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Abstract

F l o ra l p l a nt i n g s ar e p r om ote d t o f os t e r e c o l o g i c a l in t e n sific a t i o n o f a g r i c u l t ur e t h r ou g h p ro v i s i on -

i n g of e c o s y s t e m s e r v i c e s . H o w e v e r, a c o m p r e h e n sive assessment of the eff ectiveness of di fferent

floral pla ntings, their characte ristics and c onse quenc es for crop yield is lacking. Here we qua nti-

fied the impacts of flower stri ps and h edgerows on pest cont r o l (1 8 s t u d i e s ) a nd p ollination s er-

v i c e s (1 7 stu d i e s) in ad j a c e n t cro p s i n N o rth Am e ric a , E u ro p e a nd N e w Z e a l a nd . F l ow e r str i ps ,

b ut no t h e dge ro ws , e n han c e d p e st c o n t ro l s e r v i c e s i n a dj a c e nt fiel ds by 16% on averag e. Howe ver,

effec ts o n crop p ollination and yield we re more variable. Our s ynthe sis identifies se veral im po rta nt

d r i v e rs of v a r i a b i l i t y in ef f e c t i v e n e s s o f pl a n t i n g s: p ollination s ervices decl ined exponentially with

distance from plantings, and p erennial and o lder flow e r s t rip s w i t h h i g h e r flowering p lant dive rsity

enha nced pollination m ore effectivel y. These fin di n g s p ro v i d e p ro m i sin g pat h wa y s t o op t i m i se flo -

ral p lantings to more effe ctively contribute to ecosystem serv ice del ivery and ecol ogica l i ntensifica-

t i o n of a g ric u l t u re in th e f u t u re.
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INTRODUCTION

M e e t i ng the i n c r e a sin g d e m a nd s fo r a g ri c ult u ral pr od u c t s

wh i l e min i m i sin g n e g a t i v e imp a c t s on b i o di v e rs i t y a n d e c os y s -

t e m he a l t h is am on g t he grea t e st gl ob a l ch a l l e n g e s ( Go d f ray

et al., 2010). Intensiv e agricultural p roduction and the simpli-

fic ation of ag roecosystems thre aten farmland b iodiversity and

associated ecosystem se rvice s worldwide (Foley ., 2 005;et al

IP BES, 2016; IPBES, 201 8). Conc ern s ov er loss o f bi odiversity

and associated impairment o f ecosystem services have hel ped

strengthe n the impleme ntation o f agri-envi ronmental schemes

and o ther measures to mi tigate such neg ative consequences

(IP BES, 2016). B eyond r estoration of farmland biodi versity i n

g e n e r a l , a n i m p li cit or explicit goa l of such measures is to fos-

t e r su s t a i na bl e a g ri c ult u r a l p ro d uc t i o n th ro ug h e c ol og i c a l

inte nsific a t i on b y h a rn e s sin g b i o di v e rs i t y - ba se d e c o s y ste m

s e r v i c e s , su c h as c r o p p o l l i n a t i o n an d n a t u r a l pe s t c o n t r o l

services (Bommarco ., 2013; Pywell ., 2015; Kovet al et a l ac s-

Ho s tya n s z k i . , 2 0 1 7 ) . In in t e n s i v e l y m a n a g e d ag ro e c o s y s -et al

t e m s, th e e s t a b l i sh m e nt o f strips o r other areas o f flo we r i n g

he rbaceous plants, hereafter ‘flower strips’, and h edg erows are

among the most commonly applie d m e a s ur e s to ac h i e v e t he se

goa ls (Scheper ., 2015 ; T schumi ., 2 015; Will iamse t al et a l

et al et al e t al. , 2 0 1 5 ; D a i n e s e ., 2 0 1 7 ; K r e m e n . , 2 0 1 9 ) . F o r

example , the establishment o f flow er str ip s o r he dger o ws is

su p po rt e d b y the Co mm o n A g ric u l t u ra l P ol i c y ( C A P ) in th e

E u r o p e a n U n i o n an d b y t h e F a r m B i l l ( e . g . p r o g r a m s of th e

Na tural Resources Conservation S e r v ic e o f t h e U n i t e d S t a t e s

De par tm ent o f Agr icul tur e) in th e U ni ted S tates (IPB E S ,

2016; Kova c s - H os t yanszki ., 2017; Venturini .,et al e t al

2017a). T ypically established along field e dges, flow er str ip s

and h edge rows offer r esources for p o l l i n a t o r s an d n a t u r a l e n e -

mi e s of c ro p p e sts su c h as sh e l t e r , o v i p o si t i o n s i t e s, o v e r wi n -

teri ng opportunities and food r esourc es (Tschumi . , 2015;et al

Holland ., 2016; Kremen ., 2019) and c an locallyet al et a l

inc rease thei r abundance an d d iversity (Haaland ., 2011;et al

Sc heper ., 2013; M’Gonigle . , 201 5; Williams .,et a l et al et al

2015; Tschumi ., 2016; Sutter ., 2 017, 2 018; Kremene t a l e t al

et al. , 2 0 1 9 ) . I t is less w ell understo od whether e nhanc ed s pe -

cies diversity translate s to p rovisioning of p ollination,ex situ

pe st control and increased yie ld . T he ‘exp or ter ’ h ypo th esis

(Morandin a nd Kremen, 20 13; Kremen ., 2019) predictset al

enhanced delivery of ecosystem services through functional

spillover from floral plantings ( Bli tzer ., 2012;sensu et al

Albrecht ., 2007; Mora ndin and Kremen, 2013; Py wellet a l

et al et al et al., 20 15; Tschumi ., 2015, 2016; Sutter ., 201 7).

However, according the ‘concen t r a t o r ’ h y p o t h e s i s (K r e m e n

et a l. , 2 0 1 9 ; a l s o r e f e r r e d t o a s t h e ‘a g g r e g a t i o n ’ h y p o t h e s i s

(Venturini ., 2017a) or the ‘Circe p rinciple’ (Lander .,e t al et al

2011)), resource-rich flor al plan tin gs tem po rar ily co m pete with

flo w e r i n g cr o p s a n d co n c e n t r a t e p o l l i n a t o r s an d n a t u r a l en e -

mi e s f ro m t h e s ur r ou nd i n g a g ric u l t u re i nto th e flo ra l pla nt-

ing s, p otentially resulting in (transie ntly) reduced crop

pollination and pest cont rol s e r v i c e s ( N i c h o l s o n . , 2 0 1 9 ) .et al

This may e xplai n why p lantings fail to enha nce crop p ollina-

tion or pest control s ervices, eve n i f th e y su c c e s s f u l l y p r o m o t e

loc al p oll inato r o r n atur al en em y ab un d ance in res to red h ab i-

t a t s ( e . g . Ph i l l i p s an d G a r d i n er, 20 15; Tscharntke ., 2016 ;et al

Ka rp ., 2018).et al

The lack o f clarity about effects o f flow er p lanti ngs o n

ecosystem service p rovisioning and crop yield sc attere d in

nu me ro us ca se s tud ies is a b ar rier to farm er ad op tion o f s uch

measures (Garbac h and L ong, 201 7; Kleijn . , 2019). Aet al

qu a nt i t a t i v e syn t h e sis of su c h de m o ns t rat e d b ro a d e v i d e n c e

m a y as s i s t fa r m e r s i n m a k i n g t he de cision to adopt these m ea-

sures (Garbach and Long, 20 17; Kleijn ., 2019). M ore-e t al

ove r , it is imp o rt a n t t o g a i n a ge n e r a l un d e rs t a n di n g o f

whethe r such effe cts are re stricted to the area of the crop near

to the adjacent pl anting (Ganse r ., 2018) or be detectableet al

over larger distances (Tschumi ., 2015). S uc h knowledgeet al

should be considered when desi gning s che mes with optimal

spatial arrangement of planting s a c ro s s a g r i c u l t ur a l la n ds c a p e s

(Ricke tts ., 200 8; Garibaldi ., 2011), and to facilitateet al e t a l

cost-be nefit as s e s s m e n t s ( B l a a u w an d I s a a c s , 2 0 1 4 ; M o r a n d i n

et al et al et al., 2 016; Da inese ., 2017; Williams ., 2019 ; Haan

et a l ., 202 0).

