0.12(0.06)  16.48(1.46) » \ s . 082 108
0.84 488 282.64 .
x oo oo o0, 113 093 090 092 159 099

X X X X X X X X

0.04 (0.04) x x x x x x x

23.3.2015 0.28 (0.10)
26.3.2015 0.84(0.20)
30.3.2015 0.04 (0.04) x x x x x x x x
13.4.2015 6.08 (0.86) 7.28 (0.88) 17.76 (1.99) 1.64 1.00 1.01 1.07 1.23 1.10
15.4.2015 3.08 (0.47) 5.04 (0.67) 1.20(0.18) 1.44 1.16 1.48" 1.06 0.89 1.08
21.4.2015 1.12(0.24) 3.12(0.42) 19.92 (2.75) 1.17 0.90 1.56 1.04* 1.75" 1.03*

)

)

)

)

)

)

29.4.2015 7.16 (1.40 13.40(2.21)  115.20(13.61) 1.14 1.19 0.94 1.06 1.42" 1.10"
(

(
1.5.2015  1.16(0.34 008(0.05)  2688(3.67) 135  1.40 » . 116 115
452015  0.20(0.08 012(0.06)  90.04(8.83) . . . . 134 107
7.5.2015  0.48(0.14 0.88(0.20) 15632(13.43) 105 108 123 103 117 112
11.5.2015  0.48(0.15 092(020) 16572(1662) 120 099 108 112 124 110
14.5.2015  0.12(0.06 032(0.14)  17468(13.41)  x . . . 1377 104
18.5.2015 . 012(008) 153.44(1575)  « . . . 119 108
21.5.2015 . . 90.08 (8.75) . . . . 161" 101
25.5.2015 . 004(0.04)  83.16(6.58) . . . . 104 104
2052015  004(0.04)  004(0.04)  88.00(12.85  « . . . 185 1.08
3.6.2015 . 0.04(0.04)  46.16(5.30) . . . . 117 101
¥ (221‘;1085; (321.%‘; 1(?;(2)%;)6 146° 107 117 103 100  1.06

Values of Ta > 1 indicate aggregation within the sample area (*red bold values p < 0.05)

Values of Ja ~ 1 indicate the presence of multiple clusters when Ta > 1 (*red bold values p < 0.05)

The number of insect individuals caught in YWT was not sufficient (values marked x) for evaluation by SADIE analysis
and Quick association analysis (for Tab. IT too)
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one major patch cluster (J, for p > 0.05). Despite
the random distribution of females of C. pallidactylus
in the crop on April 22, 2013 there was significant
spatial association between B. aeneus adults and
the females of C. pallidactylus on that date (X = 0.42
for p < 0.025). Non-significant dissociation indices
(negative values of X for p < 0.975) between adults
of B. aeneus and both sexes of C. pallidactylus were
recorded from April 25% to May 3™ (Tab. II).

In 2014, the first adults of B. aencus were caught
on March 7% (mean 0.08 adults per trap; BBCH 33);
flight activity increased somewhat from March 24®
to April 11™, but in comparison with the previous
and following seasons the catches remained
relatively low during the duration of monitoring
(Tab. I). The distribution of B. aeneus adults was
non-random (I, > 1 for p < 0.05) on March 17" and
from March 24% to April 3" when beetles always
showed significant aggregation in one major
patch cluster (], for p>0.05). On the day when
the highest flight activity was recorded (April 7%),
the distribution of beetles in the crop was random
(I for p > 0.05). Some negative dissociation indices
(X for p < 0.975) between adults B. aeneus and both
sexes of C. pallidactylus were recorded in the first
week of April (Tab. II).

In 2015, the first B. aencus adults were caught on
April 13% (mean 17.76 per trap; BBCH 39). The first
peak of flight activity (on average more than 100
beetles per trap) was recorded on April 29" (BBCH
55). Relatively high flight activity (on average more
than 150 individuals per trap) was recorded from
May 7" to 18" (BBCH 60-67).

The distributions of B. aeneus adults were
non-random (I, > 1 for p < 0.05) on April 21%, 29%
and May 4", 14%, 21t and 29" (Tab. I). The presence
of two or more patch clusters (J.»1 for p <0.05)
was recorded on April 21%, 29" and on May 4™ (the
situation from April 21¢ is shown in Fig. 5).

