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Abstract
1.	 Conventional	 farming	 has	 been	 implicated	 in	 global	 biodiversity	 and	 pollinator	
declines	and	organic	farming	is	often	regarded	as	a	more	ecological	alternative.	
However,	 the	 effects	 of	 organic	 farming	on	honeybees	 remain	 elusive,	 despite	
honeybees’	importance	as	pollinators	of	crops	and	wild	plants.

2.	 Using	6	years	of	data	from	a	large‐scale	study	with	fortnightly	measurements	of	
honeybee	 colony	 performance	 traits	 (10	 apiaries	 per	 year	 distributed	 across	 a	
435	km2‐large	research	site	in	France),	we	related	worker	brood	area,	number	of	
adult	bees	and	honey	reserves	to	the	proportions	of	organic	farmland	in	the	sur-
roundings	of	the	hives	at	two	spatial	scales	(300	m	and	1,500	m).

3.	 We	found	evidence	that,	at	the	local	scale,	organic	farming	increased	both	worker	
brood	production	and	number	of	adult	bees	in	the	period	of	flower	scarcity	be-
tween	 the	blooms	of	oilseed	 rape	and	 sunflower	 (hereafter	 ‘dearth	period’).	At	
the	landscape	scale,	organic	farming	increased	honey	reserves	during	the	dearth	
period	and	at	the	beginning	of	the	sunflower	bloom.

4.	 The	results	suggest	that	worker	brood	development	benefitted	from	organic	farm-
ing	mostly	through	a	more	diverse	diet	due	to	an	increase	in	the	availability	of	di-
verse	pollen	sources	in	close	proximity	of	their	hives.	Reduced	pesticide	drift	may	
have	 additionally	 improved	 bee	 survival.	Honey	 reserves	were	 possibly	mostly	
affected	by	increased	availability	of	melliferous	flowers	in	foraging	distance.

5. Synthesis and applications.	Organic	farming	increases	honeybee	colony	performance	
in	 a	 period	 of	 resource	 scarcity,	 likely	 through	 a	 continuous	 supply	 of	 floral	 re-
sources	including	weeds,	cover	crops	and	semi‐natural	elements.	We	demonstrate	
how	worker	brood	area	increases	in	the	critical	dearth	period	(between	the	blooms	
of	oilseed	 rape	and	sunflower).	This	has	previously	been	 linked	 to	winter	colony	
survival,	suggesting	that	organic	farmland	may	mitigate	repercussions	of	intensive	
farming	on	colony	vitality.	We	conclude	that	organic	farming	benefits	a	crucial	crop	
pollinator	with	potential	positive	implications	for	agriculture	in	the	wider	landscape.
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1  | INTRODUC TION

Modern	farming	has	been	questioned	because	of	its	effect	on	pub-
lic	health	 (O'Kane,	2012),	 climate	change	 (Conway,	2012)	and	bio-
diversity	 (Stoate	 et	 al.,	 2009).	 Biodiversity	 decline	 causes	 losses	
of	ecosystem	 functions,	 such	as	biological	pest	 control	 and	 insect	
pollination	(Thompson	et	al.,	2014).	A	radical	alternative	to	conven-
tional	agriculture	 is	organic	farming	that	bans	the	use	of	synthetic	
inputs.	Organic	 farming	aims	at	providing	healthy	 food	 (Forman	&	
Silverstein,	2012),	conserving	species	richness	and	maintaining	eco-
system	functioning	 (Sandhu,	Wratten,	&	Cullen,	2010).	 Indeed,	or-
ganic	farming	increases	biodiversity	on‐site	(Hole	et	al.,	2005;	Tuck	
et	al.,	2014)	and	in	adjacent	fields	(Henckel,	Borger,	Meiss,	Gaba,	&	
Bretagnolle,	2015).	This	holds	particularly	true	for	pollinators,	which	
show	 a	 greater	 increase	 in	 diversity	 than	 other	 functional	 groups	
(Tuck	et	al.,	2014).	Organic	farming	enhances	bee	species	richness	
(Holzschuh,	Steffan‐Dewenter,	&	Tscharntke,	2008;	Kennedy	et	al.,	
2013),	the	abundance	of	solitary	bees	and	bumblebees	(Holzschuh	
et	al.,	2008;	Kennedy	et	al.,	2013;	Morandin	&	Winston,	2005)	and	
pollination	 rates	 (Morandin	 &	 Winston,	 2005;	 Smith,	 Andersson,	
Rundlo,	 Rundlöf,	 &	 Smith,	 2012).	Wild	 bees	 benefit	 from	 organic	
farming	on	both	the	local	(Kennedy	et	al.,	2013)	and	the	landscape	
scale	(Holzschuh	et	al.,	2008).

