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1. INTRODUCTION AND AREAS
CONTENT OF THE PROJECT
In 2008 the Community program LIFE + gave the opportunity to present projects to develop and deepen the
theme of the environmental risk assessment of Genetically Modified Organisms (GMOs), through the development of specific environmental monitoring systems. At that time Italy was outlining a legislative framework
which suggested the need to define the rules of coexistence to fulfill its obligations under Community law and
comply with the national legislation in force (Law n.5/2005). In this regulatory framework, the Tuscany Region
promoted the idea of developing a LIFE + project on the theme of the monitoring of GMOs, to try to fill the gap
related to the lack of standardized tools to carry out environmental monitoring of GMOs and, at the same time,
respond to the need to protect its territory from risks determined by transgenic crops.
The DEMETRA project contributes to building a shared basis at Community level for the monitoring of GMOs
into the environment, whether they are directly cultivated for commercial purposes, whether they are used in a
given place for research purposes.
The main objective of the Project was the creation of an innovative instrument to rapidly address monitoring
efforts that Public Bodies should implement in their territories when transgenic crops are cropped. Particularly
on when, where and how the data collection should be switched on.
Fig. 1 - Map of the project study area. 1. Wetland area of Massaciuccoli Lake; 2. Natural poplar forests and non
cultivated areas 3. Mixed and pine forests, wetlands, cropped area.
PROJECT OBJECTIVES
The main objective of the DEMETRA project is
to define an innovative method to assess the
environmental risk caused by the presence of
genetically modified crops and to define a synthetic index of monitoring, the Quick Monitor
Index (QMI) that highlights the areas and indicators that might be taken into consideration
for monitoring actions.
The activities of the project have not involved
the use of transgenic organisms, because the
methodology adopted is based on detailed
analysis of ecosystems and environmental
resources on which is grafted the study of a
matrix of risk related to transgenic plants (existing at international level and potentially used
in the studied area), derived from bibliographic data and ecological/biological data derived
from the project.
The project foresees the following overall actions:
• Collecting, analysing and selecting already
known parameters linked to weather local
conditions, soil functionality, trophic chains,
landscape uses, biodiversity and biodiversity loss to generate a model, which are the
basis for the generation of the quick monitoring index.
• Assessing the suitability of data collected
with the most relevant monitoring programs
and selecting the most relevant ones.
• Developing the index so to express the potential perturbation that transgenic crops could
pose to a certain ecosystem or biotope.
• Identifying and creating specific study sites
to generate simulations of the application
of the QMI.
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• Creating a GIS platform to run the modeling system.
• Developing guidelines and best practices to apply monitoring schemes in high risk areas.
To do this forest, wetland and agricultural areas were selected. In each study area the following data were assessed:
a) meteorological conditions (rainfall, air temperature and humidity, wind speed and direction, diffused and
global radiation, sunshine duration). To this aim three weather stations were placed;
b) biodiversity through the quantification of microbial, plant and animal species and through the study of trophic
webs using stable isotope analysis (13C and 15N);
c) pollen flows of the study cropped species (maize, sunflower, oilseed rape and poplar) with pollen samples
collected by pollinators and by pollen traps, and consequent laboratory analysis by molecular markers.
PROJECT AREAS
Fieldworks were carried out in the Regional Park of Migliarino – San Rossore – Massaciuccoli, in the province
of Pisa (central Italy). The protected area is characterized by a wide diversity of natural ecosystems and a high
presence of lands suitable for agriculture. The project focused on three study areas characterized by different
ecosystems. In each study area several types of analysis were performed.
Fig. 2 - Study Area 1 (Massaciuccoli Lake).

STUDY AREA 1 (MASSACIUCCOLI LAKE)
The “Lago e Padule di Massaciuccoli” (Cod. Natura2000 IT5120021) covers a total area of 1,908.01 ha, and it
is a “Site of Community Importance” (SCI) according to the directive 92/43/CEE. Additionally, the SCI overlaps
the “Site of Regional Importance” (SIR) according to the Regional Law L.R. 56/2000.
This site is entirely included in the Regional Park of Migliarino – San Rossore – Massaciuccoli and in the contiguous area (Fig. 1). A protected area managed by LIPU (Italian League for Protection of Birds) is inside the site
here considered.
The land of the project area is designed to agriculture and it falls in a private property.
Lake of fresh water surrounded by elophytic formations (reeds and spp. Cladium), bogs and upland vegetation
(Fig. 2). The area is also characterized by upland forests. It is characterized by numerous threatened species,
according to national and regional red lists, such as Cladium mariscus and other rare species, such as Periploca
graeca (one of the few Italian stations) and Drosera rotundifolia, a very rare upland species in the bog.
Massaciuccoli Lake and its surrounding marsh area is one of the most important wetland habitats in Italy. It is
characterized by a large lake slightly deep, on average less than two meters, with obvious problems of eutrophization and wide marsh areas, particularly in northern part of the site.
Habitats of community interest (according to the Annex I Dir. 92/43) are: 3140 – “Hard oligo-mesotrophic waters with benthic vegetation of Chara spp.”, 7150 – “Depressions on peat substrates of the Rhynchosporion”
and the priority habitat 7210 – “Calcareous fens with Cladium mariscus and species of the Caricion davallianae”. Among the plant species, Marsilea quadrifolia is included in the Annex II of the Dir 92/43.
The animal species are much more numerous. In addition, it is an important site for migratory and wintering
species of birds. Among the breeding species of greatest importance is certainly the bittern (Botaurus stellaris),
for which the lake is the most important nesting area at national level; then, we underline the presence of Ixobrychus minutus, Ardea purpurea, Himantopus himantopus, Circus aeroginosus and Acrocephalus melanopogon.
All these species are related mainly to the marsh areas and in particular reeds.
The Amphibian Triturus carnifex, an italian endemism, and the Reptile Emys orbicularis are species of Community
interest, named in Annex. II of Dir. 92/43/CEE
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STUDY AREA 2 (SERCHIO RIVER) AND STUDY AREA 3 (ARNO RIVER)
These study areas fall within the SCI/SIR/SPA “Selva Pisana” (Cod. Natura2000 IT5170002) with a total area
of 9,658.34 ha.
This site is entirely included in the Regional Park of Migliarino – San Rossore – Massaciuccoli (Fig. 1).
The land of the project area falls in the public property of the Region of Tuscany and it is managed by the Regional Park of Migliarino – San Rossore – Massaciuccoli (Fig. 3).
It is a sandy coast, mostly in regression, characterized by the typical sequence of plant formations of sand heaths
(Cakile maritima community, Elymus farctus community, Ammophyila littoralis community, Helichrysum stoechascommunity and Juniperus oxycedrus ssp. macrocarpa community). In the inland, the area is characterized by an
internal system of fossil dunes and interdunes with alternance of pine forests with Pinus pinaster or Pinus pinea,
high bush, freshwater and brackish wetlands, wet forests with ash and alder. The inland wetlands and salt marshes are characterized by a mosaic of halophilous shrub communities and helophytic plant formations, such as
Phragmites australis communities and Carex sp.pl. communities, and other wet meadows flooded in winter.
Dunal ecosystems and humid retrodunal areas host habitats and species of flora and fauna with high conservatory interest.
One of the 2-3 best examples of dunal habitat in Tuscany, slightly influenced by man, is included in the considered area. Dunal habitat of this area represent one of the best ones along the Tyrrhenian coast and, together
with the neighbouring site “Coastal Dune of Torre del Lago”, the only one in a good state of conservation in the
northern Tuscany.
These considerations are related to habitats of UE interest (according to the 92/43 EEC Directive), 1210 –
“Annual vegetation of drift lines” (Cakile maritima comm.); 2110 – “Embryonic shifting dunes” (Elymus farctus