Significant overall spatial association indices
(positive value of X for p<0.025) between
distributions of B. aeneus adults and males of
C. pallidactylus were recorded on April 13%, 21 and
May 1% (Tab. II). Distributions of B. aeneus adults
and females of C. pallidactylus were significantly
associated on April 21* (value of X was 0.67 for
p<0.025) and non-significantly  dissociated
(negative values of X for p<0975) on May 7
(Tab. 11).

The aggregation indices (I, and J, for p < 0.05;
calculated from the sum of B. aeneus adult catches
gathered in 36 YWTs from April 8" to May 3",
2013;in 25 YWTs from March 3" to April 11%, 2014;
March 23 to June 3", 2015) were significant in 2013
and 2014 (X for p < 0.025; Tab. I).

It is clear from the analyses of B. aencus and both
sexes of C. pallidactylus distributions derived from
the sums of their catches in YWT in 2013 (April 15%
to May 3t), 2014 (March 3 to April 7*) and 2015
(April 13™ to May 11%) that distributions of both
insect pests in crops were significantly spatially
associated only in 2013 (X for p < 0.025 Tab. II).

DISCUSION

As shown in many previous studies (Alford
et al., 2003; Seidenglanz et al,, 2009; Junk et al., 2012;
Vaitelyté et al, 2013; and many others) the dates
when migration of C. pallidactylus and B. aeneus adults
in winter oilseed rape crops commences, peaks
and ends can fluctuate very considerably from year
to year depending on a variety of environmental
(especially meteorological) factors. In Europe,
different ways of timing insecticidal sprays against
these pests are based on continual monitoring of
some simple-to-measure meteorological factors
(individually or in combination) (in detail in Junk
et al, 2012). Great seasonal differences during
the course of fly activity of these two insect pests
also appeared in the three years of this study.

Klukowski (2006) investigated the colonisation
of winter rape crops by C. pallidactylus. He found
that the males arrived before the females. This
tendency was also documented by Seidenglanz et al.
(2009). However, in this study the first C. pallidactylus
females appeared in the crop (more precisely in
YWTs located in crops) at the same time as the males
in 2013 and 2014. In 2015 the first females appeared
with anegligible delay after the males (3 days). Peaks
of flight activity were also achieved by both males
and females at the same dates in all three seasons.
So, on the basis of this study it is not possible
to confirm the previous results that females of
C. pallidactylus enter the winter oilseed rape crops
markedly later than males. On the other hand in this
study the proportions of females were increasing in
YWTs during the period of fly activity of the adults
in the crop, in agreement with the findings of
Seidenglanz et al. (2009) and Johnen et al. (2010).

Klukowski (2006) also studied changes in
within-field spatial distribution patterns of male
and female C. pallidactylus in the course of crop
colonisation. He concluded that both sexes were
aggregated and more concentrated at the crop
edge and that the females tended to stay at the crop
edge for longer than the males before spreading
further into the crop during the egg-laying
period. Both sexes however, remained essentially
edge-distributed and the crop centres never became
as heavily infested as the edges. In this study
a higher tendency for aggregation in females was
observed only in 2013 and 2014 but in 2015, males
showed a higher and longer tendency towards
aggregation in the crop than females. In agreement
with Klukowski (2006) the crop centres remained
markedly less infested in all three years but on
the other hand the patch and gap clusters showed
various shapes, sizes and directions in the individual
seasons and often penetrated from the edges into
deeper zones of the crop. So it is also possible to
say (contrary to Klukowski, 2006) that margins
need not be more infested than the central zones
in all cases. However, Klukowski (2006) studied
the spatial distribution of C. pallidactylus adults in
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1I: Overall measures of spatial association (X) and their probability levels (p) stated for the three selected pairs of distributions (males x females
of C. pallidactylus, males of C. pallidactylus x B.aeneus adults and females of C. pallidactylus x B. aeneus adults) in winter oilseed rape crops

in 2013,2014 and 2015.