The	 reasons	why	wild	bees	benefit	 from	organic	 farming	are	
less	 clear,	 however.	 Positive	 effects	may	 result	 from	 lower	 pes-
ticide	 exposure	 and	 a	 consequently	 reduced	 intoxication	 risk.	
Numerous	 laboratory	 and	 field	 studies	 showing	 toxic	 effects	 of	
single	 pesticides,	 particularly	 the	 neonicotinoids,	 suggest	 that	
bees	may	 profit	 from	 the	 ban	 of	 synthetic	 pesticides	 in	 organic	
farming,	 but	 the	 extent	 to	 which	 this	 would	 occur	 remains	 un-
clear	(Mallinger,	Werts,	&	Gratton,	2015).	Indeed,	studies	assess-
ing	the	impact	of	pesticide	use	along	a	continuous	toxicity	 index	
showed	varying	results.	Mineau,	Harding,	Whiteside,	Fletcher,	and	
Knopper	(2008)	could	link	reported	honeybee	mortality	incidents	
at	hives	to	pesticide	use	intensity,	while	Kremen,	Williams,	Bugg,	
Fay,	 and	Thorp	 (2004)	 failed	 to	 relate	 pollination	 services	 to	 in-
secticide	use.	Intensive	pesticide	use	reduces	the	abundance	and	
species	richness	of	wild	bees,	but	impacts	vary	across	seasons	and	
taxa	(Mallinger	et	al.,	2015;	Park,	Blitzer,	Gibbs,	Losey,	&	Danforth,	
2015;	Tuell,	2010).	Varying	impacts	may	result	from	differing	land-
scape	composition	 (Carvalheiro,	Seymour,	Nicolson,	&	Veldtman,	
2012;	Mallinger	et	al.,	2015;	Park	et	al.,	2015)	or	from	differences	
between	 species	 in	 life‐history	 traits	 (Tuell,	 2010)	 or	 the	 sensi-
tivity	to	pesticides	(Arena	&	Sgolastra,	2014).	Honeybees	may	be	
less	impacted	by	pesticides	than	wild	bees,	as	their	large	colonies	
can	compensate	for	 individual	forager	losses	(Henry	et	al.,	2015;	
Osterman	et	al.,	2019;	Rundlöf	et	al.,	2015).	Boosted	bee	popula-
tions	in	organic	farms	are	not	necessarily	due	to	reduced	pesticide	
exposure.	In	fact,	the	risk	of	intoxication	can	in	some	instances	be	
higher	in	organic	than	in	conventional	agricultural	land	(Mallinger	
et	al.,	2015).

