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Abstract During the growing seasons of 2006-2008,
feeding tests and field studies were conducted in
Beijing, China, to investigate the effects of transgenic
Bacillus thuringiensis (Bt) poplar (BGA-5) expressing
the Cry3A protein (0.0264-0.0326% of the total
soluble protein) on target and non-target pests and
the arthropod community. The effects of BGA-5 on
the target pest Plagiodera versicolora (Coleoptera,
Chrysomelidae) and a non-target pest Clostera anacho-
reta (Lepidoptera, Notodontidae), were assessed under
laboratory conditions. Total mortality of P. versicolora
larvae fed with BGA-5 leaves was significantly higher
than that of the control (P < 0.05). The exuviation
index of P. versicolora larvae fed with BGA-5 tended
to be higher than that of CK, but it was not significantly
different. The pupation rate and eclosion rate of the
survived larvae fed with BGA-5 were lower than that of
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CK, but it was also not significantly different. Addi-
tionally, no significant differences were detected in the
mortality, exuviations index, pupation rate, or eclosion
rate of C. anachoreta fed with leaves of transgenic and
non-transgenic poplars. Furthermore, the arthropod
communities in the Bt poplar and CK field stands were
similar, as indicated by four diversity indices (Berge-
Parker index, Shannon-Wiener indices, evenness
index, and Simpson’s inverted index) and the Bray-
Curtis index. Therefore, the Bt-Cry3A poplar
decreased damage by the target pest (P. versicolora),
had no effects on a non-target pest (C. anachoreta), and
generally did not have any significant negative effect
on the poplar arthropod community.

Keywords Bacillus thuringiensis - Cry3A
expression - Insect bioassay - Transgenic poplar -
Arthropod community

Introduction

Poplar (Populus L.) is an important forest genus
worldwide. Commercial and ecological poplar plan-
tations have expanded rapidly in recent years to meet
the greatly increased demands for fiber, timber, and
fuel. In China, poplar plantations covered nearly
7 mha in 2008 (Lu 2008). However, pest and disease
damage has become a serious problem. Forest insects
and diseases have damaged large areas in China, with
8270,000 ha totally lost to insect and disease damage,
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870,000 ha affected by poplar defoliating insects, and
710,000 ha occupied by poplar stem borers in 2005
(Zhang and Liu 2006).

Deploying genetically engineered insect-resistant
trees is a modern alternative to chemical insecticides
for tree pest management. In poplars, various insect-
resistant genes have been transferred to genetically
engineered trees for pest control since 1991 (McC-
own et al. 1991; Leplé et al. 1995; Kang et al. 1997;
Confalonieri et al. 1997, 1998; Delledonne et al.
1998; Hao et al. 1999; Wu et al. 2000; Delledonne
et al. 2001; Wang and Constabel 2004). Cry genes
(or modified Cry genes), originally from the spore
forming bacterium Bacillus thuringiensis (Bt) and
encoding the insecticidal crystal protein, are com-
monly used to produce genetically engineered crops
and trees with insect-resistant traits. Cry proteins are
highly specific and generally only individual insect
orders such as Lepidoptera, Coleoptera, and Diptera
are susceptible (Schnepf et al. 1998). Two transgenic
lepidopteron-resistant poplar clones have been com-
mercialized in China since 2002. One is Bt Populus
nigra and the other is transgenic hybrid poplar
741 (P. alba L. x (P. davidiana Dode + P. simonii
Carr. x P. tomentosa Cart.) containing both Bt-CrylAC
and the arrowhead proteinase inhibitor gene (API)
(Hu et al. 2001; Zheng et al. 2000). Bt P. nigra
was the first Bt-transgenic tree to be commercialized
and covered 500-600 ha China by 2005 (Ewald
2005). After several years of cultivation, studies have
shown that transplanting transgenic insect-resistant
poplars is an effective method for controlling the
large-scale pest damage caused by some key target
pests on poplar plantations (Hu et al. 2001, 2007; Gao
et al. 2003).

