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Abstract

The use of sex pheromones as an option to control wireworms via mass trapping and the biology of Agriotes lineatus (L.) were
investigated in a long-term field experiment at an organic research farm in North Rhine-Westphalia, Germany. Plots supplied with
sex pheromone traps were compared with untreated control plots. Over 5 years, a total of 12,378 male adults of 4. lineatus, Agrio-
tes obscurus (L.) and Agriotes sputator (L.) were captured in six traps located at 40 m distance in a grass-clover ley. The swarm-
ing period of the males lasted from late April to late August with one major and a small peak in the successive years for all three
species. During 2006 and 2008 A. lineatus was the dominant species trapped with 4,005 male adults followed by 4. obscurus
(3,045) and A. sputator (1,213). The total number of wireworms captured over all sampling dates only slightly differed between
the two pheromone treated plots (201 individuals) and the two control plots (230 individuals) suggesting no effect of mass trap-
ping on wireworm abundance. The peak oviposition period of 4. /ineatus lasted from May to early June. Over a 30 month period
the larvae passed through 8 instar stages (life cycle not completed) and attaining L4 instar stage before the first and L8 before the
second overwintering. Non-chemical wireworm control will have to focus on cultural approaches including soil tillage and rota-

tion design taking data on biology into account.
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Introduction

Wireworms (Agriotes spp.) the larvae of click beetles
(Coleoptera Elateridae), are known as important soil in-
sect pests of agricultural crops. Potatoes are particularly
susceptible to this pest and even populations at or below
the limit of detection of standard soil sampling tech-
niques are capable of causing economic damage to pota-
toes (Miles, 1942). Due to their long life cycle and soil
dwelling habitat they are difficult to control. Adult click
beetles emerge from overwintering cells in early spring
and females lay eggs singly or in clusters just below the
soil surface preferentially in locations such as leys (Fox,
1973). The newly hatched larvae known as wireworms,
feed on a variety of crop roots until they pupate and
emerge after 2-5 years depending on species, region and
environmental conditions (Jansson and Seal, 1994;
Parker and Seeny, 1997).

According to recent surveys Agriotes lineatus (L.),
Agriotes obscurus (L.), Agriotes sputator (L.), Agriotes
ustulatus (Schaller) and Agriotes sordidus (Illiger) are
the predominant species occurring in West Germany
(Burghause and Schmitt, 2011), and they live in both
agro- and natural ecosystems (Platia, 1994). To monitor
the flight behaviour of these species, specific synthetic
sex pheromones for male trapping have been developed
(Toth et al., 2003) and the recent development of YAT-
LOR traps proved to be highly efficient in capturing
male click beetle (Agriotes) species (Furlan et al,
2001). However, Hicks and Blackshaw (2008) noted a
considerable variability in the performance of sex
pheromone trapping systems and optimal trap spacing
for several Agriotes species. Recent studies on the range
of attraction of pheromone traps to some Agriotes spe-
cies suggested that an estimated distance of 20 m be-

tween individual traps would be needed to permit sub-
stantial mass trapping (Sufyan et al., 2011). A predic-
tion of potential wireworm damage based on male trap-
ping with pheromones is not yet possible (Blackshaw
and Vernon, 2008). In general sex pheromone traps
have been proven to be effective for monitoring and
may have a potential to suppress or eradicate low den-
sity populations, but the full potential for pest manage-
ment is still unclear (El-Sayed et al., 2006). There are
more than 200 studies from 1970 to 2005 targeted on
managing pest populations by mass trapping, mainly for
Lepidoptera, Coleoptera, Diptera and Homoptera (El-
Sayed, 2012). Mass trapping of different pests such as
Leucinodes orbonalis Guenee (Cork et al., 2001; 2003;
2005), Ips duplicatus (Sahlberg) (Schlyter et al., 2001)
and Ephestia kuehniella Zeller (Trematerra and Gentile,
2010) resulted in a reduction of insecticide consumption
and in a significant yield increase of different agricul-
tural crops. Pheromone mediated mating disruption is
also an alternate strategy in biological control programs
and has been successful for agricultural pests such as
Pectinophora gossypiella (Saunders) (Doane et al.,
1983) and Palpita unionalis (Hubner) (Hegazi et al.,
2007). Although the majority of successful mass trap-
ping systems has been carried out with lepidopterous
pests, the method has also been suggested for click bee-
tles (El-Sayed et al., 2006).

