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Sciences, České Budějovice, Czech Republic

Ms. received: January 14, 2005; accepted: June 16, 2005

Abstract: Field investigations showed that genetically modified Bacillus thuringiensis (Bt) potato plants (�New Leaf�
expressing Cry 3Aa toxic protein) were not damaged by the Colorado potato beetle (CPB) Leptinotarsa decemlineata
and contained diverse populations of the aphidophagous coccinellids Coccinella septempunctata, Coccinula quatuor-
decimpustulata, Hippodamia variegata and Propylea quatuordecimpunctata. The insecticides, alpha-cypermethrin and
fipronil, were used for control of CPB in the fields with the non-transgenic standard potatoes �Santana� and �Arinda�.
Both insecticides caused significant decrease in the abundance of aphidophagous coccinellids. Laboratory experiments
revealed that Bt potatoes expressing Cry 3Aa had no effect on the aphid Myzus persicae and that the aphids fed on Bt
potatoes had no effect on the larval development and mortality of C. septempunctata.
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1 Introduction

Several crop species were genetically modified to
incorporate the Bacillus thuringiensis (Bt) toxin.
Obrycki et al. (2004) reviewed various laboratory
experiments of direct and indirect toxicity of these
plants to the natural enemies, as well as results of field
surveys in transgenic insecticidal fields. Coccinellids
seem to be important predators of non-target or
secondary pests. Aphids, which are considered major
prey of aphidophagous coccinellids – besides pollen,
do not ingest the toxin when feeding on the Bt plants in
which the Bt toxin is not transported in the phloem
(Head et al., 2001; Dutton et al., 2002; Raps et al.,
2001).

A possible adverse effect on coccinellids by trans-
genic plants expressing protease inhibitors was also
investigated. The larvae of Harmonia axyridis (Pallas)
consumed prey (the moth Plutella xylostella L.) reared
on oilseed rape expressing the cysteine protease inhib-
itor oryzacystatin-1. No significant effects upon survi-
val or overall development or reproductive fitness of
adults were observed. A shortening of the development
of the second instar larvae was accompanied by an
increase in weight (Ferry et al., 2003).

A complicated situation was found when plants
expressing snowdrop lectin (GNA) were studied. When
adult Adalia bipunctata (L.) were fed for 12 days on
Myzus persicae (Sulzer) colonizing transgenic potatoes
expressing GNA in leaves, coccinellid fecundity, egg
viability and longevity significantly decreased over the

following 2–3 weeks (Birch et al., 1999). However, no
significant effects on development and survival of
coccinellid larvae fed on those aphids were observed,
and there were also no effects on subsequent longevity
in this second study (Down et al., 2003). Preying on
aphids fed on artificial diet containing GNA even
improved the fecundity.

Reactions of the coccinellid, Coleomegilla maculata
DeGeer, to several insecticides used against the
Colorado potato beetle (CPB) were recently studied
by Lucas et al. (2004b). Cyromazine (insect growth
regulator) and Bacillus thuringiensis Berliner (Bt), var.
tenebrionis (microbial insecticide), had no lethal effects
on larvae. Cryolite (inorganic insecticide) caused very
low predator mortality. However, imidacloprid (sys-
temic organic insecticide) was highly toxic to adult and
larval C. maculata. Toxicity of pyrethroids (alpha-
methrin, cyhalothrin) to the coccinellid Cycloneda
sanguinea limbifer Casey was demonstrated by Nedvěd

and Kindlmann (1991).
We report the results of a real-situation field study

conducted near Sofia, Bulgaria to evaluate the poten-
tial non-target impact of a transgenic Bt potato
(Solanum tuberosum L.) cultivar and sprayed insecti-
cides on predatory coccinellids dwelling on potato
plants. The major arthropod pest of potatoes in
Bulgaria is the CPB, Leptinotarsa decemlineata (Say)
(Chrysomelidae). In some regions there are additional
pests such as aphids and click beetles (Elateridae) but
they are of less importance.
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2 Materials and Methods

