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location. In contrast to T. heterocerus, Phradis spp. was not 
detected at all locations and not before flowering declining. 
In field trials at Lucklum and Puch, the maximum level of 
parasitism by Phradis spp. was 9.4 and 18.3%, respectively. 
No significant effect of insecticide application on parasitism 
by Phradis spp. was observed between the treatments. The 
results of this study showed that the insecticides used in the 
field trials did not affect parasitization of pollen beetle lar-
vae by T. heterocerus and Phradis spp., regardless whether 
applied at the bud stage, at the beginning of flowering or 
full flowering.

Keywords Larval parasitoids · Thiacloprid · Tau-
fluvalinate · Lambda-cyhalothrin

Introduction

Several hymenopteran endoparasitoids attack the egg 
and larval stages of pollen beetle [Brassicogethes aeneus 
(Fabricius), syn. Meligethes aeneus (Fabricius)] and may 
have significant impact on the population density (Nilsson 
and Andreasson 1987; Thies et al. 2008). Parasitism lev-
els exceeding 40% have been reported by Nitzsche (1998), 
Büchi (2002), Nilsson (2003), Hokkanen (2006), Williams 
(2006), Ulber et al. (2010a) and Kaasik et al. (2014a, b). 
The most abundant larval parasitoids of pollen beetle are the 
ichneumonid parasitoids Phradis interstitialis (Thomson), 
P. morionellus (Holmgren) and Tersilochus heterocerus 
(Thomson), the latter being often predominant in crops of 
winter oilseed rape (Nitzsche 1998; Nilsson 2003) and P. 
morionellus in spring oilseed rape (Nilsson 2003; Veromann 
et al. 2006a; Kaasik et al. 2014b). These univoltine species 
are widely distributed throughout Europe (Nilsson 2003), 
with T. heterocerus and P. interstitialis predominating in 
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Germany (Ulber et al. 2010a). The braconid Diospilus capito 
is also widely distributed throughout northern Europe, but 
it is more common in spring oilseed rape (Nilsson 2003; 
Veromann et al. 2006b; Kaasik et al. 2014b).

In Germany, P. interstitialis colonizes oilseed rape crops 
from mid of April onwards, whereas T. heterocerus and P. 
morionellus commonly occur 1–2 weeks later at the end of 
April or beginning of May (Nitzsche 1998; Johnen et al. 
2010; Neumann 2010). Females are sexually mature when 
they emerge from their overwintering sites (Nilsson 2003). 
The females of P. interstitialis lay their eggs through the 
bud walls into the eggs of pollen beetle (Osborne 1960; 
Williams and Cook 2010; Berger et al. 2015). P. morionel-
lus oviposits into larvae within green and yellow buds and 
open flowers (Williams and Cook 2010; Berger et al. 2015). 
T. heterocerus prefers L2-larvae for oviposition, which are 
feeding in open flowers (Nilsson and Andreasson 1987; Wil-
liams and Cook 2010) but also smaller host larvae are used 
for oviposition (Berger et al. 2015). The first larval instar 
of Phradis spp. hatches shortly after oviposition (Nilsson 
2003), whereas larvae of T. heterocerus hatch from the egg 
only when the host larva is fully developed and ready to 
drop down to the soil for pupation (Osborne 1960; Nitzsche 
1998). The parasitoid larvae complete their development in 
the soil and kill their hosts before they pupate in the cocoon 
of their hosts. Approximately 1 month after pupation, the 
parasitoids develop into adults, which stay in diapause until 
the next spring (Nilsson 2003; Ulber et al. 2010a).

The application of insecticides may be an important fac-
tor affecting parasitoid populations (Hanson et al. 2015). 
Adult parasitoids emerging in spring from crops of wheat 
or barley succeeding oilseed rape can be exposed to insec-
ticide treatments targeted to control cereal aphids (Nilsson 
and Andreasson 1987; Jansen and San Martin y Gomez 
2014). The main activity of adult tersilochine parasitoids 
was observed in the period shortly before flowering to full 
flowering of oilseed rape (Ulber and Nitzsche 2006). In con-
sequence, applications of insecticides during this period may 
have negative effects on parasitoids searching for hosts (Joh-
nen and Ulber 2004). Parasitoids can be exposed to insec-
ticides by direct contact with the spray mist, by contact to 
insecticidal residues on the leaves while seeking for food 
or hosts, or by uptake of contaminated food material (Croft 
and Brown 1975; Longley and Jepson 1996). In addition 
to lethal effects, pesticides may have sublethal effects on 
natural enemies; for example by influencing host searching 
behaviour, oviposition or fertility. Further, pesticides may 
have repellent effects (Wright and Verkerk 1995). The aim 
of the present study was to analyze the effects of the insecti-
cides Biscaya (a.i. thiacloprid), Mavrik (a.i. tau-fluvalinate) 
and Karate Zeon (a.i. lambda-cyhalothrin) applied at differ-
ent growth stages between the bud stage and full flowering 
of winter oilseed rape on the parasitism rates of pollen beetle 

larvae by T. heterocerus and Phradis spp. in field trials in 
Germany in 2013–2015.

