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Abstract

Transgenic plants expressing Bacillus thuringiensis proteins can indirectly affect natural enemies of target insects, and the as-
sessment of these effects is essential in risk analvsis of genetically modified plants. The biclogy of Pedisus migrispines (Dallas)
(Hemiptera Pentatomidae) and changes in the predation behaviour of this insect when fed with B¢ (Cry 1 Ab) maize-fed Spodoptera
Srugiperda (1, E, Smith) larvae (Lepidoptera Noctuidae) was evaluated. The predator showed 43.7% delay in the nymphal devel-
opment time and 15% biomass reduction in the fifth instar. probably due to low nutritional quality of prey exposed to Bf maize.
Survival curves were similar in predators fed with 5 frugiperda larvae exposed and not exposed to Bf maize. The predator search
time was slightly influenced by the developmental delay of 5. frugiperda fed with 8¢ maize. In a greenhouse assay P. migrispinus
was important in controlling 5. frugiperda density in 8t maize expressing the CrylAb protein. Our laboratory resulis indicate that
Bt maize may cause indirect effects on P. migrispinus, and suggest that nuiritional prey-quality factors other than the Bi protein
determine the observed negative effects, However. the semi-field greenhouse assays demonstrate that indirect negative effects of
Bt maize on the predator’s performance and search behaviour is not substantiated, and that plant damage is lowest if Bf maize is

used concurrently with biclogical contral by P migrispias for managing 8 ffugiverda.
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Introduction

The use of genetically modified plants that express insec-
ticidal proteins, derived from the soil bacterium Baeilfus
thuringiensis (B, is increasing worldwide (James,
2013). These plants are an important component of inte-
grated pest management (IPM) systems (Romeis ef al,
20008), but in some countries there is skepticism and
public concemn about a range of issues surrounding
transgenic plants, including potential impacts on benefi-
cial organisms (O'Callaghan er al, 2005; Desneux and
Bernal, 2010).

Studies on the potential negative effects of Bf plants
on non-target organisms, in particular predators and
parasiteids, have been done to assess the risk involved
in their commercial release and post-market monitoring
(MNaranjo, 2009; Lovei e al, 2009; Lovel and Arpaia,
20015). Possible effects of By crops on non-target organ-
isms could either be direct or indirect (Shelton et af.,
2000 Andow and Zwahlen, 2006; Naranjo, 20035). Di-
rect effects could be due to the toxicity by ingestion of
transgenic plant tissues by non-target organisms (e.g.,
pollen expressing a 8r protein) (Schmitz er al., 2003),
while indirect effects may occur through multitrophic
food chains involving., for example, organisms that feed
on other phytophagous insects associated with the
transgenic plant (Craig er al., 2008; Conner ef af.. 2003,
Romeis er al., 2006},

Several species of Asopinae stinkbugs are important
predators used in biological control. The neotropical
species Podisus nigrispinus (Dallas) (Hemiptera Penta-
tomidae) presents a generalist habit and has been con-

sidered a promising biocontrol agent of caterpillar pests
in South America (Zanuncio er al, 1996). including
Noctuidae family larvae (Mohaghegh ef al. 2001).
Mymphs and adulis of P nigrispinus feed on different
prey types but they can also use plants as a supplemen-
tary food source, and it is considered an ommivorous
species. Studies sugpest that feeding on more than one
trophic level can complement resources, allowing the
predator to survive periods of low prey quality and
quantity (Vivan er al, 2003; Gillespie and McGregor,
20000, Spodoprera frugiperda (). E. Smith) (Lepidop-
tera Moctuidae), an important lepidopteran pest, is en-
demic in the Americas and causes significant losses in
several crops such as maize (Zea mayy L), cotton (Gos-
svpinwm spp.), soybean (Glveine max (L) Merrill), rice
(s sativa L) and grasses in general (Sparks, 1986).

In Brazil, Cryl Ab maize (MONEI0 and Bt11) was first
commercialized in 2008 (CTNBio, 2014). Since this
vear, other Cry proteins (CrylF, CrylA 105, and
Cry2Ab2) and Vip3dAa20 protein against lepidopteran
pests were released, and are expressed in our maize hy-
brids. The target pests of maize that express these pro-
teins are 8 frugiperda, Helicoverpa zea (Boddie) (Lepi-
doptera Noctuidae), and Netroea soccharalis (F.)
{ Lepidoptera Crambidae) (Mendes ef al., 2009). Cryl Ab
maize does not express a high dose for 8 fingiperda
(Chilcutt er al.. 2007), then the use of natural enemes
can complement the control of this pest. Natural or ap-
plied biological control of 8. frugiperda by P. ni-
grispirus in areas where £t plants are grown is important
in the successful management of this pest and also pre-
serves the use of IPM.