Alternatively,	 organic	 farming	 may	 outperform	 conventional	
agriculture	 in	maintaining	 large	 diverse	 pollinator	 communities	 by	

provisioning	floral	resources	continuously	across	the	landscape	and	
throughout	the	season	(Brittain,	Bommarco,	Vighi,	Settele,	&	Potts,	
2010;	Winfree,	Williams,	Gaines,	Ascher,	&	Kremen,	2008).	The	ban	
on	synthetic	herbicides	and	mineral	 fertilizers	 increases	 the	diver-
sity	(Ekroos,	Hyvönen,	Tiainen,	&	Tiira,	2010;	Gabriel	&	Tscharntke,	
2007)	and	density	(Bengtsson,	Ahnström,	&	Weibull,	2005;	Ponce,	
Bravo,	de	León,	Magaña,	&	Alonso,	2011)	of	weeds	in	organic	farms.	
In	 addition,	 organic	 farmland	 is	 often	 sown	with	 a	 greater	 variety	
of	 crops	 than	 conventional	 farmland	 (Barbieri,	 Pellerin,	 &	Nesme,	
2017;	Hole	et	al.,	2005)	and	comprises	larger	areas	of	semi‐natural	
elements	(Gibson,	Pearce,	Morris,	Symondson,	&	Memmott,	2007),	
such	as	hedgerows,	which	provide	forage	and	nesting	opportunities	
to	bees	(Hannon	&	Sisk,	2009).

However,	how	organic	farming	affects	honeybees	(Apis mellifera 
L.)	cannot	necessarily	be	inferred	from	positive	effects	on	wild	bees.	
Evidence	for	preferential	honeybee	foraging	on	organic	farmland	is	
lacking	(Couvillon,	Schürch,	&	Ratnieks,	2014)	and	honeybees	differ	
from	wild	bees	in	many	respects	such	as	nesting	requirements,	for-
aging	behaviour	and	the	extent	of	human	management.	Honeybees	
forage	 particularly	 intensively	 on	 mass‐flowering	 oilseed	 crops	
(Rollin	et	al.,	2013)	and	may	therefore	be	disadvantaged	by	the	low	
amount	 of	 oilseed	 rape	 in	 organic	 land	 in	 Europe	 (Barbieri	 et	 al.,	
2017).	 In	 addition,	 naturally	 larger	 food	 reserves	 and	greater	 for-
aging	distances	(Gathmann	&	Tscharntke,	2012;	Steffan‐Dewenter	
&	Kuhn,	2003)	allow	honeybees	to	better	compensate	for	local	or	
temporary	food	shortages	as	compared	to	wild	bees.	Nevertheless,	
honeybees	may	benefit	from	a	more	continuous	provision	of	flow-
ers	 in	 organic	 farmland.	 Compared	 to	 conventional	 farmland,	 or-
ganic	farmland	contains	more	grassland	and	weeds	in	annual	crops	
(European	Commission,	2018),	which	honeybees	rely	on	in	periods	
of	low	resource	availability,	for	example,	between	the	blooms	of	oil-
seed	rape	and	sunflower	(Odoux	et	al.,	2012;	Requier	et	al.,	2015).	
To	sum	up,	potential	benefits	of	reduced	pesticide	exposure	may	be	
offset	in	spring	by	less	forage	due	to	a	lower	availability	of	oilseed	
rape	in	organic	than	in	conventional	agriculture,	but	over	the	course	
of	the	season	honeybees	should	profit	from	a	more	continuous	sup-
ply	of	wild	flowers	in	organic	agriculture.

