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Abstract:

Investigations on epigeic spiders in potato fields were conducted in Bulgaria in 2000, 2001 and 2004.

Pitfall traps were used to compare biodiversity of spiders in Bacillus thuringiensis (Bt), and conventional
(non-Bt) potato cultivars. A total of 7128 individuals from 85 species of spiders were collected. The spe-
cies Titanoeca veteranica, Haplodrassus aenus, Chalcoscirtus nigritus and Zodarion epirense are new to
the Bulgarian fauna. The species Pardosa agrestis, Oedothorax apicatus, Trichoncoides piscator, Araeon-
cus humilis, Erigone dentipalpis and Meioneta rurestris are present in all years, at all fields of investiga-
tions. Pardosa agrestis represented 79 — 84% of all spider species in 2000 and 2004. No negative effect
of Bt potatoes on spiders could be detected. The insecticidal treatments in non-Bt cultivars also had no
direct effect on epigeic spiders. The analyses of data confirmed the hypothesis of similarity of the epigeic

spider’s fauna in Bt and non-Bt potato fields.
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Introduction

In some regions of Bulgaria uncontrolled Colorado
potato beetle (CPB) populations can defoliate an
entire field in mid-season. Traditional interventions
include treatment with a range of broad-spectrum in-
secticides. The reliance on conventional insecticides
has resulted in multiple resistances in CPB and a
variety of untoward effects on non-target organisms
and environment (CASAGRANDE 1987, HARE 1990).
Advances in plant molecular biology and bio-
chemistry in the past two decades have allowed the
development of modern genetic engineering technol-
ogy that offers the potential to improve agronomic
traits of crop cultivars. Several species of crop have
been modified with genetic engineering methods to
express genes from various subspecies of Bacillus
thuringiensis (BERLINER) that encode Crystalline
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(Cry) proteins. These Cry proteins confer effective
protection to the crop plants from damage by certain
phytophagous insect pests. Bt Cry toxins are gen-
erally considered to have fewer adverse impacts on
environment than many broad-spectrum and persist-
ent chemical insecticides (ScHULER 2000). Although
the intrinsic insecticidal activity of Bt protein toxins
is not altered in the transgenic crops, the continu-
ous expression of Bt Cry proteins in large portions of
the plant throughout most of the growth seasons has
raised some environmental concerns. One such con-
cern is the possible impact of this novel pest control
technology on various groups of non-target organ-
isms of ecological and economic value through crop
plant-based food chains.

61



Kalushkov P, G. Blagoev, Ch. Deltshev

The aim of the present work is to evaluate
the effects of Bt (carrying Cry3A protein) and non-
Bt potatoes on the epigeic spiders biodiversity under
field conditions.

Material and Methods

In 2000 the investigated fields were situated near
Samokov at 900 m a.s.l. (W Bulgaria). The potatoes
were planted at the end of April (Bt — a monocul-
ture field of area 1.6 ha) and in the middle of May
(conventional - 4 ha) and harvested in the beginning
of September. Bt potatoes (Superior Newleaf®) con-
taining Cry 3Aa Bt-toxin were planted in a mono-
culture field of area 1.6 ha. One hundred meters
from this field separated by a bare land there was
a non-Bt field with conventional cultivar (Santana®
4 ha). Both fields were free of weeds. Non-Bt field
was sprayed twice in the season by pyrethroid alfa-
cypermethrin (Vaztak® - 10 EC, 100 ml/ha). There
was no rain during the season and potatoes were ir-
rigated every two weeks. Samples were taken from
ten pairs of pitfall traps (GREENSLADE 1964) in each
field, six times in the season. The trap pairs were 15
m apart in three rows, each 15 m apart, situated in
the centre of each field.

In 2001 the investigated fields were situated
at 600 m a.s.l. near Ihtiman (W Bulgaria). The po-
tatoes were planted in late April and harvested at
the end of August. Experiments were carried out
in 40 ha field divided into halves with a 5 m wide
road. In the middle of the field, at both sides of the
road, there were experimental plots — 1.5 ha Bt po-
tatoes (Superior Newleaf®) of one side and 1.5 ha
control field (standard cultivar Arinda®). The non-
transgenic cultivars (Santana®, Arinda®, Sante®)
also surrounded both fields. The non-Bt field and all
other plantations of the conventional potatoes were
sprayed twice in the season with fipronil (Regent® -
800 WG, 20 g/ha). Weeds covered virtually all space
between the rows of potatoes for much of the season.
Samples were taken from ten pairs of pitfall traps
eight times in the season from middle of May to the
end of August. Pitfall trap pairs were 15 m apart in a
single row, situated in the centre of each field.
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In 2004 the investigated fields were situated
in the same region as in 2000. Three Bulgarian Bt
potato cultivars (Bor®, Kalina®, Koral®) were
studied. There were three Bt plots (4 x 30 m) and
three conventional plots 4 x 10 m separated from Bt
plots by other conventional potatoes. Potatoes were
planted at the beginning of June and harvested in the
beginning of September. Other nontransgenic cul-
tivars surrounded both fields. No insecticides were
used in conventional fields and all other surround-
ing plantations. The fields were free of weeds and
it was raining often. Samples were taken from nine
pitfall traps (three in every Bt and non-Bt plot) five
times in the season from the end of June to the end
of August.

