
 

A peer-reviewed version of this preprint was published in PeerJ
on 27 March 2014.

View the peer-reviewed version (peerj.com/articles/328), which is the
preferred citable publication unless you specifically need to cite this
preprint.

Bartomeus I, Potts SG, Steffan-Dewenter I, Vaissière BE, Woyciechowski
M, Krewenka KM, Tscheulin T, Roberts SPM, Szentgyörgyi H, Westphal C,
Bommarco R. 2014. Contribution of insect pollinators to crop yield and
quality varies with agricultural intensification. PeerJ 2:e328
https://doi.org/10.7717/peerj.328

https://doi.org/10.7717/peerj.328
https://doi.org/10.7717/peerj.328


1 

 

Contributionठ⃚ofठ⃚insectठ⃚pollinatorsठ⃚toठ⃚cropठ⃚yieldठ⃚andठ⃚qualityठ⃚variesठ⃚withठ⃚agriculturalठ⃚1 

intensification 2 

I.ठ⃚Bartomeus
a,1
,ठ⃚S.G.ठ⃚Potts

ठ⃚b
,ठ⃚I.ठ⃚Steffanૐ퀐Dewenter

ठ⃚c
,ठ⃚B.ठ⃚E.ठ⃚Vaissière

ठ⃚d
,ठ⃚M.ठ⃚Woyciechowski

ठ⃚e
,ठ⃚K.ठ⃚M.ठ⃚3 

Krewenkaठ⃚
f
,ठ⃚T.ठ⃚Tscheulinठ⃚

b,ठ⃚g
,ठ⃚S.ठ⃚P.ठ⃚M.ठ⃚Roberts

ठ⃚b
,ठ⃚H.ठ⃚Szentgyörgyi

ठ⃚e
,ठ⃚C.ठ⃚Westphal

ठ⃚f
,ठ⃚R.ठ⃚4 

Bommarco
a
. 5 

Affiliations: 6 

a
ठ⃚Swedishठ⃚Universityठ⃚ofठ⃚Agriculturalठ⃚Sciences,ठ⃚Departmentठ⃚ofठ⃚Ecology,ठ⃚Uppsala,ठ⃚Sweden. 7 

b
ठ⃚Universityठ⃚ofठ⃚Reading,ठ⃚Schoolठ⃚ofठ⃚Agriculture,ठ⃚Policyठ⃚andठ⃚Development,ठ⃚Reading,ठ⃚RG6ठ⃚6AR,ठ⃚8 

UK 9 

c
ठ⃚Universityठ⃚ofठ⃚Würzburg,ठ⃚Departmentठ⃚ofठ⃚Animalठ⃚Ecologyठ⃚andठ⃚Tropicalठ⃚Biology,ठ⃚Biocentre,ठ⃚ठ⃚10 

97074ठ⃚Würzburg,ठ⃚Germany 11 

d
ठ⃚INRA,ठ⃚UR406ठ⃚Abeillesठ⃚&ठ⃚Environnement,ठ⃚84914ठ⃚Avignon,ठ⃚France 12 

e
ठ⃚Jagiellonianठ⃚University,ठ⃚Instituteठ⃚ofठ⃚Environmentalठ⃚Sciences,ठ⃚Gronostajowaठ⃚7,ठ⃚30ૐ퀐387ठ⃚13 

Krakow,ठ⃚Poland.ठ⃚ 14 

fठ⃚ठ⃚Georgૐ퀐Augustૐ퀐University,ठ⃚Departmentठ⃚ofठ⃚Cropठ⃚Science,ठ⃚Agroecology,ठ⃚Grisebachstr.ठ⃚6, 15 

37077ठ⃚Göttingen,ठ⃚Germany 16 

g
ठ⃚Universityठ⃚ofठ⃚theठ⃚Aegean,ठ⃚Departmentठ⃚ofठ⃚Geography,ठ⃚81100ठ⃚Mytilene,ठ⃚Greece 17 

1ठ⃚
Correspondingठ⃚author:ठ⃚Ignasiठ⃚Bartomeus;ठ⃚nacho.bartomeus@gmail.com;ठ⃚@ibartomeus 18 

Runningठ⃚title:ठ⃚Pollinatorठ⃚contributionठ⃚toठ⃚cropठ⃚yield 19 

Keywords:ठ⃚agroecosystems,ठ⃚biodiversity,ठ⃚ecosystemठ⃚services,ठ⃚honeybees,ठ⃚wildठ⃚bees,ठ⃚20 

pollination. 21 

Dataठ⃚deposition:ठ⃚speciesठ⃚richnessठ⃚andठ⃚abundanceठ⃚ofठ⃚flowerठ⃚visitingठ⃚insects,ठ⃚andठ⃚meanठ⃚cropठ⃚22 

yieldठ⃚valuesठ⃚perठ⃚siteठ⃚willठ⃚beठ⃚depositedठ⃚inठ⃚figshare:ठ⃚23 

http://figshare.com/authors/Ignasi%20bartomeus/97352ठ⃚24 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.184v1 | CC-BY 3.0 Open Access | received: 31 Dec 2013, published: 31 Dec 2013

P
re
P
ri
n
ts



2 

 

Funding:ठ⃚Thisठ⃚workठ⃚wasठ⃚fundedठ⃚byठ⃚theठ⃚Europeanठ⃚Unionठ⃚toठ⃚theठ⃚projectsठ⃚ठ⃚<ALARMठ⃚ૐ퀐ठ⃚Assessingठ⃚25 

largeૐ퀐scaleठ⃚environmentalठ⃚risksठ⃚forठ⃚biodiversityठ⃚withठ⃚testedठ⃚methods=ठ⃚(2003ૐ퀐506675),ठ⃚andठ⃚26 

<STEPठ⃚3ठ⃚Statusठ⃚andठ⃚trendsठ⃚ofठ⃚Europeanठ⃚pollinators=ठ⃚(244090)ठ⃚inठ⃚theठ⃚6
th
ठ⃚andठ⃚7

th
ठ⃚Frameworkठ⃚27 

Programme,ठ⃚respectively,ठ⃚andठ⃚byठ⃚theठ⃚Swedishठ⃚researchठ⃚councilठ⃚FORMAS. 28 

ठ⃚ 29 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.184v1 | CC-BY 3.0 Open Access | received: 31 Dec 2013, published: 31 Dec 2013

P
re
P
ri
n
ts



3 

 

Abstract 30 

Background.ठ⃚Upठ⃚toठ⃚75ठ⃚%ठ⃚ofठ⃚cropठ⃚speciesठ⃚benefitठ⃚atठ⃚leastठ⃚toठ⃚someठ⃚degreeठ⃚fromठ⃚animalठ⃚31 

pollinationठ⃚forठ⃚fruitठ⃚orठ⃚seedठ⃚setठ⃚andठ⃚yield.ठ⃚However,ठ⃚basicठ⃚informationठ⃚onठ⃚theठ⃚levelठ⃚ofठ⃚32 

pollinatorठ⃚dependenceठ⃚andठ⃚pollinatorठ⃚contributionठ⃚toठ⃚yieldठ⃚isठ⃚lackingठ⃚forठ⃚manyठ⃚crops.ठ⃚Evenठ⃚33 

lessठ⃚isठ⃚knownठ⃚aboutठ⃚howठ⃚insectठ⃚pollinationठ⃚affectsठ⃚cropठ⃚quality.ठ⃚Givenठ⃚thatठ⃚habitatठ⃚lossठ⃚andठ⃚34 

agriculturalठ⃚intensificationठ⃚areठ⃚knownठ⃚toठ⃚decreaseठ⃚pollinatorठ⃚richnessठ⃚andठ⃚abundance,ठ⃚thereठ⃚35 

isठ⃚aठ⃚needठ⃚toठ⃚assessठ⃚theठ⃚consequencesठ⃚forठ⃚differentठ⃚componentsठ⃚ofठ⃚cropठ⃚production.ठ⃚ठ⃚36 

Methods.ठ⃚Weठ⃚usedठ⃚pollinationठ⃚exclusionठ⃚onठ⃚flowersठ⃚orठ⃚inflorescencesठ⃚onठ⃚aठ⃚wholeठ⃚plantठ⃚basisठ⃚37 

toठ⃚assessठ⃚theठ⃚contributionठ⃚ofठ⃚insectठ⃚pollinationठ⃚toठ⃚cropठ⃚yieldठ⃚andठ⃚qualityठ⃚inठ⃚fourठ⃚floweringठ⃚38 

cropsठ⃚(springठ⃚oilseedठ⃚rape,ठ⃚fieldठ⃚bean,ठ⃚strawberry,ठ⃚andठ⃚buckwheat)ठ⃚locatedठ⃚inठ⃚fourठ⃚regionsठ⃚ofठ⃚39 

Europe.ठ⃚Forठ⃚eachठ⃚crop,ठ⃚weठ⃚recordedठ⃚abundanceठ⃚andठ⃚speciesठ⃚richnessठ⃚ofठ⃚flowerठ⃚visitingठ⃚40 

insectsठ⃚inठ⃚tenठ⃚fieldsठ⃚locatedठ⃚alongठ⃚aठ⃚gradientठ⃚fromठ⃚simpleठ⃚toठ⃚heterogeneousठ⃚landscapes.ठ⃚41 

Results.ठ⃚Insectठ⃚pollinationठ⃚enhancedठ⃚averageठ⃚cropठ⃚yieldठ⃚betweenठ⃚18ठ⃚andठ⃚71%ठ⃚dependingठ⃚onठ⃚42 

theठ⃚crop.ठ⃚Yieldठ⃚qualityठ⃚wasठ⃚alsoठ⃚enhancedठ⃚inठ⃚mostठ⃚crops.ठ⃚Forठ⃚instance,ठ⃚oilseedठ⃚rapeठ⃚hadठ⃚43 

higherठ⃚oilठ⃚andठ⃚lowerठ⃚chlorophyllठ⃚contentsठ⃚whenठ⃚adequatelyठ⃚pollinated,ठ⃚theठ⃚proportionठ⃚ofठ⃚44 

emptyठ⃚seedsठ⃚decreasedठ⃚inठ⃚buckwheat,ठ⃚andठ⃚strawberries'ठ⃚commercialठ⃚gradeठ⃚improved;ठ⃚45 

however,ठ⃚weठ⃚didठ⃚notठ⃚findठ⃚higherठ⃚nitrogenठ⃚contentठ⃚inठ⃚openठ⃚pollinatedठ⃚fieldठ⃚beans.ठ⃚Complexठ⃚46 

landscapesठ⃚hadठ⃚aठ⃚higherठ⃚overallठ⃚speciesठ⃚richnessठ⃚ofठ⃚wildठ⃚pollinatorsठ⃚acrossठ⃚crops,ठ⃚butठ⃚47 

visitationठ⃚ratesठ⃚wereठ⃚onlyठ⃚higherठ⃚inठ⃚complexठ⃚landscapesठ⃚forठ⃚someठ⃚crops.ठ⃚Onठ⃚theठ⃚contrary,ठ⃚theठ⃚48 

overallठ⃚yieldठ⃚wasठ⃚consistentlyठ⃚enhancedठ⃚byठ⃚higherठ⃚visitationठ⃚rates,ठ⃚butठ⃚notठ⃚byठ⃚higherठ⃚49 

pollinatorठ⃚richness.ठ⃚ठ⃚50 

Discussion.ठ⃚Forठ⃚theठ⃚fourठ⃚cropsठ⃚inठ⃚thisठ⃚study,ठ⃚thereठ⃚isठ⃚clearठ⃚benefitठ⃚deliveredठ⃚byठ⃚pollinatorsठ⃚onठ⃚51 

yieldठ⃚quantityठ⃚and/orठ⃚quality,ठ⃚butठ⃚itठ⃚isठ⃚notठ⃚maximizedठ⃚underठ⃚currentठ⃚agriculturalठ⃚52 

intensification.ठ⃚Honeybees,ठ⃚theठ⃚mostठ⃚abundantठ⃚pollinator,ठ⃚mightठ⃚partiallyठ⃚compensateठ⃚theठ⃚53 
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lossठ⃚ofठ⃚wildठ⃚pollinatorsठ⃚inठ⃚someठ⃚areas,ठ⃚butठ⃚ourठ⃚resultsठ⃚suggestठ⃚theठ⃚needठ⃚ofठ⃚landscapeૐ퀐scaleठ⃚54 

actionsठ⃚toठ⃚enhanceठ⃚wildठ⃚pollinatorठ⃚populations.ठ⃚55 
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Introduction 56 