The objective of our study was to investigate whether
regular male mass trapping via sex pheromones over a
five year period will result in a decrease of soil wire-
worm abundance and subsequently in reduced damage
of potato tubers. Simultaneously we studied the biology
of A. lineatus in order to identify cultural approaches for
non-chemical wireworm control.



Materials and methods

Location

The study was conducted at the organic research farm
‘Wiesengut’ of the University of Bonn in Hennef from
2004 to 2010 in a grass-clover ley (sown in 2003 and
ploughed in 2009) known to be a favourable breeding
habitat for adult click beetles (Parker and Seeny, 1997).
The mixed farm with suckler cows is characterized by
slightly acid alluvial soils with a loamy texture. The re-
gional climate in the Rhineland area is mild with an an-
nual average temperature of 10.3 °C providing on aver-
age some 850 mm of rain per year. For our study mean
monthly temperature (figure 1) and precipitation (table
1) during April, May, June, July and August were re-
corded on the farm. In addition we calculated the sum of
temperature above 0 °C from the beginning of year to
the first flight peak of three Agriotes species for the ex-
perimental years 2006-2008 (table 2).

Experimental design and trap installation

Four equal-sized plots each one measuring 20 x 30 m
= 600 m? were selected in the grass-clover ley following
a pair-wise arrangement (figure 2). On the Northern side
two plots were supplied with YATLOR pheromone
traps at a distance of 40 m. On the Southern part of the
ley two control plots without pheromone traps were es-
tablished at a distance of 65 m to the pheromone traps.
Single pheromone traps for the three target species (4.
lineatus, A. obscurus and A. sputator) were placed ran-
domly in the centre of the plot at a distance of one me-
ter. The YATLOR traps in use were made of plastic in
an Italian laboratory and proved to be suitable for catch-
ing both flying and crawling species all along the season
(Oleschenko et al., 1987; Kudryavtsev et al., 1993).
Pheromones were delivered by Csalomon (Plant Protec-
tion Institute, HAS, Budapest, Hungary) and comprised
a mixture of geranyl octanoate and geranyl butanoate in
a 9:1 ratio for A. lineatus, geranyl hexanoate, geranyl
octanoate in a 1:1 ratio for 4. obscurus and only geranyl
butanoate for A. sputator (Toth et al., 2003). The traps
were deployed in early April and sampling continued at
approximately one-week intervals until August of each
experimental year. Pheromone lures were replaced in
intervals of 4-6 weeks. The trapped beetles were re-
moved weekly and stored at —20 °C for killing. Dead
male beetles were counted and after 2006 identified on
the basis of pronotum and elytral characteristics.
Weekly countings were related to captures per day.

Soil sampling and wireworm extraction procedure
Soil cores were taken in all plots once in 2004, three
times in 2006 and twice from 2007 to 2009, either in
spring (May) or in autumn (September or late October).
Sampling dates were selected to coincide with the pre-
sumed feeding periods of the larvae, which tend to
move to deeper soil layers with increasing soil drought
or extreme temperatures (Staley et al., 2007). Up to
forty cores per plot and assessment date (minimum 20)
were sampled using a 13 cm diameter soil corer (26 cm
depth) in a W-pattern excluding the outer 3 meter of
each plot side. All samples were initially hand-sorted
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for the presence of wireworms and collected individuals
were counted and identified. Once hand-sorted, samples
were placed in tullgren funnels (26 cm in diameter) pro-
vided with a 0.5 cm mesh and collecting vials at the bot-
tom. The soil cores were dried for 4 to 8 weeks in a
sheltered place to extract the remaining specimens.