Here,	we	 use	 empirical	 data	 collected	 during	 6	 years	 from	60	
apiaries	 located	in	 landscapes	varying	 in	the	proportion	of	organic	
farmland	to	quantify	how	organic	farming	affects	honeybee	colony	
performance.	We	predict	that	during	the	oilseed	rape	bloom,	organic	
farming	benefits	particularly	adult	bees	through	reduced	pesticide	
exposure,	but	potentially	harms	honey	or	brood	production	through	
reduced	 availability	 of	 oilseed	 rape.	 However,	 afterwards	 organic	
farming	should	mitigate	the	dearth	between	the	blooms	of	oilseed	
rape	and	sunflower	through	a	more	continuous	supply	of	resources.	
Despite	potential	trade‐offs	with	worker	brood	area,	we	predict	that	
organic	farming	will	increase	honey	reserves	towards	the	end	of	the	
dearth	period	due	to	enhanced	availability	of	melliferous	weeds	or	
a	prior	positive	effect	on	number	of	adults	and	therefore	the	num-
ber	of	available	foragers.	We	test	these	hypotheses	and	assess	more	
generally	(a)	how	honeybee	colonies	respond	to	organic	farming	(b)	at	
what	spatial	scale	responses	are	the	largest	and	(c)	what	proportion	
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of	organic	farmland	in	the	landscape	is	required	to	observe	an	effect	
on	honeybee	colony	performance.	Finally,	we	aim	at	gaining	insight	
into	the	characteristics	of	organic	farming	 (crop	choice,	weeds,	 in-
secticide	risk)	that	affect	honeybee	colonies	the	most.

2  | MATERIAL S AND METHODS

2.1 | The study site

The	study	was	conducted	in	the	‘Zone Atelier Plaine & Val de Sèvre’, 
a	435	km2‐large	Long‐Term	Social‐Ecological	Research	(LTSER)	site	
in	central	western	France	(46°23′N,	0°41′W;	Figure	1).	The	region	is	
characterized	by	a	warm	temperate	climate	with	c.	820	mm	of	an-
nual	precipitation	and	a	mean	annual	temperature	of	12.0°C.	Since	
1994,	 the	 land	 use	within	 the	 LTSER	 site	 has	 been	 recorded	 and	
mapped	on	vector‐based	shapefiles	(Bretagnolle	et	al.,	2018).	Within	
the	study	period	(2012–2017),	the	area	was	covered	on	average	by	
40.4%	with	cereals	(mainly	winter	wheat:	33.8%),	9.9%	maize,	9.7%	
sunflower,	7.9%	grassland,	7.7%	oilseed	rape,	3.5%	alfalfa	and	7.5%	
other	crops.	The	site	contains	also	9.8%	of	urban	areas	and	3.1%	of	
fragmented	woodlands	 and	 is	 bordered	 in	 the	 north	 by	 the	 town	
Niort	and	in	the	south	by	a	large	forest	(Figure	1).	Half	of	the	LTSER	
site	is	designated	as	a	Natura	2000	site	under	the	Birds	Directive.

Farmers	 receive	 payments	 for	 both	 the	 conversion	 to	 and	 the	
maintenance	of	organic	farming	practices.	Here,	we	merged	organic	
farmland	 in	 the	 conversion	 (3	 years)	 and	 the	maintenance	 period.	
Within	the	study	period,	the	organic	farmland	in	the	study	site	was	
covered	 on	 average	 by	 34.7%	with	 cereals	 (mainly	 winter	 wheat:	
22.7%),	13.7%	grassland,	17.7%	legumes	(mostly	alfalfa:	9.5%),	9.1%	
sunflower,	6.0%	maize,	1.3%	oilseed	rape.

2.2 | The study design

In	2008,	ECOBEE,	a	monitoring	scheme	of	experimental	apiaries	was	
launched	 in	 the	LTSER	site.	ECOBEE	aims	at	correlating	honeybee	

colony	performance	with	landscape	composition	and	farming	prac-
tices.	Therefore,	the	LTSER	site	was	divided	into	50	square	plots,	of	
which	10	are	randomly	selected	without	replacement	each	year	for	
apiary	installation.	After	all	plots	have	once	been	occupied	with	an	
experimental	apiary	(i.e.	after	5	years),	a	new	random	sampling	cycle	
starts.

The	 apiaries,	 consisting	 of	 five	 colonies,	 are	 installed	 in	 semi‐
natural	habitat	near	the	centre	of	the	10	km2‐large	plots,	which	en-
compass	the	mean	foraging	distance	(c.	1.5	km)	in	such	landscapes	
(Steffan‐Dewenter	 &	 Kuhn,	 2003).	 After	 each	 beekeeping	 season	
(March–September),	 colonies	are	assembled	 to	overwinter	outside	
the	study	site.