Thereठ⃚isठ⃚growingठ⃚evidenceठ⃚thatठ⃚ecosystemठ⃚services,ठ⃚suchठ⃚asठ⃚biologicalठ⃚pestठ⃚controlठ⃚andठ⃚cropठ⃚57 

pollination,ठ⃚benefitठ⃚foodठ⃚productionठ⃚(Bommarcoठ⃚etठ⃚al.ठ⃚2013).ठ⃚Indeed,ठ⃚75%ठ⃚ofठ⃚theठ⃚cropठ⃚58 

speciesठ⃚usedठ⃚forठ⃚foodठ⃚dependठ⃚onठ⃚insectठ⃚pollinationठ⃚toठ⃚someठ⃚degreeठ⃚(Kleinठ⃚etठ⃚al.ठ⃚2007).ठ⃚Moreठ⃚59 

thanठ⃚aठ⃚decadeठ⃚ofठ⃚activeठ⃚pollinationठ⃚researchठ⃚hasठ⃚ledठ⃚toठ⃚aठ⃚greatlyठ⃚improvedठ⃚generalठ⃚60 

understandingठ⃚onठ⃚animalठ⃚pollinationठ⃚benefitsठ⃚toठ⃚cropठ⃚yieldsठ⃚worldwideठ⃚(e.g.,ठ⃚Kleinठ⃚etठ⃚al.ठ⃚61 

2007;ठ⃚Garibaldiठ⃚etठ⃚alठ⃚2011,ठ⃚2013).ठ⃚However,ठ⃚majorठ⃚knowledgeठ⃚gapsठ⃚remain.ठ⃚ 62 

 63 

First,ठ⃚weठ⃚haveठ⃚surprisinglyठ⃚littleठ⃚informationठ⃚onठ⃚theठ⃚actualठ⃚degreeठ⃚ofठ⃚pollinatorठ⃚dependenceठ⃚64 

forठ⃚someठ⃚majorठ⃚crops.ठ⃚Whileठ⃚someठ⃚cropsठ⃚dependठ⃚entirelyठ⃚onठ⃚insectठ⃚pollinatorठ⃚visitsठ⃚toठ⃚setठ⃚65 

fruit,ठ⃚manyठ⃚othersठ⃚areठ⃚onlyठ⃚partlyठ⃚dependentठ⃚onठ⃚animalठ⃚pollinationठ⃚andठ⃚canठ⃚produceठ⃚moreठ⃚66 

thanठ⃚90%ठ⃚ofठ⃚theठ⃚maximumठ⃚seedठ⃚orठ⃚fruitठ⃚yieldठ⃚withoutठ⃚pollinatorsठ⃚(Kleinठ⃚etठ⃚al.ठ⃚2007).ठ⃚Theठ⃚roleठ⃚67 

ofठ⃚pollinatorsठ⃚forठ⃚cropठ⃚productionठ⃚hasठ⃚mainlyठ⃚beenठ⃚examinedठ⃚inठ⃚observationalठ⃚studies,ठ⃚68 

relyingठ⃚primarilyठ⃚onठ⃚naturalठ⃚variationठ⃚inठ⃚visitationठ⃚ratesठ⃚amongठ⃚observedठ⃚sites.ठ⃚Experimentsठ⃚69 

directlyठ⃚manipulatingठ⃚insectठ⃚flowerठ⃚visitationठ⃚(e.g.,ठ⃚excludedठ⃚pollinatorsठ⃚vs.ठ⃚openठ⃚accessठ⃚ofठ⃚70 

pollinators)ठ⃚areठ⃚lessठ⃚commonठ⃚forठ⃚mostठ⃚cropsठ⃚(butठ⃚seeठ⃚Kleinठ⃚etठ⃚al.ठ⃚2003,ठ⃚Höhnठ⃚etठ⃚al.ठ⃚2008).ठ⃚71 

Assessingठ⃚pollinationठ⃚dependenceठ⃚withठ⃚properठ⃚controlsठ⃚isठ⃚neededठ⃚toठ⃚correctlyठ⃚estimateठ⃚theठ⃚72 

contributionठ⃚thatठ⃚insectठ⃚pollinatorsठ⃚canठ⃚provideठ⃚toठ⃚cropठ⃚yields.ठ⃚ 73 

 74 

Second,ठ⃚mostठ⃚availableठ⃚studiesठ⃚quantifyठ⃚theठ⃚numberठ⃚ofठ⃚fruitsठ⃚perठ⃚plant.ठ⃚Fruitठ⃚numberठ⃚canठ⃚beठ⃚75 

aठ⃚goodठ⃚proxyठ⃚forठ⃚yieldठ⃚(Garibaldiठ⃚etठ⃚al.ठ⃚2013),ठ⃚whichठ⃚isठ⃚theठ⃚amountठ⃚ofठ⃚produceठ⃚harvestedठ⃚perठ⃚76 

unitठ⃚area.ठ⃚However,ठ⃚theठ⃚correlationठ⃚betweenठ⃚theठ⃚numberठ⃚ofठ⃚fruitठ⃚producedठ⃚andठ⃚yieldठ⃚isठ⃚likelyठ⃚77 

toठ⃚beठ⃚lowठ⃚inठ⃚someठ⃚crops.ठ⃚Forठ⃚example,ठ⃚interspecificठ⃚plantठ⃚competitionठ⃚canठ⃚leadठ⃚toठ⃚highठ⃚78 

variabilityठ⃚inठ⃚plantठ⃚sizeठ⃚andठ⃚therebyठ⃚fruitठ⃚productionठ⃚amongठ⃚plants.ठ⃚Thisठ⃚isठ⃚especiallyठ⃚criticalठ⃚79 
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forठ⃚cropsठ⃚withठ⃚indeterminateठ⃚floweringठ⃚andठ⃚aठ⃚highठ⃚compensationठ⃚capacityठ⃚suchठ⃚asठ⃚soybeanठ⃚80 

(Glycineठ⃚max)ठ⃚andठ⃚oilseedठ⃚rapeठ⃚(Brassicaठ⃚napus).ठ⃚Forठ⃚these,ठ⃚fruitठ⃚setठ⃚measuredठ⃚onठ⃚aठ⃚limitedठ⃚81 

numberठ⃚ofठ⃚isolatedठ⃚plantsठ⃚isठ⃚unlikelyठ⃚toठ⃚beठ⃚representativeठ⃚ofठ⃚theठ⃚realठ⃚productionठ⃚inठ⃚aठ⃚cropठ⃚82 

standठ⃚(Stiversठ⃚&ठ⃚Swearinginठ⃚1980,ठ⃚Angadiठ⃚etठ⃚al.ठ⃚2003).ठ⃚Moreover,ठ⃚plantsठ⃚canठ⃚allocateठ⃚83 

resourcesठ⃚forठ⃚producingठ⃚fruitsठ⃚ofठ⃚variableठ⃚sizeठ⃚basedठ⃚onठ⃚theठ⃚numberठ⃚ofठ⃚fruitsठ⃚perठ⃚plantठ⃚andठ⃚84 

theठ⃚levelठ⃚ofठ⃚pollinationठ⃚receivedठ⃚(e.g.,ठ⃚Gonzalezठ⃚etठ⃚al.ठ⃚1998ठ⃚inठ⃚kiwifruitठ⃚Actinidiaठ⃚deliciosa),ठ⃚85 

suchठ⃚thatठ⃚similarठ⃚levelsठ⃚ofठ⃚fruitठ⃚setठ⃚canठ⃚differठ⃚inठ⃚totalठ⃚cropठ⃚yieldठ⃚becauseठ⃚ofठ⃚differenceठ⃚inठ⃚fruitठ⃚86 

sizeठ⃚(Bosठ⃚etठ⃚al.ठ⃚2007).ठ⃚Again,ठ⃚theठ⃚useठ⃚ofठ⃚properठ⃚controlठ⃚plantsठ⃚fromठ⃚whichठ⃚pollinatorsठ⃚areठ⃚87 

excludedठ⃚isठ⃚aठ⃚wayठ⃚toठ⃚betterठ⃚estimateठ⃚theठ⃚actualठ⃚contributionठ⃚ofठ⃚pollinatorsठ⃚toठ⃚yieldठ⃚inठ⃚suchठ⃚88 

crops. 89 

 90 

Qualityठ⃚isठ⃚alsoठ⃚importantठ⃚inठ⃚cropठ⃚production,ठ⃚especiallyठ⃚fromठ⃚anठ⃚economicठ⃚standpoint.ठ⃚Fruitठ⃚91 

qualityठ⃚canठ⃚beठ⃚negativelyठ⃚correlatedठ⃚withठ⃚quantityठ⃚whenठ⃚theठ⃚fruitठ⃚loadठ⃚onठ⃚aठ⃚treeठ⃚orठ⃚aठ⃚vineठ⃚isठ⃚92 

tooठ⃚highठ⃚(e.g.,ठ⃚Fergusonठ⃚&ठ⃚Watkinsठ⃚1992ठ⃚inठ⃚appleठ⃚Malusठ⃚xठ⃚domestica),ठ⃚butठ⃚itठ⃚isठ⃚notठ⃚soठ⃚93 

otherwise,ठ⃚especiallyठ⃚inठ⃚cropsठ⃚withठ⃚indeterminateठ⃚floweringठ⃚suchठ⃚asठ⃚oilseedठ⃚rapeठ⃚(Bommarcoठ⃚94 

etठ⃚al.ठ⃚2012).ठ⃚Indeed,ठ⃚adequateठ⃚pollinationठ⃚oftenठ⃚leadsठ⃚toठ⃚produceठ⃚withठ⃚enhancedठ⃚qualityठ⃚inठ⃚95 

entomophilousठ⃚cropsठ⃚suchठ⃚asठ⃚orchardठ⃚fruitठ⃚productionठ⃚(e.g.,ठ⃚inठ⃚appleठ⃚3ठ⃚Sheffieldठ⃚etठ⃚al.ठ⃚2005,ठ⃚96 

Garrattठ⃚etठ⃚al.ठ⃚2014),ठ⃚asठ⃚wellठ⃚asठ⃚inठ⃚fieldठ⃚cropsठ⃚(oilseedठ⃚rapeठ⃚3ठ⃚Bommarcoठ⃚etठ⃚al.ठ⃚2012b)ठ⃚andठ⃚97 

smallठ⃚fruitsठ⃚andठ⃚vegetablesठ⃚(e.g.,ठ⃚strawberryठ⃚Fragariaठ⃚xठ⃚ananassaठ⃚3ठ⃚Anderssonठ⃚etठ⃚al.ठ⃚2012,ठ⃚98 

Chagnonठ⃚etठ⃚al.ठ⃚1993,ठ⃚Roselinoठ⃚etठ⃚al.ठ⃚2009;ठ⃚tomatoठ⃚Solanumठ⃚lycopersicumठ⃚3ठ⃚Hogendoornठ⃚etठ⃚al.ठ⃚99 

2010;ठ⃚bellठ⃚peppersठ⃚Capsicumठ⃚annuumठ⃚3ठ⃚ठ⃚Roldanठ⃚Serranoठ⃚andठ⃚Guerraૐ퀐Sanzठ⃚2006ठ⃚;ठ⃚highbushठ⃚100 

blueberryठ⃚Vacciniumठ⃚corymbosumठ⃚3ठ⃚ठ⃚Isaacsठ⃚andठ⃚Kirkठ⃚2010). 101 

 102 

Givenठ⃚theठ⃚drasticठ⃚shiftsठ⃚inठ⃚communityठ⃚compositionठ⃚ofठ⃚insectsठ⃚thatठ⃚visitठ⃚floweringठ⃚cropsठ⃚103 
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(Winfreeठ⃚etठ⃚al.ठ⃚2011,ठ⃚Bommarcoठ⃚etठ⃚al.ठ⃚2011,ठ⃚Bartomeusठ⃚etठ⃚al.ठ⃚2013a),ठ⃚andठ⃚declinesठ⃚inठ⃚104 

pollinatorठ⃚speciesठ⃚numbersठ⃚observedठ⃚inठ⃚certainठ⃚regionsठ⃚(Pottsठ⃚etठ⃚al.ठ⃚2010,ठ⃚Carvalheiroठ⃚etठ⃚al.ठ⃚105 

2013),ठ⃚itठ⃚isठ⃚increasinglyठ⃚importantठ⃚toठ⃚gatherठ⃚informationठ⃚onठ⃚theठ⃚extentठ⃚toठ⃚whichठ⃚differentठ⃚106 

cropsठ⃚dependठ⃚onठ⃚insectठ⃚pollinationठ⃚forठ⃚yield,ठ⃚andठ⃚ifठ⃚currentठ⃚pollinatorठ⃚communitiesठ⃚fulfillठ⃚theठ⃚107 

demandठ⃚forठ⃚pollinationठ⃚servicesठ⃚suchठ⃚thatठ⃚bothठ⃚cropठ⃚qualityठ⃚andठ⃚yieldsठ⃚areठ⃚maximizedठ⃚108 