Although there are many concerns in regard to
risks of transgenic poplar to forest ecosystems
because of these trees’ long life cycles and complex
interactions with other organisms (James et al. 1998),
related reports are very few due to the restrictions on
environmental release of transgenic tree in many
countries. China is the first and only country which
commercialized the Bt transgenic poplars, and now it
has the largest transgenic poplar plantations in the
world, therefore the possibility of ecological risk
associated with these plantations has attracted much
attention. Several previous studies have examined the
two commercialized transgenic poplars, primarily
to assess their impact on non-target insect, natural
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enemy, and arthropod communities. Yao et al. (2006)
investigated Harmonia axyridis (Pallas), a predator of
Chaitophorus populeti (Panzer), but found no signif-
icant difference in predator survival, body mass,
eclosion, or sex ratio when C. populeti were collected
from field-grown transgenic hybrid 741 and the
corresponding control. They also found that the pupal
duration of these ladybeetles was lower than the
control, but the reason remained unknown. Jiang
et al. (2009) reported that the numbers of the non-
target sucking pests C. populeti (Panzer) and Misu-
menops tricuspidatus (Fabricius), the predator
H. axyridis (Palla), and the parasitoid Vulgichneumon
leucaniae (Uchida) all differed between transgenic
hybrid 741 and its control. Zhang et al. (2004)
discovered an obvious difference in the dominant
insect community species between a pure transgenic
Bt P. nigra stand and a mixed poplar stand. It was
also shown that there was more variety, number, and
an increased parasitic ratio of the natural insect
enemies in a transgenic Bt P. nigra poplar plantation
compared to non-transgenic poplar plantations
(Hu et al. 2007). The influence of double insect-
resistant genes on the arthropod community in
transgenic hybrid poplar 741 was also studied with
results indicating that this transgenic poplar could
effectively decrease the number of defoliating
insects, lower the dominance of the dominant species,
and increase insect diversity and the evenness of the
insect pest sub-community. Meanwhile, the similarity
in communities between transgenic and non-trans-
genic poplars decreased with increasing transgenic
poplar insect resistance (Gao et al. 2003). A later
report on the arthropod community nutritional struc-
ture variation and ecological niche in plantations of
transgenic hybrid poplar 741 showed that insect-
resistant gene expression in the transgenic poplar
influenced the feeding behavior of different insect
functional groups (Gao et al. 2006). It is clear from
these reports that defoliating insect-resistant trans-
genic poplars might have some effects on non-target
insects and could possibly influence insect commu-
nity structure.

To prevent tree damage by coleopterous insects,
transgenic P. alba x P. glandulosa cv‘84 X’ with the
coleopterous specific gene (Bt-Cry3A, under the
CaMV35S promoter, and NPTII as selection marker)
were produced. Bioassay with stems of 1-year-old
transgenic and non-transgenic poplars showed that
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one transgenic clone, referred to as to BGA-5 poplar,
was toxic to Anoplophora glabripennis (Motschul-
sky)(Coleoptera, Cerambycidae) larvae with 30%
mortality and a 78.46% growth inhibition rate (Zhang
et al. 2006). BGA-5 was permitted for use in a field
trial, and a transgenic plantation was established in
2005. The aim of this study was to estimate
coleopterous insect resistance of transgenic poplar
using Plagiodera versicolora (Laicharting), a leaf
beetle (Coleoptera, Chrysomelidae) that damages
young poplar leaves (Yang et al. 2006) and to test
its effects on the non-target pest Clostera anachoreta
(Fabricius) (Lepidoptera, Notodontidae). The com-
position structure and community characteristics of
the arthropod community were monitored in a field
trial to unravel the effects on the arthropod commu-
nity because it is unknown if the coleopterous insect-
resistant transgenic poplar could influence insect
community structure after being released into the
natural environment.

Regulatory approval

Field trial approval of BGA-5 poplar was obtained
from the State Forestry Administration, People’s
Republic of China, under application number 2005-05.

Materials and methods
Field trial and plant material

The BGA-5 field trial and the corresponding non-
transgenic wild-type P. alba x P. glandulosacv‘84 k’
as a control (wt control, referred as to CK) were
established in 2005 in Beijing, China. Trees were
planted in lines of 100 trees each (10 rows and 10
columns) in a field with 2.0 m intervals between trees.
All trees were greenhouse-grown cuttings of BGA-5
and CK. Except for irrigating the plantlets at planting
time, no irrigation, supplemental fertilization, pesti-
cides, or herbicides were used.

ELISA analysis of Bt-Cry3A concentration
in BGA-5 leaves

Fully expanded leaves (7th-9th leaves in branches)
were collected from five randomly selected field-

grown BGA-5 trees and five non-transgenic CK poplar
trees in July 2006, 2007, and 2008. The samples were
kept on ice and were immediately weighed to the
nearest 0.5 g in the laboratory to determine the
Bt-Cry3A protein levels. The Bt-Cry3A protein level
was determined by enzyme-linked immunosorbent
assays (ELISA) using a Bt-Cry3A ELISA kit (Agdia
Inc., Elkhart, IN, USA) following the manufacturer’s
procedure. The total leaf protein level was determined
by staining with Coomassie blue.