C. pallidactylus C. pallidactylus & C. pallidactylus ?
Date of BBCH scale dxQ. p p
sampling adults B. aencus adults B. aencus

X P X P X P
15.4.2013 53 0.66" <0.001 0.33 0.055 0.30 0.043
18.4.2013 53-54 0.86" <0.001 0.06 0.374 0.08 0.328
22.4.2013 55 0.53" 0.001 0.11 0.289 0.42" 0.009
25.4.2013 55-57 0.49" 0.002 -0.03 0.564 -0.01 0.509
30.4.2013 60 0.44" 0.003 -0.19 0.859 -0.18 0.834
3.5.2013 62 0.45" 0.012 -0.14 0.791 -0.08 0.340
z 0.81" 0.000 0.53" 0.002 0.57" 0.000
13.3.2014 39 -0.07 0.646 x x x x
20.3.2014 50 x x 0.26 0.124 x x
24.3.2014 51 0.41 0.040 0.16 0.295 0.28 0.160
1.4.2014 53 0.30 0.073 -0.18 0.769 0.33 0.080
7.4.2014 55 0.21 0.177 -0.02 0.542 -0.20 0.819
P 0.31 0.058 -0.39 0.958 0.13 0.257
13.4.2015 39 0.32 0.088 0.47" 0.024 0.40 0.065
15.4.2015 39 0.47" 0.016 0.26 0.115 0.42 0.036
21.4.2015 50 0.51" 0.013 0.55" 0.005 0.67" 0.006
29.4.2015 55 0.34 0.060 0.30 0.084 0.00 0.484
1.5.2015 57 x x 0.75 <0.001 x x
7.5.2015 60 0.26 0.153 0.12 0.164 -0.16 0.776
11.5.2015 63 0.11 0.308 0.16 0.228 0.20 0.211
P 0.74 0.001 0.03 0.437 0.40 0.043

Values of positive X indicated significant association for (*red bold values p<0.025)
Values of negative X indicated significant dissociation for (p>0.975)

crops with markedly greater acreages in comparison
with the ones used in this study.

According to Free and Williams (1979a) and
Williams and Ferguson (2010) B. aeneus adults infest
plants at the edges of a rape crop and later those
nearer the centre. As the beetle populations spread
towards the crop centres the proportion at the edges
diminishes. These assertions are in agreement with
the results recorded in this study when the edge
effect was not so apparent. Patch clusters were
often localized along the field margins but they also
penetrated (the directions and sizes of the clusters
were different in the individual seasons) into deeper
parts of fields practically from the beginning of crop
colonisation (Fig. 5). However, this still confirms
Williams and Ferguson (2010) that the edge effect
should be more pronounced on large crops than on
small ones (as in the case of this study).

The cumulative distributions (based on the sum
of catches from the individual dates; Tab. IT) of males
and females of C. pallidactylus were significantly
associated in 2013 and 2015, but not in 2014 in this
study. The 2014 season differed from the other two in
having very low flight activity of C. pallidactylus adults
(low catches in YWT). Ferguson et al. (2000) studied
spatial associations between the distribution of
C. assimilis (closely related species to C. pallidactylus)
females and males in winter oilseed rape crop.

C. assimilis occurs in winter oilseed rape somewhat
later than C. pallidactylus. According to them
(Ferguson et al. 2000) the cumulative distributions
of both sexes were almost identical in the crop.
They also show evidence of spatial associations
between males and females of Psylliodes chrysocephala
(another important insect pest of oilseed rape) in
crops (Ferguson et al. 2006). So we may conclude
that females and males of C. pallidactylus should be
spatially associated in crops when their abundances
are not too low (2014).

From the three seasons the cumulative
distributions (based on the sum of catches from
the individual dates; Tab. II) of males and females
of C. pallidactylus were significantly associated with
the cumulative distribution of B. aeneus adults
only in 2013 in this study. Contrary to that, in 2014
an almost significant dissociation (X =-039 for
p=0958) between cumulative distributions of C.
pallidactylus males and B. aeneus adults was recorded.
Tn all other cases there were no spatial associations
between cumulative distributions of both species
in crops (females of C. pallidactylus < B. aeneus adults
in 2014; both sexes of C. pallidactylus x B. aeneus
adults in 2015). In 2013 and 2015 some cases of
significant association between C. pallidactylus
(three times for males and twice for females) and
B. aeneus adults were recorded on several dates.
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In cases where the adults of C. pallidactylus and B.
aeneus were spatially associated (2013, 2015) they
both moved preferentially to areas where their
host plants (resource) had a higher quality. It need
not be the case though that they prefer the same
zones in a crop. In some cases both species may
prefer completely different zones in the crop.