2.1 Experimental plots

The investigated fields were situated at about 900 m above
sea level (a.s.l.) near Samokov in 2000 and at about 600 m
a.s.l. near Ihtiman in 2001 in western Bulgaria. In both the
years, the experiments were conducted in a real-culture
situation, not on artificial experimental plots. There were
only one Bt and one control field available for our study each
year, no real plot replications were included, and the control
cultivars were not isogenic to the transgenic one.
Transgenic potatoes Newleaf Superior� (Monsanto,

St. Louis, Missouri, USA) containing Cry 3Aa Bt-toxin were
planted in one monoculture field of 1.6 ha in 2000. One
hundred metres from this field, separated by a strip of bare
land, was a control field (4 ha) with a classic cultivar
(Santana�) which was sprayed twice in the season (8 and 26
July) by pyrethroid alpha cypermethrin (Vaztak� 10 EC
(BASF, Lufthafen, Germany), 100 ml/ha). Bt potatoes were
planted in late April and the Santana potatoes 2 weeks later.
Both fields were harvested in the beginning of September.
Susceptible cultivars were planted all around, which func-
tioned as a refuge decreasing the risk of development of
resistance in CPB.
In 2001, experiments were carried out in a 40-ha field

divided in halves with a 5-m path. Experimental plot of 1.5 ha
was picketed in the centre of each half. One plot was planted
with the Bt potatoes Newleaf Superior� and the other with
the classic cultivar Arinda�. The remainder of the field was
planted with the Santana� and Arinda� cultivars. The non-
transgenic potatoes were sprayed twice in the season (23 June
and 9 July) with fipronil (Regent� (BASF, Lufthafen,
Germany) 800 WG, 20 g/ha). The potatoes were planted in
late April and harvested in late August. These fields were
strongly infested by weeds.

2.2 Field sampling

Coccinellids were sampled by beating 25 randomly selected
plants into an entomological net. Larvae and adults were
identified (see the pictorial field key to larvae by Klausnitzer

and Kovář, 1973) in the field and released. In 2000, we
collected material four times (7, 11, 21 July and 10 August)
and in 2001 seven times (1, 16, 29 June, 14 and 28 July, 9 and
23 August). Numbers of larvae and adults were pooled, as
there was no obvious difference in the seasonality and field
preference between the two stages. Egg masses found by
visual inspection of the potato plants could not be identified
to species level. Pupae were probably overlooked.
Four coccinellid species found in the fields were all

aphidophagous: Coccinella septempunctata Linnaeus, 1758,
Coccinula quatuordecimpustulata (Linnaeus, 1758), Hippod-
amia variegata (Goeze, 1777), and Propylea quatuordecim-
punctata (Linnaeus, 1758). Aphids sampled by the shaking of
the 25 plants were counted, but their number was relatively
low and stable, and hence not included in subsequent analyses.
Other arthropods (Carabidae, Staphylinidae, Aranea, Opili-
ones) were sampled at the same dates in the same fields using
pitfall traps (Spitzer L., Gueorgniev B., Kalushkov P., Nedvěd
O., unpubl. data). No significant correlation of abundance and
species composition between coccinellids and those of other
taxonomic groups was found, and was not further analysed.

2.3 Laboratory experiment

The polyphagous aphid,M. persicae, was reared either on the
Bt or on the standard potato plants. Potatoes were cultivated

in 4-l pots inside nylon isolators (cube of half metre side) at
20–25�C temperature, 53–75% relative humidity and 16 : 8 h
light : dark (L : D) photoperiod conditions. Individual
aphids were fed on potato leaves in Petri dishes. Develop-
mental time (from neonate to adult female), longevity and
life-span fecundity of aphids were recorded.
Adult C. septempunctata were collected in alfalfa fields

near Sofia, transferred to the laboratory and reared on the
aphid Acyrthosiphon pisum (Harris), which was grown on the
broad been, Vicia faba L. The larvae hatched from eggs laid
by these coccinellids were used (30 individuals per treatment)
in the experiments. Newly hatched larvae were reared
individually in 9-cm Petri dishes, fed by the adult wingless
females (virginogenies) of aphidM. persicae from either Bt or
non-Bt potatoes.
The experiments were performed in laboratory conditions

(23 ± 2�C temperature, 55–76% relative humidity and
16 : 8 h L : D photoperiod). Developmental time of the
fourth instar of C. septempunctata and larval mortality were
recorded.

