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Who wants GMOs? T

PER LE HUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Biotech crops reached 160 million hectares, up 12 million hectares on 8% growth, from 2010,
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Non-target Organisms

It Is a practical concept which has no relationships

with ecological roles

“all living organisms, that are not meant to
be affected by newly expressed
compounds in GMPs, and that can be

potentially exposed, direct
to the GM plant and/or its
agro-ecosystem where GM

y or indirectly,
oroducts In the

Ps will be

released or In adjacent habitats”.

Arpaia, 2010 (Coll. Biosaf. Rev.)



Possible exposure mechanisms for

NTOs and consegquences

Channel | Mechanism |Non-target Ecosystem
group Functions
AIR Pollen flow, -Sexually compatible | Pollination
seed dispersal |Plants; _ _ Food turnover
P -Herbivores ingesting | (impacts on
pollen; biodiversity)
-Spermophagous
species
Trophic chain -Primary consumers Pollination
ffect (herbivores); Food turnover
etrects - Higher order (impacts on
consumers biodiversity)
(carnivores) including
mammals, birds, etc.
SOIL Horizontal Microorganisms, Food turnover
Gene Transfer. | Mes0- and macro- (Impacts on
| fauna biodiversity)
Release of
plant products

Arpaia, 2010 (Coll. Biosaf. Rev.)



Agricultural Effects of GM Plants g e

e Gene escape /invasiveness

e Undesirable effects on non-target
organisms: damage to the
“ecosystem services”
(Daily,1997):

Directly, or through changes In
agricultural practices



Ecosystem Services

Ecosystems provide “services” that:

- moderate weather extremes and their impacts

- disperse seeds

- mitigate drought and floods

- protect people from the sun’s harmful ultraviolet rays

- protect stream and river channels and coastal shores from
erosion

detoxify and decompose wastes
contribute to climate stability

purify the air and water

regulate disease carrying organisms




... and these services are
commonly associated to
particular guilds of
organisms

Over 100,000 different
animal species - including
bats, bees, flies, moths,
beetles, birds, and
butterflies - provide free
pollination services.




Biodiversity

Ecosystem diversity
Species diversity
Genetic diversity
Functional diversity

We assume thatia change in biodiversity
may trigger a change,in the functioning
of theragro-ecosystem



Selection of “focal species”

Functional groups
Herbivores
Predators
Parasitoids
v Pollinators, pollen feeders
v Decomposers
v  Species of conservation/cultural concern

N XN X




Selection of “focal species” —

PER LE HUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

GM Plant/
New trait(s)/
Receiving environment(s)/
Intended uses

Step 1
Identification of functional groups being exposed
to the GM plant

v
[ Functional groups ]

2

Step 2

Categorization of NTO species from identified
functional groups

<O0rQ0o0m

[ Potential species ]
P

¥
Step 3
Ranking species based on the ecological criteria

l

Relevant species ]

Step 4
Final selection of focal species

v
Focal species

!

Test methods

EFSA GD, 2010
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Crylf-expressing maize

 Danaus plexippus originally chosen as a surrogate
species, its LC50 =>24750

e Using the Perry et al. model for European species,
local and global estimated mortality increase
monotonically with the five levels of species
sensitivity studied

« The EFSA GMO Panel concludes that there is a risk
to certain highly sensitive non-target lepidopteran
species where high proportions of their populations
are exposed over successive years to high levels of
maize 1507 pollen deposited on their host-plants
and recommends that mitigation measures are
adopted to reduce exposure In such situations



Possible Exposure of Natural |
Enemies to Transgenic Proteins I

E LO SVILUPPO ECONOMICO SOSTENIBILE
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What are the stressorS?

« The newly expressed protein(s) and
their metabolite(s)

« The GM plant




Strategies for ERA of GM plants

HAZIOHALE

AGENTIA
PER LE NUOVE TECHOLOGIE, LENERGLA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Legal basis:

the 6 steps are
described in Directive
2001/18/EC

Principles:
Systematic review
following the 6 steps but

the assessment of the

GM plant is done on a
case-by-case basis

EFSA GD, 2010

Feedback

v

Environmental Risk Assessment (ERA)

(1) Problem formulation (including hazard
identification)

(2) Hazard (3) Exposure
characterisation characterisation
[ |

v

(4) Risk characterisation

l

(5) Risk management strategies

v

(6) Overall risk evaluation and conclusions

v

Overall Risk Management, including
Post Market Environmental
Monitoring (PMEM)