The	 colonies	 are	managed	 using	 common	 practices	 of	 local	
beekeepers,	including	control	treatments	against	the	varroa	mite	
and	 syrup	 supply	 in	 periods	 of	 resource	 scarcity.	 In	 the	 begin-
ning	of	the	season,	hives	consist	of	only	a	10‐frame‐Dadant‐Blatt	
brood	box;	as	the	colonies	grow,	honey	supers	are	added	(Odoux	
et	al.,	2014).	Honey	is	harvested	after	the	sunflower	bloom,	and	
from	 2008	 to	 2012,	 also	 after	 the	 oilseed	 rape	 bloom.	When	
needed,	 colonies	 are	 re‐queened	with	 queen	 cells	 of	 the	 same	
lineage.

Due	 to	 the	 colony	 placement	 scheme	 and	 the	 heterogeneous	
distribution	 of	 organic	 land,	 colonies	 were	 exposed	 to	 different	
amounts	of	organic	land.	In	the	LTSER	site,	the	proportion	of	organic	
farmland	 increased	 gradually	 from	 0.6%	 to	 7.1%	 between	 2008	
and	 2017,	 because	 several	 conventional	 farmers	 converted	 to	 or-
ganic	 farming,	while	 no	 organic	 farmers	 switched	 to	 conventional	
agriculture.

In	2008–2011,	the	number	of	apiaries	exposed	to	high	amounts	
of	organic	farmland	was	too	low	to	allow	for	meaningful	inferences	
on	 how	 honeybee	 colony	 performance	 is	 affected	 by	 an	 organic	
farmland	gradient	and	in	2008	honeybee	data	were	only	collected	in	
June	and	July.	Therefore,	we	restricted	our	analyses	to	2012–2017,	
but	presented	results	from	analyses	of	the	dataset	for	2009–2017	as	
Supporting	Information	(Figures	S1	and	S2).

F I G U R E  1  Location	of	the	Long‐Term	Social‐Ecological	Research	(LTSER)	site	‘Zone Atelier Plaine & Val de Sèvre’	within	France	and	a	map	
extract	showing	the	LTSER	site,	the	bordering	forest	reserve	(in	grey)	and	organic	fields	in	2016,	which	are	colour‐coded	according	to	the	
number	of	years	since	conversion	to	organic	farmland.	Crosses	indicate	locations	of	experimental	apiaries	in	2016.	The	small	circles	touching	
the	crosses	indicate	300	m	buffer	areas	and	large	circles	show	1,500	m	buffer	areas
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2.3 | Measured parameters

Monitoring	of	colonies	in	ECOBEE	is	described	in	detail	in	Odoux	
et	 al.	 (2014).	We	 used	 three	 colony	 performance	 traits	 that	 are	
major	components	of	a	colony's	temporal	dynamic:	worker	brood	
area,	 number	 of	 adults	 and	 honey	 reserves.	 These	 parameters	
were	recorded	in	three	colonies	per	apiary	every	2	weeks	during	
the	beekeeping	season	 (two	additional	colonies	are	used	as	con-
trols	or	 as	 substitutes	 in	 case	of	queen	or	 colony	 failure	 (Odoux	
et	 al.,	 2014)).	On	 both	 sides	 of	 the	 hive	 frames,	 the	 lengths	 and	
widths	of	 the	area	covered	by	eggs,	 larvae	or	pupae	were	meas-
ured	to	estimate	the	elliptic	brood	area,	which	was	then	accumu-
lated	for	each	hive.	Drone	brood	area	was	equally	estimated	and	
deducted	from	the	total	brood	area	to	obtain	worker	brood	area.	
Hive	 frames,	honey	supers	and	hive	bottoms	were	weighed	with	
and	without	adult	bees.	The	difference	was	then	divided	by	0.1	g/
bee	to	estimate	number	of	adults.	This	estimate	does	not	account	
for	bees	that	were	foraging	during	monitoring.	To	estimate	honey	
reserves,	 the	weights	 of	 honey	 supers	 and	 frames	without	 bees	
were	 summed	up;	 then,	 the	estimated	brood	weight	 and	 the	 ini-
tial	weight	of	empty	supers	and	frames	were	deducted	from	this.	
The	brood	weight	was	derived	 from	 the	brood	area	 and	an	esti-
mated	brood	surface	density	of	3.91	kg/m2	 (Odoux	et	al.,	2014).	
The	weights	of	pollen	and	wax	were	neglected,	as	they	are	largely	
surpassed	by	the	weights	of	nectar	and	honey.