Risk assessment for various natural enemies has been
carried out in Bf maize expressing the CrylAb protein
(Maranjo, 2009; Lovei er al, 2000). Studies show that
Cryvl Ab does not appear to cause direct toxic effects en
any of the predator and parasitoid groups examined (for
review see Romeis ef af., 2006). Lyvnch er ol {1999 con-
firmed the adverse effects of “Btll event” sweet maize
(Cryl Ab protein) on the development of 8. frugiperda
in field experiments. Cryl Ab maize affected survival,
developmental times, and growth rates of 5. frugiperda
larvae and its parasitoid Cotesia marginiveniris (Cres-
son} (Hymenoptera Braconidae) (Ramirez-Romero ef
al, 2007). Cunha ef al. (2011) showed that F. ai-
grispinus can acquire CrylAc protein by feeding on
5. frugiperda larvae, which might affect predation abil-
ity. These effects can affect the prey-quality, which can
indirectly affect the predator. In addition to direct ef-
feets, indirect effects on natural enemies cannot be ig-
nored and must be considered as part of a risk assess-
ment of 8r crops.

Because of this complex interaction and the uncer-
tainty about the protein exposure level, studies are
needed to clarify the impact of 8f maize on Hemiptera
predators. Our aim with this work was to evaluate pos-
sible prey-mediated effects of CrylAb maize on the
predatory insect, P, wigrispinis.

Materials and methods

Insect rearing

The insects were reared in the Ecotoxicology and In-
sect Management laboratory of EMBRAPA Milho e
Sorgo, Brazil (25 = 2 °C, 60 + (M RH, 14:10 L:D).
The colony of P. nigrispinus was started with adults col-
lected in the field and was kept for more than four years
in the laboratory. with an average population of 150 in-
sects in every generation. In the 1% instar the insects
were reared only with a honey and distilled water (10%%)
solution. From the 2™ instar, the nymphs were reared on
8. frugiperda larvae, The larvae provided for the preda-
tor were from a colony reared on artificial diet (Greene
ef af,, 1976) for more than 10 vyears in the laboratory,
and in the absence of exposure to any insecticide.

Plant growing conditions for laboratory bicassays

The plants used were MONSI0 event (CrylAb) of

Pioneer 30F35 hybrid and its near isogenic non-5r
maize hybrid (control). The maize was planted, weekly,
in the experimental field of EMBRAPA Milho e Sorgo.
Each planting consisted of a plot with five rows of 20 m
and five plants/meter. Cultivation was performed ac-
cording to the recommendations for Brazil (Cruz, 20109
without any application of insecticides, fungicides and
herbicides. Manual weeding was performed.

Laboratory experimental conditions

The experiments were conducted in the Ecotoxicology
and Insect Management laboratory of EMBRAPA
Milho e Sorgo, Brazil (25 £ 2 °C, 60 £+ 10 RH, 14:10
L:D). For the bicassays, 2™ instar nymphs of P. ni-
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grispinys were used, because from this stage onwards
the nymphs of this predator adopt a predatory habit
(Zanuncio ef al., 1996), Only water was given to 1% in-
star nymphs. through cotton wool. After hatching, part
of the 8§ frugiperda neonates (= 2.000) were fed with
CrylAb maize leaves and the other part (= 500) with
leaves of the near isogenic non-8r maize hybrid (con-
trol). The larvae were reared with 8¢ and non-8¢ maize
leaves until the 4™ instar. To feed the neonates, maize
leaves were used between stages 13 and 16 (Lancashire
ef al.. 1991). The leaves of both maize genotypes
(8¢ and non-B1) were offered in a volume of approxi-
mately 50 cm’ and set out in 50 mL plastic cups. The
leaves were changed every 48 hours to prevent dryness.

Performance of predators fed with prey exposed to
Bt and non-8t maize in the laboratory

One hundred 2™ instar P. migrispinus nymphs were
randomly separated into two groups of 50, and were in-
dividually placed in plastic cups (30 mL}. One group of
nymphs was fed with § frugiperda larvae fed with
Cryl Ab maize and the other group was fed with larvae
that had fed on non-8¢ maize (control). Mo plant mate-
rial was offered to the predator. The nymphs were fed
ad libitum daily with 2™ to 4" instar larvae of
5. frugiperda, according o the treatment. [t was ob-
served that Cryl Ab maize-fed 5. frugiperda larvae were
smaller, so it was necessary to provide larger quantities
of these larvae. In each cup a cotton ball dampened with
water was placed and changed every two days, for mois-
ture and water supply. This hioassay assessed the dura-
tion of each instar, the survival in each nymphal instar
and of the total nyvmphal stage. and in addition. the
weight of the 5 instar nymphs using an analytical scale.
Twenty-six insects that were fed with the prey exposed
to B¢ mairze were weighed and 26 were weighed of the
non-8¢ maize. The weight assessment was performed on
the first day of the 5™ instar, because in this stage pre-
sents the highest biomass gain (Zanuncio ef al., 1996).
Molting was verified through the exuviae that were in
the cups after each molt. The data were recorded daily.
Adults were not evaluated due to their low number.

