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General part Summary

Summary

Concerns have been raised that genetically modftadaize expressing the CrylAb protein
of the soil bacteriunBacillus thuringiensigBt toxin) may harm non-target organisms, and
there is a general call and need for a risk assa#saiBt maize. Spiders are important pest
predators in agroecosystems and in maize, and eaxposed to thBt toxin by activeBt
maize pollen feeding, by ingesting their pollentddswvebs and by preying on herbivorous or
pollen-collecting prey. In this thesis, the risktgatially arising fromBt maize for foliage-
dwelling spiders was assessed by (i) recording basedata of spiders in maize fields and
adjacent margins, (ii) by an evaluation of adequapling methods for foliage-dwelling
spiders, (iii) by the investigation of exposurelpedys ofBt maize to spiders and (iv) by
assessing the actudl effects on foliage-dwelling spiders on laboratany field scale.

For recording base line data as well as for thduewian of different sampling
methods of the foliage-dwelling fauna in maize dgeland field margins, foliage-dwelling
spiders were collected in maize fields and on afjacargins in Bavaria, South Germany.
Two different sampling methods were evaluated: droph sampling and suction sampling.
Maize fields and adjacent field margins were cdaledi by a typical spider assemblage,
consisting of juvenile web-building spiders e.g.efitliidae (cob-web spiders), Linyphiidae
(sheet-web spiders), Tetragnathidae (long-jawedesp) and Araneidae (orb-web spiders,
sensu stricto) in decreasing order with a dominasfcepace-web spiders (Theridiidae and
Linyphiidae). Generally, field margins harbouredregpider individuals and spider species
than maize fields. Suction sampling with a smatit&un device proved to be a more efficient
and consistent sampling method for foliage-dwellsygders than drop cloth sampling.
Abundance and species richness of foliage-dwebpders in maize was shown to be fairly
high, implying that spiders of higher strata magyph more important role in biological
control than suspected up to now.

To gain information on the potential exposure atisps toBt maize pollen, data on
the temporal occurrence, spatial range and disperdi maize pollen, and thus potentiaiy
maize pollen densities in field margins in Bavasnuth Germany was acquired. TBé
maize event 176 (variety “Navares” by Syngentaydspellen generally during July. Pollen
numbers deposited in field margins were highly alsle and decreased with distance to field
edge. The main factors determining pollen densitiedield margins were various climate

parameters, growth stage of the maize and distemdeld edge. CrylAb amounts it
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maize event 176 pollen was with 2:§/g pollen found to be in the range reported so far
FurthermoreBt maize pollen was quantified in orb-webs in maie&dt and on adjacent field
margins by counting pollen in spider webs whichavexposed in maize fields and on field
margins during maize anthesis. In both habitatsypeb-building spiders may be exposed to
high amounts oBt maize pollen. An enzyme-linked immunosorbent aggaySA) proved

an uptake of the CrylAb protein by spiders via ¢basumption oBt maize pollen dusted
webs. The exposure of spiders to potenBatcontaminated prey was investigated by the
assessment of the actual prey spectra and theiggyeof webs as well as individuals of two
orb-web spider species, the garden spi@iemeus diadematu@Clerck) and the wasp-like
spider Argiope bruennichi(Scopoli) (both species Araneae: Araneidae) on titerent
structured field margins. In general, prey spectrdoth spider species on field margins
consisted of a few, in arable land frequent, taxg.(Diptera, Sternorrhyncha, Heteroptera,
Coleoptera) and were dominated by Diptera. In spickbs, small-sized, broad-winged prey
items such as Sternorrhyncha were caught easilgresls mobile prey with good optical
skills such as Diptera and Hymenoptera could priybakoid spider webs. Armed prey with
strong mandibles or stings such as Coleoptera amaeHoptera were avoided by individuals
of both spider species. However, both spider speditfered in their selectivity to Apidae.
Whereas Apidae were avoided by individualsAofdiadematusA. bruennichishowed no
avoidance towards this prey. In conclusion, theegtigation of possible exposure pathways
of Bt maize to spiders showed that spiders are potgnéimposed tdBt maize pollen in spider
webs in maize fields and on field margins as waellta Bt-contaminated prey on field
margins. However, the wasp-like spider may be nexjgosed tdt pollen-collecting prey
than the garden spider.

The potential effect dBt maize on spiders was investigated in a laboradesay and a
3-year monitoring oBt maize on field scale in Bavaria, South Germanye Tdboratory
experiment was conducted to evaluate possibletsftdadhe consumption @t maize pollen
on juvenile A. diadematus This study showed no effects 8t maize pollen on weight
increase, survival, moult frequency, reaction timeards prey and various web variables of
A. diadematus However, a pyrethroid insecticide (Baythroid)estied weight increase,
survival and reaction time of spiders negatively.3A/ear field-scale monitoring on the
foliage-dwelling spider fauna ddt maize fields and adjacent margins showed no negpati
effect on individual numbers, species richness@nldl structure of foliage-dwelling spiders

in maize fields and adjacent field margin strips.
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Concerning the risk assessment of genetically memtlijplants, ecological risk is defined as a
function of exposure and effect, i.e. the produtttte likelihood of exposure and the
magnitude of an adverse effect. Including the faat no lethal effect 0Bt maize on spiders
on laboratory as well as on field scale was fownhigh risk ofBt maize event 176 to spiders
can not be confirmed with this thesis. Howeverthes is the first study on this topic and high
variation as well as small effect sizes may haveked existing effects, further studies on
different temporal and spatial scales are requicedllow general statements. Furthermore,
studies on potential sublethal or longterm effestteuld be conducted to assess a possible

effect on spider populations and the concurrentdntrol efficacy of spider assemblages in
agroecosystems.
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Zusammenfassung

Genetisch verdnderteBt Mais exprimiert das Protein CrylAbBt( Toxin) des
Bodenbakterium8acillus thuringiensisDa Hinweise auf mogliche Effekte dBsToxins auf
Nichtzielorganismen existieren, wird eine Risikadii#zung vonBt Mais notwendig.
Spinnen sind wichtige Gegenspieler von SchéadlingerAgrarokosystemen und kénnen
aufgrund einer beabsichtigten Aufnahme RBinMaispollen, durch das regelméaRige Fressen
ihrer Netze mit anheftendeBt Maispollen und Uber das Fressen VBnkontaminierter
herbivorer oder pollensammelnder Beute mit drioxin in Bt Mais in Beriihrung kommen.
In dieser Arbeit wurde das Risiko vddt Mais gegenuber pflanzenbewohnenden Spinnen
durch (i) die Aufnahme der Spinnenfauna in Maisfetdund angrenzenden Feldrandern, (ii)
der Evaluierung von adaquaten Sammelmethoden kimzgnbewohnende Spinnen, (iii) der
Untersuchung von verschiedenen ExpositionswegenBiodais fur Spinnen und (iv) der
Untersuchung eines tatsachlichen Effekts BirMais auf Spinnen in Labor und Freiland
abgeschatzt.

Fur die Aufnahme der Spinnenfauna und fir die @Eealing von verschiedenen
Sammelmethoden wurden pflanzenbewohnende Spinndaisfeldern und an angrenzenden
Feldrandern in Bayern, Siuddeutschland, gesammedizu Dwurden zwei verschiedene
Sammelmethoden angewendet, das Abklopfen der Rfhanit einem Klopfschirm und das
Absaugen der Pflanzen mit einem tragbaren Akkusaulfisfelder und angrenzende
Feldrander wurden von einer typischen Spinnengesukait bewohnt, die sich aus juvenilen
netzbauenden Spinnen der Familien Theridiidae (Kpgenen), Linyphiidae
(Baldachinspinnen), Tetragnathidae (Streckerspinnend Araneidae (Radnetzspinnen)
zusammensetze und vor allem von raumnetzbauendeneé®p(Theridiidae und Linyphiidae)
dominiert wurde. Im Allgemeinen wurden Feldrandenvmehr Spinnenindividuen und —
arten besiedelt als Maisfelder. Das Saugen mineikieinen tragbaren Akkusauger stellt sich
als die effektivere und genauere Methode zum Eefas®n pflanzenbewohnenden Spinnen
im Vergleich zum Klopfen mit einem Klopfschirm hasa Es zeigte sich, dass die Abundanz
und der Artenreichum von pflanzenbewohnenden SpinneéMaisfeldern relativ hoch war.
Dies deutet auf eine wichtigere Rolle von Spinnen libheren Vegetationsstraten hin, als
zuvor angenommen wurde.

Um eine potenzielle Exposition von Spinnen an fEldern gegenubdst Mais zu
untersuchen, wurden Informationen zur zeitlicherd waumlichen Verteilung sowie zur

Ausbreitung vonBt Maispollen gewonnen. Event 17Bt Mais (Sorte ,Navares" von
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Syngenta) bluhte generell im Juli. Die Anzahl deliéh, der sich an Feldrandern ablagerte,
unterlag grof3en Schwankungen und nahm mit zunehenendbstand vom blihenden
Maisfeld ab. Die Pollendeposition an Feldrandernrdeudurch verschiedene klimatische
Faktoren, durch das Wachstumsstadium des Mais endd\tdstand zum Maisfeld beeinflusst.
Der Gehalt an CrylAb in Event 1Hi Mais war mit 2.5ug/g innerhalb des Wertebereichs,
der in der Literatur angegeben wird. Des Weiteremde in Maisfelder und Feldrandern die
Menge derBt Maispollen in Spinnennetzen quantifiziert, indemar dPollen, der sich in
Spinnennetzen wahrend der Maisblite verfangen ,hattesgezahlt wurde. In beiden
Habitattypen waren Spinnen hohen Mengen BbMaispollen ausgesetzt. Ein ELISA-Test
erbrachte den Nachweis der Aufnahme des ProteipsABrdurchSpinnen Uber das Fressen
von Spinnennetzen, diBt Maispollen enthielten. Die Exposition von Spinngegenuber
potenziell Bt-kontaminierter Beute wurde anhand einer Erfassu®g tatsachlichen
Beutespektrums und der Selektivitdt von Spinnemmetznd Spinnenindividuen von zwei
Radnetzspinnenarten, der Gartenkreuzspim@neus diadematus(Clerck) und der
WespenspinneéArgiope bruennichi(Scopoli) (beide Arten Araneae: Araneidae) an zwei
unterschiedlich strukturierten Feldrandern untemsudm Allgemeinen setzte sich das
tatsachliche Beutespektrum von Radnetzspinnen &hrdhelern aus wenigen, in Ackerland
haufigen Tiergruppen zusammen (Diptera, Sternoohgn Heteroptera, Coleoptera) und
wurde von Dipteren dominiert. Sternorrhyncha, Beete von meist geringer GréRe und
breiten Fligeln wurden leicht in Spinnennetzen iggéa, wahrend mobilere Beutegruppen
mit gutem Sehvermbgen wie Dipteren und Hymenoptesamrscheinlich Spinnennetze
meiden konnten. Wehrhafte Beutegruppen mit kraftigiandibeln und/oder Stacheln wurden
von beiden Spinnenarten gemieden. Jedoch untedechigich die Spinnenarten hinsichtlich
ihrer Selektivitdat gegeniber Apidae. Wahrend Apidaen den Individuen der
Gartenkreuzspinnen gemieden wurde, zeigt die Wegame keine Aversion gegentber
dieser Beutegruppe. Zusammenfassend zeigte dierduntaing, dass Spinnen sowohl
gegenibeBt Maispollen in Spinnennetzen in Maisfeldern undaagrenzenden Feldrandern
als auch gegeniber potentidt-kontaminierter Beute an Feldrandern ausgesetad. sin
Insbesondere die Wespenspinne kannBtiRollen sammelnden Blitenbesuchern in Kontakt
kommen.

Ein mdglicher Effekt voriBt Mais auf Spinnen wurde anhand eines Laborversuictis
eines dreijahrigen Freilandmonitorings untersublats Laborexperiment wurde durchgefihrt,
um einen moglichen Effekt einer Aufnahme \BinMaispollen auf juvenilé\. diadematugu

erforschen. Diese Studie zeigte keinen EinflussBobMaispollen auf die Gewichtszunahme,
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Uberlebenszeit, Hautungsfrequenz und Reaktionszmgeniber Beute sowie auf
verschiedene Netzbauparameter YordiadematusEin Insektizid, das Pyrethroid Baythroid,
beeinflusste jedoch die Gewichtszunahme, die Ubeniszeit und die Reaktionszeit negativ.
Ein dreijdhriges Monitoring in Maisfeldern und aegeenden Feldrandern zeigte keine
negativen Effekte auf die Anzahl der Spinnenindied, den Artenreichtum und die
Gildenzusammensetzung von pflanzenbewohnenden @&pinm Maisfeldern  und
angrenzenden Feldrandern.

In Hinblick auf die Risiko-Abschéatzung von genetisreréanderten Pflanzen wird das
Okologische Risiko als eine Funktion von Expositiond Effekt, d.h. als Produkt der
Eintrittswahrscheinlichkeit und der Hohe des Effeéines moglichen Storfaktors definiert. In
Anbetracht dessen, dass sowohl auf Labor- als au€h-eldmal3stabsebene kein negativer
Effekt vonBt Mais auf Spinnen gefunden wurde, kann ein hohs&k®&®ausgehend von Event
176 Bt Mais auf Spinnen mit dieser Arbeit nicht bestaiwgirden. Um jedoch eine allgemeine
Aussage hinsichtlich eines Effekts vBhMais auf Spinnen machen zu kdnnen, sind weitere
Untersuchungen auf unterschiedlichen, zeitlich nanlich skalierten Ebenen nétig, da eine
hohe Varianz und kleine EffektgroRen einen vorhardeEffekt Uberdeckt haben kdnnten.
Aullerdem sollten Studien zu potenziell subletalefiekien und Langzeit-Effekten
durchgefuhrt werden, um einen moglichen Einfluss BbMais auf Spinnenpopulationen und
damit auf deren Effizienz in der biologischen Sdimigbekampfung in Agrarékosystemen

abschatzen zu konnen.
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1 Introduction

Bt pesticides based on the bacterilacillus thuringiensiswhich produces insecticidal
proteins during sporulation, the so-called Cry erat, are used in agriculture, because they
are described as effective and specific againgt gegnisms (Van Frankenhuyzen 1993).
However, Bt pesticides have the disadvantage to be active stgpests at best only few
weeks under field conditions, and mining insectsctvlare protected inside plant stems, are
not affected by a surface pesticide applicatiorer&fore, transgenic plantBt(plants) were
developed which express Cry proteinsBofthuringiensisn plant tissue providing resistance
against (mining) pests (Whalon & Wingerd 2003).

Predators and parasitoids are natural enemiesstfgnpganisms in agroecosystems and
constitute an important element of biological cohfor sustainable agriculture. Therefore,
these beneficial organisms should not be harmedglagt production measures such as
pesticides (Croft 1990). Despite the reported $eieg there is evidence that Cry proteins
may harm non-target organisms such as predatorgaraskitoids (Groot & Dicke 2002).
Furthermore, the Cry protein expressedimplants is modified and may be further processed
in the plant metabolism which could affect the sty and toxicity of Cry toxins to non-
targets (Fearing 1997, Perlak et al. 1991). Asattea of planted transgenic insect resistant
plants increase worldwide (James 2003), a risksassent of transgenic insect resistant plants
is needed and demanded (e.g. European Parliamdn€Canncil 2002, Andow & Hilbeck
2004).

In this thesis, the potential risk Bf maize event 176, expressing the CrylAb toxin, to
foliage-dwelling spiders, as general predators, assessed on different temporal scales as
well as on laboratory and field scale.

The following chapters provide information aboug¢ ttnode of action of Cryl toxins
known so far. Furthermore, differences betw&strpesticides and transgenit plants are
discussed and information on known non-target &ffe¢ Cry toxins is provided. Finally,
methods of risk assessment of genetically modiphts (GMPs) are introduced and the
choice of spiders as test organism for a GMP redessment is justified. In the subsequent
conceptual approach, the studies of this thesissamtly described and references to

publications on which this thesis is based arergive
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1.1 Bacillus thuringiensigoxins and its mode of action

The gram-positive, spore-forming soil bacteri@Bacillus thuringiensigBerliner) produces
protein crystals during sporulation. Besides sdvether virulence factors, these crystals
consist of entomopathogenic proteins, called “Gutgins” (De Maagd 2001). Different Cry
proteins exist, derived from differeBt thuringiensisstrains which were classified according
their toxicity to insect taxa. So Cryl proteins described to be toxic to Lepidoptera, Cry2
proteins to Lepidoptera and Diptera, Cry3 protem€oleoptera and Cry4 to Diptera (Hofte
& Whiteley 1989). Due to the insecticidal effectmass and the specificity to pest targets of
Cry proteins, commercially available pesticides eoh®n B. thuringiensiswere used in
agriculture since the 1930s (Van Frankenhuyzen 199% specificity ofBt toxins is due to
the mode of action which includes several stepslued in specificity. In the following, an
overview of the mode of action of Cryl toxins froB thuringiensisvar. kurstaki on
lepidopteran larvae is given. However, the modaation and determinants of the specificity
of Bt toxins have not been completely understood sqdee reviews in Gill et al. 1992,
Schnepf et al. 1998, De Maagd et al. 2001, Braa. €004).

After the ingestion oB. thuringiensisvar. kurstakispores by a lepidopteran larva, the
protein crystals dissolve in the alkaline environmef the insect midgut. Consequently, a
Cryl protein of 130 kDa (Cry protoxin) is releasidthe midgut and subsequently, a
fragment of the Cry protoxin is cleaved from thee@minal of the protein leading to an
activated toxin of 60 kDa. This cleavage Rif protoxins in the insect gut, a proteolysis, is
mediated by bacterial proteases and trypsin as aslby specific lepidopteran midgut
proteases (Rukmini et al. 2000, Miranda et al. 208h activated Cryl toxin consists of
three main protein domains (I-1ll) (Grochulski &t B995). The hydrophobic domain | on the
N-terminal of the protein is a bundle of seven amaweida-helices. Domains Il and Il are
located on the C-terminal of the protein and cdarsismino acid3- sheets. Domain | inserts
into the midgut epithelium and is involved in therrhation of transmembran spanning
channels. Whereas domain Il is responsible foibthding on a specific midgut cell receptor,
domain Il is probably involved in both functionEadomain | and Il (Dean et al. 1996).

After the activation of the Cryl toxin, it binds $pecific receptors on the brush border
membrane of midgut epithelium cells (Van Rie et18190). Several receptors participate in
the mode of action such as the receptor BTaRcadherin (Vadlamudi et al. 1995) and the
aminopeptidase N (Luo et al. 1997). The binding reneptors leads to an irreversible

insertion of a-helices of domain | into the midgut membrane (Brat al. 2004) which
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contributes to a formation of ion channels (Englethal. 1995). lon channels mediate an
influx of ions into the midgut membrane cells whishfollowed by an osmotic water influx
and results in the burst of midgut epithelium céksiowles & Ellar 1987). Organisms
susceptible to Cryl toxins die from gut lysis amgteemia as well as from paralysis and
starvation after the ingestion of Cry proteins (Heel & Angus 1959, Gringorten 2001). To
summarise, an alkaline midgut environment for tluteon of protein crystals, midgut
proteases for the activation of the protoxin aslwelmidgut ephithelium receptors for the
catalysis of transmembran channel forming are stepgonsible for the specificity of Cryl
toxins.

The mechanism of action of Cryl toxins in otheramigms than lepidopteran larvae is
not investigated so far. Nevertheless, Cry toxins Imot only to midgut epithelium cells, but
also to several other epithelium cells (Gill etE)92) and show even toxicity to insect brain
cells (Cerstiaens et al. 2001). In additiBacillus thuringiensiwar. kurstakiproducing Cryl
toxins may also cause chromosome aberrations mo@era (Ren et al. 2002) which suggests

another mode of action of Cryl proteins than thecdked one.

1.2 Genetically modified®t plants

As conventionalBt pesticides on the base of the bacteriBmthuringiensishave a low
persistence under field conditions necessitatingflganultiple spraying and do not reach
boring pests (Whalon & Wingerd 2003), geneticallgdified crops were developed which
produce Cry toxins themselves (De Maagd et al. L9B® date, genetically modified insect
resistant cotton, tomatoes, corn and potatoes ssipige Cry1lAc, CrylAb, CrylF, Cry3A and
some other Cry proteins are commercially availgNiEp et al. 2003, AgBiosafety 2005).

Generally, the biosynthesis of proteins from gemEgurs in two steps, the
transcription from desoxyribonucleic acid (DNA)genes to ribonucleic acid (RNA) and the
translation from RNA to proteins (Knippers 1995heTtranscription in plants is mainly
controlled by two DNA sequences adjacent a codiegegthe promoter and the terminator.
The promoter is located before the coding genedatermines the start and the terminator is
located behind the coding gene and determinesrileoé the transcription (Brandt 2004).
Thus, to develop Cry toxin expressing plant celsl glants, the target Cry gene Bf
thuringiensisand a marker gene to identify transformed celtsweell as promoters and
terminators for each of those genes were integratégde plant genome (Fearing et al. 1997,
AgBiosafety 2005).
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As the expression of wild-typ®. thuringiensisgenes in plants is suboptimal due to
differences between bacterial and plant genomes Nlaagd et al. 1999), wild-typ®.
thuringiensisgenes were modified in order to enhance the giyaantid toxicity of Cry toxins

in plant tissue (Perlak et al. 1991). However, s@véactors determine the location and
quantity of Cryl expression Bt plants. In the plant genome integrated promotetsraene,

in which plant tissue the Cry toxin is expresse@r(@l et al. 2002). Often wild-type or
modified cauliflower mosaic promoters (CaMV 35S)ravéntegrated in the plant genome
which is expressed in green plant tissue, but nonty marginally in pollen (Wilkinson et al.
1997, Hilbeck & Andow 2002)Bt maize event 176, however, carries a phosphoenolpte
carboxylase promoter (PEPC) which is expressedréergplant tissue and additionally a
maize-specific promoter which is expressed onlgnaize pollen (Fearing et al. 1997). So the
mean CrylAb content in pollen of event 1B6 maize is about 2ig per g fresh weight,
whereas otheBt maize varieties show only low CrylAb contents inlgro (Hilbeck &
Andow 2002). Also with the same promoters, the Gtytontent may differ between maize
varieties. Mature leaves e.g. may have a CrylAlzeoination from approximately 0.4 to 80
ug per g fresh weight (Hilbeck & Andow 2002). Evan the sameBt maize variety, the
CrylAb toxin may decrease during the vegetatiomopemprobably dependent on an altering
chlorophyll content in leaves (Fearing et al. 198@el & Adamczyk 2004, foBt cotton see
Greenplate 1999).

As Bt maize event 176 produces the truncated active Alryxin, the midgut pH as
well as specific proteases of an organism as spegifactors are no longer involved in the
action mechanism of the CrylAb toxin. Furthermdine, activated protein expressed in plants
differs in size from the protein expressedinthuringiensisand truncated in the lepidopteran
gut. Additionally, there is evidence that the plparmdduced CrylAb protein is further
truncated or modified in the plant metabolism (epet al. 1997). There is no data available
so far, how these modifications of the CrylAbBhplants may affect the mechanisms of
toxin action of CrylAb. Nevertheless, there is ewice, that even small changes in Cry
domains binding on receptors may cause differentdbe selectivity and toxicity of Cry
proteins (Haider & Ellar 1989).

In addition to a possible lower specificity Bf plants due to an expression of active
Cry toxins, transgeni®t plants pose a higher exposure to non-targets apa@d toBt
pesticides. This is because Cry toxin8irplant tissue are at least present for several Imsont
over the whole vegetation period Bif plants (Fearing et al. 1997), whereas Cry protgoms

conventional Bt pesticides generally remain active only for selvevaeks under field
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conditions (Meadows 1993). Furthermore, Cry toxamaining pollen oBt plants is spread
by wind or pollinators in adjacent habitats and|ddmarm non-targets there (Jarosz et al.
2003).

1.3 Non-target effects ddacillus thuringiensisand transgeniBt plants

Despite the reported specificity of Cryl proteins lepodopteran pests, there is evidence for
adverse effects of these toxims non-target organisms. Direct negative effectsBof
thuringiensisvar. kurstaki and related pesticides, containing at least on¢hefproteins
CrylAa, CrylAb and CrylAc were reported for Neuespt (e.g.,Chrysoperla carnea
Haverty 1982, Jayanthi & Padmavathamma 1996), @téea (e.g.Hippodamia convergens
Haverty 1982), hymenopteran parasitoid species, (8anuster 1994), as well as mites (e.g.,
Argas persicusHassanain et al. 1997) (see Glare & O Callagh#i0 2and Groot & Dicke
2002 for review).

Bt plants expressing Cry proteins may affect nonefargrganisms directly by
consumingBt plant tissue as herbivores as wellBistoxin-contaminated prey or hosts as
predators and parasitoids (Hilbeck & Andow 2002 rlhivores not sensitive 8t toxins may
pass the toxin to its predators wh@&etoxins may cause adverse effects (Chapman & Hoy
1991). This could be due to a specific processibthe Cry protein during digestion in
herbivores which may bias or determine suscepihiti Cry proteins in predators (Miranda
et al. 2001).

Out of 21 laboratory studies published in peeraesd journals on potential effects of
Cryl toxins on predators and parasitof@iab. 1), 13 (62 %) studies showed negative and 8
(38 %) studies showed no effect. In none of theberatory assays, positive effects were
demonstrated. In detail, negative effects of atddaCryl toxins derived from transgenic
plants (i.e.,Bt maize,Bt cotton, Bt rape,Bt rice) or offered as pure activated toxins were
reported on development and mortality of the grhaeewingChrysoperla carneas well as
of various species of hymenopteran parasitoids .(ITabFurthermore, negative effects Bif
plant tissue were recorded on the development efctrabid beetl®oecilus cupreusthe
survival of the coccinellid beetl®ropylea japonicaas well as on the survival of the
heteropteran®rius tristicolor and Geocoris punctipe¢Tab. 1). However, some laboratory
assays on possible effects of GMPs on non-targganisms showed contradicting results.
Hilbeck et al. 1998a, e.g., demonstrated an inectasortality inChrysoperla carneavhen
an artificial diet with the pure activated CrylA toxin was offered, whereas Romeis et al.
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2004 found no different mortality between CrylAldasontrol treatment for this predator.
Furthermore, Schuler et al. 2004 showed a negaffeet on survival of the bracon@otesia
plutellae when fed withBt-rearedBt-susceptible prey, but not when fed wBltrearedBt-
resistant prey (Tab. 1). Due to these inconsigesuilts, it is discussed whether the observed
tritrophic effects are direct CrylAb effects dueat@ontamination of prey by CrylAb or if
these effects are dependent on a suboptimal nutyieality of susceptibl&t plant-tissue fed
prey (Pilcher et al. 1997, Dutton et al. 2003a, dwd Hilbeck 2004, Pritz & Dettner 2004,
Romeis et al. 2004). However, existing laboratonydies to elucidate adverse effects of
genetically modified plants are limited and maiwlyver the green lacewinGhrysoperla
carneaand several hymenopteran parasitoid species, abayaly one study addressed a
carabid species and no laboratory study was coedush spiders as dominant predatory
groups in arable land (see also Lovei & Arpaia 20Qih. 1).

As laboratory assays under controlled environmetalditions may not minic field
conditions sufficiently, also large-scale field @stigations are needed for a risk assessment of
GMPs (Birch & Wheatley 20050ut of 21 field investigations published in peeviesved
journals on potential effects oBt plants expressing Cryl proteins on predators and
parasitoids, 4 (19 %) studies showed negativeu@ies showed positive (14 %) and 16 (71
%) studies showed no or inconsistent effectBtgilants on single predator or parasitoid taxa
(Tab. 2) Negative field effects oBt maize were described for heteropterans of the ggenu
Nabis and the hymenopteran parasitdigcrocentrus cingulunmn the USA, as well as on the
dipteran parasitoid family Tachnidae in France (T&b Positive effects oBt maize were
reported for the predatory b@yius insidosusas well as the coccinellid beetlésleomegilla
maculata and Cycloneta mundan the USA and on Neuroptera in France (Tab. 2). In
Australia, Bt cotton showed negative effects on the spider fanShlticidae and the
heteropteran predato@&eocoris specandNabis spec(Tab. 2).

Comparing results of laboratory assays with resaoftsfield investigations, it is
conspicuous, that possible sublethal and lethaceffofBt plants recorded in the laboratory,
e.g., on the green lacewir@hrysoperla carneayere not recorded under field conditions.
This may be due to a lower exposure to Cryl toxiden field conditions (Birch & Whitely
2005), but also due to drawbacks of existing fislddies which may have prevented the
detection of existing effects. So, e.g., plot siné®xisting field studies were often smaller
than the common commercial field size (< 0.5 hajctvhmay have reduced differences
between treatment plots in the abundance of mdbika (Duffield & Aebischer 1994,
Prasifka et al. 2005, Tab. 2).
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Table 1: Laboratory assays on potential effects of Cryin® on parasitoids and predators published in-pegewed journals.

Test organism Bt toxin Bt plant Event Form offered Parameter Result Reference
Heteroptera
Anthocoridae
Orius majusculus CrylAb Maize Bt 11 Bt plant fed prey Development 0 Zwabhlen et al. 2000
CrylAb Maize Bt 11 Bt plant fed prey Mortality 0 Zwabhlen et al. 2000
Orius insidiosus CrylAb Maize 176 Bt plant pollen Development 0 Pilcher et al. 1997
CrylAb Maize 176 Bt plant pollen Survival 0 Pilcher et al. 1997
CrylAb Maize  Mon 810 Bt plant silk Development 0 Al-Deeb et al. 2001
CrylAb Maize  Mon 810 Bt plant silk Mortality 0 Al-Deeb et al. 2001
Orius tristicolor CrylAc Cotton 531 Bt plant fed prey Survival - Ponsard et al. 2002
Lygaeidae
Geocoris punctipes CrylAc Cotton 531 Bt plant fed prey Survival - Ponsard et al. 2002
Miridae
Cyrtorhinus lividipennis CrylAb Rice n.s. Bt plant fed prey Development 0 Bernal et al. 2002
CrylAb Rice n.s. Bt plant fed prey Survival 0 Bernal et al. 2002
CrylAb/CrylAc Rice n.s. Bt plant fed prey Development 0 Bernal et al. 2002
CrylAb/CrylAc Rice n.s. Bt plant fed prey Survival 0 Bernal et al. 2002
Nabidae
Nabisspec. CrylAc Cotton 531 Bt plant fed prey Survival 0 Ponsard et al. 2002
Reduviidae
Zelus renardii CrylAc Cotton 531 Bt plant fed prey Survival 0 Ponsard et al. 2002
Neuroptera
Chrysopidae
Chrysoperla carnea CrylAb Maize 176 Bt plant pollen Development 0 Pilcher et al. 1997
CrylAb Maize 176 Bt plant pollen Survival 0 Pilcher et al. 1997
CrylAb Maize 176 Bt plant fed prey Development - Hilbeck et al. 1998b
CrylAb Maize 176 Bt plant fed prey Mortality - Hilbeck et al. 1998b
CrylAb Maize Bt 11 Bt plant fed prey Development b Dutton et al. 2002
CrylAb Maize Bt 11 Bt plant fed prey Mortality b. Dutton et al. 2002
CrylAb Bt toxin in diet Development 0 Romeis et al. 2004
CrylAb Bt toxin in diet Longevity 0 Romeis et al. 2004
CrylAb Bt toxin in diet Mortality 0 Romeis et al. 2004
CrylAb Bt toxin in diet Development 0 Hilbeck et al. 1998a
CrylAb Bt toxin in diet Mortality - Hilbeck et al. 1998a
CrylAb Bt toxin in diet of prey Development - Hilbeck et 4899
CrylAb Bt toxin in diet of prey Mortality - Hilbeck et al999
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Table 1 Laboratory assays on potential effects of Cryin® on parasitoids and predators published in-pegewed journals (continued)

Test organism Bt toxin Bt plant Event Form offered Parameter Result Reference
Chrysoperla carnea CrylAc Bt toxin in diet Mortality 0 Sims 1995
Coleoptera
Carabidae
Poecilus cupreus CrylAb Maize Mon 810 Bt plant fed prey Survival - Meissle et al. 2005
Coccinellidae
Coleomegilla maculata CrylAb Maize 176 Bt plant pollen Development 0 Pilcher et al. 1997
CrylAb Maize 176 Bt plant pollen Survival 0 Pilcher et al. 1997
Hippodamia convergens CrylAc Bt toxin in diet Mortality 0 Sims 1995
Propylea japonica CrylAb Rice n.s. Bt plant pollen Development 0 Bai et al. 2005
CrylAb Rice n.s. Bt plant pollen Survival - Bai et al. 2005
Hymenoptera
Braconidae
Cotesia flavipes CrylAb Maize 176 Bt plant fed hosts Development - Priutz & Dettner 2004
CrylAb Maize 176 Bt plant fed hosts Development - Priitz et al. 2004
Cotesia marginiventris CrylAb Maize 176 Bt plant fed hosts Development - Vojtech et al. 2005
CrylAb Maize 176 Bt plant fed hosts Survival - Vojtech et al. 2005
CrylAc Cotton 531 Bt plant fed hosts Development - Baur & Boethel 2002
CrylAc Cotton 531 Bt plant fed hosts Longevity - Baur & Boethel 2002
CrylAc Cotton 531 Bt plant fed hosts Fecundity Baur & Boethel 2002
Cotesia plutellae CrylAc Rape n.s. Bt plant fed hosfs Parasitism rate 0 Schuler et al. 2003
CrylAc Rape n.s. Bt plant fed hosfs Development 0 Schuler et al. 2003
CrylAc Rape n.s. Bt plant fed hosts Survival - Schuler et al. 2004
CrylAc Rape n.s. Bt plant fed hosfs Development 0 Schuler et al. 2004
CrylAc Rape n.s. Bt plant fed hosfs Survival 0 Schuler et al. 2004
Diaeretiella rapae CrylAc Rape n.s. Bt plant fed hosts Emergence rate Schuler et afl 20
Microplitis mediator CrylAc Bt toxin in diet Development 0 Liu et al. 2005
CrylAc Bt toxin in diet Survival 0 Liu et al. 2005
CrylAc Bt toxin in diet of prey Development - Liu et al.a®
CrylAc Bt toxin in diet of prey Survival - Liu et al. 2005
Encyrtidae
Copidosoma floridanum CrylAc Cotton 531 Bt plant fed hosts Development - Baur & Boethel 2002
CrylAc Cotton 531 Bt plant fed hosts Survival - Baur & Boethel 2002
Pteromalidae
Nasonia vitripennis CrylAc Bt toxin in diet Mortality 0 Sims 1995

-: negative effect, +: positive effect, 0: no effécBt-resistant hostS,: negative effect when fed wiBt-reared lepidopetran larvae, no effect when feth Bttreared mites or aphids
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Table 2 Field studies of potential effects Bf plants expressing Cryl toxins on parasitoids ardators published in peer-reviewed journals.