(Breezeठ⃚etठ⃚al.ठ⃚2011).ठ⃚Relationshipsठ⃚betweenठ⃚landठ⃚useठ⃚intensity,ठ⃚pollinatorठ⃚visitation,ठ⃚andठ⃚fruitठ⃚109 

setठ⃚haveठ⃚beenठ⃚wellठ⃚studied.ठ⃚Whileठ⃚pollinatorठ⃚speciesठ⃚richnessठ⃚consistentlyठ⃚andठ⃚drasticallyठ⃚110 

decaysठ⃚asठ⃚agriculturalठ⃚landscapesठ⃚areठ⃚deprivedठ⃚ofठ⃚naturalठ⃚habitatठ⃚andठ⃚areठ⃚moreठ⃚intensivelyठ⃚111 

cultivatedठ⃚(Kennedyठ⃚etठ⃚al.ठ⃚2013),ठ⃚thisठ⃚relationshipठ⃚isठ⃚muchठ⃚weakerठ⃚forठ⃚fruitठ⃚setठ⃚(Garibaldiठ⃚etठ⃚112 

al.ठ⃚2011,ठ⃚Chacoffठ⃚etठ⃚al.ठ⃚2008,ठ⃚Rickettsठ⃚etठ⃚al.ठ⃚2008).ठ⃚Oneठ⃚explanationठ⃚forठ⃚thisठ⃚differenceठ⃚isठ⃚thatठ⃚113 

theठ⃚remainingठ⃚pollinatorsठ⃚provideठ⃚sufficientठ⃚visitationठ⃚evenठ⃚inठ⃚monotonous,ठ⃚intensivelyठ⃚114 

cultivatedठ⃚landscapes,ठ⃚especiallyठ⃚ifठ⃚theठ⃚cropठ⃚hasठ⃚aठ⃚largeठ⃚degreeठ⃚ofठ⃚autonomousठ⃚selfૐ퀐115 

pollination.ठ⃚Moreover,ठ⃚intensiveठ⃚landscapesठ⃚areठ⃚characterizedठ⃚byठ⃚harboringठ⃚justठ⃚aठ⃚fewठ⃚116 

generalistठ⃚pollinatorठ⃚speciesठ⃚(Bartomeusठ⃚&ठ⃚Winfreeठ⃚2013),ठ⃚butठ⃚theseठ⃚mightठ⃚beठ⃚inठ⃚sufficientठ⃚117 

numbersठ⃚toठ⃚deliverठ⃚enoughठ⃚cropठ⃚pollinationठ⃚services.ठ⃚Inठ⃚fact,ठ⃚notठ⃚allठ⃚pollinatorठ⃚speciesठ⃚118 

respondठ⃚equallyठ⃚toठ⃚landठ⃚useठ⃚changeठ⃚(Williamsठ⃚etठ⃚al.ठ⃚2010,ठ⃚Winfreeठ⃚etठ⃚al.ठ⃚2011),ठ⃚andठ⃚someठ⃚119 

evenठ⃚increaseठ⃚inठ⃚abundanceठ⃚withठ⃚agriculturalठ⃚intensificationठ⃚(Westphalठ⃚etठ⃚alठ⃚2003,ठ⃚Carréठ⃚etठ⃚120 

al.ठ⃚2009).ठ⃚Thisठ⃚diversityठ⃚ofठ⃚responsesठ⃚canठ⃚inठ⃚someठ⃚croppingठ⃚systemsठ⃚bufferठ⃚aठ⃚lossठ⃚ofठ⃚121 

pollinationठ⃚functionठ⃚(Cariveauठ⃚etठ⃚al.ठ⃚2013),ठ⃚especiallyठ⃚ifठ⃚theठ⃚pollinatorsठ⃚whoठ⃚areठ⃚theठ⃚mainठ⃚122 

ecosystemठ⃚serviceठ⃚providersठ⃚areठ⃚adaptedठ⃚toठ⃚theठ⃚ephemeralठ⃚andठ⃚spatiallyठ⃚disassociatedठ⃚123 

resourceठ⃚distributionठ⃚thatठ⃚isठ⃚typicalठ⃚forठ⃚agriculturalठ⃚landscapes.ठ⃚Moreover,ठ⃚althoughठ⃚wildठ⃚124 

insectsठ⃚increaseठ⃚fruitठ⃚setठ⃚independentlyठ⃚ofठ⃚honeybeeठ⃚visitsठ⃚(Garibaldiठ⃚etठ⃚al.ठ⃚2013),ठ⃚honeybeesठ⃚125 

areठ⃚lessठ⃚dependentठ⃚onठ⃚landscapeठ⃚characteristicsठ⃚becauseठ⃚theyठ⃚areठ⃚mainlyठ⃚managed,ठ⃚126 

particularlyठ⃚inठ⃚Northठ⃚Americaठ⃚andठ⃚Europe,ठ⃚andठ⃚canठ⃚beठ⃚movedठ⃚aroundठ⃚inठ⃚theठ⃚landscape.ठ⃚127 
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Hence,ठ⃚honeybeesठ⃚canठ⃚alsoठ⃚helpठ⃚mitigateठ⃚againstठ⃚wildठ⃚pollinatorठ⃚lossठ⃚inठ⃚moreठ⃚intensivelyठ⃚128 

usedठ⃚landscapesठ⃚whereठ⃚pollinationठ⃚servicesठ⃚areठ⃚degraded.ठ⃚Inठ⃚anyठ⃚case,ठ⃚theठ⃚compositionठ⃚ofठ⃚129 

theठ⃚landscapeठ⃚inठ⃚whichठ⃚theठ⃚floweringठ⃚cropठ⃚fieldठ⃚isठ⃚embeddedठ⃚emergesठ⃚asठ⃚anठ⃚importantठ⃚driverठ⃚130 

forठ⃚pollinatorठ⃚communityठ⃚composition,ठ⃚andठ⃚theठ⃚landscapeठ⃚contextठ⃚needsठ⃚toठ⃚beठ⃚consideredठ⃚131 

whenठ⃚linkingठ⃚landठ⃚useठ⃚toठ⃚pollinationठ⃚provisioningठ⃚andठ⃚benefitsठ⃚inठ⃚fieldठ⃚crops. 132 

 133 

Hereठ⃚weठ⃚usedठ⃚pollinatorठ⃚exclusionठ⃚onठ⃚theठ⃚flowersठ⃚orठ⃚inflorescenceठ⃚onठ⃚aठ⃚wholeठ⃚plantठ⃚basisठ⃚inठ⃚aठ⃚134 

setठ⃚ofठ⃚cropsठ⃚underठ⃚standardठ⃚fieldठ⃚conditions,ठ⃚toठ⃚obtainठ⃚informationठ⃚onठ⃚pollinatorठ⃚135 

dependencyठ⃚forठ⃚fourठ⃚economicallyठ⃚importantठ⃚annualठ⃚cropsठ⃚inठ⃚Europe.ठ⃚Weठ⃚assessedठ⃚136 

pollinatorठ⃚contributionठ⃚toठ⃚bothठ⃚yieldठ⃚quantityठ⃚andठ⃚quality.ठ⃚Byठ⃚replicatingठ⃚thisठ⃚experimentठ⃚137 

alongठ⃚aठ⃚landscapeठ⃚gradientठ⃚forठ⃚eachठ⃚crop,ठ⃚weठ⃚wereठ⃚ableठ⃚toठ⃚assessठ⃚changesठ⃚inठ⃚pollinatorठ⃚138 

communityठ⃚compositionठ⃚andठ⃚visitationठ⃚rateठ⃚followingठ⃚landscapeठ⃚levelठ⃚landठ⃚useठ⃚changeठ⃚andठ⃚139 

itsठ⃚consequencesठ⃚forठ⃚cropठ⃚pollinationठ⃚servicesठ⃚andठ⃚production.ठ⃚ 140 

 141 

Materialठ⃚andठ⃚Methods 142 

 143 

Studyठ⃚sitesठ⃚ 144 

Theठ⃚fieldworkठ⃚wasठ⃚conductedठ⃚inठ⃚fourठ⃚Europeanठ⃚countriesठ⃚duringठ⃚May3Augustठ⃚2005ठ⃚(Tableठ⃚1).ठ⃚145 

Springठ⃚oilseedठ⃚rapeठ⃚wasठ⃚assessedठ⃚inठ⃚theठ⃚regionठ⃚aroundठ⃚theठ⃚cityठ⃚ofठ⃚Uppsala,ठ⃚Swedenठ⃚(seeठ⃚146 

Bommarcoठ⃚etठ⃚al.ठ⃚2012ठ⃚forठ⃚details);ठ⃚fieldठ⃚beanठ⃚(Viciaठ⃚faba)ठ⃚inठ⃚aroundठ⃚Reading,ठ⃚UK,ठ⃚strawberryठ⃚147 

aroundठ⃚Göttingen,ठ⃚Germany;ठ⃚andठ⃚buckwheatठ⃚(Fagopyrumठ⃚esculentum)ठ⃚nearठ⃚Krakow,ठ⃚Poland.ठ⃚148 

Forठ⃚eachठ⃚crop,ठ⃚weठ⃚selectedठ⃚tenठ⃚fieldsठ⃚thatठ⃚wereठ⃚separatedठ⃚byठ⃚aठ⃚minimumठ⃚distanceठ⃚ofठ⃚3ठ⃚km,ठ⃚149 

correspondingठ⃚toठ⃚theठ⃚maximumठ⃚foragingठ⃚rangeठ⃚ofठ⃚mostठ⃚beesठ⃚(Greenleafठ⃚etठ⃚al.ठ⃚2007).ठ⃚Withinठ⃚150 

eachठ⃚field,ठ⃚weठ⃚establishedठ⃚aठ⃚50ठ⃚*ठ⃚25ठ⃚mठ⃚studyठ⃚areaठ⃚(5*150ठ⃚mठ⃚forठ⃚buckwheatठ⃚asठ⃚theठ⃚fieldsठ⃚wereठ⃚151 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.184v1 | CC-BY 3.0 Open Access | received: 31 Dec 2013, published: 31 Dec 2013

P
re
P
ri
n
ts



9 

 

longठ⃚andठ⃚narrow)ठ⃚withठ⃚aठ⃚homogeneousठ⃚andठ⃚continuousठ⃚cropठ⃚cover.ठ⃚Forठ⃚fieldsठ⃚upठ⃚toठ⃚twoठ⃚haठ⃚inठ⃚152 

size,ठ⃚thisठ⃚studyठ⃚siteठ⃚wasठ⃚locatedठ⃚inठ⃚theठ⃚middleठ⃚ofठ⃚theठ⃚field.ठ⃚Forठ⃚largerठ⃚fields,ठ⃚itठ⃚wasठ⃚locatedठ⃚153 

betweenठ⃚theठ⃚geometricठ⃚centerठ⃚ofठ⃚theठ⃚fieldठ⃚andठ⃚oneठ⃚ofठ⃚itsठ⃚marginsठ⃚(Vaissièreठ⃚etठ⃚al.ठ⃚2011). 154 

 155 

Insectठ⃚sampling 156 

Inठ⃚eachठ⃚field,ठ⃚weठ⃚assessedठ⃚theठ⃚abundanceठ⃚andठ⃚speciesठ⃚richnessठ⃚ofठ⃚theठ⃚majorठ⃚groupsठ⃚ofठ⃚157 

flowerૐ퀐visitingठ⃚insects,ठ⃚includingठ⃚beesठ⃚(Hymenoptera:ठ⃚Apoidea:ठ⃚Apiformes),ठ⃚hoverfliesठ⃚158 

(Diptera:ठ⃚Syrphidae),ठ⃚andठ⃚butterfliesठ⃚(Lepidoptera).ठ⃚Weठ⃚usedठ⃚standardizedठ⃚transectठ⃚walksठ⃚159 

withठ⃚anठ⃚aerialठ⃚netठ⃚(Westphalठ⃚etठ⃚al.ठ⃚2008).ठ⃚Inठ⃚eachठ⃚studyठ⃚site,ठ⃚aठ⃚150ठ⃚mठ⃚transectठ⃚lineठ⃚wasठ⃚160 

establishedठ⃚inठ⃚theठ⃚fieldठ⃚nearठ⃚theठ⃚experimentalठ⃚plots.ठ⃚Anठ⃚observerठ⃚walkedठ⃚thisठ⃚lineठ⃚forठ⃚30ठ⃚minठ⃚161 

identifyingठ⃚visitingठ⃚insectsठ⃚atठ⃚speciesठ⃚levelठ⃚andठ⃚catchingठ⃚unidentifiedठ⃚speciesठ⃚withinठ⃚aठ⃚corridorठ⃚162 