Searching time of the predator for prey exposed to
Bt and non-Bt maize in the laboratory

A factoral experiment in a completely randomized
design was conducted with 3 and 7 day-old 8. frugiperde
larvae, reared with Br or non-8r maize leaves (Cryl Ab),
and provided for 27 and 4" instars of P. migrispinus
nymphs and adults, in a total of 12 treatments. Ten lar-
vae from each treatment were size measured to assess
their development. The first instar nymphs were put in-
dividually in Petri dishes of 5 cm (diameter) until they
reached the second instar and were lefi with only a cot-
ton ball dampened with distilled water. 5. frugiperda
larvae were confined in Petri dishes and a predator was
released in the center of each plate, while the larvae
were kept near the edges of the Petri dishes. We took
care to keep the distance between the prey and the
predator the same during this release. Nineteen to 31
individuals (= replicates) of 8. frugiperda per treatment



were used depending on larvae availability. The larvae
were used only once in each replicate. The duration
from release of the predator in the center of the Petri
dish to the {irst capture of a larva (searching time) was
timed using a chronometer.

Greenhouse bioassay

The bioassay was installed in a greenhouse on April
22 2013 at EMBRAPA Milho e Sorgo, Brazil
(25 + 5 °C, 70 £ 15% RH) in a completely randomized
design, The insects vsed were from the laboratory col-
ony and the plants were the same as those memntioned
before: MON 810 event (Cryl Ab) of Pioneer 30F35 hy-
brid and its near isogenic non-8¢ maize hybrid (control).
There were four treatments with 12 pots in each: two
different plant genotvpes infested with S, frugiperda,
and plants infested with P, nigrispinus and not infested.
Three maize plants were planted in pots (20 L) with soil
as substrate and fertilized with 50 g of NPK 0R-28-16
and 0.3% Za/L00D kg, The plants were soaked daily (500
mL of water). All the plants were manually infested
with five 8. frugiperda neonates when they were in the
V6 stage (6 leaves). The pots containing the plants were
covered with a screen net and a metallic support was
used to sustain it. Five days after the larva infestation
half of the plants from each treatment (6 pots) were in-
fested with five P. nigrispinus 2™ instar nymphs (to en-
sure predation} and the other half were not infested, The
total number of 8 frugiperda and P. nigripinus per
treatment were 180 of each one (12 pots = 3 plants % 5
insects), 8. frvgiperda injuries on the plants were graded
using a scale of 0 (zero) to 5 (five), where (}- corre-
sponds to plants without injury; - plants with scraped
leaves: 2- plants with perforated leaves: 3- plants with
injuries on leaves-and stem; 4- plants with almost de-
stroyed stem; and 5- plants with many leaves and stem
totally destroved, The injuries were evaluated 7, 15 and
21 days after larva infestation. At the 217 day after larva
infestation. the number of pupae removed from the pot
soil was also evaluated.

Statistical analyses

Homogeneity of variances was tested with a Bartlent
test before the statistical analysis for all the trials. The
results of predator mortality throughout their develop-
ment were subjected to survival analysis using the non-
parametric LIFETEST procedure (SAS Institute, 2002),
in which survival curves are obtained using Kaplan-
Meyer estimators, The datasets of nymphal stage dura-
tion were transformed to (x + 1)"* and were analyzed
with a one-way analysis of variance (ANOVA), which
was performed for each instar separately. The other pa-
rameters assessed were not transformed and were ana-
lyzed with a one-way ANOVA. A factorial ANOWVA
was uscd to determine effects of 8. frngiperda larval
ages (3 and 7 days). maize genotypes (Cryl Ab and con-
trol}), and predator stages (2" and 4" instar, and adult)
on predator searching time. Differences between means
in each maize genotype were tested using Fisher’s pro-
tected least significant difference. All analyses were
done using IMP software (SAS Institute, 2002) at
@ = L05. 8 frugiperda injury (x) of greenhouse experi-
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Figure L. Survival plots of P. migrispinus reared on con-
trol and Cryl Ab-exposed larvae of 5. frugiperda. The
survival curves were not significantly different (3 =
0.06, dff = 1, P=10.799).

ment were transformed to arcsin +x/100 to the normal-
ity adjustment. Subsequently, the data were submitted to
analysis of variance and means were compared by
Tukey test (P < (L05).

Results

Performance of predators fed with prey exposed to
Bt and non-Bt maize in the laboratory

To assess the effects of 8 frugiperda fed with 81 maize
on P migrispinus, we measured nymph development,
survival and biomass, Independently of feeding on ex-
posed or non-exposed prey. P migrispinus nymph suar-
vival was statistically not differem as evidenced by the
comparison of the survival curves (figure 1), The per-
centage of predators that reached adulthood also did not
differ between treatments (F; o7 = L.03, P = 0.312). For
individuals fed with prey exposed 1o Bf maize, the aver-
age was 180 + 5.5% (mean + SE) and for individuals
that fied on non-81 maize (control) it was 26,5 + 6.4%,

The predator’s nymphal development was faster (i.e.,
had shorter duration) on non-Br-fed prey than on those
exposed to the 8 maize, which was evident for both the
duration of each instar and for total nymphal stage dura-
tion (second instar to adult) (table 1). This represents a
delay of 43.7% in the predator development time hy
feeding on prey reared with Br maize. In addition, 5" in-
star P, nigrispinus fed with Sr-fed S, frregiperda accumu-
lated 15% lower biomass than predators fed with prey
not exposed to B¢ maize. The weight of P. migrisrinus
that fed on Br-fed 5. frugiperda was 19.1 = 0.91 mg, and
the weight of P. nigrispinus that fed on non Be-fed 8

[frugiperda was 22 5+ 127 mg (F; = 4.57. P = 0.037).