1 Clustering index of males C. pallidactylus
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Ferguson et al. (2006) studied the spatial association
between C. pallidactylus and another stem miner
Psylliodes. chrysocephala in winter oilseed rape crops.
They found significant spatial dissociation between
them in crops. However, in contrast to C. pallidactylus
and B. aeneus, both the stem miners (C. pallidactylus
and P. chrysocephala) are niche competitors.

2 Clustering index of females C. pallidactylus
18.4.2013 N
! N
6
5
E 4
k<]
<]
o
<3
BS
2
Margine Distance
10m 25m
1
Margine 10 m Distance 15 m
0 >15
0 1 2 3 4 5 6 7155 (1,5
x (coordinate) <15
4 Clustering index of females C. pallidactylus
15.4.2015 AN
55 N
5,0 . . . .
45
4,0 . . .
= 35 PATCH
T
<
S 30 @ . / *
<]
o
R4
> 25
2,0 . .
15 istance
PATCH__ 15m
1,0 .
Distance 20 m
05 W15
05 10 15 20 25 30 35 40 45 50 55  15-(15)
x (coordinate) <15
6 Clustering index of females C. pallidactylus
21.4.2015 A
55
: N
5,0
45
4,0
E 35
g
2 30
<]
o
R4
> 25
2,0
15
Margine Distance]
10m 1B5m
1.0 .
Margine 10 m Distance 20 m
05 m->15
05 10 15 20 25 30 35 40 45 50 55  15-(15)
x (coordinate) <15

1: 1-6: Graphical illustration of SADIE results for males and females of C. pallidactylus on April 18", 2013 (Figs. 1, 2.) and April 15",
2015 (Figs. 3,4.), for adults of B. aencus and females of C. pallidactylus on April 21, 2015 (Figs. 5, 6.). Red (patch) and blue (gap) areas were
identified by SADIE as patch and gap clusters in pest distributions. The black points mark the sampling places arranged in a rectangular grid
(6 x 6 points: 36 sampling places in 2013 and 5 x 5 points: 25 sampling places in 2014 and 2015).
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CONCLUSION

The sampling of C. pallidactylus and B. aeneus at regular time intervals from points on a grid across
awhole crop and the analysis of these data by SADIE have produced a much more detailed picture of
the pattern of crop colonization processes by these pests. The Quick association analysis to compare
whether the two distributions (in this study: males x females of C. pallidactylus and x adults of B. aeneus)
of pests occur close together or are segregated from one another.

Males and females of C. pallidactylus and B. aeneus adults are non-randomly distributed in crops during
the winter oilseed rape colonization. On the basis of sums of catches gathered in YWTs, both pests
showed a significant tendency to form one or more patches and (or) gap clusters (different shapes,
sizes and directions), particularly in 2013. Patch and gap clusters were possible to locate on the field
margins but they often encroached into central zones of the crop too.

Distributions of males and females of C. pallidactylus during crop colonisation of winter oilseed rape
show significant association. Contrary to this, adults of B.aeneus and C. pallidactylus (males and females)
are not directly associated in crops — B. aeneus adults probably do not search for the places where
C. pallidactylus adults aggregate.

A knowledge of within-field spatio-temporal changes in the distribution patterns of B. aeneus
and C. pallidactylus adults in oilseed rape crops and their spatial associations (inter/intraspecific
interactions respectively) can improve both the timing and targeting of insecticide applications and
diminish the negative impacts of such applications on the environment.

Acknowledgements

This work was supported by the National Agency of Agricultural Research (Ministry of Agriculture of
the Czech Republic) under Grantno. Q1230077 and no. QJ1610217. The authors would like to thank
to Eoghan O'Reilly for revision of the manuscript.

REFERENCES

ALFORD, D. V,, NILSSON, C. and ULBER, B. 2003. Insect pests of oilseed rape crops. In: Biocontrol of oilseed
rape pests. 1* Edition. Oxford, UK: Blackwell Science Ltd.