Materials and methods

Effects of the neonicotinoid Biscaya (72 g thiacloprid ha−1) 
and the pyrethroids Mavrik (48 g tau-fluvalinate ha−1) and 
Karate Zeon (7.5 g lambda-cyhalothrin ha−1) on parasitism 
rates of pollen beetle larvae were studied at four locations 
in Germany per year in Mecklenburg-Western Pomerania, 
Lower Saxony and Bavaria in 2013–2015 (Table 1). Con-
ventional fields with regional land management were used 
as experimental fields. Pyrethroids were applied before the 
start of the trials at BBCH 19–30 if threshold values of 
the cabbage stem weevil (Ceutorhynchus pallidactylus) or 
rape stem weevil (C. napi) were exceeded. Only few pollen 
beetles were present in the fields at the time of controlling 
weevils. The experiments were established in randomized 
block design and each treatment with four replicated plots 
of 36–1080 m2 each. The controls were arranged as included 
controls according to EPPO PP 1/152(4) (2012) and there 
were no additional isolation zones within the trial site. All 
samplings were done in the centre of each plot leaving suffi-
cient distance to adjacent plots. Different winter oilseed rape 
cultivars were used for the experiments. The BBCH code of 
Lancashire et al. (1991) was used to characterize the growth 
stages of winter oilseed rape. Insecticide applications were 
conducted at the bud stage or at the flowering stage with 
recommended product dose rates in Germany.

To collect pollen beetle larvae dropping from plants, 10 
plastic bowls (17 cm × 12.1 cm) per plot filled with a 10% 
sodium benzoate water solution for conservation were placed 
on the ground in the centre of each plot (approximately 1 m 
distance to tramlines) during the bud stage (BBCH 53–55) 
in the field trials near Wendhausen (2013), Sickte (2014) 
and Lucklum (2015). The plastic bowls were put out into 
the field trials early in the bud stage not to miss the begin-
ning of the larval dropping. They were checked regularly and 
emptied weekly after first larvae dropped down from BBCH 
62 until BBCH 80. At all other locations, four plastic bowls 
(18.3 cm × 13.6 cm) per plot were used. In 2013, the plastic 
bowls were set up at BBCH 61 (Puch), BBCH 63 (Stöcken-
drebber) and BBCH 70 (Cramonshagen). In 2014 and 2015, 
the plastic bowls were established at all trial sites in the bud 
stage not to miss the beginning of the larval dropping.

The collected larvae were stored in 70% ethanol, later 
separated by length to larval instar according to Osborne 
(1964) and counted under the binocular microscope (8–10-
fold magnification). For determination of parasitism rates by 
T. heterocerus, all collected larvae were carefully inspected 
under the binocular microscope to count the dark brown to 
black pigmented eggs, which can be easily seen through the 
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cuticle of the host larvae (Osborne 1960). Superparasitism 
and multiparasitism of larvae were not recorded separately.

In addition, in 2015 in the field trial in Lucklum, a ran-
dom subsample of 60 L2-pollen beetle larvae per treatment 
and date (as long as sufficient larvae were available) was dis-
sected. The larvae were collected during four 1 week-periods 
between BBCH 65 and 76. Larvae were fixed with a needle 
on dark coloured wax within a petri dish and subsequently 
covered with water containing a detergent. The abdomen 
and thorax of the larvae were opened longitudinal by using a 
needle under a binocular microscope (10–12-fold magnifica-
tion) to identify the eggs of T. heterocerus within the host 
body. The dissection showed slightly higher parasitism rates 
by T. heterocerus compared to determination of parasitism 
rates by external inspection. The presented data for parasit-
ism rates of larvae by T. heterocerus were obtained from the 
much easier method of external inspection.

To examine the parasitism rates of pollen beetle larvae 
by Phradis spp. in field trials 2015, the L2-larvae were dis-
sected as described above. The eggs of Phradis spp. are 
colourless and verification of the eggs is difficult (Osborne 
1960). Because of these difficulties, only the larvae of 

Phradis spp., which are creamy-white with a slightly 
sclerotized but unpigmented head (Osborne 1960) were 
recorded. Random samples of 60 L2-larvae per treatment 
and date (depending on availability) were dissected on two 
to four sampling periods per location between BBCH 65 
and 76. Parasitoid larvae were summarized as Phradis spp. 
because a morphological separation of P. interstitialis and 
P. morionellus is only possible by using adults.

Statistical analyses

In the field trials of 2013, the data on parasitism of L1- and 
L2-larvae were pooled. Results are presented for both devel-
opment stages together. In the following years, parasitized 
larvae were separated into L1- and L2-larvae. Statistical 
analyses were carried out using the software R, version 3.1.2 
(R Core Team 2014; packages: lme4 Bates et al. 2015, mult-
comp Hothorn et al. 2008, effects Fox 2003, MASS Venables 
and Ripley 2002, lsmeans Lenth 2015). Data of each year 
and field trial location were analyzed separately, because of a 
high variability in infestation levels and weather conditions. 
A generalized linear model (GLM) was used to analyze the 

Table 1  Locations of winter oilseed rape field trials in Germany in 2013–2015 with insecticide products, respective growth stages (BBCH) at 
the day of application and size of one plot

Biscaya (= 0.3 l ha−1, 240 g thiacloprid l−1), Karate Zeon (= 0.075 l ha−1, 100 g lambda-cyhalothrin l−1), Mavrik (= 0.2 l ha−1, 240 g tau-fluval-
inate l−1)
a Applications at different growth stages were carried out in different plots
b Applications at different growth stages were carried out in a sequence to the same plots