Searching time of the predator for prey exposed to
Bt and non-Bt maize in the laboratory

To assess if the Br maize intake by 8 frugiperda
would disrupt 2. migeispinns capture of this prey, we
measured the searching time of the predator. When we
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Table 1. Nymphal stage development duration of . nigrispinus when fed with 5. frugiperda larvae reared on By and

non-Br maize.

Treatment Nymphal stage development duration (days) Total nymphal development
(prey supply) Second  Third Fourth Fifth __(days) =S e
Civl Ab mai 3410072 595+0.15a 551%036a 10.19+1.02a 2744 = 1.21a
il e (n = 48) (n=37) (n=31) (= 26) (n=9)
Kicii B viiize 3.09+ 001 283+022b 3.722030b 604+ 0350b 1546+ 0.27b
(1 =49) (n=137) (n=33) (m=27) (= 13)

Mean + SE followed by the same letter in the column are not significantly different by ANOVA (P = 0.05). The # indi-
cates the number of individuals of each nymphal stage that were used in the ANOVA of the total of 50 that started

the experiment,

took the average of the searching time for 3 and 7 day-
old larvae we observed that only for the 4" instar
nymphs was there a difference (/7 = 0.0005) between
searching time for 5. frugiperda fed with Cry 1 Ab maize
(B.08 + 1.55 min) and those fed with control maize
(3.47 = 0.67 min) (figure 2). The differences in search-
ing time for 2™ instar nymphs and adults are not signifi-
cant. Note that the larger the predator, the longer search-
ing time was. There was no significant interaction (F5 25
=2.02: P =0.135) when the three factors were assessed
{larva age, maize genoiype, and predator stage). and
when larva age and the maize cultivar were assessed
(Faser = 2.32: P = 0.128). The interaction was signifi-
cant between the maize genotype and predator stage
(Fazp = 2.13; P = 0.046), and between the predator
stage and larva age (Faas = 18.25; P < 0.0001}.

Greenhouse bioassay

To assess the effects of Br maize on P. nigrispinus
biclogical contral of’ 8. frrgiperda. we evaluated the in-
jury done by the herbivore on the Br and non-Br plants
in the presence and absence of its predator, and the
number of pupae. P. nigrispinns controlled its prey on
non-Br maize, as we can sée through the damape scale,
which was significantly different after the seventh day
(P = 0001y (figure 3). Br maize itself controlled
5. frugiperda, but the infestation of P nigrispinus sig-
nificantly reduced the injury caused by its prey on this
maize until the 22™ day (P = 0.001). The number of pu-
pae at the end of this bioassay was drastically reduced
by the infestation with P nigrispinus in both CrylAb
maize and non-87 maize. For the “non-Br" treatment the
number of pupae was 37; for the “non-B¢ + Podisus™ it
was 2 for the “Cry1 Ab™ it was 17, and for “CrylAb +
Podisus™ it was 3. Note that overall plant injury was not
different after 15 and 22 davs except for in the non-8¢
treatment. However, the number of pupae at the end of
the experiment show that the treatments with P mi-
grispinus  drastically reduced the larval survival of
S. frugiperda in the Br and non-BY treatments.

Discussion and conclusions

There was no direct effeet of the exposure of
5. frugiperde to B maize on the P. nigrispinus predator.,
The survival of the predator fed with Br maize-fed
5 frugiperda was not different to that fed with non-8r

268

29 A
e OCry1Ab =43
E 20 o Coritrol [ =40
® 15 | L
E =37 1
=19 1 i
ﬁ n=48 1 55
é 5 4 = _n=EI} =
] - H“I - : - .
2nd Instar Ath Instar Aduit
Stage of Podisus nigrispinus

Figure 2. Average search time in minutes (+ standard
error) of P. nigrispinus, at three different stages
(2 and 4™ instars, and adult) when 3- and 7-day old
larvae of 8. fiugiperda fed with £ maize and control
(non-8t maize) were offered as prey. The resulis
were concatenated, because there was no interaction
between the larva age and the maize cultivar (Fa4) =
2.32: P = 0.128). The » indicates the number of rep-
licates tested in each treatment, The presence of the
asterisk (*) indicates a statistical difference between
the treatments within each stage of the predator
{Fisher's LS.
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Figure 3. Injury scale (mean *+ standard error) of
5. frugiperda larvae on CrylAb maize and non-£¢
maize in the presence or absence of its predator P, mi-
grispinus after 7, 15 and 22 days of larvae infestation
in the greenhouse.