BECKA, D., VASAK, J., ZUKALOVA, H. and MIKSIK, V. 2007. Repka ozimd, péstitelskij rddce. 1+ Edition.
Praha: Kurent s.r.o.

BEZDEK, J. 1997. Skiidci tepky olejky = celedi Nitidulidac a Curculionidac — moznosti ochrany. Diploma theses.
Brno: Mendel university in Brno.

CLARK,S.J.and PERRY, J. N. 1994. Small sample estimation for Taylor’s power law. Environmental and Ecological
Statistics, 1(4): 287-302.

EVANS, K., STAFFORD, J.,, WEBSTER, R., HALFORD, P,, RUSSELL, M., BARKER, A. and GRIFFIN, S. 1998.
Mapping potato cyst nematode populations for modulated applications of nematicide. Protection and
production of sugar beet and potatoes. Aspects. Appl. Biol., 52(1): 101-108.

FERGUSON, A. W., KLUKOWSKT, Z., WALCZAK, B., PERRY, J. N., MUGGLESTONE, M. A, CLARK,S.J.and
WILLIAMS, I. H. 2000. The spatio-temporal distribution of adults Ceutorhynchus assimilis in a crop of winter
oilseed rape in relation to the distribution of their larvae and that of the parasitoid Tricholamus perfectus.
Entomol. Exp. Appl., 95(2): 161-171.

FERGUSON, A.W.,, CAMPBELL, J. M., WARNER, D. H., WATTS, N. P, SCHMIDT, J. E. U.and WILLTAMS,I. H.
2003a. Spatio-temporal distributions of Meligethes aeneus and its parasitoid in an oilseed rape crop and
their significance for crop protection. In: 11% International Rapseed Congress., Copenhagen, 6-10 July 2003,
Denmark, 1057-1059.

FERGUSON, A. W,, KLUKOWSKTI, Z., WALCZAK, B., CLARK, S. ], MUGGLESTONE, M. A., PERRY, J. N.
and WILLIAMS, I. H. 2003b. Spatial distribution of pestinsects in oilseed rape: Implications for integrated
pest management. IOBC-WPRS Bull., 27(10): 243-252.

FERGUSON, A.W,, BARARI, H., WARNER, D.H., CAMPBELL, J. M., SMITH, E. T. and WILLIAMS, I. H. 2006.
Distributions and interactions of the stem miners, Psylliodes chrysocephala and Ceutorhynchus pallidactylus, and
their parasitoids in a crop of winter oilseed rape (Brassica napus.). Entomol. Exp. Appl., 119(2): 81-92.

FREE, J. B. and WILLIAMS, 1. H. 1978. The responses of the pollen beetle (Meligethes aeneus) and the seed
weevil (Ceutorhynchus assimilis), to oil-seed rape (Brassica napus) and other plants. Journal of applied ecology,
15(3): 761-774.

FREE, J. B. and WILLIAMS, 1. H. 1979a. The distribution of insect pests on crops of oilseed rape (Brassica
napus L.) and the damage they cause. J. Agric. Sci., 92(1): 139-149.

FREE, J. B. and WILLIAMS, 1. H. 1979b. The infestation of crops of oil-seed rape (Brassica napus L.) by the
insect pests. J. Agric. Sci., 92(1): 203-2018.



Spatio-temporal Distributions and Associations of Cabbage Stem Weevil (Ceutorhynchus Pallidactylus... 847

JOHNEN, A., WILLIAMS, I. H., NILSSON, C., KLUKOWSKI, Z., LUIK, A. and ULBER, B. 2010. The pro
plantdecision support system: phenological models for the major pests of oilseed rape and their key parasitoids in Europe. In
Biocontrol based-integrated management of oilseed rape pests. 1 Edition. London, New York: Springer.

JUNK, ], EICKERMANN, M., GORGEN, K., BEYER, M.and HOFFMANN, L. 2012. Ensemble-based analysis
of regional climate change effects on the cabbage stem weevil (Ceutorhynchus pallidactylus (Mrsh.)) in winter
oilseed rape (Brassica napus L.). . Agric. Sci., 150(1): 191-202.