Years Locations Insecticide products BBCH at application Plot size  (m2)

2013 Wendhausen, Lower Saxony Biscaya
Karate Zeon

53/60/65a

53 + 60 + 65b
960

Stöckendrebber, Lower Saxony Biscaya
Mavrik
Karate Zeon

55–57 120

Cramonshagen, Mecklenburg-Western Pomerania Biscaya
Karate Zeon

59 72

Puch, Bavaria Biscaya
Karate Zeon

55–57 480

2014 Sickte, Lower Saxony Biscaya
Mavrik

55/62a 1080

Stöckendrebber, Lower Saxony Biscaya 53 120
Kleefeld, Mecklenburg-Western Pomerania Biscaya

Mavrik
55 72

Puch, Bavaria Biscaya
Karate Zeon

55 300

2015 Lucklum, Lower Saxony Biscaya
Mavrik

55/62a 720

Niedernstöcken, Lower Saxony Biscaya 56 120
Kleefeld, Mecklenburg-Western Pomerania Biscaya

Mavrik
57–59 36

Puch, Bavaria Biscaya
Mavrik
Karate Zeon

57 122.5
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differences in the parasitism level of pollen beetle larvae by 
T. heterocerus in the different treatments. A negative bino-
mial model was used because the Poisson model revealed 
overdispersion. The treatment and date were included into 
the model as main effects and their interaction was tested. To 
compare total numbers of parasitized larvae in the different 
treatments accumulated over the collection periods, a linear 
model was used and the confidence intervals obtained from 
model estimates were used for interpretation of effects.

Parasitism rates of larvae by Phradis spp. in the field tri-
als of 2015 were analyzed by using GLM (binomial for pro-
portion data). The treatment and the date were included into 
the model as main effects and their interaction was tested. 
The treatments were compared pairwise for each day of 
assessment with the package lsmeans for post hoc testing. p 
values were adjusted with the Hochberg method (Blakesley 
et al. 2009).

Results

The pollen beetle larvae dropping from plants were collected 
with plastic bowls from BBCH 62 to 76–78. The cumulative 
number of L1-larvae is not presented because in all field tri-
als in 2014 and 2015, parasitization of L1-larvae of pollen 
beetle by T. heterocerus was either not present or only on 
a low level. The first L2-larvae dropped down from BBCH 
62 onwards. The most massive dropping period of L2-lar-
vae was observed in all experimental years at BBCH 65–69 
at petal fall. But even after the end of flowering, several 
L2-larvae were found in the plastic trays until BBCH 76–78. 
The cumulated sum of L2-larvae of the complete period of 
migration resulted in a lower number of L2-larvae in plots 
treated with Biscaya and Mavrik (Table 2). Applications of 
Karate Zeon increased the number of L2-larvae compared 
to the control.

In 2013, parasitism of larvae by T. heterocerus was 
detected in all field trials (Fig. 1). The lowest level of para-
sitism was recorded in Stöckendrebber with a maximum per-
centage of 3.4% parasitized larvae in Karate Zeon treated 
plots. In Wendhausen, parasitized larvae were recorded from 
BBCH 63 onwards with a maximum of 8.0% of parasitized 
larvae in the control. In Puch, first parasitized larvae were 
detected during BBCH 61–65, but the parasitism rate was 
low at this time. For the total collection period, a maximum 
percentage of 13.2% parasitized larvae was found in Karate 
Zeon treated plots in Puch. However, the plastic bowls were 
removed too early (BBCH 75) in Puch because the end of 
larval migration of pollen beetle was missed. In the field trial 
in Cramonshagen 2013, the plastic bowls were set up too 
late (ca. at BBCH 70) to record the start of larval dropping 
and the end of larval migration was also missed because 
the bowls were retracted too early (BBCH 78). According 

to own observations, larvae that did not finish development 
before petal fall wait for rain that facilitates burying into 
the soil for pupation and often curl on young pods. Also,  
Burkhardt and von Lengerken (1920) observed larvae curled 
on pods. In Cramonshagen, a maximum percentage of 16.8% 
parasitized larvae was found in Karate Zeon treated plots. 
Within each location, the parasitism rates of larvae did not 
differ significantly between different insecticide treatments 
and the untreated control (GLM, p > 0.05). In the field trial 
in Wendhausen, the application of Biscaya at the beginning 
of flowering (BBCH 60) and at full flowering (BBCH 65) 
resulted in minimal reduced parasitism level of larvae com-
pared to application of Biscaya at the bud stage (BBCH 53). 
These differences were not significant (GLM, p > 0.05).

In 2014 and 2015, the larval stages of parasitized pol-
len beetle larvae were differentiated. In 2014, parasitism 
of L1-larvae by T. heterocerus was detected in field trials 
in Bavaria and Mecklenburg-Western Pomerania, but not 
in Lower Saxony. The maximum level of parasitism of 
L1-larvae was 5.4% in Biscaya treated plots in Puch and 
2.6% in Mavrik treated plots in Kleefeld. No significant 
differences between the treatments within each location 
were recorded (GLM, p > 0.05). Parasitized L1-larvae 
were not detected before BBCH 65.