Pitfall traps were with an opening of 8 cm di-
ameter and 0.5 1 volume. In 2000 as a preserving so-
lution we used ethyleneglycol : water (1:1) and in
2001 and 2004 formaldehyde : water (1:8).

The potatoes were planted with 0.7 m spacing
between rows and 0.25 m spacing between plants
within a row.

The spiders community structure from Bt and
non-Bt plots was compared by calculating Sérensen
Similarity Index according to the formula Is = (2¢/
a+b)*100, where: ‘Is’ is the Sorensen Index, ‘¢’ is
the number of common species, ‘a’ is the number of
species from one of the fields, and ‘b’ is the number
of species from the other field. 100 % indicates that
there is no difference between the two faunas com-
pared and 1 % that they are completely different.

Dynamic density per 100 trap-days was calcu-
lated according to the formula

Dd = (Ni/Tr * dn)*100, where: ‘Dd’ is Dynamic
density, ‘Ni’ is the number of specimens of the re-
spective species, “Tr’ is the number of the traps and
‘dn’ is the number of the trap-days.

Results and Discussion

Till now, the spiders were not investigated in both
regions. A total 7128 individuals from 85 species
were recorded. Four species: Titanoeca veterani-

ca, Haplodrassus aenus, Chalcoscirtus nigritus,
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Zodarion epirense are new to the Bulgarean fauna.
The first three species were collected in Bt potato
fields, while Z. epirense in a non-Bt field. The spe-
cies P. agrestis, O. apicatus, T. piscator, A. humilis,
E. dentipalpis, M. rurestris are present in all fields,
in all years of investigations (Table 1).

In 2000, 1392 individuals from 42 species of
spiders were collected in the Bt field and 1311 in-
dividuals from 28 species in the conventional field.
The analysis of spider’s community revealed enor-
mous differences between the dominating and the
rare species (Table 1). Two species dominated in Bt
field (P. agrestis and P. prativaga) and two species in
non-Bt field (P, agrestis and O. apicatus). P. agrestis
represented 79 — 81 % of all spider species. Only
three other species go beyond 1% in Bt field (O. api-
catus, P. palustris and W. vigilax) and in non-Bt field
(W. vigilax, P. prativaga and T. piscator). In Bt field
we collected 15 species more than in a conventional
field. These species were represented from single
specimens and probably the differences are not due
the presence of Bt toxin.

In 2001, there were 1201 individuals from 41
species of spiders collected in the Bt field and 1107
individuals from 39 species were caught in the con-
ventional field. Again P. agrestis dominated in both
plots representing 53% of all individuals in Bt plot
and 61% in non-Bt plot. The second most common
species in 2001 was M. rurestris, and it made up 15-
25% of the total number of spiders. The third species
representing more than 5% was T. piscator. Four
other species go beyond 1% (O. apicatus, P. vegans,
H. dalmatensis, Z. gracilis).

In 2004, a total of 1037 individuals from 23
species were recorded in the Bt plots and 1080 indi-
viduals from 24 species were caught in the conven-
tional plots. All species collected in this year were
present in potato fields in 2000. P. agrestis domi-
nated with 82-84 % of all spider species, followed
by O. apicatus and P. prativaga with about 4%. The
dominance of only a few species of spiders is typi-
cal of agroecosystems (HANGGI ef al. 1995, Sammu,
SZINETAR 2002, SEHNAL et al. 2004, VOLKMAR et al.
2004, Lupy, LanG 2004, MEissLE, LANG 2005).

Seven species had dynamic density > 1.0 per
100 trap-days (Tablel). P. prativaga and P. palustris
had higher dynamic density in Bt plot near Samokov
in 2000 wile P. vegans had higher dynamic density
in non-Bt plot near [htiman. Nevertheless there was
no statistically significant difference between the
number of observed spiders in Bt and non-Bt fields
in all years (NEDVED et al. 2006).

Similarity more than 50% was observed be-
tween Bt and non-Bt potato fields every year, and
between fields near Samokov region (2000 and
2004). Low similarity was found between the fauna
near [htiman and Samokov (Table 2).