The EFSA Approach to ERA

AGENTIA HAZIONALE
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

1. Introduction

2. Strategies for ERA of GM plants

2.1 Comparative safety assessment

EFSA GD, 2010

3. Specific areas of risk to be addressed

3.1 Persistence and invasiveness, including
plant-to-plant gene flow

\

3.2 Potential for plant to micro-organisms gene
transfer

3.3 Interaction of the GM plant with target
organisms

3.4 Interactions of the GM plant with non-target
organism

3.5 Impacts of the specific cultivation,
management and harvesting techniques

3.6 Effects on biogeocherl'nical processes

2.2 Objectives of different ERA steps

— 2.3. Cross-cutting considerations

2.2.1 Step 1: Problem formulation (incl.
hazard identification)

2.3.1. Choice of compafators

2.2.2 Step 2: Hazard characterisation

2.2.3 Step 3: Exposure characterisation

2.2.4 Step 4: Risk characterisation

3.7 Effects on human and animal health

2.2.5 Step 5: Risk management strategies

3.8 Overall risk evaluation and conclusions

2.2.6 Step 6: Overall risk evaluation and
conclusions

4. PMEM plan

2.3.2 Receiving environment(s)

|
2.3.3. General statisticil principles

2.3.4 Long term effects (includingtechniques
for their assessment)
I
2.3.5 GM plants containing stacked
transformation events

References

Appendices

A. Background information for geographical
zones in the receiving environment(s)

B. Considerations for long-term effects
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Lack of knowledge and further
progress

» Limited number of species studied (while it
has improved In the last few years) and
their geographic distributions;

» Limited choice of assessment endpoints
(mostly detection of acute toxic effects,
development, growth, fecundity, fertility
should be addressed);

» Need for properly designed experiment
with the sufficient power to detect adverse
effects

» Addressing long term effects (Monitoring,
Modelling)



1

rinciples
—

* Selection of specific receiving environment
trying to encompass the largest possible variability
of environmental conditions;

Selection of “focal” species and/or ecological
functions as potential bioindicators of
environmental effects according to crop-trait-
environment and agricultural practices in the
selected areas;

Planning experimental designs according to a
prospective power analysis and to the
experimental designs advised in the EFSA
Guidelines.

- _l WWWw.amigaproject.eu




A network of laboratories able to
perform small and medium scale
studies of environmental impacts of
GMPs based on commonly established

and verified ERA protocols

www.amigaproject.eu




Non-target herbivores outside
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PROCEEDINGS THE ROYAL BIOLOGICAL
—OF—— SOCIETY SCIENCES

A mathematical model of exposure of non-target Lepidoptera
to Bi-maize pollen expressing Cry1Ab within Europe

J.N. Perry, Y. Devos, 5. Arpaia, D. Bartsch, A. Gathmann, R. 5. Hails, J. Kiss, K. Lheureux, B.
Manachini, 5. Mestdagh, G. Neemann, F. Oriego, J. Schiemann and J. B. Sweet

Froc. R. Soc. B 2010 277, 1417-1425 first published online 6 January 2010
do

Journal of Applied Ecology

Jouwmal of Applied Ecology 2012, 49, 29-37 doi: 10.1111/].1365-2664.201 1.02083.x

Estimating the effects of Cry1F Bt-maize pollen on
non-target Lepidoptera using a mathematical model of
exposure

PROCEEDINGS THE ROYAL >
OF SOCIETY

BIOLOGICAL
SCIENCES

The usefulness of a mathematical model of exposure for
environmental risk assessment

J.N.Perry, Y. Devos, S. Arpaia, D. Bartsch, A. Gathmann, R. 5. Hails, J. Kiss, K. Lheureux, B.
Manachini, 5. Mestdagh, G. Neemann, F. Ortego, J. Schiemann and J. B. Sweet

Proc. R. Soc. B 2011 278, 982-984 first published online 5 January 2011
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SCI 174050024

Life+ 2008 — Project MAN-GMP-ITA



Papilionidae
Papilio machaon Linnaeus

Grammodes stolida (Fabricius)
Eutelia adulatrix (Hibner)

Ophiusa tirhaca (Cramer) | Lycaenidae
Geometridae .- Lycaena phlaeas (Linnaeus)
Ascotis selenaria ([Denis & Schiffermuller Arctiidae ~Polyommatus thersites (Cantener)

Coscinia striata (Linneus) | Polyommatus icarus (Rottemburg

Nymphalidae <3
Coenonympha pamphilus (Linnaeus}@._
Lasiommata megera (Linneus) :
Maniola jurtina (Linneus)
Pararge aegeria (Linneus)
Vanessa atalanta (Linneus)
Vanessa cardui (Linneus)