Parasitism of L2-larvae by T. heterocerus was observed 
in all field trials in 2014. Maximum percentage of para-
sitized L2-larvae was 8.3% in untreated plots in Stöck-
endrebber, 9.4% in untreated plots in Kleefeld, 17.4% 
in untreated plots in Sickte and 22.4% in Karate Zeon 
treated plots in Puch (Fig. 2). At all locations, parasitized 
L2-larvae were first recorded from BBCH 65 onwards 
but not in earlier collection periods. Between insecticide 
treated and untreated plots within each location parasitism 
rates of L2-larvae were not significantly different (GLM, 
p > 0.05). Application of Biscaya and Mavrik at early 
flowering (BBCH 62) in the field trial in Sickte resulted 
in slightly lower parasitism rates of larvae compared to an 
application of these insecticides at the bud stage at BBCH 
55. Parasitism rates in plots treated with Biscaya at BBCH 
62 were reduced by 1.6% compared to treatment at the 
bud stage. Treatment with Mavrik at BBCH 62 resulted in 
5.2% lower parasitism level compared to the treatment at 
BBCH 55. All observed differences were not significant 
(GLM, p > 0.05).

In 2015, parasitism of L1-larvae by T. heterocerus was 
detected in all field trials, except Niedernstöcken. The 
maximum level of parasitism of L1-larvae was 2.1% in 
plots treated with Mavrik at BBCH 62 in Lucklum, 10.6% 
in untreated plots in Kleefeld and 4.7% in Biscaya treated 
plots in Puch. No significant differences between the treat-
ments within each location were recorded (GLM, p > 0.05). 
As in 2014, no parasitized L1-larvae were detected before 
BBCH 65.
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Parasitism of L2-larvae by T. heterocerus was detected 
in all field trials in 2015, but again not before BBCH 
65. Maximum percentage of L2-larvae parasitized by 
T. heterocerus was 11.1% in Biscaya treated plots in 

Niedernstöcken, 14.1% in untreated plots in Puch, 15.2% 
in plots treated with Biscaya at BBCH 55 in Lucklum and 
29.1% in Biscaya treated plots in Kleefeld (Fig. 3). As in 
2014, no significant differences were observed between 

Table 2  Cumulated mean number (± SE) of pollen beetle L2-larvae m−2 dropping down for pupation in different treatments in winter oilseed 
rape field trials in Germany 2013–2015

Different letters within each location and year indicate significant differences between treatments, Tukey HSD-test, p ≤ 0.05

Years Locations Treatments/BBCH L2-larvae  m−2 ± SE

2013 Puch, Bavaria Control 3545.9 ± 381.5 A
Biscaya/55–57 2574.0 ± 122.9 B
Karate Zeon/55–57 4841.7 ± 121.6 C

Cramonshagen, Mecklenburg-Western Pomerania Control 582.6 ± 88.6 A
Biscaya/59 482.2 ± 126.3 A
Karate Zeon/59 750.9 ± 65.0 A

Stöckendrebber, Lower Saxony Control 3283.9 ± 103.4 A
Biscaya/55–57 1597.2 ± 173.9 B
Karate Zeon/55–57 3337.5 ± 274.6 A
Mavrik/55–57 2604.2 ± 257.7 A

Wendhausen, Lower Saxony Control 4831.7 ± 370.3 AC
Biscaya/53 3624.8 ± 375.2 AD
Biscaya/60 2051.5 ± 235.3 B
Biscaya/65 3003.2 ± 223.6 BD
Karate Zeon/53 + 60 + 65 5310.7 ± 344.6 C

2014 Puch, Bavaria Control 1152.7 ± 56.4 A
Biscaya/55 647.9 ± 84.9 B
Karate Zeon/55 1511.8 ± 151.9 A

Kleefeld, Mecklenburg-Western Pomerania Control 2350.5 ± 238.2 A
Biscaya/55 2235.0 ± 228.1 A
Mavrik/55 2245.1 ± 279.4 A

Stöckendrebber, Lower Saxony Control 1805.6 ± 119.7 A
Biscaya/53 1218.0 ± 121.4 B

Sickte, Lower Saxony Control 809.4 ± 56.7 A
Biscaya/55 532.3 ± 36.2 BC
Biscaya/62 334.2 ± 25.1 B
Mavrik/55 570.0 ± 69.0 AB
Mavrik/62 673.3 ± 87.4 AC

2015 Puch, Bavaria Control 1750.3 ± 139.5 A
Biscaya/57 1737.8 ± 78.8 A
Karate Zeon/57 2486.1 ± 96.1 B
Mavrik/57 1212.9 ± 111.7 C

Kleefeld, Mecklenburg-Western Pomerania Control 2599.1 ± 274.6 A
Biscaya/57–59 1700.1 ± 153.7 B
Mavrik/57–59 1665.0 ± 190.7 B

Niedernstöcken, Lower Saxony Control 1044.7 ± 80.9 A
Biscaya/56 482.2 ± 26.3 B

Lucklum, Lower Saxony Control 1716.1 ± 179.3 A
Biscaya/55 620.9 ± 70.7 B
Biscaya/62 723.1 ± 77.6 B
Mavrik/55 810.4 ± 107.0 B
Mavrik/62 1485.2 ± 189.2 A
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different insecticide treatments and the control within each 
location (GLM, p > 0.05). Again, insecticide applications 
of Biscaya and Mavrik at early flowering (BBCH 62) in 
the field trial in Lucklum resulted in slightly lower para-
sitism rates of L2-larvae compared to applications of the 
insecticides at the bud stage at BBCH 55. Parasitism rates 
in plots treated with Biscaya at BBCH 62 were reduced by 
6.6% compared to treatment of Biscaya at the bud stage. 
Treatment with Mavrik at BBCH 62 resulted in 5.2% lower 
parasitism rate compared to the treatment at BBCH 55. All 
differences were not significant (GLM, p > 0.05).