T o i m p r o v e th e e f f e c t i v e n e s s o f flow e r str i p and h e d g e ro w

pla n t i n g s in pr o mo t i n g c r o p p ol l i na t i o n , n a t u ral p e s t con t r ol,

a nd p o t e nt i a l l y c ro p pr o du c t i o n, we n e e d t o b e t t e r u nd e r sta n d

what dete rmines their failure or suc cess. We hypothesise that

a t l e a s t th r e e f a c t o r s influ e n c e th e e f f e c t i v e n e s s o f flo ra l p l a nt -

ings in enhancing crop p ollinat ion and pest c ontrol s erv ices:

p l a n t d i v e r s i t y , ti m e s i n c e e st a b l i s hm e n t an d l a nd s c a pe co n -

text. F i rst, the ory p redicts that h igher p lant species ric hness,

and associate d trait diversity, p r o m o t e s d i v e r s e po l l i n a t o r a n d

nat u ra l en e m y c om m un i t i e s d ue to p o si t i v e s e l e c t i o n and c om -

plementarity effects a cross space and time (e .g. Campbel l

et al et al et al., 2012; Sche per ., 2 013; Sutter ., 2017;

M’Gonigle ., 20 17). H owev er, the role of plant d iversityet al

driving effects o f flor al plan tin gs o n p ol linatio n an d natu r al

pest control services benefit s t o n e a r by c ro p s i s po o rl y u nd e r -

sto od . S e c o n d, ti m e s i n c e t h e es t a bl i sh me nt o f floral plantings

is likely t o play a ke y r ole for the loca l delivery o f crop p olli -

n a t i o n a n d pe s t c o n t r o l s e r v i c e s ( T h i e s a n d T s c h a r n t k e , 1 9 9 9 ) .

This is of pa rticular relevance for s own flo w e r s t rip s t h a t m a y

ran ge fr o m s ho r t-lived an nu al p lanti ngs to lon ger -lived p er en-

nial p lan tings . P eren n ial pla ntin gs s ho uld o ffer bette r o verw in -

t e r i n g a n d n e s t i n g o p portunities for p ollinators and natura l

enemies (Ganser ., 20 19; Kremen ., 2019) and ma yet al et a l

f os t e r l o c a l po p ul a t i o n g r o wt h o v e r t i me ( e . g . B l a a u w an d

I s a a c s , 2 0 1 4 ; Ve n t u r i n i . , 2 0 1 7 b ) . Thi rd, the effecti venesse t al

of flor a l p l a n t i n g s co ul d d e pe nd o n t h e a g r i c u l t ur a l la n ds c a p e

context. Highly simplifie d landscapes likely h ave deple ted

s o u r c e p o p u l a t i o n s o f p o l l i n a tors and natural enemies. In

c o m p l e x la n d s c a p e s , h o w e v e r , the ecol ogica l contrast i ntro-

d u c e d b y flo ra l p l a nt i n g s m a y n o t b e g re a t en ou g h to r e su l t in

strong effects (Sc heper ., 2013 ). Strongest effects areet al

therefore expected at i ntermedi a t e l a n d sc a p e c om p l e x i t y ( i n -

termediate landsca pe complexi ty hyp o thes is; T s char n tke . ,et al

2005; Kleijn ., 2011). Although support for this hypothe-et al

sis h as been found w ith r espect to bi od iver sity res to ratio n

(e.g. Batary ., 2011; Scheper ., 2013, 2015; but s eeet al et al

e.g. Hoffmann ., 2020 ), its validity for ecologic al intensifi-et al

cation a nd the local del ivery of crop pollinati on and pest con-

tro l s ervic es has o nly jus t b egu n to be explo r ed (Jon s so n

et a l et a l., 201 5; Grab ., 2018; R undl€of ., 201 8).et al

Her e we u se d a t a fro m 35 s t ud i e s i n c l u d i ng 8 6 8 s e rvi c e -

sit e - y e a r co mb i n a t i on s ac r o ss 5 2 9 s i t e s in N o rt h A me ri c a n ,

© 2 0 2 0 Th e A u th o r s . E co l og y Le tt er s pu b li s h ed by J oh n W il e y & S o ns L td .
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European and N ew Zeal and agroecosystems to quantitatively

a s s e s s t h e ef f e c tiveness o f two o f t h e m os t com m on l y im p l e -

me nted ecological intensific a t i o n m e a su r e s, flo w e r s t rip s a n d

he dgerows, in promoting c rop p o l l i n a t i o n , p e s t c o n t r o l se r -

v i c e s a n d cr op p ro d uc t i on . M o reo v e r , w e ai m t o b e t t e r u nd e r-

stand the key factors drivin g failure or success o f these

me a su re s t o s ug g e s t i m p ro v e m e nt of their de sign and imple-

me ntatio n . Sp ecifically, we address: (1 ) the extent to which

flo w e r s t r i p s a n d he d g e r o w s e n h a nce pollination and pest con-

t r o l s e r v i c e s i n adjacent crops; (2 ) h ow se r v i c e p r ovi s i o nin g

changes w ith distance from flo ra l pla n t i n g s; ( 3 ) th e r o l e o f

p l a nt di v e r s i t y a n d ti m e s i n c e e s t a b l i s h m e n t o f floral plantings

in promoti ng pollination and pe st control s ervic es; (4) whether

sim p lific a t i on o f t h e su rr o un di ng l a n d sc a p e m od ifies the

res p on se s; an d (5) w heth er flor a l p l a nt i n g s en ha nc e c r o p y i e l d

i n a d j a c e n t fields.

Our synthe sis reveals general positive e ffects of flo we r s t rip s

bu t n ot hed ger ow s on p es t co ntr ol ser vices in adja cent cr op

fie lds. E ffects on crop pollination, however, depended o n

flo w e r i n g pl a n t d i v e r s i t y an d age since establishment, with

more species-rich and older p lantings being m ore e ffective.

Ho w e v e r , no c o n si s t e n t i mp a c t s of flower strips on crop yi eld

could be d etected, h ighlighting t he need for further optimisa-

tions of plantings as measur e s f o r e c o l o g i c a l in t e n s ific a t i o n .