Effects on the BGA-5 target pest

The P. versicolora egg masses were collected from
poplar trees near the Chinese Academy of Forestry
and hatched under laboratory conditions at 28-32°C.
Healthy 1-day-old larvae were used for the feeding
experiment. The larvae were fed fresh, clean, fully
expanded leaves collected from BGA-5 and CK trees
every day. There were 20 larvae per treatment
(confined together), and the experiment was repeated
three times. Dead larvae were removed and recorded
each day. Larval exuviation was observed 3 and
5 days later. The following equations were used:

Total mortality rate = (number of dead larvae at
the end of feeding/total number of larvae) x 100%

Exuviation index = (first instar x larvae num-
ber 4 second instar x larvae number -+ --- + last
instar x larvae number)/total number of larvae x
100%

Pupation rate = (pupae number/larvae number) x
100%

Eclosion rate = (progeny emerged/total number of
pupae) x 100%

Effects on the BGA-5 non-target pest

Clostera anachoreta egg masses were collected from
poplar trees near the Chinese Academy of Forestry
and hatched under laboratory conditions at 28-32°C.
Healthy 1-day-old larvae were used in the feeding
experiment. The larvae fed fresh, clean, transgenic
and non-transgenic poplar leaves every day. There
were 20 larvae per treatment (confined together), and
the experiment was repeated three times. Dead larvae
were removed and recorded each day. The rate of
total mortality, larval exuviation, pupation, and
eclosion was calculated using the above equations,
as described above.
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Monitoring composition structure and arthropod
community characteristics in the field trial

The insect fauna in the transgenic and non-transgenic
poplars were sampled 16 times during the growing
seasons (from April to October) of 2006, 2007, and
2008 (4 times in 2006, 5 times in 2007, and 7 times
in 2008). The trees were chosen by a random
sampling method, and 20 trees per line were sampled.

Insects appearing on the leaves, branches, and bark
of each tree were observed and identified. The species
and number of arthropods were recorded for each
tree. The insects that could not be classified in the
field were preserved in alcohol and identified later
with a microscope in the laboratory.

The arthropod community in the poplar plantation
was classified into four guilds based on nutritional
relationships, i.e., phytophages, parasitoids, predators,
and others, referring to Heong et al. (1991). The
composition and number of arthropod guilds and
common community indices were compared between
the transgenic and non-transgenic poplars, including
the species richness (S), Shannon-Wiener index
(H',H' = —>_}_| Pi InPi), evenness index (J, J =
H’/In §), Berge-Parker index (I, I = Ni/N), and Simp-

son’s inverted index (1 /D, 1/D =Y, %) All

were defined and calculated as by Magurran (1988).
The Bray-Curtis (BC) dissimilarity index was calcu-
lated to measure the dissimilarity in the arthropod
community between the transgenic (j) and non-trans-
genic (k) poplars. The BC index is a measure of
dissimilarity between two sample sets and ranges from
0 (similar) to 1 (dissimilar) (Krebs 1989):

by~
D it X — ik
n
iy [+ il
where x;; and x;; are the number of individuals in the

ith family of the transgenic (j) and non-transgenic
(k) poplars.

BC =

Statistical analysis

The statistical package SPSS 16.0 (SPSS Inc., IL,
USA) for windows was used for all statistics. One-
Way ANOVA was used to compare mortality rate,
exuvation index, pupation and eclosion rates in
feeding experiments and Bt-Cry3A protein content
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in leaves. Percentage data were arcsin transformed
before the analysis of variance. Origin8.0 SR2
(OriginLab Corp., Northampton, MA, USA) for
Windows was used for graphs.

Results

Concentration of Bt-Cry3A toxin in transgenic
poplar leaves and its toxicity to the phytophagous
beetle P. versicolora

Quantification of the Bt-Cry3A protein by ELISA
indicated that the mature leaves of BGA-5
poplar contained 13,557 4+ 508 (mean + S.E.) ng/g,
12,968 =+ 386 ng/g, and 13,005 + 339 ng/g of Bt-
Cry3A protein in mid-July of 2006, 2007, and 2008,
respectively, which corresponded to 0.0264-0.0326%
of the total soluble protein. The Bt-Cry3A level did
not significantly differ between the 3 years
(F = 0.626, df = 2, P = 0.551). No Bt-Cry3A pro-
tein was detected in the non-transgenic CK leaves.