maize-Ted larvae. The survival to adult was low, 18%
and 26.5%., respectively. We observed that these results
were due v 8. frugiperda attacking F. nigrispinus when
the nymphs were molting, The same was observed for
the percentage of predators that reached adulthood.
MNonetheless, the nymphal stage development time was
faster and the predator had greater body mass accumula-
tion when it was fed with prey not exposed to B maize.
It is likely that these results are related to the poor qual-
ity of prey exposed to Bf maize as food for the predator.
We did not gquantify Cryl Ab ingestion and contents in
the prey and predator, but we observed that larvae that
fed with 8¢ maize developed more slowly than those fed
with non-8¢ maize. This slow development demon-
strates a sublethal effect in 8. frugiperda, which may
have decreased its nutritional quality. Developmental
delay was observed in Spodopiera littoralis (Boisduval)
(Lepidoptera MNoctuidae) when fed with Cryl Ab maize
(Vaojtech er al., 2005). The purified Cry1Ab protein af-
fected survival, developmental times, and growth rates
of 5 frugiperda larvae, while Cryl Ab Br-maize tissue
affected the parasitoid C. marginiventris development
times, adult size. and fecundity. In addition, low bio-
mass accumulation can be another indicator of lower
nutritional quality. For 5 frugiperda, Mendes er al.
(201 1) reported a 20-fold reduction in the weight of lar-
vae fed with Cryl Ab maize compared to those fed with
the same non-8r hybrid.

Studies using Ai-resistant lepidopteran larvae. the
hosts for parasitic wasps, support such indirect adverse
effects (Schuler er al., 2003; Schuler er al. 2004; Ferry
ef al., 2006; Chen et al., 2008). In the case of predatory
arthropods. the most prominent example of putative
prey-mediated effects is that of the green lacewing.
Chrvsoperla carnea (Stephens) (Neuroptera Chrysopi-
dae). Dutton et af. (2002) and Hilbeck er af. (1998) re-
ported a longer larval development and reduced survival
of C. carnea fed with 8. lrforalis and Osrrinia mehilalis
{Hubner) (Lepidoptera Crambidae) larvae. which were
fed with CrylAb maize. The authors concluded that
C. carneg survival was not compromised directly as a
result of the predator’s susceptibility to the 8 protein.
but that this resulted from eating sublethally affected
{sick) prey. The mechanisms responsible for these pre-
sumed indirect effects are not clear, but they might be
caused by changes in the nutritional quality of sub-
lethally affected larvae. These indirect effects, mediated
by the prey quality, have heen reported in other studies
with Bt transgenic plants { Ashouri ef af., 2001 ; Couty ef
afl., 2001 ; Bernal er af., 2002; Bell er al.. 2003). There-
fore, the predominant factor for the delay in predator
development in this study can be attributed to the prey
quality when fed with Br maize.

In general, the searching time of the predator was not
affected by S. frugiperda larvae fed with Cryl Ab maize.
The only significant difference found was due to the
predator age. Only in the 4" instar did the predator take
a longer time to find Br-fed larvae, We suppose that this
is because of the slower development of 8. frugiperda
when fed with Br maize. Three-day-old 5 frugiperda
larvae fed with B and non-B¢ maize measured 2 = 0.5
mm and 2 £ (.8 mm (mean = SE), respectively: and

T-day-old larvae measured 6 = 1.3 mm and 8 = 0.9 mm,
respectively. The 2™ instar predators are small, so we
believe that the developmental delay of 8 frugiperda
did not confuse them when searching out the prey. Simi-
larly. adults did not differentiate between larvae fed
with B¢ maize or nol, because both preys were very
small relative to the size of the predator. But 4™ instar
predators, which were of mediom size. could differenti-
ate the developmental delay of the prey when fed with
Br maize.

Mote that the larger the predator, the longer it took
find the prey. The adult predator had more difficulty in
finding the larvae. This must be due to the lower per-
ception of small larvae by the adult predator. It was ob-
served that the predator often passed over the prey
without noticing it. Vieira ef af. (1997) found similar
results when studying the searching time of the predaior
Scvmnus (Pullus) argenmiinicus (Weise) for Schizapiis
graminum (Rondani) (Hemiptera Aphididaeg). They
found that the search time increased gradually with the
age of the predator. We hypothesize that this would not
affect the consumption of prey by P. migrispinus in the
field, since suitable stages of the predator and the prey
occur concurrently.

The greenhouse assay showed that the integration of
Br maize with biological control by P. nigrispinus is
important for successfully managing S frugiperda.
Malaquias er af. (2014) found similar results working
with B¢ cotton leaves expressing CrylaAc, They ob-
served that the type of functional response by P nai-
grispinus was not affected by the cotton cultivar (87 or
non-8f cotton). A study by Chileutt ef al. (2007) indi-
cated that Cryl Ab maize lines did not provide high effi-
cacy against 5. fiugiperda. This clearly suggests that
Cryl Ab maize does not express a “high dose” against
this pest as defined by the EPA (2001). Despite Cryl Ab
maize do not comtrol alone 5. frugiperda, this Br maize
was registered in Brazil to protect the crop against §

Sirngiperda, 4. zea, and D. saceharalis. This study indi-

cates that P. migrispinus may contribute as a hiocontrol
agent of §. fiwgiperda larvae in 8¢ maize fields without
side effects to predator. Transgenic erops and biological
control can act as complementary tactics in [PM
(Romeis ef al., 2008).