2.4 Data analysis

Direct unimodal gradient analysis [canonical correspondence
analysis (CCA)] was chosen because of the multivariate
nature of the predictors and response variables (Lepš and
S
ˇ
milauer, 2003). With our data, a conventional anova could

suffer from inflation of type-I error. CANOCO for Windows
version 4.5 (Ter Braak and S

ˇ
milauer, 1998) was run for the

evaluation of the role of three environmental variables –
date, Bt, and spray – on the coccinellid community compo-
sition, separately for the 2 years of study. Time (D for days)
was coded as the number of days from 1 June to the date of
sampling. Bt was coded as +1 for the samples on transgenic
cultivar, and as )1 for those on classical, sprayed cultivar.
Spray was calculated as a reciprocal time (1/number of
days ) estimation of decaying of residues) after the day of
spraying, or coded always zero for the Bt field. No
transformation of abundance data was needed. Monte Carlo
test (the advantage of which is that it is distribution-
independent) with 999 permutations was run to get a
probability value (P).
Mann–Whitney U-test for two independent samples was

used to compare abundance between two plots or dates. We
used individual plants (25 per sample) as observed units,
which may be considered a pseudoreplication, as there were
only one Bt and one control field available for our study each
year. Abundance was generally low and skewed, thus
calculating a variance within sampling dates and using a
parametric test would be incorrect. The U-test was also
employed to evaluate life-table characteristics of aphids and
coccinellids in the laboratory experiments.

3 Results

3.1 Species abundance

In both seasons, 2000 and 2001, there were the same
four coccinellid species in both fields, irrespective of
differences in the agrotechnical history (mainly the
high infestation by weeds in 2001). Total numbers of
coccinellids were rather small in both 2000 and 2001:
C. septempunctata 90 and 139, C. quatuordecimpustu-
lata 67 and 23, H. variegata 17 and 59, and
P. quatuordecimpunctata 40 and 21 respectively.
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In both 2000 and 2001, abundance of coccinellids
was slightly but non-significantly (Mann–Whitney test
2000: Z ¼ 0.5, P ¼ 0.6; 2001: Z ¼ 1.8, P ¼ 0.07)
higher in the non-transgenic cultivars before the first
insecticide treatment than in the Bt plot (fig. 1). The
abundance of aphids was very low (about 10 aphids
per stem), and did not peak or crash during the
season.

The abundance of coccinellids strongly decreased
after the first spraying in 2000 (Mann–Whitney test:
Z ¼ 3.8, P ¼ 10)4) and conspicuously but non-signi-
ficantly decreased in 2001 (Z ¼ 1.5, P ¼ 0.12; fig. 1),
whereas in the Bt plots, it remained more or less
constant throughout the season. After spraying, the
abundance decreased below the level found on the Bt
plots and remained low for most of the remaining
season. The second spray did not have such a
conspicuously damaging effect as the first one. Cocc-
inellid larvae were present in the Bt fields from the
beginning of June to early August, but were absent in
the control fields for several weeks after the spraying.

3.2 Community structure

Multivariate analysis (CCA) of the abundance data of
individual species in 2000 revealed only slight seasonal
changes in species composition, or in other words,
different timing of individual species occurrence
(table 1, row D: 27% explained variability, but low
test significance: P ¼ 0.1; and fig. 2). In 2001, when
sampling covered most of the season, the sample date
had a strong influence on the species composition
(table 2, row D: 61% explained variability, signifi-
cance: P ¼ 0.001; and fig. 3).