One-day-old P. versicolora larvae were fed with
transgenic BGA-5 or non-transgenic poplar leaves
each day, and the mortality was recorded. The total
mortality of P. versicolora larvae fed with BGA-5
leaves was 70.00%, which was significantly higher
than the 35.00% of CK (P < 0.05) (Table 1).

The periodic exuviation index, pupation, and
eclosion rate of P. versicolora were calculated to
study the influence of BGA-5 on surviving larvae
(Table 1). The results showed that the exuviation
index of P. versicolora larvae fed with BGA-5 was
1.57 on days 3 and 2.60 on days 5, which tended to be
higher than that of CK, but it was not significantly
different. Both the pupation rate and eclosion rate of
the survived larvae fed with BGA-5 were lower than
that of CK, but it was also not significantly different.

Effects of the BGA-5 Bt transgenic line
on the non-target insect

Larvae of C. anachoreta were fed with fresh BGA-5
leaves in the laboratory to study the effect on this
non-target insect. As shown in Table 2, there was no
significant difference in total larval mortality between
BGA-5 and CK.

The exuviation of C. anachoreta larvae was
observed on days 6 and 12, and the exuviation index
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Table 1 Mortality, exuviation index, pupation, and eclosion rate of Plagiodera versicolora fed with leaves of the transgenic Bacillus
thuringiensis (Bt) poplar (BGA-5) expressing the Cry3A protein or the corresponding untransformed line (CK)

Line Total mortality Exuviation index Pupation Eclosion
rate (%) rate (%) rate (%)
Day 3 Day 5
CK 35.00 + 1.12° 1.54 £ 0.01* 2.45 £ 0.03* 100.00 + 0.00" 77.22 £ 0.69*
BGA-5 70.00 + 1.29° 1.57 £ 0.01* 2.60 £+ 0.03" 88.89 + 2.48" 70.83 £ 3.36"

* Data are mean + SE (the standard error of the mean)

** Means with the same letter are not significantly different at P < 0.05 by the One-Way ANOVA

*%% Data are arcsin transformed before the analysis of variance

was calculated to determine if larval development
was influenced by feeding on the transgenic leaves of
BGA-5. The exuviations index of larvae fed BGA-5
on days 6 and days 12 tended to be lower than that for
CK, but the differences were not significant both on
days 6 and 12 (Table 2).

Clostera anachoreta pupation and eclosion rates
were also calculated for surviving larvae. The
pupation rate of larvae fed on BGA-5 was 76.67%,
and the eclosion rate of adults fed BGA-5 was
82.44%. There was no significant difference in either
the pupation rate or eclosion rate between BGA-5 and
CK (Table 2).

Arthropod composition and family dominance

The Bt-Cry3A protein in the transgenic BGA-5
poplar is toxic to coleopterous insects, and thus the
number of coleopterous insects was expected to be
lower in the transgenic poplar than in CK in the field
trial. During the 3-year study, 4956 arthropod indi-
viduals were observed in the field trial, with 2552 on
the non-transgenic control P. alba x P.glandulosa
cv84 k’ trees and 2,404 on transgenic BGA-5,

belonging to 10 orders and 41 families. The arthro-
pods included four functional guilds, i.e., phytophag-
es, predators, parasitoids, and others. There were 37
families on CK, but the Lasiocampidae, Aegeriidae,
Coreoidea, and Miridae families were absent com-
pared to those on BGA-5. Although the families and
individuals in the functional arthropod groups were not
the same, the dominant families in each guild were
similar. The most abundant families were Aphidiae
and Gracillariidae in phytophages, Formicidae and
Coccinellidae in predators, and Braconidae and Ich-
neumonidae in parasitoids (Fig. 1).

The phytophages of the arthropod community were
classified into three classes based on food eating habits
and insect resistance to the transgenic poplar, i.e.,
targeted pests of Coleoptera, non-targeted foliage-
eating pests, and sucking pests. The dominance of
targeted insects was lower on BGA-5 than on CK,
showing that the Bt-transgenic poplar retained cole-
opteran insect-resistant ability in the field. The dom-
inance of non-targeted insects also decreased on BGA-
5 transgenic poplar, mainly due to the decreased
number of Notodontidae [Clostera anachoreta (Fab-
ricius) and Gracillariidae (Phyllonorycter populiella

Table 2 Mortality, exuviation index, pupation, and eclosion rate of Clostera anachoreta fed with leaves from the Bt-Cry3A
transgenic poplar (BGA-5) or leaves from the corresponding untransformed line (CK)