MATERIALS AND METHODS

Data collection

To identif y data sets suitable to address our research ques-

t i o n s , w e p e r f o rmed a search in the I SI Web o f Sci ence and

SCOPUS (records p ublished until 31. 12.2017 were consid-

e re d) . T o m i n i mis e p o t e nt ial public ation b ias (i.e. the fil e

drawer proble m, Rosenthal 1979) and to max imise the num-

be r o f relev ant d ata s ets w e also s earche d for unpublished

dat a b y c o nta c t i ng p ot e n t i a l d a t a ho l d e rs t h ro u g h r e se a r c h e r

ne t wo rk s. Da t a se t s h a d t o mee t t h e fo l l ow i n g r e q ui r e m e nt s

to be in clud ed in th e analys is : (1) p oll inatio n an d/o r p est co n-

t ro l s e rvi c e s i n c ro ps we re m e a su r e d in bo t h cr o p fie l d s a d j a -

c e n t to flor a l p l a n t i n g s and c on t ro l fie l d s wi t ho ut pl a nti n g ; ( 2 )

the r epli cation at the field level was six fie lds p er s tu dy

(three fie lds with plantings and three without; i.e. d isqualify-

i ng s mal l - s c a l e d p l o t t r e a t m e nt co mp a r i so ns w i t h i n fie l d s ) . W e

contacted d ata holders fulfil ling these requi rements and

req u e ste d p ri m a r y d a t a o n p l a nt s p e c i e s r i c hn e s s o f pla nt i n g s ,

t i m e s i n c e es t a b l i sh m e n t , l a n ds c a p e co n t e x t and c ro p y i e l d

(see below) in addition to me asu r e d p o l l i n a t i o n an d p e s t c on -

trol serv ices. Overa ll, we anal ysed data from 35 studies. We

he re define a s tudy as a d ataset collected by the s ame group

of re searchers for a p articular c rop s peci es and ecosystem ser-

vice (pest control or pollination) i n a pa r t i c u l a r r e g i o n d u r i n g

one or s evera l sampling years. We collected 18 pe st control

service and 17 pollina tion se rvice studies, representing a total

of 8 6 8 s e r v i c e - s i t e - y e a r co m bi nat i o n s a c r o ss 5 2 9 si t e s (fie l d s

with o r with ou t a djace nt flo r a l p l a n t i n g ; s e e F i g . S 1 f o r a m a p

sh o wi n g the d i str i b ut i o n o f sit e s and T a bl e S1 fo r d e t a i l e d

i nf o r ma t i on ab o ut s t ud i e s ) . I n e i g h t o f thes e s t u di e s (1 2 2 si t e s )

both crop pollination and pest control s ervices were me asure d

( T a b l e S 1 ) .

Pollination services, pest control services and crop yield

A s d i f f e r e nt stu di e s us e d di f f e ren t met h o ds an d m e a s ur e s t o

quanti fy pollination s ervices, p est control services and crop

yield, we standardised data prior to sta tistical anal ysis using

z et al e t al-scores (e.g. Garibaldi ., 20 13; Dainese ., 2019). T he

use o f -scores has clear advantages compare d w ith o therz

t ra n sfo r mat i o n s o r sta nd a rd i s a t i on app r oa c h e s (s u c h a s t h e

divis io n by th e a bs olu te valu e o f th e m axim um o bs er ved level

of the m easured response) beca use (1) average -scores followz

a n ormal d istribution, and (2) the variabi lity p resent in the

raw d ata is not constrained as in o the r indices that are bound

between 0 and 1 (Ga ribaldi ., 2 013). P ollination serviceset al

wer e m e a su r e d a s see d s e t (n um b e r o f se e d s pe r f ru i t ) , f r uit

set (pr op o rt i o n of flowers setting fruit), pollen de positi on rate

( nu mb e r o f po l l e n gr a i ns d e po s i t e d o n sti g mas w i t hin a c e r-

t a i n t i m e p e rio d ) a n d , i n o ne s t ud y , flower v isitation rate

( nu mb e r o f vi si t s pe r flower within a certa in time pe riod). If

available, differences in pollinat i o n se rv i c e m e a s u r e s o f o p e n -

pollinated flow er s an d flowers from w hic h pollinators were

excluded were a nalysed. M easures of p est control se rvices

wer e q uan tifie d a s pes t par a s i t i sm ( p ro p or t i on o f p a r a si t i s e d

pes t s), p e s t p r e dat i o n ( p r op or t i o n o f pr e d a t e d p e st s ) , p op ul a -

t i on g r o wt h ( se e b e l ow ) or c ro p d a m a g e b y p e sts o r p e s t d e n -

sities (see Table S2 for an overvi ew of pollination and pest

control s ervice measures across studies). Whenever possible,

t he p e st co nt r ol i n de x b a s e d o n po p ul a t i on g ro wt h p ro p os e d

by Gardiner . (2009) was c alcula ted and a nalysede t al

(Table S2 ). Note that standardi sed values o f pe st d ensity and

crop dama ge we re multiplied b y 1 bec ause lower value s o f

these measures r eflect an increased p est control s ervice (e.g.

Karp ., 20 18). C rop y ield was o nly considered for theet al

analysis if a direct measure o f final crop yiel d was available.

T oo fe w s t u di e s as s e ss e d c r op q u a l i t y w hi c h was th e r e f or e no t

consi dered further. Yield wa s measured as c rop ma ss or num-

ber of fr u i t s pr od u c e d p e r un i t ar e a . Du e to a l a c k o f stu di e s

measuring crop yield in fie l d s w i t h a nd wi t h o ut ad j a c e n t

hedgerows, the analysis o f crop yield focused on effects of

flower strips. Crop yield measures were availa ble from a total

of 11 flower strip studies and 194 fiel ds (see Tables S1 and S2

for a detailed d escription of st u d y s y s t e m s , cr o p yi e l d m e a -

su res an d met h o ds u se d ac r os s s t ud i e s ) .

Descriptors of floral plantings and landscape context

Flower strips are he re defin ed as s trip s or o the r are as o f

plan ted wil d na tive and /or no n -nativ e flowering he rbaceous

plants. H edge rows are d efined as areas of linea r s hape planted

with nativ e and/or non-native at le ast partly flow eri ng w oo d y

plants and typically also herbac eous flowering p lants. For

hed g e r ow s, i nf o rm a t i o n ab o ut th e e x a c t ti m e si n c e e s t a b l i s h -

men t a n d n um b e r of p l a n t sp e c i e s was n ot a v a i l a ble fo r m os t

stu di e s. T he anal y ses o f th e s e dr i v e r s (q ue s t i o n 3 ) t he r e f o re

focus on flower strip effects o n pollination a nd pest control

ser v i c e s . In f o rm a t i o n on p l a n t sp e c i e s ric h n e ss w a s av a i l a bl e

in 12 out of 1 8 pest control studies and 10 out of 17 pollina-

t i on stu d i e s. W h e ne v e r a v a i l a ble , t he sp e c i e s r i c hn e s s o f flo w -

e r i n g p l a n t s wa s u s e d . Ot h e r w i s e , fo r s o m e flo we r s t rip

stu die s, the nu m be r o f s ow n, po ten tially flowering p lant
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sp e c i e s ( e x c l ud i n g g ra s s e s) was us e d . T i m e s i nce es t a bl i sh me nt

of flo w e r s t r i p s , th a t i s th e t i m e s p a n b e t w e e n s e e d i n g o r

p l a nt i n g a n d d a t a sa m p l i n g , w a s a v a i l a b l e fo r a l l st u d i e s r a n g -

i n g fr o m 3 t o 1 2 2 m o n t h s .