KAZDA, V. 1958. Piispévek k pozndni diapausy krytonoscti, 3kodicich na kulturnich rostlinich
brukvovitych: Ceutorrhynchus napi Gyll., Ceutorrhynchus quadridens Panz. a Ceutorhynchus pleurostigma Marsh.
Cas. Cs. spol. ent., 55 (2): 142—-149.

KLUKOWSKTI, Z. 2006. Practical aspects of migration of stem weevils on winter oilseed rape. In: International
Symposium on Integrated Pest management in Oilseed Rape., Germany, 3—5 April 2006. BCPC, Gottingen.

LASKA, P.and KOCOUREK, F. 1991. Monitoring of flight activity in some crucifer-feeding pests by means of
yellow water-traps. Acta Entomologica Bohemoslovaca, 88: 25-32.

MURCHIE, A. K., WILLTAMS, 1. H. and PERRY, J. N. 1999. Edge distributions of Ceutorhynchus assimilis and
its parasitoid Trichomalus perfectus in a crop of winter oilseed rape (Brassica napus). BioControl, 44(4): 379-390.

PERRY, J. N. 1995. Spatial analysis by distance indices. Journal of Animal Ecology, 64(3): 303-314.

PERRY, J. N. 1998a. Measures of spatial pattern and spatial association for counts of insects. In: Population and
Community Ecology for Insect management and Conservation. Proceedings 20™ International Congress of Entomology,
Ecology and Population Dynamics. Florence, Italy, 25-31 August 2008. Balkema, Rotterdam, 21-33.

PERRY, J. N. 1998b. Measures of spatial patterns for counts. Ecology, 79(3): 1008-1017.

SEIDENGLANZ, M., POSLUSNA, J. and HRUDOVA, E. 2009. The importance of monitoring the
Ceutorhynchus pallidactylus female fly activity for the timing of insecticidal treatment. Plant Protect. Sci.,
45(3):103-112.

SEIDENGLANZ, M., POSLUSNA, J., KOLARIK, P, ROTREKL, J., HRUDOVA, E., TOTH, P, HAVEL, J,,
PLACHKA, E., SPITZER, T. and BILOVSKY, J. 2013. Metodika ochrany porostii ¥epky ozimé (Brassica napus
L.) proti krytonosci ¢tyizubému (Ceutorhynchus pallidactylus, Marsham. 1802). 1#* Edition. Sumperk: AGRITEC,
vyzkum, slechténi a sluzby, s.r.o.

STATSOFT. ¢ 1984-2015. Statistica v 12.0. Tulsa, Oklahoma, USA: Statsoft Inc.

TAYLOR, L. R.1984. Assessing and interpreting the spatial distributions of insect populations. Annual Review
of Entomology, 29(1): 321-357.

TOTH, P. 2013. Rezistence blyskdcka fepkového (Brassicogethes aeneus Fabricius, 1775) k riiznym druhiim insekticidii.
Ph.D. Thesis. Brno: Mendel university in Brno.

VAITELYTE, B.,,BRAZAUSKIENE, I.and PETRAITIENE, E.2013.Speciesdiversity of weevils (Ceutorhynchus
spp.), migration activity and damage in winter and spring oilseed rape. Zemdirbyste-Agriculture,
100(3): 293-302.

WARNER, D. J., ALLEN-WILLIAMS, L. J., FERGUSON, A. W. and WILLIAMS, I. H. 2000. Pest-predator
spatial relationships in winter rape: implications for integrated crop management. Pest Management Science,
56(11):977-982.

WILLIAMS, I. H. and FERGUSON, A. W. 2010. Spatio-temporal distribution of pests and their parasitoid on the oilseed
rape crop. In Biocontrol based-integrated management of oilseed rape pests. 1* Edition. London, New York: Springer.

WILLIAMS, I. H., FREARSON, D., BARARI, H. and McCARTNEY, A. 2007. Migration to dispersal from
oilseed rape by pollen beetle, Meligethes aeneus, in relation to wind direction. Agricultural and forest entomology,
9(4): 279-286.

Contact information

Vojtéch Hlavjenka: hlavjenka@agritec.cz
Marek Seidenglanz: seidenglanz@agritec.cz
Jaroslav Saféf: safar@agritec.cz



848