Damage assessment in potatoes

In early spring 2009, i.e. five years after regular re-
moval of all male click beetles, the grass-clover ley was
inverted by ploughing. Hence potatoes cv. Belana was
planted (4 tubers per m?) on 15 April 2009 and managed
according to the farm standards. Prior to the final har-
vest (potato harvester) from every plot two rows each
one measuring a length of 5 m were harvested by hand.
From each row, samples of 100 graded tubers (market-
able size) were randomly taken, washed and assessed
for wireworm damage using a rating from 0 to 3 corre-
sponding to 0, 1-2, 3-5 and >5 holes per tuber.
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Figure 1. Mean temperature pattern from April to Au-
gust during the swarming period of Agriotes species
(A. lineatus, A. obscurus and A. sputator) in experi-
mental years 2006-2008.

Table 1. Sum of monthly rain (mm) during the main
activity period of Agriotes species from April to Au-
gust during 2004-2008.

2004 2005 2006 2007 2008
April 56 95 60 0 71
May 87 81 123 125 20
June 80 25 55 110 115
July 113 201 35 98 96
August 179 100 120 139 53
Total 515 502 393 472 355

Table 2. Sum of temperature (°C) from the beginning of
year to the first flight peak of three Agriotes species
(A. lineatus, A. obscurus and A. sputator) during
2006-2008.

Species 2006 2007 2008
A. lineatus 691 1024 905
A. obscurus 691 952 905
A. sputator 1861 1665 838
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Figure 2. Experimental design of the trial (2004-2009) on grass-clover ley, Wiesengut experimental station, field 1,
Trap 1 = A. lineatus, Trap 2 = A. obscurus and Trap 3 = A. sputator.

Biological study of A. lineatus in semi-natural
conditions

A wooden rearing cage (size: 1 m%; depth 1 m) was es-
tablished at the border of an open field for the life-cycle
study of A. lineatus from 2008 to 2010. The rearing
cage was closed with netted walls (1-2 mm mesh) and a
top (1 m?) that allowed ventilation and rain to infiltrate.
The cage was filled with a soil/sand mixture (1:1) ex-
cluding larvae of 4. lineatus. Crops were grown accord-
ing to the local cropping system with maize, grass-
clover, and wheat. During periods of low rainfall, the
rearing cage was irrigated (10 mm) at least once per
week to maintain a suitable soil moisture level in the
upper part of the soil.

Adult collection and introduction into the rearing cage

A. lineatus adults (males and females) were collected
by placing out forage traps (2x2 m plastic nets) on bare
soil known to be infested with 4. lineatus. The plastic
sheets were covered with fresh forage of Lolium and/or
other grasses and red-clover (Trifolium pratense L.) and
were inspected at least twice per week along with forage
replacement. Adult beetles gathered below the forage on
the sheets were regularly collected and sexed. From
early April to mid-May groups (50-100) of collected
adult males and females of A. lineatus (1:1 ratio) were
repeatedly released into the cage (in total 350-400
adults).

Larval development

Soil sampling in the cage started from June 2008 on-
wards. Two soil cores (6 cm diameter x 25 cm deep)
were taken twice per month and hand-sorted within 1-2
hours after collection. Hand-sorting of soil samples, al-
though very time consuming, is still regarded to be the
most accurate larval extraction method (Gange et al.,
1991; Penev, 1992). The head-width of all collected lar-

vae was measured and recorded at each assessment date.
The whole soil core material including larvae were re-
turned to the cage after each assessment. To avoid crop
disturbance and killing of the young larvae during col-
lection soil samples were replaced by bait traps (Chabert
and Blot, 1992) from July 2008. Bait traps comprised
of a plastic pot (10 cm in diameter) with holes drilled at
the bottom filled with vermiculite, 30 ml of wheat seeds
and 30 ml of corn seeds. Generally corn/wheat bait traps
have been considered equally or more effective than soil
cores for estimating wireworm populations (Parker,
1996; Simmons et al., 1998). Traps inspections were
done every 15 days with concurrent replacement of trap
material. Traps were checked by hand-sorting and de-
tected wireworms were counted, identified and meas-
ured using DISKUS software microscopic system
(www.hilgers.com) and finally returned to the cage. The
larvae were assigned to the corresponding instars based
on the head measurements (Klausnitzer, 1994).