4ठ⃚mठ⃚wide.ठ⃚Weठ⃚performedठ⃚theठ⃚transectठ⃚walksठ⃚betweenठ⃚0900ठ⃚andठ⃚1700ठ⃚hoursठ⃚onlyठ⃚onठ⃚daysठ⃚163 

withठ⃚temperaturesठ⃚atठ⃚orठ⃚aboveठ⃚15°C,ठ⃚withठ⃚noठ⃚precipitation,ठ⃚dryठ⃚vegetation,ठ⃚andठ⃚lowठ⃚164 

windspeedठ⃚(<40ठ⃚km.h
ૐ퀐1
;ठ⃚Westphalठ⃚etठ⃚al.ठ⃚2008).ठ⃚Specimensठ⃚wereठ⃚pinned,ठ⃚labeled,ठ⃚andठ⃚165 

subsequentlyठ⃚identifiedठ⃚toठ⃚speciesठ⃚level.ठ⃚Weठ⃚returnedठ⃚fourठ⃚timesठ⃚toठ⃚eachठ⃚studyठ⃚siteठ⃚duringठ⃚166 

theठ⃚mainठ⃚floweringठ⃚periodठ⃚ofठ⃚eachठ⃚studyठ⃚crop. 167 

 168 

Experimentalठ⃚designठ⃚andठ⃚yieldठ⃚analysis 169 

Inठ⃚eachठ⃚ofठ⃚theठ⃚tenठ⃚fields,ठ⃚weठ⃚establishedठ⃚aठ⃚blockठ⃚experimentठ⃚withठ⃚fourठ⃚blocks.ठ⃚Eachठ⃚blockठ⃚hadठ⃚170 

twoठ⃚treatmentsठ⃚withठ⃚oneठ⃚plotठ⃚perठ⃚treatmentठ⃚andठ⃚fiveठ⃚toठ⃚tenठ⃚taggedठ⃚contiguousठ⃚plantsठ⃚171 

monitoredठ⃚perठ⃚plot.ठ⃚Theठ⃚firstठ⃚treatmentठ⃚(Open)ठ⃚wasठ⃚openठ⃚pollinatedठ⃚withठ⃚allठ⃚theठ⃚flowersठ⃚ofठ⃚172 

eachठ⃚plantठ⃚accessibleठ⃚toठ⃚autonomousठ⃚selfૐ퀐,ठ⃚windૐ퀐ठ⃚andठ⃚insectૐ퀐pollination.ठ⃚Inठ⃚theठ⃚secondठ⃚173 

treatmentठ⃚(Net),ठ⃚allठ⃚flowersठ⃚wereठ⃚enclosedठ⃚inठ⃚nylonठ⃚tulleठ⃚bagsठ⃚withठ⃚1ठ⃚*ठ⃚1ठ⃚mmठ⃚openingsठ⃚174 

(Diatexठ⃚F510;ठ⃚http://www.diatex.fr/ૐ퀐Agricultureૐ퀐.html)ठ⃚ofठ⃚anठ⃚appropriateठ⃚sizeठ⃚toठ⃚coverठ⃚anठ⃚175 
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inflorescenceठ⃚(buckwheat,ठ⃚fieldठ⃚beanठ⃚&ठ⃚oilseedठ⃚rape),ठ⃚orठ⃚anठ⃚individualठ⃚flowerठ⃚(strawberry).ठ⃚176 

Thus,ठ⃚inठ⃚theठ⃚Netૐ퀐treatmentठ⃚allठ⃚flowersठ⃚wereठ⃚exposedठ⃚toठ⃚windૐ퀐ठ⃚andठ⃚selfૐ퀐pollination,ठ⃚butठ⃚notठ⃚toठ⃚177 

insectठ⃚pollination.ठ⃚Becauseठ⃚suchठ⃚netsठ⃚doठ⃚notठ⃚hinderठ⃚theठ⃚airborneठ⃚pollenठ⃚flowठ⃚(Sacchiठ⃚andठ⃚178 

Priceठ⃚1988,ठ⃚Wraggठ⃚andठ⃚Johnsonठ⃚2011),ठ⃚theठ⃚differenceठ⃚betweenठ⃚theseठ⃚treatmentsठ⃚representsठ⃚179 

theठ⃚contributionठ⃚fromठ⃚insectठ⃚pollination.ठ⃚Weठ⃚putठ⃚theठ⃚netsठ⃚overठ⃚theठ⃚flowerठ⃚budsठ⃚beforeठ⃚theठ⃚180 

onsetठ⃚ofठ⃚flowering.ठ⃚Leavesठ⃚andठ⃚plantठ⃚partsठ⃚withठ⃚noठ⃚flowersठ⃚wereठ⃚leftठ⃚asठ⃚muchठ⃚asठ⃚possibleठ⃚181 

outsideठ⃚theठ⃚netठ⃚bagठ⃚toठ⃚minimizeठ⃚anyठ⃚effectsठ⃚ofठ⃚theठ⃚bagठ⃚onठ⃚theठ⃚photosynthesisठ⃚(Howpageठ⃚etठ⃚182 

al.ठ⃚2001).ठ⃚Asठ⃚soonठ⃚asठ⃚flowersठ⃚hadठ⃚wilted,ठ⃚weठ⃚removedठ⃚theठ⃚nets,ठ⃚andठ⃚theठ⃚taggedठ⃚plantsठ⃚wereठ⃚183 

leftठ⃚toठ⃚ripenठ⃚inठ⃚theठ⃚fieldठ⃚untilठ⃚harvest.ठ⃚ 184 

 185 

Forठ⃚buckwheat,ठ⃚fieldठ⃚bean,ठ⃚andठ⃚oilseedठ⃚rape,ठ⃚weठ⃚cutठ⃚allठ⃚experimentalठ⃚plantsठ⃚fromठ⃚eachठ⃚plotठ⃚186 

andठ⃚storedठ⃚themठ⃚individuallyठ⃚inठ⃚aठ⃚linenठ⃚bagठ⃚justठ⃚beforeठ⃚commercialठ⃚harvest.ठ⃚Forठ⃚strawberry,ठ⃚187 

weठ⃚followedठ⃚theठ⃚commercialठ⃚harvestठ⃚procedureठ⃚andठ⃚harvestedठ⃚theठ⃚ripeठ⃚strawberriesठ⃚twiceठ⃚aठ⃚188 

week.ठ⃚Inठ⃚eachठ⃚plot,ठ⃚weठ⃚recordedठ⃚theठ⃚numberठ⃚ofठ⃚fruitsठ⃚perठ⃚plantठ⃚(fieldठ⃚bean,ठ⃚oilseedठ⃚rape,ठ⃚andठ⃚189 

strawberry),ठ⃚andठ⃚theठ⃚numberठ⃚andठ⃚weightठ⃚ofठ⃚seedsठ⃚perठ⃚plantठ⃚(buckwheat,ठ⃚fieldठ⃚bean,ठ⃚andठ⃚190 

oilseedठ⃚rape)ठ⃚wereठ⃚measuredठ⃚usingठ⃚aठ⃚precisionठ⃚scaleठ⃚andठ⃚aठ⃚seedठ⃚counter.ठ⃚Forठ⃚eachठ⃚crop,ठ⃚weठ⃚191 

alsoठ⃚measuredठ⃚theठ⃚specificठ⃚attributesठ⃚ofठ⃚qualityठ⃚thatठ⃚affectठ⃚itsठ⃚marketingठ⃚value.ठ⃚Forठ⃚oilseedठ⃚192 

rape,ठ⃚weठ⃚analyzedठ⃚theठ⃚oilठ⃚contentठ⃚andठ⃚chlorophyllठ⃚contentsठ⃚ofठ⃚theठ⃚seedsठ⃚(performedठ⃚byठ⃚193 

Svalofठ⃚Weibullठ⃚Labठ⃚AB,ठ⃚Svalov,ठ⃚Sweden).ठ⃚Highठ⃚chlorophyllठ⃚contentsठ⃚decreaseठ⃚theठ⃚durabilityठ⃚194 

andठ⃚alterठ⃚theठ⃚colorठ⃚ofठ⃚theठ⃚extractedठ⃚oil.ठ⃚Forठ⃚fieldठ⃚beans,ठ⃚weठ⃚measuredठ⃚theठ⃚nitrogenठ⃚contentठ⃚195 

ofठ⃚theठ⃚seedठ⃚asठ⃚aठ⃚proxyठ⃚ofठ⃚theirठ⃚proteinठ⃚content.ठ⃚Theठ⃚nitrogenठ⃚contentठ⃚wasठ⃚measuredठ⃚usingठ⃚196 

oxidativeठ⃚combustionठ⃚inठ⃚anठ⃚automatedठ⃚Dumasठ⃚typeठ⃚combustionठ⃚analyzer.ठ⃚Forठ⃚strawberry,ठ⃚weठ⃚197 

classifiedठ⃚commercialठ⃚qualityठ⃚asठ⃚gradeठ⃚1ठ⃚(fullyठ⃚developedठ⃚fruitsठ⃚ofठ⃚goodठ⃚quality),ठ⃚gradeठ⃚2ठ⃚198 

(marketableठ⃚fruitsठ⃚withठ⃚someठ⃚changesठ⃚inठ⃚colourठ⃚andठ⃚shape)ठ⃚andठ⃚gradeठ⃚3ठ⃚(nonૐ퀐marketableठ⃚199 
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fruits)ठ⃚accordingठ⃚toठ⃚guidelinesठ⃚ofठ⃚theठ⃚Germanठ⃚boardठ⃚ofठ⃚trade.ठ⃚Forठ⃚buckwheat,ठ⃚weठ⃚measuredठ⃚200 

theठ⃚proportionठ⃚ofठ⃚filledठ⃚seedsठ⃚sinceठ⃚highठ⃚proportionठ⃚ofठ⃚emptyठ⃚seedsठ⃚leadsठ⃚toठ⃚aठ⃚penaltyठ⃚inठ⃚theठ⃚201 

marketठ⃚price.ठ⃚Forठ⃚buckwheat,ठ⃚sixठ⃚fieldsठ⃚whereठ⃚destroyedठ⃚dueठ⃚toठ⃚aठ⃚hailstorm,ठ⃚andठ⃚henceठ⃚weठ⃚202 

doठ⃚notठ⃚haveठ⃚yieldठ⃚measuresठ⃚forठ⃚those. 203 

 204 

Landscapeठ⃚context 205 

Theठ⃚tenठ⃚fieldsठ⃚forठ⃚eachठ⃚cropठ⃚wereठ⃚locatedठ⃚alongठ⃚aठ⃚gradientठ⃚ofठ⃚surroundingठ⃚landscapeठ⃚206 

complexity.ठ⃚Theठ⃚gradientठ⃚rangedठ⃚fromठ⃚intensiveठ⃚agriculturalठ⃚landscapesठ⃚dominatedठ⃚byठ⃚largeठ⃚207 

arableठ⃚fieldsठ⃚withठ⃚fewठ⃚boundaryठ⃚features,ठ⃚toठ⃚complexठ⃚landscapesठ⃚withठ⃚smallerठ⃚averageठ⃚208 

arableठ⃚fieldठ⃚sizesठ⃚andठ⃚moreठ⃚thanठ⃚40%ठ⃚coverageठ⃚ofठ⃚semiૐ퀐naturalठ⃚habitats,ठ⃚suchठ⃚asठ⃚pasturesठ⃚209 

andठ⃚forestठ⃚patchesठ⃚overठ⃚0.5,ठ⃚1,ठ⃚2,ठ⃚andठ⃚3ठ⃚kmठ⃚radiusठ⃚aroundठ⃚eachठ⃚studyठ⃚field.ठ⃚Whenठ⃚selectingठ⃚210 

theठ⃚fieldठ⃚sites,ठ⃚theठ⃚proportionठ⃚ofठ⃚arableठ⃚landठ⃚inठ⃚theठ⃚surroundingठ⃚landscapeठ⃚wasठ⃚measuredठ⃚211 

aroundठ⃚eachठ⃚experimentalठ⃚fieldठ⃚andठ⃚usedठ⃚asठ⃚aठ⃚proxyठ⃚forठ⃚landscapeठ⃚complexityठ⃚(Steffanૐ퀐212 

Dewenterठ⃚etठ⃚al.ठ⃚2002,ठ⃚Fahrigठ⃚2013).ठ⃚Theठ⃚proportionठ⃚ofठ⃚arableठ⃚landठ⃚inठ⃚theठ⃚landscapeठ⃚213 

surroundingठ⃚eachठ⃚ofठ⃚theठ⃚tenठ⃚experimentalठ⃚fieldsठ⃚variedठ⃚dependingठ⃚onठ⃚theठ⃚region,ठ⃚withठ⃚someठ⃚214 

regionsठ⃚presentingठ⃚moreठ⃚intenseठ⃚landscapesठ⃚(e.g.,ठ⃚rangeठ⃚ofठ⃚48ठ⃚toठ⃚97ठ⃚%ठ⃚ofठ⃚agriculturalठ⃚landठ⃚forठ⃚215 

oilseedठ⃚rapeठ⃚fieldsठ⃚atठ⃚1000ठ⃚mठ⃚radius),ठ⃚andठ⃚otherठ⃚regionsठ⃚presentingठ⃚moreठ⃚complexठ⃚216 

landscapesठ⃚(rangeठ⃚ofठ⃚4ठ⃚toठ⃚45ठ⃚%ठ⃚ofठ⃚agriculturalठ⃚landठ⃚forठ⃚fieldठ⃚beanठ⃚atठ⃚1000ठ⃚mठ⃚radius).ठ⃚ 217 

 218 

Forठ⃚oilseedठ⃚rape,ठ⃚weठ⃚usedठ⃚theठ⃚Swedishठ⃚digitizedठ⃚landठ⃚coverठ⃚terrainठ⃚mapठ⃚databaseठ⃚toठ⃚219 

characterizeठ⃚theठ⃚landscapeठ⃚surroundingठ⃚eachठ⃚fieldठ⃚(Lantmaterietठ⃚2008).ठ⃚Forठ⃚buckwheatठ⃚andठ⃚220 

strawberry,ठ⃚weठ⃚usedठ⃚CORINEठ⃚dataठ⃚fromठ⃚2006ठ⃚(Europeanठ⃚Environmentठ⃚Agency:ठ⃚221 

http://www.eea.europa.eu/dataૐ퀐andૐ퀐maps/data/corineૐ퀐landૐ퀐coverૐ퀐2006ૐ퀐rasterૐ퀐2).ठ⃚Forठ⃚fieldठ⃚222 

beansठ⃚weठ⃚usedठ⃚theठ⃚CORINEठ⃚2000ठ⃚Landठ⃚Coverठ⃚Mapठ⃚223 
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(http://www.ceh.ac.uk/landcovermap2000.html). 224 