2.4 | Statistical analyses

Plant	phenology	varies	between	years	due	to	differences	 in	mete-
orological	conditions,	particularly	 the	accumulation	of	heat	 (Miller,	
Lanier,	&	Brandt,	2001).	To	be	able	to	compare	years,	Julian	dates	
were,	 therefore,	 standardized	 through	 adjustment	 according	 to	
growing	degree	days	(GDDs)	for	oilseed	rape	(Appendix	S1).

In	 a	 first	 step,	 we	 examined	 how	 honeybee	 colony	 perfor-
mance	traits	 (i.e.	worker	brood	area,	number	of	adults	and	honey	
reserves)	evolved	over	spring	and	summer,	that	 is,	from	GDD‐ad-
justed	 Julian	 day	 number	 (hereafter	 “Julian	 day”)	 70	 to	 220.	 The	
colony	 performance	 traits	 were	 fitted	 by	 generalized	 additive	
mixed	models	 (GAMMs)	using	the	“gamm”	function	of	the	“mgcv”	
package	 in	 R	with	 an	 “s”	 smooth‐term	 (i.e.	 a	 penalized	 thin‐plate	
regression	spline)	for	Julian	days.	To	obtain	homoscedasticity	and	
normally	 distributed	 residuals,	 honey	 reserves	 were	 fitted	 using	
GAMMs	with	a	gamma	distribution	and	a	logarithmic	link	function,	
while	for	worker	brood	area	and	number	of	adults	a	Gaussian	dis-
tribution	was	used.	Smoothness	selection	was	done	via	maximum	
likelihood	for	GAMMs	with	Gaussian	distribution	and	via	penalized	
quasi‐likelihood	for	GAMMs	with	Gamma	distribution.	All	GAMMs	
containing	data	of	multiple	years	 included	colony	 identity	nested	
in	apiary	identity	nested	in	year	as	random	factors,	while	GAMMs	
on	individual	years	included	colony	identity	nested	in	apiary	iden-
tity	 as	 random	 factors.	Confidence	 intervals	 of	GAMM	 fits	were	
calculated	 by	 non‐parametric	 bootstraps	with	 1,100	 simulations,	
whereby	apiaries	were	randomly	selected.