Statistical analysis

Data were evaluated through analysis of variance by
using SAS (version 9.1, SAS Institute, Cary, NC, USA).
Comparisons of means were calculated with Tukey’s
test (a < 0.05). Data on beetle flight behaviour were cal-
culated on the basis of beetle captures per day.

Results

Pheromone trap catches

From 2004 to 2008 in an area of 1,200 m” a total of
12,378 male adults of A. lineatus, A. obscurus and
A. sputator were captured by using YATLOR sex phero-
mone traps. The highest catches were made in 2007
(3,075 beetles) followed by 2008 (2,986 beetles). In 2005
trap catches of male adults were lowest with 1,743
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Figure 3. Catches of male adults of A. lineatus, A. ob-
scurus and A. sputator species in six pheromone traps
(2 per species) over the period 2004-2008, species
identification since 2006.

individuals captured (figure 3). Species identification
started in 2006 and the dominant species captured on
average of three years were A. lineatus (48%) and A.
obscurus (37%), while trap captures of A. sputator from
2006 to 2008 were considerably lower with a share of
15%. In 2006 A. lineatus was dominant with 1,236
specimens (56%) followed by 4. obscurus (892) (41%)
and A. sputator (74) (3%). In 2007 again the leading
trapped species was A. lineatus with 2,161 (70%) out-
competing A. obscurus (549) (18%) and A. sputator
with 365 specimens (12%). Contrarily, in 2008 A. ob-
scurus was the most captured species (1,604) (54%)
outcompeting A. lineatus (608) (20%) and A. sputator
(774) (26%) respectively.

Flight pattern

Pheromone traps proved to be highly selective to dis-
tinguish between the species, with some sporadic
catches of cross attractions due to the presence of com-
mon pheromone components in some species. Untar-
geted species (spiders, earwigs and Carabidae) captures
were less than 1%.

The flight peaks of A. lineatus differed between the
years. In 2006 the active period of male swarming lasted
from the beginning of May to the middle of August with
one main peak (153 specimens/day) in mid May and
one weaker peak (36 specimens/day) in the middle of
June respectively (figure 4). In 2007 the first flight peak
was earlier (end of April) when 154 males were cap-
tured per day and a second weaker peak following in the
beginning of June (48 males captured per day). In con-
trast to the preceding years A. lineatus captures in 2008
were relatively more uniform throughout the swarming
period.

A. obscurus showed a comparable flight pattern to 4.
lineatus during the swarming period. The flight peaks
noted in 2006 were in the second and third week of May
with 68 and 38 adults trapped per day respectively (fig-
ure 5). In 2007 the first peak was about two weeks ear-
lier compared with 2006. A second peak followed in the
middle of June, with a steady decrease of the daily cap-
tures until the end of August. A similar flight pattern of
one major (54 beetles per day) and one smaller peak (34
per day) was noted in 2008 during the middle of May
and end of June.
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The flight pattern of A. sputator showed a greater
variation between the years. The first catches in 2006
were recorded in early July with a peak capture of only
8 beetles per day. In 2007 the swarming period lasted
from early April to late August with one main peak (30
beetles per day) and a weaker peak (11 per day) in early
and mid June respectively. Flight peaks in 2008 were
detected in the beginning of May. Again the weekly
captures decreased to the middle of August (figure 6).