Test organism Bt toxin Bt plant Event Field/Plot  Duration  Country Parameter Result Reference
size (years)
Araneae
Oxyopidae
Oxyopidae CrylAc Cotton 531 1-80 ha 3 AustraliaNo. individuals 0 Whitehouse et al. 2005
Salticidae
Salticidae CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua - Whitehouse et al. 2005
Araneae CrylAb Maize 176 7-29 ha 2 Germany Diversity 0 Volkmar & Fre2€03
CrylAb Maize 176 1.2-1.7 ha 1 France No. individuals 0 Candulfil. 2004
CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals incon. Peizal. 2005
CrylAb Maize 176 1500 m2 1 Germany No. individuals 0 Meissle &g 2005
CrylAb Maize Mon 810 29 m? 1 USA No. individuals 0 Hassell & $aed 2002
CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum2005
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
CrylAc Cotton 531 212-1058 mz 3 USA No. individuals 0 Hagertale005
CrylAc/Cry2Ab Cotton 15985 212-1058 mz 3 USA No. individuals 0 Hagettgle2005
Heteroptera
Anthocoridae
Orius insidosus CrylAb Maize 176 0.4 ha 1 USA No. individuals 0 Orr & Landis 799
CrylAb Maize 176 0.12-0.77 ha 3 USA No. individuals 0 Pilcher et al. 2005
CrylAb Maize Mon 810 900 m? 1 France No. individuals 0 Bourgetedl. 2002
CrylAb Maize Mon 810 21-543 mz 2 USA No. individuals incon. Weldal. 2001
CrylAb Maize Mon 810 32 mz2 2 USA No. individuals + Musser & Sbal2003
CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum2005
CrylAb Maize Btll 0.12-0.77 ha 3 USA No. individual 0 Pilcher et al. 2005
Oriusspec. CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Anthocoridae CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals incon. Peizal. 2005
CrylAb Maize Mon 810 29 m? 1 USA No. individuals 0 Hassell & $aed 2002
Lygaeidae
Geocaorisspec. CrylAb Maize Mon 810 525 m? 2 USA No. individuals incon. DalyBuntin 2005
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkia - Whitehouse et al. 2005
Nabidae
Nabis americoferus CrylAb Maize Mon 810 21-543 m? 2 USA No. individsial 0 Wold et al. 2001
Nabisspec. CrylAb Maize Mon 810 525 m?2 2 USA No. individuals - Daly & Bumt2005
Nabidae CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals 0 Poza .e2@05
CrylAb Maize Mon 810 29 m? 1 USA No. individuals 0 Hassell & $aed 2002
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Table 2 Field studies of potential effects Bf plants expressing Cryl toxins on parasitoids aedators published in peer-reviewed journals (coretd).

Test organism Bt toxin Bt plant Event Field/Plot  Duration  Country Parameter Result Reference
Size (years)
Nabidae CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
CrylAc Cotton 531 212-1058 mz 3 USA No. individuals incon. Hagetal. 2005
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua - Whitehouse et al. 2005
Neuroptera
Chrysopidae
Chrysoperla carnea CrylAb Maize 176 0.12-0.77 ha 3 USA No. individual 0 Pilcher et al. 2005
CrylAb Maize Mon 810 900 m? 1 France No. individual 0 Bourguet et al. 2002
CrylAb Maize Mon 810 21-543 m? 2 USA No. individuals 0 Wold et2001
CrylAb Maize Bt11 0.12-0.77 ha 3 USA No. individsial 0 Pilcher et al. 2005
Chrysopidae CrylAb Maize 176 0.4 ha 1 USA No. individuals 0 Orr & Landis 799
CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals incon. Peizal. 2005
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua 0 Whitehouse et al. 2005
Hemerobiidae
Hemerobiidae CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua 0 Whitehouse et al. 2005
Neuroptera CrylAb Maize 176 1.2-1.7 ha 1 France No. Individuals + Candatlfal. 2004
Coleoptera
Cantharidae
Chauliognathuspec. CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 asidski et al. 2003
Carabidae
Harpalus pennsylvanicus CrylAb Maize Mon 810 0.39 ha 2 USA No. individuals 0 Lopez et al. 2005
Microlestis linearis CrylAb Maize Mon 810 0.39 ha 2 USA No. individuals 0 Lopez et al. 2005
Poecilus lucublandus CrylAb Maize Mon 810 0.39 ha 2 USA No. individuals 0 Lopez et al. 2005
Carabidae CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum005
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 asidiski et al. 2003
Cicindellidae
Cicindellidae CrylAb Maize Mon 810 525 m? 2 USA No. individuals incon. DalyBuntin 2005
Coccinellidae
Adalia bipunctata CrylAb Maize Mon 810 21-543 m? 2 USA No. individuals 0 Wold et2001
Coccinella septempunctata CrylAb Maize 176 0.4 ha 1 USA No. individuals incon. Orr & Landi997
CrylAb Maize Mon 810 900 m? 1 France No. individuals 0 Bourgetedl. 2002
CrylAb Maize Mon 810 21-543 mz 2 USA No. individuals incon. Weldal. 2001
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Table 2 Field studies of potential effects Bf plants expressing Cryl toxins on parasitoids aedators published in peer-reviewed journals (coretd).

Test organism Bt toxin Bt plant Event Field/Plot  Duration  Country Parameter Result Reference
size (years)
Coccinella septempunctata CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum005
Coleomegilla maculata CrylAb Maize 176 0.12-0.77 ha 3 USA No. individuals 0 Pilcher et al. 2005
CrylAb Maize Mon 810 32 m2 1 USA No. individuals + Musser & Sbal2003
CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum005
CrylAb Maize Btll 0.12-0.77 ha 3 USA No. individual 0 Pilcher et al. 2005
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Cycloneda munda CrylAb Maize 176 0.12-0.77 ha 3 USA No. individuals  + Pilcher et al. 2005
CrylAb Maize Bt11 0.12-0.77 ha 3 USA No. individsial 0 Pilcher et al. 2005
CrylAb Maize n.s. 0.4 ha 1 USA No. individuals 0 Jasinski e28D3
Diomusspec. CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkia 0 Whitehouse et al. 2005
Harmonia axyridis CrylAb Maize Mon 810 21-543 m? 2 USA No. individuals 0 Wold et2001
CrylAb Maize Mon 810 32 mz2 1 USA No. individuals 0 Musser & Sarl2003
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Hippodamia convergens CrylAb Maize Mon 810 21-543 m2 2 USA No. individuals 0 Wold et2z001
CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum005
Hippodamia tredecimpunctata CrylAb Maize Mon 810 21-543 mz 2 USA No. individuals 0 Wold et2z001
Scymnuspec. CrylAb Maize Mon 810 525 m? 2 USA No. individuals 0 Daly & Bum005
Coccinellidae CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals 0 Poza .e2@05
CrylAb Maize Mon 810 29 m? 1 USA No. individuals 0 Hassell & $asd 2002
CrylAb Maize Mon 810 525 m?2 2 USA No. individuals 0 Daly & Bum2005
CrylAc Cotton 531 212-1058 mz 3 USA No. individuals incon. Hagetal. 2005
CrylAc/Cry2Ab Cotton 15985 212-1058 m? 3 USA No. individuals incon. Haget al. 2005
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkia 0 Whitehouse et al. 2005
Staphylinidae
Staphylinidae CrylAb Maize 176 0.4-0.7 ha 3 Spain No. individuals incon. Peizal. 2005
CrylAb Maize Mon 810 525 m? 2 USA No. individuals incon. DalyBuntin 2005
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Hymenoptera
Braconidae
Cardiochiles nigriceps CrylAb Tobacco n.s. 60-70 plants 2 USA Parasitizta r  incon. Johnson & Gould 1992
CrylAb Tobacco n.s. 6-28 plants 2 USA Parasitistmra 0 Johnson et al. 1997
Eriborus terebrans CrylAb Maize 176 0.4 ha 1 USA No. individuals 0 Orr & Landis 799
Macrocentrus cingulum CrylAb Maize 176 0.12-0.77 ha 3 USA No. individuals - Pilcher et al. 2005
CrylAb Maize Bt11 0.12-0.77 ha 3 USA No. individsial - Pilcher et al. 2005
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Table 2 Field studies of potential effects Bf plants expressing Cryl toxins on parasitoids aedators published in peer-reviewed journals (coretd).

Test organism Bt toxin Bt plant Event Field/Plot  Duration  Country Parameter Result Reference
size (years)
Braconidae CrylAb Maize 176 n.s. 1 Spain No. species 0 Pons & Stary 2003
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua 0 Whitehouse et al. 2005
Ichneumonidae
Campoletis sonorensis CrylAb Tobacco n.s. 60-70 plants 2 USA Parasitist®a r  incon. Johnson & Gould 1992
CrylAb Tobacco n.s. 6-28 plants 2 USA Parasitist® ra incon. Johnson et al. 1997
Mymaridae
Mymaridae CrylAc Cotton 531 1-80 ha 3 AustraliaNo. individuals 0 Whitehouse et al. 2005
Hymenopteran parasitoids CrylAb Maize 176 0.4 ha 1 USA No. individuals 0 Orr & Landis 799
CrylAb Maize Mon 810 900 m? 1 France No. individuals 0 Bourgetedl. 2002
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Formicidae
Solenopsis invicta CrylAc Cotton 531 212-1058 mz 3 USA No. individuals 0 Hagertgle005
CrylAc/Cry2Ab Cotton 15985 212-1058 m2 3 USA No. individuals incon. Haget al. 2005
Formicidae CrylAb Maize Mon 810 525 m? 2 USA No. individuals incon. DalyBuntin 2005
CrylAc Cotton 531 1-80 ha 3 Australia No. indivitkua incon. Whitehouse et al. 2005
Diptera
Syrphidae
Syrphus corollae CrylAb Maize Mon 810 900 m? 1 France No. individuals 0 Bourgetedl. 2002
Syrphidae CrylAb Maize 176 1.2-1.7 ha 1 France No. individuals 0 Candulfil. 2004
CrylAb Maize n.s. 4-20 ha 1 USA No. individuals 0 Jasinski e28D3
Tachinidae
Tachinidae CrylAb Maize 176 200 m2-1 ha 1 France arasgitism rate - Bourguet et al. 2002
Natual enemies (in general) CrylAb Maize 176 1.2-1.7 ha 1 France No. individuals 0 Candulfil. 2004
CrylAb Maize Mon 810 22-45 m?2 2 USA No. individuals incon. Péclet al. 1997
CrylAc Cotton 531 0.4 ha 3 China No. species incon. Men et #1320
CrylAc Cotton 531 0.4 ha 3 China Diversity incon. Men et al. 2003
CrylAc Cotton 531 0.6-1.62 ha 2 USA No. individuals 0 Sistersbal €2004
CrylAc Cotton 531 0.6-1.62 ha 2 USA Diversity 0 Sisterson ep@D4
CrylAc Cotton 531 1-80 ha 3 Australia Diversity anc Whitehouse et al. 2005
Cry1Ac/Cry2Ab Cotton 15985 1-80 ha 3 Australia Bxisity 0 Whitehouse et al. 2005

n.s.: not specified, - : negative effect, + : posieffect, 0 : no effect, incon. : inconsistefieet
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In conclusion, due to limitations in numbers, sc@me probably due to a low statistical
power of both existing laboratory and field studjegvei & Arpaia 2005, Birch & Wheately
2005), generalisations for an effect of Cryl toximgpredators and parasitoids on the base of
existing laboratory and field studies are difficultherefore, to clarify a direct or indirect
effect of Cryl toxins on predators and parasitofdsther investigations, e.g., laboratory
studies on natural enemies neglected so far amigefulong-term and large-scale field studies

are needed.

1.4 Risk assessment of genetically modified plants

As genetically modified plants (GMPs) may have tiegaenvironmental effects i.e. non-
target organisms may be harmed by insect resistapis, and the area of GMPs increases
worldwide (James 2003), public and scientific cansehave been expressed against the
approval of GMP varieties. So, several countriesebiged regulatory systems for the
deliberate release of transgenic crops (Conner )200Be European Community e.g.
developed the EU Directive 2001/18/EC (Europearidment and Council 2001) which
demands a pre-release risk assessment to investigapotential toxicity of GMPs as well as
a post-release monitoring of GMPs in order to asgmsssible long-term or unexpected
effects. However, standardised models for assegsitemtial risks of GMP do not exist so far
and several approaches are discussed. Some aytloprgsed quantitative risk or safety
assessments (Wolt et al. 2003, Howard & Donnell@42(as well as systems derived from
ecotoxicological models (Jepson et al. 1994, Du#bal. 2003b). Andow & Hilbeck (2004)
suggested an ecological model based on a syndpaisexotoxicological model as well as an
nonindigenous species model (see also Andow & Zevaim press).

For a risk assessment of GMPs, test organisms ¢hmeilselected according to their
ecological and economic significance, the likeliloof exposure to GMPs as well as a
possible sensitivity to products of transgenic adepson et al. 1994, Dutton et al. 2003b,
Hilbeck & Andow 2002). However, as complex agrogstsms are often difficult to
understand due to limited knowledge especially aafdf webs, selection of test organisms
according to their ecological significance is oftet trivial (Andow & Hilbeck 2004).

Generally, ecological risk can be defined as ationoof exposure and effect i.e. the
product of the likelihood of exposure and the magie of the effect (Breckling & Miller
2000), so both terms should be investigated in GMR assessment models (Sears et al.
2001, Dutton et al. 2003b, Cowgill & Atkinson 20@&)dow & Hilbeck 2004).
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An exposure assessment of GMPs to predators shoclldde the investigation of GMP
characteristics i.e. toxin expression in differplant tissues and dispersal of toxin containing
pollen in adjacent habitats, the investigationtwdracteristics of potential prey i.e. availability
to predators, feeding habits, potential processinigpgested toxin, as well as characteristics
of the predators i.e. occurrence, abundance, gregtsim and prey selectivity under field
conditions (Dutton et al. 2003b, Hilbeck & Andow(A).

To investigate potential lethal or sublethal effecf GMPs on a test organism,
laboratory assays should be conducted, in which Ghierial or pure integrants of GMPs
are offered to test organisms. Furthermore, théiebGMP product in the laboratory assay
should be tested in a bioassay with a known sudtepdrganism for biological activity
(Andow & Hilbeck 2004). However, laboratory assaysyy not mimic field conditions
sufficiently which may lead to a unrealistic higkpesure of Cryl toxins to test organisms or
to a non-detection of possible unintended effecesgnt under field conditions (Birch &
Wheatley 2005). Therefore, in addition to laborgtassays, semi-field trials and a long-term
field monitoring under realistic farming systemslanconsideration of different temporal and
spatial scales should be conducted (Jepson eB@, Hilbeck & Andow 2002, Zighart &
Breckling 2003, Graef et al. 2004, Birch & WheatR§05).

Mathematically, either exposure or effect must beozo disprove a risk. However,
nonsignificant statistical results do not necesgarply an absence of an effect as an existing
effect may not have been detected with the appéstimethodology or experimental design
(Marvier 2002), i.e. the absence of proof is noopfor absence. Thus, for a risk assessment,
the type Il error, the false acceptation of a hyfbothesis, is especially of interest. Therefore,
some risk assessment studies provide retrospgubwer analyses for nonsignificant results
(e.g. Romeis et al. 2004). However, the usefuldédhese power analyses for interpreting
nonsignificant results is discussed due to lodileals e.g. the statistical power is dependent
on the p-value of nonsignificant results (Nakaga&drorster 2004). Alternatively, effect
sizes and corresponding confidence intervals okigmificant results were recommended to
interpret nonsignificant results (Colegrave & Ruxt8003, Nakagawa & Forster 2004).
Furthermore, a sufficient sample size should besehdor risk assessment investigations to

gain an acceptable statistical power (Lang 2004eL& Arpaia 2005).
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1.5 Spiders as test organisms for a risk assesshgenetically modified plants

Spiders as test organisms for a GMP risk assesduiéhseveral criteria described above:

Spiders are an abundant and species rich prededap gn arable land (Samu &
Szinetar 2002, Nyffeler & Sunderland 2003). Spidéesve an ecological function in
agroecosystems, because they are a diverse ormlemghvarious life styles and feeding on
prey from different trophic levels (Nyffeler et a@l994) which may stabilise a biocoenosis
(Fagan 1997). Furthermore, spiders feed largely passt organism such as Diptera,
Sternorrhyncha and Auchenorhychna in agroecosyst€ajak 1965, Nyffeler & Benz 1979,
Nyffeler 1982, Lang et al. 1999), and spider asdagds can limit pest populations in arable
land resulting in a reduction of herbivory (Riedh&rLawrence 1997). Thus, spiders have
economic value in agroecosystems (Riechert & Bisi880). Especially web-building
spiders are important pest predators as they feddonly on pests directly, but even
abandoned webs keep on catching and killing p&iaderland 1999). Additionally, spiders
are harmed by many pesticides sublethally or Igti{&terk et al. 1995), and parameters of
spiders and spider webs e.g. may reflect subledffatts, as drugs and pesticides bias the
spiders™ web-building behaviour (Witt 1971, Samwé&llrath 1992). Therefore, spiders are
described as good indicators of ecological andrenumental risks (Marc et al. 1999).

Spiders are exposed to GMP products Btgnaize by several pathways (Fig: Dn
the one hand, spiders may be exposed to Cry taqitaminatedBt maize pollen by
intentional pollen feeding (Vogelei & Greissl 1988urthermore, spiders are exposedto
maize pollen dusting spider webs (Appendix: Figntl Fig. 2). This is because spiders may
ingest pollen in spider webs due to the eatinghefrtwebs including adhering particles in
order to “recycle” spider silk (Smith & Mommson ¥)80On the other hand, spiders may be
exposed to Cry toxins via preying on herbivoresngaBt maize-tissue anBt pollen-loaded
pollinators (Gregory 1989, Nyffeler & Breene 1991gnd pollinators may transport
considerable pollen amounts including maize pofldinschfelder 1950, Vaissiére & Vinson
1994, Odoux 2004) (Appendix: Fig. 3 and Fig. 4)ef#diore, due to their ecological and
economic significance, their potential exposure phaducts of transgenic plants as well as
their sensitivity to pesticides, especially foliadyelling web-building spiders are appropriate
test organisms for a risk assessment of GMPs.

However, spider guilds with different biologies gm@bably not exposed to products
of GMPs equally. So not all spider taxa build weinswhich pollen may be caught. As
hunting spiders catch their prey directly withouwab (Nyffeler et al. 1994) and not all web-
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building spiders eat their web incl. adhering pol(e.g., Linyphiidae, Carrel et al. 1999), a
potential exposure tBt maize pollen via web recycling in these spideugsois unlikely. On
the other hand, foliage-dwelling orb-web spidergaffeidae) do recycle their webs incl.
pollen (Smith & Mommson 1984). Furthermore, orb-veplders scrunch their prey to a mash
from which the nutrients were imbibed including f@ias (e.g., CrylAb) of pollen during
extra intestinal digestion (Appendix: Fig. 4). Thusb-web spiders may be especially
exposed t@t maize pollen due to higher pollen concentratioth&ir habitat and additionally
to Bt pollen adhering on pollinator prey.

Despite their ecological significance and potenéaposure to CrylAb toxin dBt
maize, not one laboratory study on potential letiadublethal effects of products Bf maize
on spiders exists (Lovei & Arpaia 2005, Tab. 1).¥&ield assays showed no effectBif
maize on spiders (Hassell & Shepard 2002, Jasetski. 2003, Poza et al. 2005, Candolfi et
al. 2005, Meissle & Lang 2005, Daly & Buntin 200Bgb. 2). However, a recent study of
Whitehouse et al. 2005 recorded a negative effeBt ootton expressing the CrylAc protein
on jumping spiders (Salticidae).

Existing field studies oBt plants mainly cover the taxon Araneae in generdl raot
spider guilds or spider species (Tab. 2) which rhaymore appropriate due to potential
differences in the exposure to products of GMPsspader guilds, as described above.
Furthermore, only one European study exists whictludes spiders and which was
conducted with plots in realistic field sizes dgrimore than 2 years (Poza et al. 2005).
Therefore, further investigations are needed inolydaboratory studies as well as long-term
and field-scale studies on potential effects of GMR spider species and spider guilds.
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Bt maize pollen

Intentional pollen feedin )
Bt maize pollen-

Recycling of spiders we loaded pollinators

Preying on pollinators

Preying on herbivore

Bt contaminated -
herbivores -

‘Bt maize

Figure 1. Potential exposure pathwaysRifmaize to spiders.

Spiders may be exposed to product8bfnaize via intentional feeding &t maize pollen, recycling of pollen-
dusted spider webs as well as via preyindtnontaminated herbivores and pollinators.

23



24



General part Conceptual and methodological apptoac

2 Conceptual and methodological approach

2.1 Conceptual approach

In this thesis, the risk potentially arising fronengtically modifiedBt maize for foliage-

dwelling spiders was assessed by (i) recording basedata of spiders in maize fields and
adjacent margins, (ii) by an evaluation of adequampling methods for foliage-dwelling
spiders, (iii) by the investigation of exposurelpedys ofBt maize to spiders and (iv) by

assessing the actual effects on foliage-dwelling spiders.
The thesis is based on the following publicatiosi®dt below:

I Ludy, C. & Lang, A., 2004: How to catch foliageselling spiders (Araneae) in maize
fields and their margins: a comparison of two sangpmethods. Journal of Applied
Entomology128, 501-509.

I Lang, A., Ludy, C. & Vojtech, E., 2004: Dispersiand deposition oBt maize pollen

in field margins. Journal of Plant Diseases and Protectibhl, 417-428.

Il Ludy, C. & Lang, A..Bt maize pollen exposure and impact on the gardedespi

Araneus diadematus. AcceptedEntomologia Experimentalis et Applicata

IV Ludy, C.: Prey spectra and prey selection of odiwpiders (Araneae: Araneidae) on
field margins: significance for an exposure assessgrofBt-contaminated prey. —

Submitted toAgriculture, Ecosystems & Environment

V  Ludy, C., 2004: Intentional pollen feeding in th&den spideAraneus diadematus-
Newsletter of the British Arachnological Sociéfl, 4-5.

VI  Ludy, C. & Lang, A.: A 3-year field-scale field miboring of foliage-dwelling spiders

(Araneae) in transgenkt maize fields and adjacent field margins. — Unéersion
Biological Control.
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2.2 Methodological approach

In the following, an outline of the aims and methad the investigations of the thesis with
reference to the corresponding publications, showpage 25, is given. An overview of the

aspects of a risk assessment included in thissli®shown in Fig. 2.

Spiders are important predators in agroecosystehsiseful bioindicators. However,
concerning risk assessment of GMPs, spiders hage beglected so far (Lovei & Arpaia
2005). Also, base line data of spiders is poorgegtly of foliage-dwelling spiders in maize
fields, a dominant crop in Mid-Europe (Nyffeler &u&derland 2003). Furthermore, an
assessment is lacking of adequate sampling mefioodscording the abundance of foliage-
dwelling spiders in maize fields and their mardioisa monitoring of GMPs. Therefore, the
abundance and spider species composition in mais fand adjacent field margin was
describedl(, VI) and sampling methods were evaluated for recorfdili@ge-dwelling spiders
(). Six different maize fields and adjacent artdicfield margins were established at three
locations. Maize plants in fields as well as stimgginettle shrubs on field margins were
sampled during the vegetation season by a drop ¢Agipendix: Fig. 5) as well as by a hand-
held suction sampler (Appendix: Fig. 6). Both sangplmethods and habitat types were
evaluated according to their reliability and effeehess and with regard to the proportion of

spider guilds obtained.

To assess the ecological risk of GMPs, informatyout the exposure as well as
about a potential effect of a possible adversefaaust be available. An exposure analysis of
Bt maize to foliage-dwelling spiders requires infotima about characteristics &t maize,
spider prey and spiders themselves (Hilbeck & Andt¥02). Bt maize characteristics i.e.
time of maize anthesis, CrylAb toxin contenBimrmaize pollen, pollen distribution and wind
dispersal I{ ) as well asBt maize pollen amount in spider webs in maize fieddsl on
adjacent field marginsli() was provided. The latter was done by keeping taod-web
spiders (Araneae: Araneidae) in the laboratory wileey built webs in wooden frames. After
spiders had built webs in the frames, frames wigbsvbut without spiders were exposed in
maize fields and in different distances on adjaceatgins during maize anthesis. After an
exposure of 24 hours, exposed webs were photogilaptathe adhering pollen were counted
from enlarged photographs. Characteristics of sgidey i.e. the occurrence and abundance
of potential prey was recorded in a field experim@vi). On two field margins differing in
flower density, a malaise trap (Appendix: Fig. 8)veell as sticky traps (Appendix: Fig. 8)
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were installed. Caught potential prey items weréected after exposure and were identified
to order or family level in the laboratory. Spiddraracteristics which bias their exposure to
Bt maize i.e. the uptake of the CrylAb toxin Biamaize pollen as well as the prey spectrum
and the prey selectivity of spiders was investidgabe the laboratory or in the field,
respectively. The ingestion of the CrylAb toxin $piders viaBt maize pollen contamined
webs was investigated by dusting webs of juverdelgn spiders witBt maize pollenY).
Just after eating their webs, the spiders weredilly freezing. After defrosting, the spiders”
gastrointestinal systems were dissected and amhilygh an enzyme-linked immunosorbent
assay (ELISA) for CrylAb content. Furthermore, joNe and adult garden spiders were
observed to record a possible deliberate feedinBtanaize pollen. Prey spectrum and prey
selectivity of two orb-web spiders, the garden spraneus diadematu@ppendix: Fig. 9)
and the wasp-like spidé&rgiope bruennich{Appendix: Fig. 10Xboth Araneae: Araneidae)
were investigated by exposing wooden frames witkdesp and spider webs on two field
margin types, a flower-poor and a flower-rich figtrgin (Appendix: Fig. 11 and Fig. 12)
(IV). Prey caught in the spider web as well as aqiuay eaten by the spider was directly
observed. This observation took place for individua each spider species during three days
on each field margin type. Prey selectivity of gpivebs and spiders was determined by a
comparison with the data of the potential prey taugith malaise traps and sticky traps
simultaneously.

Bt maize may affect spiders directly via pollen fegdand indirectly via herbivorous
and pollen-colleting prey. In a laboratory asséwg potential impact oBt maize pollen on
juvenile garden spiders was investigatdd )( Juvenile garden spiders were kept in the
laboratory in wooden frames to allow web buildiligebs were treated witit maize pollen
(variatey “Navares” by Syngenta) as well as witmantional maize pollen (near-isogenic
variety “Antares” by Syngenta) as a negative cdnamed with the insecticidal pyrethroid
Baythroid® as a positive control. After treatmewgbs were photographed and lethal and
sublethal parameters such as development, reatiward prey and web building were
recorded. Additionally, the biological activity ¢fie CrylAb toxin ofBt maize pollen was
investigated by a bioassay with a target organignBtomaize, the European corn borer
Ostrinia nubilalis (Lepidoptera: Crambidae). In addition to the labomna assay, a 3-year
monitoring of foliage-dwelling spiders iBt maize and adjacent margins under a realistic
farming practice was conductedl(. ThreeBt maize fields (“Navares”, Sygneta) and three
conventional maize fields (“Antares” by Sygentaxaatrols as well as adjacent field margins

were established on three locations in Bavaria,ttSdsermany. The spider abundance,
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species richness and composition of foliage-dwglbpiders were recorded in maize fields
and field margins during the vegetation seasorisret years.

Sampling method ? Spiders Base line data ?
kS 7’

Evaluation of suction and drop
cloth sampling for recording
foliage-dwelling spidersl{.

Acquiration of data on the
spider community in maize
fields and adjacent field
margins (, VI).

w‘*“‘,, T
o L9
ioa !
ot on oo \ \ Exposure of spiders ?

Time of Bt maize anthesidl().

Effect of Bt maize pollen on
juvenile garden spiders

(Araneus diadematsn the
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' Bt maize pollen amounts in
spider webslI(l ).
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Figure 2: Overview of the aspects of a risk assessmerBtahaize concerning foliage-dwelling spiders includedhis
thesis.

Spider communities in maize fields and field margiere examined to acquire base line data and sagnpiethods were
evaluated to record foliage-dwelling spiders (uppexes). For the assessment of the exposure ofrspidBt maize viaBt
pollen andBt contaminated prey, characterisiticsBtfmaize, of potential spider prey and of spidersenwmavestigated (lower
right boxes). The potenial effect &t maize on spiders was assessed on laboratory dsasvein field scale (lower left
boxes). Bold roman letters in brackets refer todtweesponding publications given on page 25.
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3 Main results and general discussion

In the following, the main results of this thesie given and discussed. In Fig. 3 on overview
of the results achieved in this thesis are shown.

3.1 Base line data of foliage-dwelling spiders iaize fields and neighbouring
field margins

For the assessment of the potential exposure ofademnisms to GMPs, field data on
abundance and species composition of test organisragroecosystems must be available.
Therefore, the spider abundance and species riglinemaize fields and on adjacent field
margins were investigatet Y1).