Formaldehyde solution used in 2001 and 2004
instead of ethyleneglycol in 2000 fixed the tissues of
all trapped animals, including small mammals. The
tissues did not decay and attract carnivorous and
necrophagous insects by the smell. On the epigeic
spiders both preserving solutions have the same ef-
fect.

In Bulgaria Pardosa agrestis, Pardosa pra-
tivaga, Meioneta rurestris, QOedothorax apicatus
colonize agroecosystems and Pardosa palustris,
Walckenaeria  vigilax, Trichoncoides piscator,
Prinerigone vagans, Haplodrassus dalmatensis,
and Zelotes gracilis are typical inhabitants of open
habitats, cultivated fields included. The differences
in spider fauna between 2000 and 2004 (Samokov),
on one hand and 2001 (Ihtiman), on the other, are
due the probably to the different study site (different
altitude, respectively climate conditions).

According to our results, no negative effect of
Bt potatoes on the biodiversity of epigeic spiders
could be detected. The insecticidal treatments in
non-Bt cultivars also had no direct effect on spider’s
biodiversity. According to PEkar (1999) the density
of understorey plants and herbicide applications on
weeds had a greater influence on the abundance of
epigeic arachnids than the different insecticides. By
the way, Bt potatoes, Bt cotton and Bt maize had no
negative effect on spiders, while insecticides reduced
plant-dwelling spider populations (FitT et al. 1994,
PiLcHER et al. 1997, ReeD et al. 2001, Lubpy, LaNG
2004, DuaN et al. 2004, MEISSLE, LaNG 2005). In all
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Table 2. Similarity of spider’s fauna from the fields cultivated with Bt and non-Bt potato (Sérensen Index).

Samokov Samokov Ihti Bt Ihti c Samokov Samokov
iman iman
Vs Bt Coooo 2001 2001 Bt Cooos
Samokov I
Bty 60.00 43.90 39.51 64.61 60.61
Samokov
Coono 60.00 Vs 28.98 35.82 58.06 69.84
Thtiman
Bt,,,, 43.90 28.98 Vs 52.50 37.50 36.92
Thtiman C,, 39.51 35.82 52.50 I 35.48 38.09
Samokov
Bt,,, 64.61 58.06 37.50 35.48 i 76.60
Samokov
Coons 60.61 69.84 36.92 38.09 76.60 i

probability insecticides had effect on plant-dwell-
ing arthropods, while this effect on epigeic fauna is
lower.
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buopa3HooOpa3ue Ha enmUTreMHUTE NMASIH
B reHHOMoAupuuupanu (Bt) 1 KOHBEHIIHOHAJHHA
(ne-Bt) kaprodenn nmosiera B boiarapus

In. Kanywxkos, I brazoes, Xp. /lenues

(Pe3rome)

[Ipe3 2000, 2001 u 2004 r. Osixa W3CIICABAHN CUICHHUTE MAsAIU OT MOJIeTa, 3acajaeHu ¢ Bt u cTanmapTHu
(ue-Bt) coprose kaprodu B brirapus. 3emHn kananu 0sxa W3M0JI3BaHM, 3a /1a €€ CPaBHU OMOpa3HOOOpa-
3ueTo Ha masmure. O0mmo Osixa ymoBeHu 7128 exzemruripa ot 85 Buma. Bumosere Titanoeca veteranica,
Haplodrassus aenus, Chalcoscirtus nigritus u Zodarion epirense ca HOBH 3a ObJrapckara QayHa. [Ipe3 rogu-
HUTE Ha U3CJIe/BaHe BbB BCHUKHUTE TOJIeTa ¢ KapTo(hu mpucheTBaxa BunoBere Pardosa agrestis, Oedothorax
apicatus, Trichoncoides piscator, Araeoncus humilis, Erigone dentipalpis v Meioneta rurestris. Pardosa
agrestis ipencrasissa 79-84% ot Bcuuku nasuy, ceOpanu npe3 2000 u 2004 . He 6e ycTaHoBeHO HeraTtus-
HO BIMsiHME Ha Bt moceBa BbpXy enureiiHuTe nasiuu. MHCEKTUIIUINTE, U3MION3BAaHH B KOHBEHIIMOHATHUTE
MIOCEBH, CHIIO HE OKa3Baxa CHIIECTBEHO BB3IACHCTBHE BbPXY TAX. AHAIN3BT HA JAHHUTE [10KA3a CXOJCTBO
BBB (hayHaTa HA EMUTCHHHUTE Masiiy B U3CISIBAHUTE TTOJIETA.
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