Activity 3. Taxonomy of the Springtails (Collembola) Associated with Cotton and Maize
of the Cauca Valley, Colombia.

Introduction

The entomofauna associated with crops plays an important role in soil quality and consequently
in crop yield. Agricultural practices can affect the diversity and abundance of groups of non-
target organisms, among which we highlight the class Collembola, or springtails. These are
small (250 microns to 10 mm in length) wingless arthropods that are similar to insects.
Springtails are entognathous, have a postantenal organ, a maximum of 8 ocelli on each side of
the head (8+8) or completely lack visual organs, and possess 4 antennal segments sometimes
subdivided. The thorax has three segments, the first reduced in some groups; the legs have
basically four segments. The abdomen has three segments on which specialized appendages are
located on segment 1 (collophore), 3 (retinaculum) and 4 (furcula); the genital opening is located
on segment 5. Developmental instars have gradual metamorphosis (ametabolous) (Greenslade
1991).

Springtails are ecologically important because of their influence in improving soil structure and
accelerating the decomposition of animal and plant material. Most soils contain millions of
springtail feces that can be beneficial in slowing the liberation of nutrients essential for plant
roots. They also serve as substrate for a large number of microorganisms, stimulating the
activity of fungi and bacteria, accelerating the processes of decomposition, and indirectly
improving the structure, absorption capacity and fixation of interchangeable bases of the soil
(Villalobos 1990; Cutz Pool 2002). On the other hand, springtails are the prey of many
arthropods, particularly ants, beetles and predaceous mites, and thereby form a fundamental
element of trophic interactions (Palacios-Vargas 2000).

Given the high abundance and diversity of organisms associated with the soil of agroecosystems,
it is important to begin to understand the patterns of diversity and ecological function of groups
like the Collembola. In Colombia, a study was conducted by the Agronomy Department of the
National University of Colombia in Bogota (Entomological Museum, UNAB) on the families of
springtails associated with forage crops in the Department of Antioquia. This study identified 14
springtail families, seven of which constituted first reports of those families in Colombia (Ospina
et al. 2003). This work was conducted as part of a broader project (“Collembola (springtails) of
Colombia”) initiated to make a preliminary inventory of the springtail fauna present in
Colombia.

This technical report summarizes activities related to the separation, mounting and identification
of springtails collected as part of a series of studies conducted in the Cauca Valley as part of the
project “Evaluating the Impact of Biotechnology on Biodiversity.” The first subproject focused
on maize, and was designed to gauge the effect of chlorpyrifos on non-target soil fauna over two
consecutive growing cycles (2002B and 2003A). The second subproject focused on cotton,
designed to compare the non-target effects of conventional and Bt-transgenic plant protection
strategies. Springtails were a dominant fauna collected in the course of these studies. In order to
shed higher resolution of the response of this group to the experimental treatments, the
specimens collected are being identified to better understand the diversity and function of this
fauna in cotton and maize crops of the Cauca Valley.
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Objectives

General Objective: Describe the springtail fauna associated with the soil of maize and cotton
crops in the Cauca Valley.

Specific Objectives

» ldentify the taxonomic families of springtails associated with maize and cotton crops.

» Compare the composition of the springtail fauna present in conventional cotton with that of
Bt-transgenic cotton.

» Compare the composition of the springtail fauna captured in pitfall traps (surface-active) and
soil cores extracted with Berlese funnels (soil-active).

Establishment and execution of the work plan: This work was based on specimens collected
from two localities: (1) the CIAT experimental station, Palmira, located at 3°31°N, 76°21°W with
an elevation of 965 m, mean annual temperature of 24°C and (2) the ICA experimental station,
Palmira, located at 3°31°N, 76°19°W with an elevation of 1295 m, mean annual precipitation of
24°C and relative humidity 76%. Both localities correspond to the Holdrige classification of Dry
Tropical Forest. At CIAT, specimens were collected as part of the activities of the project
“Response of Non-Target Soil Arthropods to Chlorpyrifos in Colombian Maize”, where the two
treatments of maize with and without insecticide were evaluated over two consecutive cropping
cycles (Subproject 1). At ICA, specimens were collected as part of the activities of the project
“Effect of Transgenic Cotton [Bollgard® Bt Cryl A©] on Non-Target Soil Arthropods in the
Cauca Valley of Colombia” where two treatments of conventional cotton (DP 5415) and Bt-
transgenic Bollgard® cotton (NuCotn 33B) were evaluated (Subproject 2).