The p roportional c over of ara b l e c r o p s w a s a v a i l a b l e an d

ana lysed a s a p roxy for lan ds cap e s im plification (e.g. T scharn-

tke ., 2005; Dainese ., 2019) in 11 pest c ontrol a nd 12et al et al

p o l l i n a t i o n s t u dies. Proporti onal cove r of arable crops w as

c a l c u l a t e d i n c i r c u l a r sec t or s of 1 k m rad i u s a r o un d f o c a l

crops, o r 750 m o r 500 m r adi us (two studie s for which da ta

on a 1 k m r a diu s w e r e n o t a v a i l a ble ; s e e T a b l e S1; re s u l t s

remained qualitativel y identic al when only consideri ng the

1 k m r adius d atasets) .

Statistical analysis

W e u s e d a mi x e d e f f e c t - m o d el l i n g ap p r o a c h to ad d r e s s o u r

res e a r c h q u e sti o n s. In al l m o de l s, st u dy w a s in c l u ded as a r a n -

dom intercept to ac count for the hiera rchical structure o f t he

data with fie ld m easures n ested within s tudy. T o assess

wh eth er flo w e r s t r i p s a n d h e d g e r o w s e n h a n c e d p o l l i n a t i o n an d

pe st control s ervice s in adjacent crops (quest ion 1) linear

mi x e d-e f f e c t m od e l s wit h p l a n t i n g (fie l d w i t h o r w i t ho u t p l a nt -

ing ) w ere s ep aratel y fit t e d fo r flo we r s t r i ps a nd h e d g e r ow s f o r

the r esponse variables pollinatio n s ervice and p est control se r-

vice. To test how the effects o n s ervice provisioning change

with distance (c ontinuous variabl e; meters) from p lantings

( qu e s t i on 2) a nd w i t h l a n d sc a p e sim p l ific ation (questi on 4)

the se explanatory variables and their interacti ons with the

fixe d effects d escri bed earlie r were inc luded in the models.

E x p l or a t or y an a l y s e s sh ow e d th a t n e i t h e r di sta n c e n or la n d-

sca pe s imp lific a tion effects d iffered b etween flo w e r s t r i p s a n d

he dger o ws ; th at is no sign ificant interactive effects o f planting

type with any o f the tested fixe d effec ts. We therefore pool ed

flo w e r s t rip an d h e d g e ro w d a t a i n t he fin a l m o d e l s , e xc l u d i n g

pla nting type and its two or three -way i nteractions as fixe d

e f f e c t s . I n a d d ition to linear r elationships we te sted for an

e x p on e n t i a l d e c l i n e of m e a su r e d re s po n se v a r i a ble s f r o m t h e

bo r der o f th e field b y fitting l og10(distanc e) in the linear

mi xed-ef fect models de scribe d earli er. In this case, field nested

wit h i n stu d y was i ncl u d e d as a ran d om ef f e c t . T o t e st th e

inte rmediate landscape complexi ty h ypothesis, we tested for

linear as w ell a s hump-shaped relati onships between landscape

context, and its interaction w ith loc al floral pl antings b y fit-

t i ng l a n d sc a p e v a r i a ble s a s a qu a d ra t i c fixed predictor in the

mo d e l s d e scr i b e d ea r l i e r (s e c o nd d e g r e e po l y n om i a l f un c t i o n s) .

T o p res en t the r ange s co ver ed b y th e agric ultu ra l lan ds cap e

g ra di e n t s , w e di d no t s t a nd a r di s e me a s u res of la n d sc a p e sim -

plification within st udies (e .g. Martin ., 20 19). T o examineet al

h o w po l l i n a t i o n an d p e s t c o n t r o l service provisioning re lates

to flo we r str i p p l a n t d i v e r si t y an d t i m e s i nce es t a b l i sh m e nt

(question 3 ) p lant specie s richne ss and log10(number of

mo n t hs sin c e es t a b l i sh m e nt ) w e r e i nc l u d e d a s fixed eff ects in

mo d els wi th stu dy as a ra nd om effect. U s ing lo g(mo n ths s inc e

e s t a b l i s h m e n t ) predicted the data bett er than establishment

time as linear p redictor. Plant spe cies r ichne ss and time since

esta blishment o f flo we r str i p s w e r e n o t c or r e l a t e d ( 0 . 2 2 ) .r =

Only 10 studies measured servic es in sev eral years since estab-

l i sh m e n t (T a ble S 1 ) , an d w e i nc l u d e d o n l y da t a fr om th e l a st

sam pl ing year . T o a ss ess h o w th e p re sen ce o f p lan tings

affected the a gronomic yield of adjacent crops (que stion 5),

we fitted a li near m ixed-e ffect m o de l with the s am e fix e d an d

random structure as d escri bed for question 1, b ut with crop

y i e l d as th e res p on se v a r i a ble . S t a t i st i c a l anal y ses fo r d i f f e ren t

mode ls and r esponse variable s diffe red in s ample s izes as not

all studies measured crop yiel d in a ddition to p ollination or

pest c ontrol s erv ices (Tables 1, T able S1). In all models we

initiall y inc luded p lanting area as a co-va riate in an explo-

rative analysis, b ut removed it in the final mo d e l s, a s it di d

n o t ex p l a i n v a r i a t i o n i n a n y of th e m o d e l s a n d d i d n o t

i mp ro v e m od e l fit (no t sh o wn ) .

Effect siz es p rovided in the text and fig u res ar e mo de l es t i -

mates of z-tr an sfo rm ed r es po ns e varia bles . F or s tatis tical

inference o f fixe d effects w e used log-likelihood ra tio tests

( L R T ) r e c o mm e n d e d fo r t e s t i n g s i g n ific ant effects o f a priori

sel e c t e d p a ram e t e r s r e l e v a n t to th e h y p ot h e s e s ( B o l ke r .,et al

2009). F or all models, assumptions were chec ked acc ordi ng to

the gra phical v alidati on p ro cedures re commended by Zuur

et al R. (2009). All statistical analyses w ere performed in ver-

s i o n 3 . 5 . 2 (R C o r e T e a m , 2 0 1 7 ) u s i n g th e - p a c k a g eR lme4

(Bates ., 20 15).et al

RESULTS

Effects of floral plantings on pest control and pollination services

The p ro visi on ing of p es t c ontrol servi ces i n crop fie l d s a d j a -

cent to flo we r s t r i ps was en h a nc e d b y 1 6 % o n a v e r a g e c o m-

par ed to fie l d s w i t h o u t flow er s tri ps . On aver age, p est con tr ol

ser vices we re also in cr ease d i n crops adjacent to h edgerows,

but effec ts were m ore vari able and overall not statistically sig-

nificant (Fig. 1; T able 1). Pest control se rvices dec lined expo-

nentially wi th distance from the fie l d edge , b u t t he s l op e s of

the d is tance fun ctio ns b etwe en fie l d s wit h a n d w i t h ou t a dj a -

cent floral plantings did not differ (Fig. 2a; Table 1).