In	 a	 second	 step,	 the	 relation	 between	 organic	 farming	 and	
honeybee	colony	performance	was	evaluated	at	two	spatial	scales	
(300	m	 and	 1,500	m).	 The	 smaller	 spatial	 scale	 (hereafter	 “local	
scale”)	 was	 chosen	 to	 cover	 the	 fields	 directly	 neighbouring	 the	
apiaries	 (mean	 field	 size	 =	 5	 ha),	while	 the	 larger	 one	 (hereafter	
“landscape	 scale”)	was	 chosen	 in	 regard	 to	 the	 average	 foraging	
distance	 of	 honeybees	 in	 farmland	 landscapes	 (mean	 =	 1,300–
1,800	 m,	 median	 =	 1,100–1,300	 m,	 Steffan‐Dewenter	 &	 Kuhn,	
2003).	 For	 this	 purpose,	 the	 proportion	 of	 organic	 farmland	 in	
300	m	and	1,500	m	circular	buffers	around	the	hives	was	obtained	
from	 shapefiles.	 GAMMs	 used	 to	 evaluate	 the	 effect	 of	 organic	
farming	 on	 colony	 performance,	 included	 a	 smooth‐term	 for	 the	
main	effects,	and	the	interaction	between	Julian	days	and	the	pro-
portion	of	organic	farmland	in	the	surroundings	of	the	hives	at	ei-
ther	of	the	spatial	scales	(fixed‐effect	smooth‐term:	s(Julian	days,	
proportion	of	organic	farmland)).	Finally,	a	third	set	of	GAMMs	was	
run,	that	included	also	two‐way	interactions	between	Julian	days	
and	the	proportion	of	either	oilseed	rape,	sunflower	or	grassland	
as	 predictor	 variables	 (fixed‐effect	 smooth‐terms:	 s(Julian	 days,	
proportion	 of	 organic	 farmland)	 +	 s(Julian	 days,	 proportion	 of	 a	
field	cover	type)).	These	were	used	to	test	whether	differences	be-
tween	colonies	with	different	extents	of	exposure	to	organic	farm-
ing	were	simply	due	to	differences	 in	field	cover	rather	than	due	
to	 differences	 in	 farming	 practices.	Unlike	 organic	 farmland,	 the	
three	 field	 cover	 types	 (oilseed	 rape,	 grassland,	 sunflower)	were	
only	mapped	 in	 the	LTSER	site;	 therefore,	when	calculating	 their	
proportion	in	the	surroundings	of	apiaries	at	the	edge	of	the	study	
site,	only	 the	 land	area	within	the	LTSER	site	and	the	neighbour-
ing	forest	reserve	was	considered	(Figure	1).	This	is	based	on	the	
assumption	that	 the	percentage	of	 these	field	cover	 types	 in	 the	
LTSER	site	is	largely	the	same	as	in	the	directly	neighbouring	area	
outside	the	LTSER	site,	except	where	the	forest	reserve	is.

Before	 fitting	GAMMs	containing	 interaction‐terms,	 all	 predic-
tor	 variables	were	mean‐centred	 and	 scaled	 to	 allow	 for	 isotropic	
smoothing.	GAMMs	on	the	whole	study	period	(2012–2017)	were	fit	
to	162	colonies	from	60	apiaries.	A	grand	total	of	2,506	observations	
were	used	for	worker	brood	area	and	number	of	adults.	GAMMs	on	
honey	 reserves	 were	 fit	 to	 fewer	 observations	 (1792),	 as	 we	 ex-
cluded	data	that	were	collected	after	the	sunflower	honey	harvest.	
For	colonies	without	honey	harvest,	we	considered	only	data	 that	
were	obtained	before	the	date	of	the	last	honey	harvest	of	the	year	
in	any	apiary.	We	did	not	account	for	differences	in	honey	harvest	
after	the	oilseed	rape	bloom,	as	within	the	study	period,	oilseed	rape	
honey	was	only	harvested	in	2012.

Using	 the	GAMMs,	 colony	 performance	 traits	were	 estimated	
in	 5%	 intervals	 within	 0%–15%	 organic	 farmland	 at	 1,500	m	 and	
10%	intervals	within	0%–30%	at	300	m	and	in	5‐day	intervals	of	the	
timeframe	between	the	beginning	of	the	oilseed	rape	period,	shortly	
after	colonies	were	placed	in	the	study	site,	to	the	end	of	the	sun-
flower	bloom,	before	the	harvesting	of	honey.	Estimation	was	done	
in	smaller	ranges	of	dates	and	organic	farmland	proportions	than	the	
ranges	of	the	data	used	to	fit	the	models	to	ensure	high	estimation	
accuracy	at	boundaries.
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To	estimate	the	effect	of	organic	farming	independently	of	field	
cover,	 estimation	 at	 different	 dates	 and	 organic	 farmland	 propor-
tions	was	done	using	models	incorporating	the	proportion	of	a	field	
cover	type,	which	was	set	to	its	mean.