The spider communities in maize ecosystems anccaadjanargins showed a high
abundance as well as a high species richness amflyroansisted of juvenile individuals of
the web-building spider families Theridiidae (cobiw spiders), Linyphiidae (sheet-web
spiders), Tetragnathidae (long-jawed spiders) arahéidae (orb-web spiders, sensu stricto)
with a dominance of space-web spiders (Theridiida®l Linyphiidae). Typical of
agroecosystems, a few spider species dominatedpider communities in maize fields as
well as in field margins, e.g. the theridiid spaci@eridion impressurh. Koch, the linyphiid
specieDedothorax apicatugBlackwall) andMeioneta rurestrigC.L. Koch)in maize fields
as well as the aranehlculepeira ceropegiéWalckenear) on field margins (Appendix: Table
1). The spider abundance in both maize fields aeltl fmargins increased during the
vegetation season and peaked in July-August. Tfiedgs correspond to the results of
several other studies on foliage-dwelling spidempwnities in arable land (Luczak 1979,
Nyffeler 1982, Barthel 1997, Samu & Szinetar 200¢ffeler & Sunderland 2003). Whereas
the relative spider family composition in maizeld® and field margins was more or less
constant throughout the years, the absolute nundfesgider individuals and species differed
considerably. This high variation in spider aburcaand species richness in agroecosystems
was also found by Nyffeler & Sunderland (2003) &aginu & Szinetar (2002).

The dominance of juvenile web-building spiders gnogcosystems can be explained
with a good dispersal ability of these spiders tigio “ballooning” behaviour i.e. the aerial
dispersal by means of releasing silk threats (Dek@7). A good dispersal ability is an
important feature of field-inhabiting spiders asnaged fields are disturbed regularly by
agricultural practices (ploughing, insecticide aggtions, harvesting), and so spiders have to
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re-immigrate from reproduction and hibernation ketliinto field habitats regularly (Bishop
& Riechert 1990). An immigration of spiders mayaals®e necessary for field margins which
may develop anew each year under realistic agallimanagement conditions. However,
even these ephemeral field margins are found tarbemportant habitat especially for free
hunting spiders as well as orb-web building spidthre to a complex vegetation structure
which provides e.g. shelter and web attachmentz(W6©1), resulting in a generally higher

spider species richness and abundance on fieldimsatgan in maize fields.

3.2 Catching foliage-dwelling spiders in maize: @raluation of sampling
methods

As the sampling method bias the gained individuahber of spiders as well as the spider
community composition in a sample (Green 1999, Bleig Lang 2005), the choice of an
appropriate sampling method is important to ingedé a possible effect of GMPs on foliage-
dwelling spiders. Therefore, two methods for sangplfoliage-dwelling spiders in maize
fields and adjacent margins were evaluated whichevwahown to be efficient sampling
methods for foliage-dwelling spiders: suction sangpland drop cloth sampling (Meissle &
Lang 2005) k).

It was demonstrated that with a small hand-heldi@usampler, more reliable results
were achieved than with a drop cloth due to a lowaeration in suction than in drop cloth
samples. A higher variation in drop cloth samplas be explained with the accidentally
shaking of neighbouring plants at the same timdendampling one target plant in the dense
vegetation of a maize field. This may lead to aditwhal abseiling of spiders from non-
target plants which then land on the drop clotladieg to an overestimation of spider
individuals in drop cloth samples. So, suction sieswan be assigned to one plant more
accurately, because with this method only spidérehvare located directly on the plant, are
collected (see also Nuessly & Sterling 1984). Muezpa higher proportion of Linyphiidae,
often small-sized spiders which hide between pdémictures (Alderweireldt 1994), but which
make up a large proportion of the spider commumtymaize fields and margins, was
acquired by the suction sampler (see also Meissleagg 2005, Costello & Daane 1997).
Furthermore, working with a small hand-held suctismmpler turned out to be more
convenient and time-saving in dense maize fields tiirop cloth sampling with a bulky drop
cloth and the corresponding beating stick.
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Due to its reliability, efficacy and conveniendee tusage of a hand-held suction sampler was
applied for a subsequent monitoring of foliage-diwgl spiders in this study and is
recommended as an appropriate tool for samplingadel dwelling spiders, e.g., for a

monitoring of GMPs.

3.3 Potential exposure of spiders to productBtahaize

3.3.1 Characteristics &t maize event 176

Characteristics oBt maize varieties determine the CrylAb concentraiiothe environment
and so the potential exposure of spiders in magtésf and adjacent field margins (Hilbeck &
Andow 2002, Dutton et al. 2003b). Therefore, infation on the CrylAb content Bt maize
pollen as well as the time &t maize pollen shedding, dispersalBifmaize pollen and the
pollen amount in spider webs in maize fields andield margins was acquired (111 ).

The CrylAb content iBt maize pollen event 176 was approximately &y pollen
which corresponds to data found in literature (kidkb & Andow 2002)1( ). It was shown that
the anthesis and pollen sheddingBafmaize event 176 generally occurs in July (vhich
corresponds to the phenology of maize given in €scdhler et al. (1990) for Mid-Europe.
Pollen deposition on micro slides in maize fieldsl adjacent field margins was with 66 + 70
pollen per cm2 (mean = 1 SD) very variable in @tisdy. Pollen deposition on field margins
declined rapidly with an increasing distance to flbevering maize field. In a distance of 10
m from the maize field, six times less pollen wapabkited compared to pollen deposition
inside maize fields. Besides the distance to awdtong maize field, several other factors
influenced the deposition of pollen i.e. the BBQkge of maize and various climatic factors,
such as air temperature, wind speed and precoitdti).

Also the pollen amount in spider webs in maizedBehnd on field margins was very
variable. The average amountRif maize pollen in spider webs was in maize field441@
1193 pollen per spider web (mean + 1 SD) and dd fieargins 381 + 205 (mean £ 1 SD)
during maize anthesis. The maize pollen concentrati spider orb webs increased in maize
fields in dependence to the height position. Ire@lt of 170 cm in a maize field, the average
pollen amount in spider orb webs was six times élighan on the ground. On the other hand,
the mean number of maize pollen in spider websedsed on adjacent field margins in

dependence of the distance to maize fields. Howaver distance of 10 m from maize fields,
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more than half of the pollen amount found in spmebs inside maize fields was recorded in
this study (11 ).

3.3.2 Characteristics of potential spider prey

The potential prey spectrum of spiders on field gires was investigated as spiders in maize
fields and on field margins may be exposed not ¢olBt maize pollen in spider webs but
also toBt-contaminated herbivorous and pollen-collectingypl® ). Potential prey of orb-
web spiders was defined as all flying insects abdé in an investigated flower-rich or
flower-poor field margin habitat, respectively. Bapa dominated the potential prey spectrum
by approximately 50 % on both field margin typeshé& frequent potential prey types were
Hymenoptera, Coleoptera and Heteroptera which caadh together a proportion over 30 %
on the potential prey spectrum.

However, many potential prey taxa can minimise likelihood of predation by
spiders due to morphological properties and defemeehanisms. For example, less Diptera
and Hymenoptera were caught by spider webs irsthidy which means a smaller proportion
of these taxa were captured in spider webs as a@tipa the proportion potentially available
in the habitat. This underrepresentation of Dipterd some Hymenoptera in spider webs may
be due to their good visual power which allows sedion and avoidance of spider webs.

Potential prey taxa may also defend spider attaafksr got stuck in the web.
Coleoptera and some Hymenoptera possess powerfodlinb@s or stings to ward off the
spider, and some species are able to strugglefrivae a spider web due to smooth surface
structures (Nentwig 1982). These characteristicspofential prey types may also be
responsible for the underrepresentation of thesg pipes on the actual prey spectrum of
spiders as shown in this study. Several studieshernprey selectivity of spider webs and
spiders confirmed these results (Kajak 1965, U8801Nentwig 1985).

Differences between the potential prey spectrum ted actual prey spectrum of
spiders could not only be due to web or spider@garate mechanisms of potential prey, but
also be due to features of potential prey taxa wkacilitates a predation by spiders. Hence,
light and broad-winged prey types such as Stergoofia may get stuck in spiders webs
easily (Nentwig 1982) which is shown in a positigelectivity of spider webs i.e. a

overrepresentation of Sternorrhyncha in spider veesbsompared to the potential availability.
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3.3.3 Characteristics of spiders

Characteristics of potential prey influence thegimifity to get stuck in spider webs, while the
actual prey spectrum refers to the prey speciagyldgiled or eaten by the spiders eventually.
The actual prey spectrum of spiders on field margsnof interest to assess the final potential
exposure tdt-contaminated preyV ). Orb-web spiders generally consumed a mean number
of nine prey items per seven hours on field margansl their actual prey spectrum generally
consisted of Diptera, Sternorrhyncha, Heteroptemd aome Coleoptera with a strong
dominance of Diptera by over 50 % on a flower-pbeld margin. On a flower-rich field
margin, however, pollen-collecting Apidae were daupy spiders frequently and may
contribute up to 37 % to the spider’s actual pnegcgum which corresponds to a mean
number of one bee eaten, e.g., by the wasp-likdespi bruennichi Similar prey spectra for
orb-web spiders as in this study were describeselgral authors e.g. Kajak (1965), Nyffeler
(1982) and Nentwig (1985).

Besides potential prey characteristics, also mdggical and behavioural features of
different spider species may influence the actuay gpectrum. So, the wasp-like spider
bruennichi fed on more Apidae which got stuck in a web thhe garden spideA.
diadematusThis more efficient predation on Apidae by thesp#ike spider can be explained
by longer legs as well as behavioural adoptionsdefensive prey such as massive silk
wrapping of prey (Eisner & Dean 1976, Olive 1980).

To get exposed to the CrylAb via pollen-collectidgidae or Bt maize pollen in
spider webs, spiders have to ingest the CrylAb fBirmaize pollen in the field. This was
investigated by ELISA and by the observation ofdeps, whose webs were dusted wih
maize pollen or were hit by pollen-carrying pollioes, respectively\(). Intentional Bt
maize) pollen feeding was documented in gardenespidn both juvenile and adult
developmental stages. Furthermore, ELISA proveduptake of CrylAb fromBt maize
pollen applied in spider webs at least by 65 %uetpile spiders, whose webs were treated
with Bt maize pollen. However, an uptake of wh@emaize pollen grains is not likely as
maize pollen have a size of @t (Aylor 2002) and spiders can only ingest parsiglel um
(Foelix 1992). So spiders probably dissolve nutsemcl. proteins of pollen by extra-
intestinal digestion and absorb the digestive jincduding nutrients afterwards.
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3.4 Effect ofBt maize on foliage-dwelling spiders

The potential effect oBt maize on foliage-dwelling spiders was assessethlooratory as
well as on field scale. In a laboratory assay, ssjfiibe effect oBt maize pollen on juvenile
garden spidersA( diadematuswas conductedl{ ) and in a 3-year field assay, the potential
effect of Bt maize on foliage-dwelling spiders was assessedrurglistic farming conditions
(VI).

3.4.1 Laboratory assay on the potential effe@tahaize pollen on the garden spideaneus
diadematus

No effects ofBt maize pollen-treated spider webs on juvenile garsi@ders were detected
concerning various development and web-buildingpeaters compared to webs treated with
conventional maize pollen. A correct exposure afdga spiders tdt maize pollen was
guaranteed by the application ofBa maize pollen amount which corresponded to pollen
densities in spider webs during maize anthesishénfield and by a test of the biological
activity of the CrylAb toxin in the useBt maize pollen on the target organigdstrinia
nubilalis. In conclusionBt maize pollen adhering to spider webs had no lethaublethal
effect on juvenile garden spiders.

However, a general statement concerning a presen@n absence of a possible
adverse effect oBt maize pollen on spiders would require further tabary investigations,
as small effect sizes and high variation may haegented the detection of a possible effect.
On the other hand, spraying spider webs with theveotional insecticidal pyrethroid
Baythroid® caused clear adverse effects in juvegdeden spiders resulting e.g. in a lower
weight increase, a longer reaction time towardy jared a reduced survival as compared to
pollen-treated spiders. Sublethal and lethal edfe¢tpyrethroids on spiders are well known
(Samu & Vollrath 1992, Lengwiler & Benz 1994, StetR95). An absence or a missed
detection of effects of Baythroid on web-buildingr@ameters could be due to high variations
in the web-building behaviour of juvenile spideke{ling & Herberstein 2000) which were
chosen as test organisms in this study. Howevewelting maize fields harbour mainly
juvenile spiders, which requires the choice of pile developmental stages for bioassays

with Bt maize pollen.
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3.4.2 Long-term field-scale monitoring of foliagesling spiders irBt maize field and
adjacent field margins

A 3-year field monitoring of foliage-dwelling spidein Bt maize fields showed in the years
2001-2002 no effect and 2003 a positive effect mdes abundances. No negative impact of
Bt maize on spiders was found. Furthermore, no effex detected on the species richness
and the guild structure of foliage-dwelling spidemsBt maize fields. Even during maize
anthesis in July, where the highest exposur&tomaize via pollen to spiders during the
vegetation season can be assumed, no significgatine effect ofBt maize on spiders was
detected. Consequently, a huge lethal effecBbimaize on spider communities can be
excluded. An observed increase of the spider alngsdan Bt maize fields as compared to
conventional maize fields in one year may be expldiwith possible pleiotropic effects Bf
maize as the transmission of the CrylAb gene fBnthuringiensisinto the maize plant
genome may be linked with physiological alteratigS8sxena & Stotzky 2001). Therefore,
differences in the phenology as well as a possilgker abundance of potential spider prey in
Bt maize as compared to conventional maize may haused an increase in the spiders’
abundance. This study is the first long-term stodyfield scale covering different spider
guilds with a possible differing exposure to praguaf GMPs. However, as in the laboratory
study, small effect sizes and a high variation rhaye maskedt effects which makes
general statements to possible effectBtahaize on spiders difficult.
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Figure 3: Overview of the results of the investigationstlait thesis covering different aspects of a riskeasemnt oBt
maize concerning foliage-dwelling spiders.

A small suction sampler is an appropriate samplimethod for recording the spider community in mdieéds and field
margins which consisted mainly of juvenile web-irih spiders (upper boxes). Despite there is angxe of spiders tBt
maize pollen and potenti@t-contaminated prey (lower right boxes), laboratang field studies showed no direct lethal
effect ofBt maize on foliage-dwelling spiders (lower left bexe
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4 Synopsis

Spiders are potentially exposed to productsBofmaize via different routes. Beside the
feeding onBt maize pollen which adhere to spider webs, inteatiopollen feeding or
recycling of webs incl. containing pollen, spidarsgy be exposed by preying dst
contaminated herbivores argt maize pollen-carrying pollinators. In this thesisliage-
dwelling web-building spiders in maize fields weaetentially more exposed tBt maize
pollen in spider webs than ground-dwelling spid@#.Bt maize fieldsBt maize pollen were
dispersed and deposited. Also in spider webs dd freargins, considerable amountsBif
were found. Due to “recycling” dBt maize pollen dusted webs, it was proven that spide
may ingest the Cry1Ab protein froBt maize pollen.

Besides a potential exposure Bb contaminated herbivorous prey which may occur
during the whole vegetation seasorBofmaize, a potential exposure Bb maize pollen and
Bt maize pollen-carrying pollinators is restrictedBbmaize anthesis which generally takes
place in July. At this time, juveniles of many webHding spider species inhabiting field
habitats, e.g.Theridion impressunand Aculepeira ceropegiahatch from cocoons in maize
fields or in reproduction habitats of spiders (Sehd976, Barthel 1997) and immigrate into
fields or adjacent margins (Bishop & Riechert 1990)is results in an increase in the spider
abundance in July and August as found in this stadgl these juvenile spiders are exposed to
Bt maize pollen dusting their webs.

Field margins harboured a higher spider abundandespecies richness than adjacent
fields andwere appropriate habitats for orb-web spiders is #tudy. Common orb-web
spider species on field margins are the wasp-ljides Argiope bruennichiand the garden
spiderAraneus diadematu@Barthel 1997). Whereas the wasp-like spider haararual life
cycle, the garden spider shows probably a biantitealcycle, but both spider species
generally mature in July-August (Dahl 1931). Dueatbiannual life cycle, juveniles as well
as adults of the garden spider may occur simulizigoin July during maize anthesis.
Therefore adult wasp-like spiders as well as séwdsneelopmental stages of the garden spider
are potentially exposed 8t maize pollen in spider webs as well Btspollen-contaminated
pollinators. Pollinators, e.g., the honey l#g@s mellifera,are able to transport relatively high
maize pollen amounts (Vaissiere & Vinson 1994), duthe same time, may defend spider
attacks effectively. Therefore, an exposur8tonaize pollen-contaminated pollinator may be
more likely for adult wasp-like spiders as this dgpi species has morphological and

behavioural adoptions to subdue large-sized andedrprey (Eisner & Dean 1976),
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demonstrated in a higher consumption of Apidae leaugthe spider web by the wasp-like
spider as compared to the garden spider in thidysté potential exposure vidt-
contaminated herbivorous prey may be possible due ptassage of the CrylAb toxin from
prey to spiders. Additionally, an insufficient netrt quality of Bt-affected prey may also
influence predators negatively (Harwood et al. 2aD&ton et al. 2002). This is because prey
taxa which dominated the actual prey spectrum bfveeb spiders on field margins such as
Diptera, Heteroptera and Coleoptera, may ingesCityd Ab toxin via green plant tissue or
pollen (Dutton et al. 2003b, Harwood et al. 20G5)d thus may be harmed by tBetoxin
(e.g. Indrasith et al. 1992, Ponsard et al. 2002).

In conclusion, the exposure analysis, as it wasleoed in this study, showed that
there is a potential exposure of foliage-dwellipgdsrs in maize fields and on field margins
via Bt maize pollen in spider webs as well as via preyherbivores and pollinators.

A laboratory assay investigating the potentiaéefffof Bt maize pollen on the garden
spider as well as a 3-year field-scale monitorimdy bt give any evidence for an adverse
effect of Bt maize in spiders. Despite a low sample size agt kariations, a direct lethal
effect of Bt maize on spiders can most likely be excluded. Hewepossible sublethal effects
of Bt maize of spiders need to be clarified.

Considering the absence of a clear direct letfiateof Bt maize event 176 on both
laboratory and field scale, a high riskBtf maize event 176 on spiders cannot be confirmed

on the base of the results of this study.
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5 Conclusions and outlook

The aim of this thesis was to assess the potensialof Bt maize event 176 to foliage-

dwelling spiders. On the base of several investigaton occurrence and sampling of foliage-
dwelling spiders in maize fields and on adjaceatdfimargins as well as on the potential
exposure and effect of products Bf maize on spiders, the following conclusions were

drawn:

(1) Maize fields and adjacent field margins harbouriragividual- and species-rich
spider community which refers to an important bittcol function of foliage-
dwelling spiders in agroecosystems. Therefore,ad@idwelling spiders are
valuable test organisms for a risk assessment dPS&dhd should also be included
in further ecological studies.

(i) Suction sampling with a small hand-held suction @amis an appropriate method
to record foliage-dwelling spiders in maize fieldsd field margins and is
recommended for future risk assessment studies pmstrelease monitoring of
GMPs.

(i)  Foliage-dwelling spiders in maize field as welliasadjacent field margins are
potentially exposed to productsBf maize via pollen anBt-contaminated prey.

(iv)  Adirect lethal effect oBt maize event 176 on spiders was not found.

v) A high risk of Bt maize event 176 to spiders cannot be confirmedisnstudy.

This thesis includes several important aspects on$laassessment @t maize event 176
expressing th&t protein CrylAb on foliage-dwellling spiders. Thepéied methodology of
this thesis is an appropriate tool for investiggtpotential effects of otheBt events ofBt
maize expressing CrylAb or other Cry proteins ahdgjical control agents.

However, making generalisations concerning a risBtamaize event 176 on spiders
on the base of this thesis is difficult, becaugghhiariations and small effect sizes may have
masked existing effects. Therefore, to clarify éeptial adverse impact of the cultivation of
Bt maize event 176 on spiders, a monitoring on lonigerporal and larger spatial scales
should be extended with more replicates than ia #hidy to enhance statistical power to
detect also small effects (Perry et al. 200839 2004), e.g., as is was conducted in a British
study on potential ecological side effects of hada-tolerant crops (“farm scale evaluations”,

e.g., Haughton et al. 2003). Furthermore, long-tstadies on laboratory and field scale are
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needed to assess possible chronic and subletleateff products dBt maize event 176 on
spiders and spider populations, e.g., effects oarfeity and longevity of spiders which may
bias the biocontrol efficacy of spider assemblagegjroecosystems.

In addition to the aspects of an exposure assessond3t maize pollen for spiders
included in this study, information on an uptakeGof/1Ab viaBt maize pollen by different
spider guilds with different biologies could be fudeto assess the exposure of spider
communities tdt maize pollen.

Furthermore, the risk assessment of spiders touptedfBt maize should be more
extended concerning tritrophic interactions of spsdwithBt-contaminated prey, as dirdst
effects as well as indirect effects via insuffidienutrition quality ofBt-contaminated prey
may exist (Strohnmeyer et al. 1998).

Therefore, data on the actual exposure of spideBi-tontaminated prey should be
available, e.g., data on prey spectra of diffegmter guilds in maize fields and on field
margins, data on the uptake and content of CryhAdictual spider prey (e.g., herbivores and
pollinators with pollen loads), data on the uptakeéCrylAb via pollen andBt-contaminated
prey by spiders under field conditions in maizédseand on field margins (only one recent
study exists: Harwood et al. 2005). In additiorg Hological activity oBt toxins ingested by
spiders (e.g., with bioassays Bitsuspectible organisms) should be conducted. Hssi$
useful, because common methods to quanBtyproteins, such as the enzyme-linked
immunosorbend assays (ELISA) give no informationtlo@ biological activity of proteins
which is importat for a exposure assessement oftargets.

Indirect effects oBt-contaminated spider prey are possible, as theegidence that
several taxa of actual spider prey may be harmeBthgxins, e.g., Diptera (Indrasith et al
1992), Sternorrhyncha (Ashouri et al. 2001) ancektgitera (Ponsard et al. 2002). To clarify
such potential indirect effects which may harm spsdsublethally or lethally, laboratory
studies withBt-contaminated spider prey should be conducted.

In conclusion, more information on chronic and stitl effects as well as on indirect
effect of Bt maize event 176 on spiders are needed to excludd\aerse effect dt maize on
spiders and spider populations. An overview ofHertinvestigations needed to assess a

potential risk oBt maize event 176 is given in Fig. 4.
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Spiders]

Effect on spiders Exposure of spiders

Long-term laboratory and large
scale field studies to assess
potential chronic or sublethal

Uptake of CrylAb irBt maize
pollen by different spider
guilds.

effects, e.g., on fecundity and
longevity which bias spider
populations.

Prey spectrum of different
spider guilds irBt maize fields
and on field margins.

Effect of Bt-contaminated
herbivorous and pollinator prey

on spiders in the laboratory. Uptake of CrylAb by actual

spider prey under field
conditions.

Uptake of Cry1Ab by different
spider guilds irBt maize fields
and adjacent margins under
field conditions.

Test on biological activity of
CrylAb ingested by spiders.

Potential spider prey T T T e
Bt maize

Figure 4: Overview of aspects of a risk assessmenBbinaize concerning foliage-dwelling spiders whictodld be
investigated in future studies.

For the further assessment of the exposure of pitteBt maize viaBt pollen andBt contaminated prey, further
characteristics of spiders and potential spidey gieuld be investigated (right boxes). To clatifg potential effect oBt
maize on spiders, laboratory and field studies hbe extended (left boxes).
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How to catch foliage-dwelling spiders (Araneae) in
maize fields and their margins: a comparison of two
sampling methods.

Claudia Ludy & Andreas Lang

Published inJournal of Applied Entomology28, 501-509.
© 2004 Blackwall Verlag, Berlin

Abstract

The foliage-dwelling spider fauna was collectedmaize fields and on stinging nettles in
adjacent margins in Bavaria, South Germany. Twdeiht sampling methods were
evaluated: drop cloth sampling and suction samplifige overall catch was dominated by
juvenile spiders, web-building spiders, and spiddrshe families Theridiidae, Linyphiidae,

Tetragnathidae and Araneidae (in decreasing ord@g)d margins harbored more species
than maize fields, whereas the total spider aburelavas higher in the maize crop. Web-
building spiders such as Theridiidae and Linypleisdeere prominent in maize by individual
numbers. Suction sampling with a small suction deyroved to be a more efficient and
consistent sampling method for foliage-dwellingdgps than drop cloth sampling. Density
and species richness of foliage-dwelling spidersmiaize was shown to be fairly high,

implying that spiders of higher strata may play arenimportant role in biological control

than suspected up to now.

Key words: Spider abundance, species richness, seasonaintmasuction sampling, drop

cloth samplingZea maysfield margins
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1 Introduction

Spiders belong to the most numerous invertebraegbors of arable land in Europe (Nyffeler
& Sunderland 2003). Although they are generaliagtdjverse spider fauna can contribute to
the limitation of on various pest species (Marc &n@ard 1997). Therefore spiders have an
important function in pest control (e.g. Lang 2Qa3)wever, in studies in arable land spiders
are often sampled with pitfalls which provide omyormation about ground-dwelling active
spiders (e.g. Downie et al. 1996, Lang 2000). Intxst, there is only scarce information
about foliage-dwelling spiders occurring in arafidds, despite the fact that the community
of foliage-dwelling spiders can be as abundant asdelevant for pest control as ground-
dwelling spiders (e.g. Carter & Rypstra 1995). Hfare, there is a need of more data
concerning foliage-dwelling spiders in agriculturadbitats. Although maize belongs to the
prominent crops in Central Europe, there hardlgtsxany data on the spider fauna in maize
fields. Moreover, the few papers dealing with spgde maize only cover ground-dwelling
spiders (e.g. Alderweireldt & Desender 1990). In@dtural landscapes, field margins have a
great importance, because they increase struatoraplexity of arable landscapes, thereby
promoting populations of natural enemies (Thies &chHarnke 1999). Established field
margin strips (sensu Marshall & Moonen 2002) cawes@s overwintering sites for spiders
(Lemke & Poehling 2002). These margins can alsocormctodate reproducing spider
populations and act as an important “source” fodexg, immigrating into fields (Kajak &
Lukasiewicz 1994). Common sampling methods forafpd-dwelling spiders are visual search
including quadrate sampling (Nyffeler & Benz 192&selin 1988, Barthel 1997), sweep net
sampling (Samu et. al. 1996a), suction samplingpiiy & Sunderland 1994) and drop cloth
sampling (Culin & Yeargan 1983). Although visualas#h is an effective method for
recording foliage-dwelling spiders (Amalin et al0o(), this sampling method is time
consuming, and small spiders are likely to be @adtd (Nobre et al. 2000). Sweeping is an
ineffective method to catch foliage-dwelling sp&lebecause only 2-10 % of the absolute
population numbers of arthropods are captured thithsampling method (Haas 1980). Here,
suction samples and drop cloth samples were useolltxt the foliage-dwelling spider fauna
as these methods are considered to be the mosieeffiones (Green 1999, Nobre et. al.
2000). The objectives of the study were: (1) tcaobbaseline data on spider abundance and
species richness in maize fields and adjacent fightgin strips, and (2) to compare and to
evaluate the two sampling methods for their effickein monitoring foliage-dwelling spiders

in agricultural habitats.
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2 Material and methods

2.1 Location and study sites

This study was carried out on three research faintise Bavarian State Research Center for
Agriculture located in Swabia, Frankonia and UppBavaria (South-Germany). At each
location the spider fauna was recorded in two magtds (varieties “Antares” and “Navares”
from Syngenta) and in two margin strips adjacenhé&se fields, resulting in a total number of
six fields and six margin strips. Each maize fielas two hectares large, and no insecticides,
but herbicides were applied once in May (“Lentafrand “Zintan Pack” from Syngenta;
“Mikado” from Bayer). On the northern edge of eanhize field, a margin strip (50 x 6 m)
was established in the end of April. These margiips were planted with stinging-nettles
(Urtica dioica) and various others herb&ifapis arvensjsLotus corniculatus Daucus
carota). Each plant species covered a plot of 10 x 6 mnpeergin strip. Only stinging nettle
plots were sampled in this study. Nettles were ehoss the focus plants as they are very
abundant in agricultural land, and were also thmidant plant species occurring along other
maize field edges on the research farms. Stingattjenshrubs were obtained from local field
populations nearby, and were then planted in tmeeming plots of each field margin strip.
Approximately 36 - 40 nettle shrubs (diameter ci2€acm at top of shrub) were planted per
field margin strip (i.e. about 0.6 shrubs pef),mand fertilized regularly with nitrogen to

secure proper growth.

2.2 Sampling dates and methods

The study was carried out from th8 df July to the 2% of September in 2001. Spiders were
recorded twice in a month (but only once in Septembresulting in five sampling dates per
site. On each sampling date, 20 maize plants paeniald, and 20 stinging nettle shrubs per
margin strip were randomly selected. The spidendawas then recorded by sampling half of
the plants by suction sampling and half of the {gdoy drop cloth. This resulted in an overall
number of 60 sampled plants per sampling periodsampling method, and per maize plant
or nettle shrub, respectively (3 locations * 2deebper location * 10 plants). In maize fields,
the selected plants were located in the middidhnefmaize field and had at least a distance of

20 m to the edge of the maize field. On averagenaize plants covered one square meter
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(distance between maize rows was 75 cm and 15 ¢webe single maize plants within a
row). The phenology of maize plants (after Meie®7Pis shown in Tab. 1. In margin strips,
the spider density was not referred to the areanefsquare meter, because stinging nettles
showed a different performance in the differenttplduring the season, and, therefore, they
were distributed quite heterogeneously. In consecgie the number of plants did not
correspond uniformly to a standardized area of sueare meter, and spider abundance is
presented only as numbers per plant. The usedaustimpler was a modified small vacuum
cleaner with a suction hole opening area of 3,06<d@n (producer: “Quelle”). The plants
were sampled from the top to the bottom by holdimg suction sampler directly onto the
plant. Each maize plant was sampled for 33.68 121§, and nettle shrubs for 36.78 + 17.95 s
(means = 1 SD). For drop cloth sampling, each phaag beaten 20 times with a plastic stick
from the top to the bottom of the plant. High pta(# 180 cm) were bent over a drop cloth
(diameter of 74 cm), and then knocked with a ptastick. Spiders knocked down on the drop
cloth were then collected by hand. Knocking toolkO87 8.5 s per maize plant, and 14.55 +
4.36 s per nettle shrub (means £ 1 SD).

Table 1. Height, principal growth stages and BBCH-iden#fion keys of maize plants with
regard to the different sampling periods of the¢hsampling sites.