Crop pollination effects w ere m ore variable across studi es

and o verall not significantly different between crops with or

without adjacent flo ra l p l a n t i n g a c ro ss a l l st ud i e s a nd wi t h i n -

field distanc es (Fig 1 ; Table 1 ). However, effects o f d istance

to field edge diffe red for fields with flo ra l p l a n t i n g s co m par e d

with con tr ol fiel ds (significant i nteraction b etween presence of

planting and distance from field border; Tabl e 1). Pol lination

services were increase d nea r flo ra l p l a nt i n g s an d d e c r e a se d

exponential ly with increasing d istance from p lanting s, while

no such effe ct of di stance to field edge w as detected for con-

t r o l fie l d s ( F i g . 2b ) . T he fit t e d d i st a n c e cu rv e s fo r fields with

or with ou t floral plantings interse cted at 43 m (F ig. 2b).

The role of flowering plant diversity and time since establishment of

flower strips

Crop pollinati on services, but not p est control service s, tended

t o i n c re a s e w i t h flowering p lant specie s richness of the adja-

cent flower strip (52% predicted incre ase in crop pollination

from 1 to 25 p lant species in adjac ent flower strip; Fig. 3a;

Table 1). Crop pol lination s ervic es a lso te nded to increase

with time s ince e stab lis hm en t of the ad jacen t flo we r str i p , bu t

showed a positive saturating r el ationship (Fig. 3 b; T able 1).
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Pollinat ion s ervi ces increased by 27% in 2 year ol d strips

c o m p a r e d w i t h t h e yo u n g e s t pl antings (roughly 3 m onths

old ) , wh i l e t h e ad di t i on a l p r e dic t e d i n c r e a se f ro m 2 to 4 y e a rs

or olde r s tri ps wa s approximately 5% o n average (Fig. 3b;

only few s trips w ere o lder t han four years, se e F ig. 3b and

e x p l a n a t i on s i n figure caption). Pest c on trol services in crops

adj acent to flow er s tr ips d id n ot incr eas e w ith flo we r s t r i p a g e

( T a b l e 1 ) .

Effects of landscape simplification

The m odel testing for a linear r elationship b etwe en servic e

pr ovis io n and land s cape sim p lification and its interaction with

local flower presenc e fitted the data better than a model te st-

i ng for h u mp - sh a p e d r e l a t i o ns hi p s (T a b l e S 3 ) . Pol l i nat i o n , b ut

n o t p e s t co n t r o l se r v i c e s , de c r e a sed linearly with l andsc ape

sim pl ification (12% decrease from 50 to 1 00% c rops in the

su rr ou n di n g la nd s c a pe) , i r res pe c t i v e o f t h e pr e s e nce o f a flo ra l

p l a n t i n g ( n o s i g n ifica nt flor a l p l a nt i n g l a n ds c a p e si m p l ifica-

tion interaction; Fig 4; T able 1).

Effects of flower strips on crop yield

Overal l, no significant effect of flow er str ips o n yield in adja-

cent crops was detect ed (subset o f 1 1 stu di e s for w hi c h cr op

yield data w as ava ilable ; Fig. 5; Table S 4). F urthermore, no

effects o f w ithin-fie l d di s t a n c e , p l a n t sp e c i e s r i c h n e s s , t i m e

sin c e es t a bl i s h me n t o r la n ds c a p e sim p l ific ation, o r their inter-

actions wit h flower strip presence on yield, w ere d etected

(Table S4 ).

DISCUSSION

Our quantita tive s ynthesis demonstrates a ge nerally positive

e f f e c t o f flo we r s t rip s o n p e s t c o ntr o l s e rv i c e s bu t t h e s e ef f e c t s

did n o t co ns iste ntly tr ans late in t o hi g h e r yi el d s . A l t h o u g h i n

most cases b eneficia l effec ts of p lantings were also found for

crop pollina tion services, effects on crop p ollination and fin a l

Table 1 S um ma r y o f r es u l ts o f l in ea r a n d ge n er a l i se d l in e a r m ix e d -ef fe ct s m od e ls te st i ng th e e ff ect s o f pr e s en ce an d typ e of flo r a l p l a n ti ng s (flo w e r s t r i p s

a n d h ed g e r ow s ) o n c ro p po l li n a ti o n a nd na tu r a l p e s t co n tr o l s e r v ic es , a n d h o w ef fe cts ar e influe n ce d b y i n-fie ld d is t an ce , l o cal pl an ti n g ch ar ac te ri s t ic s a nd

la nd s ca pe c on te x t. Re s p on s e v a r i a b le s , ex p l a n ato r y v a r ia b l es , e s ti mat es , n u me r a to r de g r ee s o f fr ee d om a n d d en o mi na to r d eg r e es of fr e ed o m ( Df ), di ffe r-

en ce s i n l og -l ik e li h oo d f or ch i- s qu ar e d te s ts ( L RT ) and val u es ( 0. 0 5 in b o l d ; 0 .0 5 0 . 1 0 in b o l d i t a l i c ) a r e s h ow n fo r e a c h m o de l. N o t e t h a tP P < P <

ef fe cts o f l oc al d r i vers (i . e. flo w e r i ng p l a nt s pe ci es r i ch n es s a nd ti m e s in ce esta bl i s hm en t) c o ns i d er e d o nl y cr o p s a dj a c en t to flo w e r s t r i ps

R e s p o n s e v a r ia b l e E x p l a n a t o r y v a r i a b le Es t i m a t e D f L RT - v a l u eP

E ffe ct s o f p l a n ti ng s

N a t ur a l p e s t c on t ro l s e r v i c e F l ow er s t r i p 0 .2 54 1 ,31 6 7 . 2 6 0.007

H ed ge r ow 0 .19 6 1, 60 1.0 6 0 .30 3

C r o p p o ll i n a ti o n s e r v i c e Fl o w e r s t r ip 0. 0 3 2 1 , 1 7 0 0 .0 6 0 . 8 0 8

H edge r ow 0 .09 7 1,106 0.28 0.595

Di stan c e ef fe cts

N a t ur a l p e s t c o n t ro l s e r v i c e Pl a n t i n g lo g ( di s t a n c e ) 0 . 0 5 1 1 , 5 9 0 . 9 1. 3 5 0. 2 4 5

P la nt in g 0 . 1 9 9 1 , 5 9 0 . 4 5. 9 2 0.015

L o g ( d i s t a n c e) 0. 0 5 2 1 ,6 1 8 . 5 5. 6 2 0.018

C r o p p o ll i n a ti o n s e r v i c e P la nt in g l o g (d is t a n c e ) 0 .0 8 2 1, 4 4 5 .3 5 . 7 3 0.017

P la nt in g 0 . 3 1 5 1 , 4 2 0 . 8 2. 4 0 0 .12 1

L o g ( d i s t a n c e) 0. 0 1 4 1 ,4 5 3 . 3 2. 6 4 0. 1 0 4

E ffe ct s o f l o cal dr i ve r s (flo w e r s t r i ps )