 225 

Dataठ⃚analysisठ⃚andठ⃚statistics 226 

 227 

Landscapeठ⃚effectsठ⃚onठ⃚beeठ⃚richnessठ⃚andठ⃚visitation 228 

Becauseठ⃚differentठ⃚organismsठ⃚actठ⃚inठ⃚andठ⃚reactठ⃚toठ⃚theठ⃚landscapeठ⃚atठ⃚differentठ⃚spatialठ⃚scales,ठ⃚itठ⃚isठ⃚229 

necessaryठ⃚toठ⃚findठ⃚aठ⃚suitableठ⃚scaleठ⃚atठ⃚whichठ⃚toठ⃚measureठ⃚theठ⃚surroundingठ⃚landscapeठ⃚(Steffanૐ퀐230 

Dewenterठ⃚etठ⃚al.ठ⃚2002;ठ⃚Henryठ⃚etठ⃚al.ठ⃚2012).ठ⃚Beforeठ⃚exploringठ⃚anyठ⃚significances,ठ⃚weठ⃚ranठ⃚modelsठ⃚231 

forठ⃚eachठ⃚variableठ⃚withठ⃚eachठ⃚ofठ⃚theठ⃚differentठ⃚radiiठ⃚(0.533ठ⃚km)ठ⃚atठ⃚whichठ⃚theठ⃚landscapesठ⃚hadठ⃚232 

beenठ⃚measured.ठ⃚Hence,ठ⃚forठ⃚eachठ⃚cropठ⃚weठ⃚regressedठ⃚percentageठ⃚ofठ⃚agriculturalठ⃚areaठ⃚againstठ⃚233 

pollinatorठ⃚richnessठ⃚andठ⃚abundanceठ⃚atठ⃚differentठ⃚radii,ठ⃚andठ⃚identifiedठ⃚theठ⃚radiusठ⃚thatठ⃚explainedठ⃚234 

theठ⃚highestठ⃚proportionठ⃚ofठ⃚varianceठ⃚(highestठ⃚R
2
).ठ⃚Forठ⃚speciesठ⃚richness,ठ⃚allठ⃚cropsठ⃚showedठ⃚theठ⃚235 

highestठ⃚R
2
ठ⃚atठ⃚aठ⃚radiusठ⃚ofठ⃚0.5ठ⃚km,ठ⃚whileठ⃚abundanceठ⃚wasठ⃚bestठ⃚explainedठ⃚atठ⃚aठ⃚1ठ⃚kmठ⃚radiusठ⃚withठ⃚236 

theठ⃚exceptionठ⃚ofठ⃚fieldठ⃚beanठ⃚beeठ⃚communities,ठ⃚whichठ⃚alsoठ⃚respondedठ⃚toठ⃚aठ⃚largerठ⃚scaleठ⃚(1500ठ⃚237 

m).ठ⃚Weठ⃚performedठ⃚jointठ⃚modelsठ⃚forठ⃚allठ⃚cropsठ⃚atठ⃚0.5ठ⃚andठ⃚1ठ⃚kmठ⃚radiusठ⃚forठ⃚richnessठ⃚andठ⃚238 

visitationठ⃚abundance,ठ⃚respectively.ठ⃚Beeठ⃚speciesठ⃚richnessठ⃚showedठ⃚aठ⃚similarठ⃚relationठ⃚toठ⃚239 

landscapeठ⃚complexityठ⃚forठ⃚allठ⃚crops,ठ⃚andठ⃚thisठ⃚permittedठ⃚usठ⃚toठ⃚includeठ⃚'crop'ठ⃚asठ⃚randomठ⃚factorठ⃚240 

inठ⃚theठ⃚modelठ⃚toठ⃚investigateठ⃚theठ⃚generalठ⃚influenceठ⃚ofठ⃚landscapeठ⃚onठ⃚richness.ठ⃚Visitationठ⃚241 

abundance,ठ⃚however,ठ⃚followedठ⃚contrastingठ⃚trajectoriesठ⃚inठ⃚relationठ⃚toठ⃚landscapeठ⃚dependingठ⃚242 

onठ⃚theठ⃚crop.ठ⃚Weठ⃚thereforeठ⃚includedठ⃚inठ⃚theठ⃚modelठ⃚cropठ⃚andठ⃚itsठ⃚interactionठ⃚withठ⃚landscapeठ⃚asठ⃚243 

fixedठ⃚effects.ठ⃚Pollinatorठ⃚abundancesठ⃚wereठ⃚centeredठ⃚andठ⃚scaledठ⃚toठ⃚aठ⃚meanठ⃚ofठ⃚zeroठ⃚andठ⃚aठ⃚244 

deviationठ⃚ofठ⃚oneठ⃚withinठ⃚eachठ⃚crop. 245 

 246 

Yieldठ⃚quantityठ⃚andठ⃚qualityठ⃚ 247 
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Weठ⃚firstठ⃚correlatedठ⃚fruitठ⃚setठ⃚withठ⃚yieldठ⃚(i.e.,ठ⃚totalठ⃚fruitठ⃚orठ⃚seedठ⃚weight/plant)ठ⃚forठ⃚eachठ⃚crop.ठ⃚248 

Blockठ⃚wasठ⃚nestedठ⃚withinठ⃚siteठ⃚andठ⃚includedठ⃚asठ⃚randomठ⃚factorठ⃚inठ⃚allठ⃚models.ठ⃚Second,ठ⃚weठ⃚249 

constructedठ⃚twoठ⃚mixedठ⃚effectठ⃚modelठ⃚withठ⃚yieldठ⃚asठ⃚theठ⃚responseठ⃚variable.ठ⃚Inठ⃚orderठ⃚toठ⃚analyzeठ⃚250 

allठ⃚cropsठ⃚inठ⃚theठ⃚sameठ⃚model,ठ⃚yieldठ⃚andठ⃚pollinatorठ⃚visitationठ⃚abundanceठ⃚wereठ⃚centeredठ⃚andठ⃚251 

scaledठ⃚toठ⃚aठ⃚meanठ⃚ofठ⃚zeroठ⃚andठ⃚aठ⃚deviationठ⃚ofठ⃚oneठ⃚withinठ⃚eachठ⃚crop.ठ⃚Theठ⃚firstठ⃚modelठ⃚hadठ⃚252 

pollinationठ⃚treatment,ठ⃚speciesठ⃚richness,ठ⃚totalठ⃚visitationठ⃚abundance,ठ⃚andठ⃚theठ⃚interactionsठ⃚ofठ⃚253 

treatmentठ⃚withठ⃚theठ⃚otherठ⃚twoठ⃚variablesठ⃚asठ⃚predictors.ठ⃚Theठ⃚secondठ⃚modelठ⃚hadठ⃚treatment,ठ⃚254 

landscape,ठ⃚andठ⃚itsठ⃚interactionठ⃚asठ⃚predictors.ठ⃚Landscapeठ⃚wasठ⃚investigatedठ⃚atठ⃚0.5ठ⃚andठ⃚1ठ⃚kmठ⃚255 

radiusठ⃚withठ⃚similarठ⃚resultsठ⃚andठ⃚soठ⃚onlyठ⃚modelsठ⃚atठ⃚1ठ⃚kmठ⃚areठ⃚shown.ठ⃚Block,ठ⃚nestedठ⃚withinठ⃚site,ठ⃚256 

nestedठ⃚withinठ⃚cropठ⃚wasठ⃚includedठ⃚asठ⃚aठ⃚randomठ⃚factorठ⃚inठ⃚allठ⃚models.ठ⃚Inठ⃚bothठ⃚models,ठ⃚aठ⃚257 

significantठ⃚interactionठ⃚withठ⃚treatmentठ⃚wouldठ⃚indicateठ⃚thatठ⃚theठ⃚factorठ⃚hadठ⃚anठ⃚effectठ⃚onठ⃚yieldठ⃚258 

onlyठ⃚inठ⃚theठ⃚openठ⃚treatment.ठ⃚Toठ⃚accountठ⃚forठ⃚heteroscedasticity,ठ⃚weठ⃚addedठ⃚aठ⃚constantठ⃚259 

varianceठ⃚structureठ⃚(varIdentठ⃚functionठ⃚inठ⃚packageठ⃚nlme,ठ⃚R)ठ⃚inठ⃚whichठ⃚theठ⃚varianceठ⃚wasठ⃚260 

independentlyठ⃚specifiedठ⃚forठ⃚eachठ⃚cropठ⃚(Cleasbyठ⃚etठ⃚al.ठ⃚2011).ठ⃚ 261 

 262 

Weठ⃚alsoठ⃚checkedठ⃚ifठ⃚qualityठ⃚wasठ⃚affectedठ⃚byठ⃚theठ⃚pollinationठ⃚treatment.ठ⃚Eachठ⃚cropठ⃚wasठ⃚263 

analyzedठ⃚independentlyठ⃚dueठ⃚toठ⃚differentठ⃚measurementठ⃚unitsठ⃚andठ⃚alsoठ⃚becauseठ⃚thereठ⃚wasठ⃚noठ⃚264 

homogeneousठ⃚responseठ⃚amongठ⃚theठ⃚crops.ठ⃚Blockठ⃚nestedठ⃚withinठ⃚siteठ⃚wasठ⃚includedठ⃚asठ⃚aठ⃚265 

randomठ⃚factorठ⃚inठ⃚allठ⃚models.ठ⃚Inठ⃚thisठ⃚case,ठ⃚weठ⃚testedठ⃚onlyठ⃚forठ⃚theठ⃚effectठ⃚ofठ⃚theठ⃚pollinationठ⃚266 

treatment,ठ⃚withoutठ⃚includingठ⃚theठ⃚interactionsठ⃚withठ⃚speciesठ⃚richness,ठ⃚visitationठ⃚abundance,ठ⃚orठ⃚267 

landscapeठ⃚contextठ⃚dueठ⃚toठ⃚sampleठ⃚sizeठ⃚limitations.ठ⃚Forठ⃚buckwheat,ठ⃚weठ⃚usedठ⃚blockठ⃚asठ⃚aठ⃚268 

constantठ⃚varianceठ⃚functionठ⃚toठ⃚controlठ⃚forठ⃚theठ⃚differentठ⃚heteroscedasticityठ⃚amongठ⃚blocks.ठ⃚Theठ⃚269 

packageठ⃚nlmeठ⃚inठ⃚Rठ⃚wasठ⃚usedठ⃚toठ⃚fitठ⃚allठ⃚modelsठ⃚(Pinheiroठ⃚etठ⃚al.ठ⃚2013).ठ⃚Residualठ⃚plotsठ⃚whereठ⃚270 

usedठ⃚toठ⃚checkठ⃚forठ⃚normalityठ⃚andठ⃚standardizedठ⃚residualsठ⃚forठ⃚heteroscedasticity. 271 
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 272 

Results 273 

Landscapeठ⃚effectsठ⃚onठ⃚beeठ⃚richnessठ⃚andठ⃚visitation 274 

Pollinatorठ⃚speciesठ⃚richnessठ⃚rangedठ⃚fromठ⃚2ठ⃚toठ⃚26ठ⃚speciesठ⃚perठ⃚siteठ⃚(Tableठ⃚1).ठ⃚Theठ⃚flowerठ⃚visitorsठ⃚275 

ofठ⃚allठ⃚cropsठ⃚wereठ⃚highlyठ⃚dominatedठ⃚byठ⃚oneठ⃚orठ⃚twoठ⃚speciesठ⃚ofठ⃚pollinators,ठ⃚inठ⃚mostठ⃚casesठ⃚276 

managedठ⃚honeybees.ठ⃚Inठ⃚fieldठ⃚beans,ठ⃚theठ⃚dominantठ⃚speciesठ⃚wereठ⃚bumblebees;ठ⃚Bombusठ⃚277 

terrestris/lucorumठ⃚complex,ठ⃚followedठ⃚byठ⃚B.ठ⃚hortorumठ⃚andठ⃚B.ठ⃚lapidariusठ⃚(Fig.ठ⃚1).ठ⃚Simpleठ⃚278 

landscapesठ⃚hadठ⃚consistentlyठ⃚lowerठ⃚speciesठ⃚richnessठ⃚inठ⃚allठ⃚cropsठ⃚(GLMM:ठ⃚F1,35ठ⃚=ठ⃚5.39,ठ⃚Pठ⃚=ठ⃚0.02;ठ⃚279 

Fig.ठ⃚2A).ठ⃚However,ठ⃚theठ⃚pollinatorठ⃚abundanceठ⃚trendठ⃚dependedठ⃚onठ⃚theठ⃚cropठ⃚(Tableठ⃚2;ठ⃚Fig.ठ⃚2B).ठ⃚280 