The parasitoids Phradis spp. were not detected in all 
field trials in 2015, in contrast to T. heterocerus. By dis-
section of L2-pollen beetle larvae from the field trials in 
Mecklenburg-Western Pomerania and Niedernstöcken col-
lected between BBCH 65 and 67 and between BBCH 67 
and 70, no larvae parasitized by Phradis spp. were found. 
The subsequent dissection of pollen beetle larvae from the 
field trial in Niedernstöcken collected between BBCH 70 
and 75 showed a parasitism rate of 4.2% for larvae from 
the untreated plots and 1.7% for larvae from plots treated 

Fig. 1  Level of parasitism (%) 
of L1- and L2-pollen beetle 
larvae by T. heterocerus (± SE) 
following application of insec-
ticides in winter oilseed rape 
field trials of 2013 in Germany 
near Wendhausen (collection 
period 2 May–21 June, BBCH 
60–80), Stöckendrebber (14 
May–12 June, BBCH 63–79), 
Cramonshagen (28 May–18 
June, BBCH ca. 70–78) and 
Puch (6 May–5 June, BBCH 
61–75). Biscaya = 72 g thia-
cloprid ha−1, Karate 
Zeon = 7.5 g lambda-cyhalo-
thrin ha−1, Mavrik = 48 g tau-
fluvalinate ha−1. GLM, 
p ≤ 0.05; n.s. no significant 
difference between treatments 
within each location, n.a. treat-
ment not tested
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Fig. 2  Level of parasitism (%) 
of L2-pollen beetle larvae by T. 
heterocerus (± SE) following 
application of insecticides in 
winter oilseed rape field trials 
of 2014 in Germany near Sickte 
(collection period 16 April–21 
May, BBCH 62–76), Stöck-
endrebber (15 April–19 May, 
BBCH 62–79), Kleefeld (22 
April–26 May, BBCH 64–80) 
and Puch (23 April–14 May, 
BBCH 65–69). Biscaya = 72 g 
thiacloprid ha−1, Karate 
Zeon = 7.5 g lambda-cyhalo-
thrin ha−1, Mavrik = 48 g tau-
fluvalinate ha−1. GLM, 
p ≤ 0.05; n.s. no significant 
difference between treatments 
within each location, n.a. treat-
ment not tested
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with Biscaya, with no significant difference between the 
treatments (GLM, p > 0.05).

In Lucklum also no Phradis spp. were detected before 
BBCH 69. In the collection period between BBCH 69 and 
71 in all treatments 3.3% of the larvae were parasitized, 
except larvae from the plots treated with Biscaya at BBCH 
62, where no parasitism was found (Fig. 4). One week later, 
the dissection of the larvae collected between BBCH 71 and 
76 showed that parasitism of larvae collected in untreated 
plots was 9.4%. In Biscaya treated plots, separately treated at 
BBCH 55 or 62, parasitism of larvae was 1.7%, respectively. 
Larvae from plots treated with Mavrik (regardless of the 

application date) showed a parasitism rate of 3.3%. Between 
all treatments, no significant difference was observed (GLM, 
p > 0.05).

In addition, a random sample of L2-larvae from the field 
trial in Bavaria collected between BBCH 67 and 69 was dis-
sected. In all treatments, parasitism rates were 3.3%, except 
larvae from plots treated with Mavrik at BBCH 57 with 8.3% 
being parasitized, but differences were not significant (GLM, 
p > 0.05; Fig. 4). One week later, the dissection of the larvae 
collected between BBCH 69 and 75 showed 8.3% parasitism 
rate of the larvae from untreated plots. The highest parasit-
ism rate was recorded from plots treated with Biscaya at 

Fig. 3  Level of parasitism (%) 
of L2-pollen beetle larvae by 
T. heterocerus (± SE) follow-
ing application of insecticides 
in winter oilseed rape field 
trials of 2015 in Germany near 
Lucklum (collection period 4 
May–9 June, BBCH 65–78), 
Niedernstöcken (29 April–10 
June, BBCH 62–79), Klee-
feld (11 May–22 June, BBCH 
63–80) and Puch (29 April–10 
June, BBCH 65–79). Bis-
caya = 72 g thiacloprid ha−1, 
Karate Zeon = 7.5 g lambda-
cyhalothrin ha−1, 
Mavrik = 48 g tau-fluvali-
nate ha−1. GLM, p ≤ 0.05; 
n.s. no significant difference 
between treatments within each 
location, n.a. treatment not 
tested
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and Puch at different collection 
periods. Biscaya = 72 g thia-
cloprid ha−1, Karate 
Zeon = 7.5 g lambda-cyhalo-
thrin ha−1, Mavrik = 48 g tau-
fluvalinate ha−1. GLM, 
p ≤ 0.05; n.s. no significant 
difference between treatments 
within each location, n.a. treat-
ment not tested
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BBCH 57 (18.3%), followed by plots treated with Mavrik at 
BBCH 57 (13.3%). Dissection of larvae from Karate Zeon 
treated plots resulted in a parasitism rate of 8.3%, similar to 
the control. Observed differences between all treatments did 
not differ significantly (GLM, p > 0.05).