N a t ur a l p e s t c on t ro l s e r v i c e F l ow er i ng p lan t s pe ci es ri ch n ess 0 . 0 1 3 1 , 4 9 . 3 0. 4 7 0. 4 9 4

L o g ( t i m e s i n c e e s t a b l is h m e n t ) 0. 1 0 4 1 ,1 6.1 1 . 3 2 0 . 2 5 1

C r o p p o ll i n a ti o n s e r v i c e Fl o w e r in g p lan t s p e c ie s r ic h n e s s 0. 0 3 6 1 ,4 9. 8 3 . 3 9 0.066

L o g ( t i m e s i n c e e s t a b l is h m e nt) 0.276 1,1 0.9 3.47 0.062

E ffe ct s o f l a n d sc a p e co n te x t

Nat ur a l p es t c on t ro l s er v i ce Pl a n ti n g la n d s cap e s i mp l ific at i o n 0 .0 0 4 1, 2 7 4 .2 0 . 1 0 0 .7 54

P la nt in g 0 . 1 7 1 1 , 2 8 6 . 2 1. 2 8 0 .25 7

L a n d s cap e s i mp l ific at i o n 0 . 0 0 7 1 , 1 8 1 . 9 1. 8 1 0. 1 7 9

Cr o p p o ll i na ti on s er v i c e P la nt in g l a n ds c a pe s im pl ific a t io n 0 . 0 0 3 1 ,2 7 8 . 9 0. 9 1 0. 3 4 0

P la nt in g 0 . 1 9 8 1 , 2 7 8 . 9 0. 0 0 0 .95 0

L a n d s cap e s i mp l ific at i o n 0 . 0 1 1 1 , 1 4 5 . 9 4. 0 3 0.045

Figure 1 F or e s t p lo t s h o wi n g e ff ec ts of flo w e r s t r i p s a n d h e dg e r o w s o n

po l l in a t io n a nd p e st co n tr o l s e r v i ce p r o v i s io n in g i n a d jac en t c r o ps

co mp a r e d to c on tr o l cr o p s wi th o ut ad ja c en t flo r a l p la nt in g s . S q ua r es

il l u strate p r e di ct ed mea n ef fe cts (z -sco re est i mat es), bars s ho w 95%

co nfid e n c e i nt e r v a ls ( C I s ) . O n a v e r a g e , pe s t c on t r o l s e r v ic e s w er e

en h a nc ed b y 1 6 % ( -s c o re : 0. 2 5 ) i n fiel d s wi th a d jac en t flo w e r s t r i pz

co mp are d to co n tro l fiel d s .
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c r o p y i e l d w e r e v a r i a b l e an d o v e r a l l no t s i g n ific ant. T he e ffect

of wildflowe r strips on pollination s ervic es increased with age

and s peci es-richness s uggest ing that th e q uality o f s uch p lant-

ing s pla ys a pivotal role in effecti ve s ervice provision. More-

ove r, crop pollination d eclined with increasing di stance to

flo r a l p l a nt i n g s (he dge r o ws an d flo w e r s t r i p s ) . T h e s e re s u l t s

indicate that floral planti ngs h ave g reat potenti al to benefit

eco sys tem s ervi ce p ro vis ion , bu t to d o so will nee d to be car e-

f ul l y ta i l or e d fo r f u n c t i o ni n g at sp e c ific spatial scales. F lowe r

div e rs i t y and s t r i p a g e a re im po r t a nt d ri v e r s th ro u g h wh i c h

t hi s c a n be ac hi e v e d an d t h e y s ho u l d b e co ns i d e red in t e g ral l y

be for e flo ra l p l a n t i ng s ca n m a k e a s i g n ific ant co ntr ib utio n to

the e cological inte nsific a t i on o f a g r i c ul t ur a l p r od uc t i on .

W e f o u n d p o s i t i v e e f f e c t s of flow er str ips on eco sy stem se r-

v i c e p ro v i s i on i n g i n su pp o rt of th e ‘ e x po rt e r’ h y po t h e si s ( s e n s u

Morandin and K remen, 2 013; Kremen ., 2019), althoughet al

e f f e c t s w e r e ge ne r a l l y v a r i a b l e an d o n l y s i g n ific a n t f o r flo w e r

s t r i p s e n h a n c i n g p e s t co n t r o l s e r v i c e s b y 1 6 % o n a v e r a g e .

This is a n important finding as it provides ge neral empirical

evidenc e that flower strips ca n r educe crop p est p ressures

acr os s var io us cr op s, la nd sca pe con texts and geo gra ph ical

reg i on s. O ne ex p l a n a t i o n f o r th e m or e c o n si s t e n t po si t i v e

effects on pest control se rvice s of flower strips compared to

he dger o ws ma y be th at in ma ny o f th e s tud ied flo w e r s t r i ps

the s election of flowering p lants w as tai lored to the r equire-

m e n t s o f th e t a r g e t n a t u r a l en e m y t a x a ( T s c h u m i . , 2 0 1 5 ,et al

2016) while this was ge nerally less the case in the studied

hed ger ow p lan tings .

Wil dflower plantings h ave been heralded as one of the

mo st e f f e c t i v e m e a s ur e s to en h a nc e th e p ro v i s i on o f e c o sys -

tem se rvice to crops (Kleijn ., 2019 ) w ith m any s tudieset al

s h o w i n g po s i t i v e ef f e c t s o n s e r v i c e p ro v i s i on i n g ( e . g . B l a a uw

and Isaacs, 2 014; Tschumi ., 20 15, 2 016; inc luded in thi se t al

qu a nt i t a t i v e s y n t he sis ) . Ou r syn t h e sis sh ow s, ho w e v e r , tha t

although gene ral sig nificant effect s o f flo we r str i ps w e r e

f ou nd fo r p e st c o ntr ol s e rv i c e pr o v i si o n i ng, ef f e c t s of pl a nt-

ings on c rop pollination s ervi ces were highly variable. This

hig h l i g h t s th e nee d t o bet t e r un d e rs t a n d t h e se co n di t i o n s a n d

dr iver s of s ucc ess or fa ilur e of flor al pla ntin gs to pr om o te

pollination s ervices. O ur synthesis identifies several d ri vers

explai ning this variabil ity in delive red services and there fore

offers pathways to enhance the effectiv eness o f these mea -

su res in t he fu tur e.

First, the s ucce ss of flower strips to promote crop p ollina-

tion service s increase d w ith the ir age. T he strongest increase

was detec ted up to roughl y three ye ars s inc e the planting d ate.

Figure 2 P r e di ct ed r el a ti o ns h i ps b etw ee n (a ) m ea n na tu r a l pe s t co n tr o l

s er v i ce an d (b ) m ean cr o p p o ll i n a ti on s er v i c e ( -s co r e s ( s ol i d l i ne s ) 9 5 %z 

CI ( d as he d l in es ) ) and in -fie ld d i s tan ce to fiel d b o r de r fo r fie ld w it h (r e d

li n es ; do t s) or wi th o u t a d jac en t flo r a l p l a nt i ng ( bl a c k l in e s, tr i a n g l es ) .