Wireworm captures and tuber damage

In total 431 wireworms of all instar stages, exclusively
Agriotes species were captured in the four experimental
plots over all sampling dates. The total number of wire-
worms captured over all sampling dates only slightly
differed between pheromone treated (201 individuals)
and control plots (230 individuals). At the beginning of
the experiment (2004) the total number of wireworms
captured was 0.58 per soil core in the treated and 0.31 in
the untreated plots respectively (not significant). At two
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Figure 4. Flight peaks of A. lineatus captured in two
pheromone traps over the period 2006-2008.
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Figure 5. Flight peaks of A. obscurus captured in two
pheromone traps over the period 2006-2008. Drawn
from Sufyan et al., submitted to Journal of Applied
Entomology.
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Figure 6. Flight peaks of A. sputator captured in two
pheromone traps over the period 2006-2008.



out of nine sampling dates (May 2006 and Oct 2006),
the number of wireworms per soil core was significantly
lower in pheromone treated compared with control
plots, the highest difference occurring in October 2006
with 0.26 compared with 0.88 wireworms per soil core
(figure 7). At all other sampling dates no differences in
soil wireworm abundance were noted between the
treatments. The development of soil wireworm abun-
dance over time did not follow any consistent pattern.
The larval population showed a pernicious ubiquitous
distribution in the treated and untreated plots with over-
lapping generations of all three captured species during
the study.

A final assessment of wireworm holes in potatoes
grown in 2009 after a five years removal of male click
beetles via pheromone traps did not show any difference
to the control. The extent of potato crop damage (1-2
holes per tuber) varied from 36 to 32% in treated and
untreated plots respectively (figure 8). The percentage
of tubers with no holes tended to be higher in control
(48%) compared with 28% in the treated plots. Simi-
larly the percentage of tuber damage with 3-5 and more
holes per tuber was not affected by the treatments.

Life cycle of A. lineatus in rearing cage
Eggs

The first eggs of A. lineatus in the rearing cage were
observed in late April 2008. Females started egg laying
15-20 days after the introduction of adults into the rear-
ing cage. Peak oviposition occurred between May and
early June. The eggs were creamy white to grey brown,
and were laid singly or in clusters. Most of the eggs
were oviposited in the upper 3-4 cm of the soil and
some eggs were laid immediately on the soil surface
provided that soil was covered with sward.

Larval population density

In total 287 larvae were collected and assessed by soil
sampling and bait traps from 2008 to 2010. The major-
ity of the population (256 larvae) was recorded in the
second year (2009). There were very low numbers of
larvae trapped by soil sampling and bait traps during the
first year (15 wireworms) and third year (16 wire-
worms) of development (table 3). The maximum num-
ber of larvae was captured in October 2009 with 91 in-
dividuals of L5 to L8 followed by 43 wireworms of the
same instar stages in November 2009.

Larval development

In total 8 larval instars for 4. lineatus were recorded
during the 30 months assessment period (cycle not
completed) under semi-natural conditions (figure 9).
The larvae reached the L4 instar stage with an average
length of 8 mm before their first overwintering. Larval
development continued in May of the following year.
The variability of the larval length of the same instars
and the high diversity of occurring instars was notice-
able at every single assessment date. Larval stages over-
lapped at most of the assessment dates with a maximum
range of overlap up to 4 instars, while monthly overlap
was up to 5 instar stages (figure 9). The highest instar
stage ever noted (L8) was recorded in autumn 2009 dur-
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Figure 7. Number of wireworms (4. lineatus, A. obscu-
rus and A. sputator) detected per soil core from 2004-
2009 in pheromone treated versus untreated plots,
Tukey’s test (o = 0.05).
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Figure 8. Mean percentage of damaged tubers in
pheromone treated and untreated plots with different
wireworm holes in 2009, the means of the treatments
are not significantly different (o = 0.05).

ing the second year of development. Larvae from the LS
to L8 instar stage entered into a second overwintering
and exceeded 18 mm length. Larval stages assessed dur-
ing the third year were similar to those in the second.