Discussion

In the present study, effects of the insecticides Biscaya, 
Mavrik and Karate Zeon applied at different growth stages 
of winter oilseed rape between the green bud stage and full 
flowering on the parasitism rates of pollen beetle larvae by 
T. heterocerus and Phradis spp. were analyzed in field trials 
in 2013–2015. In all field trials in 2014 and 2015, parasiti-
zation of L1-larvae of pollen beetle by T. heterocerus was 
either not present or only on a low level. This corresponds 
with observations by Nilsson and Andreasson (1987), who 
found that large L2-larvae are preferred by T. heterocerus 
for oviposition.

Two different methods were used for the determination 
of parasitism rates of L2-pollen beetle larvae by T. heter-
ocerus. The dissection of L2-larvae showed a slightly higher 
parasitism rate by T. heterocerus compared to determina-
tion of dark pigmented eggs by external inspection. This 
was analyzed only for the larvae of the last two collection 
periods from BBCH 69 onwards. According to Nilsson and 
Andreasson (1987), this error is negligible.

In this study, the parasitism rates of pollen beetle larvae in 
Biscaya and Mavrik treated plots were lower in some trials 
than in the control, but without significant differences. In all 
field trials, the application of Biscaya, regardless whether 
applied at the bud stage or at flowering, reduced the num-
ber of L2-larvae compared to untreated plots (Table 2). 
For example, in plots treated with Biscaya at BBCH 55 in 
Lucklum 2015, the number of L2-larvae dropping to the 
ground was reduced by 64% compared to the control (total 
sum of L2-larvae m−2 in the control 1716.1 ± 179.3). In 
most experiments, these effects of Biscaya were significant. 
In plots treated with Mavrik, the number of L2-larvae was 
reduced to a lesser extent than in Biscaya treated plots. In 
contrast, application of Karate Zeon in 2013 in all field tri-
als resulted in a higher number of L2-larvae compared to 
the control. For example, the abundance of larvae increased 
up to 29% in Cramonshagen or up to 37% in Puch. In 2014 
and 2015, Karate Zeon was tested only near Puch in Bavaria 
where the number of L2-larvae increased up to 31 and 42%, 
respectively, compared to untreated plots. In consequence in 
Biscaya and Mavrik treated plots, the number of host larvae 
available for parasitoids was lower in the untreated plots, 
whereas in Karate Zeon treated plots, the highest number 
occurred.

Parasitoids may show a density-dependent response to 
host populations (Hanson et al. 2015). Contrasting results 
on density-dependence of parasitism have been reported 
in literature: Longley and Jepson (1996) found that wheat 
plants infested by low numbers of Sitobion avenae were less 
favoured or avoided by female parasitoids of Aphidius spp. 
than plants with higher aphid infestation. Similarly, para-
sitoids of pollen beetle were found to aggregate on plots 
with a higher host density (Zaller et al. 2009). A positive 
correlation between the density of the host population and 
the parasitism rate was also detected by Neumann (2010) 
in one of three experimental years. However, Nilsson and 
Andreasson (1987) did not found a correlation between the 
number of pollen beetle larvae and parasitism.

Herbivore-induced plant volatiles can attract natural 
enemies to infested plants (Mattiacci et al. 1994; Dicke and 
Baldwin 2009; Heil 2014). Volatiles of oilseed rape released 
after insect feeding have major impact on the searching 
behaviour of T. heterocerus and Phradis spp. (Jönsson et al. 
2005). Because infestation by beetles and larvae was lower 
in Biscaya and Mavrik treated plots, lower amounts of syno-
mones may have been released in these plots and parasitoids 
may have visited these plots less frequently.

In 2014 and 2015, parasitization of L1- and L2-larvae by 
T. heterocerus was not found in the samples before BBCH 
65. This is in accordance with Nitzsche (1998) and Joh-
nen et al. (2010), who observed that in Germany, depend-
ing on annual weather conditions, the parasitoid does not 
occur before the beginning of flowering at the end of April 
or beginning of May. In all experimental years, insecticides 
applied in the bud stage had no significant effect on T. het-
erocerus. This is in accordance with Nilsson (1985), who 
stated that pesticide applications during the bud stage will 
hardly affect these parasitoids, but could have an effect on 
P. interstitialis. It can be assumed that T. heterocerus was 
not present in the fields at the time of application at the bud 
stage and immigration occurred not until the beginning of 
flowering, which started for example in Wendhausen (2013), 
Sickte (2014) and Lucklum (2015) at least 10 days after 
application. Therefore, the insecticides used seem to have a 
low persistent efficacy on these beneficials.