Date Activity  Mean height (cm) Principal growth stage
17.04.-04.05. Sowing 0 0: Germination
04.07.-06.07. 1* Sampling 120 5: Inflorescence emergence, heading
17.07.-24.07. 2" Sampling 220 6: Flowering, anthesis
08.08.-09.08. 3" Sampling 245 7: Development of fruit
22.08.-24.08. 4" Sampling 245 8: Ripening
19.09.-25.09. 5" Sampling 225 9: Senescence
28.09.-25.10. Harvest 225 9: Senescence

2.3 Identification

Sampled spiders were fixed in 70 % ethanol, broughthe laboratory and identified
according to Heimer & Nentwig (1991) and Robert988, 1987, 1995). Species were
classified according to Platnick (2003). Juvenipdsrs were identified to genus or family
level, if possible. The recorded spiders were diglidn two main guilds: stationary web
building spiders (Theridiidae, Linyphiidae, Tetragimdae, Araneidae, Dictynidae), and
mobile hunting spider (Lycosidae, Pisauridae, Mjidae, Anyphaenidae, Clubionidae,

Philodromidae, Thomisidae, Salticidae).
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2.4 Statistical analyses

Analysis of variance (ANOVA) was used to analyze #ifects of the main factors “habitat
type” (i.e. “maize field” and “margin strip”) andsampling method” (i.e. “suction sampling”
and “drop cloth sampling”) on the dependent vagalltotal number of species” (1) and
“number of individuals” (2). The effects of the mafactors “habitat type” and “sampling
method” were also analyzed on the dependent vasaBproportion of guilds” (3),
“proportion of stages of development” (4) and “podpn of families” (5). Additional factors
tested were “spider guild” (i.e. “web building sprd” and “hunting spiders”), “stage of
development” (i.e. “juveniles” and “adults”), andpider family” (various spider families). A
repeated-measurement ANOVA was performed to analljeeeffects of “habitat type”,
“sampling method”, “family” and “time” (5 samplinglates) on the dependent variable
“number of spider individuals” (6). Kolmogorov-Smov one-sample test was used for
testing the normal distribution of data. To createmal distribution and/or heterogeneity of
variances of the data, proportional data were ittansformed and other data were log-
transformed. Sen and Puri’'s nonparametric test amaslucted to test for homogeneity of
variances. Post hoc comparisons were conducted wieéh Tukey honest significant
differences test (HSD). All statistical analysesravearried out with the software Statistica
5.0 (StatSoft inc. 1995). The variation of data wascribed by the coefficient of variance
(cv). A modifiedF-test £ = cv?/cv,?) was used to analyze differences in the variatiotata
from suction and drop cloth samples with regartheonumber of individuals and the number
of spider species captured in both habitat typedd(fand margin). All average values are

presented as arithmetic means with 1 SD.
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3 Results

3.1 Spider fauna of margin strips and maize fields

A total of 647 individuals and 40 species were rded in maize fields and field margins
(Tab. 2). The overall mean proportion of juvenieders (80 £ 15 %) was clearly higher than
the proportion of adult spiders (20 + 17 %) in bdthbitat types (main factor “stage of
development”: ANOVA, k4= 132.72, p < 0.001). Also, the overall averagepprtion of
web building spiders (87 £ 10 %) was higher than ghoportion of hunting spiders (13 + 12
%, main factor “spider guild”: ANOVA, F40= 390.87, p < 0.001). The mean spider density
in maize fields was 5.9 (minimum-maximum: 3-12)dgws per 10 plants which matches to
5.9 spiders per m2. The mean spider number in matgps was 4.9 (minimum-maximum: 2-

7) spiders per 10 stinging nettle shrubs (Tab. 3a).

Table 2 Summary of captured spiders in margin stripsraadze fields, 5 sampling dates * 3
locations * 2 habitat types * 10 plants (maize timging nettle shrubs, respectively).

Maize Margin

Species field strip Total
Araneae
unidentified 1 1 2
Theridiidae
Achaearaneap. 1 1
Achaearanea riparigBlackwall, 1834) 1 1
Enoplognatha latiman&lippa & Oksala, 1982 2 2
Enoplognatha ovatéClerck, 1757) 1 1
Episinussp. 1 1
Episinus angulatugBlackwall, 1836) 1 1
Paidiscura pallengBlackwall, 1834) 1 1
Theridionsp. 2 6 8
Theridion impressurh. Koch, 1881 7 14 21
unidentified 117 68 185
Linyphiidae
Bathyphantes graciligBlackwall, 1841) 1 1
Erigone atraBlackwall, 1833 9 9
Erigone dentipalpigWider, 1834) 2 2 4
Tenuiphantes tenui@lackwall, 1852) 5 5
Linyphia triangularis(Clerck, 1757) 1 1
Meioneta rurestriC. L. Koch, 1836) 5 8 13
Meioneta fuscipalp4C. L. Koch, 1836) 1 1
Microlinyphia sp. 1 2 3
Microlinyphia pusilla(Sundevall, 1830) 1 3 4
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Maize Margin

Species field strip Total

Oedothorax apicatuéBlackwall, 1850) 15 7 22

Porrhomma microphthalmuif®. P.-Cambridge, 1871) 2 2

unidentified 47 18 65
Tetragnathidae

Metellinasp. 2 2

Pachygnatha degee8undevall, 1830 1 1 2

Tetragnathasp. 89 48 137

Tetragnatha montan&imon, 1874 1 1

Tetragnatha extens@.innaeus, 1758) 1 1
Araneidae

Agalenatea redi{Scopoli, 1763) 1 1

Aculepeira ceropegi@Walckenaer, 1802) 2 14 16

Araneus diadematuSlerck, 1757 1 1

Araneus quadratu€lerck, 1757 1 1

Araniella sp. 4 6 10

Araniella cucurbitina(Clerck, 1757) 1 1

Larinioidessp. 1 2 3

Singasp. 1 1

unidentified 22 14 36
Lycosidae

Pardosasp. 5 5 10

Pardosa lugubrigWalckenaer, 1802) 1 1
Pisauridae

Pisaura mirabilis(Clerck, 1757) 7 7
Dictynidae

Nigmasp. 1 1

Dictynasp. 1 1 2
Miturgidae

Cheiracanthiunsp. 1 1

Cheiracanthium erraticunfWalckenaer, 1802) 1 1
Anyphaenidae

Anyphaena accentua@Valckenaer, 1802) 1 1
Clubionidae

Clubionasp. 2 2
Philodromidae

Philodromussp. 4 6 10
Thomisidae

Misumenops tricuspitatu$-abricius, 1775) 1 7 8

Xysticussp. 6 16 22

Xysticus audaxSchrank, 1803) 1 1

Unidentified 4 3 7
Salticidae

Evarcha arcuatgClerck, 1757) 1 1

Euophryssp. 1 1

Unidentified 1 1
Total no. of individuals 356 291 647
Total no. of species 21 34 40
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Overall, Theridiidae were more abundant than Te@#gdae, Araneidae and other families,
while Linyphiidae were more abundant than Araneidae other families (main factor
“habitat type”: ANOVA, R.100=11.45, p < 0.001, Tukey HSD test: p < 0.05 incales).
Oedothorax apicatysVeioneta rurestrimndTheridion impressumwere the dominant species

in both habitat types (Tab. 2).

Table 3 Number of species, number of individuals and prtpns (%) of stages of development and
guilds (a) as well as the coefficients of variat{gm, %) of the total number of species and indreild
(b) in margin strips and maize fields provided bygt&n and drop cloth sampling (n = 12 each).

Habitat type Sampling method
Maize field  Margin strip Suction sampling  Drop cloth sampling

(a)
Total no. of species 6.66 +2.19 #8.75+2.86 8.00 + 2.37 7.42 +3.09
No. of individuals 5.93+2.71 4.87+2.74 4.50.6a 6.30 £ 3.34
Stages of development

Juveniles 83+15a 76+16 a 76 £15a 85415

Adults 17+16b 24+18b 24+15b 15+16b
Guilds

Web building spiders 93+4a 82+12b 87+8a 87+13a

Hunting spiders 74c 18+15c 13+8b 13+16b
(b)
Total no. of species (cv) 33.02 32.73 29.68 41.64
No. of individuals (cv) 45.75 56.30 35.53 # 53.06

Differences between treatments of a main factoirabmld letters and marked with a # (0.05 < p ¥0).
(ANOVA or T-Test, respectively). Significant diffences within groups of the main factors “Stages of
development” and “Guilds” are marked with differégtters (p < 0.05, Tukey HSD Test). Means + 1 SD.

In maize fields 356 individuals and 21 species voaneght, and in margin strips a total of 291
individuals and 34 species (Tab. Ejigone atrawas often collected in maize fields, whereas
Aculepeira ceropegiaPisaura mirabilis and Misumenops tricuspitatusvere among the
abundant species in margin strips (Tab. 2). Thédrigiumber of species in margin strips
resulted mainly from the occurrence of more specfesraneidae (7 in strips vs. 3 in maize)
and hunting spiders (10 in strips vs. 5 in maizah.T2). This difference in species number
between the two habitat types was nearly signifi¢arain factor “spider species”: ANOVA,
Fi.20=3.42, p = 0.08, Tab. 3a). An interaction of “lHiabtype” and “time” indicated a higher
abundance of spider individuals in maize fieldshea end of August (repeated-measurement

ANOVA, F4400= 2.48, p < 0.05, Fig. 1a; not affirmed by Tuke@Mitest). Other significant
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differences between the habitats were a higherepeage of web-builders in maize fields
(interaction “habitat type” and “spider guild”: AN@\, F; 40 = 12.40, p < 0.01, Tukey HSD
test: p < 0.05, Tab. 3a), and a different propartd families (interaction “habitat type” and
“spider family”: ANOVA, Fs100 = 2.91, p < 0.05). The latter was presumably du¢he
higher dominance of Theridiidae and Linyphiidaemiaize fields (Fig. 2a). There was no
difference between maize fields and margin stmphée percentages of stages of development
(interaction “habitat type” and “stages of devel@nti: ANOVA, p > 0.05), and in the
coefficients of variances of mean species numbedsnaean individual numbers (F-test: p >
0.05 in both cases, Tab. 3b).
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Figure 1: Mean number (+ D) of spider individuals in maize fields a
margin strips during different sampling periodsttb@ampling methoc
pooled (a); mean number (+SD) of spider individuals caught with differe
sampling methods during different sampling periodsth habitat type
pooled (b). Significant differences (Tukey HSD tgst< 0.05) are marke
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respectively).
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3.2 Seasonal dynamics

The number of spider individuals changed during shepling time (main factor “time”:
repeated-measurement ANOVAy oo = 29.80, p < 0.001). In August, more spiders were
caught than in July (Fig. 3a). Different familiebosved different seasonal dynamics
(interaction “spider family” and “time”: repeatedeasurement ANOVA, f5.400= 3.24, p <
0.001): Theridiidae, Tetragnathidae and Araneidastdpeak in August and September (Fig.
3c-e), while Linyphiidae showed no differences dgrihe sampling time (Fig. 3b).
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Figure 2. Proportions (%) of families in maize fields andangin strips
(seasonal means + 1 SD), both sampling methodeg@da); proportions (%)
of families caught with suction and drop cloth séingp (seasonal means +
1 SD), both habitat types pooled (b). Significaiffiedences (Tukey HSD test:
p < 0.05) are marked with different letters, n = (Each habitat type or
sampling method, respectively.
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3.3 Effect of sampling methods

Pooled over all sampling occasions, there was fierdnce in the total number of species and
mean number of spider individuals between suctemm@es and drop cloth samples (main
factor “sampling method”: ANOVA, p > 0.05 in botlages, Tab. 3). Only in August, drop
cloth sampling recovered more spider individual@nthsuction sampling (interaction
“sampling method” and “time”: ANOVA, Fi00= 4.85, p < 0.001; Tukey HSD test, p < 0.001,
Fig. 1b). The proportions of stages of developmearte different between suction samples
and drop cloth samples (interaction “sampling mdthand “stage of development”
ANOVA, F140 = 4.92, p < 0.05), and the data suggested thatwilais due to the higher
number of juvenile spiders in drop cloth sampleab(T3). Also, the coefficient of variance
(cv) of the individual spider number tended to lighbr in drop cloth samples (F-test, p =
0.09, Tab. 3b), while the cv of the species numhkdsnot differ between the sampling
methods (p > 0.05, Tab. 3b). The proportion of pimydae was higher in suction samples
than in drop-cloth samples (interaction “samplingtihod” and “spider family”. ANOVA,
Fa.100= 5.51, p < 0.001; Tukey HSD test, p < 0.01, Rig), while the numbers of the other
families were similar in both sampling methods. Tgreportions of guilds did not differ
between suction samples and drop cloth samplesrdiction “sampling method” and “spider
guild”: ANOVA: F1.40=0.26, p > 0.05, Tab. 3a).
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4 Discussion

4.1 Spider fauna of maize fields and adjacent mastyips

The foliage-dwelling spider fauna in maize fieldglanargin strips mainly consisted of web-
building spiders belonging to Linyphiidae, Theritdie, Tetragnathidae and Araneidae (in
decreasing dominance). The high proportion of juesnand web-building spiders (mostly
Linyphiidae, Theridiidae and Tetragnathidae) maylidgate a recent colonization by
ballooning in both habitat types (Suter 1999) gqeeemlly juveniles and these spider families
migrate into arable habitats by aerial dispersairitiel 1997). Krause (1987) found a similar
amount of about 70 percent of juvenile spidersighér vegetation layers of field margins
and fields. Barthel (1997) as well as Nyffeler &e1979) found a much lower density of
0.01 respectively 0.1 foliage-dwelling spiders pgrin maize fields as opposed to an average
of 2 to 13 spiders in the present study. Howeves,density of foliage-dwelling spiders was
probably underestimated in those studies, becaunsdi and hidden spiders are likely to be
overlooked by visual search which was the methqaiegh A mean density of five spiders
per square meter in this study may appear too mvinave a significance for biological
control. However, spider densities within this rangay already have an effect on aphid
numbers (Lang 2003). Moreover, the efficiency ilirkg prey is not only dependent on the
abundance and biomass of spiders. Efficiency imgilprey also depends on the number and
size of the spider webs, because small pests mayindspider webs independent from
predation by a spider. Besides, spiders often capod kill more prey than they consume
(“wasteful Kkilling”), which contributes to their tcontrol potential independent from
saturation level of the spiders (Sunderland 1988). example, up to 1000 insects may be
present in a spider web at a given moment, andlhare eaten by the spider (Nyffeler et al.
1994). Moreover, the spiders that are most efficercapturing pest organisms are those that
forage on the plant itself, because this is thatioa preferred by the pests (Maloney et al.
2003). Therefore, the biocontrol role of foliageealimg spiders in maize fields may be more
important than suspected (Nyffeler & Benz 1987)e Mariance of abundance and species
richness was high in both habitat types. High vemes of spider species richness in
agroecosystems are well known (Samu & Szinetar 200fis may be due to the influence of
spider biocoenoses of the habitats and landscapen@rmargins and fields (Wolters et al.
1999).
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In maize fields, the families of Linyphiidae and €eFldiidae dominated by number. In
consequence, members of these families were algopreminent in maize fields (i.€.
apicatus M. rurestris E. atra, T. impressumThis dominance of only a few species is typical
for agroecosystems (Samu & Szinetar 2002, Nyff&éleéunderland, 2003). In maize fields,
the proportion of web-building spiders was higheart in margin strips. As web-building
spiders such as Linyphiidae frequently disperseb@élooning, this may indicate a higher
importance of ballooning as immigration mechanismmiaize fields as compared to margin
strips. In small margin strips, hunting spiders,ichihoften immigrate by ground dispersal,
could reach this new habitat from adjacent “soutogbereas these spiders hardly get to the
center of fields by ground dispersal (Bishop & Riext 1990, Frank & Nentwig 1995). The
higher species richness of margin strips was mainky to more species of Araneidae and
hunting spiders. This result may be attributechiodomplex and denser vegetation structures
found in margins, which provides the necessary ohi@bitats and web attachment features
(e.g. Hatley & Macmahon 1980). On the other hahd linyphiid spideiE. atraprefers open
habitats and avoids places with dense vegetatiow(i® et al. 2000), and consequently was
more often collected in maize fields. Rare or tterad species were not very abundant and
only one red list species was foueioneta fuscipalpgl individual on the margin strip at
Schwarzenau, Tab. 2) is classified in the cated®Yyof the Red Data Book of Bavaria

(Blick & Scheidler 2004; R = very rare or geogragatily restricted species).

4.2 Seasonal dynamics

The spider families Theridiidae, Tetragnathidae Areheidae had an abundance peak in the
end of August, whereas the individual numbers ofyphiidae stayed on the same level
without a clear peak during the season. This magugeto the univoltine phenology of most
Theridiidae, Tetragnathidae and Araneidae, anch#tiehing of juveniles of abundant field-
inhabiting species of these families during Augest, the theridiidl. impressumspecies of
the genusletragnathaand the araneid&. ceropegisandMangora acalyphgdSchafer 1976;
Barthel 1997). In contrast, Linyphiidae have a muoltine phenology with different
development stages occurring at the same time (fgpf Sunderland 1998). Also, these
spiders show ballooning behavior in all developnstages over the whole season (Weyman
et al. 1995). This can lead to more or less constalividual number during the vegetation

season (Samu & Szinetar 2002).
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In general, the increase in height of maize plamd stinging nettle shrubs (C. Ludy, pers.
obs.) during the season is correlated with vegetatomplexity and a concurrent increase in
spider abundance as more spiders find appropriateabitats in higher or denser plants
(Hartley & Macmahon, 1980). A spider peak at thd ehthe season was also found in other
agricultural habitats such as garden plots (Bishdtiechert 1990), alfalfa, soybean (Culin &
Yeargan 1983), and wheat (Topping & Sunderland 1994

4.3 Evaluation of sampling methods

Drop cloth sampling and various kinds of suctiomphng are reported to be efficient
methods for collecting foliage-dwelling spidersg.ein vineyards (Costello & Daane 1997;
Nobre et al. 2000), in heath (Canard 1981), amat¢hards (Amalin et al. 2001). In this study
drop cloth as well as suction sampling yielded goegllts in terms of species number and
individuals obtained, especially when compared itoilar studies in maize crops which
applied visual searching (Nyffeler & Benz 1979, tBat 1997). Drop cloth and suction
sampling recorded the foliage-dwelling spider addage similarly in terms of species
number, individual abundance and proportion of epiguilds in both habitat types.
Therefore, the results appear reliable as they wbtained by two different methods in a
quite comparable pattern. A disadvantage of drofhdampling may be the inconvenience of
the equipment in dense vegetation. The cloth aedstitk may tap plants other than the
selected one quite easily, and the additional ci&tmm surrounding plants may lead to an
overestimation of spider densities. This may beeegly the case at high spider densities, for
instance at times of high ballooning activity o¥émile spiders. Possibly this happened in our
August sample. In August more individuals and mjakenile spiders were found with drop
cloth sampling. As especially the juveniles balloanthe end of the season (Bishop &
Riechert 1990), and as the spider densities weghebt in August, drop cloth sampling
possibly overestimated abundances on this samptingsion. The more time needed for drop
cloth sampling in maize field compared to margnipstcould be due to the inconvenience of
the drop cloth in high vegetation, because highzemglants have to be bent over the drop

cloth, which is time consuming.
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However, suction sampling recovered more Linyplaides compared with the drop cloth,
which was also found by Costello & Daane (1997 )imeyards, and by Meissle & Lang

(unpublished data) in other maize fields. Linyptgmlders often prefer moist microhabitats as
found in the center of nettle shrubs (Samu et@6b), hide in maize axils, or build their web
near the ground beneath the maize roots (Alderld¢id®94). These places can be directly

sampled by suction devices but not adequately by dioth sampling.

In comparing the two sampling methods suction sarg@ppears to be more efficient
and consistent than drop cloth sampling, which whewn in a higher proportion of
Linyphiidae and a lower variance in captured indiidl numbers. Suction devices collect
hidden specimens, the spiders are sucked in imtedgi@nd cannot get lost in an additional
sorting step), the catch can be attributed to daetpand small suction devices as the one
used can be handled in the field quite conveniemtlglisadvantage of suction sampling is
that sucked in spiders may be damaged to a extantspecies identification is no longer
possible. However, there are more disadvantagesaj cloth sampling: hidden specimens
are not fully collected, the catch cannot be afteld to one plant unequivocally, after
knocking down spiders must be sorted from the digtthand (which is time consuming and
may also result in the loss of escaping individyatlse sampling devices are unhandy in
dense and high vegetation such as maize, andesétdrawbacks may lead to inconsistent

catches as demonstrated by the higher variatidimeodirop cloth samples.

In conclusion, we would recommend the use of ssadtion samplers for collecting
foliage-dwelling spiders, especially in maize crops suction devices are more likely to
record the spider densities correctly, which wa® &und by other authors (e.g. Nuessly &
Sterling 1984).

Conclusions

The foliage-dwelling spider fauna in maize fieldddield margin strip was dominated by
web-building spiders. In margin strips, more speaecurred than in maize fields, which
illustrated the importance of this habitat to erdeapest predator numbers and richness in

agricultural landscapes.
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In maize fields, foliage-dwelling spiders are mataindant than suggested so far, and may
have important impact on pest populations. Sucampling (with a small suction sampler) is
a more reliable sampling method for recording fpiadwelling spiders than drop cloth
sampling, especially in maize fields. This studpvided evidence that foliage-dwelling
spiders are abundant and diverse predators of eaggstems and are worth to be included in

further ecological field studies.
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Abstract

The purpose of the study was to gain informatiornthentemporal occurrence, spatial range
and dispersion of maize pollen, and thus potegtBilmaize pollen densities in field margins
in Bavaria, South Germany. This information is mxportant part of the risk assessmenBbf
maize as it characterises the potential environahexposure of non-target organismsBto
pollen. The majority (91%) of maize fields shedlpolin July, but the beginning of anthesis
could be recorded as early as June 27 and asdadigust 8. The Bt176 event “Navares”
shed pollen about one week earlier than the avemateesis date of other maize varieties.
Pollen numbers deposited in field margins were lgighriable, and decreased with distance
to field edge. The main factors determining poltEmsities were relative humidity, growth
stage of the maize, and distance to field edgea@gxplh together 48% of the variance of
pollen amounts. The more pollen were depositedaizenfield margin, the more pollen was
found on leaves of wild carrots located at maie&dfedge. CrylA(b) amounts in pollen of the
events Bt176 and Mon810 were found to be roughiherange reported so far. The results
provide helpful and effective information with redato the evaluation of the exposure of

butterflies toBt maize pollen.

Key words: CrylA(b), Bacillus thuringiensis Zea mays corn, field edge, maize pollen
dispersal, pollen sheddinfpaucus carota ELISA, toxin content, environmental exposure,
risk assessment, transgenic plants
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Zusammenfassung

Zur 6kologischen Risikoabschétzung von Bt-Maisestnotwendig, Informationen Uber das
zeitliche Auftreten von Maispollen sowie Menge uReichweite des Polleneintrages in
Feldrander zu berlcksichtigen, da diese Faktoren Eiposition betroffener Nichtziel-
Organismen mitbestimmen. Der Grol3teil der untersuciMaisfelder (91%) blihte im Juli,
der Beginn der Pollenschittung konnte aber auchefigns Ende Juni oder spatestens
Anfang August liegen. Der Blihbeginn der Bt176-8oavares” lag circa eine Woche
friher als der Durchschnittswert der anderen Maisao Die Maispollendichte in
Feldrandern war sehr variabel und nahm mit steigekdtfernung zum Maisfeld ab. Relative
Feuchte, Blihstadium des Mais’ und Entfernung zuaiskld waren die Faktoren, welche
die Pollendichte am stérksten beeinflussten (R8%) Je mehr Maispollen im Maisfeldrand
eingetragen wurden desto mehr Pollen fanden sich auf Blattern von Wilder Méhre. Die
Konzentration an nachgewiesenem CrylA(b)-Toxin il78- und Mon810-Mais lag im
wesentlichen im bekannten Bereich. Die Ergebnisssgeh zu einer verbesserten
Einschatzung der Exposition durch Bt-Maispollen Bwmhmetterlingslarven am Feldrand bei.

Stichwarter: Cry1A(b), Bacillus thuringiensisZea maysMais, Feldrand, Pollenverbreitung,
PollenschittungDaucus carota Wilde Mdhre, ELISA, Toxin-Konzentration, Expositi,
Risikoabschétzung, transgene Pflanzen

83



Publication II: Dispersion and deposition of Bt rm@ipollen Introduction

1 Introduction

Bt maize is a transgenic crop which has been engideeith genes of the soil bacterium
Bacillus thuringiensis (Bt). All current commercialBt maize events in Europe were
transformed with genes which express a truncateah faf the insecticidal delta-endotoxin
(CrylAb) specific against lepidopteran species. fdxn is produced in most tissues of the
maize plants, though in different concentrationke Target organism dBt maize is the
european corn borer (Lepidoptera, Pyralidastrinia nubilalis). Due to its specificity against
Lepidoptera theBt toxin has been considered as relatively safe for-target organisms
(Glare & O’Callaghan 2000). Howevdst maize pollen may be deposited by wind on host
plants of non-target butterfly larvae occurringradield edges (Pleasants et al. 2001), and
leaves containing surface-deposited pollen maydmswmed by the larvae (Hansen Jesse &
Obrycki 2000, Wraight et al. 2000). Adverse effectsBt maize pollen consumption have
been reported for larvae of several non-targetebiljtspecies both in the laboratory and the
field (e.g. Losey et al. 1999, Hellmich et al. 20&tanley-Horn et al. 2001, Zangerl et al.
2001, Felke et al. 2002, Felke & Langenbruch 2008 actual risk for butterfly populations
in the field can be described as a function of ddeerse effect (toxicological hazard) and
exposure (environmental dose) (Wolt et al. 2008gr&fore, knowledge of the environmental
exposure of the butterflies &t pollen is needed in order to assess the riskciaded with
cultivation of Bt maize. This environmental exposure is determinge@dsious components,
for example by characteristics of tBémaize and its pollen such as toxin concentrataons
dispersion parameters of the pollerBdimaize (Sears et al. 2001). Particularly importaet
the time of pollen shed (because of the temporallap with the occurrence of butterfly
species), and the distance of pollen dispersabamount of pollen deposition (because of the
extent and the spatial range of the exposure) (\&tat. 2003). Information on toxin contents
of Bt maize pollen has increased recently (e.g. Feaira. 1997, Hansen Jesse & Obrycki
2000, Sears et al. 2001). However, published datpadlen dispersion are still limited and
mainly restricted to studies from the U.S. (Raymoral. 1972, Oberhauser et al. 2001,
Pleasants et al. 2001), and often refer to outocrgsstes which are difficult to convert into
actual pollen densities deposited in field mardeg. Emberlin et al. 1999, Treu & Emberlin
2000). At the Bavarian State Research Centre foicAlgure potential environmental impacts
of Bt maize are studied since several years (bioSichel®ée2003, Lang et al. in press).

Within the framework of this extensive researchgoaonme data were obtained about pollen
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characteristics of tw@®t maize events, Btl176 from Syngenta and Mon810 fikdoamsanto,
and of conventional non-transgenic maize varietiese, we present results about the time of
maize pollen shedding, the amount of pollen deosiin dependence of the distance to
maize fields, surface-deposited pollen on a hasitpf butterflies, and of the toxin content in

the pollen of the abovBt maize events.

2 Material and methods

2.1 Time of pollen shed

The examination and evaluation of maize varietesrgs to the official tasks of the Institute
of Crop Production and Plant Breeding at the BavaResearch Centre for Agriculture, and
the registered data are stored in databases. Maizeties to be assessed were planted on
state research and contract farms throughout Bav@aauth Germany. Then, basic parameters
of the plants were analysed during the season hewiest, among others the date of the onset
of pollen shedding. The temporal range of the ongetaize pollen shedding in Bavaria was
analysed for the years 1995 to 2000 (after 2000otieet of pollen shedding was no longer
part of the obligatory data recording scheme, fioeeewe could not analyse more recent
data). Overall, 307 different maize varieties wanalysed on a total number of 1680 fields at
22 different localities. Additionally, the Bt176 neety “Navares” was cropped on 21 fields
(each 2-ha large) between 2000 and 2003, and tigevelss recorded of the start of pollen
shedding.

2.2 Pollen deposition and dispersion

Analysis of pollen deposition and dispersion wadgmed during three years (in July, 2000
— 2002) on two state research farms, in Grub naariéh (11°46’49” east, 48°10°09” north)

and in Neuhof near Donauwoérth (10°47°10” east, 4809 north). At each location a 2-

hectare large field was cropped with Btl76 maizariéty “Navares”, Syngenta). Pollen
deposition was measured using microscope slideg gdgmm) covered with a thin coat of
Vaseline®. These slides were fixed on top of woodtkes ranging in height from 6 to
20 cm (Tab. 1). The slides were exposed during enamthesis, either within the maize field
(-5 m from field edge), directly at the maize fieddge (0 m), or outside the maize field in

various distances to the field edge (1 m — 10 nb, TaFig. 2). The slides were placed around
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noontime, exposed for 24 hours, and then takerhéoldboratory where the pollen were
counted. Deposited pollen grains on slides werarsxh and automatically counted with an
image analyser (Leica Qwin), or counted manuallthwai microscope (when pollen densities
were very high or when slides were soiled). In {0880 slides were placed in and along
maize fields during the study (70% in Neuhof, a®&3n Grub; 12% in 2000, 42% in 2001,

and 46% in 2002; 12% along the western edge ofighd, 25% along the eastern edge, and
63% along the northern edge). Stage of maize astheas recorded according to the
principal growth stages of maize (BBCH code) foliogvMeier (1997). Weather conditions

were registered by stations located on the resdarafs (air temperature at 200 cm height,
relative humidity, precipitation, wind speed at 250 height).

A multiple linear regression analysis with stepwsséection was applied to the data to
identify the key variables determining pollen deapos. When necessary, data were
transformed to meet assumptions of multiple regoasanalysis (see transformations in
parentheses).The focus variable was “pollen per”cth(x+1)), and the independent
variables “air temperature” (Ln(x+1)), “precipitati” (Ln(x+1)), “humidity” (arcsine(x)),
“wind speed” (x), “distance to maize edge” (squarat of Ln(x+10)), “height of slide” (1/x),
“field edge orientation” (x, dummy variable), BBGtbdde of maize anthesis (arcsine(x/67)),
and “site” (x, dummy variable). The analysis wasgied out using SPSS, version 11.

2.3 Surface-deposited pollen Baucus carota

Deposition of maize pollen on leaves Daucus carotawas analysed during full anthesis
(BBCH stage = 65) on 22, 23 and 26 July 2002 antivéhern edge of a 2-hectare large field
on the research farm Neuhof, which was cropped Bitty6 (“Navares”).D. carota was
chosen as this is an important food plant for lared the common swallowtailP@pilio
machaol), a butterfly occurring regularly in agriculturdaind and along maize field margins
(Ebert & Rennwald 1991a, Lang 2004). Carrot leavere obtained from greenhouse cultures
of D. carota One leaf was put in each flask filled with waaed closed with a foamed plastic
cap. These flasks were buried at the maize fieggedth a distance of 20 cm) in such a way
that the cap fitted even with the soil surface. T¢aves were 15 cm long and were all taken
from young plants, because common swallowtailsgorgbung and smaller carrot plants
(Ebert & Rennwald 1991a). The described approashrad a standardised exposure of the
carrot leaves to pollen shedding. The carrot leavexe placed in the field for 24 hours. After
that the tip of each leaf was collected by cargfplessing a transparent adhesive tape on the
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leaf, cutting the tip with scissors, and transfegrthe sample onto a plain white cardboard.
Maize pollen on the surface was counted under aosgope, and the carrot leaf was scanned
and its area measured by an image analyser (Lena)QPollen on the underside of the
leaves was not counted because these are constdebednegligible (Pleasants et al. 2001).
For each leaf, pollen density was calculated agtilen count divided by the leaf area. On
each sampling date 12 carrot leaves were expos@thq total of 36 samples. At the same
time maize pollen deposition on microscope slide (@bove) was also measured in order to
calculate the proportion of the pollen shed thatuawlates on the surface of carrot leaves
(i.e. pollen numbers per énon carrot leaves divided by pollen numbers pef emslides).
Slides were placed on the field edge at same h€&gbd + 1.59 cm, mean £ 1SD) as the tips

of the carrot leaves in such a way that each slaeflanked by two leaves.

2.4 Toxin content oBt maize pollen

Pollen were collected froft maize fields established on the research farr@sah, Neuhof,
Puch near Firstenfeldbruck (11°13'00” east, 48111’ north), and Schwarzenau near
Kitzingen (10°12°'40” east, 49°48°'19” north). Pelh was collected and tested from event
Mon810 (“Novelis”, Monsanto), event Btl76 (“NavdareSyngenta), and isogenic ndt-
maize varieties as control (“Nobilis”, MonsantoddifAntares”, Syngenta,). After collection
pollen was sieved through a 1mm-mesh and store2Da€C for up to 14 months (on average
for 4 months). Levels of CrylAb toxin in pollen wedetermined by ELISA using the
EnviroLogix QuantiPlate™ Kit for CrylAb/CrylAc (Aém®). The limit of quantification of
the kit was 250ppb. Two to three sets of aliquaisifeach pollen sample were analysed, and
the mean was calculated from that. Prior to toxialgsis the pollen was dried at 28°C for 12
hours, sieved through a 0.1-mm mesh, and was tileer gground or sonicated in order to
release th®t toxin. The weight of pollen grains of Bt176 mafiavares” was determined in
order to calculate the Cry1lAb amount per singlégmolPollen samples were dried and treated
as described, their mass determined, and then sdsgen 10 ml water. An aliquot of 15 pl
was taken, applied onto a plain surface, and timebeun of pollen counted under a binocular.
From that count the number of pollen in the inigaimple and the individual mass of single

pollen grains was calculated.
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3 Results

In a six-year survey of various maize varieties98-2000) the earliest start of maize pollen
shedding was June 27, and the latest date Aug(isig81a). The majority (91%) of maize
anthesis took place in July, and the average wahsge 18 July £ 9 days (mean + 1SD). The
Bt-variety “Navares” started pollen shedding onrage on 12 July + 7 days (mean = 1SD)
with the start of anthesis ranging from June 30uiy 26 (Fig. 1b).