Visitationठ⃚patternsठ⃚wereठ⃚drivenठ⃚byठ⃚managedठ⃚honeybeeठ⃚densitiesठ⃚inठ⃚allठ⃚cropsठ⃚exceptठ⃚forठ⃚fieldठ⃚281 

beans.ठ⃚Whileठ⃚inठ⃚mostठ⃚regionsठ⃚honeybeeठ⃚visitsठ⃚wereठ⃚alsoठ⃚higherठ⃚inठ⃚complexठ⃚landscapesठ⃚(Tableठ⃚282 

2),ठ⃚inठ⃚buckwheatठ⃚thereठ⃚wereठ⃚higherठ⃚honeybeeठ⃚visitsठ⃚inठ⃚simpleठ⃚landscapes.ठ⃚Forठ⃚fieldठ⃚beans,ठ⃚283 

thisठ⃚positiveठ⃚relationshipठ⃚betweenठ⃚numberठ⃚ofठ⃚visitsठ⃚recordedठ⃚andठ⃚landscapeठ⃚wasठ⃚evenठ⃚moreठ⃚284 

pronouncedठ⃚atठ⃚largerठ⃚scalesठ⃚whenठ⃚weठ⃚analyzeठ⃚theठ⃚primaryठ⃚pollinators,ठ⃚theठ⃚bumblebees,ठ⃚285 

aloneठ⃚(F1,8ठ⃚=ठ⃚6.44,ठ⃚Pठ⃚=ठ⃚0.03ठ⃚atठ⃚1.5ठ⃚kmठ⃚radius).ठ⃚ 286 

 287 

Yieldठ⃚quantityठ⃚andठ⃚qualityठ⃚ 288 

Seedठ⃚numbersठ⃚wereठ⃚inठ⃚allठ⃚casesठ⃚positivelyठ⃚correlatedठ⃚withठ⃚yield.ठ⃚However,ठ⃚theठ⃚correlationठ⃚289 

wasठ⃚strongerठ⃚inठ⃚someठ⃚cropsठ⃚thanठ⃚othersठ⃚(oilseedठ⃚rape:ठ⃚R
2
ठ⃚=ठ⃚0.95,ठ⃚Pठ⃚<ठ⃚0.0001;ठ⃚fieldठ⃚bean:ठ⃚R

2
ठ⃚=ठ⃚290 

0.90,ठ⃚Pठ⃚<ठ⃚0.0001;ठ⃚strawberry:ठ⃚R
2
ठ⃚=ठ⃚0.61,ठ⃚Pठ⃚<ठ⃚0.0001;ठ⃚buckwheat:ठ⃚R

2
ठ⃚=ठ⃚0.67,ठ⃚Pठ⃚<ठ⃚0.0001). 291 

 292 

Openठ⃚pollinationठ⃚increasedठ⃚fruitठ⃚setठ⃚andठ⃚yieldठ⃚forठ⃚allठ⃚cropsठ⃚(Tableठ⃚3;ठ⃚Fig.ठ⃚3).ठ⃚Weठ⃚didठ⃚notठ⃚detectठ⃚293 

anठ⃚interactionठ⃚betweenठ⃚treatmentठ⃚andठ⃚speciesठ⃚richness,ठ⃚whichठ⃚indicatesठ⃚thatठ⃚higherठ⃚richnessठ⃚294 

doesठ⃚notठ⃚increaseठ⃚yieldठ⃚inठ⃚anyठ⃚ofठ⃚theठ⃚treatments.ठ⃚However,ठ⃚totalठ⃚visitationठ⃚rateठ⃚increasedठ⃚295 
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yieldठ⃚inठ⃚bothठ⃚treatmentsठ⃚(Figठ⃚4A).ठ⃚Interestingly,ठ⃚landscapeठ⃚complexityठ⃚(bothठ⃚atठ⃚0.5ठ⃚orठ⃚atठ⃚1ठ⃚km)ठ⃚296 

alsoठ⃚showedठ⃚aठ⃚significantठ⃚interactionठ⃚withठ⃚treatment,ठ⃚indicatingठ⃚thatठ⃚simplerठ⃚landscapesठ⃚hadठ⃚297 

lowerठ⃚yieldsठ⃚onlyठ⃚inठ⃚theठ⃚openठ⃚pollinatedठ⃚plantsठ⃚(Tableठ⃚3;ठ⃚Fig.ठ⃚4B).ठ⃚However,ठ⃚landscapeठ⃚didठ⃚notठ⃚298 

affectठ⃚theठ⃚yieldठ⃚ofठ⃚netૐ퀐baggedठ⃚plants.ठ⃚ 299 

 300 

Inठ⃚additionठ⃚toठ⃚quantity,ठ⃚theठ⃚qualityठ⃚ofठ⃚oilseedठ⃚rape,ठ⃚buckwheatठ⃚andठ⃚strawberryठ⃚increasedठ⃚inठ⃚301 

theठ⃚openठ⃚pollinationठ⃚treatmentsठ⃚(oilseedठ⃚rape:ठ⃚oilठ⃚contentठ⃚estimateठ⃚=ठ⃚1.28ठ⃚±ठ⃚0.31ठ⃚%,ठ⃚dfठ⃚=ठ⃚39,ठ⃚ठ⃚302 

tठ⃚=ठ⃚4.18ठ⃚ठ⃚Pठ⃚<ठ⃚0.001;ठ⃚Chlorophyllठ⃚contentठ⃚estimateठ⃚=ठ⃚ૐ퀐4.15ठ⃚±ठ⃚1.76ठ⃚ppm,ठ⃚dfठ⃚=ठ⃚39,ठ⃚tठ⃚=ठ⃚ૐ퀐2.37,ठ⃚Pठ⃚=ठ⃚303 

0.02;ठ⃚buckwheat:ठ⃚percentageठ⃚ofठ⃚filledठ⃚seedsठ⃚estimateठ⃚=ठ⃚0.08ठ⃚±ठ⃚0.01ठ⃚%,ठ⃚dfठ⃚=ठ⃚12,ठ⃚tठ⃚=ठ⃚6.35,ठ⃚pठ⃚<ठ⃚304 

0.001;ठ⃚strawberry:ठ⃚commercialठ⃚gradeठ⃚estimateठ⃚=ठ⃚ૐ퀐0.32ठ⃚±ठ⃚0.06,ठ⃚df=ठ⃚67,ठ⃚t=ठ⃚ૐ퀐5.36,ठ⃚pठ⃚<ठ⃚0.001).ठ⃚Onठ⃚305 

theठ⃚otherठ⃚hand,ठ⃚theठ⃚nitrogenठ⃚contentठ⃚ofठ⃚fieldठ⃚beansठ⃚didठ⃚notठ⃚increaseठ⃚onठ⃚openૐ퀐pollinatedठ⃚306 

plantsठ⃚(estimateठ⃚=ठ⃚ૐ퀐0.10ठ⃚±ठ⃚0.08ठ⃚%,ठ⃚dfठ⃚=ठ⃚37,ठ⃚tठ⃚=ठ⃚ૐ퀐1.16,ठ⃚pठ⃚=ठ⃚0.25;ठ⃚Figठ⃚3). 307 

 308 

Discussion 309 

Fourठ⃚economicallyठ⃚importantठ⃚entomophilousठ⃚annualठ⃚cropsठ⃚inठ⃚Europeठ⃚demonstratedठ⃚highlyठ⃚310 

differentठ⃚degreesठ⃚ofठ⃚insectठ⃚pollinationठ⃚dependence.ठ⃚Whenठ⃚openठ⃚pollinated,ठ⃚meanठ⃚yieldठ⃚311 

increasesठ⃚rangedठ⃚fromठ⃚18ठ⃚toठ⃚71%ठ⃚dependingठ⃚onठ⃚theठ⃚crop.ठ⃚Threeठ⃚ofठ⃚theseठ⃚cropsठ⃚areठ⃚listedठ⃚asठ⃚312 

havingठ⃚aठ⃚<modest=ठ⃚positiveठ⃚impactठ⃚byठ⃚animalठ⃚pollinationठ⃚inठ⃚theठ⃚comprehensiveठ⃚reviewठ⃚byठ⃚313 

Kleinठ⃚etठ⃚al.ठ⃚(2007).ठ⃚However,ठ⃚despiteठ⃚beingठ⃚inठ⃚theठ⃚sameठ⃚category,ठ⃚oilseedठ⃚rapeठ⃚andठ⃚314 

strawberryठ⃚increasedठ⃚aroundठ⃚20ठ⃚%,ठ⃚whileठ⃚fieldठ⃚beanठ⃚reachedठ⃚aठ⃚40ठ⃚%ठ⃚increaseठ⃚inठ⃚yieldठ⃚fromठ⃚315 

insectठ⃚pollination.ठ⃚Theठ⃚fourthठ⃚crop,ठ⃚buckwheatठ⃚isठ⃚listedठ⃚asठ⃚havingठ⃚aठ⃚largeठ⃚positiveठ⃚impactठ⃚byठ⃚316 

animalठ⃚pollination,ठ⃚inठ⃚lineठ⃚ofठ⃚ourठ⃚reportedठ⃚71ठ⃚%ठ⃚increase.ठ⃚Theठ⃚Kleinठ⃚etठ⃚al.ठ⃚(2007)ठ⃚reviewठ⃚isठ⃚317 

currentlyठ⃚theठ⃚bestठ⃚available,ठ⃚mostठ⃚upठ⃚toठ⃚dateठ⃚sourceठ⃚ofठ⃚animalठ⃚pollinationठ⃚dependenceठ⃚onठ⃚318 

crops,ठ⃚butठ⃚ourठ⃚dataठ⃚highlightठ⃚aठ⃚disparityठ⃚ofठ⃚resultsठ⃚amongठ⃚cropsठ⃚listedठ⃚underठ⃚theठ⃚sameठ⃚319 

PeerJ PrePrints | http://dx.doi.org/10.7287/peerj.preprints.184v1 | CC-BY 3.0 Open Access | received: 31 Dec 2013, published: 31 Dec 2013

P
re
P
ri
n
ts



16 

 

category.ठ⃚Ourठ⃚quantitativeठ⃚dataठ⃚onठ⃚animalठ⃚pollinationठ⃚dependenceठ⃚providesठ⃚aठ⃚firstठ⃚stepठ⃚toठ⃚320 

departठ⃚fromठ⃚theठ⃚uncertaintyठ⃚embeddedठ⃚inठ⃚aठ⃚categoricalठ⃚approach.ठ⃚Forठ⃚example,ठ⃚animalठ⃚321 

pollinationठ⃚dependenceठ⃚canठ⃚changeठ⃚byठ⃚varietyठ⃚andठ⃚region.ठ⃚Recentठ⃚reportsठ⃚showठ⃚variabilityठ⃚inठ⃚322 

pollinatorठ⃚dependenceठ⃚betweenठ⃚0ठ⃚toठ⃚30%ठ⃚amongठ⃚varietiesठ⃚ofठ⃚oilseedठ⃚rapeठ⃚(Stanleyठ⃚etठ⃚al.ठ⃚323 

2013,ठ⃚Garrattठ⃚etठ⃚al.ठ⃚2013).ठ⃚Whileठ⃚weठ⃚wereठ⃚ableठ⃚toठ⃚standardizeठ⃚varietyठ⃚forठ⃚mostठ⃚studiedठ⃚crops,ठ⃚324 

strawberryठ⃚fieldsठ⃚wereठ⃚plantedठ⃚withठ⃚fourठ⃚differentठ⃚varietiesठ⃚andठ⃚theठ⃚presentedठ⃚dataठ⃚shouldठ⃚325 

beठ⃚seenठ⃚asठ⃚anठ⃚averageठ⃚acrossठ⃚thoseठ⃚varietiesठ⃚(butठ⃚seeठ⃚Klattठ⃚etठ⃚al.ठ⃚2013).ठ⃚ 326 

Asठ⃚expected,ठ⃚weठ⃚foundठ⃚thatठ⃚fruitठ⃚setठ⃚perठ⃚plantठ⃚wasठ⃚positivelyठ⃚correlatedठ⃚withठ⃚yield.ठ⃚However,ठ⃚327 

thisठ⃚correlationठ⃚wasठ⃚ratherठ⃚weakठ⃚(r
2
ठ⃚~ठ⃚0.60)ठ⃚forठ⃚bothठ⃚strawberryठ⃚andठ⃚buckwheat.ठ⃚Thisठ⃚328 

indicatesठ⃚thatठ⃚forठ⃚theseठ⃚crops,ठ⃚theठ⃚totalठ⃚fruitठ⃚weightठ⃚wasठ⃚quiteठ⃚variableठ⃚amongठ⃚plantsठ⃚withठ⃚329 

similarठ⃚fruitठ⃚orठ⃚seedठ⃚numbers.ठ⃚Indeed,ठ⃚forठ⃚strawberry,ठ⃚theठ⃚sizeठ⃚ofठ⃚theठ⃚receptacleठ⃚isठ⃚directlyठ⃚330 

relatedठ⃚toठ⃚theठ⃚numberठ⃚ofठ⃚fertilizedठ⃚achenesठ⃚whileठ⃚forठ⃚buckwheat,ठ⃚itठ⃚isठ⃚theठ⃚proportionठ⃚ofठ⃚filledठ⃚331 

seedsठ⃚thatठ⃚canठ⃚varyठ⃚considerablyठ⃚andठ⃚isठ⃚aठ⃚majorठ⃚componentठ⃚ofठ⃚yieldठ⃚besidesठ⃚fruitठ⃚set.ठ⃚Whileठ⃚332 

previousठ⃚researchठ⃚hasठ⃚focusedठ⃚mainlyठ⃚onठ⃚exploringठ⃚theठ⃚effectsठ⃚ofठ⃚pollinatorsठ⃚onठ⃚fruitठ⃚orठ⃚seedठ⃚333 

setठ⃚(e.g.ठ⃚Garibaldiठ⃚etठ⃚al.ठ⃚2011,ठ⃚2013),ठ⃚whichठ⃚isठ⃚aठ⃚moreठ⃚directठ⃚measureठ⃚ofठ⃚plantठ⃚reproduction,ठ⃚334 

yieldठ⃚hasठ⃚theठ⃚potentialठ⃚toठ⃚betterठ⃚reflectठ⃚economicठ⃚valueठ⃚(Bommarcoठ⃚etठ⃚al.ठ⃚2012,ठ⃚Klattठ⃚etठ⃚al.ठ⃚335 