comm.); 2120 – “Shifting dunes along the shoreline with Ammophila arenaria” (white dunes; Ammophila arenaria comm.); 2130 – “Fixed coastal dunes with herbaceous vegetation (grey dunes)” (Helichrysum stoechas
comm., priority habitat); 2250 – “Coastal dunes with Juniperus spp..” (priority habitat).
Other habitat types of UE interest are: 91E0 – “Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion albae)”; 91F0 – “Riparian mixed forests of Quercus robur, Ulmus laevis and
Ulmus minor, Fraxinus excelsior or Fraxinus angustifolia, along the great rivers (Ulmenion minoris)”; 92A0 – “Salix
alba and Populus alba galleries”; 9340 – “Quercus ilex and Quercus rotundifolia forests”; 2270 – “Wooded
dunes with Pinus pinea and/or Pinus pinaster”. As far as wetlands and wet meadows: 1150 – “Coastal lagoons”; 1410 – “Mediterranean salt meadows (Juncetalia maritimi); 1420 – “Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornietea fruticosi); 1510 - Mediterranean salt steppes (Limonietalia); 6420
– “Mediterranean tall humid herb grasslands of theMolinio-Holoschoenion”.
The wetlands included in the area here considered, are interesting at National and sometimes at International
level, for the wintering of waterfowl and for the rest during migration along the Tyrrhenian coast route.
Dunal and retrodunal habitat host rare species of plants, such as Solidago virgaurea L. spp. litoralis (Savi)Burnat
(an endemism of versiliese-pisano sandy coast), Stachys recta L. var. psammofila Fiori (endemism of the Tyrrhenian coast), Periploca graeca L. (one of the few Italian stations).
Several nesting populations of UE interest species (in particular Burhinus oedicnemus).
Reproductive populations of Rhinolophus ferrumequinum and Myotis emarginatus, species inserted in the Annex
II of 92/43 EEC Directive, live in the considered area. Rhinolophus ferrumequinum’ s colony is the only one
known in Tuscany and the biggest in Italy; some individuals of this colony winter in a building inside the site.
CROPPED AREA
Different varieties of maize, sunflower and oilseed rape were cropped in the Area “Culatta” (Area 3). Cultivations
were repeated for three consequent years so as to obtain information on:
• pollen dispersal of the different species,
• the biodiversity in association to the crops;
• the trophic pathways at ecosystem level.
•
Fig. 3 - Study Area 2 (naturally-originated mixed forest), Study Area 3 (wood pine and Lame), Study Area 3
(mixed forest and cultivated area).
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2. POLLEN FLOW AND BREEDING EVALUATION
POLLEN FLOW
To study the pollen dispersion by wind of the cultivated species (maize, sunflower, oilseed rape, poplar) pollen
traps were installed in strategic positions around marked crops and the poplar plantation (Fig. 4). The trend
of pollen concentration in relation to distances in meter was determined. In each cultivation, maize pollen was
found at a distance of 160 m, oilseed rape at 34 m, sunflower at 19 m, and poplar at 540 m. Focusing on the
concentration of pollen we found that poplar pollen concentration remained constant to 540 m; oilseed rape
pollen decreased after 5 m then it was constant and then decreased again at 30 m; maize pollen tends to zero
at different distances, after 300 m it is not found.
To study the pollen flow by insect pollinator:
- eight bee hives were installed at different distances (1 km, 2 km, and 3 km) from the experimental field of
sunflower to study pollen flow by Apis mellifera (Fig 5).
- forty insect traps were installed around the field of maize and sunflower at increased distance from the border of the cultivations up to a distance of 3 km to study pollen flow by pollinator Hymenoptera (Fig. 5).
BREEDING
The evaluation of the possibility of hybridization between cultivated varieties and wild relatives present in the
study permanent areas, focused on two species: the oilseed rape and poplar.
1. Breeding evaluation in poplar
In the protected area of Regional Park of Migliarino – San Rossore – Massaciuccoli two study permanent Areas
1 and 2 are detected, 8 Km away, and they are placed in different ecosystems.
The Study Area 1 is a wetland habitat, where single trees and small groups of poplar are scattered along the
shores of the Massaciuccoli Lake. The Study Area 2 is a naturally-originated mixed forest, in proximity of Serchio
river, where the prevailing tree species are poplar, Fraxinus angustifolia and Alnus glutinosa, the latter in the
lower strata. The poplars in the Study Area 2 are morphologically classified as belonging to the Populus alba
(white poplar) species and hybrid P. x canescens (gray poplar). In the study plot 6 trees belonging to gray poplar
including 5 females and 1 male, and 23 males and 1 female trees of white poplar are present (Fig. 6).
We inferred spatial population genetic structure using molecular markers. The results show that the population
is divided into four subpopulations. The subpopulations are genetically isolated, but each subpopulation does
not seem to be composed of trees related to each other. In the Study Area 1 in addition to the two poplar
species, P. alba and P. x canescens, present in the Study Area 2, trees attributable to the P. nigra (black poplar)
morphology were identified (Fig. 6).
The individuals for this species show the higher levels of genetic diversity among all three species. The spatial
genetic structure population presents a division into three subpopulations. In this case, only the subpopulation,
comprising the P. nigra tree species, is genetically isolated from the others. In contrast, gene flow is evident
between the two subpopulations consisting of P. alba and P. x canescens trees. The different subpopulations are
constituted by unrelated individuals.
Both the Study Areas are adjacent to poplar plantations. In particular, the Study Area 2 is adjacent to “Triplo”
and to “Onda” multiclonal plantations. The “Triplo” is a hybrid of Populus deltoides (mother) and P. nigra (father),
hybrid defined as P. x euramericana. While “Onda” is a P. deltoides selection. The Study Area 1 is adjacent to
poplar multiclonal plantation, a P. deltoides selection.
After analyzing the phenology, in particular, after confirming the correspondence of pollen production period
by the plantations and the ovary receptivity period of female trees present in natural populations, seeds were
collected from the mother plants. On seedlings obtained from germinated seeds, using molecular markers, an
analysis of paternity was performed. In Study Area 1, the crossings of PM 11 (gray poplar), PM 20 and PM 23
(white poplar) mother trees were identified (Fig. 7).
The crossings involved male individuals belonging to both species, but, as expected, hybrids with black poplar
were not detected. In Study Area 2, the crossings of P 1, P 2 and P 6 mother trees belonging to the gray poplar
with individuals of white poplar was identified. Only the P 2 mother tree produced offsprings with the P 10 male
tree of the same species. The P 5 mother tree, P. alba, produced offsprings only with individuals of its own
species (Fig. 7).
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The P 3 mother tree, gray poplar, produced offsprings with individuals of P. alba species. But unexpectedly, the
hybridization occurred between this tree and “Triplo” plantation (Fig. 8).
The analysis of forest structural data showed, that P 3 is a large tree which has not barriers due to competition with other crowns to the pollen flow from the plantation. Furthermore, the analysis of the wind speed and
direction indicated that, during the pollen diffusion and receptivity of the ovary, the direction east-northeast to
west-southwest of the wind favoured pollen dispersion from F1.1 (“Triplo”) to the P3 tree (Fig. 8).
2. Breeding evaluation in oilseed rape
Some wild plant species belonging to Brassicaceae family have been selected in the protected areas of Regional Park of Migliarino – San Rossore – Massaciuccoli, to evaluate possible hybridization to oilseed rape. Sinapis
arvensis L. (Fig. 9), field mustard, was consider as one possible candidate to hybridize with Brassica napus L.
var. oleifera Del. (oilseed rape). In order to verify if hybridization occurs in the field, a sampling of field mustard
(potential mothers) and oilseed rape (potential fathers) plants was performed. Twenty-five plants of field mustard were randomly chosen as mothers (Fig. 9).
All potential fathers of oilseed rape within 3 m radius away from field mustard (mother) were sampled. About
100 seeds per mother were collected and posed to germinate. Laboratory tests performed using molecular
markers identify seedling products of hybridization.
Fig. 4 - Positioning of pollen traps for maize (A), for sunflower (B), for oilseed rape (C) in Culatta locality in 2012;
and for poplar in Massaciuccoli Lake in 2012. The red dots represent the pollen traps in (A), (B) and (C); the
yellow dots represent the pollen traps in (D).
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Fig. 5 - Positioning of bee hives (A) and insect traps (B) at increasing distances from the cropped area located
in Culatta.