The amount of pollen deposited on slides was kighkiable, and ranged from 0 to
429 grains per c(Fig. 2, Tab. 1). There was a negative relatignsieitween pollen number
deposited and distance to the maize field, butmth&imum amount found in 10 m distance
was still 93 pollen per ct(Fig. 2). Pollen amount was also influenced by erous factors
other than distance to field edge (Fig. 3a-d). €fme, a multiple regression analysis was
conducted with the independent variables distarwefidld edge, height of slide, air
temperature, relative humidity, wind speed, preatpn, orientation of field edge, growth
stage of maize, and site (see Tab. 1 for descetata). All independent variables together
explained a variance of 64% (p < 0.001). Howeues,most influential variables determining
deposited pollen grains per cm2 were humidity, atise to field edge and growth stage
according to the equation (variables in sequerdrdler as incorporated by the stepwise
model):

pollen density = 17.11 — 3.37*humidity — 4.00*dista to field — 3.26*growth stage
(R2 = 0.48, p < 0.001; for the transformations lod variables see “material and methods”
section).

The more pollen were deposited in the maize frelargin the more pollen were
recorded on leaves @. carota (Fig. 4). The average number (mean + 1SD) of pofler
cm2 leaf was 33.46 £ 24.86 (minimum: 7.14; maxim@3:00; 95% confidence interval of
mean: 25.04 — 41.87). Of the slide-deposited po#leproportion of 31.64 + 14.10% was
found on the surface of carrot leaves (minimum442maximum: 63.53; 95% confidence
interval of mean: 26.87 — 36.41).

The pollen of the event Bt176 “Navares” contai@esb + 0.40 ug CrylAb protein/ g
dry weight pollen (n = 10, mean + 1SD; 95% confidemterval of mean: 1.68 — 3.51). Of
the 6 pollen samples tested of Mon810 “Novelis’sénples contained too littlBt to be
quantified. When the latter 3 samples were assignetlue of 250ppb (i.e. the threshold level
of quantification), the average of Mon810 pollensvia25 + 0.09 pg CrylAb protein / g dry

weight pollen; when those samples were attributealae of nil, the resulting average value
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Mumber of maize fields

Mumber of maize fields

Figure 1. (A) Start dates of pollen shedding of maize fieldBavaria (n = 1680 field
established at 22 locations during the years 199%0060); (B) Start dates of pollen
shedding of Bt76 maize fields in Bavaria (n = 21 fields croppéth variety “Navares'
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was 0.13 + 0.1¢1g Bt protein / g dry weight pollen (n = 6, means + 1SB9th values are
significantly different from the Bt176 pollen (MaiWhitney U-test, p < 0.001). Of the 14
pollen samples tested of non-Bt varieties (10 “Aesd 4 “Nobilis”) only one “Antares”
sample gave a positive signal, which was probabé/td contamination.

Bt176 “Navares” pollen contained on average 26@84 grains per 1 mg dried pollen
(n = 29 samples), i.e. calculated weight of a @rmggllen grain was 0.392 = 0.055 pg (means
+ 1SD). Hence, a single pollen grain contained 3.610.141 pg CrylAb protein (mean *
1SD) assuming an average CrylAb amount of 2.59 ppm.
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Figure 2. Densities of maize pollen deposited along maidel$ in dependence of the distance to field (numbe
of pollen grains on microscope slides coated wils&line®). The regression equation is y = 74.7540+
1.32¥ — 0.08%, R = 0.23, p < 0.001, n = 300; the regression lingiven with the upper and lower limit of the
95% confidence interval.
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Table 1: Descriptive data of pollen deposition and poliéspersion experiment. N = 300 each variable. The
95% confidence interval is given for the numbepollen grains recorded on microscope slides coatdd
Vaseline® (24-hours counts).

Variable Mean 1SD Minimum  Maximum 95% CI
Pollen grains per cfslide 65.92 70.00 0 429 57.97 -73.87
Distance to field edge (m) 2.69 4.26 -5 10

Height of slide (cm) 17.37 2.70 6 20

Maize growth stage (BBCH) 64.99 1.05 63 67

Air temperature (°C)* 17.38 3.59 11.6 24.3

Relative humidity (%)* 73.29 12.21 52.6 97.4

Wind speed (m/s)* 1.11 0.74 0.1 3.1

Precipitation (mm)** 3.47 6.49 0 20.5

* Based on daily average
** Based on daily sum

91



Publication II:

Dispersion and deposition of Bt re@ipollen

Results

Fuollen graine (n) per cm®

Follen grains (n) per cm®

500
A) \
450
@

230 .:.\\
350 : \\
el 8
250 o ] o

AN
e e g E e
150 o § 4 I T
100 - E EE g N 2 E ~~
. i}

D ; - .
o 0S5 10 15 20 25 3.0

Wind speed imis)

50 ] 60 =53] ™ T3 an a5 B0

Relative humidity (%)

35

Fuollen grains (n) per cm®

.

Folen grains (n) per cm™

SO0

3 =]
400 -

s 4 \
-
| B
' o
o
a
a
=]

o
I~ O -
200 -

150 -

100 <

B0 -

[+
g |_-§'E'- 'I—--'—-—|—r="'—'—r'|—r—'-a1_—'—_|ﬂ-

0 2 4 & g 1w 1z 14 L] 18 a0

Fracipitation {mm)

SO0 -

.D]
453 -
400 -
350 4

aod -

DoODD o & o O

250—-
ZIII:
1!-EI—I
100

g0 -

n

Growth stage [BRCH)

Figure 3. Densitiesof maize pollen deposited along maize fields ipaedelence of (A) wind speed, (B) precipitation, (€lative humidity, an
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4 Discussion

The majority of the maize fields shed pollen durindy, which is typically in mid-Europe
(Zscheischler et al. 1990). The surveyed maizeetiad included early as well as late
cultivars resulting in a representative data sdt@vering the entire span of possible starting
dates of anthesis. The test®8timaize “Navares” is an early variety, and consetjyeshed
pollen about one week earlier than the averageerttesless sheddinBt fields could be
observed until the end of July. Usually pollen asik continues for 5 - 8 days, but under
favourable conditions the vast majority of polldredding may occur within a 2-day period
(Treu & Emberlin 2000, Wolt et al. 2003). But asireafields can shed pollen up to 10 - 14
days after the onset of anthesis (Treu & Embei@(®@ Oberhauser et al. 2001) we conclude
that pollen shedding maize fields may be foundlaimé third week of August in Bavaria.
Maize pollen may be drifted by wind as far as 80Salamov 1940, cited in Treu &
Emberlin 2000) or even 2000 m (Fleischmann 194@),due to their large size and weight
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only a very small proportion of maize pollen grasre deposited further than 60 m away
from the “source” field (Raynor et al. 1972). Hevee considered maize pollen deposition
within a 10 m distance to the fields as over 90%nafze pollen is deposited within this range
(Eastham & Sweet 2002), and the typical field masgdf the considered maize fields were
10 m broad on average (Lang 2004). The pollen tessdeposited on the maize field
margins were extremely variable. They could be icmmable high even at a distance of 10 m,
but at any time and any distance pollen numbers¢dcalgo be very low. Despite this high
variance distance to field margins was identifiedome of the most influential variables
determining pollen densities in field margins. Gtlowgtage of maize was also an important
variable affecting pollen numbers as during the BBflage 65 (“upper and lower parts of
tassel in flower”) (Meier 1997) the vast majority maize pollen were shed. Relative
humidity was a strong factor as it integrates osgeweral other related factors, e.g.
precipitation and temperature. Pollen is no lordjspersed by wind during rain, and the rain
may also remove pollen grains from the microscdipes Moreover, less pollen will be shed
if it is too humid or too wet (Zscheischler et #090). All variables analysed explained 64%
of the variance of pollen densities, and the remgiwvariance may be explained by factors
such as wind direction, frictional turbulences tloermal convections (Emberlin et. al. 1999,
Treu & Emberlin 2000, Feil & Schmid 2001). The aage wind direction at our sites is from
west, and it is known that wind direction playsaegk role in the deposition level of maize
pollen (Pleasants et al. 2001). We suppose thal-soae local wind conditions and the fact
that northern field edges were over-representeimsample masked a stronger influence of
the field edge orientation. Numbers of depositelepoon slides in field margins are difficult
to compare with similar studies, mainly becauseekygosure time of the microscope slides
differs among the studies, often other distancaemawe field edges were tested, or no data
are available on the height of the exposed slided the anthesis stage of the maize. Despite
this uncertainty, it seems that the maize pollemsdies recorded in our study are fairly higher
than pollen depositions outside maize fields reggbdo far (e.g. Raynor et al. 1972; Wraight
et al. 2000). However, the pattern of pollen degasiis equivalent to other studies, i.e. a
considerable decline of pollen numbers within fingt few meters off the maize field (Raynor
et al. 1972, Hansen Jesse & Obrycki 2000, Wraighdl.e2000, Stanley-Horn et al. 2001,
Zangerl at al. 2001).

On average, one third of the pollen which driftetd field margins was found on the
surfaces of wild carrot leaves which is in the engcorded by other authors (Pleasants et al.

2001). The surface-deposited pollen increaseddy&ath increase of pollen deposition, and
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reached maximum values up to 93 pollen per cm2dezd. Pollen densities within the range
recorded are known to cause adverse effects oarfiytiarvae feeding on food plants dusted
with Bt176-pollen (Hansen Jesse & Obrycki 2000n&@Horn et al. 2001, Zangerl et al.
2001, Felke & Langenbruch 2003). Moreover, our galare based on 24-hours counts, and
surface-deposited pollen numbers may accumulatth@eaves during the pollen shedding
period provided there is no rain or strong windinRd#oes not only reduce maize pollen drift
but also washes off pollen deposited on plant IgaRain events may remove as much as 54 -
86% of the maize pollen on plant leaves (Pleasant. 2001, Stanley-Horn et al. 2001;
Zangerl et al. 2001). Other studies about maizkepaleposited on plants growing along field
margins exist about milkweed plan#sglepiassyriacg), food plant of the monarch butterfly
(Danaus plexippu3, and of wild parsnip Rastinacasativg, a food plant of the black
swallowtail Papilio polyxeney but also a food plant of the European commonllewtail
(Ebert & Rennwald 1991a, Hansen Jesse & ObryckD2B@asants et al. 2001, Zangerl et al.
2001). In these studies, the densities of surfapmsited maize pollen on milkweed and
parsnip leaves were much higher than pollen numbensild carrot leaves. The main factor
responsible for these higher pollen densities wss rtecording of pollen which have
accumulated on the plants over several days. Mikivelants were much higher than the
young carrot plants, and leaves at a higher posttan receive more pollen (Pleasants et al.
2001, Zangerl et al. 2001). Leaf structure willlpably affect number of pollen grains per leaf
area, e.g. carrot leaves are fine and pinnate,ewtilkweed and parsnip leaves have a
cohesive plane structure. Pollen may possibly adbetter on leaves with a high number of
hairs on their surface, such as nettlgstica dioica (Felke & Langenbruch 2003). Leaf
orientation, i.e. the angle of the leaf, may alsy @ role (Pleasants et al. 2001).

The Bt maize event 176 has a high pollen expression dilgicranging in
concentration between 1.1 to 2.9 ug / g of CrylAbtgn in pollen (Pilcher et al. 1997,
Hansen Jesse & Obrycki 2000, Sears et al. 2001sdtadesse & Obrycki 2002, Wolt 2003).
With an average of 2.59 pg Bt protein / g pollea tasults of this study lie within the upper
range of the reporteldit contents in pollen. Among others, differencesh@Bt concentration
in maize tissues may also be attributable to threetya for example the variety “Valmont”,
which is based on event 176, seems to expr&iscancentration in pollen about four times
lower than the one detected in this study for “Naga (Nguyen Thu & Jehle, personal
communication). Our upper estimateRtfconcentration in pollen of Mon810 was definitely
overestimated as we arbitrarily set the sampleswbdhe detection threshold to a value of

250ppb (i.e. 0.25 ug Bt protein / g pollen).
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However, our lower estimation of 0.13 pg Bt protéig pollen is still among the highest
reported values, which range typically between D.80d 0.09 pug/ g (Wraight et al. 2000,
EPA 2001, Sears et al. 2001, Nguyen Thu & Jehlesgoal communication).

One purpose of the study was to gain informatiorthef range and distribution of
maize pollen densities and thus potentiédtycorn pollen densities, to which butterfly larvae
on field margins may be exposed. Apart from thecte¥fect ofBt maize pollen consumption,
this information is crucial for an evaluation oetimpact ofBt maize on butterflies (Sears et
al. 2001). The results showed that maize fields sted pollen from end of June until end of
August with a peak in July. Thus, many butterflyesps occurring during the summer
months may be exposed to wind drifted maize pdqlirert & Rennwald 1991a,b). Our data
integrated a large number of different maize vesefrom early to late cultivar®t maize
events may differ in time of pollen shedding whgitould be accounted for when assessing
temporal overlap of butterfly occurrence with maszrghesis. Nevertheless, any conventional
maize variety can possibly be used to produce duttansgeni@t maize hybrids, thus our
data demonstrate the potential range. Furthersphgal overlap between area cultivated with
Bt maize, occurrence of concerned butterfly speeied,their host plants must be taken into
account (Oberhauser et al. 2001), which may varya eagional scale. We could show that
maize pollen deposition along field edges and imgina can be considerably high, and is
reflected in concurrent pollen densities on a bilftéood plant. The established regression
relation allows the estimation of pollen on leawéswild carrots in dependence on pollen
numbers recorded with microscope slides (withindtuglied range of 0 m - 10 m distance to
maize field), a method much more convenient thaordng pollen densities on the plant
leaves themselves. Knowledge of naturally occurnragze pollen densities on food plants is
indispensable for assessing the expected effe@t ohaize on butterfly larvae along field
edges (together with the toxin amount of Btanaize pollen, and its toxic effect on butterfly
larvae). For example, larvae of the common swakldwP. machaondo not only feed on
wild carrots but also on quite a number of othenfd, e.g. on wild parsnip, which seems to
exhibit higher maize pollen numbers per leaf aheentwild carrots (Zangerl et al. 2001). But
knowledge of maize pollen densities on potentialdfplants of butterfly larvae is still very

deficient, and there is clearly an urgent needrfore studies of this kind.
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Bt maize pollen exposure and impact on the garden
spider,Araneus diadematu#\raneae: Araneidae).
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Abstract

Concerns have been raised titmaize pollen may have adverse effects on noniarge
organisms; consequently, there is a general caBfonaize risk assessment evaluating lethal
and sublethal side effects. Spiders play an imporg@onomic and ecological role as pest
predators in various crops including maize. Esplgcveeb-building spiders may be exposed
to the CrylAb toxin oBt maize by the ingestion of pollen via “recyclingf’ pollen dusted
webs and intentional pollen feeding. In this stuitiyy potentiaBt maize pollen exposure of
orb-web spiders was quantified in maize fields adghcent field margins, and laboratory
experiments were conducted, to evaluate possifdetefofBt maize pollen consumption on
juvenile garden spiderg&yraneus diadematu&lerck) (Araneae: Araneidae). In maize fields
and neighbouring field margins, web-building spgderere exposed to high amountsBif
maize pollen. However, a laboratory bioassay showedffects oBt maize pollen on weight
increase, survival, moult frequency, reaction tinand various web variables oA.
diadematus A pyrethroid insecticide (Baythroid) applicatioaffected weight increase,
survival, and reaction time of spiders negativétyconclusion, the insecticide tested showed
adverse effects on the garden spider while thewopson ofBt maize pollen did not. This
study is the first one oBt maize effects on orb-web spiders, and additioeakarch is
recommended in order to account for further spgipecies, relative fithess parameters, prey-

mediated effects, and of possible long-term chronitsequences &t exposure.

Key words: GMO, risk assessment, non-target organisms, CoylAxin, Bacillus

thuringiensis, Zea mayéyaneae, Araneidae
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1 Introduction

Genetically modifiedBt maize commercially grown in Europe expresses thwaaed and
truncated protein CrylAb of the soil bacteri@acillus thuringiensissar. kurstaki (Berliner)

in plant tissues including pollen (Fearing et #&98). The CrylAb protein is described as
specifically toxic against Lepidoptera, which indéueconomically relevant pests in maize
stands (Gill et al. 1992, Burkness et al. 2001)e Buthis specifityBt maize is considered to
be harmless to non-target organisms outside ther drdpidoptera (Glare & O’Callaghan
2000, O’Callaghan et al. 2005), but there are mithns that invertebrate predators
consumingBt toxins or consuming prey that had fed Bintoxins may be affected adversely
(Hilbeck et al. 1998a, b, 1999, Dutton et al. 2002)wever, the latter results conflict with
other studies reporting no negative impact, andethe an ongoing debate as to whether
recorded negative effects of CrylAb are throughiréud bitrophic and tritrophic pathways
rather than direct effects of thigt toxin itself (Pilcher et al. 1997, Andow & Hilbe@004,
Romeis et al. 2004). In general, laboratory datatl® impact ofBt maize toxin on
invertebrate natural enemies is limited (Lovei &pAra 2005), and there is a common need
and call forBt maize risk assessment (e.g., European ParliamdnCauncil 2001, Zighart &
Breckling 2003). Criteria for the choice of indioatspecies as test organisms fd8tanaize
risk assessment should include ecological and/onauic significance of the organisms in
(agro)ecosystems, existing exposure pathways,dfeed of the exposure of the organisms to
the GMO, as well as acute and chronic toxicityra transgenic product (Jepson et al. 1994,
Dutton et al. 2003, Hilbeck & Andow 2002, Andow é&libeck 2004).

Spiders are abundant invertebrate predators ibleatand, belong to the dominant
predators in maize fields, and play an importardnemic and ecological role as natural
enemies in various crops including maize (Langlel 299, Sunderland 1999, Albajes et al.
2003, Nyffeler & Sunderland 2003, Lang 2003, Cafdatl al. 2004, Ludy & Lang 2004).
Spiders, especially web-building spiders, may bgosgd to the CrylAb toxin dt maize
through different exposure routd&t.maize pollen is dispersed by wind (Lang et al.fGihd
may be collected by spider webs inside and outsideze fields (Bera et al. 2002, Ludy
2004). By recycling their webs, orb-web spidersstone pollen adhering to the sticky web
spiral, which may even be an essential additiomaldfsource for juveniles (Smith &
Mommsen 1984, Ludy 2004), while hunting spidershaiiit a web may actively forage for
the pollen (Vogelei & Greissl 1989).
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Furthermore, spiders may take up toxin by preyingherbivorous prey that has fed Bh
maize tissue (cf. Dutton et al. 2002), or catch zZmai
pollen-collecting insects. Accordingly, the preserof CrylAb endotoxins was recorded in
over 7% of spiders collected in a transgeBticnaize field, indicating a long-term exposure to
insecticidalBt toxins (Harwood et al. 2005).

Surprisingly, there has not been one laboratoryeerent testing the impact dt
maize on spiders, nor are there studies quantifyiedield exposure of spiders to the toxin of
transgenicBt maize apart from the recently published analysisiarwood et al. (2005),
despite the ecological and economic significancepaders and their potential exposuredto
toxin (Lovei & Arpaia 2005). Behavioural parametas indicator species may be more
sensitive markers of a toxic effect than sheer atibyt Orb webs of spiders are true and direct
reflections of the spiders’ complex web-buildinghaeiour (e.g., Vollrath 1986, 1992), and
orb-web geometry is affected by and does indichte dxposure to pesticides (Samu &
Vollrath 1992, Lengwiler & Benz 1994, Hesselberg\Wllrath 2004). Alteration of web
structure patterns may even have an ecologicattedfeprey capture efficacy is influenced by
web geometry (Eberhard 1986).

The garden spideAraneus diadematugClerck) (Araneae: Araneidae), is a common
(pest) predator in various habitats neighbouriraplar fields (Hanggi et al. 1995); it occurs
also in maize fields (Nyffeler 1982) and can beilgdsept in the laboratory (Zschokke &
Herberstein in press), all of which makes it anald&nodel spider” for studyindt maize
effects. In this study, we quantified potentgilmaize pollen exposure of orb-web spiders in
the field by recording the number of maize polleaigs found in orb webs located in maize
fields and adjacent margins. The effect Bif maize pollen consumption on lethal and
sublethal parameters including web-building behawviwas studied in the laboratory by

applyingBt pollen to the webs of juvenike. diadematus

2 Material and methods

2.1 Potential field exposure of orb-web spiderBtaaize pollen

For the study of potenti@t maize pollen exposure, orb-web building spidersevkept in the
laboratory. Here, they could build their webs witlwooden frames (Fig. 1A). These webs

were then exposed for a standardised time peritdmand at the edge of pollen sheddBig
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maize fields (Fig. 1B), and subsequently numbersnafze pollen grains deposited in the
webs were analysed. In general, by using the texpdsure’ we refer to potential exposure of
spiders to pollen and it is not implied that ‘pditehexposure’ necessarily equals ‘effective

exposure’, the latter implying the intake of a ¢ahse (Moriarty 1988).

Figure 1: Wooden frame covered with two plastic plateskieeping orb-webmders in the laboratory (A), ar
the exposure of spider webs in different distaricas a maize field to determine pollen amounts ebw/(B).

2.1.1 Obtaining spider webs

Field-collected adult females of various orb-weldsp species of the family Araneidae
[Araneus diadematus(Clerck) Argiope bruennichi (Scopoli) Aculepeira ceropegia
(Walckenaer), andLarinioides spec. (Caporiacco)] were used for the investigatoin
horizontal distribution and vertical dispersion Bf maize pollen in orbwebs. Gross web
parameters of araneid species are similar, andiespspecificy is uncommon (Eberhard
1990). Spiders were allowed to build their webshimitwooden frames of 30 x 30 cm (Fig.
1A). Two transparent plastic plates enclosed bp#ncsides of the frames to prevent spiders
from escaping, the plates being covered on thelénsith Vaseline® to prevent spiders from
attaching silk threads to the plate (Hesselberg @irgth 2004, Zschokke & Herberstein in
press). The spiders were supplied wittosophila flies and water every day. Prior to the
exposure of spider webs to maize pollen in thedfispiders were carefully removed from
their webs with a small brush, because the webes weaposed in the field without the spiders.
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This was done to prevent a destruction of the welthb spider, and to prevent the loss of
escaping spiders, which were needed and usedItbriew webs in the laboratory.

2.1.2 Exposure of spider webs in the field

Bt maize pollen numbers deposited in spider webs werestigated in July 2002 during
maize anthesis on two state research farms in Upgeairia and Swabia (South Germany). In
Upper Bavaria, 8t maize field of 30 x 50 m, and in SwabidBamaize field of 2 ha was
planted (at both locations maize event Btl176, wcailti“Navares” from Syngenta, Basel,
Switzerland). The event Bt176 is one of the twongwebeing currently registered for the
cultivation of Bt maize in Europe, the other one being MON810. engimaller field (30 x 50
m), the vertical distribution of maize pollen wasdied within the field (i.e., different heights
of spider webs). At the larger field (2 ha), theribontal distribution of maize pollen was
studied on the northern field margin (i.e., differdistances of webs to field edge).

For the investigation of the vertical distributiohBt maize pollen, frames with spider
webs (but without the spider) were mounted in défe heights of 20, 80 cm, and 170 cm in
the middle of the pollen sheddifj maize field (BBCH growth stadium 6.5, i.e., “up@ard
lower parts of tassel in flower”, Meier 1997). Edaudight was replicated three times on four
sampling occasiongetween 28 July and 31 July, 2002, resulting imotal tof 36 webs (3
heights*3 replicates*4 dates). Each web was expémed4 h, which was considered to be a
realistic exposure time as spiders were reporteddypcle their webs once a day (Breed et al.
1964). During this investigation, the weather ctinds were 23.2 + 2.2 °C for air
temperature, 0.83 = 0.43 m/s for wind velocity tfarietic mean of daily means + SD), and
5.95 £ 11.83 mm for precipitation (arithmetic medmaily sums + SD).

For the analysis of the horizontal dispersionBbfmaize pollen, spider webs were
exposed at a height of 80 cm and 5 m within thiel ffe 5 m) as well as at distances of 0 m
(maize field edge), 3, 6, and 10 m to the maize fie the adjacent field margin (Fig. 1B). On
this field margin, natural succession of the veg@tacommunity was allowed to grow (Fig.
1B). TheBt maize field was in full anthesis (BBCH growth stad 6.5, Meier, 1997). The
experiment took place on five sampling occasiortsvéen 18 July and 24 July, 2002. Each
distance was replicated four times per day, resylin a total of 100 webs (5 distances*4
replicates*5 dates). As the exposed webs were émttyudestructed by wind or moving plant
material, only 53 webs out of 100 could be analygeghin, webs were exposed for a 24-h

period per sampling date. This field assay was gotedl under the following weather
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conditions (arithmetic means of daily means + 1:3iir)temperature of 15.5 + 2.4 °C, wind
velocity of 1.40 £ 0.59 m/s, and precipitation (ametic mean of daily sums + SD) of 4.36 +
7.62 mm.

After field exposure, frames with spider webs wssaled on both sides with plastic plates for
transportation. In the laboratory, pollen loadedsveiere photographed with a digital camera
against a black background. Pollen grain numbesgpider webs were counted manually from
enlarged paper copies of the digital pictures. fidliability of the pollen counting approach
was evaluated by comparing pollen numbers counitedtty from spider webs by eye with
pollen counted from enlarged paper copies of thernieg webs. The regression equation
was: “Pollen counts from paper copies” (n) = 0.430.971* “Directly counted pollen” (n)
(R* = 0.93, P<0.001, n = 53).

2.1.3 Statistical analysis

Linear regression analyses were calculated to sedlye amount of maize pollen in spider
webs in dependence of “height in maize field” (a@ny of “distance from maize field edge”
(m), respectively. In addition, a multiple regresswith backward selection was applied to
estimate the influence of the independent varialeea of spider webs (cm?)”, “air

temperature (°C)"and “wind velocity (m/s)” (bothilyjameans), “precipitation (mm)” (daily

sums), on number of pollen in webs. The probabibfy F-to-remove was 0.10. When
necessary, data were log or log(x+1l) transformedmiet the assumptions of linear

regression.

2.2 Uptake of the CrylAb protein by spiders

Spiders ingesBt maize pollen and take up CrylAb protein (Ludy 200 quantify the
amount of CrylAb that was ingested by spiders wpitdlen feeding, an enzyme-linked
immunosorbent assay (ELISA) was conducted. Forghipose, 20 juvenile garden spiders
(A. diadematus were kept under standardised conditions (tempexaO °C, L10:D14
regime) in wooden frames (10 x 10 cm) in the latwoxa and were fed with fruit flies daily.
Bt maize pollen (cultivar “Navares” from Syngenta) veadlected in July 2002 from fields in
Frankonia and Swabia, South Germany, located orrewpntal farms of the Bavarian State
Research Center for Agriculture (LfL 2005). Obtaimollen was frozen and stored at -18 °C

for 10 months prior to the tests. Before use inltimratory tests, pollen was defrosted and
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desiccated in a drying chamber at 30 °C for 2 dags, was then sieved through a 0.1-mm
mesh. After the spiders had built webs regularlgbsvwere dusted witBt maize pollen
(cultivar “Navares”, Syngenta). Right after thedsgss had recycled their webs, the spiders
were frozen at —18 °C and stored for 6 months. Témders were defrosted at 5 °C, and
washed with water to remove pollen possibly adlgetm the spider. Additionally, spiders
were checked carefully for adhering pollen undé&ireocular microscope. Subsequently, the
spiders’ gastrointestinal systems were dissectettaken up in cyclo-hexylaminopropane
sulfonic acid buffer (CAPS buffer: 50 mM, pH 10.9he dissected tissue was analysed for
CrylAb content with a commercial ELISA kit (Envirogix QuantiPlat8! kit for
Cry1Ab/CrylAc from Neogen Europe Ltd., AuchincruingK. Also, the CrylAb content of
the appliedBt maize pollen was quantified with the ELISA kit. élhimit of detection of the
kit was 0.14 ppb, however, the limit of quantificat of Cry1Ab was 0.50 ppb.

2.3 Test of biological activity of the CrylAb prate

The biological activity of the CrylAb iBt maize pollen used in the spider laboratory assay
was tested on a target organismBifmaize, the European corn bor@strinia nubilalis
(Hubner) (Lepidoptera: Crambidae). Pollen was olatai and processed as described in
“Uptake of the CrylAb protein by spiders” (see aiow.1-L2 larvae ofO. nubilalis were
kept in 24-well tissue culture plates with one &per well. Wells were filled with 0.5 ml of
an artificial diet with 1% conventional maize pollgnh = 18), 19%Bt maize pollen (n = 15), or
without pollen (n = 17), respectively. Due to asage of pollen we applied an amountBif
pollen which was below the Lgfor O. nubilalis (Meise 2003). Mortality of the larvae was
registered each day after the start of the bioafksay days. ANOVA was used to analyse the
effect of the factor “diet” (i.e., diet witBt maize pollen, with conventional maize pollen, and
without pollen) on the dependent variable “surviv@ays). Larvae, which survived the
whole observation time of the experiment (7 dayse set to the survival time of 7 days.
Least significant differences (LSD) test was coredcfor multiple comparisons between

diets.
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2.4 Effects oBt maize pollen oAraneus diadematus

2.4.1 Spiders of the bioassay

The laboratory assays to study the effedBbfaize pollen consumption on orb-web spiders
were carried out with juvenile garden spidefs (liadematus The spiders were obtained
from cocoons made by field-collected female gardpidlers. The spiderlings were kept in
wooden frames (10 x 10 cm) and provided witosophilaflies and water every 2nd day.
About 5 weeks after hatching, a sufficient numblesmders built small webs in the frames

regulary; these were then used for the laboratssaya

2.4.2 Experimental procedure

Spiders were fed witlBt maize pollen; one control group was given conweradi maize
pollen, and a second control was treated with a®dticide. Bt maize pollen (cultivar
“Navares” from Syngenta) and conventional maizdgmo(near-isogenic cultivar “Antares”,
Syngenta) were obtained and processed as descénb&tptake of the CrylAb protein by
spiders” (see above). The insecticide used wagyhethroid Baythroid50® from Bayer AG,
Leverkusen, Germany (active ingredient Cyfluthremd was applied in @ncentration of 2
ul/l. As we intended to study sublethal effectsBbfmaize pollen and Baythroid50® on web
parameters (see below) it was crucial that enopgltess would survive. A relevant field dose
of a pyrethroid insecticide (Samu et al. 1992), éesy, would have been lethal for juvenile
A. diadematugSamu & Vollrath 1992). Considering that we needadugh spiders alive for
recording web building parameters, we calculated applied a dose referring to O
Cyfluthrin per g spider, which is below the gfof 2.2 ng/g spider for Cypermethrin, the
active ingredient of another pyrethroid (Samu & xaih 1992).

Out of the total of 60 spiders that built webs ioosten frames, spiders were assigned
randomly to the three different treatments: conwer@ maize pollenBt maizepollen, and
the insecticide Baythroid. Prior to the assaysplters were weighed (“initial weight”), and
were fed 1-2Drosphila flies daily during the experiment. For pollen apation to a spider
web, the wooden frame was carefully rotated by @@ether with the web and the spider.
Then, pollen was applied over the capture spirahefweb from above with the help of a
small pollen-loaded brush. Webs of spiders in thléep treatments were additionally sprayed

daily with water using a fine sprayer. Webs of oiggde-treated spiders were sprayed with a
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water-based Baythroid solution (1) instead of pure water. Webs were sprayed uhgly
were satiated with fluid, and the applied Baythrardount was calculated from the area and
the density of the sticky spiral of the treated svalscording to a general water absorbance
estimation of spider webs (Samu & Vollrath 1992).