In summary, an indirect effect of Br maize was detected
in laboratory studies with P, migrispinus mediated by
sublethal toxicity of the Cryl Ab protein to 8. frugiperda
larvae. This was evident in the longer developmental
period observed and lower predator biomass, which is
probably due to the inferior quality of the prey fed with
Br maize. However, the percentage of P. migrispimus
that reached adulthood was not influenced by feeding
with § frugiperda reared on Br maize. Therefore, it
cannot be inferred how this indirect effect would affect
the predator’s population growth and impact on the tar-
get insect. Future studies should be done to try to detect
direct effects using the purified CrylAb protein. The
searching time of P. nigrispinus for 8. ffrugiperda larvae
was little influenced by the prey development when fed
with Cryl Ab maize. The greenhouse bioassays demon-
strate that indirect negative effects of 8¢ maize on the
predator’s performance and search behaviour is not sub-
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stantiated under semi-field conditions, and that plant
damage is lowest if Br maize is used concurrently with
biological control by P. migrispinus for successfully
managing 5. frugiperda,

Acknowledgements

Funding for this research was provided by the World
Bank through the project LAC BIOSAFETY. Addi-
tional support was through the Coordenagiio de Aper-
feigoamento de Pessoal de Nivel Superior (CAPES)
agency of the Brazilian Ministry of Education. We
thank Eustaquio Francisco Souza de Oliveira for assist-
ing with insect rearing.

References

ANDOW D) AL ZwaHLEN O, 2006.- Assessing environmental
risks of transgenic plants.- Foofogy letters, 9 (2] 196-214,
Asnourl A, Michaun D, Ceouner C., 2001,- Recombinant
and classically selected factors of potato plant resistance Lo
the Colorado potmo beetle, Lepiinotrsa decemiineata, vari-
ously affect the potato aphid parasitoid Aphidins nigripes.-

Bigcontrod, 46: 401 -41 8,

BrLe H. AL, Dows R E., Frroues E. C., EpwaArDbs J. P, GATE-
HOUSE A, M, R., 2003 - Impact of genetically modified po-
tato expressing plant-derived insect resistance genes on the
predatory bug Podisus maculiventris (Heteroptera: Fenta-
tomidae).- Bioconfrol Science and Technology, 13: T29-741.

BeenaL LS., Griser J. G., GieoaLy Po 0., 2002.- Impacts of
developing on 8 maize-intoxicated hosts on fitness parame-
ters of a stem borer parasitoid.- Jownal of Entomelogical
Science, 37: 27-40,

CHEN M., ZHA0 ), Z,, SHELTON A. M., Cao )., EarLE E, D,
2008~ Impact of single-gene and dual-gene 8 broceoli on
the herbivore Pievis rapae {Lepidoptera; Pieridae) and its
pupal endoparasitoid  Prevomealuy puparien {Hymenoptera:
Preromalidae).- Tramsgenic Research, 17 (4): 545-555,

Chicutt C. F, Oovopy G N, Correa ). C, REMMERS L.,
2007.- Effects of Bacillus shuringiensis transgenic com on com
earworm and fall armyworm (Lepidopera; Noctuidae) densi-
ties.- Jowrial of Econamic Emfomology, 1000(2); 327334,

Conner A, ), Grare T, R, Nap ), P, 2003.- The release of
genetically modified crops into the environment.- The Plant
Jontenerl, 33 1946,

Couty A, DE La Vina G, CLark 8. ), Kaser L., PHAM
Dececue M. H., Porey G. M., 2001.- Direct and indirect
sublethal effects of Galamtfus aivalis agglutinin (GNA) on
the development of a poiato-aphid parasitoid, dphedinus alr-
dominalis (Hymenoptera: Aphelinidae).- Jowrnal of dnsece
Physiology, 47; 853-561,

Crat W, Terrer M., DEGRASS]I G, RipANDELLL D, 2008,-
An overview of general features of risk assessments of ge-
netically modified crops.- Euplivtica, 164: 853-88(),

Cieze ), O, 2000, Culiiva do Mitho, 6 ed - Embrapa Milho &
Sorgo. Sete Lagoas, Brazil,

CTNBIo, 2014, Aprovagdes comerciais.- Comissiio Técnica
Macional de Biosseguranga, Ministério da Ciéncia e Tec-
nologia, Brasilia, Brazil.

Cunia Fo M., Cagrano F. H., TEIXEIRA V. W Torres ) B,
TEXERA A, A C., Avves Lo C, 200 1. Ultra-stracture anc
histochemistry of digestive cells of Podises  migrispins
(Hemiptera: Pentatomidae) fed with prey rcared on Bi-
colton,- Miceon, 43; 245-250,

270

DeEsneErx M., BErnaL 1, 5., 2010.- Genetically modified crops
deserve greater ecotoxicological scrutiny.- Ecotexicalogy,
19 (B): 1642-1644.