Fig. 6 - Study Area 1 (Massaciuccoli Lake) and Study Area 2 (Serchio river). In yellow color are reported the
positions of gray poplar, in red color of white poplar and in green color of black poplar.

Fig. 7 - The crossing events identified in the Study Area 1 and 2.
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Fig. 8 - The crossing events of P 3 poplar.

Fig. 9 - Map of the oilseed rape cultivation (gray area). The black and yellow dots indicate the position of the
cv1 and cv2 individuals of oilseed rape, respectively. The red dots indicated the georeferenced mothers of
Sinapis arvensis.
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3. PLANT DIVERSITY (FLORISTIC AND VEGETATION ANALYSIS)
The analysis of plant biodiversity in the study areas has focused on floristic census, plant species phenology,
as well as on the identification of entities susceptible of breeding, individuation of plant communities and the
relationships with the main environmental features.
MATERIAL AND METHODS
The study area has been divided into study sites according to their main ecological characteristics. Within the
study sites permanent plots have been located: plots of 1000 square meters and, where possible, sub plots of
100 and 10 square meters, according to Dengler (2009) to assess plant diversity patterns of individual plots
of interest, along environmental gradients, within specific vegetation types, or for landscape sectors. The study
areas are the following: Wood with poplar, Mixed wood, Pinewood, “Serchio” fallows, “Culatta” fallows, “Lame”
wet meadows and Massaciuccoli Lake wetlands.
The floristic sampling began in March and ended in November, in order to allow the recording of all the species
and their different phenological stages. The information was then collected in a database containing for each
species: botanical family, life form (Raunkiaer, 1934), the main chorological group (Pignatti, 1982) and bio-ecological index (Pignatti et al., 1996). The nomenclature of the species followed Conti et al. (2005, 2007).
For each environment have been then produced: botanical families spectra; biological and chorological spectra;
ecograms (radar-diagrams, Pignatti et al., 1996) with the use of bio-ecological indices (Ellenberg, 1974; Pignatti, 1980). These are a valid system for correlating some environmental conditions with the presence of plant
species or plant communities in a given study site, providing a range of information on the ecological features
characterizing the area (Ellenberg, 1974; Pignatti, 1980).
The vegetation analysis was carried out following the phytosociological method of the Zurich-Montpellier school
(Braun-Blanquet, 1964). The phytosociological relevés were performed within plots and sub-plots previously
selected, in the period from March to October 2010, and mapped with GPS. The size of the plot varies from a
maximum of 1000 square meters to 10 square meters, depending on the microtopography and the type of vegetation. The data were arranged in different matrices (woody vegetation, hygrophylous herbaceous vegetation,
and fallows nitrophilous community) and processed using the similarity analysis of the statistical software SYNTAX 2000 (Podani 2001). Original Braun-Blanquet sampling scale has been transformed into the ordinal scale
according to Van der Maarel (1979). A hierarchic classification method (UPGMA) was performed. Dissimilarity of
the relevés was measured using the Euclidean distance. The ordination of the data-sets was performed using
the PC-ORD 4.34 software. In the ordination analyses the Non metric Multidimensional Scaling (NMS) has been
ran, based on the Euclidean distance.
In order to identify among species susceptible to potential breeding, a pool of target species belonging to the
family Brassicaceae (in particular those in the study area “Culatta”) has been selected and their phenology has
been constantly checked, according to BBCH protocols (BiologischeBundesanstalt, Bundessortenamt, Chemische Industrie) (Schwartz, 2003).
FLORISTIC ANALYSIS
In the whole area 307 plant taxa have been recorded, divided into 57 families. Predominant are Poaceae
(17,6%), Asteraceae (12%) and Cyperaceae (8,5%).
In the biological spectrum hemicryptophytes (H) are the most prevalent life form with 44.4% (Fig. 10). Chorological spectrum shows a clear predominance of cosmopolite types (24%). As far as the bio-ecological indices, Light
radiation (L) has high values in wetlands and uncultivated meadows, and low values in mixed wood and natural
poplars wood. Pinewood, with higher L and T values, is characterized by presence of thermophilous species.
Soil moisture (U) confirms the high prevalence of taxa that require wet soils (poplar wood, Lame, lake); the pinewood area is characterized by species that tolerate dry periods on very oligotrophic permeable soils. The high
values of availability of nutrients (N) points out the presence of species with optimal growth on humified soil.
These values are slightly higher in the following environments: Culatta, poplars wood and Lake. In the case of
Massaciuccoli lake, the highest value of N is due to the special position of some plots, located on the boundary
between wetlands and cultivated areas (Fig. 11).
FLORISTIC ANALYSIS: RARE AND THREATENED SPECIES
The study areas are characterized by the presence of rare or endangered species as listed in the national and
regional Red Lists, CITES lists or Annex II of Directive 92/43/EEC. Many of them have been found in the Massaciuccoli Lake area and are threatened at the national level: Periploca graeca L. (Fig. X) and Hibiscus palustris
L. (Fig. X) [vulnerable (VU)]; Hydrocotyle vulgaris L. [endangered (EN)] and Anagallis tenella (L.) L. [critically endangered (CR)]. A contingent of species endangered on regional level has been noticed: Leucojum aestivum L.
subsp. aestivum (critically endangered - CR) and Cladium mariscus (L.) Pohl (low risk - LR), Euphorbia palustris
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L. (vulnerable - VU), Carex panicea L. (vulnerable - VU), Carex vesicaria L. (vulnerable - VU), Oenanthe lachenalii
Gmelin (vulnerable - VU) and Thelypteris palustris Schott (vulnerable - VU). In other environments, only a few
plant species have been recorded as endangered: Ranunculus flammula L., present only in the wet area of
“Lame”, and vulnerable (VU) throughout the national area; Carex panicea L., vulnerable (VU) at regional level,
which grows in the herbaceous layer of mixed wood; Ranunculus ophioglossifolius Vill. vulnerable (VU) at national level and found both in the area of “Lame” that in mixed wood.
FLORISTIC ANALYSIS: PHENOLOGY AND POTENTIAL BREEDING
A group of species of Brassicaceae family, found in “Culatta” area, has been observed for the recording of their
phenological phases, starting from March 2010 and for the entire growing season, according to the BBCH protocols. The species are the following: Sinapis arvensis L., Capsella bursa-pastoris (L.) Medicus, Cardamine hirsuta L.,
Cardamine pratensis L. and Alliaria petiolata (Bieb.) Cavara et Grande. In particular, Sinapis arvensis and Capsella
bursa-pastoris belong to uncultivated lands, Cardamine pratensis and Alliaria petiolata, both mesic, grow in the
mixed wood, while Cardamine hirsuta has been found in both environments. Table 1 shows the main phenological
stages and uses a simplified symbology to clarify the interpretation of data. Sinapis arvensis was the best candidate species for the study on the potential breeding with cultivated oilseed rape (Brassica napus L. var. oleifera
DC), thanks to its more or less simultaneously (and long) flowering period and also for the marked IHP (introgressive hybridization propensity; Devos et al., 2009) and the high SC (sexual compatibily; Letorneau et al., 2003).
VEGETATION ANALYSIS: PLANT COMMUNITIES
Massaciuccoli lake study area is characterized by helophyte communities: Phragmites australis (Cav.) Trin. and
Cladium mariscus (L.) Pohl.. Phragmites australis communities are very widespread and tend to replace the Cladium mariscus communities (priority habitat 7210 (Calcareous fens with Cladium mariscus and species of the
Caricion davallianae) according to Directive 92/43 EEC); marginal areas are characterized by Schoenoplectus
lacustris (L.) Palla communities. Mixed sub-nitrophilous herbaceous communities colonize the inland areas.
The wet meadows of the site “Lame” constitute a varied environment with an intricate mosaic of vegetation
types related to different flooding period, soil moisture and other edaphic factors. The analyzed vegetation types
can be referred to: Phragmito-Magnocaricetea Klika in Klika & Novák 1941 class and Magnocaricion elatae Koch
1926 alliance on permanently flooded soils; Molinio-Arrhenateretea Tüxen class and Menho-Juncion inflexi De
Foucault 1984 alliance on temporarily flooded soils while, on more xeric high areas, dominate the Holoschoenion alliance (class Molinio-Arrhenateretea). These vegetation types can been referred to the habitat 6420
(Mediterranean tall humid grasslands of the Molinio-Holoschoenion).
The “Serchio” site is characterized by fallow lands in contact with many other environments. Mesic to wet Molinio-Arrhenatheretea (Plantaginetalia majoris Tüxen & Preising in Tüxen 1950 order) plant communities have been found,
often form mosaic with lacustrine (Phragmito-Magnocaricetea) and sub-nitrophilous communities (Galio-Urticetea
Passarge ex Kopecký 1969 class) (Fig. 12 and 13). Markedly nitrophilous species of Artemisietea vulgaris Lohmeyer, Preising & Tüxen ex von Rochow 1951 class, growing on soils very rich in organic matter, have been recorded.
“Culatta” is a typical fallow environment characterized by the presence and dominance of species belonging
to Stellarietea mediae class Tuxen, Lohmeyer & Preising ex von Rochow, which comprises the annual grasses
communities composed of ruderal, nitrophilous and semi-nitrophilous species. Along the marginal ares, species
of Artemisietea vulgaris and Molinio-Arrhenateretea have been recorded.
As regards the woody vegetation, the mixed deciduous wood can be referred to the association Fraxino angustifoliae-Quercetum roboris Gellini, Pedrotti & Venanzoni 1986. Guide species is Quercus robur L.. The herbaceous
layer shows some variations depending on the soil conditions. The most frequent and prevalent (in coverage)
species are Carex remota L. and Brachypodium sylvaticum (Huds.) Beauv. Nevertheless, their distribution is
very uneven when comparing different plots. Carex remota tends to prevail in those plots subject to prolonged
flooding periods. In the most elevated stands with very short (or not) flooding and drained soils, Brachypodium
sylvaticum coverage reaches high values (70-90%), becoming physiognomically prevalent. The described hygrophilous mixed woods can been referred to the habitat 91F0 – “Riparian mixed forests of Quercus robur, Ulmus
laevis and Ulmus minor, Fraxinus excelsior or Fraxinus angustifolia, along the great rivers (Ulmenion minoris)”.
The wood with natural poplar is characterized by marked humid conditions, as evidenced by the high percentage
of species belonging to the Cyperaceae family (17.3%). According to the vegetation analysis, the natural wood
with poplar has to be referred to the association Carici remotae-Fraxinetum oxycarpae Pedrotti (1970) 1992. It is
a lowland forests and the tree component consists largely of Fraxinus oxycarpa Bieb. In this specific case, in the
plot P1, subject to prolonged periods of submersion, there is an important presence of Alnus glutinosa (L.) Gaertner. Populus alba L. has a significant presence in all the three plots. It can been referred to the habitat 91F0.
The pine wood located in the site “Colmate Bozzone”, is an artificial wood, that is a Pinus pinea L. plantation
which has replaced the primitive oak woods. Pine trees reach percentages of coverage of 70-80%. A well structure shrub layer has not developed. The presence of some shrubs, such as Asparagus acutifolius L. and Smilax
aspera L., implies a potential development of a sclerophyllous shrub layer. The herbaceous layer consists of
about 30 species.
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Fig. 10 - Distribution of the species collected in the study areas for life forms

Fig. 11 - Ecograms (Pignatti-Ellenberg) for the study sites: A) mixed wood; B) wood with poplar; C) pine wood;
D) fallows land “Culatta”; E) fallows land “Serchio”; F) wet meadows “Lame”; G) Massaciuccoli lake wetlands.

A

14

B

C

Tab. 1 - Phenology of Brassicaceae in the study area “Culatta”. “F” is fallow lands; “MW” is mixed wood.
Species

Family

Environment

March

Sinapis arvensis L.

April

May

June

Brassicaceae

F

☼

☼

☼●

Cardamine hirsuta L.

Brassicaceae

F/MW

☼

●

○

Capsella bursa-pastoris (L.)
Medicus

Brassicaceae

F

☼

●

○

Cardamine pratensis L.

Brassicaceae

MW

☼

●

○

Alliaria petiolata (Bieb. )Cavara
Brassicaceae
et Grande

MW

☼

●

☼●

July

☼●

August

September

●

○

○

☼ = full flowering
● = ripe fruits
○ = seed dispersion

Fig. 12 - “Culatta site”, Fallow land (in spring)