The construction of new webs was controlled daalyd all treatments (pollen and
insecticide) were applied to four webs built byteapider in order to standardise pollen and
insecticide amount. This approach meant that th&trivent duration differed among spiders

depending on the web building frequency of indialdspiders.
2.4.3 Data recording and processing

After each pollen application, the spider web wastpgraphed with a digital camera to
determine the amount of pollen in the web. The wedse photographed using an illuminated
and velvet lined box (described in Zschokke 2082)len grains in spider webs were counted
manually from enlarged paper copies of the digiiatures. During the experiment, every
feeding of the spiders was recorded by a digitde@icamera to record the reaction time of
the spider to prey. The reaction time was defirgetha time the spider needed to respond to a
fruit fly, i.e., the time span between the time thewas caught in the web and the first
movement of the spider towards the fly. As fliesnetimes rested motionless when get stuck
in the spider web, reaction times of the spideremerolonged by such a fly behaviour.
Therefore, only cases with reaction times < 1 sewecluded into the analysis to prevent a
bias due to fly behaviour. Reaction time analysimgs carried out with the program
CyberLink PowerDirectdt" 1.1, CyberLink Corp., Taipei, Taiwan. Mortalitydamoulting of
the spider (if occurring) was recorded daily urkie last spider died. The first web that
spiders built after the last pollen or insecticajgplication was photographed with a digital
camera and the spider was weighed at this datel (tenght”). After treatment, the length of
the tibia of the first right leg was recorded byasering exuviae or dead spiders with a stereo
microscope and an ocular micrometer. Possible “ugltling inhibition” was recorded and
defined as the time span that the spider took tlol lBunew web after the last treatment web.
Various web parameters of the first web after tresitt were analysed with the image
analysing program Scion image for Windows 4.0 (8dBorp., Frederick, USA): length of
radii (cm), length (cm) and area (cm?2) of the sticpiral, as well as density of the sticky
spiral (length of sticky spiral divided by the aasticky spiral (cm/cm?2) (see Zschokke 1999

for web nomenclature).
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2.4.4 Statistical analysis

Analysis of covariance (ANCOVA) was used to analyke effect of the main factor
“treatment” (i.e., conventional maize pollét,maize pollen, and Baythroid) on the recorded
dependent variables: spider weight increase (“emdght” minus “initial weight”, mg),
survival (days), moult frequency (numbers of moult20 days), “web building inhibition”
(days), and reaction time (ms, means of measunesgdureatment). For all analyses, except
for the dependent variable “reaction time”, the axiate “treatment duration” (time between
the first and the last treatment application) waduded, because treatment duration differed
among spiders (see above). Likewise, treatmenttsffen web geometry were tested with
ANCOVA: length of radii (cm), length of sticky spir(cm), area of sticky spiral (cm?2), and
the density of the sticky spiral (cm per cm? spidab). In all analyses of web geometry
variables, the covariates “length of tibia” andedtment duration” were included. The
covariate “length of tibia” was considered, becatlesize of a spider web is influenced by
the leg length of spiders (Vollrath 1987).

All variables and covariates were log(x+1)-transfed to create normal distribution
and/or homogeneity of variances. Least significdifferences (LSD) test was applied for
pairwise comparisons. Furthermore, observed antiatdised effect sizes (Cohen’s d) and
the corresponding 95% confidence intervals wereutaled from estimated means for
pairwise comparisons of each dependent variabl&kgfva & Foster 2004) following a
SPSS script described in Smithson (2001), whicbh giges an indication of the statistical
power to detect differences between treatments.SR®S script can be downloaded from the
internet at http://www.anu.edu.au/psychology/people/smithsaaitCIstuff/Cl.html. All
statistical analyses were carried out using SP8jon 11 (SPSS inc., Chicago, USA). All

average values presented are arithmetic meansang8@ll tests are two-sided.

3 Results

3.1 Bt maize pollen loads in spider webs

In the maize field, the average pollen number pates web was 1044 + 1193 (95% CI: 698—
1391). Exposed spider webs had a mean area oftitky spiral of 197.35 £ 198.58 cm?

resulting in an average of 6.87 + 6.05 pollen gsaiar cri web area.
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There was a positive relationship between the pdiad in spider webs and the height of
their position in the maize field (R? = 0.29, p 0D, Fig. 2). Other variables were
contributing to the variance in pollen numbers adicg to the regression equation: Pollen
amount in spider web (n) = 3080.02 + 1241.96*«dfeight in maize field) + 294*sticky
spiral area — 202.85*air temperature (R? = 0.46,0001).

In the field margin neighbouring th& maize field, the mean pollen number found per
spider web was 381 * 205 (95% CI: 313-450). Expasrder webs had a mean area of the
sticky spiral of 187.49 + 97.64 cm? resulting in average number of 2.55 + 2.07 pollen
grains per crhweb area. There was a negative relationship betwee pollen amount in
spider webs and the distance to the maize field=(BR2.2, p = 0.01; Fig. 3). Other variables
were contributing to the variance in pollen numbacsording to the regression equation:
Pollen amount in spider web (n) = 1927.06 — 14.838&Mce — 63.51*air temperature —
370.14*wind speed + 9.26*precipitation (R? = 0.88; 0.001).

3.2 Uptake of the Cry1Ab protein by spiders

The CrylAb protein was detected in the gastroimtaksystem of 13 out of 20 garden spiders
(65%), whose webs were treated wighmaize pollen. The applieBt maize pollen had a
mean CrylAb concentration of 2657.81 + 537.34 pphe CrylAb amount in the

gastrointestinal system of spiders was <0.5 ppb.

3.3 Test of biological activity of the CrylAb prate

Diet had an effect on the survival time ©f nubilalis larvae (K47 = 8.67, p = 0.001,
ANOVA), and theBt pollen was biological active. Mean survival tine#<O. nubilalislarvae
fed with conventional maize pollen was 6.94 + 0d24s (n = 18), 5.00 + 2.27 days (n = 15)
when fed withBt maize pollen, and 6.71 £ 1.21 days (n = 17) ingtaup on a diet without
pollen. Survival time was significantly lower f@&t maize pollen fed larvae as compared to
the conventional maize pollen treatment (p = 0.00R)arvae without any pollen (P<0.001,
LSD test in both cases). After 7 days, 53% of Hrede fed a diet witlBt maize pollen had

died, whereas mortality of larvae on a diet withBtuimaize pollen was only 6%.
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10.72x, R2 = 0.29, p = 0.002, n = @hear regression is given with the upper anddolimit of the

95% confidence interval).

— — — —

(= ] L @D

(= j = o o

o o o o
L]

800
600
400

200

No. pollen grains per spider web

.
.
L

6 4 2 0 2 4

6 8 10

Distance from maize field (m)

12
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3.4 Effect ofBt maize pollen and insecticide én diadematus

Treatment conditions and characteristics of testlesp can be obtained from Tab. 1.
Treatment showed an effect on spider variables dhteincrease” (Fs9 = 5.03, p = 0.01),
survival (R,36= 7.74, p = 0.002), and reaction time ¢~ 2.90, p = 0.07), but not on moult
frequency (E3s= 0.38, p = 0.69) (ANCOVA in all cases, Fig. 4).eTbovariate “treatment
duration” had a positive effect on “weight increage; s = 12.29, p = 0.001), but no
relationship with the variables “survival time”y(fs= 2.34, p = 0.13) and “moult frequency”
(F135=0.23, p = 0.64).

Table 1. Treatment conditions and characteristics of ggideeated with conventional maize polldt, maize
pollen and the insecticide Baythroid (arithmeticame + 1SD).

Conventional maize pollen Bt maize pollen Insecticide
Applied pollen numbers per web 871.01 + 536.14 1177.56 + 902.16 no pollen
(number)
@]pl))phed Baythroid 50 amount per web no insecticide no insecticide 0.05 + G*01
Treatment duration 10.00 + 3.59 10.36 +3.72 10.38 + 3.64
(days)
Tibia length 1.61+0.26 1.48 +0.38 1.49 £ 0.61
(mm)
Initial spider weight 304 +201 2.79+1.88 3.58+2.23
(mg)
Final spider weight 6.31 + 2.40 5.79 + 2.43 5.97 +3.43
(mg)
Age of spiders 42.56 + 1.85 42.43 +2.06 42.14 +1.79
(days)

& Baythroid amount was estimated on base of theamdahe density of the sticky spiral of the trdatebs and
the estimated water absorbance after Samu & Vbl([{£292).

114



Publication Ill: Bt maize pollen effect on the gardspider Results

There was no difference between conventiamalBt maize pollen treated spiders concerning
spider weight increase (Fig. 4A), survival (Fig.)4Boult frequency (Fig. 4C), and reaction
time (Fig. 4D) (LSD test in all cases, Tab. 2). oer, Baythroid treated spiders had a
reduced weight increase, a lower survival, anchgéo reaction time (Fig. 4, Tab. 2).

Treatment did not cause web building inhibition, 4&= 0.28, p = 0.76): After
termination of the treatment, spiders treated withventional maize pollen built their first
web after 2.00 + 2.24 dayBt maize treated spiders after 2.09 + 1.92 days, Badhroid
treated spiders after 1.46 + 0.66 days. The cowatteeatment duration” had no influence on
“web inhibition” (F, 35= 0.37, p = 0.55).

There was no treatment effect recorded on anyeoivtb variables (Fig. 5, ANCOVA
in all cases): “length of radii” @=4= 0.38, p = 0.86), “length of sticky spiral’{kz= 0.14, p
= 0.87), “area of sticky spiral” ghz4= 0.12, p = 0.88), and “density of sticky spiraf, g4=
1.67, p = 0.20). None of the covariates “treatmeumation” and “length of tibia” had an
influence on web variables (variables: “lengthadir”: F; 34=0.05, p =0.83; f34=1.19, p =
0.28; “length of sticky spiral”: F34 = 0.67, p = 0.42; £34 = 1.47, p = 0.23; “area of sticky
spiral”: Fr34=0.36, p = 0.56; £34=0.32, p = 0.57; “density of sticky spirali fz=0.43, p =
0.51; R34 = 2.54, p = 0.12). Observed and standardised tefees (Cohen's d) and
corresponding 95% confidence intervals for pairvaemparisons of each dependent variable

are shown in Tab. 2.
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Figure 4: (A)Weight increase, (B) survival,(C) moult freaquoy, and (D) reaction time towar
prey of Araneus diadematuspiders in the laboratory treated with conventianaize pollen, Bt
maize pollen and the insecticide Baythroid (aritimeneans + SD). Coluns capped with th
same letter do not differ significantly (LSD test> 0.05).
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Table 2 P-values, observed (d obs.) and standardisedtefiees (Cohen’s d) with
the corresponding 95% confidence intervals for @&hel (95% CI of d) for
pairwise comparisons (LSD test) of various depethdanables.

Comparison p-value d obs. Cohen’s d 95% Cl of d
Weight increase
(mg)
Conv — Bt 0.44 0.25 0.14 -0.44 - 1.00
Conv - Insecticide <0.01 0.98 0.58 0.37-1.96
Bt — Insecticide 0.03 0.73 0.45 0.08 - 1.68
Survival
(days)
Conv — Bt 0.99 0.55 <0.01 -0.19-0.19
Conv — Insecticide <0.01 21.25 0.72 0.58-2.32
Bt — Insecticide <0.01 20.70 0.72 0.52-2.33

Moult frequency
(number / 20 days)

Conv — Bt 0.42 -0.04 0.15 -0.43-1.04
Conv - Insecticide 0.56 -0.03 0.12 -0.56 -1.03
Bt — Insecticide 0.87 0.01 0.03 -0.72 - 0.86

Reaction time

(ms)

Conv — Bt 0.41 -2.44 0.16 -0.43 - 1.06
Conv - Insecticide 0.02 -13.90 0.48 0.15-1.76
Bt — Insecticide 0.14 -11.46 0.31 -0.19-1.36

Length of radii (cm)

Conv — Bt 0.96 -0.15 0.01 -0.76 - 0.80
Conv - Insecticide 0.46 -0.23 0.14 -0.49 - 1.07
Bt — Insecticide 0.45 -0.22 0.16 -0.47 -1.12

Length of sticky spiral

(cm)

Conv — Bt 0.86 10.43 0.04 -0.71-0.85

Conv — Insecticide 0.60 16.49 0.10 -0.55-0.94
Bt — Insecticide 0.75 6.06 0.07 -0.67 - 0.93

Area of sticky spiral

(cm2)

Conv — Bt 0.63 -3.38 0.10 -0.59 - 0.97

Conv — Insecticide 0.87 -3.02 0.03 -0.68 - 0.81
Bt — Insecticide 0.74 0.36 0.07 -0.67 - 0.94

Density of sticky spiral

(cm /cm?)

Conv — Bt 0.13 1.35 0.31 -0.18-1.41
Conv - Insecticide 0.12 1.23 0.30 -0.16 - 1.36
Bt — Insecticide 0.98 -0.12 0.01 -0.42 - 0.43
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4 Discussion

4.1 Potential exposure of spiderdBiomaize pollen in the field

This study demonstrated that orb-web spiders arengially exposed to maize pollen, both in
the maize field and on its margin. Potential expeda Bt maize pollen could be very high,
but at the same time very variable. However, urnslear how much of the pollen spiders will
take up. Spider webs positioned higher in the méid received a larger pollen amount
which is in accordance with higher concentratioisamborne maize pollen in 2 m as
compared to 20 cm above ground (Jarosz et al. 2@@8jer webs on field margins contained
less pollen than webs within maize fields. Follogvimaize pollen dispersion on maize field
margins (Lang et al. 2004), webs at a distancéafilo the maize field edge had only half as
much pollen than webs located directly in or at thaize field. Web spider species and
individuals building their webs at a higher positiand/or closer to Bt maize field would,
therefore, be clearly more exposedBiomaize pollen. Web position, distance of the web to
the maize field, and pollen deposited by sheddiagencould explain only a small proportion
of the pollen load in webs. Other (meteorologidatitors may contribute to the variance of
pollen amounts in spider webs such as temperdtutajlences, thermal convections, or wind
speed, wind direction, and precipitation (e.g.] Beschmidt 2001, Jarosz et al. 2003, Lang et
al. 2004). Features of the spider webs themselossilgly contribute to the variance of pollen
load. For instance, the stickiness of spider wehsfiuenced by temperature, probably due to
desiccation of the sticky spiral glue (Edmonds &lk&h 1992). Furthermore, strong wind or
insects caught in the web may cause single sikkatls to merge thus decreasing the web’s
overall catching area (C. Ludy, personal obsermytid’reying on and catching pollen
collecting bees may result in even highgr maize pollen exposure of orb-web spiders
(Hirschfelder 1950, Ibrahim & Selim 1972), and webwarrant further investigation.

Orb-web spiders are not only exposed to maize potleey also feed on it. As maize
pollen has a width of 9am (Aylor, 2002), it is unlikely that spiders, esdly juveniles,
consume pollen grains as a whole, because spideigeaerally only able to ingest particles
<1 um (Foelix 1992). Therefore, spiders would consunaézm pollen by external digestion
through various digestive enzymes, and suck updibsolved nutrients. Nevertheless, the
Cry1Ab protein (or derivatives) could be detectedarden spiders that had recycled tBair
maize pollen loaded webs. Spiders not only conspmtien accidentally when recycling their
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webs (Smith & Mommsen 1984), but also utilise aeddf on pollen intentionally, and may
use it as an additional food source (Vogelei & €k1989, Ludy 2004). The fact that only in
65% of the spiders CrylAb was detected may be @&t ¢oncentrations below the limits of

detection, or may indicate that spiders do not gdx@nsume the pollen in the web.

4.2 Effect ofBt maize pollen on spiders

Bt maize pollen consumption had no detectable eftettjuvenile garden spidersA.(
diadematus as compared to the consumption of conventionakenpollen. The lethal and
sublethal parameters of spiders studied were wtaffe as were the recorded web variables.
It has to be noted that we used pollen from Btenaize event Bt176, which has a toxin
content several times higher than pollen from thene MONS810 (e.g., Lang et al. 2004), the
other Bt maize event registered in Europe, therefore expoby MON810 would even be
lower. This would also correspond to field studieat have not found adverse effectsBof
maize on the abundance of spiders (Hassell & SHep@®2, Jasinski et al. 2003). In this
study, appliedBt maize pollen densities corresponded to the adtela situation, spiders
took up theBt toxin, and theBt toxin of the pollen was still biologically activét is
acknowledged, however, that high variation and brefiect sizes of the data of tHgt
comparison resulted in low power to detect effeatg] that an existingt effect may have
been missed due to limited sample size. In padgicweb designs of individual spiders are
highly variable (Hesselberg & Vollrath 2004), whichay be true especially for juvenile
spiders (Heiling & Herberstein 2000). Therefore,renonature or adult spiders have been
suggested as indicator organisms (Witt & Reed 196¥)wever, we chose, and still
recommend taking juvenile spiders, because the ribajof the spider community in the
maize fields during anthesis are juvenile stagesiyl& Lang 2004, Meissle & Lang 2005).
The insecticide Baythroid caused clear adversectsffen spiders, proving that the
experimental design was appropriate to detect wsffdéc the case of significant results, effect
sizes were much larger than for the comparid®nsgs. conventional pollen, resulting in a
much higher power to statistically prove differem@@th the given sample size (cf. Meissle &
Lang 2005). Survival and weight increase of inggddi-treated spiders were reduced.
Furthermore, pyrethroids can lead to a reduced lihobf spiders (Jagers op Akkerhuis et al.
1997), which may possibly be responsible for tteorged longer reaction times of Baythroid
treated garden spiders. This negative impact gfratiproid insecticide confirms several other
laboratory and field studies (e.g., Pékar 2002, sBlei & Lang 2005).
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In addition to the negative effect of the insedeitself, the pollen treatments received an
additional protein supply through the maize pollemhich may have contributed to
differences in survival and weight increase. Intcast to the present study, several other
studies found an impact of insecticides on web gagom(Samu & Vollrath 1992, Lengwiler
& Benz 1994). In this study, the applied Baythroa@hcentration was relatively low in order
to prevent an early loss of test spiders. As meertioabove, the high variability of web
parameters possibly obstructed the detection affact. Moreover, in studies demonstrating
a negative pesticide effect on web-geometry pararsegpesticides were mostly applied orally
or topically (e.g., Samu & Vollrath 1992, Lengwil&rBenz 1994), which probably results in
higher doses compared to insecticide sprayed webs.

Conclusions

Web-building spiders are exposed Bb maize pollen in maize fields and adjacent field
margins. Most likely, orb-web spiders will feed thre Bt maize pollen caught in their webs,
but the laboratory assay showed no adverse eftédd maize pollen consumption on the
garden spiderA. diadematuswhile an insecticide had a clear negative imp&giders are
common and abundant predators in arable land impofor pest control, and this study
together with the so far published field resultggasts that cultivation d8t maize is more
compliant with biological control provided by sprdethan the application of a pyrethroid
insecticide. However, this is the first study invgating potential exposure and effectsBif
maize on an orb-web spider in the laboratory. Tioeee the database is still too small to
allow for generalisations. Considering the impartacological and economic role of spiders,
we recommend to study further species includingste$ sublethal parameters, of relative
fitness variables, and of possible long-term choaffects. So far, in field studies about the
effect of Bt maize on spiders, web-building spiders were négtecConsidering the high
potential exposure of web spidersBbmaize pollen, more attention should be paid tobfwe
building) spiders of higher strataBt maize risk assessment.
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Abstract

Genetically modifiedt plants may have negative effects on non-targetrosgns and therefore a risk
assessment including an exposure analysiBtgflants is needed and demanded. Beside a possible
direct adverse effect @t plants e.g. via pollen consumption, predatorsatea exposed indirectly to
Bt toxins via herbivorous or pollen-collecting preds the Bt toxin content in different prey taxa
varies due to different feeding habits of preyadat the prey spectrum and prey selection of poeslat
in agroecosystems are needed for an exposure as#ss Bt plants to predators. In this study, prey
spectra and the selectivity of webs as well asviddals of two orb-web spider species, the garden
spider Araneus diadematusnd the wasp-like spideirgiope bruennichi were recorded on two
different structured field margins in Bavaria, So@ermany. In general, prey spectra of both spider
species consisted of a few, in arable land frequeay taxa and were dominated by Diptera. In gpide
webs, small, broad-winged prey items such as Stdrylecha were caught easily, whereas mobile
prey with good optical skills such as Diptera angménoptera could probably avoid spider webs.
Prey armed with strong mandibles or stings, sucB@aseoptera and Hymenoptera, were avoided by
individuals of both spider species. However, bgtidar species differed in their selectivity to Apid
Whereas Apidae were avoided by individual®\ofliadematusA. bruennichishowed no avoidance or
preference towards this prey. Taken into accouttt in@b and spider selectivities, orb-web spider on
field margins preferred Sternorrhyncha and Apidag,avoided other Hymenptera in this study. Thus,
orb-web spiders on field margins were potentiatpased toBt-contaminated herbivorous prey and
Bt-pollen collecting prey. However, further field ataboratory studies are needed to quantify an
uptake ofBt toxins by orb-web spiders via different prey iteinghe field and to assess a possible

effect of thesdt toxins on orb-web spiders.

Key words: Prey composition; prey selectivity; Araneidaeldi margins; risk assessment of

genetically modified plants
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1 Introduction

Genetically modifiedBt plants (e.g.Bt corn, Bt potato, Bt cotton, Bt tomato), which are
cropped increasingly worldwide (James 2003), exprestomopathogenic Cry proteins
(CrylAb, CrylAc, Cry3A, Cry9F and some others) ded from the soil bacteriuBacillus
thuringiensis(Bt toxin) in plant tissue including pollen. Despiteetfact thaBt proteins are
described as specific toxins against lepidoptedipteran and coleopteran pests (Gill et al.
1992), there is evidence, thBt toxins could harm non-target predators and pardsit
sublethally or lethally (e.g. Hilbeck et al. 19%&)nsard et al. 2002; see Groot & Dicke 2002
for review). Therefore, an ecological risk assesgnod Bt plants is needed and demanded
(e.g. European Parliament and Council 2001). A aiskessment @t plants should include
an exposure analysis of predators as ecologicakaadomical important organisms (Dutton
et al. 2003, Andow & Hilbeck 2004). Beside a diregposure of predators &t proteins by
the intentional consumption &ft plant materials including pollen (Rijn et al. 199@redators
also could be indirectly exposed by the consumpidat contaminated prey which may pass
the Bt protein to predators (Hilbeck & Andow 2002, Harwloet al. 2005). However, thHgt
protein content in herbivores having fed Bnplants depends on feeding habits of different
prey taxa (Head et al. 2001, Raps et al. 2001,0nu#t al. 2002, Dutton et al. 2003).
Therefore, qualitative and quantitative data onyprensumption and prey selection of test
organisms in agroecosystems should be availabléadaa exposure analysis of predators to
Bt plants.

Spiders are a species-rich and abundant predatop gn agroecosystems and have
there ecological and economical significance dua pest control function (Sunderland 1999,
Nyffeler & Sunderland 2003, Lang 2003). Orb-webdsps (Araneidae) occur in arable land
frequently (Nyffeler 1982, Barthel 1997, Ludy & Lgr2004) and field margins provide an
appropriate vegetation structure for web-buildimgl &hus are valuable habitats for orb-web
spiders (McNett and Rypstra, 2000).

Spiders are potentially exposed to product8bplants byBt pollen feeding (Ludy,
2004) or by feeding oBt-contaminated herbivorous or pollen-collecting pfldgrwood et al.
2005, Gregory 1989). Several studies analysed ggegumption and prey spectra of orb-web
spiders in grassland (Kajak 1965, Pasquet 1984fehyf& Breene 1991) and arable land
(Nyffeler 1982, Nyffeler & Benz 1979), but no sualerk was conducted on field margins so

far.
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Furthermore, most of the existing studies on tley @f spiders did not address the potential
prey (prey available in a habitat), which biases dahtual prey of predators in a habitat (prey
eaten) (Sih & Moore 1990). Beside prey availahiliprey selection of predators occurs
according handling efforts and palatability of p{&h & Moore 1990, Lang & Gsodl 2001),
which is also true for spiders (Riechert & Luczaé®82, Nentwig 1987). For web-building
spiders, prey selection occurs on two levels: #lecsion biased by characteristics of the orb-
web e.g. microhabitat or visibility to potentialegr (“web selectivity”) and the selection
biased by characteristics of the spider (“spiddedwity”) e.g. specific prey capture
behaviour (Riechert & Luczak 1982, Uetz 1990).

In this study, the prey spectrum as well as tlegy gelectivity of webs and individuals
of two orb-web spider species on two different&ineed field margin types was investigated.
The aim of the study was describe prey composdimh prey selection of orb-web spiders on

field margins and to elucidate their potential exjge ofBt contaminated prey.

2. Material and methods

2.1 Exposure of spiders in the field

Adult females of the garden spid&raneus diadematu£lerck) and the wasp spidArgiope
bruennichi(Scopoli), which occur on field margins frequeniBarthel 1997) were collected
on field margins and were then kept in the labayailo wooden frames (size 30 x 30 cm?) to
allow web building (“spider frames”, see Ludy & lgafsubmitted) for description). Spiders
were fed withDrosophilaflies and supplied with water every day in theolaory for several
weeks before they were exposed on field marginsotential flying prey. This was done to
generate a comparable nutrient level in the spj@srautrient conditions of spiders could bias
their selection for prey (De Crespigny et al. 2001)

Two different field margins adjacent to maize feeld Swabia and Frankonia (South
Germany) were chosen for prey analysis. In Swathie, field margin was covered with
stinging nettlesrtica dioica), birdsfoot trefoil Lotus corniculatus wild mustard Sinapis
arvensi$ and wild carrot Daucuscarota), but without flowering plants (flower-poor margin
The field margin in Frankonia was dominated by biotg common tansyT@anacetum
vulgare (flower-rich margin). Both field margins had aeiof approximately 50 x 7 m.
“Spider frames” were installed on metal posts iffedent heights according the natural
vertical stratification of the spider species (My#r 1982): Frames witA. diadematusvere
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exposed in a height of 80 cm, frames wah bruennichiin a height of 20 cm. The
investigation was conducted during three days &whespider species and field margin type,
respectively, from July 7 to August 11, 2003. Edely, 3-4 “spider frames” inclusive spiders
were exposed on field margins. Observation perand$ climatic conditions are shown in
Tab. 1.

Table 1: Climatic conditions during the observation pedasf actual prey of two orb web spider specieswn field
margin types (means + 1SD, n = 3 each).

Date Spider species Field margin Air temperature Wind velocity Precipitation
(°C, daily means) (m/s, daily means) (mm, daily sums)

07.07-10.07.2003 Araneus diadematus flower-poor 18.63+0.74 1.13+0.35 0.00 £ 0.00
23.07.-25.07.2003 Araneus diadematus flower-rich 20.63+£1.45 1.23+0.38 1.57 +2.45
05.08.-07.08.2003 Argiope bruennichi flower-poor 26.50 +0.79 0.80+£0.10 0.00 £ 0.00
09.08.-11.08.2003 Argiope bruennichi flower-rich 26.73+0.23 1.36 + 0.49 3.46 + 3.31

2.2 Prey consumption and prey preference analysis

Exposed “spider frames” with spider webs and sgigere observed seven hours a day from
11:00 to 18:00, giving a total of 154 web hours4(8piders x 7 hours x 3 days x 2 spider
species, see Uetz 1990). Spider webs were obsémeda distance of 1.5 to 2 meters to
minimize the disturbance of potential prey and s@dAll prey items, which were caught by
the spider web and which were eaten by the spidere wounted and classified into
taxonomic groups at order or family level. In thelldwing, the taxonomic group
“Hymenoptera” does not contain “Apidae” as this figmvas treated separately as potential
pollen-carrying prey. As spiders may ingest smedlyoy web “recycling” without attacking
(Nentwig 1985), prey items, which were presenthie web after the exposure duration, were
assigned to actually eaten prey.

The assessment of potential prey was conductechdpns of sampling flying prey
items on the field margins simultaneously with teeposure of the “spider frames”.
Therefore, a malaise trap (Townes 1962) with aweaparea of 1.8 m? was installed on each
field margin, parallel oriented to the exposed spmebs, and the collecting head was filled
with 5% acetic acid. Additionally, sticky traps ine same size of the “spider frames” (30 x
30 cm i.e. 0.09 m2) were set up next to each exptsader frame”. During the observation

of A. diadematuson the flower-poor field margin, only the malaizap was installed.
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Altogether 12 malaise trap samples were taken $eessing the potential prey spectrum of
both spider species (1 malaise trap sample x 3xi@yeld margin types x 2 spider species).
Sticky traps consisted of transparent plastic plat¢hich were covered with a clear
film spread with Aurum® sticky non-drying glue. Aftthe exposure duration, the films
covered with non-drying glue and adhering itemsenallected. Potential prey items caught
with malaise traps and sticky traps were taxonoltyicdassified in the laboratory to order or
family level. Altogether, 11 sticky trap samplesrevéaken for assessing the potential prey of
A. diadematug3-4 sticky trap samples x 3 days x 1 field manyipe), and 24 sticky trap
samples were taken for the assessing the pot@négplofA. bruennichi4 sticky trap samples
x 3 days x 2 field margin types).

2.3 Statistical analysis

2.3.1 Actual prey

Analyses of variance (ANOVA) was conducted with thdependent variables “prey” (six
different taxonomic groups) and “field margin” @fher-poor margin” and “flower-rich
margin”) and the dependant variable “numbers okregbrey” for both spider species
separately. To test the homogeneity of variancesy &d Puris nonparametric test was
conducted. Kolmogorov-Smirnov one-sample test v&esl dor testing the normal distribution
of data. For statistical analysis, means over #posure duration of the dependant variable
was calculated. As spiders did not always buildsvelery day during the experimental dates,
the same spider individuals could not be used bthede days. So, the sample size of the
spiders was with 5-7 spiders higher than the exp@sé spiders per day. Furthermore, the
dependant variable was log x +1-transformed toteraarmal distribution and homogeneity
of variance of the data set. Post hoc comparisare wonducted with the least significance
differences (LSD) test. The ANOVA was calculatedngsthe software Statistika 0.5. All

average values presented are arithmetic means ah8Ehe tests are two-sided.
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2.3.1 Prey preference

The selection of prey was analysed with the fonag® (Savage 1931, cited in Manly et al.
2002):

Wi = o/m; (1)

The forage ratio ranges from 0 (maximum negatitecsen) to infinity (maximum positive
selection). A forage ratio with a value of 1 indes no selection. The foraging ratio was
calculated to determine the “web selectivity” wihweb selecivityy@s the frequencgf prey of
the taxonomic group i caught in spider webs angeb selecivity)@s the frequency of available
prey of the taxonomic group i collected in the aibby malaise traps and sticky traps
(potential prey). Furthermore, the foraging ratiaswcalculated for the “spider selectivity”
With o (spider selectivityy@S the frequency of prey of the taxonomic grouptee by the spider
(actual prey) anet; (spider selectivity@S the frequency of prey of the taxonomic groupught in
the spider web. Frequencies of prey caught in spidbs as well as frequencies of actual
prey were calculated on the basis of summed dasaidér individuals and observation dates.
Malaise trap data were converted to the area okystiraps and then arithmetic means of
malaise trap data and sticky trap data were cakailawith these means, frequencies of
potential prey were determined. The standard extahe forage ratio for the selectivity of

webs or spiders, respectively, was calculated bgnmef the following formula:

squi = [(L-m)/(us * m)]*? (2)

With Us (web selectivity)@S total number of prey caught in webs Oggiter seleciviy@S the prey eaten
by spiders, respectively (Manly et al. 2002). Thetistical significance of the forage ratio

was determined with the chi-square statistic:

X2(selectivity) = (w—1)2/ S@wi)2 3)

with one degree of freedom to test the null hypsithéb web selectivity) that spider webs catch
prey in frequencies to prey availability or, regpegty, the null hypothesis dHspider selectivity),
that spiders feed on prey in frequencies to preyglktin the spider web. The significance
level of 5% was adjusted with the Bonferroni coti@tto 0.7 % (Rice 1989). The chi-square
statistic for web and spider selectivity was catedl with the software MS Excel by using

the formulas 1-3.
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3 Results

3.1 Potential prey

A total of 353 potential prey items were recordathva malaise trap and 2059 items with 3-4
sticky traps during three days as potential preyAfodiadematusA mean number of 44.54 +
48.17 potential prey per web area (i.e. 0.09 m3 asven hours was caught fé.
diadematus As potential prey folA. bruennichj a total of 237 potential prey items were
recorded by a malaise trap and 6849 potential fgesys by four sticky traps during three
days. A mean number of 143.67 + 133.35 potenti@y lems were caught per web area (i.e.
0.09 m?) and seven hours. The potential prey spafctath spiders species and both field
margin types were dominated by Diptera, followed Hymenoptera, Coleoptera and

Heteroptera by numbers and proportions (Tab. 2).