Coccinellid species composition was affected neither
by the Bt toxin inside plants nor by the sprayed
insecticides that temporarily damped the overall abun-
dance (fig. 1). In 2000, the environmental variable
spray appeared opposite to the date variable, not to Bt
(fig. 2). The most common C. septempunctata was
abundant early in the season and readily re-colonized
plots deprived of coccinellids by the insecticides after

spraying most easily. None of the coccinellid species
showed a preference or avoidance of one of the two
cultivars (Bt and control) or of spraying in 2001. The
environmental variables Bt and spray were opposite to
each other on the ordination diagram (fig. 3), and
perpendicular to the date. The long arrows of the two
former environmental variables indicate that they had
strong effect on particular samples. However, the
position of all species points close to the x-axis means
that no species was selectively affected by Bt toxin or
insecticide spraying during entire season. All four
species showed strong seasonal tendency: C. septem-
punctata and H. variegata were early season species,
while C. quatuordecimpustulata and P. quatuordecim-
punctata were abundant late in the summer.
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Fig. 1. Seasonal changes in the abundance of coccinel-
lids (four species pooled) in the potato fields. White
marks – 2000, black marks – 2001; squares and dashed
lines – Bt, circles and solid lines – sprayed control.
Arrows show the spraying dates

Table 1. CCA analysis of environmental impact on the
abundance of coccinellids in potato fields in Samokov,
2000

ENV COV P F Eign. (0.224) (%)

Bt – 0.396 1.10 0.035 15.5
D – 0.101 2.22 0.061 27.0
S – 0.432 0.69 0.023 10.3
D + S – 0.189 1.61 0.088 39.2
Bt + S – 0.573 0.73 0.050 22.5
Bt + D – 0.140 1.80 0.094 41.9
Bt S 0.526 0.78 0.027 13.6
Bt D 0.298 1.28 0.033 20.4

Bt, Bt-cultivar; D, date of sampling; S, insecticide treatment
(spraying); ENV, environmental variables; COV, used covaria-
bles; P, permutation test probability; F, statistical test value;
Eign., eigenvalue; (%), explained variability.
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Fig. 2. Ordination diagram of coccinellid community in
two potato fields in 2000. Arrows – environmental
variables; Triangles – species scores; C7P – Coccinella
septempunctata; HVAR – Hippodamia variegata;
C14U – Coccinula quatuordecimpustulata; P14P –
Propylea quatuordecimpunctata
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3.3 Larval development

Laboratory experiments showed no effect of Bt trans-
gene on the performance of the aphid M. persicae on
potatoes. Feeding M. persicae on the Bt potatoes did
not affect larval development and mortality of
C. septempunctata grown exclusively on this aphid.

None of the three studied parameters – length of
larval development, longevity of virginogenies, and
average fecundity – differed (Mann–Whitney tests)
between aphids grown on the control and those reared
on the Bt potatoes (table 3). Similarly, larvae of
C. septempunctata offered aphids from the two types
of potatoes did not differ with respect to the develop-
mental time (Mann–Whitney test), and the mortality
rate (G-test; table 4).

4 Discussion

Field investigations showed that Bt potatoes Newleaf
Superior� (carrying Cry3Aa protein) are very effective
against the CPB L. decemlineata and preserve aphido-
phagous coccinellids. By contrast, both tested insecti-
cides proved very toxic to the coccinellids, causing
statistically significant decrease in the abundance of
adults and larvae. Multivariate analysis confirmed
seasonality of individual coccinellid species, and no
affinity to either Bt transgenic or standard cultivars.

The presented results are based on comparisons of
two treatments, i.e. a standard (classical) cultivar of
potatoes protected by the insecticide sprays, and a
transgenic cultivar without insecticidal treatment. It is
not possible to cultivate classical potatoes without
insecticides in Bulgaria. The potato plants of non-
sprayed plots were totally destroyed at the end of July.
In the middle July 2002 we found on average 16 (min.
9, max. 42, n ¼ 25), and in 2003 19 (min. 10, max. 48,
n ¼ 25) larvae of the CPB per plant.