Springtails were separated from the original samples of arthropods that had been collected from
maize and cotton and stored in 70% ethyl alcohol. While the springtails had already been
separated from the other arthropods in the maize samples, they had to first be separated from the
mixed arthropod samples collected from the cotton plots. This was performed by examining the
samples under a stereoscope, separating all springtails, and returning the remaining arthropods to
their original specimen vials.

Preparation and processing of springtail specimens: Springtails were initially sorted into
morphospecies, taking into account the form of the body and the presence or absence of scales.
These morphospecies were separated into different vials. In order to prepare the specimens for
identification, they were fixed by clearing for 5 min in 10% KOH in individual glass wells,
followed by submersion in lactophenol. The time in lactophenol varied depending on the size
and pigmentation of the specimen; heat was used to accelerate the process as needed. In order to
avoid the formation of crystals in the final fixing phase, the specimens were rinsed with Hoyer’s
solution to totally remove any reactives adhering to the body.

The fixed mounting was done under a stereoscope where dissecting pins were used to arrange the
specimen in a drop of Hoyer’s solution. The cover slip was placed on top with care to avoid
forming bubbles. Finally, the slide was labeled, placed on a warming plate at 45-50°C for a
period of 4 days, after which the slide was examined to confirm that the Hoyer’s solution had
hardened. Once drying was finished, the excess Hoyer’s solution was scraped off and the edges
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of the cover slip were sealed with varnish. Finished mounts were stored in slide cases until
identification of the specimen.

Identification of springtail specimens: Once the specimens were mounted, they were identified
to family using the taxonomic keys of Palacios-Vargas (1990, 1991), Greenslade (1991), Jaensen
(2001) and Ospina et al. (2003). Identification of genera was done in collaboration with Dr. José
G. Palacios-Vargas, springtail specialist in Mexico, using the keys of Jaensen (2002) and
Cristiensen and Bellinger (1980a, 1980b, 1980c, 1981). Finally, we (C. Ospina) developed a
taxonomic key to the families of springtails associated with maize and cotton crops of the Cauca
Valley based on the specimens mounted as part of this study (Appendix 1).

The reference collection produced from this work is housed at CIAT, in the office of the research
group “Evaluating the impact of biotechnology on biodiversity.” Voucher specimens will also
be housed in the collaborating institutions of the Colombian National University in Bogota
(entomological museum UNAB) and Cornell University (CU Insect Collection).

Analysis of information: The information obtained in these studies will be analyzed with the
indices of similarity of Jaccard and Sorensen appropriate for qualitative data. The degree of
similarity will be determined and compared between crop type (maize vs. cotton) and sampling
method (pitfall vs. soil cores extracted with Berlese funnels) at the level of family and genus.

Results

Springtails in maize: Over the two semesters of evaluation, a total of 5,444 specimens were
captured from the class Collembola. Of those, 62.5% were captured in the insecticide treatment
and 87.0% were captured during the first growing cycle (2002B).

The identified springtails belonged to three orders and six families, each of which has been
previously documented in Colombia (Table 1). The most abundant order was Poduromorpha
with 27.3 and 5.6 times more individuals than the orders Symphypleona and
Entomobryomorpha, respectively. In terms of abundance, no differences were detected between
treatments at the level of order. There were statistically significant differences between
semesters for each order. While Entomobryomorpha was more abundant in the second semester
(2003A), the other two orders were more abundant in 2002B (Subproject 1)

Springtails in cotton: During the cropping cycle of cotton (2003), 229,425 specimens from the
class Collembola were captured in pitfall traps, and 9,347 in soil samples (only partially analyzed
to date). Of total captures, 59.8% were captured in Bt-transgenic cotton (Pitfall and Berlese),
with 60.0% belonging to Poduroporpha. Both Poduromorpha and Symphypleona exhibited
differences between treatments, being significantly more abundant in the Bt-transgenic plots
(Subproject 2).

Eight families were identified to date. Of those, seven were detected in pitfall traps, and of those
six were common to both treatments. The family Neanuridaec was only detected in the
conventional plots, and also only in pitfall traps (Table 2). Six families were detected in soil
samples and of those five were common to both treatments. The family Dicyrtomidae was only
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detected in the conventional plots. In addition the family Cyphoderidae was only detected in soil
samples (in both treatments).