Fig. 13. “Culatta
site”, edges between cultivated
fields and woody
vegetation
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4. MACROINVERTEBRATE DIVERSITY
Within the Demetra Project the aim of the study was to evaluate species richness, abundance, and macroinvertebrate diversity in the different study sites and, in particular, on the inflorescences of sunflower, maize,
rapeseed crops and of wild poplar trees. For this reason standard sampling methods replicable both in space
and time were used. Another aim of the study was to investigate on the role of the experimental crops (possible
GMOs) within the food webs. The isotope signatures of carbon and nitrogen were determined for the macroinvertebrates associated to the inflorescences using stable isotope analysis. This technique permits the determination of the trophic levels of the different species and to appoint species to different trophic guilds.
The analysis of macroinvertebrate diversity was conducted in several sites within the three study areas of the Migliarino-San Rossore–Massaciuccoli Regional Park: Area 1, Zone of the Massaciuccoli Lake; Area 2, Serchio zone,
Ontanelli (Incolto S21 non cultivated field) and Fortino Nuovo (Woodland with wild poplar trees) localities; Area 3, Arno
zone, Culatta (Plot A6 and Mixed broadleave forest) and Colmate del Bozzone (Pinewood and Lame) localities.
To analyse the macroinvertebrate diversity of each study site a standard system of pitfall traps was used.
Samples were collected in spring and autumn seasons. During the spring/summer season to study the faunal
diversity associated to the flowers and to examine how the population changed through time the inflorescences
of sunflower, maize and rapeseed crops were collected during the blooming period. To this aim examine weekly
samplings were carried out so as to include the entire blooming period. At the end of the winter/ beginning of
the summer season the same type of analysis was carried out for male and female inflorescences of wild poplar
trees (Populus spp.). All specimens captured with these systems were then sorted to species level. When it was
not possible to identify the species the criteria of the morphologically recognisable taxonomic units was used.
To analyse trophic webs macroinvertebrates were collected both with pitfall traps and with active researches
on the inflorescences of the different crops. Carbon and nitrogen isotopic signatures were measured from the
gasses evolved from sample combustion in a Finnigan Delta S isotope ratio mass spectrometer. Isotopic values
are reported in the δ notation relative to the standards Vienna Pee Dee Belemnite for carbon and air for nitrogen
(δsample =[(Rsample/Rstandard) - 1] x 1000, R =13C/12C, or R = 15N/14N).
All collected data were included in an electronic database and then analysed statistically. Diversity indices (α
diversity index of Fisher, Pielou’s evenness index through Brillouin index, Simpson’s dominance index) of macroinvertebrates were calculated in the two seasons for the different localities and for the inflorescences of the experimental crops and poplar trees. For qualitative comparisons of macroinvertebrates of the different localities in the
different seasons and among inflorescences of different crops, Renkonen’s (1938) Similarity Index was computed.
A total of 443 species were collected in the different study sites on a total of 11782 specimens captured with
the standard system of traps. In this case the most represented taxa were the Arthropoda Hexapoda with 77.6
% of species of which the Coleoptera order had the highest species richness (n=145). However in the study
areas also the Hymenoptera and Diptera orders were important in species number presenting a total of 64 and
42 species respectively.
Comparing samples obtained in the different study sites (Table 2) the highest capture numbers were mainly
recorded during the period of spring and in the wet meadow (Le Lame). Contrarily the lowest captures occurred
in the experimental plots of sunflower and maize. Also considering species number the highest values were recorded during spring season with a total of 66 species at the Incolto S21 (non-cultivated field) site. In autumn
a decrease in both abundance and species richness was generally found in all study sites except for the site
with the experimental crops where the opposite occurred. In this season the highest value for species richness
was registered for the wetland area of Le Lame.
In the study sites the mean α diversity values were 13.95 and 11.41 respectively in spring and in autumn.
When the sites were considered individually in some cases α diversity indices was higher in spring when compared to autumn, in other cases the opposite occurred (Table 2a). The highest α diversity (31.75) was found in
spring at the Incolto S21 (non-cultivated field) site whereas the lowest α diversity value occurred in the Culatta
Locality Plot A6 in the potato field (4.93) in spring.
Analysing the macroinvertebrate samples collected on the inflorescences (Table 2b) the highest abundance and
species richness were registered for the fauna associated to the sunflower crops (respectively n=4397 and
n=109) whereas the lowest values were obtained for the inflorescences of male poplar trees of the Massaciuccoli Lake (respectively n=58 e n=13). The inflorescences of male poplar trees also showed the lowest α diversity
values especially at the Fortino Nuovo Locality (α=3.42). Furthermore, the α diversity value obtained for the
inflorescences of female poplars at the Massaciuccoli Lake was higher than that of males (respectively α=9.36
and α=5.20). As for the inflorescences of the three crops in the Culatta Locality the highest α diversity value was
registered for the sunflower crops. Comparing the percentage of similarity of the different species in the different
study sites calculated with Renkonen’s Similarity Index a percentage of similarity over 20 % was obtained for 17
comparisons (Table 3). It should be noted that the highest similarities were registered within similar environments
as was the case of the fields with the experimental crops (cases 7-14). The highest species overlap was recorded
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in spring at the Culatta Locality between the fields of sunflower and maize crops (53.3%). As a matter of fact higher
similarity values were obtained when faunal communities of the two cultivations were compared within the same
season rather than when comparisons were made between communities of the same crop in the two different seasons. Comparing the percentage of similarity of the different species collected on the inflorescences calculated
with Renkonen’s Similarity Index (cases: 1-6) only for 2 comparisons (maize versus sunflower and female poplars
versus male poplars at the Massaciuccoli Lake) the percentage of similarity was over 20 %.
Samplings on the inflorescences of the sunflower crops every 7 days and at three different hours of the day
showed that the Heteroptera order was the most abundant followed by the Homoptera and Coleoptera (Table
4A). The Heteroptera reached a peak of abundance during the fifth week with a value two or three times higher
compared to those of the previous weeks. A similar trend appeared for the Coleoptera that peaked during the
fifth week but with a value ten times higher the previous ones. Instead for the Homoptera, even if the total occurrence was comparable to that of the Coleoptera, their presence was never higher than 6 % (second week )
and decreased to 1.2 % during the last week of sampling. Even when considering the hourly variations (sunrise,
noon and sunset) of the macroinvertebrate community on the inflorescences a set of different behaviours occurred according to the different orders (Table 4B). The Heteroptera together with the Araneae and other orders
were equally present on the inflorescences at the different hours of the day whereas the Homoptera and Coleoptera mainly occurred at sunrise. In the case of the Thysanoptera the highest occurrence on the sunflower’s
inflorescences was found at midday.
The analysis of stable isotopes of δ13C e del δ15N carried out to study food webs showed that sunflowers, rapeseeds and poplars all belonged to the C3 plants whereas maize to the C4 plants (Fig. 14). On the whole, considering all data together, it was possible to point out two trophic chains (a, b) originating from different trophic
levels. In the case of the trophic chain “a” the lowest values of δ15N were found for primary consumers such
as Polmonata molluscs, collembolans and blattids that feed on fungus, terrestrial unicellular algae, bacteria
etc. In the case of the trophic chain “b” the lowest values of δ15N again occurred for primary consumers such
as lepidopteran Noctuidae but these directly fed on C3 plants. In both chains the highest values of δ15N belonged to macroinvertebrate predators of the Araneae and Coleoptera orders. It should be noticed that only one
Lepidoptera species (larvae of Ostrinia nubilalis) was found associated to the C4 plants. Some data regarding
isotope signatures of passerine birds were collected from the literature. The isotope signatures of birds that
feed in flight (House Martin and Common Swift) and on the vegetation (Willow warbler and Wood warbler) were
compared to those of macroinvertebrate predators such as spiders and coleopterans. The results indicate that
trophic levels were quite similar and comparable.
In conclusion the general tendency of a high abundance and species richness of macroinvertebrates in spring
was mainly due to the life cycles of the single species but also to the consistent number of plants in blossom especially in the open areas, such as those of the wet meadows of Le Lame and the non-cultivated areas, more than
those of forest areas. On the contrary the experimental plots of sunflower and maize showed higher abundance
and species richness in autumn. As a matter of fact in spring due to the ploughing of the fields to prepare for the
crop cultivation and to the presence of monocultures the diversity of habitats was extremely reduced. In autumn,
instead, the area was subjected to an increase in its complexity due to the presence of the crops that were left in
situ and to the growth of wild herbaceous plants and/or weeds. The highest α diversities were registered during
the blooming period in homogeneous environments with a high vegetation cover and complexity (like meadows
and non-cultivated areas) but also in heterogeneous areas with ecotonal characteristics such as those along the
banks of the Massaciuccoli Lake. In the latter case the drastic decrease recorded for the α diversity value in autumn was related to the lower water level of the lake recorded in this period and to the consequent drying up of
the different habitats.
To evaluate possible hybridization of wild plant species with GM crops of sunflower, maize, rapeseed and poplar through insects as possible vectors, the macroinvertebrate community associated to the inflorescences of
crops was studied through time. This was done in order to understand how the communities changed according
to the blooming period. The study showed that there was an elevated number of macroinvertebrates on the
most striking inflorescences, like sunflowers and rapeseeds (dependent on insect pollination) for which there
was also a high number of species. Instead species richness and macroinvertebrate diversity on poplars, which
depended on wind pollination, always had lower values compared to plant species with insect pollination. For
poplars the major differences occurred between male and female trees of the same locality rather than between
plants of the same sex but of different localities. The temporal analysis carried out for the sunflower’s inflorescences showed that there were changes in the composition of the macroinvertebrate community both at a large
temporal scale as the blossoming of the crops evolved through time and on a smaller scale throughout the
different hours of the day. In the first case this can depend on the higher or lower attractiveness of the entire
field which varies according to the general state of the crop’s growth. The hourly variations of the macroinvertebrate community instead indicate different strategies in the use of the sunflower’s inflorescence. The constant
presence on the inflorescence can indicate the total dependence of a species to this microhabitat whereas a
presence in the early morning hours or in the central part of the day shows that it is not a priority habitat. The
occurrence of certain species in the first hours of the day shows that the inflorescences can be exploited as a
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nocturnal refuge and that foraging occurs elsewhere. In other cases the sunflower’s inflorescences are used as a
food source but not as a nocturnal resting place as was the case of bee species. The study on the food webs associated to the experimental crops showed the existence of two food chains originating from two different primary
sources. A primary food source presumably was composed by fungus, unicellular algae, mosses, lichens and bacteria whereas another one was based on C3 plants including sunflowers, rapeseeds and poplars. Another primary
food source was composed by the C4 plants to which the maize crop belonged. In the two trophic chains primary
consumers can be selective towards a specific food source but at higher levels consumers become less selective
and there is the possibility of an exchange between the two chains. Only the larvae of 5 the lepidopteran Ostrinia
nubilalis was found as a primary consumer of maize but its direct predator species was not detected. Predators
such as spiders and coleopteran carabidae occurred at the top of the two food chains and showed trophic levels
similar to those of passerine insectivores feeding while in flight or directly on the insects of the inflorescences.
Since bird species have greater feeding ranges compared to insect predators they can forage at geographically
distant areas within similar food chains. This means that insectivore birds feeding directly on the inflorescences
become possible pollen vectors operating at higher distances compared to insect pollinators.
Tab. 2 - Diversity indices calculated for the two seasons at the different sites (n= numbers; sp = species).
a
MASSACIUCCOLI
Lake spring
Lake autumn
ONTANELLI
Non cultivated S21 spring
Non cultivated S21 autumn
FORTINO NUOVO
Woodland with poplars spring
Woodland with poplars autumn

sp n

Alpha

Shannon H’