Table 2 Mean number and proportions of potential preynigefor two orb-web spider
specieon two different field margin type&. only malaise trap data available, all other
values are based on malaise and sticky trap déa.mean number is presented as
arithmetic means + 1 SD. The taxonomic group Hyrpégra does not include Apidae.

Araneus diadematus

Flower-poor margin Flower-rich margin

Prey numbers/web area % Prey numbers/web area %
Heteroptera 0.08 + 0.06 11.4 2.33+£0.95 2.6
Sternorrhyncha 0.00 £ 0.00 0.0 0.78 £0.82 0.9
Coleoptera 0.15+0.00 21.4 487 +0.41 55
Hymenoptera 0.05 +0.00 7.1 21.74 £ 10.50 24.6
Apidae 0.00 + 0.00 0.0 0.08 + 0.05 0.1
Diptera 0.34+0.10 48.6 43.38 +4.98 49.1
other taxa 0.08 £ 0.03 11.4 15.19+1.78 17.2
all groups 0.70+0.03 100.0 88.38 + 6.07 100.0

Argiope bruennichi
Flower-poor margin Flower-rich margin

Prey numbers/web area % Prey numbers/web area %
Heteroptera 5.66 + 0.43 2.2 1.87+0.61 7.2
Sternorrhyncha 0.25+0.33 0.1 0.00 £0.00 0.0
Coleoptera 5.43+0.82 2.1 0.55+0.19 2.1
Hymenoptera 176 +7.01 6.7 5.96 +1.88 229
Apidae 0.00 +0.00 0.0 0.03+0.01 0.1
Diptera 151.99 +47.71 58.2 16.12 £ 4.19 61.9
other taxa 80.36 + 4.52 30.8 1.51+0.39 5.8
all groups 261.29 +54.11 100.0 26.06 +5.31 100.0
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3.2 Actual prey

Overall, the garden spidéy. diadematuged on 292 prey items on both field margin types
and consumed a mean number of 13.50 £ 7.46 (3 tonE6mum to maximum) prey items
per web and seven hours a day. The pred.afiadematugenerally consisted df.30 = 2.74

(O to 9) Heteroptera, 2.7 £ 2.68 (0 to 8) Sterngmdha, 1.07 £ 1.62 (0 to 5) Coleoptera, 0.58
+ 0.90 (0 to 3) Hymenoptera without Apidae, 0.28.29 (0 to 3) Apidae, 7.10 + 5.49 (0 to
15) Diptera and 0.47 £ 0.48 (0 to 1) other taxa.

The wasp spideA. bruennichiconsumed a total prey number of 1i@6both field
margin types and fed on a mean number of 4.87 3 @.6o 17) prey items per web and seven
hours consisting of 0.37 + 0.46 (0 to 1) Heterapt€:64 + 0.97 (0 to 3) Sternorrhyncha, 0.29
+ 0.38 (0 to 1) Coleoptera, 0.14 = 0.30 (0 to 1)rtéyoptera without Apidae, 0.55 = 0.65 (0
to 2) Apidae, 2.85 £ 3.40 (0 to 10) Diptera, ana30+ 0.09 (0 to 1) other taxa.

Table 3 Results of an analysis of variance (ANOVA) on thember of
eaten prey groups of two orb web spider specieswan different field
margins

Araneus diadematus Argiope bruennichi
Source of variation df MS F P df MS F P

Prey 6 0.58 10.14 0.01 6 0.27 13.31 <0.01
Field margin 1 0.38 6,70 <0.01 1 0.3215.63 <0.01
Prey x field margin 6 0.23 4.08 <0.01 6 0.22 10.53 <0.01
Error 56 0.06 77 0.02

In general, Diptera dominated the actual prey speut both spider species by numbers and
proportions (Tab. 3, main factor “prey”, LSD test:< 0.01 each comparison, Fig. 1),
followed by Sternorrhyncha, which were more consdith@n all other prey groups except for
Diptera byA. diadematugLSD test: p < 0.01 each comparison, Fig. 1) ahctkvwere more
consumed than Hymenoptera without Apidae and “ot#ves” by A. bruennichi(LSD test: p

< 0.05 each comparison, Fig. 1). Additionaky, bruennichifed on more Apidae than “other
taxa” (LSD test: p < 0.05, Fig. 1).

On the flower-poor field margirA. diadematug$ed on a total prey number of 233 and
on the flower-rich margin on a total prey numbe56f The average prey consumptionAin
diadematusvas on the flower-poor field margin 18.87 £ 6.30 (o 26) prey items and on the
flower-rich field margin 8.13 = 3.66 (3 to 13) préegms per web and seven houks.
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bruennichiconsumed on the flower-poor margin a total preyiber of 81 and on the flower-

rich margin a total prey number of 25. The averpggy consumption i\. bruennichiwas

8.08 £5.19 (3 to 17) prey items on the flower-pfield margin and 2.12 + 1.10 (1 to 4) in the

flower-rich margin per web and seven hours. Boillapspecies consumed less prey items on

the flower-rich field margin than on the flower-pomargin (Tab. 3, main factor “field

margin”, Fig. 1) This was due to #ower consumption of Diptera on the flower-richldie
margin than on the flower poor margin of both spgjgecies (Tab. 3, interaction “prey x field
margin”, LSD test: p < 0.001 each comparison, Fg. Additionally, A. diadematus
consumed more Coleoptera on the flower-poor mattgam on the flower-rich field margin
(LSD test: p = 0.01). In contrask, diadematuszonsumed more Heteroptera (LSD test: p =
0.04) andA. bruennichiconsumed more Apidae (LSD test: p = 0.02) on thedr-rich

margin.

Num ber of actual prey tems
per spider web and 7 hours

Number of actual preyitem s
per spider web and 7 hours

20

15

10

—_
L8

[
o
L

(=]
"

(=2
L

E=
L

(o8]
"

o
"

Araneus diademaltus
]

n=5 each flower-poor margin A, n=25 each flower-rich mamgin B
W oW
ol §32 0 % 38 %
t‘EB
-
g
= S
= L
2z
21% *51‘,3'; 12 %
T E
26
11 % Eg 2 7%
ZQ.
5% 29 4%
3%
1% 1%
0% 0
o o [a] o o s o L] [ [} % [ g
«c & £ &5 8 § & E £ £ & - & =8
B c B B G = = B [ = o = =3 =
=) = o =] -y = 5 2 r= ] 2 < =} 2
§ £ =o 5 SR s E 2 G £
-— = [=] 5
s 2 3 & 8 P 2 o &
T 2
@ o
Argiope brusnnichi
2 N
n=06each flower-poor margin n=7 each fower+ich margin D
L
i 42 %
70 % E=
Ec
Pl
‘6_'0
EE
= -3
LR
=
o D
g
12 % E
S O
L 5% g zea
0%
0
[ [ o ] ] (] ] o o ] m
& 5 o 8 5 & § 6 & & 8 5 =&
i & & =2 &8 *© E ¢ ® ® @ B L
2 g 2 ¥ & g e £ g§ 2 < a5 B
3 g 5 g 5§ 3 ¢ 8
B © & © r £ © &
T T T
0

o
£
4]
=4
£
5]
E
o
n

Figure 1: Numbers and frequencies of actual eaten preyAmineus diadematugA,B) and Argiope
bruennichi(C,D) on a flower-poor (A,C) and a flower-rich (B, field margin (arithmetic means + 1SD)
(Note different ranges of x-axes). The taxonomiugr Hymenoptera does not include Apidae.

136



Publication IV: Prey spectra and prey selectiorodf-web spiders Results

3.3 Selectivity of webs and spiders

The selectivity of spiders webs and spider indigldyforage ratio yy of both spider species
and the statistical significance of the selec@gtare shown in Tab. 4. On both field margin
types, webs oA. diadematusndA. bruennichiselected Sternorrhyncha positively, but spider
individuals showed no selection towards this pngyet Taking into account both web and
spider selectivities, Sternorrhyncha were posijivetlected by both spider species. The
selection of webs for Heteroptera was inconsisteoti negative and positive, and also the
spiders individuals had no consistent aversionrefepence for this prey group. Altogether
this resulted in a inconsistent selection of Haitera by both spider species. Webs caught
Coleoptera without or even with a positive selattibut individuals of both spider species
avoided this prey. The contradicting selectivitywadbs and spider individuals to Coleoptera
led to a negative selectivity . diadematusnd a preference or no selectivity, respectively,
in A. bruennichi Spider webs of both species selected Hymenopighout Apidae on the
flower-rich margin negatively, and also spider induals avoided this prey group, which
contributed to an overall negative selection of lywoptera without Apidae by both spider
species. Diptera were selected negatively by spigérs on the flower-rich margin, but spider
individuals showed no selection towards this psget generally resulting in no selection of
both spider species for Diptera. If available, @oitollecting Apidae were selected positively
by spider webs, but whereas this prey was avoidedndividuals of A. diadematusA.
bruennichishowed no selection. However, there was an ovpaaiitive selection of Apidae
by both spider species.
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Table 4: Forage ratio (, chi-square statistic (X2) and significance lefglevel) for the selectivity of spider webs (spiders (b), and
both webs and spiders (c) to various prey taxavofdrb-web spider species on two field margin typser a Bonferroni correction,
significant selectivities have a significance leyel < 0.007. The taxonomic group Hymenoptera does indude Apidae.

Heteroptera

Stenorrhyncha

Coleoptera

Hymenoptera

Apidae

Diptera

Other taxa

Araneus diadematus
Flower poor margin

Flower rich margin

Flower poor margin

Argiope bruennichi

Flower rich margin

W, X2 p-level w X2 p-level
0.2461 397.98 < 0.001 13.98 41.60 < 0.001
0.4%) 46.35 <0.001 1.11 0.41 0.522
O.llc 2363.87 < 0.001 7.57 31.87 <0.001

- - - 1.86 9.59 0.002
1.34 4.86 0.027 0.98 0.01 0.911

- - - 17.25 33.10 <0.001
0.96 0.16 0.689 0.85 0.73 0.393
0.58 29.06 <0.001 0.48 30.69 <0.001
0.55 35.33 <0.001 0.21 349.82 <0.001
0.87 1.07 0.301 0.33 110.16 <0.001
0.64 11.47 0.001 0.57 10.26 0.001
0.55 22.65 < 0.001 0.10 1667.56 0.001

- - - 11.69 41.21 <0.001

- - - 0.37 73.80 <0.001

- - - 83.17 25.81 <0.001
0.96 0.22 0.639 0.50 65.89 <0.001
1.12 1.33 0.249 1.40 5.38 0.020
1.08 0.57 0.450 1.00 0.00 0.979

0.3 188.76 <0.001 1.98 7.11 0.008
1.01 0.00 1.000 0.82 1.08 0.298
0.31 155.07 <0.001 0.28 15457 <0.001

w

3.58
0.80

2.85

97.22
1.19
116.13

5.22
0.46
2.37

0.69
0.53
0.37

0.8

1.12
112
1.25

0.02
1.59
0.04

X2 p-level w
17.60 <0.001 1.79
1.60 0.206 0.93
10.29 0.001 1.67
35.92 <0.001 -
0.83 0.361 0.99
30.91 < 0.001 -
25.66 <10.00 1.53
32.12 <0.001 1.24
7.51 0.006 1.90
5.55 0.018 0.14
14.32 081. 1.24
54.74 <0.001 0.17
- - 354.07
1.50 0.220 1.06
- - 375.26
1.05 0.306 0.26
0.87 0.351 0.99
3.13 0.080 0.26
27743.%20.001 0.56
3.18 0.075 -

13102.13 <0.001 -

X2
4.07
0.10
2.90

0.001

1.44
0.43
2.58

446.17
0.43
256.81

37.62
0.12
34.82

186.00
0.001
170.05

7.59

p-level
0.044
0.749
0.090

0.971

0.230
0.511
0.108

<0.001
0.511
< 0.001

<0.001
0.726
<0.001

<0.001
0.971
<0.001

0.006
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4. Discussion

4.1. Prey spectrum and prey selection of orb-wedesp on field margins

Orb-web spiders consumed a mean number of 9 peaysiper web and seven hours. Other
guantitative studies on the prey consumption ofweb spiders confirmed that prey numbers
ranged between 5 and 20 prey items a day (Kajals,18§ffeler & Benz 1979, Nyffeler
1982). Nevertheless, most of these studies basetieonumber of potential prey items in
spider webs in 24 hours and did not address theahetaten prey items by the spider.
Therefore, the amount of actual eaten prey in 2¢soould be higher than the prey amount
of spider webs given in existing studies, as sgitesaly drop eaten prey remains from the web
(Nyffeler 1982). A direct observation of spider \gdb investigate the prey consumed by the
spider, as it was conducted in this study, is tioo@suming. However, compared to an
examination of webs, a direct observation is thg possibility to assess the actual eaten prey
of a spider per time unit accurately (Olive 198Qyffler 1982). Actual prey quantities
consumed by orb-web spider species on differemd fleargins were highly variable and
differed between field margin types by 58-75 %.HN@riations in the total prey of different
orb-web spider species between different locatveaie also given in Nentwig (1985).

A few flying insect taxa such as Diptera, Sterngntha, Heteroptera and Coleoptera
(in a decreasing order) provided the prey spedti@tmweb spiders on field margins with a
strong dominance of Diptera. This prey compositidrorb-web spiders was confirmed by
several other studies in different habitat typed gaographic regions (Kajak 1965, Nyffeler
& Benz 1979, Olive 1980, Nyffeler 1982, Pasquet4,98entwig 1985, Miyashita & Shinkai
1995).

The prey composition of orb-web spiders was bidsetioth web characteristics and
spider features (see Stowe 1986, Uetz 1990). Raypg, which have good visual and flight
abilities such as Diptera and certain Hymenopteey mactively avoid webs (Olive 1980,
Craig 1986, Uetz 1990) (especially when they waretched between wooden frames as in
the present study), which resulted in negativecsigiey of spider webs to this prey group. On
the other hand, small sized and slow flying itemghwa large wing surface i.e.
Sternorrhyncha, were caught by spider webs easiyntvig 1982). A positive selectivity of
spider webs to Sternorrhyncha and a negative whdrtsdty to Hymenoptera were also
found by Kajak (1965) and Uetz (1990) for differemb-web spider species. Nentwig (1985)

recorded a negative selectivity of webs at lea&r&xhycera.
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Spider individuals avoided prey with defence suues i.e. robust mandibles and/or stings or
a bad taste such as Coleoptera and some Hymendptemavig 1987, Henaut et al. 2001).
Spiders probably discriminate potentially dangerprey via web-borne vibrations caused by
the entangled prey (Suter 1978) and do not atiahke these prey types may leave the web
due to an effective escape behaviour (Nentwig 1982jz (1990) described a comparable
selectivity of spiders to Hymenoptera and Coleap#er in this study.

Generally, the garden spid&r diadematugonsumed more prey items than the wasp-
like spiderA. bruennichion field margins. This difference in the prey qiitées between both
orb-web spider species may reflect a different ¢gtyanf available prey on the observation
dates of A. diadematusand A. bruennichi However, Olive (1980) described a higher
encounter rate of prey in microhabitats Asineuswebs than in microhabitats @frgiope
webs. Beside different microhabitats, orb webs arious spider species may differ in their
visibility to prey (Nyffeler & Breene 1991, Zscho&kk002). So the visibility of webs could
also bias the selectivity of webs to potential prelpwever, no consistent difference was
found in the selectivity of webs to various preyougrs betweerA. diadematusand A.
bruennichiin this study.

On the other hand, Apidae may dominate the actegl gpectrum oA. bruennichj if
available, whereaa. diadematusvoided Apidae as prey. This may be explained wigfood
ability of the genus Argiope to cope with armedypdeie to morphologic features e.g. long
legs and behavioural characteristics e.g. massivevgpping of prey (Eisner & Dean 1976,
Olive 1980). Also Nyffeler and Breene (1991) foumsbre Apidae as prey in webs Af
bruennichithan inA. diadematusvebs on abandoned grassland.

Taking into account both web and spider charadiesisgenerally Sternorrhyncha and
Apidae were preferred, Hymenoptera without Apidaerevavoided, and an inconsistent
selectivity was shown towards Heteroptera and Déptey both spider species. Coleoptera
were avoided byA. diadematusbut no consistent selection was foundAin bruennichi
However, these results may not only be dependerth@rselectivity of webs and spiders as
described above, but also on the selectivity of@eom methods for potential prey. Despite
malaise traps are described to record flying irss@dthout systematic error (Juillet 1963),
species with good visual and flight abilities mayoid malaise traps in a certain extent
(Kentner & Schrade 1991). Additionally, large-siztl heavy prey items were probably not
caught by sticky traps (Muhlenberg 1993). So egdAe were probably underrepresented in
malaise and sticky traps, whereas in spider wep&la® were frequently caught, possibly due

to a non-visibility of webs to bees between vegetat(Nyffeler & Breene 1991).
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Furthermore, possible differences in the spatisiridution of potential prey in different field
margin habitats may have biased the catching ssaoksampling methods on both field
margin types differently. Thus, flower-visiting exs on the flower-rich margin may have
been restricted to patches of flowering plants aede not caught by the adjacent malaise
trap, but in spider webs inside the patches. Thay fpe an explanation for the positive
selectivity of webs oAA. diadematudor Heteroptera on the flower-rich margin. On ttker
hand, webs probably selected Heteroptera negatigelythe flower-poor margin as the
catching success of malaise and sticky traps doaNg been there higher than on the flower-

rich margin due to a possibly more regular spdiistiribution of potential prey.

4.2. Exposure of orb-web spidersBbcontaminated prey

Pollen-collecting Apidae may dominate the prey #pee of orb-web spiders in adequate
habitats. The wasp-like spidé. bruennichie.g. consumed a mean number of one bee in
seven hours on a flower-rich field margin. Polloratsuch as the honey bApis mellifera
may collect pollen of potentidt plants i.e. maize in considerable amounts durimtyesis
(Odoux et al. 2004) and individual honey bees nrapsport huge pollen loads (10 mg,
Vaissiéere & Vinson 1994), which could then be défito orb-web spiders by predation. Orb-
web spiders may use pollen adhering on pollinat@y pdeliberately (Gregory 1989) or
accidentally via a specific feeding behaviour: émtrast to hunting spiders, which suck their
prey and leave the exoskeleton of the prey itertecingenerally orb-web spiders scrunch
their prey inclusive adhering pollen by means odlidera teeth to a mash, from which all
digestible integrants including pollen nutrientsrevémbibed after extra intestinal digestion
(Homann 1985). So spiders may ingBsttoxins via pollen, adhering on pollinators (Ludy
2004).

Furthermore, many field inhabiting herbivores oflggo feeders which contribute to
the prey of orb-web spiders, such as HeteroptedaGuieoptera, ingedBt proteins ofBt
plants and pass the protein to spider predatorsw@tal et al. 2005, Obrist et al. 2005).
However, there is no information on an direct uptak Bt proteins e.g. vidt pollen by
Diptera thus far, a prey group, which dominatedptey spectrum of orb-web spiders on field
margins. There is evidence, that some Sternorrtaymathich were also often consumed by
orb-web spiders, e.g. aphids of the geRbh®palosiphumdo notingest the CrylAlBt toxin
from differentBt maize varieties (Head et al. 2001, Raps et allR@@hich was explained by
the absence of CrylAb from phloem, the feedingdai@phids.
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However, theBt toxin content in plant tissues may differ betw@&grplant species as well as
between varieties (Bernal et al. 2002, Hilbeck &law, 2002) and an uptake Bt proteins
from otherBt plants tharBt maize by Sternorrhyncha needs to be investigated.

As Bt-contaminated spider prey may be harmedbjoxins (Diptera: Indrasith et al.
1992, Sternorrhyncha: Ashouri et al. 2001, Heten@ptPonsard et al. 2002), spiders could be
affected negatively by an uptake of tBeprotein itself, but also by an insufficient nutrie
quality of Bt-affected prey (Strohmeyer et al. 1998, c.f. Rone¢ial. 2004). However, there is
no evidence for a direct negative impacBofproteins to spiders from several field studies so
far (Hassell & Shepard 2002, Jasinski et al. 20R8)ertheless, laboratory assays on possible
effects of genetically modified organisms to spsdeia herbivorous or pollen-collecting prey
are still lacking broadly (Lovei & Arpaia 2005).

Thus, for a risk-assessment Btfcontaminated prey to spiders, further investigetio
on the actuaBt toxin content of spider prey under field condisoshould be conducted.
Furthermore, tritrophic laboratory assays with @asi contaminated prey types are needed to
clarify the passage dBt toxins from prey to orb-web spiders as well asnestigate a

potential effect oBt toxins on orb-web spiders.

Conclusions

The prey spectrum of orb-web spiders on field nergivas dominated by Diptera. If
available, pollen-collecting Apidae may dominate firey spectrum of the wasp-like spider
A. bruennichi Small, broad-winged prey items such as Sternoohg were overrepresented,
whereas prey with a good eyesight and manoeuvabilich Diptera and Hymenoptera were
underrepresented in spider webs compared to thepmtentially available in the habitat. In
general, active prey and prey armed with stingdarstrong mandibles, such as Coleoptera
and Hymenoptera were avoided by spider individudlse preference towards Apidae
differed between individuals oAh. diadematusaand A. bruennichi WhereasA. diadematus
avoided ApidaeA. bruennichishowed no selection towards or against this pypg.tTaking
into account both selectivities of webs and spideéividuals, Sternorrhyncha and Apidae
were preferred and other Hymenoptera were avoigeari>-web spiders on field margins in
this study. This study showed that orb-web spidaerfeld margins are potentially exposed to
Bt-contaminated pollen-collecting and herbivorousypio assess the exposure of orb-web
spidersto Bt plants further field assays and tritrophic laborgtstudies are necessary to

assess an uptake Bf toxins by orb-web spiders via prey.
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Intentional pollen feeding in the garden spidesneus
diadematus.

Claudia Ludy

Published inThe Newsletter of the British Arachnological Socie1, 4-5.

Generally, spiders are described as carnivoresth@nother hand, there are reports that
spiders also ingest plant derived nutrients suameatar (Taylor & Foster 1996, Jackson et al.
2001) and pollen (Smith & Mommsen 1984). While ogtspiders probably forage pollen
on purpose in times of prey absence (Vogelei & €tell989), orb-weaving spiders are
believed to consume pollen accidentally by “reaygli their webs (Smith & Mommsen
1984). This unintentional pollen feeding of orb-wepiders was shown by Smith &
Mommsen (1984) indirectly by demonstrating thadsps with an supply of pollen survive
longer than starved spiders. So far, there is rectiproof of deliberate pollen up-take in orb-
weaving spiders. In this study, intentional polfeading in juvenile and adult garden spiders
(Araneus diadematliswas directly proven by visual observation, andifse with a
molecular biological method.

Pollen consumption of an adult garden spider wasemed in the field. The spider
was kept in the laboratory under standardised tomdi (temperature 20 °C, 10 h/10 h
light/dark regime) for several weeks. It built @ web in a wooden frame (30 x 30 cm), and
was exposed at a height of 80 cm for seven hours field margin covered with flowering
plants. During field exposure, a pollen-carryingdwbee was caught in the spider web. The
spider wrapped up the bee with silk, but the baddcescape eventually, leaving behind the
spider’s silk wrapping including a mass of polléater on, the spider took the silk wrapped
pollen to the hub, and after a few minutes, flyigp@ared on the cluster, and the pollen mass

changed colour (Fig. 1).
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2 C. Ludy

Figure 1. Pollen eating adult female ofAraneus
diadematugqventral view) in the fieldFluid on the pollei
mass and a change of colour of the pollen (whitevgr
indicated extraintestinal digestion.

Pollen feeding in a juvenila. diadematugapproximately 8 weeks old with a length of about
3 mm) was visual observed in the laboratory. Thdesp was kept in a wooden frame (10 x
10 cm), where it built its orb web. The spider viad with fruit flies Orosophilaspec.) and
was kept under the conditions described above deersl weeks. Maize polleiZéa mayp
were applied onto the orb-web with a small brushe Bpider immediately reacted to the
objects in the web by pulling the radial threatsb&quently it moved towards a pollen
package, touched the pollen package with the pgxipand then it transported the pollen to
the hub. In the following, the pollen package watdhbetween the chelicera, and became

darker in colour and coated with liquid (Fig. 2).
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Figure 2: Maize pollen eating juvenildraneus diadematusentral
view) in thelaboratory holding and consuming a pollen massté
circle and arrow) As compared to other pollen in the spider \
(black arrow), fluid on the pollen package and angje of colour o
the pollen indicates extraintestinal digestion.

The following laboratory experiment was carried tutprove pollen consumption directly:
Juvenile garden spiderA.(diadematuswere kept under the above laboratory conditians,
were fed fruit flies. The webs of 11 spiders weustdd with pollen of conventional maize
(control), and to another 20 spider webs pollegaietically modifiedBt maize was applied
(variety “Navares”, event Bt176). The Bt-maize proés a protein of the entomopathogenic
bacteriumBacillus thuringiensigCrylA(b) protein), which can be detected by _awzyene
linked_mmuno sorbentssay (ELISA). After the spiders had recycled theabs, the spiders
were collected and frozen at —18o prevent a possible degradation of the CrylAfo)ein
and stored for six months. Subsequently, the spidere defrosted at 5 °C, and washed with
water in order to remove any pollen possibly aditeto the spider (additionally, spiders were
controlled for pollen under a binocular). Then, ¢astrointestinal system of the prosoma was
dissected and picked in cyclohexylaminopropaneosidfacid buffer (CAPS buffer: 50 mM,
pH 10.5). The dissected tissue was analysed fotAff) content with a commercial ELISA
kit (EnviroLogix OuantiPlate™ kit for Cry1lAb/CrylAltom Adgem). In 13 of the 20 spiders
(65%), whose webs were dusted with Bt-pollen, buhane of the 11 spiders of the control
group, the CrylA(b) toxin was detected. The behadbobservations showed that garden
152



Publication V: Intentional pollen feeding in therdan spider

spiders can ingest pollen directly in both juveraled adult developmental stages. Possibly,
spiders recognize pollen as food by touching tHeepavith taste receptors on the pedipalps.
Fluid on the pollen package and concomitant cotdange of pollen was likely due to the
application of digestive enzymes from the spiderglgut indicating extraintestinal digestion.
Further, the results of the ELISA with spiders, atavebs were dusted with Bt-maize pollen,
prove an uptake of pollen by the spider. The deteaf the CrylA(b) protein in the spiders’
gastrointestinal system proved to be an effeatie¢hod to verify pollen consumption. Thus,
feeding Bt-maize pollen and a subsequent analysiSLISA is a possible method to detect
pollen feeding both in various spider groups areepainimals.

To my knowledge, this is the first published direstdence that orb-web spiders
consume pollen, and the results suggest that ba#njle and adult spiders do so on purpose.
On the other hand, spiders sometimes refused dffesllen by dislodging the pollen actively
out of their webs (pers. obs.). This indicates #mtlers sometimes regard pollen as a useless
web load, perhaps affecting capture efficiencyhef web. Spiders consuming pollen in this
study were only fed witlDrosophila flies which are of poor nutritional value for spige
(Bilde & Toft 2000), and perhaps therefore somelas took the chance to utilise the extra
protein portion of the pollen. As orb-webs can emmimmense amounts of pollen in the field
(Fig. 3), pollen feeding may have a substantiatificance for juvenile spiders.

@ . Ludy
e

Figure 3: Web of an orbwveaving spider in a maize field during poll
shedding of maize containing thousands of polleingt
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A 3-year field-scale monitoring of foliage-dwelling
spiders in transgeniBt maize fields and adjacent field
margins.

Claudia Ludy & Andreas Lang

In revision,Biological Control

Abstract

Concerns have been raised that genetically modiB¢dmaize may harm non-target
organisms, and there is a general call and need fisk assessment Bt maize. Spiders are
important pest predators in agroecosystems andainenand can be exposed to Bteoxin

by herbivorous or pollen-collecting prey, by actBemaize pollen feeding, and by ingesting
their pollen-dusted webs. The foliage-dwelling spifuna ofBt maize fields and adjacent
margins was monitored and compared to non-transgeaize fields. The study took place
during the vegetation seasons of 2001 — 2003 iraBavSouth Germany. Maize fields and
adjacent nettle field margins were colonized by@cal spider assemblage, dominated by
space-web spiders (Theridiidae and Linyphiidae)udance and species richness of spiders
was higher in nettle margins than in maize fieldse proportion of hunting spiders tended to
be higher in nettle margins, whereas space-welespignded to be more frequent in maize
fields. Bt maize showed no consistent effect on individuahbers, species richness and guild
structure of spiders in maize fields and adjaceettlen field margin strips. The spider
abundance was higher Bt treatments in 2003, whereas in 2001 and 2003igweificant
differences were found. The results provide an irgmb contribution for the implementation
of case-specific and general surveillance of tranggplants to be employed due to the

regulations of the European Community

Key words: Bacillus thuringiensis Zea mays CrylAb protein, genetically modified

organisms, non-target effects, arthropod predators
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1 Introduction

Genetically modifiedBt maize commercially available in Europe expreshesattivated and
truncated protein CrylAb of the insect patho@atillus thuringiensisCrylAb is toxic for
Lepidoptera and thuBt maize is described as being protected specificatiy effectively
against lepidopteran pests such as the EuropeanbooerOstrinia nubilalis (Lepidoptera,
Crambidae) (Gill et al. 1992, Burkness et al. 20@ye to its specificity, th&t toxin has
been considered as relatively safe for non-targgdrosms (Glare & O’Callaghan 2000), but
some adverse effects on non-targets have beenedpgerg. Hilbeck et al. 1998, Losey et al.
1999, Felke et al. 2002). As the area being croppitd Bt maize is increasing rapidly
worldwide (James 2003), there is a general needcatldfor an assessment of possible
environmental effects on non-target organisms assatwith the commercial cultivation of
transgenic crops in the field (e.g. European Radist and Council 2001, Zighart &
Breckling 2003). Relevant indicator species to balwated should be selected based on the
exposure of species to the transgenic product,diégree of the adverse effect of the
transgenic product, the economic importance ofispethe ecological and functional role of
the species, and on biomass or abundance of spedlesfield (Jepson et al. 1994utton et
al. 2003, Andow & Hilbeck 2004).

In Europe, spiders are prominent invertebrate poesan agroecosystems showing
high population densities and species richnessabla land in general (Samu & Szinetar
2002), and belong to the most abundant arthropedgpors in maize fields in particular (e.g.
Katz 1993, Lang et al. 1999, Albajes et al. 20(&)iders are a very diverse group with
different lifestyles, and feed on a wide varietypo¢y including most pest species (Marc et al.
1999, Nyffeler 1999). Hence, they play a vital rmleagroecosystems as predators, and so are
of economic value due to their pest control funttio various crops including maize (e.g.
Marc & Canard 1997, Lang et al. 1999). Furtherde are among the first predators
arriving in newly established crop habitats andstprovide an early season protection against
pests (Bishop & Riechert 1990). Spiders are pa#ntexposed to the CrylAb toxin &t
maize in various ways: Spiders may actively foragethe maize pollen (Vogelei & Greissl
1989, Ludy 2004). Spiders may consume maize paleinectly when recycling their pollen-
dusted webs (Smith & Mommsen 1984). Spiders magshgaize pollen when feeding on
prey which has collected or consumed pollen, atusted with it (Gregory 1989). Spiders
prey on large quantities of herbivores (Nyffele®29 and herbivores take Wi toxin when

feeding onBt maize tissue and can pass it on to their predéiburgon et al. 2002). Not only
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spiders within the maize field are potentially ughced via these pathways, but also
populations occurring in field margins along theizedields may be affected, in particular by
wind drifted pollen, and by herbivorous and poltmilecting prey. Despite their ecological
significance and potential exposure to CrylAb tominBt maize, studies considering the
effect of Bt maize on spiders are limited in number and scéfesgell & Shepard 2002,
Jasinski et al. 2003, Volkmar & Freier 2003, Cafidzilal. 2004, Meissle & Lang 2005, Poza
et al. 2005).