Figure 3 P r ed i ct ed r e la t i on s h ip s be tw een mea n c r op po l l in a t io n s e r v i ce ( -z

sc o r es (fa t s o li d l i n es ) 9 5 % C I (fine s ol i d l i ne s )) a n d (a ) flo we r in g p lan t

sp e ci es r i ch n es s a n d (b ) ti me s in ce es t a bl i s hm en t o f ad j a ce n t flow e r s t r i p s.

P r ed i cte d r e la ti on s h ip and r es u lt s o f an ana lys i s wi th ou t t he p o i nt s

re p r esen ti n g flow er s tr i p s ol d er th a n fo u r y ea r s w er e q u a l it a ti v e ly

id en ti c al .
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Pollinat ion s ervices also appear ed to continue to increase wi th

esta blishment time b eyond thr ee years. This trend nee ds to be

inte rpret ed w ith caution as only three s tudies assessed four

y e a r s ol d o r o l d e r flower strips highlighting that s carcity of

long-term data on the effects o f floral plantings o n s ervic es

pr o v i si o n i ng a n d yi e l d , wh i c h r e p re s e n t s a n i m p or t a n t kn o wl -

edge gap. W e found no evidence that this inc rease i n effectiv e-

ne ss with age is driven by floral abundance, as flo we r

a bu n da n c e did n o t i n c r e a se wit h flower strip age. C ase s tudies

f ro m C e n t ral and No r t hw e st e rn Europe suggest that abun-

dan c e a nd s p e c i e s ric h n e ss o f flow erin g h er bace ou s p lants in

so w n flo w e r s t r i p s o n t h e hi g h l y fe r tilise d soils in these agri-

cultural regions often even d ecline w ith age after the second

or third year as g rasses take ove r (Steffan-Dewenter and

Tscharntke, 2001; Ganser ., 2019). T he observed positiveet al

e f f e c t o f flo w e r s t r i p a g e i s , h o w e v e r , in a g r e e m e n t w i t h th e

e x p e c t a t i o n th a t the b u i l d- u p an d res t o ra t i o n o f loc a l c r o p

pollinator populations need time (Blaauw and Isaa cs, 2 014;

Buhk ., 2018; Kremen ., 2018). I t ma y also beet al et al

explai ned b y gre ater p r ovis io n o f nes tin g an d o ver win ter ing

op po r tun ities in o ld er floral plantings (Kremen ., 2019)e t al

which a re likel y scarce in s hort-lived a nnual flow e r s t r i ps t ha t

c o u l d ev e n be e c o l o g i c a l tr a p s f or o v e r wi n t e r i ng a r t hr op o ds

(Ganse r ., 201 9). I n fact, Kremen and M ’Gonigle (2015)et al

f ou nd h i g h e r in c i d e n c e o f a b ove - g r o un d c a v i t y nes t i n g b e e s

compared to ground-nesting be e s w i t h h e d g e ro w mat u r a t i on ;

Ganse r . (2019) re ported increased o verwintering ofet al

arthropod p re dators and pollinators of p ere nnial c ompared to

annua l flo we r s t r i ps .

Sec on d, ou r findings reveal that hig her species richness of

flowering p lants tends to e nhanc e pollina tion s ervice de livery

i n a d j a c e n t cro p s. T h i s is an im po r t a nt fin d i n g as i t in d i c a t e s

that restoring pl ant diversit y ca n n o t o n l y p r o m o t e r a r e p o l l i -

nator species and pollinator diversity (cf. Scheper ., 2013;et al

Kremen a nd M’Gonigl e, 20 15; Sutter ., 2017; Kremenet al

et al. , 2 0 1 8 ) , bu t a l s o c r o p p o l l i n a ti o n s e r v i c e s . F l o w e r i n g

plant d iversity likely p romotes complementary flor a l r e s ou rc e s

for numerous pollinator ta xa wi th different re source nee ds

and c on tinu ity of floral resource a vaila b i l i t y th r o u g h o u t th e

season (Schellhorn ., 2015; M’Gonig le ., 2017). T heet al et al

identific a t i o n o f s p e ci e s o r tr a i t s co n t r i b u t i n g pa r t i c u l a r l y

strongly to such e ffects is a promising a rea o f research (Lun-

din ., 2 019). M oreover, appropri ate m anagement, s uch aset al

red uc ing th e fr eq uen cy of hed ger ow cu tting , is im po rta nt to

ensuring hig h av ailabi lity and diversity o f flo ra l r e s ou rc e s

(Staley ., 2012). Our synthesis re veals that flo r a l p l a n t i n g set a l

e n h a n c e po l l i n a t i o n se rv i c e s , b u t on l y in th e p a r t o f a d j a c e n t

crops near to p lantings, dec linin g exponentially wi th distance

t o p l a nt i n g s (F i g . 2 ) . T h e e x p on e n t i a l d e c l i n e fun c t i o n p re dic t s

pollination s ervice provisioning of less than 50% at 10 m and

slightly more than 20% at 20 m compared to the leve l o f ser-

v i c e p ro v i s i o nin g d i r e c t l y a d jacent to p lanti ngs, p artially

explai ning the o verall non-signific a n t ben efit s w h e n c on s i d e r -

ing all measured distances across the entire field (Fig. 2). T his

m a y al s o ex p l a i n p a r t o f t h e h i g h v a r i a b i l i t y ob s e rv e d ac r o s s

stu di e s an d r e c o nci l e so m e of th e c o ntr a sti ng find in gs wit h

Figure 4 P r e di ct ed r el a ti o ns h i p b etw ee n me a n ( a ) p es t co n tr o l an d ( b)

cr o p p o l li n a ti o n s er v i c e ( -s co r es ( s ol i d l i ne s ) 9 5 % CI ( da s h ed l in es ) )z 

a n d l a n d s c ap e s i m p lificat i on (p er c en ta g e o f ar a b le cr o p s i n th e l a n ds c a p e)

in fiel ds w it h ad j ace n t flor a l p la n t in g ( r ed l i ne ; r ed c i r cl es ) or wi th o ut

pl a n ti n g (b la ck l in e; b l a ck tr i a n g l es ) . Po l li n a ti o n s e r v i ce s , b u t no t pe s t

co n tro l s ervi ce s, d ec li n ed w it h l and sc ape s i mp l ific ati on ; t he s l i ght

di f fer e n ces i n s l op e s fo r p o ll i n a ti o n- la nd s ca p e s i m p lificat i on r el a t io n s hi p s

of fiel ds w it h o r wi th o ut ad ja cen t p l a n ti n g s wer e s ta t is t ic a l ly no t

s ig nifican t.

Figure 5 M e a n p r e d i c t ed cr o p yi e ld ( -s c o re s ; 9 5 % C I ) of fiel ds w it hz 

a d j a c en t flo w e r s t r i p s ( r e d c ir c l e s ) a nd co nt r ol fiel d s w it ho u t a d ja cen t

flo we r s t r ip (b l a ck tr i a n g le s ). T he d a t a s et i n cl ud e s a s u b se t o f 1 1 s tu d ie s .
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respect to pollination s erv ice provi s i o n i n g i n s t u di e s m e a s u r i n g

services relative ly near plantings (e.g. up to 15 m; Blaauw and

Isaacs (2 014), or up to larger d istances, e .g. u p to 200 m;

Morandin a nd K reme n (2013); S ardi~nas , (2016 )). Weet al

f ou n d n o i nd i c a t i o n t h a t t h e d e g r e e o f th e d e p e nd e n c y o f a

c ro p on i ns e c t p ol l i nat i o n s i g n ific a ntl y c on t rib u t e d t h e

observed variability in effe cts o f p lantings on crop pollination

services or y ield (Table S 5).