Shannon H max

Pielou J’

Simpsons D

349

58

19,841

1,319

1,763

0,748

0,078

248

29

8,52

1,012

1,462

0,692

0,167

222

66

31,75

1,553

1,82

0,854

0,048

160

33

12,61

1,106

1,519

0,728

0,176

343

46

14,295

1,193

1,663

0,717

0,102

182

27

8,769

0,751

1,431

0,525

0,39

CULATTA A6
Sunflower crop spring
Sunflower crop autumn

21

10

7,478

0,933

1

0,933

0,09

78

22

9,428

1,067

1,322

0,807

0,12

Maize crop spring
Maize crop autumn

37
37

13
15

7,132
9,388

1
0,982

1,114
1,176

0,897
0,835

0,098
0,134

Non cultivated field spring
Non cultivated field autumn

141
199

34
31

14,224
10,293

1,281
1,244

1,531
1,491

0,836
0,834

0,066
0,081

Rapeseed crop

269

38

12,076

1,086

1,58

0,688

0,129

41
95

12
28

4,927
13,386

0,833
1,177

1,041
1,447

0,8
0,814

0,184
0,096

294

44

14,346

1,246

1,643

0,758

0,104

119

35

16,706

1,26

1,544

0,816

0,088

238

33

10,403

1,141

1,519

0,751

0,12

Potato crop spring
Potato crop autumn
CULATTA
Mixed broadleave forest spring
Mixed broadleave forest
autumn
COLMATE DEL BOZZONE
Pinewood summer
Le Lame spring
Le Lame autumn
b
Poplar m Fortino Nuovo

627
193

52
37

13,47
13,596

0,728
1,239

1,716
1,568

0,424
0,79

0,454
0,098

363

16

3,422

0,477

1,204

0,396

0,572

Poplar m Massaciuccoli
Poplar f Massaciuccoli

58
141

13
26

5,206
9,363

0,766
1,147

1,114
1,415

0,688
0,81

0,267
0,095

Sunflower Culatta

4397

109

20,256

2,171

4,691

0,463

0,218

MAIS Culatta

908

63

15,395

2,343

4,143

0,566

0,156

2022

56

10,657

0,897

1,748

0,513

0,205

363

16

3,422

0,477

1,204

0,396

0,572

Rapeseed Culatta
PIOPPO m
Fortino Nuovo

18

Total n

Tab. 3- Percentage of similarity of the different species at the different study sites and on the inflorescences
calculated with Renkonen’s Similarity Index (f= female. m= male. n= numbers; sp = species)
n

n sp

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10,3

53,3

13,6

22,2

10,8

15,8

18,8

3,8

4,7

3,3

9,0

2,4

7,0

4,9

3,7

2,8

8,3

1,5

13

27,6

12

39,5

6,3

16,3

6,5

9,6

5,7

13,5

12,2

7,3

12,2

7,9

11,4

10,9

6,7

16,7

33,3

12,8

13,6

17,1

5,6

9,1

6,6

0,4

4,4

11,3

4,5

5,4

5,3

10,5

4,4

11,4

24,3

8

22,9

7,3

4,1

3,1

13

12

8

6,7

5,2

7,7

7,3

7,4

18,2

12,2

12,7

8,3

11,3

16,2

8

6,4

13,6

6,4

5,3

7,1

8,6

7,0

10,3

37,2

10,3

15,8

6,4

15

12,3

11,5

12,3

6,9

9,6

9,1

7,1

4

1,8

2,2

4,9

4

0

4

0

1,8

0

0

1,5

7,5

10,3

3,9

1

8,9

8,2

7

7,3

7,8

9,6

8,9

21,5

11,6

8

16,7

18,3

14,9

14,3

20,3

12,3

6,3

11,5

11

13,3

18,8

21,4

11,0

21,6

20,8

6,9

3

9,1

14,6

10,3

11,4

11,1

6,6

10

11,1

12,0

13

9,2

16,4

11,9

10,5

15,1

11,7

12,9

22,4

14,8

7,1

13,8

17,9

14,8

15,9

11,6

14,5

22,4

24

8,3

14,1

8,7

10,5

24,5

4,9

Sunflower crop spring

7

21

10

Sunflower crop
autumn

8

78

22

Maize crop spring

9

37

13

Maize crop autumn

10

37

15

Non cultivated field
spring

11

141

15

Non cultivated field
autumn

12

199

15

Potato crop spring

13

41

15

Potato crop autumn

14

95

15

Mixed broadleave
forest spring

15

294

15

Mixed broadleave
forest autumn

16

119

15

Le Lame spring

17

627

52

Le Lame autumn

18

193

37

Pinewood summer

19

238

33

Non cultivated S21
spring

20

222

66

Non cultivated S21
autumn

21

160

33

Woodland with
poplars spring

22

343

46

Woodland with
poplars autumn

23

182

27

Massaciuccoli Lake
spring

24

349

58

Massaciuccoli Lake
autumn

25

248

29

12,8

>20
n

n sp

2

3

4

5

27,3

12,2

1,7

4,7

0,8

10/>5

11,0

1,3

4,7

1,3

5/>2.5

2,6

3,8

1,4

2.5/<2.5

25,8

3,6

Inflorescences
sunflower

1

4397

109

Inflorescences maize

2

908

63

Inflorescences
rapeseed

3

2022

56

Inflorescences poplar
m Massaciuccoli

4

58

13

Inflorescences poplar
f Massaciuccoli

5

141

26

Inflorescences poplar
m Fortino Nuovo

6

363

16

6

20/>10

2,4

19

Tab. 4 - Inflorescences of sunflower crops: total captures in the five sampling weeks (A) and in the three hours
of the day (B).
A

Total

1

2

3

4

5

Total n

4397

549

1098

552

633

1565

%

%

%

%

%

%

Heteroptera

53,95

6,78

11,53

6,94

7,35

21,36

Homoptera

15,83

2,52

6,00

3,12

2,98

1,21

Coleoptera

15,42

0,48

1,52

0,18

2,39

10,85

Araneae

4,62

0,66

1,64

0,77

0,71

0,84

Diptera

1,61

0,50

0,41

0,18

0,14

0,39

Hymenoptera

1,80

0,30

0,48

0,18

0,39

0,45

Lepidoptera

1,09

0,43

0,45

0,07

0,09

0,05

Neuroptera

0,75

0,14

0,14

0,05

0,16

0,27

Thysanoptera

4,78

0,66

2,75

1,05

0,20

0,11

Others

0,16

0,02

0,05

0,02

0,00

0,07

B

6.00

12.00

18.00

%

%

%

Heteroptera

18,8

17,5

17,7

Homoptera

8,4

4,2

3,2

Coleoptera

7,1

4,8

3,5

Araneae

1,7

1,7

1,2

Diptera

0,8

0,3

0,5

Hymenoptera

0,6

0,8

0,5

Lepidoptera

0,5

0,3

0,3

Neuroptera

0,5

0,1

0,1

Thysanoptera

1,1

3,0

0,7

Others

0,1

0,1

0,1

Fig. 14 - Stable isotopes of δ13C and δ15N of the different plants and macroinvertebrates that were investigated
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5. MICRORGANISM DIVERSITY
Soil is the greatest reservoir of biodiversity on the planet; one gram of soil can contain hundreds of billions
of bacterial cells and up to 200 meters fungal filaments. The belowground microbial communities may be influenced by aboveground vegetation and vice versa. Plant roots continuously modify the soil environment and
the local microbial communities by releasing a wide range of molecules. For issue of nature conservation, it is
important to recognize that human activities can change the soil microbial communities. In this respect, of particular relevance is the forecasted increases in genetically modified (GM) crops over the last decades. Concerns
have been raised that the transgene products in the genetically modified plants (GMPs) may negatively affect
soil-associated microbes. However, this is still a poorly studied and understood area. For instance, GMPs exist
that produce toxic Bt proteins with insecticidal activity; Bt proteins, apart from the desired effects on target
insects, following their release in the soil by the root of Bt-plants, may constitute a potential exposure hazard to
non-target organisms, like soil microorganisms.
Any evaluation of the environmental risk by GM crops must take account, among other things, of the actual
biodiversity at the site where GMPs should be cultivated, before cultivation starts. As regard microbial diversity
in soil, its exploration is a challenging task, because more than 99% of microbial cells in soil samples are not
cultivable in the lab. DNA fingerprinting methods that rely on purification of DNA directly from soil and amplification and analysis of the bacterial gene 16SrDNA gene, or other suitable genes, allow more comprehensive
sampling of microbial communities and are rapidly replacing cultivation as a way to compare the composition
(type of bacteria present), richness (the number of types) and structure (relative abundance of types) of soil
microbial communities.
We have studied microbial diversity in four different sites (Tab. 5) located in two different Area within the Park:
Site 1, a mixed deciduous forest with Acer campestris (maple); Site 2, a cultivated poplars of Populus nigra
x Populus deltoids; Site 3, a mixed deciduous forest with Populus alba; Site 4, a cultivated field with Brassica
napus (rape) and Sinapis arvensis (wild mustart). Soils were sampled seasonally for two years, from Autumn
2010 to Summer 2012.
Table 5 - Sites and sampling (PN, natural poplars; PC, cultivated poplars; A, maples; H, herbaceous plants).
Site

Sampled trees

N° of plant sampled

1

PN

7

2

PC

4

3

A

11

4

H
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In this study we performed:
(1) the analysis of soil chemistry (water content, pH and organic matter);
(2) the evaluation of the actual biodiversity of bacterial and fungal communities (in term of composition, richness and structure) and its seasonal variation in soils associated with superficial roots of poplar and maple
trees and herbaceous plants.
(3) the identification of microbial indicator species to use in the definition of a monitoring risk index for GM
crops.
To evaluate microbial diversity we used:
A) a cultural-dependent approach. Microorganisms have been isolated, grown and counted on nutrient media
plates (Fig. 15) that are selective for bacteria and fungi (as an example see Fig. 16). Furthermore, a collection of isolates has been established representing the major components of cultivated soil microorganisms
(Tab. 6).
B) a cultural-independent approach. For this purpose, we have utilized the DNA fingerprinting technique called
T-RFLP to analyze the 16SrDNA gene of bacteria and the ITS region of fungi in DNA purified directly from soil
(Fig. 17).
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Fig. 15 - A nutrient media plate with bacterial growths.