Our laboratory experiments showed that Bt potatoes
had no effect on the aphid M. persicae and subse-
quently, M. persicae from the Bt potatoes had no effect
on the larval development and mortality of the most
common coccinellid C. septempunctata. Dutton et al.
(2002) reared aphids Rhopalosiphum padi (L.) on Bt
maize and found that aphids did not ingest the Bt-
toxin and therefore had no effect on survival, devel-
opment and weight of Chrysoperla carnea (Stephen).
We verified this observation for another tritrophic
system (S. tuberosum–M. persicae–C. septempunctata).
We hypothesize that the other three coccinellid species
found in the potato fields during our study have similar
ability to develop on aphids fed on both potato
cultivars but we did not have the capacity to repeat all
experiments.

Table 2. CCA analysis of environmental impact on the
abundance of coccinellids in potato fields in Ihtiman,
2001

ENV COV P F Eign. (0.594) EXP(%)

Bt – 0.553 0.48 0.023 3.9
D – 0.001 18.86 0.363 61.1
S – 0.878 0.11 0.005 0.9
D + S – 0.001 9.39 0.375 63.1
Bt + S – 0.882 0.26 0.026 4.4
Bt + D – 0.001 9.98 0.383 64.5
Bt S 0.605 0.41 0.021 3.6
Bt D 0.350 1.04 0.020 8.6

Bt, Bt-cultivar; D, date of sampling; S, insecticide treatment
(spraying); ENV, environmental variables; COV, used covaria-
bles; P, permutation test probability; F, statistical test value;
Eign., eigenvalue; (%), explained variability.
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Fig. 3. Ordination diagram of coccinellid community in
two potato fields in 2001. Arrows – explaining environ-
mental variables. Triangles – species scores. C7P –
Coccinella septempunctata; HVAR – Hippodamia
variegata; C14U – Coccinula quatuordecimpustulata;
P14P – Propylea quatuordecimpunctata

Table 3. Effect of Bt and non-Bt potatoes on selected
life parameters of Myzus persicae

n

Larval
development
(in days)

Longevity of
virginogenies
(in days)

Fecundity per
female

Bt 28 8.4 ± 0.5 16.2 ± 2.7 41.1 ± 5.5
Non-Bt 28 8.6 ± 0.6 15.7 ± 1.5 38.9 ± 4.0

No pair of values (mean ± SD) was significantly different
(Mann–Whitney tests).

Table 4. Effect of Myzus persicae reared on Bt and
non-Bt potatoes on mean larval development time and
mortality of Coccinella septempunctata

n
Larval development

(days)
Mortality

[% (individuals)]

Bt 28 9.2 ± 1.0 7 (2/30)
Non-Bt 27 9.6 ± 1.2 10 (3/30)

Neither developmental time (mean ± SD; Mann–Whitney test),
nor mortality (G-test) differed on 5% level.
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All four coccinellid species observed are primarily
aphidophagous but they may by chance prey on other
organisms, including eggs of the CPB. However, these
eggs are not expected to contain Bt toxin. Riddick and
Barbosa (1998) fed Coleomegilla maculata – a ladybird
with a broad food spectrum – with neonate larvae of
L. decemlineata fed on turn on either Cry3A-transgenic
or nontransgenic foliage of potato. After differences in
prey weight were considered, no significant difference
was found between the body mass, mortality and
fecundity of ladybirds. L. decemlineata larvae fed on Bt
potatoes was found a suitable prey also for other
generalist predators like Lebia grandis (Col., Carabi-
dae) (Riddick and Barbosa, 2000). L. grandis probably
rapidly dispersed from seed-mixed and pure transgenic
potato fields because of the low densities of prey –
L. decemlineata – in these fields. However, C. maculata
was abundant in fields containing transgenic potato,
thanks to alternative prey and plant pollen (Riddick
et al., 1998).