Table 1. Families and genera of springtails associated with maize at the CIAT
experimental station, Palmira, Colombia.

Family Genus
Hypogastruridae Ceratophysella
Isotomidae Isotoma
. Seira
Entomobryidae Entomobrya
Sphaeridia
Sminthurididae ..
Denisiella
Bourletiellidae Deutosminthurus

Of the 13 genera identified, eight were common to both treatments and collection techniques.
The genera Brachystomella and Arlesia were only detected in pitfall traps (in both treatments),
while the genus Chypoderus was only detected in soil samples (in both treatments). The genus
Salina was only detected in the conventional treatment (in both berlese and soil samples)

Table 2. Families and genera of surface active (pitfall traps) and soil active (soil samples
processed in Berlese funnels) springtails associated with cotton at the ICA
experimental station, Palmira, Colombia.

Pitfall Berlese
Family Genus NuCotn 33B DP 5415 NuCotn 33B DP 5415

Hypogastruridae Ceratophysella 1 1 1 1
Brachystomellidae ~ Brachystomella
Neanuridae Arlesia

Isotoma

Proisotoma
Isotomidae

Folsomides msp 1

Folsomides msp 2

= e e e e e e = Y
—_— O = e e e e e e e e e
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— e e e e e e e e = OO

E brvid Seira
ntomobryidae Lepidocyrtus
Paronella
Paronellidae )
Salina
Cyphoderidae Cyphoderus
Dicyrtomidae Calvatomina

(1) Present; (0) Absent.

Arthropod Taxonomic Diversity: In terms of similarity in families between maize and cotton,
for pitfall traps the Jaccard and Sorensen indices were 0.33 and 0.50, respectively, in other words
41.5% of the families captured in pitfall traps were common to both systems. In comparing
collection techniques within the cotton crop, the similarity indices were 0.75 and 0.85 for Jaccard
and Sorensen, respectively, i.e. 80% of families were sampled by both pitfalls and soil cores.
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In terms of similarity in genera between maize and cotton, for pitfall traps the Jaccard and
Sorensen indices were 0.19 and 0.32, respectively, or 25.5% overlap in genera between systems
for pitfall traps. In comparing collection techniques within the cotton crop, the similarity indices
were 0.85 and 0.92 for Jaccard and Sorensen, respectively, i.e. 88.5% of families were sampled
by both pitfalls and soil cores (Table 2).

A general view of the identified specimens is shown in Figures 1-10. These photos are of
specimens in the reference collection mounted by C. Ospina and photographed by C. Olaya
(CIAT).

Conclusions

>

This report on the taxonomic diversity of springtails associated with maize and cotton crops
is the first of its kind for any agricultural production system (other than forage crops) in
Colombia.

Of the genera identified to date, only the detection of Brachystomella and Cyphoderus
depended on collection method; captures of these genera were limited to pitfall and soil
cores, respectively.

The similarity in family and genus composition of springtail fauna was low in comparing
crop (maize and cotton), but high in comparing collection method (pitfall and soil core in
cotton).

For the first time, a key to the families of springtails associated with maize and cotton crops
in the Cauca Valley of Colombia has been made developed, complemented with photos of
select morphospecies.

Figure 1. General habitus of Ceratophysella (Hypogastruridae), detail of the head,

showing the 8 ocelli on each side of the postantenal organ (OPA), as well as the
mouthparts formed from the mandibles and maxillae. Species present in
maize and cotton.
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Figure 2.  General habitus of Arlesia (Neanuridae), detail of the stiletiform mouthparts.
Species present in cotton.

Figure 3. General habitus of Brachystomella (Brachystomellidae), detail of the
quadrangular mouthparts. Specimens collected in cotton.
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Figure 4. General view of the genera of Isotomidae: (A) Isofoma (specimen from maize),
(B) Proisotoma,(C) Folsomides sp. 1 and (D) Folsomides sp. 2 (specimens from
cotton).
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Figure 5. Habitus of the genera of Entomobryidae: (A) Entomobrya (specimen from
maize), (B) Seira and (C) Lepidocyrtus (specimens from cotton).

104



‘
;

Figure 6. Habitus of the genera of Paronellidae: (A) Paronella and (B) Salina, collected
from cotton.