C o n s i s t e n t w ith previous studies (e.g. Dainese ., 2 019),et al

landscape s implification was associa ted with dec reased p ol li-

nati on serv ices, irrespe ctive o f the presence of floral pl antings.

In c ontrast, n o such effects w ere d etected for p est control s er-

vices, in agreeme nt with r ecent studies (Karp ., 2018; Dai-et al

ne se ., 2019; but see Veres ., 2013; R usch ., 2016;et al et al et a l

Martin ., 2019). T he effect of adding a flow er str ip o re t al

he dger o w was , ho wev er, in dep en den t of lan ds cap e c on text.

Although individua l case studies (J onsson ., 2015; Grabet al 

et al ., 2018 ; include d in this s ynth e s i s ) fo u n d s u p p o r t fo r t h e

inte rmediate l andsc ape h ypothesis, enhanced ecosystem ser-

vices associated with floral plantings w ere not generally lim-

i t e d t o mo d e ra t e l y c om pl e x la nd s c a pe c o n t e x t s, w h i c h s ho ul d

e n c ou ra g e fa rm e r s t o a d o pt th e se mea s u re s i r r e sp e c t i v e o f the

type of landscape in w hich the y are farming.

Crop yield is affecte d by a complex interplay o f a multitude

of ag ricultural management practices such a s fertilisation,

l e v e l of pe s t i c i d e u s e , p e s t p r e s s ur e s , s o i l c u l t i v a t i o n an d o t h e r

f a c t o rs su c h as lo c a l s oi l a nd cl i m a t i c c o n di t i o n s ( e . g . B a r -

t o m e u s . , 2015; Gagic ., 2017), which can potentiallyet al et al

ma sk ben efit s f r o m i m pr o v e d n a t ur a l p e st r e g u l a t i on o r p ol l i -

nati on se rvice s (Sutter ., 2018). P ositive effe cts of flo ra let al

pla ntings h ave been shown b y s ome c ase s tudies incl uded in

this synthe sis (e.g. Tschumi ., 2016; see also Pywell .,et al et al

2015), although s ometimes only seve ral years after the esta b-

l i s h m e n t o f p l a n t i n g s ( B l aauw and Isaacs, 2014; Mora ndin

et a l et al., 201 6; Venturini ., 2017b), but w e d id not d etect

consistent effects o n crop y ield associate d with adjacent flo ra l

pla ntin gs . T he iden tified drivers of the ef fectiveness o f flo r a l

p l a nt i n g s to enhance crop pollination s ervices, s uch as age

and flowering plant diversity, cou ld pr o vide pr om is ing path -

way s towards optimising pl ant ings as measures contri buting

to ec ological intensific a t i o n. F u t ur e op t i m i sa t i on s s h ou l d a l s o

conside r the potential for s yner g i s t i c i nt e rac t i o n s o f e nh a n c e d

p o l l i n a t i o n an d p e s t c o n t r o l se r v ic e s b y ‘ m u l t i - s e r v i c e’ de s i g n s

of plantings (Sutter and Alb recht, 2 016; Mora ndin .,e t al

2016), temporal d ynamics (Blaauw and Isaa cs, 20 14;

M ’ Go n i g l e ., 20 1 5 ) , op t i m i se d rat i o s o f flo ra l p l a n t i nget al

(contributing to ecosystem servic e supply) to crop a rea (affect-

ing se rvice demand; Kremen . , 2019; Willi ams .,et al et al

2019), and the distance-de pendency of se rvices qua ntified by

this syn th esis . H o wev er, floral plantings are also establi shed

for other goals than yield incre ase. F rom an environmental

and h ealth pe rspec tive, m aintaini ng crop yi elds through a

replacement o f insectici des by enhance d natural p est control

services, should be considered as a gre at ac hieve ment (e.g.

Tschumi ., 2015). M ore over, floral planting s, of suffic iente t al

e c o l o g i c al q u a l it y , fo r e x a mp l e i n te r m s o f n a t i v e p l a n t sp e c i e s

div ers ity, co n trib ute also to fu rth er eco sys tem s ervic es, e sp e-

cially biodiversity conservation (e.g. Haa land ., 2 011;et al

Sc heper ., 2013); b ut farmers are often r eluctant to a doptet al

such measures due to conc ern s o f n egative effects on c rop

yield, for example due to spillover o f pests. Our fin d i ngs o f

similar crop yi eld in fie lds with and without plantings can d is-

pel s uch con cer ns .

Conclusions and implications

Our s ynthesis demonstrates enha nced na tural p est control ser-

vices to crops adjacent flo we r s t rip s p l a n t i ngs , a c r os s a b r oa d

su i t e o f re g i on s, cro p ping s ystems and types of flo we r s t rip s

studie d. However, it also reveals inco n si s t e n t a nd h i g h l y v a r i -

able effects of flo w e r s t r i p s a n d he d g e r o w s o n c r o p p o l l i n a t i o n

services and yiel d. T his h ighlights a strong need to ide ntify

the k ey fa ctors d riving thi s varia b i l i t y an d t h e ef f e c t i v e n e s s o f

d i f f e r e n t t y p e s o f flo ra l pl a nt i n g s in con t r i bu t i n g to e c o sys t e m

ser v i c e d e l i v e r y . I nf o r me d b y s uc h i m p ro v e d un d e rs t a n di n g ,

the d esign, impl ementation and management of floral plant-

ings can incre ase thei r effectiv eness as measures for e cological

intensific a t i o n . T h i s s y n t hes i s id e ntifie s s e v e r a l pr om i s i ng

pathway s towards m ore eff ective floral plantings for the p rovi-

sion of ecosystem services a nd ec ological intensification : the

mode lled exponential distance- decay function o f pollination

ser v i c e pr ov i sio ni n g by flo r a l p l a n t i ngs in t o cr op fie l d h e l p s t o

predi ct service provision in crop fie l d s; to g e t h e r w i t h th e l a c k

of a str o ng p lantin g area effect, ou r fin d i n g s s u g g e s t t h a t a

den se sp a t i a l net w o rk o f re l a t i v e l y s m a l l p l a n t i ngs w i l l b e

more effective than a fe w large ones to optimise pollination

ser v i c e pr o v i sio n i ng. M o re ov e r , i t i d e n t ifie s i m p o r t a n t dr i v e r s

of the effectiveness o f flor al plan tin gs for d eliver y o f cro p p o l-

lination s ervices: flo w e r i n g pl a n t d i v e r s i t y an d a g e . B a s e d o n

these findings we strongly encour age the establishment, ade-

qu a t e m a na g e men t a nd re s t o rat i o n o f e x i st i n g p e re nn i a l flor al

plantings tha t ensure the availability of hig h flo r a l d i v e r s i t y

a c ro ss s e v e r a l ye a r s a s p ro mi sing p athways towards optimised

measures for ec ological inte nsific ation .
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