DutrTon A, Kuein H., Roses ., Bioeer F., 2002.- Uptake of
Br-toxin by herbivores feeding on transgenic maize and con-
sequences for the predator Clrysaperdla eormea.- Ecological
Entemalogy, 27: 441 -447.

EPA, 2001~ Riopesticides registration action document: Ba-
cillus thuringtensis (8o plani-incorporated protectanrs - US
Environmental Protection Agency, Washington, USA.

FErRY M., MULLIGAN E. AL, STEWART C. N, TapasHnik B. E.,
Port G. R., GATEHOUSE A, M. R., 2006.- Prey-mediated ef-
fects of transgenic canola on a beneficial, non-target, carabid
beetle.- Transgenic Research, 15 (4): 500-514,

GiLLEsPIE D, MoGrEGor R., 2000,- The functions of plant
feeding in the omnivorous predator Dievpdfues fresperus: was
ter places limits on predation.- Ecolegical Entomalogy, 25
(4): 38D-386,

GrEENE Go L., LErta NOoC, DICKERSON W, AL 1976.- Vel-
vetbean caterpillar { Lepidoptera, Noctuidae) rearing proce-
dure and artificial medium.- Jowrnal of Economic Entenmod-
ogy, 69 (4); 487-488,

HiLBEcK A, BAUMOGARTNER M., FrRIED P, M., BIGLER F,,
1908~ Effects of transgenic Bacilfus thuringiensis com-led
prey on mortality and development time of immature
Chrvsoperfa carnea (Neuroptera: Chrysopidae)- Emviron-
mental Entemology, 27 (2): 480-487,

JaMmEs C., 2013 Glabal statuy of commercialized bictech/GM
craps: 13- ISAAA Brief No. 46, Ithaca, NY: Interna-
tional Service for the Acquisition of Agri-biotech Applica-
tions (ISAAA)

LancasHIRE P. D., BLEmoLberR H., Boosm T. V. D, Lax-
GELODDEKE P., STAUSS R, WEBER E., WITZENBERGER A,
1991 .- A uniform decimal code for growth stages of crops
and weeds. - Anrals of Applied Biofogy, 119 (3): 561-601.

Lovel G. L., Arpaia 5., 2005.- The impact of transgenic plants
on natural enemies: a critical review of laboratory studics.-
Envomologia Experimentalis e Appifoana, 114 (1) 1-14,

Lover G, L., Axpow Do A, Areara 5., 2009.- Transgenic in-
secticidal crops and natural enemies: n detailed review of
laboratory studies.- Emviconnmental Entomeology, 38 (2): 293-
306,

LyncH R E., Wiseman B, R., PLasten D, Warmck D,
1999 - Evaluation of transgenic sweet com hybrids express-
ing Crvl A (b) toxin for resistance to com earworm and fall
armyworm ( Lepidoptera: Noctuidae).- Jowrnal of Econamic
Envemology, 92 (1) 246-252,

Mataguias L B, Osmoro O, RasMario F.o S, WESLEY W, A,
C.. SiLveEmra R, F.. 2004.- #r cotton and the predator Pocfisus
nigrispimus (Dallas) (Heteroptera: Pentatomidae) in the
management of Spodoptera frugiperda (LE. Srmith) (Lepi-
doptera:  Noctuidae) resistance to lambda-cyhalothrin.-
Sdovrnnend t;,l'"Ff.‘.\'i' Setence: DO 1010075510340-014-0585-3

MENDES S. M., WaouiL I M., Viana P, AL, 2009.- Marefo
integrado de pragas em lavowras plastadas conr milho
geneticamente  modificadn  com gene Bt (Mithe  Bu.-
Embrapa Milho ¢ Sorgo. Sete Lagons, MG, Brazil.

MENDES S, M. Borieoas K. G, B, Lores M, E., Waouil M. 8.,
WaouiL J. M., 2011.- Respostas da lagarta-do-cartucho a
milhe  gencticamente  modilicade  expressando a  toxina
Cryl A(h).- Pesguisa Agropecudria Brasileira, 46 (3 239-
244.

MoHAGHEGH 1., DE CLERCO P., TiRkey L., 2001.- Functional
response of the predators Podisus maculiverivis (Say) and
Podisws nigrispinns (Dallas) (Heteroptera: Pentatomidae) to
the beet armyworm, Spodoprera exigua (Hubner) (Lepidop-
tera: MWoctuidae): effect of temperature.- Jowenal of Applied
Entomedagy. 125: 131-134.



MNaganics 5, E,, 2005,- Long-term assessment of the effects of
transgenic Bt cotton on the function of the natural enemy
community.- Erviconmen!  Emtomelogy, 34 (5y 1211-

223,

Maganier S, E., 2009.- Impacts of Bt crops on non-target in-
vertebrates and insecticide use patterns.- CA8 reviews: Per-
spectives in Agriculture, Veterinary Science, Nuwitfon and
Nertvral Rexowrces, 4 (01 15: 1-11,

O'CaLiaGgian M., GLare T. B, BurcEess E. P. 1, MaLonE L.
A 2005.- Effects of plants genetically modified for insect
resistance on nontarget organisms.- Anaual Review of Ento-
mrafogy, 50 271-292,

Ramipez-RoMErG R, BERNAL 1 S, CHAUFALX L, KA1sER L.,
2007 .- Impact assessment of Br-maize on a math parasitoid,
Coresia marginiventris { Hymenoptera: Braconidae), via host
exposure to purified CrylAb protein or Se-plants.- Crop
FProrection, 26 (T): 953-962.