Figure 7.  General habitus of Cyphoderus (Cyphoderidae) with detail of the furcula,
found in a sample of soil from cotton.

Figure 9. General habitus of Sphaeridia (Sminthurididae), (A) male and (B) female,
specimens collected in maize.
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Figure 10. General view of Deutosminthurus (Bourletiellidae), specimen collected in
maize.
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APPENDIX 1

KEY TO IDENTIFICATION OF THE FAMILIES OF SPIRNGTAILS ASSOCIATED
WITH THE MAIZE AND COTTON CROPS IN THE CAUCA VALLE, COLOMBIA.

1.

1’

93

*

Body elongate (Figure 1) never globular; thorax and first four abdominal segments not fused;

furcula present, well developed... v

Body globular (Figure 2); at least the first four abdomlnal segments fused furcula always

WEIL AEVEIOPEA. .. ..ot e ettt ettt et e et e et e e e tee e abeebeeenbeennes 8

Prothorax well developed (Figure 1), with dorsal setae; furcula not well

4 57453 147 15T OSSR 3
. Prothorax reduced (Figure 3), without dorsal setae; furcula frequently well

4 S74<] 147 1T USSR 5

With chewing mouthparts; mandibles with molar surface (Figure 4) ..... HYPOGASTRURIDAE

With modified MOUTNPAITS........cccviiiiiiiiieiecee e e et e saneees 4

Mandibles and maxillae present; maxillae stylifrom (Figure 5)........cccceeueenneee. NEUANURIDAE*
. Mandibles absent; maxillae square and usually with teeth

(FIZUIE ) .ttt o BRACHYSTOMELLIDAE*

Body segments similar length (Figure 7); post-antennal organ (PAO) simple

(FIZUIE ) .ottt ettt et ettt e e e st e st et e eneesaeenaeeneens e ISOTOMIDAE

IV Abdominal segment elongated (alargado) (Figure 3), PAO absent..........cccccoeveeeieeiiienieenneennen. 6

Dens spined or toothed; mucro square, much shorter than the dens

(FIZUIC 9) .ttt s oo PARONELLIDAE*
. Dens spineless and t0OthEless.........cc.eu it s 7

Dens crenulate; mucro short, hook like with 1 or 2 teeth

(FIGUIE 10)...iiiiiiiiiiieeeee ettt cererte et seeaenees ENTOMOBRYIDAE
. Dens smooth; mucro elongate with variable number of teeth ........................ CYPHODERIDAE*
Antennae elbowed between segments I1 y III, segment IV much shorter than III
(FIGUIE L12).eiiiiieet et et ettt e et DICYRTOMIDAE*
. Antennae elbowed between segments III y IV, (Figure 13), segment IV longer that
Lttt bbbttt a e bt b e ea e a ettt et ettt nae et e eeaee 9
Abdominal segments V and VI fused , males with prehensile antennae (Figure 14), female
lacking anal appendages... ..SMINTHURIDIDAE**
Abdominal segments V and VI separate males w1th s1mp1e antennae female with anal
appendages (Figure 15); mucro spatulate (Figure 16).........ccccceceeneeee. .BOURLETIELLIDAE**

Only family in cotton.

** Only family in maize.
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FIGURES

Figure 1. Habitus of Hypogastruridae. Figure 2. Habitus of Bourletiellidae.

Figure 3. Habitus de Paronellidae.

&

Figure 4. Mandible, Ceratophysella. Figure 5. Mandibles and maxillae
modified, Neanuridae.
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Figure 6. Maxillae of Brachystomella.

Figure 8. OPA of Folsomides.

Figure 9. Furcula of Paronella. Figure 10. Furcula of Lepidocyrtus.

e — e A

Figure 11. Furcula of Cyphoderus.
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Figure 12. Head of Dicytoma. Figure 13. Head of Sminthuridae
Ospina et al 2003).

-

i,

Figure 14. Antennae of Sphaeridia (Macho) Figure 15. Anal appendages of
(Ospina et al 2003). Deutosminthurus.