2013),ठ⃚andठ⃚hence,ठ⃚farmers9ठ⃚interest.ठ⃚Forठ⃚example,ठ⃚whileठ⃚lessठ⃚thanठ⃚20%ठ⃚inठ⃚meanठ⃚yieldठ⃚increaseठ⃚336 

mayठ⃚seemठ⃚asठ⃚aठ⃚modestठ⃚advantageठ⃚fromठ⃚theठ⃚plantठ⃚perspective,ठ⃚forठ⃚theठ⃚farmersठ⃚itठ⃚canठ⃚337 

translateठ⃚intoठ⃚aठ⃚substantialठ⃚differenceठ⃚inठ⃚revenue.ठ⃚ 338 

 339 

Similarly,ठ⃚weठ⃚reportठ⃚thatठ⃚theठ⃚yieldठ⃚qualityठ⃚componentठ⃚isठ⃚enhancedठ⃚toठ⃚differentठ⃚extentsठ⃚byठ⃚340 

openठ⃚pollinationठ⃚inठ⃚threeठ⃚outठ⃚ofठ⃚fourठ⃚crops.ठ⃚Forठ⃚buckwheat,ठ⃚strawberry,ठ⃚andठ⃚oilseedठ⃚rape,ठ⃚341 

qualityठ⃚isठ⃚directlyठ⃚linkedठ⃚toठ⃚theठ⃚pollinatingठ⃚activityठ⃚ofठ⃚insects.ठ⃚Weठ⃚findठ⃚thisठ⃚despiteठ⃚theठ⃚factठ⃚342 

thatठ⃚theठ⃚measureठ⃚ofठ⃚qualityठ⃚andठ⃚underlyingठ⃚mechanismsठ⃚isठ⃚specificठ⃚forठ⃚eachठ⃚crop,ठ⃚andठ⃚largelyठ⃚343 
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unrelatedठ⃚amongठ⃚crops.ठ⃚Emptyठ⃚seedsठ⃚inठ⃚buckwheatठ⃚accumulateठ⃚littleठ⃚orठ⃚noठ⃚starchठ⃚(Björkmanठ⃚344 

1995).ठ⃚Theठ⃚shapeठ⃚ofठ⃚strawberriesठ⃚isठ⃚alsoठ⃚directlyठ⃚relatedठ⃚toठ⃚aठ⃚completeठ⃚pollinationठ⃚ofठ⃚allठ⃚345 

ovules,ठ⃚resultingठ⃚inठ⃚aठ⃚homogeneouslyठ⃚pollinatedठ⃚fruitठ⃚(Zebrowskaठ⃚1998).ठ⃚Forठ⃚oilseedठ⃚rape,ठ⃚346 

theठ⃚plantठ⃚allocateठ⃚moreठ⃚oilठ⃚resourcesठ⃚toठ⃚wellठ⃚pollinatedठ⃚seeds.ठ⃚Inठ⃚contrast,ठ⃚forठ⃚fieldठ⃚beans,ठ⃚347 

theठ⃚nitrogenठ⃚contentठ⃚inठ⃚theठ⃚seedsठ⃚wasठ⃚notठ⃚affectedठ⃚byठ⃚insectठ⃚pollination.ठ⃚Otherठ⃚factorsठ⃚suchठ⃚348 

asठ⃚soilठ⃚fertilityठ⃚andठ⃚availabilityठ⃚ofठ⃚theठ⃚appropriateठ⃚Nૐ퀐fixingठ⃚bacteriaठ⃚(Rhizobiumठ⃚spp.)ठ⃚mayठ⃚playठ⃚349 

aठ⃚moreठ⃚importantठ⃚roleठ⃚forठ⃚fieldठ⃚beansठ⃚(Köpkeठ⃚andठ⃚Nemecekठ⃚2010).ठ⃚Isठ⃚interestingठ⃚toठ⃚noteठ⃚thatठ⃚350 

weठ⃚doठ⃚notठ⃚detectठ⃚anyठ⃚tradeૐ퀐offठ⃚betweenठ⃚yieldठ⃚andठ⃚nitrogenठ⃚contentठ⃚ofठ⃚theठ⃚seeds,ठ⃚asठ⃚plantsठ⃚351 

withठ⃚moreठ⃚seedsठ⃚doठ⃚notठ⃚presentठ⃚lowerठ⃚nitrogenठ⃚content.ठ⃚Hence,ठ⃚theठ⃚overallठ⃚proteinठ⃚yieldठ⃚(i.e.ठ⃚352 

nitrogenठ⃚contentठ⃚atठ⃚theठ⃚plantठ⃚level)ठ⃚wasठ⃚increasedठ⃚withठ⃚openठ⃚pollination.ठ⃚Onठ⃚aठ⃚generalठ⃚note,ठ⃚353 

itठ⃚isठ⃚interestingठ⃚toठ⃚observeठ⃚thatठ⃚manyठ⃚differentठ⃚aspectsठ⃚ofठ⃚aठ⃚plant'sठ⃚investmentsठ⃚inठ⃚itsठ⃚seedठ⃚orठ⃚354 

fruitठ⃚areठ⃚affectedठ⃚byठ⃚pollination. 355 

 356 

Theठ⃚treatmentठ⃚withठ⃚nettedठ⃚flowersठ⃚givesठ⃚usठ⃚estimatesठ⃚forठ⃚theठ⃚extremeठ⃚casesठ⃚whereठ⃚357 

pollinatorsठ⃚areठ⃚completelyठ⃚absent,ठ⃚andठ⃚weठ⃚showठ⃚thatठ⃚theठ⃚currentठ⃚levelsठ⃚ofठ⃚pollinationठ⃚doठ⃚notठ⃚358 

sufficeठ⃚toठ⃚maximizeठ⃚yieldठ⃚inठ⃚theठ⃚openठ⃚pollinatedठ⃚treatmentठ⃚inठ⃚allठ⃚landscapes.ठ⃚Asठ⃚previouslyठ⃚359 

reported,ठ⃚weठ⃚confirmठ⃚thatठ⃚agriculturalठ⃚intensificationठ⃚hasठ⃚aठ⃚drasticठ⃚effectठ⃚onठ⃚beeठ⃚speciesठ⃚360 

richnessठ⃚(Ricketsठ⃚etठ⃚al.ठ⃚2008,ठ⃚Garibaldiठ⃚etठ⃚al.ठ⃚2011).ठ⃚However,ठ⃚totalठ⃚visitationठ⃚doesठ⃚notठ⃚alwaysठ⃚361 

followठ⃚theठ⃚sameठ⃚patternठ⃚asठ⃚richness.ठ⃚Thisठ⃚isठ⃚theठ⃚caseठ⃚forठ⃚buckwheatठ⃚andठ⃚fieldठ⃚bean,ठ⃚whereठ⃚362 

fieldsठ⃚presentingठ⃚higherठ⃚totalठ⃚visitsठ⃚wereठ⃚locatedठ⃚inठ⃚simpleठ⃚landscapes.ठ⃚Forठ⃚buckwheat,ठ⃚mostठ⃚363 

ofठ⃚theठ⃚visitsठ⃚inठ⃚complexठ⃚landscapesठ⃚wereठ⃚dueठ⃚toठ⃚increasedठ⃚honeybeeठ⃚densitiesठ⃚managedठ⃚forठ⃚364 

pollination.ठ⃚Inठ⃚fieldठ⃚beansठ⃚weठ⃚foundठ⃚thatठ⃚bumblebeesठ⃚respondठ⃚positivelyठ⃚toठ⃚agriculturalठ⃚365 

simplification,ठ⃚noting,ठ⃚however,ठ⃚thatठ⃚evenठ⃚theठ⃚moreठ⃚simpleठ⃚fieldठ⃚beansठ⃚landscapesठ⃚containठ⃚aठ⃚366 

fairठ⃚amountठ⃚ofठ⃚semiૐ퀐naturalठ⃚habitats.ठ⃚Overall,ठ⃚weठ⃚findठ⃚aठ⃚generalठ⃚positiveठ⃚relationshipठ⃚367 
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betweenठ⃚totalठ⃚visitationठ⃚ratesठ⃚andठ⃚yield,ठ⃚butठ⃚notठ⃚withठ⃚speciesठ⃚richness.ठ⃚Ifठ⃚theठ⃚remainingठ⃚368 

speciesठ⃚thatठ⃚thriveठ⃚inठ⃚intensivelyठ⃚cultivatedठ⃚agriculturalठ⃚areas,ठ⃚includingठ⃚theठ⃚managedठ⃚369 

honeybee,ठ⃚areठ⃚effectiveठ⃚pollinators,ठ⃚yieldठ⃚lossesठ⃚canठ⃚beठ⃚partlyठ⃚decoupledठ⃚fromठ⃚lossesठ⃚ofठ⃚370 

speciesठ⃚(Bartomeusठ⃚andठ⃚Winfreeठ⃚2013).ठ⃚ 371 

 372 

Aठ⃚recentठ⃚globalठ⃚metaૐ퀐analysisठ⃚highlightsठ⃚theठ⃚roleठ⃚ofठ⃚wildठ⃚speciesठ⃚inठ⃚cropठ⃚systemsठ⃚(Garibaldiठ⃚etठ⃚373 

al.ठ⃚2013).ठ⃚Theठ⃚flowerठ⃚visitorsठ⃚ofठ⃚threeठ⃚outठ⃚ofठ⃚fourठ⃚cropsठ⃚wereठ⃚clearlyठ⃚dominatedठ⃚byठ⃚374 

honeybeesठ⃚(Fig.ठ⃚1)ठ⃚andठ⃚hence,ठ⃚areठ⃚likelyठ⃚toठ⃚beठ⃚keyठ⃚pollinatorsठ⃚forठ⃚thoseठ⃚crops.ठ⃚Garibaldiठ⃚etठ⃚al.ठ⃚375 

(2013)ठ⃚showठ⃚thatठ⃚anठ⃚increaseठ⃚inठ⃚wildठ⃚insectठ⃚visitationठ⃚enhancedठ⃚fruitठ⃚setठ⃚byठ⃚twiceठ⃚asठ⃚muchठ⃚asठ⃚376 

anठ⃚equivalentठ⃚increaseठ⃚inठ⃚honeybeeठ⃚visitation.ठ⃚Whileठ⃚thisठ⃚isठ⃚generallyठ⃚theठ⃚caseठ⃚inठ⃚ourठ⃚targetठ⃚377 

cropsठ⃚(threeठ⃚ofठ⃚whichठ⃚wereठ⃚includedठ⃚asठ⃚partठ⃚ofठ⃚Garibaldi9sठ⃚synthesis),ठ⃚theठ⃚numericalठ⃚378 

advantageठ⃚ofठ⃚honeybeesठ⃚inठ⃚Europeanठ⃚agriculturalठ⃚landscapesठ⃚needsठ⃚toठ⃚beठ⃚acknowledgedठ⃚379 

whenठ⃚calculatingठ⃚theirठ⃚totalठ⃚contributionठ⃚toठ⃚pollinatedठ⃚plantsठ⃚(e.g.,ठ⃚asठ⃚doneठ⃚inठ⃚Winfreeठ⃚etठ⃚al.ठ⃚380 

2007ठ⃚andठ⃚Raderठ⃚etठ⃚al.ठ⃚2009).ठ⃚However,ठ⃚increasingठ⃚orठ⃚maintainingठ⃚highठ⃚pollinatorठ⃚diversityठ⃚canठ⃚381 

enhanceठ⃚yieldठ⃚quantityठ⃚andठ⃚stabilityठ⃚byठ⃚improvingठ⃚theठ⃚pollinationठ⃚efficiencyठ⃚ofठ⃚honeybeesठ⃚382 

(Greenleafठ⃚&ठ⃚Kremenठ⃚2006)ठ⃚andठ⃚reduceठ⃚theठ⃚riskठ⃚ofठ⃚pollinationठ⃚failureठ⃚dueठ⃚toठ⃚climateठ⃚changeठ⃚383 