Discussion

The main objective of the present long-term study was
to assess, whether regular male mass trapping of three
key Agriotes species over five years results in a de-
crease of soil wireworm abundance and a subsequent
reduction of damages in potatoes. This approach has
been proposed by El-Sayed et al. (2006), but has never
been tested for click beetles under field conditions.
While male mass trapping turned out to be successful,
no effect on the subsequent soil wireworm population
could be observed. Possible explanations of our obser-
vations require a closer analysis of click beetle biology
and the environmental conditions of the experiment.

Male trapping

We captured click beetle males of three Agriotes spe-
cies for five consecutive years and trapped in total over
twelve thousand specimens in an area of 1200 m*. Re-
cent findings on the range of attraction of pheromone
traps for A. lineatus and A. obscurus have shown that up
to a distance of 15 m from the traps at least 50% of the
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Table 3. A. lineatus larval development in a rearing cage from 2008-2010. Data are sum of two bait traps in one cage.

Total Percentage of total larvae per instar Heat sum > 9 °C
larvae 1 2 3 4 5 6 7 8 Soil Total
June 2008 0 <
July 4 75 25 *
August 0 o
September 5 20 80 *
October 6 50 50 o
May 2009 14 57 36 7 186 186
June 28 21 18 43 18 237 423
July 14 7 29 14 36 14 321 744
August 31 13 45 42 337 1081
September 35 3 14 23 51 9 224 1305
October 91 2 24 54 20 98 1403
November 43 2 30 58 10 25 1428
May 2010 0 95 1523
June 6 33 17 50 204 1727
July 0 308 2035
August 6 17 17 66 261 2296
September 4 25 75 183 2479
October 0 73 2552

* Soil temperature data not available.
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Figure 9. Development of larval instars from A. lineatus
over a 30 months period under semi-natural conditions
in rearing cage in the field. Bars represent the mean
larval stage at the end of each month, while error bars
represents minimum and maximum instar stage with
median values.

males have been trapped within one month, most of them
already during the first days (Sufyan et al., 2011). Given
the experimental design with maximum distances within
a plot of 15 m to the traps and the high number of total
captures it is assumed that a considerable proportion of
the males have been trapped. Also, maximum sampling
ranges, i.e. the distance from which a pheromone trap is
able to attract males, for A. lineatus 43 m after 15 days
(Hicks and Blackshaw, 2008) and 54 m after 12 days (Su-
fyan et al., 2011) suggest that the control plots were
properly arranged (65 m) in our experiment.

The annual variation of male captures suggests a grad-
ual increase in the number of trapped beetles (4. linea-
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tus, A. obscurus and A. sputator) from 2005 onward un-
til the last assessment year (2008). A similar increase of
pheromone male captures of A. ustulatus and Agriotes
rufipalpis Brulle was noted in long-term experiments in
Hungary, where 533 beetles were trapped in the first
year and 5,349 beetles two years later (Toth et al,
2001). Likewise Karabatsas et al. (2001) observed a
gradual increase of the A. rufipalpis population from
285 to 6,722 beetles during a four year monitoring in
Greece. Similarly Milonas ef al. (2010) using a different
trap and experimental design, reported trap captures of
more than 13,000 in two years for A. rufipalpis in
Greece. Male trapping efficacy can be affected by the
type and quantity of dispensers used in the experiments
(Vernon and Toth, 2007; Milonas et al., 2010). The in-
creased tendency of male trapping over time in the pre-
sent study may either be due to the immigration of
gravid females into the pheromone-treated areas or to
the migration of males. Recent experiments of Schall-
hart et al. (2009) have shown that the natural dispersal
of males of 4. obscurus may exceed 80 m, suggesting a
possible hazardous migration of the males towards the
pheromone traps. Also, it remains unclear, whether the
trap captures accurately reflect the true population of the
area (Trematerra and Gentile, 2010).