; Anthocharis cardamines (Linnaeus)
Colias croceus (Geoffroy)
Gonepteryx cleopatra (Linnaeus)
Gonepteryx rhamni (Linnaeus)
Pieris brassicae (Linneus)
Pieris napi (Linnaeus)
Pieris rapae (Linnaeus)
Lasiocampidae Pontia daplidice (Linnaeus)
Lasiocampa (Lasiocampa) quercus (Linnaeus) Pontia edusa (Fabricius)
Life+ 2008 — Project MAN-GMP-1TA



Database of Lepidoptera

Immissione Dati

MENU

SiC
- ][ ‘Fooe Bradano ‘
Ambienti
. Ambiente |Macchia mediterranea I+
Osservatori Area Umida sito 2 &

Bosco misto

Metodi di Campionamento Osservat

Metodo di campioname uivets

Date di Campionamento Zona umida

Data di raccolfa [§ agosto 2071 \

Specie Campionate

e Riepilogo Specie ‘Lasiommata megera ‘
Filtro Inserisci Dati Note | \
: i i Load Delete
Grafico Analizza Dati Cane
sic [~ Ambiente [~ Osservatore F‘ Metodo di campionamento!? Data di raccolta [~ Specie [~] Note [~]

Foce Bradano Area agricola Ordinamento crescente 25 agosto 2011 Chilocorus sp.
Crdinamento decrescenta

Foce Bradano Duna Hippodamia variegata

11 maggio 2011

(Tutto)

Foce Bradano Area agricola 24 maggio 2011 Propylaea 14-punctata

Foce Bradano Zona umida Salvatore Sanji N 10 marzo 2011 Coccinella septempunctata
: Frappage ; ; !
Foce Bradano Pineta seri e Sty 5 luglio 2011 Chilocorus sp. Lentisco
Foce Bradano Duna Salvatore Sanf Retino al volo 10 marzo 2011 Coccinella septempunctata Ginepro
Sfalcio
Foce Bradano Pineta Trappola luminosa 29 settembre 2011 Coccinella septempunctata Lentisco

Foce Bradano
Foce Bradano

Foce Bradano

Area agricola
Duna

Zonha umida

ShArp

Salvatore Santorsola

Osservazione diretta
Sfalcio

Osservazione diretta

29 settembre 2011
7 settembre 2011

8 agosto 2011

Coccinella septempunctata
Coccinella septempunctata

Coccinella septempunctata




Anthocharis cardamines

mar
mar

apr
giu
giu
lug
lug
ago
set

2010

e
w0

| apr

—

S| mag
>| ago

[e)]
—,
-

mar
mar

apr

2011

—
S
©
2

Lasiommata megera

AREA AGRICOLA

2010

mar
mar
apr
mag
lug
ago

—
w
e
w

24 07 21 05 19

[y
()]

2011

mar
mar
mag

o)
w
=]

24 07 21 05 19 02

|

Gonepleryx rhamni

|- | . o
- g g == =
& 15 29 07 21 05 16
- z =4 5
& 05 16

AREA AGRICOLA

AREA AGRICOLA




Evaluation of possible exposure

GM GM
Canola Maize

Marzo Aprile Maggio Giugno Luglio Agosto Settembre
1 10 20 1 |1D |20 1 |1D |20 1 |1D \20 1 1 \m \20

Anthocharis cardamines
Arctia willica
Coenonyrmpha pamphilus
Caolias crocea
Coscinia striata
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Fieris rapae
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Fontia daplidice
YWanessa cardui




Support to Risk Assessment

. . Stadio |Evento di mais [Tossina]
Specie saggiata CLs, i Fonte
larvale Bt nel polline
Pieris rapae 549 Il eta Mais Bt176 3,7 ng/mgdip.s.* (Felke et al., 2002)
Pieris brassicae | 1.962 Il eta Mais Bt176 3,7 ng/mgdip.s.* (Felke et al., 2002)
Vanessa cardui | 8.565 | eta Mais 1507 32 ng/mgdip.s. (EFSA, 2011)
o marzo ‘ aprile ‘ maggio \ giugno \ luglio ‘ agosto ‘ settembre GeoieTeranaia
§ 01 15 29 12 26 10 24 07 21 05 19 02 16 30 13 27
AREA AGRICOLA
- marzo \ aprile \ maggio \ giugno \ luglio \ agosto \ settembre
§ 01 15 29 12 26 10 24 07 21 05 19 02 16 30 13 27
PINETA
Data di inzio (gg-mm-aa) 1 01/03/2010 —
vl 01/03/2011 ZONA UMIDA
, — sz Lo MACCHIA MEDITERRANEA
Scansione temporale (giorni) 14 DUNA
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