(Raderठ⃚etठ⃚al.ठ⃚2013,ठ⃚Bartomeusठ⃚etठ⃚al.ठ⃚2013b),ठ⃚orठ⃚environmentalठ⃚disturbancesठ⃚suchठ⃚asठ⃚extremeठ⃚384 

weatherठ⃚eventsठ⃚(Brittainठ⃚etठ⃚al.ठ⃚2012).ठ⃚ 385 

 386 

Overall,ठ⃚weठ⃚alsoठ⃚foundठ⃚aठ⃚weakठ⃚negativeठ⃚effectठ⃚ofठ⃚landठ⃚useठ⃚intensityठ⃚onठ⃚yieldठ⃚(Garibaldiठ⃚etठ⃚al.ठ⃚387 

2011,ठ⃚butठ⃚seeठ⃚Rickettsठ⃚etठ⃚al.ठ⃚2008),ठ⃚butठ⃚thisठ⃚wasठ⃚notठ⃚directlyठ⃚mediatedठ⃚byठ⃚increasedठ⃚388 

pollinatorठ⃚visitationठ⃚byठ⃚itself,ठ⃚becauseठ⃚theठ⃚correlationठ⃚betweenठ⃚pollinatorठ⃚totalठ⃚visitsठ⃚andठ⃚theठ⃚389 

proportionठ⃚ofठ⃚agriculturalठ⃚landठ⃚inठ⃚theठ⃚landscapeठ⃚wasठ⃚weak.ठ⃚Theठ⃚yieldठ⃚ofठ⃚experimentalठ⃚plotsठ⃚390 

withठ⃚netठ⃚baggedठ⃚flowersठ⃚alsoठ⃚increasedठ⃚inठ⃚sitesठ⃚withठ⃚moreठ⃚pollinatorsठ⃚(Figठ⃚4A).ठ⃚Thisठ⃚suggestsठ⃚391 
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thatठ⃚otherठ⃚environmentalठ⃚orठ⃚bioticठ⃚factorsठ⃚correlatedठ⃚withठ⃚insectठ⃚visitationठ⃚mayठ⃚haveठ⃚beenठ⃚392 

operatingठ⃚simultaneously.ठ⃚Theठ⃚releaseठ⃚ofठ⃚airborneठ⃚pollenठ⃚byठ⃚foragingठ⃚beesठ⃚couldठ⃚beठ⃚suchठ⃚aठ⃚393 

factorठ⃚(Pierreठ⃚etठ⃚al.ठ⃚2009)ठ⃚(Figठ⃚4B).ठ⃚ 394 

 395 

Inठ⃚orderठ⃚toठ⃚makeठ⃚efficientठ⃚managementठ⃚decisionsठ⃚andठ⃚increaseठ⃚ourठ⃚powerठ⃚toठ⃚predictठ⃚theठ⃚396 

actualठ⃚benefitठ⃚fromठ⃚pollinatorsठ⃚inठ⃚aठ⃚certainठ⃚farmingठ⃚situation,ठ⃚weठ⃚needठ⃚toठ⃚estimateठ⃚theठ⃚397 

combinedठ⃚contributionठ⃚ofठ⃚multipleठ⃚ecosystemठ⃚servicesठ⃚andठ⃚agriculturalठ⃚inputsठ⃚(Boreuxठ⃚etठ⃚al.ठ⃚398 

2013),ठ⃚asठ⃚theyठ⃚mayठ⃚beठ⃚influencedठ⃚differentlyठ⃚byठ⃚landscapeठ⃚characteristicsठ⃚orठ⃚haveठ⃚nonૐ퀐399 

additiveठ⃚interactionsठ⃚amongठ⃚themठ⃚(e.g.,ठ⃚Lundinठ⃚etठ⃚al.ठ⃚2013,ठ⃚Martinठ⃚etठ⃚al.ठ⃚2013).ठ⃚ 400 

ठ⃚Informationठ⃚onठ⃚theठ⃚benefitठ⃚deliveredठ⃚byठ⃚pollinatorsठ⃚toठ⃚yieldठ⃚quantityठ⃚andठ⃚qualityठ⃚inठ⃚relationठ⃚401 

toठ⃚landscapeठ⃚contextठ⃚providesठ⃚anठ⃚importantठ⃚baselineठ⃚forठ⃚thisठ⃚work. 402 

 403 
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Tableठ⃚1.ठ⃚Characteristicsठ⃚ofठ⃚theठ⃚fourठ⃚studyठ⃚systems. 650 

 Variety Distanceठ⃚betweenठ⃚

sitesठ⃚(rangeठ⃚inठ⃚km) 

Fieldठ⃚sizesठ⃚

(rangeठ⃚inठ⃚ha) 

Meanठ⃚richnessठ⃚ofठ⃚

pollinators 

Oilठ⃚seedठ⃚rape Stratos 3ठ⃚ૐ퀐ठ⃚ठ⃚ठ⃚7 1.0ठ⃚3ठ⃚40.4 11.3 

Fieldठ⃚bean Clipper 3ठ⃚ૐ퀐ठ⃚18 5.0ठ⃚3ठ⃚47.0 3.1 

Strawberry Honeoye,ठ⃚

Korona, 

Darselect, 

Symphonie 

3ठ⃚ૐ퀐ठ⃚26 0.3ठ⃚3ठ⃚ठ⃚ठ⃚1.3 12.9 

Buckwheat Kora 4ठ⃚ૐ퀐ठ⃚ठ⃚ठ⃚7 0.3ठ⃚3ठ⃚ठ⃚ठ⃚4.0 11.4 

 651 
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Tableठ⃚2.ठ⃚Effectsठ⃚ofठ⃚landठ⃚useठ⃚complexityठ⃚onठ⃚totalठ⃚visitationठ⃚andठ⃚honeybeeठ⃚visitationठ⃚(fieldठ⃚652 

beansठ⃚excludedठ⃚fromठ⃚theठ⃚honeybeeठ⃚model).ठ⃚Visitationठ⃚isठ⃚scaledठ⃚withinठ⃚eachठ⃚crop.ठ⃚Bothठ⃚653 

modelsठ⃚includeठ⃚blockठ⃚nestedठ⃚inठ⃚siteठ⃚asठ⃚randomठ⃚factors.ठ⃚Agricultureठ⃚isठ⃚theठ⃚proportionठ⃚ofठ⃚654 

arableठ⃚landठ⃚inठ⃚theठ⃚surroundingठ⃚landscapeठ⃚ofठ⃚eachठ⃚field. 655 

Totalठ⃚visitation Fૐ퀐value D.f. Pૐ퀐value 

Crop 3.13 3 0.04 

Agricultureठ⃚1km 0.05 1 0.81 

Agriculture*crop 3.08 3 0.04 

Residuals  32  

Honeybeeठ⃚visitation    

Crop 4.35 2 0.02 

Agricultureठ⃚1km 0.10 1 0.75 

Agriculture*crop 3.87 2 0.03 

Residuals  32  

 656 
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Tableठ⃚3.ठ⃚Effectsठ⃚ofठ⃚openठ⃚pollinationठ⃚vsठ⃚pollinatorठ⃚exclusionठ⃚treatments,ठ⃚visitationठ⃚andठ⃚658 

landscapeठ⃚contextठ⃚onठ⃚yieldठ⃚inठ⃚fourठ⃚entomophilousठ⃚cropsठ⃚grownठ⃚overठ⃚10ठ⃚fieldsठ⃚inठ⃚Europeठ⃚659 

(buckwheat,ठ⃚fieldठ⃚bean,ठ⃚springठ⃚oilseedठ⃚rapeठ⃚andठ⃚strawberry).ठ⃚Yieldठ⃚andठ⃚visitationठ⃚areठ⃚scaledठ⃚660 

withinठ⃚eachठ⃚crop.ठ⃚Block,ठ⃚nestedठ⃚inठ⃚site,ठ⃚nestedठ⃚inठ⃚cropठ⃚areठ⃚includedठ⃚asठ⃚aठ⃚randomठ⃚factor.ठ⃚661 

Agricultureठ⃚isठ⃚theठ⃚proportionठ⃚ofठ⃚arableठ⃚landठ⃚inठ⃚theठ⃚surroundingठ⃚landscapeठ⃚ofठ⃚eachठ⃚field. 662 

 Fૐ퀐value Df Pૐ퀐value 

Pollinationठ⃚treatment 67.05 128 <ठ⃚0.001 

Pollinatorठ⃚richness 0.51 28 0.482 

Totalठ⃚numberठ⃚ofठ⃚visits 7.25 28 0.012ठ⃚ 

Treatment*Pollinatorठ⃚

richness 

0.34 128 0.557 

Treatment*Totalठ⃚numberठ⃚ofठ⃚

visits 

0.23 128 0.634 

 Fૐ퀐value Df Pૐ퀐value 

Pollinationठ⃚treatment 10.05 128 0.001 

Agricultureठ⃚1ठ⃚kmठ⃚radius 0.18 29 0.671 

Treatment*Agriculture 9.73 128 0.002 
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Figures:ठ⃚ 663 

Figठ⃚1:ठ⃚Totalठ⃚numberठ⃚ofठ⃚visitsठ⃚recordedठ⃚perठ⃚pollinatorठ⃚guildठ⃚inठ⃚eachठ⃚crop.ठ⃚Allठ⃚cropsठ⃚receivedठ⃚theठ⃚664 

sameठ⃚samplingठ⃚effortठ⃚(i.e.,ठ⃚fourठ⃚30ठ⃚minutesठ⃚visitsठ⃚toठ⃚150ठ⃚mठ⃚transects).ठ⃚Noteठ⃚theठ⃚strongठ⃚665 

dominanceठ⃚ofठ⃚honeybeesठ⃚inठ⃚mostठ⃚crops.ठ⃚ 666 

 667 
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Figठ⃚2:ठ⃚Relationshipठ⃚ofठ⃚A)ठ⃚Pollinatorठ⃚richnessठ⃚perठ⃚fieldठ⃚andठ⃚B)ठ⃚Totalठ⃚numberठ⃚ofठ⃚visitsठ⃚perठ⃚fieldठ⃚668 

withठ⃚landscapeठ⃚complexityठ⃚atठ⃚theठ⃚appropriateठ⃚radii.ठ⃚Eachठ⃚cropठ⃚individualठ⃚slopeठ⃚isठ⃚plottedठ⃚inठ⃚aठ⃚669 

differentठ⃚colorठ⃚andठ⃚theठ⃚overallठ⃚response,ठ⃚whenठ⃚appropriate,ठ⃚inठ⃚black.ठ⃚Totalठ⃚visitsठ⃚areठ⃚scaledठ⃚670 

withinठ⃚eachठ⃚crop. 671 

 672 
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Figठ⃚3:ठ⃚Overallठ⃚yieldठ⃚perठ⃚plantठ⃚(A,ठ⃚C,ठ⃚E,ठ⃚G)ठ⃚andठ⃚qualityठ⃚(B,ठ⃚D,ठ⃚F,ठ⃚H)ठ⃚withठ⃚pollinatorठ⃚exclusionठ⃚674 

(Net)ठ⃚andठ⃚openठ⃚pollinationठ⃚(Open)ठ⃚forठ⃚eachठ⃚crop.ठ⃚Blackठ⃚dotsठ⃚areठ⃚theठ⃚meanठ⃚valuesठ⃚reportedठ⃚inठ⃚675 

theठ⃚text,ठ⃚andठ⃚theठ⃚boxplotsठ⃚reflectsठ⃚theठ⃚distributionठ⃚ofठ⃚theठ⃚data.ठ⃚ठ⃚Yieldठ⃚isठ⃚measuredठ⃚inठ⃚seedठ⃚676 

weightठ⃚perठ⃚plantठ⃚(g)ठ⃚forठ⃚allठ⃚cropsठ⃚exceptठ⃚strawberry,ठ⃚whichठ⃚wasठ⃚measuredठ⃚asठ⃚fruitठ⃚weightठ⃚perठ⃚677 

plantठ⃚(g).ठ⃚Commercialठ⃚Gradesठ⃚ofठ⃚1ठ⃚andठ⃚2ठ⃚areठ⃚marketable,ठ⃚whileठ⃚gradeठ⃚3ठ⃚isठ⃚consideredठ⃚nonठ⃚678 

marketable. 679 

 680 
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Figठ⃚4:ठ⃚Interactionठ⃚plotsठ⃚showingठ⃚theठ⃚relationshipsठ⃚ofठ⃚A)ठ⃚Yieldठ⃚perठ⃚plantठ⃚andठ⃚totalठ⃚visitationठ⃚682 

andठ⃚B)ठ⃚Yieldठ⃚andठ⃚landscapeठ⃚complexityठ⃚forठ⃚pollinatorठ⃚exclusionठ⃚(openठ⃚circles,ठ⃚dotedठ⃚line)ठ⃚andठ⃚683 

openठ⃚pollinationठ⃚(blackठ⃚circles,ठ⃚solidठ⃚line).ठ⃚Totalठ⃚visitationठ⃚andठ⃚yieldठ⃚areठ⃚scaledठ⃚toठ⃚aठ⃚meanठ⃚ofठ⃚684 

zeroठ⃚withinठ⃚eachठ⃚crop. 685 

 686 

 687 
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