Similar to our approach, Stelinski and Gut (2009) and
Vickers (1997) studied mating disruption of moth pests
of important fruits including Argyrotaenia velutinana
(Walker), Pandemis pyrusana Kearfott and Cydia pomo-
nella (L.). In these two studies the reproductive potential
of codling moth was adversely affected with reductions
in both fecundity and fertility by delays in mating.

Flight behaviour

Monitoring Agriotes species (A. lineatus, A. obscurus
and A. sputator) with species-specific pheromones gave
a good indication of presence and peaks of these popu-



lations in the present study and by Ester ef al. (2001). In
our study the maximum flight peak reached 154 beetles
per day in two traps for A. lineatus and 86 beetles per
day in two traps for 4. obscurus. These values are com-
parable with those reported by Gomboc et al. (2001)
with flight peaks of 150 adults of A. lineatus and 45 of
A. obscurus in Slovenia. Karabatsas et al. (2001) in con-
trast captured a much higher number (>1000 males) of
A. rufipalpis already in early April in Greece.

The development of insects is strongly affected by
weather conditions (Zaslavski, 1988) and it is suggested
that climate change has the potential to affect future
population dynamics and intensity in agricultural sys-
tems (Strand, 2000; Bommarco, 2001). Interestingly in
our study no clear relationship between the sum of tem-
perature and the first flight peak could be observed. The
available data include only a period of 3 years, which
may be a too short period to evaluate to what extent the
temperature affect flight behaviour. However, during
this short period study there were some fluctuations
noted in trap catches as well as temperature. There were
no indications that weather conditions (temperature and
rain) have a decisive effect on the size of trap catches.
In 2006 the first flight peak of 4. lineatus and A. obscu-
rus was observed after a sum of 691 °C temperature
(above 0 °C from the beginning of year), while the val-
ues for 4. sputator (1861 °C temperature) were much
higher (table 2). In 2007 the corresponding values for
the temperature sum tended to be higher for A. lineatus
and A. obscurus but were slightly lower for A. sputator.
In 2008 all three species attained their first flight peak at
a temperature sum of around 900 °C.

Wireworm abundance

Given the high number of captured males it can be as-
sumed that a majority of the males in the sampling area
has been trapped. However, male mass trapping over
five years did not result in a decrease of the wireworm
population in the soil. The missing effect of male mass
trapping on wireworm abundance may either be due to
the click beetles mating and moving behaviour or the
immigration of gravid females. It is likely that the males
already mated before being captured. The overall wire-
worm injuries of potatoes in our study were high, since
less than 50% of the tubers were not affected by wire-
worm holes. Consequently the development of efficient
control strategies against wireworms in organic potato
production is urgently needed.

Biology of A. lineatus

In our study we monitored the development of A. linea-
tus in a rearing cage over a period of three years. A
maximum of 8 larval instar stages were recorded after
three years based on the number of moults and frequency
distribution of larval body parameters indicated earlier by
Klausnitzer (1994). After completing first year develop-
ment the larvae reached L4 stage in current study com-
pared to 5-9 instar stages in A. ustulatus and A. sordidus
in Italy (Furlan, 1998; 2004). Similar differences were
noted in instar stages in the following year of develop-
ment in both studies. The number of larval instars among
Agriotes species might be influenced by intrinsic and ex-

trinsic factors. According to Furlan (2004) more instars
tend to be found when larvae had not been allowed to
stay at low temperature during winter period. Based on
our data it can be expected that the life cycle of 4. linea-
tus will last in Germany between four to five years.

Conclusions

Our study gives a first empirical hint that male mass
trapping is not a suitable approach to reduce wireworm
populations in the soil. To clarify this issue larger scale
experiments would be required. Currently, pheromone
traps are sensitive enough to detect low-density popula-
tions and trapping systems may indicate to growers the
presence/absence of wireworm infestation (Furlan and
Toth, 1999). A clear relationship between pheromone
trap catches of adult click beetles and wireworm popula-
tions in the soil still needs to be established. Non-
chemical wireworm control, currently have to focus on
cultural approaches including soil tillage and rotation
design that take data on biology into account.
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