All soils, from different sites and trees, show numbers of bacterial cells larger a hundred times or more compared to the numbers of fungi cells (see Fig. 16 as an example). The number of bacterial and fungal cells is
highly variable, but it does not seem to be influenced by the sampling season.
Fig. 16 - Number of viable bacteria and fungi in soil sampled from cultivated poplars in Site 2.

Table 6 - Number of pure-culture bacterial and fungal strains in the collection and their origin
Type of tree

Bacteria

Fungi

PN

194

177

PC

39

37

A

153

138

Total

386

352
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Fig. 17 - Result of T-RFLP analysis of the bacterial community in a soil sample. Each peak, or T-RF, of different
size is a different microbial species. The height of the peak is a measure of the abundance of that species.

Soil samples were collected by a bulb planter (10 cm wide x 15 cm depth) at a distance of around 20 cm from
the tree trunk (Fig. 18), placed in a sterile plastic bag and immediately stored at 5 °C. The same day, the samples were brought to the lab where they were sieved. Sieved soils were split into aliquots that were stored at 4
°C for the determination of viable microbial cells, of moisture content, of pH and of organic matter content, or
at -80 °C for molecular analysis.
Fig. 18 - Sampling a poplar.
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Seasonal variations in the diversity of soil microbial communities within each sampling site
In Table 7 are reported diversity data of bacterial and fungal communities in soils from different sites and
plants. The richness is the number of microbial types (species); Shannon is a good synthetic diversity index.
Tab. 7 - Diversity (R, species richness; S, Shannon’s index) of bacterial and fungal communities in soil samples
from trees in different sites in different seasons (A, Autumn; W, winter; SP, Spring; SU, Summer. The numbers
are the last two digits of the year).
Site 1. Natural poplars
Tree

Bacteria

Site 2. Cultivated poplars

Fungi

Bacteria

Site 3. Maples

Fungi

Bacteria

Fungi

R

S

R

S

R

S

R

S

R

S

R

S

A_10

19

2.33

18

2.65

-

-

-

-

-

-

-

-

I_11

23

2.63

17

2.57

-

-

-

-

15

2.16

144

2.42

P_11

23

2.60

14

2.25

18

2.16

12

2.27

19

2.27

12

2.16

E_11

23

2.54

13

2.23

17

2.27

14

2.35

25

2.55

15

2.46

A_11

24

2.65

13

2.31

20

2.35

10

2.20

21

2.40

13

2.27

I_12

26

2.70

22

2.87

20

2.52

17

2.53

27

2.69

18

2.52

P_12

26

2.60

24

2.93

18

2.30

13

2.27

28

2.71

22

2.81

E_12

18

2.35

18

2.62

20

2.40

14

2.30

19

2.26

14

2.25

As can be seen in Table 7, the richness values of bacterial and fungal communities from natural poplars and
maples are on average higher than those of cultivated poplars, suggesting that the cultivation regime decreases
the microbial richness. Nevertheless, the values of the Shannon’s index of diversity are similar and describe
bacteria and fungi communities with a medium-high degree of diversity.
The overall bacterial and fungal communities structure from soils of different trees in different sites appear to
be different and, in this respect, cultivated poplars appear highly diverse from maples and natural poplars (Fig.
19); an observation which again suggests an influence of cultivation on the structure of microbial communities.
Fig. 19 - Heat map showing distances between bacterial communities from soils of different trees in different
sites (Site 1, natural poplars; Site 2, cultivated poplars; Site 3, maples). Much higher the numbers the greater
the difference between the pairs of communities.
Furthermore, as bacterial indicators to use in risk assessments
of GM crops we propose those
T-RFs (see Fig. 16) which are
present in a percentage of samples ≥ 20% of a specific group
of samples (i.e., soil from natural poplars) and that represent
at least 1% of the community.
For instance, the T-RF with a size
of 166 bp is exclusive of natural
poplars and meets the above
requirements. This T-RF corresponds to Pseudomonas sp., a
soil bacteria that has been controversially reported in scientific
literature as a unintended target
of the effects of herbicide tolerant PGMs.
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6. DELINEATION OF AN ANALYSIS METHOD FOR ASSESSING THE RISKS OF
GENETICALLY MODIFIED PLANTS ON THE ENVIRONMENT
A risk assessment method was developed to rapidly assess the potential risk generated by transgenic plants,
by studying and pondering any possible impact on ecosystem. To this end, the effects of GM plants on target/
non target species, biodiversity, gene flow, and the evolution of resistance were considered.
This method that integrates a quantitative approach (Jesus et al. 2006), with the guidelines on Environmental
Risk Assessment (ERA) provided by the European Food Safety Authority. The indexes were combined using a
matrix in order to assess the risk for the environment and the measures required to prevent adverse effects of
GM plants. This methodology requires to be validated through the analysis of different plants and organisms,
with the principal aim of analyzing the potential risks associated with the release of the plants considered individually evaluating each transformation event (using a case-by-case approach).
PROPOSED METHOD
The risk assessment methodology is performed in two steps: (1) complete a preformatted worksheet to compile
the evidence of risks, and (2) plot the outcome on the Matrix of Assessment.
The hazards to be analyzed are organized according to their potential sources of exposure, such as genetic
insert, expressed protein, features of the GMP, gene flow, introduction of the technology, and unexpected occurrences (accidents). First, a worksheet is constructed to characterize all potential GMP-related hazards and to
assign a level of risk and its significance in the context of the activity to be developed. Each hazard is coded with
a letter to identify it in the Matrix of Assessment. Literature is crucial to support the risk characterization since
the assignment of values must correspond with the information described by the user in the corresponding field.
An index of risk and a index of significance were computed for each potential hazard using data from literature.
These comprise the “Factors of Moderation,” such as damage, exposure, precedent, extent, and reversibility.
The index of risk is calculated as the product of: “damage x exposure x precedent” (Tab. 8).
For additional characterization, the risks must be evaluated according to the context of the activity to be developed. For example, the Index of Significance takes into account the location where the GMP will be cultivated,
the identification and evaluation of potential adverse effects, and the evaluation of the current environmental
situation. This index is calculated as the product of “extent x reversibility”. The values are shown in Table 9.
Tab. 8 - Values to be attributed to the Factors of Moderation that comprise the Index of Risk.
Index of risk: damage*exposure*precedent
Factors of moderation

Levels
negligible
low
moderate
high
negligible
low
moderate
high
no
yes

Damage

Exposure
Precedent

Values
0
1
2
4
0
1
2
4
1
2

Table 9 - Values to be attributed to the Factors of Moderation that comprise the Index of Significance.
Index of Significance: extent*reversibility
Factors of moderation
Extent

Reversibility
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Levels

Values

Local (contained where GMP is cultivated)

1

Regional (property or distance of pollination

2

Abroad (area affected indirectly)
Naturally reversible (without management)
Reversible with simple management (e.g.,
changing technology
Reversible with complex management (high
costs and use of
Nonconventional methods)
Irreversible

4
1
2
4
8

The results from the Index of Risk and the Index of Significance are plotted in the Matrix according to their position
(points are plotted using letters that represent each potential hazard). Each potential hazard plotted in the matrix requires some measures according to the level of mitigation. These biosafety measures must consider all data described
in the worksheet, such as the specificity of the GMP, the activity under analysis, and the environmental situation.
Case study: Bt-Populus spp.
To better understand the method we propose one case study on possible effects of Bacillus thuringiensis (Bt) aspens
in the environment, taking into account data reported in literature and the studied area of the DEMETRA project.
Poplar trees play an important role in the economic development of forestry, for this reason one main aim with
genetic engineering of trees is to produce plants that are resistant to various types of pests. The most common
transformations for pest resistance involve the use of Bacillus thuringiensis (Bt) genes, enabling the plant to
produce Cry toxins lethal to certain targeted insect pests. B. thuringiensis is a soil bacterium with many strains
that produce a variety of crystalline protein endotoxins, each of which affects specific groups of insects. Thus,
different Bt strains are toxic to lepidopterans (butterflies and moths), coleopterans (beetles), and dipterans
(mosquitoes, black flies, and fungus gnats). There are considerable risks for the evolution of pest resistance
in wild populations that needs to be evaluated and minimized. Previous works reported that in the field trial of
insect-resistant transgenic plants, insect larva density, damaged leaf rate and pupa number per unit area in
the soil could be good indexes to evaluate insect-resistance of transgenic tree plants. Therefore, it could be
beneficial to timber production, environmental protection and insect control if these transgenic trees could be
applied. Transgenic poplar could be inter planted with other poplars, or even with other species for insect control as it was done in field trials. Certainly, negative effect of these transgenic trees should be further studied.
HYPOTHETICAL EXAMPLE
The potential hazards characterized in our case-study are related to four area of interest and are coded with
different letters:
1) AREA 1: Persistence and invasiveness of the GM plant or its compatible relatives, including plant-to-plant gene
transfer (Fig. 20)
(a) unintended changes in plants characteristics;
(b) persistence and invasiveness;
(c) reducing the genetic diversity of wild population.
AREA 1
Fig. 20. - Worksheets AREA 1 for the Compilation of the Evidence of Risk for case study: Bt-Populus.
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2) AREA 2: Plant to micro-organisms gene transfer (Fig. 21)
(m) affect rizosphere and soil community.
3) AREA 3 Interactions of the GM plant with target organisms (TOs) (Fig. 21)
(n) ecological processes that affect target organisms biodiversity.
4) AREA 4: Interactions of the GM plant with non-target organisms (NTOs) (Fig. 21)
(n2) ecological processes that affect non-target organisms biodiversity.
AREA 2

AREA 3

AREA 4
Fig. 21 - Worksheets AREA 2, 3 and 4 for the Compilation of the Evidence of Risk for case study: Bt-Populus.
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The assigned values for the factors of moderation were based on literature data. Moreover, we observed a
breeding event in the studied area (potential hazard c) in AREA1) between two poplars: P3 (Populus x canescens)
X F1.1 (Populus x euramericana). This event has to be taken in account because it could be considered a consequence of gene flow and, in case of genetically modified plants the incorporation of transgenes could result
in greater invasiveness or loss of biodiversity with related taxa, depending upon the amount of gene flow from
generation to generation and the transgenic trait(s).
Considering the distribution of the “letters” inside the Matrix of Assessment (Fig. 22), different risk managements could be suggested. The most part of potential hazards analyzed does not pose significant risk, so it
does not require additional actions. Whereas, potential hazard coded as “n” denotes the effect on target organisms and the potential hazard coded as “c” points out the possible consequence of gene flow, and they required
some restrictions to monitor the risk.
Fig. 22 - Matrix of Assessment of case study: Bt-Populus. The Matrix of Assessment gives an overview of potential
hazards and establishes at which level risk management must be taken. Letters denotes the potential hazards.