In the region of Goettingen, in the centre of Germany, 
the main activity of tersilochine parasitoids was found in the 
period shortly before flowering until full flowering (Ulber 
and Nitzsche 2006). In consequence application of insecti-
cides in this activity phase, as occurred in the field trials in 
Wendhausen, Sickte and Lucklum at BBCH 60–65, might 
have negative effects on parasitoids. Insecticide applica-
tions of Biscaya at BBCH 60, 62 or 65 and of Mavrik at 
BBCH 62 resulted in slightly lower parasitism rates of lar-
vae by T. heterocerus in all years compared to applications 
of these insecticides at the bud stage (BBCH 53–55), but 
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these differences were not significant and again host larvae 
occurred less frequent in treated plots.

In 2015, the dissection of L2-larvae to determine para-
sitism rates showed that parasitism by Phradis spp. did 
not occur in all field trials (no detection in Mecklenburg-
Western Pomerania) and at other locations were not detected 
before BBCH 67. In Niedernstöcken and Lucklum larvae 
parasitized by Phradis spp. were only detected from BBCH 
70 to 75 (Niedernstöcken) and BBCH 69 to 71 (Lucklum) 
onwards. The earliest parasitization was recorded in the field 
trial in Bavaria where larvae were parasitized from BBCH 
67 onwards. P. interstitialis predominates in winter oilseed 
rape in Germany (Ulber et al. 2010a), whereas P. morionel-
lus is more abundant in spring oilseed rape in northern 
Europe (Nilsson 2003; Veromann et al. 2006a; Ulber et al. 
2010a; Kaasik et al. 2014b) and was rarely found on winter 
oilseed rape in Germany by Ulber et al. (2010a). So it is 
likely that most of the Phradis larvae found in the field tri-
als in 2015 were P. interstitialis. To discriminate between 
P. interstitialis and P. morionellus rearing of adults from the 
larvae would have been necessary which was not possible.

The immigration of P. interstitialis into oilseed rape fields 
started from mid of April onwards (Nitzsche 1998; Johnen 
et al. 2010). Insecticide applications during the bud stage in 
mid-April, as in the present field trials (BBCH 53 to 57–59), 
might have a harmful effect on P. interstitialis. The females 
are sexually mature at this time (Nilsson 2003) and oviposit 
through the wall of the buds into the eggs of pollen bee-
tle (Osborne 1960; Williams and Cook 2010; Berger et al. 
2015). The development time from egg laying of pollen bee-
tle to hatch of L1-larvae takes approximately 10 days in win-
ter oilseed rape, depending on temperature (Nilsson 1988). 
The first larval instar period lasts approximately 5–10 days 
(Burkhardt and von Lengerken 1920; Nilsson 1988). The 
first Phradis spp. larvae were found in L2-pollen beetle lar-
vae not before BBCH 67 (mid of May 2015). Subtracting the 
development time of the host larvae of about 15–20 days, it 
can be assumed that P. interstitialis did not migrate into the 
fields before end of April or beginning of May 2015 (BBCH 
62–65). This means that the parasitoids occurred 2–3 weeks 
after the applications in the field trials and were little 
exposed to insecticide residuals. Consequently, no signifi-
cant effects of insecticides on Phradis spp. were observed. In 
our field trials, the start of migration of the parasitoids was 
not assessed by yellow water traps as described by Nitzsche 
(1998) or Williams et al. (2003). Application of Biscaya and 
Mavrik at BBCH 62, as conducted in Lucklum in 2015, did 
not have significant effects on P. interstitialis.

The insecticides used in the present field trials in 
2013–2015 did not significantly affect parasitization of 
pollen beetle larvae by T. heterocerus and Phradis spp., 
regardless whether applied at the bud stage, at the begin-
ning of flowering or at full flowering. In contrast, examples 

of negative effects of insecticides on parasitoids have been 
reported in literature. Veromann et al. (2006b) described 
reduced parasitism rates of pollen beetle larvae by D. cap-
ito and Phradis spp. in winter and spring oilseed rape after 
application of the pyrethroids Fastac (a.i. alpha-cyperme-
thrin) and Karate (lambda-cyhalothrin) at BBCH 51 and 67 
in 1 year field trials in Estonia. It has to be taken into account 
that application of the insecticides reduced number of over-
wintered pollen beetles. Consequently, the number of eggs 
and finally the number of larvae are expected to be lower in 
treated plots and plots with reduced egg and larval density 
may be less attractive to the parasitoids.

The impact of various insecticides on parasitization of 
pollen beetle larvae has been reported by Jansen and San 
Martin y Gomez (2014). In a 1-year trial, the authors tested 
the insecticides Mavrik 2F (tau-fluvalinate), Biscaya (thia-
cloprid), Boravi WG (Phosmet), Plenum (Pymetrozine) and 
Pyrinex (Chlorpyriphos-ethyl) applied at the end of the bud 
stage. All insecticide treatments caused a significant reduc-
tion of the adult population of parasitic Hymenoptera and 
decreased the parasitism rate of pollen beetle larvae. The 
strongest reduction was caused by Biscaya and Pyrinex, but 
only Biscaya reduced the larval parasitism significantly. The 
clear effect of Biscaya in the field trial of Jansen and San 
Martin y Gomez (2014) is in contrast to the results of the 
present study. It has to be considered, that Jansen and San 
Martin y Gomez (2014) as well as Veromann et al. (2006b) 
did not take into account the significant reduction of over-
wintered pollen beetles due to the insecticide treatments and 
consequently, a lower larval density in treated plots. In the 
field trial of Jansen and San Martin y Gomez (2014) in Bis-
caya and Pyrinex treated plots, 84 and 93% less larvae were 
recorded. This is in accordance with the present field trials, 
where application of Biscaya, regardless whether treated 
at the bud stage or at beginning of flowering, resulted in a 
reduction of L2-larvae. Consequently as described above, 
a density-dependent reaction of parasitoids is possible and 
plots with low larval density might be visited less frequently 
by parasitoids. Further, it is important to note that Jansen 
and San Martin y Gomez (2014) did not separate between 
the different parasitoids, which occur in spring at different 
times (Nitzsche 1998; Johnen et al. 2010) and prefer dif-
ferent development stages of pollen beetle (Osborne 1960; 
Williams and Cook 2010; Berger et al. 2015).