Figure 16. Mucro of Bourletiellidae.
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Gauging the effect of transgenic maize and cotton on non-target soil

Jairo Redriguez Ch." , Mariluz Mojocoa A.', Claudia M. Ospina' and Daniel C. Peck?
1 International Center for Tropical Agriculture (CIAT), AABT13, Cali, Colombia,
2 Dept. Entomology, NYSAES, Cornell Univ., Geneva, USA

INTRODUCTION

The Colombian Minisiry of Agriculiure and Development, through the
Instiule Colombianc Agropecuaric (ICA), designed a scheme lo
determine the viability of incorporating GMOS Into the agricultural
production process. In 1998, ICA published resalution 03432 to
regulate and establish the procedures for the nbroduction.

libaration and of GMOs. Through
Agresmant 013/98 and 000202, ICA crealed the National Technical
Council for Agricullural Biosecurity (NTC) fo funclion in
regulation of GMOs.

Since the those been
submilted for Brachiaria, carnalions, cassava, coffee, collon. maize.
rice. Styfosanthes and sugar cane. Of these. only four have been
approved o date: (1) camations for cut-flower production, (if) cotton
for commercial production, (lii) rice for small scale field Irials, and (v)
maize for biosecurity lests (Diaz 2003).

Al present, the biosafety informaiion avadable lo researchers and

in Colombia stems from studies conducled in other
countries that largnl;r represent lemperale regions. Thal ex-situ
1o the tropical and

dmmmuomlmmwnnuwymw
magnitude of GMO effects on Ihe abundance, diversity and
of non-targel

OBJECTIVE

Evaluate and compare the Impact of GMO and non-GMO plan

arthropods in Colombia

samples for berlese extraction of
mﬂ":dl {A) cup cutter, [B) soll sample, (C) berlese
nnel

Fig. 2. Field collection of

Wilh this design an ANOVA will be used lo ﬂ.l.fl!hl differences in

among and the effect
inferactions. In addition. for the mos! sbundand groups we will
conduct an analysis of the area under the population curve
(accumulated  insect-days) to  determine differences among
treaiments during the trial, We will also compare the diversity and
abundance among treatments using various Indices of taxonomic
diversity, dominance and equity.

RESULTS

Surface-active arthropods [pitfalis): In the two-cycle malze study
a fotal of 11,850 arthropods were caplured and sorled from pitfall
Iraps, representing five classes and 18 orders; 58.7% of
lndluﬂuul: were caplured in the inseclicide plols (Table 1).
and Acarina were the most abundant orders with
:!1.8 and 19.7% of specimens, respeciively. Treaimenis had a
significant effect on two orders. Acarina (more abundant with
insecticide) and Thysanaptera (more abundant without inseclicide).
There were significantty more pitfall caplures in the first cycle
second.

prolection umwu on nan-argel sel pods in
maize and cotlon.

MATERIALS AND METHODS

Due lo delays in the approval of Bi-lransgenic maize, an initial study
was on the soll

In
maize. The research was conducled af the intemational Center for
Tropical Agriculture (CIAT). located al 3°31° M, T6°21" W, 956 m
elevation, mean annual rainfall 1000 mm. mean lemperature 24°C,
and Holdridge e zone classification Dry Tropical Forest. There
were sight experimental plots (43 x 43 m each) evalusted over two
consecutive maize (second semester 2002 and firs
semoster 2003). The two treatments were matze (commarcial hytirid
“Master” from Syngenta) with and without inseclicide incorporated af
lepidopteran pests. in particular the
(Moctuidae) as & cubworm.

In & second phase ﬂ.ﬂMlls in collabaration with ICA's division af
. field studies were iniliated In
colton 1o utuumuu elhd: nf Bﬂllwlnhminw (Bi-transgenic
colton inseclicidal to lepidopleran pests). The first of three
consecutive cycles (first semester 2003), In rotation with soybean,
was conducled al the ICA research station in Palmira, located at
033N, TE*19W, 975 m elevalion. annual precipitation 1235 mm,
mean temperature 24°C, relative humidity 76%, and
Forest. There were 24 experimental plols (15 x 15 m each) with four
replicates of six freatmenis based on plant material
technology represented by the var NuCont 338 with the CrylAlc)
gene and convenlional technology I'Dpﬂ!lm by var DP 5415) and
regime

wpared to the
In collon, 438,934 specimens were caplured in fhe first cycle,
representing elght classes and 20 orders (Table 1) 54.3% of
Individuals were caplured in NuColn 338 (Bt-fransgenic) plots. Sidy-
fve different species have been Identified and cnly three of these
‘ware nol presont in both NuCotn 338 and DP 5415 (Table 2). The
most abundant class was Collembola with 52.3% of lotal captures
(Table 1). Poduromorpha, Hymenoplera and Acarina were the most
abundan! orders with 504, 207 and 17.2% of specimens,
had & effect on two orders,
Coliembola and lsopoda, each more abundant in NuColn 336,