Line Total Exuviation index Pupation Eclosion
mortality (% rate (% rate (%
y (%) Day 6 Day 12 ) )
CK 21.67 £ 3.59° 2.63 + 0.02° 4.36 + 0.02* 75.00 £ 1.71* 76.50 + 1.90°
BGA-5 23.33 £ 0.75" 2.27 + 0.02° 4.29 + 0.03* 76.67 £ 0.75" 82.44 + 1.29%

* Data are mean + SE (the standard error of the mean)

** Means with the same letter are not significantly different at P < 0.05 by the One-Way ANOVA

*%% Percent data are arcsin transformed before the analysis of variance
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(Zeller)] insects. But the dominance of sucking pests
increased on BGA-5 due to the increased number of
minor sucking families, such as Cicadellidae [Empoa-
sca flavescens (Fabricius)], Pentatomidae [Eurydema
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dominulus (Scopoli)], and Tingidae [Hegesidemus
habrus (Darke)] (Table 3, Fig. 1). This indicated that
the Bt-transgenic BGA-5 was able to prevent an
increase in the number of targeted insects.
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Table 3 The Berge-Parker dominance index of different
insect class dominance in the arthropod community of trans-
genic (BGA-5) and non-transgenic Populus abla x P. glan-
dulosa (CK)

Line Targeted Non-targeted Sucking
insects defoliator pest

CK 0.1078 0.2343 0.3683

BGA-5 0.0528 0.1743 0.4334

Arthropod community guild analysis

The Berge-Parker index, Shannon-Wiener index,
evenness index, and Simpson’s inverted index showed
no large difference between Bt-transgenic BGA-5 and
CK in the entire arthropod community and in each of
the four guilds (Table 4). The Bray-Curtis (BC)
dissimilarity indices between BGA-5 and CK were
0.1403 in phytophages, 0.0946 in predators, 0.1478 in
parasitoids, 0.5385 in others, and 0.1283 in the entire
community. Except for the “other” guild, the dissim-
ilarity indices were low, indicating that the guilds and
communities were similar for BGA-5 and CK. The BC
index between the “other” guild was high, mainly due
to low numbers and low diversity in that guild.

Discussion

The ELISA analysis showed that the Bt-Cry3A
protein was stably expressed in the BGA-5 transgenic
poplar line during a 3-year field trial. The Bt-Cry3A
protein in field-grown BGA-5 leaves did have some
lethal effects on P. versicolora larvae in a laboratory
feeding experiment, which was reflected in the higher
mortality of P. versicolora larvae compared to CK.
But the development of the survived P. versicolora
larvae was not be influenced by feeding the leaves
containing Bt-Cry3A protein, which suggested that
this toxin in transgenic poplar did not have similar
sublethal effects to this target insect as it did to
another target insect A. glabripennis in our previous
study (Zhang et al. 2006). This is not good for
controlling the damage caused by P. versicolora
because this pest usually has 6-8 generations per year
in many areas of China (Yang et al. 2006). In the field
observations, we observed that the dominance
of coleopteran insects was lower on BGA-5 than
CK, suggesting that the Bt-transgenic poplar could

Table 4 Main indices of arthropod community diversity in
Bt-Cry3A transgenic (BGA-5) and non-transgenic Populus.
abla x P. glandulosa (CK)

Guild Indices Line
CK BGA-5
Phytophages S 22 26
1 0.7104 0.6606
H 1.8164 1.8497
J 0.5876 0.5677
1/D 0.2517 0.2774
Predators S 9 9
1 0.2606 0.3170
H 1.4255 1.4513
J 0.6488 0.6605
1/D 0.3115 0.2991
Parasitoids S 3 3
1 0.0259 0.0204
H 0.9088 0.8334
J 0.8272 0.7586
1/D 0.4242 0.4524
Others S 3 3
1 0.0031 0.0021
H 0.9003 0.9503
J 0.8194 0.8650
1/D 0.1484 0.1512
Arthropod S 37 41
1 0.3100 0.3236
H 2.3941 24312
J 0.6630 0.6547
1/D 0.1484 0.1512

The English in this document has been checked by at least two
professional editors, both native speakers of English. For a
certificate, please see: http://www.textcheck.com/certificate/
GASKYG

S species richness, I Berge-Parker index, H' Shannon-Wiener
index, J evenness index, 1/D Simpson’s inverted index

decrease the amount of this multiple-generation
target pest under field conditions. The development
rate of a pest’s resistance is positively correlated with
increasing selection pressure (Tabashnik et al. 1990)
and Bt-Cry3A-resistant target beetle strains have
been reported in some studies under prolonged
exposure (Whalon et al. 1993; Augustin et al.
2004). Although BGA-5 did not have high selection
pressure on A. glabripennis and P. versicolora,
further studies are needed to determine if these
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insects develop resistance after long-term feeding on
poplar leaves containing the Bt-Cry3A toxin.