In both 2000 and 2001, we found the same four
ladybird species in both localities and fields, irrespect-
ive of different agrotechnical histories and the high
field infestation by weeds in 2001. This contrasts with
differences in the species composition of carabid
beetles sampled in a parallel study using pitfall traps
(Spitzer L., Gueorgniev B., Kalushkov P., Nedvěd O.,
unpubl. data). The weeds might harbour an alternative
aphid prey for the coccinellids. However, this potential
prey was not important, since M. persicae on the Bt
potatoes provided a suitable, non-toxic prey. Possible
effects of coccinellids on the populations of aphids
could not be detected due to the consistently low aphid
abundance.

While the numbers of coccinellids remained moder-
ate and almost constant in the Bt fields throughout the
seasons, the abundance of coccinellids decreased
markedly after spraying in the control field. Larvae
were almost absent for several weeks, while flying
adults later restored the population.

Similar to our observation, Delrio et al. (2003)
found no significant differences between the Bt and
non-Bt (but non-sprayed) corn in the infestation by
aphids, mainly R. padi. The abundance and species
composition of coccinellids were also similar, except
for the number of P. quatuordecimpunctata captured
with the aid of yellow traps that was significantly lower
in the Bt plots.

Several arthropod taxa were studied in Bt and non-
Bt corn for three years in Hungary (Szentkirályi et al.,
2003). Abundance, dominance structure, species com-
position, and the species diversity profile did not differ
between the cultivars for several non-target groups of
insects including coccinellids. However, there were
great differences between years.

Generalist predators like Nabis spp. feed on two
common insect herbivores co-occuring on potato,
M. persicae and L. decemlineata. In a greenhouse
microcosm experiment, the bugs ate more aphids when
beetle eggs were included, compared to microcosms
with no alternative prey present (Koss et al., 2004).
Similar increase of voracity was found in a specialist
predator C. septempunctata – the total number of prey

killed and the total biomass consumed were higher
when both prey – Aphis pomi DeGeer and Choriston-
eura rosaceana (Harris) (Lep., Tortricidae) were pre-
sent than in single-prey treatments (Lucas et al.,
2004a). Thus, a lower performance of coccinellids in
fields with decreased prey diversity may be suggested.
Anyway, both our Bt-field and sprayed non-Bt field
were probably similarly impoverished.

The cultivars used, Newleaf Superior�, and either
Santana� or Arinda� are similar but not isogenic, so
that possible differences in insect community, if they
had occurred, could be attributed not only to the Bt
toxin but also to other possible differences between
plants. However, no such differences were found. The
relatively low number of species and also relatively low
overall abundance of ladybirds in this study might be
responsible for no detection of possible weak effect of Bt
plants. On the contrary, strong effects like the decrease
of abundance after spraying and seasonality in species
composition were proven even using our poor samples.

In Oregon, Bt potatoes or weekly sprays of a
microbial Bt-based formulation did not significantly
impact the beneficial predators, however, bi-weekly
applications of permethrin significantly reduced the
abundance of several major generalist predators (Reed
et al., 2001). In the case of our potato fields, casual
differences were also mostly because of the insecticide
spray. However, the effect was not significant if the
entire season was taken into account.

A significant trend was found in Minnesota (USA)
for a coccinellid C. maculata that was more abundant
in the non-Bt than in the Bt sweet corn (Wold et al.,
2001), possibly due to high ingestion of pollen. High
concentrations of a microbial insecticide of B. thurin-
giensis were found to reduce predation rates by adult
C. maculata, and prolonged larval development when
applied to pollen fed to the larvae (Giroux et al.,
1994a,b). Feeding on pollen is infrequent in our four
coccinellid species, and rarely occurs on potatoes.

While it was already found several times that Bt
transgenic crop cultivar had no adverse effect on
predatory coccinellid in a field experiment, this study
proves such conclusion also in a real-situation agricul-
tural system in Europe, despite the above discussed
weaknesses in the methodology. As the effects of
synthetic insecticides and of the season were statisti-
cally significant in our study, it is unlikely that any
effect of Bt cultivar alone would ever contribute
strongly to the predator–prey dynamics, pest control,
and biodiversity in agroecosystems.
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