Case study: Bt-Brassica napus
A range of crops have been transformed with delta-endotoxin genes from Bt to produce transgenic plants with
high levels of resistance to lepidopteran pests. In particular, transgenic oilseed rape, Brassica napus, is one of
the first genetically modified crops.
B. napus is of particular concern, as it is a partially outcrossing species, forms volunteer (feral) populations
and has numerous wild relatives. Because the gene can really flow to the conventional oilseed rape, it is necessary to have a sufficient isolation distance in cultivating transgenic oilseed rape. Reports of gene flow in B.
napus generally show that the amount of cross-fertilisation decreases as the distance from the pollen source
increases. The occurrence and frequency of pollen-mediated intraspecific gene flow (outcrossing rate) can vary
according to cultivar, experimental design, local topography and environmental conditions. The presence of the
Bt trait in wild crucifer populations and persistence of the Bt trait in volunteer or feral B. napus could also have
a potential ecological impact on the insect populations. Despite the difficulty to compare different experiments
with varying levels of outcrossing, we performed a case-study of Bt- B. napus.
Hypothetical example.
The potential hazards characterized in our case-study are related to three areas of interest and were coded with
different letters:.
1) AREA 1: Persistence and invasiveness of the GM plant or its compatible relatives, including plant-to-plant gene
transfer (Fig. 23)
b) persistence and invasiveness;
c) reducing the genetic diversity of wild population;
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AREA 1
Fig. 23 - Worksheet AREA 1 for the Compilation of the Evidence of Risk for case study: Bt-B. napus.

2) AREA 3 Interactions of the GM plant with target organisms (TOs) (Fig. 24)
(n) ecological processes that affect target organisms biodiversity.
3) AREA4: Interactions of the GM plant with non-target organisms (NTOs) (Fig. 24)
(n2) ecological processes that affect non-target organisms biodiversity.
Fig. 24 - Worksheet AREA 3 and 4, for the Compilation of the Evidence of Risk for case study: Bt-B. napus.I
AREA 3

AREA 4
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The assigned values for the factors of moderation were based on literature data. Moreover, we observed a
breeding event in the studied area (potential hazard c) in AREA 1 between B. napus and Sinapis arvensis. As, in
the precedent case-study, considering the distribution of the “letters” inside the Matrix of Assessment (Fig. 25),
different risk management could be suggested. In particular, potential hazards coded as “c” and “n” require
some strict restrictions.
Fig. 25 - Matrix of Assessment of case study: Bt-B. napus. The Matrix of Assessment gives an overview of potential hazards and establishes at which level risk management must be taken. Letters denotes the potential
hazards.

CONCLUSIONS
Risk analysis must be undertaken to predict the occurrence of negative impacts on the environment and human
and/or animal health. These assessments allow us to define predictive measures to mitigate or avoid the adverse effects that could result from potential or identified hazards (de Jesus et al., 2006). The Matrix assessment for each crop/gene can be used to perform an overall risk evaluation, in this way the overall risk evaluation
should result in informed qualitative and, if possible, quantitative guidance to risk managers. At each stage
in the model development, we have endeavourer to model “worst-case” scenarios, in which any assumptions
would tend towards overestimation rather than underestimation of consequences.
This new risk assessment tool will be validated as soon as several users test it with different crops and traits
or perform comparative analyses with other methods. Application of ecological expertise and knowledge is
essential during all stages of the development of GMOs that are to be released into the environment, from the
earliest planning to post-release monitoring and management.
The knowledge base about the GM plant, the stability of expression and phenotypic performance of the transgene, and the potential impacts of the GM plant is increasing. Active involvement of experts with an understanding of relevant ecological and evolutionary processes can help avert environmental problems. Moreover,
the risks of GMOs are certain or universal. Both may vary spatially and temporally on a case-by-case basis.
Comparisons among transgenic, conventional, and other agricultural practices, such as organic farming, will
elucidate the relative risks and benefits of adopting GMOs. Measures that prevent transfer of genes that may
negatively impact wild populations and that slow the evolution of resistance to the transgenes can minimize
some of the possible ecological risks.
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7. GEOGRAPHICAL INFORMATION SYSTEMS FOR ENVIRONMENTAL RISK
ASSESSMENT AND GMO MONITORING
INTRODUCTION
In the European Union (EU) the environmental risk assessment (ERA) of genetically modified organisms (GMOs)
is regulated by EU Directive 2001/18/EC. Guidance for assessing potential effects of GMOs on the environment as indicated in the EU Directive 2001/18/EC are provided by the EFSA Panel on Genetically Modified
Organisms.
The aim of the ERA is to identify potential adverse effects of GMOs on human health and the receiving environment. Adverse effects of GMOs on the environment should be investigated taking into consideration biotic and
abiotic interactions and their potential impact on several scale, e.g. from field to landscape level. In this view,
Geographical Information Systems (GIS) and remote sensing data can provide a concrete contribution to the
development of a multi-scale risk assessment of GMOs.
OBJECTIVES
The aim of this work is to describe how GIS-based models might be performed and used by risk assessor to
support and complement the ERA of GMPs from local scale to landscape level taking into consideration the
EFSA Guidance document. Implications for GMO monitoring are also provided.
MATERIALS AND METHODS
Data
The study was carried out in the Migliarino – San Rossore – Massaciuccoli (MSRM) Regional Park. Aerial remote
sensing data, topographic maps, and thematic layers (land use map, forest type map, and agricultural crop type
map) were acquired to characterize the environment of the study area.
Pollen dispersal mediated by wind and animals was modeled using both literature data and data registered in
the study area.
Natural and artificial barriers were extracted from thematic maps and aerial images.
Data on local biodiversity (plants, animals, and soil micro-organisms) detected in a sample of field plots was
used to selected TOs and NTOs. The potential distribution of TOs and NTOs within the study area was obtained
extending local biodiversity data from field plots to the landscape level.
GIS-based models
The geographic database was used to develop GIS-based models for ERA of GMPs.
Transgenes cry1ab and cry1ac and two GMPs (poplar and oilseed rape (Brassica napus)) were considered. For
poplar four scenarios were investigated on the basis of four specific areas of concern indicated in the EFSA
Guidance document : i) persistence and invasiveness of the GM plant or its compatible relatives; ii) plant to
micro-organisms gene transfer; iii) interactions of the GM plant with target organisms (TOs); iv) interactions of
the GM plant with non-target organisms (NTOs). For oilseed rape two scenarios (i and iii) were considered.
For each specific area, the potential hazards, the criteria for assessment, the index of risk (IoR), the index of
significance (IoS), the risk assessment (RA) and the measures required to prevent adverse effects of GM plants
indicated by the Environmental Risk Assessment analysis were used as reference (Tab. 10 and Tab. 11).
Poplar scenarios
The agricultural crop types map was used to extract the distribution of poplar plantations in the study area.
Then we hypothesized that poplar plantations were composed by genetically modified poplar trees (Populus x
euramericana). A total of 29 GM poplar plantations covering a total area of 291 hectares were considered for
GIS modelling.
In poplar scenario 1 the potential hazard due to breeding between GM poplar cultivations and its wild relatives
in the surrounding environments was investigated. To do this, a spatially explicit analysis was performed taking
into consideration the potential distribution of wild relative species and gene transfer due to pollen flow (Tab.
10). The potential distribution of naturally originated poplar trees (Populus alba L. and Populus x canescens
((Aiton) Sm.)) in the study area was assumed to be equal to the distribution of hygrophilous forests, meso-hygrophilous forests, and wetlands. Gene flow due to pollen dispersal was modeled taking into consideration data
from pollen traps and literature data (Tab. 10). Specifically, pollen dispersal was simulated using a buffer 2 km
large delineated around the edges of GM poplar plantations, then the buffer was clipped to take into consideration the presence of natural barriers. In addition, we considered that pollen can penetrate forest cover up to a
distance of 50 m. Pollen dispersal and the distribution of wild relatives were intersected to map the potential
areas where breeding between GM trees and poplar trees in the surrounding environments might occur. Additionally, to assess the persistence and invasiveness of GM poplar in the ecosystem, and the risk of breeding
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for the progeny, we considered that, if barriers do not exist, poplar can disseminate up to a distance of 2 km,
while, inside the forest, we considered that poplar dissemination occur within 50 m.
In poplar scenario 2 the potential hazard due to plant to micro-organisms gene transfer was considered. To map
such a risk, which is a consequence of risk investigated in poplar scenario 1, we supposed that gene transfer
from GM poplar trees to soil micro-organisms occur in those areas where a risk of breeding (including the risk
for the progeny) between GM poplar trees and its wild relatives exist.
In poplar scenario 3 the interactions of the GM poplar cultivations with TOs (larvae of Diptera Tabanidae and
lepidopteran Noctuidae) were examined. To do this we investigated the distribution of TOs exposed to GM poplar
trees. The distribution of TOs was mapped taking into consideration that Diptera Tabanidae and lepidopteran
Noctuidae can be found in hygrophilous and meso-hygrophilous forests. Then the distribution of TOs exposed to
GM poplar trees was obtained by means of an intersection between the distribution of TOs and the distribution
of potential areas for breeding detected in poplar scenario 1.
In poplar scenario 4 the interactions of the GM poplar cultivations with NTOs (micro-arthropods in the soil) were
addressed. The distribution of NTOs was mapped taking into consideration that micro-arthropods prevail in forest soils dominated by mixed broadleaved species. Then the distribution of NTOs exposed to GM poplar trees
was obtained using the method described for poplar scenario 3.
In each scenario, the environmental risk was assessed taking into consideration the IoR, the IoS, and RA indicated by the ERA analysis (Table 1).
Oilseed rape scenarios
The agricultural crop types map was used to extract the distribution of oilseed rape cultivations in the study
area, resulting in 13 oilseed rape cultivations covering a total area of 179.8 hectares. Then we hypothesized
that genetically modified oilseed rape were cropped in the MSRM Regional Park.
The potential hazard that gene flow from GM oilseed rape cultivations might reduce the genetic diversity of its
wild relatives (Sinapis arvensis) was investigated in the scenario 1 (Tab. 11). The distribution of S. arvensis was
assumed to be equal to the distribution of non cultivated lands. Being oilseed rape characterized by anemophilous and entomophilous pollination, pollen dispersal was modeled using data from pollen traps and data on
insect pollinator (Apis mellifera) registered in the study area. For oilseed rape scenarios, natural and artificial
barriers were considered. These barriers were used to clip the map of pollen dispersal mediated by natural
vectors, then the resulted layer was intersected with the potential distribution of S. arvensis to map the potential
areas where breeding between GM oilseed rape and its wild relative might occur.
In oilseed rape scenario 2 the interactions of the GM plants with TOs were addressed. To do this Lepidoptera
was identified as TO and its distribution was assumed to be equal to the distribution of hygrophilous and meso-hygrophilous forests, and sowable lands. Then the distribution of TO was intersected with potential areas for
breeding between GM cultivations and S. arvensis.
Finally, in each scenario the environmental risk was assessed taking into consideration the IoR, the IoS, and RA
indicated by the ERA analysis (Tab. 11).
RESULTS
ERA for poplar scenarios
In poplar scenario 1 it seems that GM pollen could affect important habitats hosting naturally originated poplar
population. The assessment of this potential hazard indicates that some management measures are required
to mitigate the risk. The results of the ERA indicate that the area of the habitats exposed to risk of breeding
is of 187.9 hectares. The area exposed to risk enlarge up to 822.5 hectares when the risk for the progeny is
considered (Tab. 12 and Fig. 26a).
In poplar scenario 2 the results of the spatial analysis indicated that the areas exposed to risk correspond to
the areas exposed to the risk investigated in poplar scenario 1 (Tab. 12). However, using the evaluation adopted
by the ERA analysis, it seems that this issue does not pose significant risk in the study area, so it does not
require additional actions (Fig. 26b).
In case of scenario 3 the level of mitigation requires some management measure. These would be developed
together with the measures required to mitigate the risk of breeding considering that these two potential hazards have the same distribution (Tab. 12 and Fig. 26c).
The spatial distribution and the area of potential hazard for poplar scenario 4 can be seen in Fig. 26d and in
Table 12, respectively. The assessment of this scenario indicate that no restrictions are required to mitigate the
potential adverse effects of GM poplar cultivations on NTOs.
ERA for oilseed rape scenarios
In oilseed rape scenario 1 the ERA assisted by GIS analysis shows that GM pollen could be dispersed by wind
and insects on most of non cultivated lands where S. arvensis grows (Fig. 27a). Overall, the area exposed to risk
of breeding is of 58.7 hectares (Tab. 13). It is worth noting that the lack of barriers in agricultural ecosystems
expose conventional cultivations and wild plants to a large risk of breeding.
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In oilseed rape scenario 2 the level of mitigation determined by the ERA analysis was “management required”.
In the study area Lepidoptera can be found in several habitats and its potential distribution cover a area of
about 3391 hectares. The results provided by the spatial analysis show that the potential hazard affect almost
33% of the potential distribution area of TOs (Tab. 13 and Fig. 27b).
CONCLUSIONS
Our work show that GIS can assist risk assessor from the description of the characteristics of the receiving environments to the risk analysis. In addition, our results indicate that natural and artificial barriers are important
to mitigate the risk of breeding between GMP and its compatible relatives. This outcome should be taken into
consideration as mitigation measure, suggesting, for instance, the importance of conserving rows of trees and
shrubs in agricultural landscapes.
Information produced by GIS (maps and statistics) provided qualitative and quantitative data, indicating the
spatial distribution of the environments exposed to risk, the measures required to mitigate the risk, and the extent of the area exposed to risk. These information are useful also for GMOs monitoring, for instance to select
checkpoints and their distribution.
In conclusion, the results of the DEMETRA project are important to further develop existing guidance on the
ERA and monitoring of GM plants according to the EU Directive. In this view, Geographical Information Systems
represent a useful tool available for risk assessor and risk manager.
Tab. 10 - EFSA specific areas of concern, potential hazards, criteria for assessment, information for evaluation,
index of risk (IoR), index of significance (IoS), risk assessment (RA) and measures required to prevent adverse
effects for poplar scenarios.
Poplar
scenario