So far, studies published in peer-reviewed jourmald evaluating the effect @t
maize on arthropod non-target communities in theddfiwere subject to the following
restrictions: spiders were not included (60 % ofpapers) or not considered on species level
(further 20%), spider populations of adjacent field margingewveot studied (100 %), plot
size was smaller (< 0.5 ha) than common commetieia size (60 %), the study lasted only
one (47 %) or two (further 33 %) seasons, sampliaigs per study season were less than
three (13 %), and study site was outside Europe?@@Orr & Landis 1997, Pilcher et al.
1997, Wold et al. 2001, Bourguet et al. 2002, Hagseshepard 2002, Musser & Shelton
2003, Jasinski et al. 2003, Pons & Stary 2003, Malk& Freier 2003, Candolfi et al. 2004,
Lumbieres et al. 2004, Téth et al. 2004, Meissléaag 2005, Pons et al. 2005, Poza et al.
2005).

The objective of this study was to provide baseliia¢éa on foliage-dwelling spiders
assemblages of maize fields and adjacent margntst@ assess the potential effectsBof

maize on abundance, species richness and guilctsteu

2 Material and methods

2.1 Study sites

The study was carried out on three research faocetdd in Swabia, Frankonia and Upper
Bavaria (South Germany) during the seasons 20@D@3. At each experimental site, a pair
of Bt maize and conventional maize field was establiskazh two hectares large the fields
being apart between 500 and 1000 m. FoBihmaize the event 176 “Navares” was cropped,

and for control the near-isogenic variety “Antares(both from Syngenta).
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On average, ten maize plants covered one squarr ffugstance between maize rows was
75 cm, and 15 cm between single maize plants wahiaow). Herbicides but no insecticides
were applied once or twice in May. Field marginpstr(50 x 7 m) were established on the
northern edge of each maize field. Each marginuotedl a plot of stinging nettletitica
dioica L.) which was used for the survey of spiders indfimargins. Stinging nettles were
chosen, because these plants are abundant in lagatuandscapes and grow often along
field margins. The nettle plot measured 10 x 6 n2@®1, and 18 x 7 m in both 2002 and
2003. In 2001, 40 nettle shrubs were planted irh gaat (about 0.6 shrubs pernand in
2002/03 400 shrubs per plot (about 3 shrubs p@r Im 2001 and 2002, nettle shrubs were
obtained from local field populations nearby, aretevthen planted in the concerning plots of
each nettle field margin strip. In 2003, nettlegravérst sown and reared in the glasshouse
and then planted in the margin strips. Nettles wegelarly supplied with water and fertilized

with nitrogen to secure proper growth.

2.2 Sampling dates and sampling methods

Foliage-dwelling spiders were recorded with a sucsampler which was a modified small
vacuum cleaner with a suction hole opening ares®i 0,6 cm (Ludy & Lang, 2004). Both
maize and nettle plants were sampled from the dapé bottom by holding and moving the
suction sampler directly on the plant. In 2001, thean suction time was 35 sec per plant

(both maize plant and nettle), and in 2002/03 suadiime was increased to 2 min per plant.

In maize fields, 10 maize plants were selected oarg per field and sampling
occasion in 2001, and spiders on these plants w@iected. This resulted in an overall
number of 150 sampled maize plants f®&r maize field or conventional maize field,
respectively (3 sites x 10 plants per field x 5 gling dates). The sampled maize plants had
at least a distance of 20 m to the field edge.0022and 2003, each maize field was divided
into 10 subplots each consisting of 50 maize pléatseast 20 m distance to field edge). On
each sampling occasion, one maize plant per sulyastchosen randomly resulting in an
overall number of 150 (2002) or 120 (2003) sampiemize plants peBt maize field or
conventional field, respectively (3 sites x 10 dobpx 1 maize plant per plot x 4-5 sampling

dates).

In nettle field margins, 10 nettle shrubs were celd randomly per margin strip and

sampling occasion in 2001, and spiders on thesstplaere sampled. This resulted in an
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overall number of 150 sampled nettles per marginghtring Bt maize fields or
conventional maize fields, respectively (3 siteDxnettles per margin x 5 sampling dates). In
2002 and 2003, each nettle plot was divided inghitesubplots (each 4.5 x 3.5 m). On each
sampling occasion, one nettle shrub per subplotalasen randomly resulting in an overall
number of 120 (2002) or 96 (2003) sampled nettesmargin neighborin®t maize fields or
conventional fields, respectively (3 sites x 8 datgppx 1 nettle shrub per subplot x 4-5
sampling dates). For further statistical analysisrage values were calculated per maize field

and nettle field margin, respectively.

2.3 Identification of spiders

Sampled spiders were fixed in 70% ethanol, broughtthe laboratory and identified
according to Heimer & Nentwig (1991) and Robert988, 1987, 1995). Species were
classified according to Platnick (2005). Juvenipdsrs were identified to genus or family
level, if possible. Additionally, the recorded spigl were divided in three main guilds (after
Nyffeler 1982): space-web spiders (Dictynidae, Tdigtae, Linyphiidae), orb-web spiders
(Araneidae and Tetragnathidae), and hunting spifleysosidae, Pisauridae, Miturgidae,
Anyphaenidae, Clubionidae, Philodromidae, Thomisj&alticidae).

2.4 Statistical analyses

A repeated measures analysis of variance (ANOVA3 wsed to analyze the effect of the
factor “Bt-status” (i.e. Bt maize” and “conventional maize”) on the dependeatiable
“number of individuals per plant* (means per samgpldate), including the factor “sampling
date” (4 sampling dates, analysis 1). The first @arg date in 2001 and 2002 was not
included in the repeated measures ANOVA, because ahalysis required an identical
number of sampling dates in all years. For anatyzapecies richness, an analysis of
covariance (ANCOVA) was conducted with the depehd@niable “total number of species
per plot” (seasonal sums; analysis 2) and the aateatnumber of individuals per plot”. The
covariate was included in order to correct a paaértffect of spider abundance on species
richness. A multivariate analysis of variance (MAX&) was conducted to analyze a
possible effect of Bt-status” on the composition of spider guilds (pndipms of 3 different

spider guilds per plot; seasonal sums of guildajyems 3).
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Subsequently, ANOVA was conducted to specify effedn single spider guilds.
Additionally, the factors “year” (2001-2003) andathtat type” (“maize field” and “field
margin”) were included in all analyses to detecteptal interactions with the main factor
“Bt-status”.

To test the homogeneity of variances, Sen & Puwigparametric test was conducted.
Kolmogorov-Smirnov one-sample test was used fainggshe normal distribution of data.
Spider abundance and species number of analyses 2 avere log x+1 transformed and
guild proportions of analysis 3 were arcsin-transfed to create normal distribution and/or
homogeneity of variance of the data set. Post bagparisons were conducted with the least
significance differences (LSD) test.

Standardised effect sizes, Cohen’s d (Cohen 1988 calculated together with the
corresponding 95% confidence intervals of d forr paise comparisons of dependent
variables Effect size d is a dimensionless measurement afhtgnitude of an effect recorded
and allows the comparison of effects among differesults and studies, hence facilitating
meta-analysis (Colegrave & Ruxton 2003, Nakagaweogster 2004). A SPSS script written
by Smithson (2001) was used to calculate d andceotral confidence intervals on base of
the observed value of a t-statistic of the conatneatment comparison. The SPSS script can
also be downloaded from the internet at
http://www.anu.edu.au/psychology/people/smithsaaitiClstuff/Cl.hntml  (October 19,
2005). All other statistical analyses were carr@d using STATISTICA for Windows,
version 5.0. All average values presented aremdtit means + 1SD and all tests are two-
sided.

3 Results

3.1 The spider community of maize fields and adjaéeld margin strips

Overall, 50 foliage-dwelling spider species and1L8idividuals were recorded in three years
in both maize fields and nettle field margins (Apgi: Tab. 1). Generally, space-web
spiders (Linyphiidae and Theridiidae) dominated spaler community in both habitat types
(Fig. 1). The most abundant species in both haligpes wereTheridion impressum
(Theridiidae, space-web spiders)leioneta rurestris,and Oedothorax apicatus(both

Linyphiidae, space-web spiders).
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In maize fields, a total of 33 spider species aé8 ®dividuals were found (Appendix: Tab.
1). The average spider density pooled over thregsywas 1.05 0.65 spiders per maize
plant. Erigone atrawas often recorded in maize fields. In nettiargin strips, 44 species and
943 individuals were found (Appendix: Tab. 1). Tdesrage spider density over three years
was 1.39+ 0.93 spiders per stinging nettle shrdlenuiphantes tenuigd.inyphiidae, space-
web spiders),Aculepeira ceropegia/Araneidae, orb-web spiderslPachygnatha degeeri
(Tetragnathidae, orb-web spiders) aMisumenops tricuspitatugThomisidae, hunting
spiders) were often recorded in nettle margins.

The spider abundance and the species richnesshiggrer in margins than in maize
fields (abundance: Tab. 1a, factor “habitat typely. 2; species richness: Tab. 1b, factor
“habitat type”, Fig. 3). The covariate “number ofdividuals” had a positive effect on the
spider species richness; (5= 5.45, p = 0.03).

The relative abundance of the different spiderdguthanged from year to year and
habitat type tended to affect guild proportionsi{Thkc, factors “year” and “habitat type”, Fig.
1). In 2001 and 2002, the proportion of space weless was lower (ANOVA: factor
“Year”, F;24=8.89, p < 0.01; LSD test: p < 0.05 each compajisind the proportion of orb
web spiders was higher than in 2003 (ANOVA: facyear”, F, 24 = 11.98, p < 0.001; LSD
test: p < 0.05 each comparison). The proportiohuwfting spiders did not change over the
years (p > 0.05) (ANOVA: factor “year”, p > 0.05igF 1). The proportions of space-web
spiders tended to be higher in maize fields thamettle field margins, whereas orb-web
spiders seemed to be more frequent in maize fiel@803 (Fig. 1).

The numbers of spider individuals changed over dbason in both habitat types
during all years (Tab. 1a, factor “sampling datEig. 4). In general, spider populations
increased by the end of July or the beginning ofusi, and declined by the end of the
season. Spider densities were also different betwears, with the lowest densities in 2001
and the highest in 2002 (Tab. 1a, factor “yearg, R).

3.2 Effect ofBt maize on foliage-dwelling spiders

A total of 24 spider species and 478 individualseveecorded irBt maize fields, and in
conventional maize fields 26 species and 390 iddiais (Appendix: Tab. 1). The overall
frequency of the different spider guilds werei#632% space-web spiders, 238% orb-web

spiders, and & 8% hunting spiders iBt maize fields. The corresponding values of
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Table 1. Repeated measures ANOVA on the number of spidividuals (a), ANCOVA on the
number of spider species (b) and MANOVA on promortdf guilds (c) for the effect of year,

habitat type an@t-status.

Source of variation df MS F p

(a) Number of spider individuals

Year 2 1.20 65.42 <0.01
Habitat type 1 0.10 5.29 0.03
Bt-status 1 0.01 0.29 0.59
Year x habitat type 2 0.03 1.82 0.18
Year xBt-status 2 0.06 3.26 0.05
Habitat type »Bt-status 1 0.02 1.35 0.26
Year x habitat type Bt-status 2 0.02 0.82 0.45
Error 24 0.02

Sampling date 3 0.10 10.44 <0.01
Sampling date x year 6 0.03 3.11 0.01
Sampling date x habitat type 3 0.01 1.01 0.39
Sampling date Bt-status 3 0.00 0.35 0.79
Sampling date x year x habitat type 0.02 1.79 10.1
Sampling date x yearBt-status 6 0.01 0.63 0.70
Sampling date x habitat typeBt-status 3 0.01 0.77 0.51
Sampling date x year x habitat typ®istatus 6 0.01 1.10 0.37
Error 72 0.03

(b) Number of spider species

Year 2 0.03 4.69 0.02
Habitat type 1 0.16 24.15 <0.01
Bt-status 1 0.01 1.43 0.24
Year x habitat type 2 0.02 2.96 0.07
Year xBt-status 2 0.01 1.33 0.28
Habitat type »Bt-status 1 0.00 0.32 0.58
Year x habitat type Bt-status 2 0.01 0.86 0.44
Error 23 0.01

(c) Proportion of spider guilds df L\gvrl#lgza (Ra(l):’s R) p
Year 6,44 0.39 4.36 <0.01
Habitat type 3,22 0.71 2.92 0.06
Bt-status 3,22 0.85 1.31 0.29
Year x habitat type 6,44 0.63 1.91 0.09
Year xBt-status 6,44 0.79 0.90 0.50
Habitat type »Bt-status 3,22 0.80 1.84 0.17
Year x habitat type Bt-status 6,44 0.88 0.49 0.81
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conventional maize fields were #111% space-web spiders, 28% orb-web spiders, and 6
* 4% hunting spiders (Fig. 1).

A total of 36 spider species and 427 individualseveaught in nettlenargin strips
neighboringBt maize fields, while in nettle strips neighbouric@nventional maize fields 35
spider species and 516 individuals were recorded fppendix: Tab. 1). In nettl@argins
neighbouringBt fields, the overall frequency of the different dgi guilds were 62 + 14%
space-web spiders, 27 * 13% orb-web spiders, and+16% hunting spiders. The
corresponding values of nettle margins along cotiweal maize fields were 66 + 12% space-
web spiders, 17 + 12% orb-web spiders, and 17 = I#fiting spiders (Fig. 1). The
proportion of guilds never differed betweBhmaize fields and conventional maize fields or
between corresponding neighbouring nettlargin strips, respectively (Tab. 1c, factd&t-

status”, Fig. 1).

There was a trend that the effectBifmaize on spider densities was different in the
successive years (Tab. 1a, interaction “yeaBtystatus”). In 2003, spider numbers were
higher inBt maize fields than in conventional maize fieldsevdas this difference was not
recorded betweeBt nettle margins and ndBt nettle margins (LSD-test, Tab. 2a, Fig. 1).
Sampling date had no significant interaction wiik Bt treatment in both habitat types (Tab.
1a, interaction “sampling dateBt-status”, Fig. 4).

In all years, ANCOVA revealed no effect Bt-status on species number (Tab. 1b,
factor “Bt-status”, Fig. 3). However, in 2003 species numi@s higher irBt maize fields as
compared to control maize fields (LSD-teBt< 0.01, Tab. 2b), but which was related to the

increased abundance of spider8triields.

Observed standardised effect sizes (Cohen's dhencbrresponding 95% confidence
intervals for pair wise comparisons (LSD test) atle dependent variable are shown in Tab.
2. The majority of the observed differences were nafimeall indicating that possible effects
may be of minor importance. Medium to large effeiges (Cohen’s g 0.50,sensuCohen,
1988) were recorded fdt maize fields for a decrease in abundance in 2&@d.,n 2003 for
an increase of both abundance and species richimegsttle margins alonBt maize fields,
effect sizes were medium to large for an decreasspecies richness in 2001, increased
proportions of orb-web spiders (2002, 2003) andeahsed proportions of hunters (2003). The
proportions of space-web spiders showed the stebreféect for decreases Bt nettle field
margins in 2002 and iBt maize fields in 2003 (Tab. 2).

165



Publication VI: Monitoring spiders in Bt maize fiksl Results

B
B

5| == conirol
[= L L *
2 Maize field Meitle fleld margin
B 4 -
Fay,
£ 3!
g 2 |
o

oLl "i

2001 2202 2003 20012002 2002

Figure 2: Number of spider individuals per plant recordedBinand control raize
fields and adjacent nettle field margins of threarg (seasonal means + S} 3 eacl

column.

a0
ag - it
= 75 | = Corirol
B i = “ . .
€ 9g|  Mazefeld Nettie field margin
%‘?
w 151
2 10 . ‘

10 B
3 i
= 9
W

0

2001 2002 2003 © 2001 2002 2003

Figure 3: Number of spider species per plot recorde®@tirand control maize fields ai
adjacent nettle field margins of three years (sealsmeans + SD), n = 3 each column.

166



Publication VI: Monitoring spiders in Bt maize fils| Results

& Msizs falis 2001 B Weafla fisdd marging 2007
ne 1.0
07 { =B o et —a— B ;
E 0f f EG.& 1 == Lorinl
% 03 éms
% 04 E o
03 - y
- &
02 p 0.2 §
04 of
og . . 0. y
OA-HROF 172407, 054008, 722468, 195400, B8 0F F-S407, 080900, 1224 55, (93400,
C ez fialds 2002 D Hetle field margine 2002
3 G
| I —_ . —i— B
. —o— Corfrel //,\ 51 —o— caniral
‘ I
y & 4
g o 2
2 -- £
£ £,
g ! B
44
@ Ed T L} w L] D b L A = L x
05007 010508, 14.-15.08. 08.£400. 16 30659, D& ~G007 010008, 14-98.0%, 03 D40E. 15,59.09,
E ieizs fislds 2003 F etz feid mangine 2003
3 1.8
—B 15 1
- —o— Corfral g
5 2
. 214 - R
g g
2 o, 1.2 « / \
2 1. / }‘f,,pr" . % ‘/f ) e
& T o 400 = S
“ o
i} ng -

CaAIBAF  GAEIOF. 010308, 181708, PRAMOT  1B-00AF, DV ARRDS. 180708,

Eempling daies Sampling astee

Figure 4: Seasonal dynamics of spider individual$in and control maize fields (A,C,E) and in adjaceeitle
field margins (B,D,F) of three years (means pergang date), n = 3 each point. Note different ramgéy-axes.

167



Publication VI: Monitoring spiders in Bt maize fiksl Results

Table 2. Significances (p), observed (d obs.) and stangeddéffect sizes (Cohen’s d) with the
corresponding 95% confidence intervals for Cohah’é95% CI) for pair wise comparisons
(LSD test) of the dependent variables “number daflepindividuals” (a), “number of spider
species” (b) and “proportion of spider guilds” {o)different habitat types and during the years

2001-2003.
Dependent variable p dobs. Cohen'sd 95% CI
(a) Number of spider individuals
2001
Conv-Bt maize field 0.29 0.21 0.50 -0.40-1.34
Conv-Bt nettle field margin 0.50 0.14 0.30 -0.54-1.11
2002
Conv-Bt maize field 0.64 -0.07 0.20 -0.62 — 1.00
Conv-Bt nettle field margin 0.54  0.62 0.27 -0.56 - 1.08
2003
Conv-Bt maize field 0.01 -0.79 1.76 0.32-3.15
Conv-Bt nettle field margin 0.59 -0.18 0.24 -0.59 -1.04
(b) Number of spider species
2001
Conv-Bt maize field 0.69 -0.33 0.17 -0.64 — 0.97
Conv-Bt nettle field margin 0.26  2.00 0.53 -0.37 -1.38
2002
Conv-Bt maize field 0.59 1.00 0.23 -0.60 - 1.03
Conv-Bt nettle field margin 0.92  0.67 0.04 -0.76 — 0.84
2003
Conv-Bt maize field <0.01 -3.00 1.94 0.40-3.44
Conv-Bt nettle field margin 0.15 -2.67 0.71 -0.25-1.61
(c) Proportion of spider guilds
2001
Conv-Bt Hunters maize field 0.76 -2.39 0.13 -0.6893
Conv-Bt Orb-web spiders maize field 0.98 -0.13 0.07-0.28 — 0.28
Conv-Bt Space-web spiders maize field 0.76 252 30.1-0.68-0.93
Conv-Bt Hunters nettle field margin0.35  7.58 0.43 -0.45-1.25

Conv-Bt Orb-web spiders nettle field margi®.47 -5.66 0.33 -0.52-1.14
Conv-Bt Space-web spiders nettle field margin.74  -1.92 0.14 -0.67 - 0.94

2002

Conv-Bt Hunters maize field 0.92 0.76 0.04 -0.1684
Conv-Bt Orb-web spiders maize field 0.60 4.31 0.23-0.60 — 1.03
Conv-Bt Space-web spiders maize field 0.36 -5.07 420. -0.45-1.25
Conv-Bt Hunters nettle field margin0.98  -0.13 0.01 -0.24 -0.25

Conv-Bt Orb-web spiders nettle field margi®.15 -11.25 0.73 -0.24 -1.63
Conv-Bt Space-web spiders nettle field margid.08 11.38 0.93 -0.12-1.90

2003

Conv-Bt Hunters maize field 0.83 -1.72 0.09 -0.71289
Conv-Bt Orb-web spiders maize field 0.58 -4.48 0.24-0.59 — 1.05
Conv-Bt Space-web spiders maize field 0.17 6.21 70.6-0.28-1.55
Conv-Bt Hunters nettle field margin0.26  9.21 0.53 -0.37 -1.38

Conv-Bt Orb-web spiders nettle field margi®.19 -10.85 0.64 -0.30-1.52
Conv-Bt Space-web spiders nettle field margia.74 1.64 0.14 -0.67 - 0.94
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4. Discussion

4.1 The spider community of maize fields and adjaosargins

Baseline data about spiders in maize field are seayce and refer mainly to activity densities
(and not population densities) of ground-dwellipgaes (e.g. Alderweireldt 1989, Frank &
Nentwig 1995). In all years (2001-2003), the fodiadyvelling spider fauna in maize fields
and adjacent nettle field margins strips mainlysisted of space-web spiders (Theridiidae
and Linyphiidae). The dominance pattern of spidenifies and species of this three-year
study was quite similar to two one-year studiesnaize fields in 2001 (Ludy & Lang 2004,
Meissle & Lang 2005). This indicates that a typiaa relatively steady spider community
exists in maize fields in terms of prevailing sgscand families, which is not prone to high
year-to-year changes. This is further corroborabgd other studies also reporting the
dominance of species of Theridiidae and Linyphiidadigher strata in maize fields and on
field margins (maize fields: Nyffeler & Benz 197Ratz 1993; margin strips: Wyss 1996,
Denys & Tscharnke 2002). Species number of folidgeling spiders was within the range
expected for habitats in arable land (Luczak 1H&thel 1997). Generallynore species
were found in nettlenargins strips, which was mainly due to a highexcsgs number of orb-
web spiders and hunting spiders (see also Ludy 8gL2004). The dominance of space-web
spiders in maize fields and artificial sown nefiédd margins could be due to the good aerial
dispersal ability (ballooning) of these spiderg(d2lagens 1986). Both habitat types, maize
fields and sown nettle margin strips, were habitatated anew each year. So, most spiders
had to immigrate into these habitats each seasahspider families such as Linyphiidae and
Theridiidae, which frequently disperse by ballogpihave an advantage in the colonization
of newly created habitats compared to ground dsspespiders (Bishop & Riechert 1990,
Frank & Nentwig 1995). Population densities of &gke-dwelling spiders were fairly higher
than detected in some other studies (Nyffeler & B&879, Barthel 1997), and peaked in
August.
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4.2 Effect ofBt maize on the spider community

The three-year study showed inconsistent effect®tofmaize on population densities of
foliage-dwelling spiders. There was no negativeantpletected oBt corn on spiders in the
field, neither on population densities, species Ipews or guild proportions. The only
significant result was an increase of spider abooeanBt maize fields in 2003However, a
direct positive effect of the CrylAb protein itselfi invertebrate predators is unknown, and
can probably be ruled out as an explanation. Plyssibaracteristics of théBt maize
associated with the transformation of Btegene may be responsible for effects on non target
organisms. The transformation of maize with newegeoan lead to pleiotropic effects i.e.
may alter the physiological parameters of the fiansed plants in addition to the introduced
genetic construct (Saxena & Stotzky 2001). Foramse,Bt maize is often larger in height
and green for longer than the near-isogenic variatyl may also have a differential plant
development rate (Hassell & Shepard 2002, Ma & 8ub@05). Also Bt maize plants are not
attacked by lepidopteran pests, and therefBte maize plants stay undamaged. In
consequenceBt maize may harbor more non-target herbivores agesprey later in the
season, which may also lead to a higher spiderddnge. Possibly, this plays a role under
dry climatic conditions such as during the excemlly hot summer in 2003, wheBt maize
plants had less dry leaves than conventional nmglemets (Lang, unpublished data). Hence,
the higher spider numbers in 2003 may have beenateeldby plant characteristics rather
than by theBt construct itself.

In 2001 spider abundance was decrease@timaize (medium effect sizesensu
Cohen, 1988), but not significantly (p > 0.05). Taek of a significant result @&t maize may
indicate that there is no effect, or that the dfigas masked by interfering factors, or could
not be detected due to inadequate methods, desigtatistical power (Marvier 2002). The
fact that consumption oBt maize pollen seems not to harm garden spidarangus
diadematuy supports the no-effect interpretation (Ludy & bann press). However, it is
acknowledged that with a sample size of three dialdd margins resulting statistical power of
the tests was relatively small in this study. Salvether field studies also found no or no
consistent effect oBt maize on invertebrate predators, e.g. on spiderhocorid bugs and
coccinellid beetles (Orr & Landis 1997, Pilcheraét1997, Wold et al. 2001, Bourguet et al.
2002, Hassell & Shepard 2002, Musser & Shelton 20@3inski et al. 2003, Volkmar &
Freier 2003, Meissle & Lang 2005, Poza et al. 2005)
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Comparably to our study, high variation of thestadsets as well as small effect sizes and/or
low replication, may have been responsible for mgsn existing direct or indirect effect
(Bourguet et al. 2002, Perry et al. 2003, Lang 200Hherefore, future field studies should be
conducted on longer temporal and larger spatidesand in higher replication. In addition,
laboratory experiments are needed to clarify dieed indirect field effects of the CrylAb
protein on spiders.
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Appendix

Table 1 Summary of spiders capturedBh maize fields and conventional maize fields as
well as in adjacent nettle margin strips (3 yea®-5 sampling dates * 3 locations * 10
maize plants or 8 - 10 stinging nettle shrubs,eetpely).

Habitat types Maize Field margin
Bt-status Bt Conv Bt Conv
Species
Araneae
unidentified 1 1 1
Theridiidae
Achaearaneapec. 2 2 3 2
Achaearanea riparigBlackwall, 1834) 1 1
Enoplognathaspec. 1
Enoplognatha latimanBippa & Oksala, 1982 1 1
Episinusspec. 1 1 2
Episinus angulatu@lackwall, 1836) 1
Neottiura bimaculatdLinneus, 1767) 1
Robertus neglectugO. P.-Cambridge, 1871) 1
Theridionspec. 1 2 4
Theridion impressur. Koch, 1881 2 4 4 74
Juveniles 216 135 74 110
Linyphiidae
Araeoncus humiligBlackwall, 1841) 1 1
Bathyphantes gracili@Blackwall, 1841) 1
Diplocephalus cristatuBlackwall, 1833) 1
Diplostyla concoloWider, 1834) 1
Eperigone trilobatg Emerton, 1882) 1 1
Erigone atraBlackwall, 1833 15 3 3 3
Erigone dentipalpigWider, 1834) 5 3 2
Tenuiphantes tenu{8lackwall, 1852) 3 1 7 4
Linyphia triangularis(Clerck, 1757) 1
Meionetaspec. 2 2 3
Meioneta fuscipalpdL.C. Koch, 1836) 1
Meioneta rurestrigL.C. Koch, 1836) 4 5 14 7
Microlinyphia spec. 1 7 3
Microlinyphia pusilla(Sundevall, 1830) 1 3
Nerienespec. 3 8 4 3
Oedothorax apicatuBlackwall, 1850) 15 30 18 22
Oedothorax fuscu@lackwall, 1834) 1
Porrhomma microphthalmui©.P.-Cambridge, 1871) 1 1
Porrhomma oblitun{O. P.-Cambridge, 1871) 1
Juveniles 82 76 102 100
Tetragnathidae
Pachygnathapec. 2 5 2
Pachygnatha degee8undevall, 1830 1 2 8 13
Tetragnathaspec. 61 58 78 52
Araneidae
Aculepeira ceropegi@Walckenaer, 1802) 1 1 9 4
Araniella spec. 8 5 7 3
Araniella curcubitina(Clerck, 1757) 1
Argiope bruennich{Scopoli, 1772) 2

178



Appendix

Table 1 Summary of spiders capturedBhmaize fields and conventional maize fields
adjacent nettle margin strips (3 years * 4-5 samgpdlates * 3 locations * 10 maize plan

stinging nettle shrubs, respectively) (continued).

Habitat types
Bt-status

Maize Field margin

Bt Conv Bt Conv

Cyclosa oculatgWalckenaer, 1802)

Larinioidesspec.

Larinioidesc.f. cornutus(Clerck, 1757)

Nucteneaspec.

Singaspec.

Juveniles
Lycosidae

Pardosaspec.

Pardosa agrestri§Westring, 1861)
Pisauridae

Pisaura mirabilis(Clerck, 1757)
Dictynidae

Dictynaspec.

Nigmaspec.
Miturgidae

Cheiracanthiunspec.
Anyphaenidae

Anyphaena accentuat&@Valckenaer, 1802)
Liocranidae

Phrurolithusspec.
Clubionidae

Clubionaspec.

Clubiona terrestrisNestring, 1851
Gnaphosidae

Micaria spec.

Juveniles
Philodromidae

Philodromusspec.

Tibellusspec.

Tibellus oblongugWalckenaer, 1802)
Thomisidae

Misumenops tricuspitatu$-abricius, 1775)

Ozyptilaspec.

Xysticusspec.

Juveniles
Salticidae

Euophrysspec.

Heliophanusspec.

Phlegraspec.

Juveniles

6 3
3 1 1 10
1
1
1 2 3

1
11 7 7 15
2 1 1
1
1
1

1

Individual number
Species number

478 390 427 516
24 26 36 35
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Appendix

Figure 1: Bt maize pollen dusted web of a juvenile orb-web ep{éraneae: Araneidae) inhabitinda
maize field.

Figure 22 Web of a juvenile long-jawed spidékraneae: Tetragnathidae) inBa maize field. The we
contains considerable pollen loads.
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Figure 3: In appropriate habitats, pollen-collecting beeaynbe consumed by orlseb spider:
frequently. Here, two pollen-loaded wild bees weaeight in the web of the garden spideaneus
diadematus

Figure 4: The orb-web spideAraneus diadematufeeding on a wild bee (Apidae). Typical for orb-
web spiders, the spider has scrunched its preydansof chelicera teeth to a mash.
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Appendix

Figure 5: Drop cloth and beating stick used for samplinigafge-dwelling spiders.

Figure 6: Hand-held suction sampler used for sampling f@idwelling spiders.
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Figure 7: Malaise trap for recording flying insects to assthe potential prey spectrum for orb-web
spiders.

= i = 3 i k - T - Sagma

Figure 8: Sticky trap consisting of plastic plates covesgith a clear film spread with nodrying
sticky glue (left) for recording the potential prgyectrum beside a oxleeb spider and its web built in
wooden frame (right) for recording the actual pspgctrum of the orb-web spider.
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Figure 9: Adult female garden spideffaneus diadematu#raneae: Araneidae).

Figure 10: Adult female wasp-like spideAfgiope bruennichiAraneae: Araneidae).
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Figure 11: Flower-poor margin @xt to a maize field. Spiders and webs in woodemés wert
exposed and observed to investigate the actual gpegtrum of orbweb spiders. The potenti
prey spectrum was assessed e.g. by a malaisestsda/n in the background.

Figure 12 Flower-rich margin dominated by common tan$arfacetum vulgajenext to a maiz
field. Spiders and webs in woed frames were exposed and observed to investigatactual pre
spectrum of ortweb spiders. Beside a malaise trap (in the foregipusticky traps were exposed
assess to potential prey spectrum (in the backghoun
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