RomErs 1, Messee M., Biorer F., 2006.- Transgenic crops
expressing Bacillus thuringiensis toxins and biological con-
tral.- Mefure Blorechnologe, 24: 63-71,

RoMELS J., SHELTON A. M., KENNEDY G, G, 2008.- fntegration
af insect-rexisiant genetically medified craps within 1PM
prragrams.- Springer, New York, USA.

SCHMITZ G, Bartscd D, PRETSCHER P., 2003 .- Selection of
relevant non-target herbivores for monitoring the environ-
mental effects of B¢ maize pollen.- Environmenial Biosafety
Research, 2 (2): 117-132,

ScHuLEr T. H., Pornng R, P, J, DEnHOLs L, CLARK S, 1,
Crare A. L, STEwWART C. M., Porpy G. M., 2003.- Tritrophic
choice experiments with 81 plants, the diamondback moth
(Pfutella xylostelfa) and the parasitoid Coresia plureliae-
Transgenic Research, 12 (33 351-361.

ScHULER T. H.. DENHOLM 1., CLARK 8. I, STEWART C. N,
Popey G M., 2004 - Effects of B plants on the development
and survival of the parasitoid Cotesia plutellae (Hymenop-
tera: Braconidae) in susceptible and He-resistant larvae of the
diamondback moth, Phefella avlosredla (Lepidoptera: Plutel-
lidae).- Jouwrnal of fnxect Physiology, 30 (5): 435-443.

SHELTON A, M., Narasio 5. E.. RomEers I, HELLMicH R L.,
WoLT X D, FEDERICI B. A, ALBAJES R, BIGLER F.. BURGESS
E. P. L, DiverLy G, P., GATEHOUSE A, M. R, MaLone L. A,
RousH B, SEaks M., SEdNaL Fo, 2009.- Setting the record
straight: a rebuttal 1o an erroneous analysis on transgenic in-
secticidal crops and natural enemics.- Transgenic Research,
1B{3) 317-322.

SPARKS A N, 1986.- Fall armyworm (Lepidoptera, Noctii-
dae) - potential for arcawide management.- Floride  Enfo-
medogivg, 69 GO3-014.

VIEIRA G. F., BUENO V. H., Auap A. M., 1997.. Resposta
funcional de Scwmnws  (Pullus)  orgentinicus  (Weise)
(Coleoptera: Coccinellidae) a diferentes densidades do
pulgio verde Schizaphis graminem (Rond.) (Homoptera:
Aphididae).- Amais de Sociedade Emomoligica Brasileira,
26: 495-502.

Wivan Lo, TorrEs ), VEiGa AL 5, L., 2003.- Development and
reproduction of a predatory stinkbug, Podisey migrispings in
relation to two different preyv tvpes and environmental con-
ditions.- Bicconirol, 48 (2} 155-168,

VouTecH E., MEISSLE M., Popry G. M., 2005.- Effects of B¢
maize on the herbivore Spodoprera {fiftoralis (Lepidoptera:
Moctuidae) and the parasitoid Cotesia marginiveniris (Hy-
menoptera; Braconidac).- Transgenic Research, 14 (2 133-
144,

Zavuncio T, V., Zanuncio ) C., SAAvEDRA ), L. D, LopPES E.
., 1994.- Desenvolvimento de Pocisis migrispines (Dallas)
{Heteroptera: Pentatomidae) com Zophabas confusa Gebien
{Coleoptera: Tenebrionidae) comparado a duas outras presas
alternativas.- Revista Brasileira de Zoologia, 137 159-164.

Authors’ addresses: Natilia ALves LEITE (cormesponding
author: alvesnati@gmail.com), Eliseu José GUEDES PEREIRA,
Depariment of Entomology, Federal University of Vigosa,
Vigosa, Zip code: 36570-000, Brazil: Simone MARTINS
MErDES (commespondig author: simone. mendesi@embrapa.br),
Christiane ALMEIDA DOS SANTOS, Ecotoxicology and Insects
Management laboratory, Maize and Sorghum Brazilian Com-
pany (EMBRAFPA Milho e Sorgo), Sete Lageas. Highway MG
424, km 435, Zip code: 35.701-970, Brazil.

Received June 9, 2014, Accepted September 22, 2014,

271



DOCUMENT SUPPLY

Boston Spa, Wetherby
West Yorkshire LS23 7BO
www. bl uk

I:
g
g s
(s o

III-!:

Please note the following:

This is the best copy available

This article has a very tight binding

Some pages within the original article are
advertisements and have therefore not
been sent

Advertisement pages: ...................

Some pages within the original are blank
and have therefore not been sent

Blank pages: .............

The article you require is on different pages
to those that you quoted

----------------------------------------------------------

AEB-11 Version 2 | D414