EFSA specific
area of
concern

Potential source
of exposure
and potential hazard

Criteria
for assessment

Data/information
for evaluation

IoR

IoS

RA

8

8

Management
required

2

2

No
restrictions

16

4

Management
required

1

2

No
restrictions

Topographic map, forest
map, remote sensing
data
Natural barriers
Weather stations
Wind direction
Gene flow
1

1

(c) Reduction of the genetic
diversity of wild population

Pollen dispersal
mediated by natural
vectors (wind)

Data from pollen traps
and literature data (max
2 km without barriers;
max 50 m inside the
forest)

Seed dispersal
mediated by natural
vectors (wind)
Distribution of wild
population

Literature data (max
2 km without barriers;
max 50 m inside the
forest)
Potential distribution
from existing maps
Literature data

2

3

2

3

Root exudates of transgenic Persistence in the soil
plants
Proportion of population
of micro-organisms
(m) Alteration in the
exposed to transgenic
rhizosphere and in soil
plants in the receiving
community
environment
TOs feed with high
concentration of transgenic
leaf protein
(n) Ecological processes
that affect biodiversity

4

4

NTOs feed with high
concentration of transgenic
leaf protein
(n2) Ecological processes
that affect biodiversity
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Potential distribution of
transgenic plants from
poplar scenario 1
Potential distribution of
micro-organisms from
existing maps

Potential distribution of
Proportion of population transgenic plants from
of TOs exposed to
poplar scenario 1
transgenic plants in the
receiving environment
Potential distribution of
TOs from existing maps
Proportion of population
of NTOs exposed to
transgenic plants in the
receiving environment

Potential distribution of
transgenic plants from
poplar scenario 1
Potential distribution
of NTOs from existing
maps

Tab. 11 - EFSA specific areas of concern, potential hazards, criteria for assessment, information for evaluation,
index of risk (IoR), index of significance (IoS), risk assessment (RA) and measures required to prevent adverse
effects for oilseed rape scenarios.
Oilseed
rape
scenario

EFSA
specific
area of
concern

1

1

2

3

Potential source of
exposure and
potential hazard

Criteria
for assessment

Data/information
for evaluation

Natural and artificial
barriers

Topographic map, forest
map, remote sensing data

Gene flow

Wind direction

Weather stations

(c) Reduction of the
genetic diversity of
wild population

Pollen dispersal
mediated by natural
vectors (wind and
animals)

Data from pollen traps;
data on insect pollinator
registered in the study area

Distribution of wild
population

Potential distribution from
existing maps

TOs feed with high
concentration of
transgenic leaf
protein
(n) Ecological
processes that
affect biodiversity

Potential distribution of
Proportion of population transgenic plants from
of TOs exposed to
oilseed rape scenario 1
transgenic plants in the
receiving environment
Potential distribution of
TOs from existing maps

IoR

IoS

RA

8

8

Management
required

16

4

Management
required

Tab. 12 - Poplar scenarios: extent of the area exposed to risk. The extent of the area (in %) of wild relatives
(scenario 1), micro-organisms (scenario 2), TOs (scenario 3), and NTOs (scenario 4) exposed to risk respect to
their total area is indicated in brackets.
Poplar scenario

EFSA specific
area of concern

Area of GM poplar
cultivations

Area exposed to risk

ha

ha (%)

1

1

291

822.5 (23.5)

2

2

291

822.5 (23.5)

3

3

291

822.5 (23.5)

4

4

291

822.5 (23.5)

Tab. 13 - Oilseed rape scenarios: extent of the area exposed to risk. The extent of the area (in %) of wild relatives (scenario 1) and TOs (scenario 2) exposed to risk respect to their total area is indicated in brackets.
Oilseed rape scenario

EFSA specific
area of concern

Area of GM oilseed rape
cultivations

Area exposed to risk

ha

ha (%)

1

1

179,8

58,7 (64,1)

2

3

179,8

1120,9 (33,1)
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Fig. 26 - ERA and measures required to prevent adverse effects of GM poplar cultivations (Populus x euramericana) in the study area: a) risk for breeding between GM poplar and its wild relatives (Populus alba L. and Populus x canescens ((Aiton) Sm.)) including their progeny; b) risk for micro-organisms in the soil; c) risk for target
organisms (TOs) (larvae of Diptera Tabanidae and lepidopteran Noctuidae); d) risk for non target organisms
(NTOs) (micro-arthropods in the soil).
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Fig. 27 - ERA and measures required to prevent adverse effects of GM oilseed rape cultivations in the study
area: a) risk of breeding between GM oilseed rape and its wild relatives (Sinapis arvensis); b) risk for target
organisms (TOs) (Lepidoptera).
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