Table 1. Number of
classos caught in plﬂl traps in maize l_‘?m-illa] and

cotton [2003).
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Table 2. Abundance of invertebrate orders (mean number of
individuals captured per evaluation date) in maize
(2002-2003) and cotton [2003).

to control non-depidopleran pests, m Bt-based
Because economic ihresholds were never reached in the first cycle,

no insecticides were applied and the dala were analyzed as fwo
plant variety treatments.

Fig. 1. mm:mmgmmsmnm removable
component and (C] lid.

Information was gathered from two types of samples: pitfail traps to
sample surface-active (maize and cofton) and sodl cores
exiracted wilh berlese funnels fo sample soll-aclive arthropods (only
collon). Piifsll raps were located between planis within the rows;
eight were put oul in each experimental plot (Fig. 1) and these were
oponed lo sampling for 8 24-hour period each week. Soil samples
were laken wilh a cup cutler (10 cm dlam, 10 cm depth) every 2 wk
from within the row between planis (Fig. 2). Four samples were
taken from each sxperimental plol. Samples were placed in berless
funnels for 24 hours, then arhropods were sorled from the debris
and stored In 70% eyl alcohol undil analysis (CIAT 2003: Mojocoa
2003; Rodriguez & Peck 2004), The sialislical model used for the
‘analysis of Ihe data was a completely randomized block design.
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Soll-active arthropods [berese): To date, 44% of the samples
collected in the first cycle of collon have been evaluated, numbering
80,541 specimens representing 11 classes and 21 orders (Table 3).
The mos! abundant classes were Arachnida and Insecta with 65.0
md 20.4% of fotal specimens, respeciively. The mos! abundant

‘was Acarna, wilth 65% of lotal caplures and 1.2 limes mofe
mrﬂ in DP 5415,

Diversity indices: In maize, the species richness Index (5) was not
mwu between Irsatments or belweon semesters. The

Shannon diversity Index and Simpson dominance index were
significantly differsnl  betweon semesters bul nol betwsen
treatments. In terms of species similarity, the Jaccard index showed
that 97 and 91% of orders were in common between ireatments and
semesters. respectively,

lncoﬂon the spacies richness. Shannon and Simpson indices were

different between the treatments NuColn 338 and
DPuﬂ Values were 14.1, 1.0 and 0.4, respectively. The Jaccard
Index showed that B0% of orders were in comman between the two
treatments.

Table 3. Number of
mmu&mmmlcmmmm
Taxonomic
NuCotn 338 DP 5415 Total
class

Arachnida 24127 2218 52345
Cilopoda a4 1]
Collembola 4,709 4638 9347
Diplopoda gL 42 %
Diplura 118
Irsecta 7.679 8717 16,396
Malocostraca 46 B8 109
MNematoda 12 2 2
Oigochaeta 155 215 370
Protura 3 4 7
Symphyla 729 9652 1681
Total a7, 983 541

+ These studies have identified a high abundance and diversity of
soll-active and surface-aclive fauna assoclaled with the cotfon
crop under the conditions of the Cauca Valley, Colombda,

« Pitfall fraps are an appropriate method for measuring the

of surface-acii and their
activity and diversity across fresiments.

+ Exiracling soil cores wilh berlese llmls IS an SGMO method
for the and
camparing iheir aclivity and uww across treatments.

« The various indices of laxonomic diversity, richness, dominance
and equity are useful tools for comparing ecological communities
and will alow us to make long-lerm comparisan of the efects of
different plan undar the of
Cauca Valley, Colombia,

+ The abundance differences observed between ireatments In the
first cycle of collon should be studied in more delail 1o define how
GMOs affect those differences. The profocols established in the
Mirst cycle will therefore be Implemented in two additional cycles to
better describe abundance effecis over time, and lo gather

o compare in species of key
groups such as the snnn@eu.s.
. abundance differences may exsl In

Although

response to GMO Iuhnﬁm tis Impnllln! to determine whether
he of those relevant, ie.
have an effect on ecological function or mrdlell health.
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