In our previous laboratory feeding experiment, this
line only produced 30% mortality in A. glabripennis
larvae (Zhang et al. 2006). Compared to Bt-Cry3A
potato (5.71 £ 1.06 ng/mg) and Bt-Cry3A hybrid
poplars (0.05-0.0025% of total soluble protein), the
amount of Bt-Cry3A toxin of BGA-5 is not low
(approximately 2.97-1.36 ng/mg, 0.0264-0.0326%
of the total soluble protein), but its mortality to
target insects was very low (Cooper et al. 2004;
Génissel et al. 2003). Another transgenic hybrid 741
poplar containing the same Bt-Cry3A also had low
lethality to Apriona germari (Hope) (Coleoptera,
Cerambycidae). Therefore A. glabripennis, P. versi-
colora and A. germari are inherently less susceptible
to Bt-Cry3A. A modified Cry3A has greatly increased
toxicity to chrysomelid beetle of the genus Diabrotica
(US Patent no. 7,030,295). The Bt-Cry3A gene used
in our study needs to be modified according to the gut
proteases and toxin binding properties of the target
insects.

In general, cry proteins are highly specific and are
often only toxic to individual insect orders (Van
Frankenhuyzen 1993). The Bt d-endotoxins Cry3A in
our BGA-5 transgenic line and CrylB exhibit cole-
opteran specific activity (McPherson et al. 1988S;
Bradley et al. 1995). However, potential risks to non-
target insects must be studied to assess environmental
safety. Clostera anachoreta (Fabricius) (Lepidoptera,
Notodontidae) is a major and widespread poplar leaf
eating pest in China and is a good candidate for
testing the non-target effects of the Bt transgenic
poplar (Liu et al. 2009). Our laboratory feeding
results on C. anachoreta showed that the BGA-5
Bt-Cry3A transgenic line had no toxic effect on this
non-target insect. Current knowledge of the insecti-
cidal activity of this toxin indicates limited toxicity
against other insect groups (Raybould et al. 2007).
Although further multiple-generation feeding exper-
iments and long-term field trials are needed, it is
unlikely that the Bt poplar is toxic to non-target
insects.

In general, the decrease in target insects on
transgenic plants will benefit other defoliators and
lead to an increase in some non-target pests, as
observed for Bt poplar, rice, and cotton (Fitt et al.
1994; Cui and Xia 1998; Liu et al. 2002, 2003; Zhang
et al. 2004). The sucking pests on BGA-5 did

@ Springer

increase, but the numbers of other main non-targeted
defoliators such as C. anachoreta and Phyllonorycter
populiella (Zeller) on BGA-5 were lower than on CK.
This was unlikely to be due to the toxicity of the Bt
toxin in the transgenic poplar from our laboratory
feeding experiment on non-target C. anachoreta
larvae. Some species such as Harmonia axyridis
(Pallas) and Propylea japonica (Thunberg) in Coc-
cinellidae are natural enemies of C. anachoreta and
P. populiella (Zeller). We found that the number of
coccinellid insects increased on BGA-5. Therefore,
one possible reason for the decrease in the main non-
targeted defoliators might be that the increased
number of sucking pests provided food to predators
such as coccinellid insects, and that the increased
number of predators controlled the non-targeted
defoliators. The ecological system in a poplar plan-
tation is very complex, and further study is needed to
explore the true reason for the decreased numbers of
non-targeted defoliators on Bt transgenic poplar.

Although there were some differences in guild
dominance, family composition, and dominance, the
Bt poplar and the CK arthropod communities were
similar as shown by the four diversity indices and the
BC index. These results suggest that planting
Bt-Cry3A poplar generally did not have any significant
negative effect on the poplar arthropod community.

Due to field trial approval demands (State Forestry
Administration, People’s Republic of China), the
field trial time was short, and the area for our
transgenic poplar was small, so mobile insects might
have moved between the transgenic plot and the CK
plot, which could have caused some errors in our field
investigation data. Therefore, another field trial in a
large area with a longer investigation time is needed
to confirm the present results.
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