The effects of lambda-cyhalothrin and tau-fluvalinate on 
key parasitoids of oilseed rape pests have also been studied 
in a project in Poland in 2 years (Ulber et al. 2010b). The 
insecticides were applied at BBCH 54/56 and 65/68. Appli-
cations of insecticides resulted in mortality of parasitoids. 
Lambda-cyhalothrin showed a more persistent effect com-
pared to tau-fluvalinate, which reduced parasitism level of 
host larvae less. The total number of pollen beetle larvae 
available for the parasitoids in different treatments is not 



808 M. Brandes et al.

1 3

mentioned in the reference. Treatment of insecticides may 
have reduced larval density. In the period of the field trial 
(2002 and 2004), the pyrethroid resistance of pollen bee-
tles was not as far developed as nowadays, so it has to be 
expected that Karate reduced pollen beetle density as well 
as Mavrik. Consequently, a lower number of larvae might 
have been available for the parasitoids which may respond 
density-dependent.

The field results obtained in Poland are in accordance 
with laboratory tests using adult parasitoids by Jackowski 
et al. (2008). In a tarsal plate test effects of lambda-cyhalo-
thrin and tau-fluvalinate, both tested at full and reduced 
application rates, were observed on Phradis spp., with 
Mavrik being less toxic than Karate. A 50% reduced applica-
tion rate of Mavrik showed no effect on mortality of Phradis 
spp. compared to 100%. In contrast, the reduction of the 
application rate to 50% of Karate resulted in a lower parasi-
toid mortality than 100% dose rate.

In 3-year-field trials at Goettingen (Germany), the effects 
of lambda-cyhalothrin, tau-fluvalinate and thiacloprid on 
the parasitoids T. heterocerus and P. interstitialis were 
analyzed (Neumann 2010). Insecticides were applied with 
full and half recommended dose rate at BBCH 61/62 and 
BBCH 65/69. In contrast to the studies of Jackowski et al. 
(2008) and Ulber et al. (2010b), no significant effects of 
lambda-cyhalothrin on parasitism of pollen beetle larvae 
were obtained consistently over 3 years, regardless of 50 or 
100% dose rate and of applications at early flowering or full 
flowering. Tau-fluvalinate applied with 50 and 100% dose 
rate at early flowering resulted in significant reduced parasit-
ism although the application was conducted 9 days before 
parasitoid immigration. 50% dose rate of tau-fluvalinate at 
full flowering, parallel to the activity peak of the parasitoids, 
also resulted in significant reduced parasitism, whereas the 
full dose rate of tau-fluvalinate at full flowering did not sig-
nificantly reduce parasitism.

Tau-fluvalinate was tested only in the first year by Neu-
mann (2010) and was replaced by thiacloprid in the second 
and third year. For thiacloprid, no clear trend was detectable. 
One year thiacloprid significantly reduced the number of 
pollen beetle larvae when applied with full dose rate at the 
beginning of flowering and at full flowering with 50 and 
100% dose rate. No significant differences were observed 
concerning parasitism. This is in accordance with the results 
of the present field trials. In the following year, Neumann 
(2010) observed that Biscaya had a significant effect on 
parasitoids if applied with full dose rate at the beginning of 
flowering and with both application rates at full flowering. 
But it has to be considered that the number of host larvae per 
plant was very low in this year (2 larvae per plant).

Finally, it can be concluded that no clear and consistent 
effects of lambda-cyhalothrin, tau-fluvalinate and thiacloprid 
on parasitism rates of pollen beetle larvae are reported in 

literature. Effects of individual insecticides differ between 
authors and between years within one paper. More infor-
mation on effects of insecticides on parasitoids is urgently 
needed to protect parasitoids in the crop and support natural 
control of pests. Therefore, trials over several years with 
different locations are necessary to test such side effects of 
insecticides more detailed. It would be important to moni-
tor the immigration and the activity peak of the different 
parasitoids, to determine whether there may be long term 
effects of insecticides applied before immigration of para-
sitoids or whether the application was coincident with the 
activity peak of the parasitoids. To analyze parasitized lar-
vae, it has to be considered that pollen beetle larvae should 
be collected over a longer period and not only during one 
or two collection dates, as our data show that eggs or larvae 
of parasitoids occur in most cases not before BBCH 65 (T. 
heterocerus) or BBCH 67 (Phradis spp.) in higher numbers 
and still occur in larvae collected after the end of flowering. 
In addition, the total number of adult pollen beetle and host 
larvae needs to be monitored to separate between direct toxic 
and indirect effects.
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