Because	the	seasonal	effect	was	very	pronounced,	the	effect	
of	 organic	 farming	 (OF effect)	was	 highlighted	 by	 expressing	 es-
timates	at	 any	proportion	of	organic	 farmland	 (OF estimate)	 as	 a	
percentage	difference	to	the	mean	of	the	estimate	itself	and	the	
estimate	 for	 no	 organic	 farmland	 at	 the	 same	 Julian	 day	 (CONV 
estimate):	

Taking	 the	mean	 across	 the	OF	 and	 the	 CONV	 estimate	 ensured	
equal	weighting.	p‐values	were	obtained	from	bootstraps	with	1,100	
simulations,	 whereby	 apiaries	 were	 randomly	 selected.	 p‐values	
under	 the	null	hypothesis	 that	OF effect	does	not	differ	 from	zero	
were	computed	as	the	fraction	of	simulated	mean‐centred	OF effect 
values	that	are	greater	than	or	equal	to	the	estimate	of	OF effect.

The	 organic	 farming	 effect	 on	 honey	 harvest	 was	 evaluated	
using	two	different	parameters.	First,	we	tested	how	organic	farm-
ing	affected	 the	probability	 that	honey	was	harvested	 from	a	col-
ony	using	generalized	 linear	mixed‐effects	models	 (GLMM)	with	 a	
logit‐link;	 second,	 we	 analysed	 the	 effect	 on	 harvested	 amounts	
only	 in	 those	 colonies	with	honey	harvest	by	 linear	mixed‐effects	
models	(LMM)	with	a	Gaussian	error	distribution.	Models	on	honey	
harvest	 after	 the	 oilseed	 rape	 bloom	 in	 2012	 contained	 apiary	
identity	 as	 a	 random	 factor	 and	 (G)LMMs	on	 honey	 harvest	 after	
the	sunflower	bloom	contained	year	and	apiary	identity	as	random	
factors.	Amounts	of	honey	harvest	after	the	sunflower	bloom	were	
square‐root	transformed	to	obtain	normally	distributed	model	resid-
uals.	p‐values	of	(G)LMMs	were	calculated	by	likelihood‐ratio	tests.	
Absence	of	considerable	spatial	autocorrelation	was	visually	deter-
mined	as	exemplarily	shown	for	honey	harvest	after	the	sunflower	
bloom	(Figure	S3).

The	 “lmer”	 and	 “glmer”	 functions	 of	 the	 “lme4”	 package	were	
used	to	fit	(G)LMMs.	All	analyses	were	done	in	R	version	3.5.0.

3  | RESULTS

3.1 | Landscape composition and seasonal variation 
of colony performance traits

The	amount	of	organic	farmland	varied	strongly	over	space,	which	
resulted	in	very	different	exposure	levels	between	apiaries	(Figure	1	
and	Figure	S1).	The	proportions	of	organic	land	at	the	landscape	and	
the	local	scale	correlated	strongly	(rs	=	0.67,	p	<	0.001,	N	=	60),	but	
this	was	due	 to	apiaries	without	any	organic	 farmland	at	 the	 local	
scale;	when	removed	there	was	no	correlation	anymore	 (rs	=	0.23,	
p	=	0.41,	N	=	15).	All	apiaries	were	exposed	to	oilseed	rape,	grassland	
and	sunflower	at	the	 landscape	scale.	Proportion	of	grassland	cor-
related	negatively	with	oilseed	rape	at	both	spatial	scales	and	posi-
tively	with	sunflower	at	the	local	scale	(Table	S1).	At	neither	scale,	

the	proportions	of	 these	 field	cover	 types	correlated	with	propor-
tion	of	organic	farmland	(Table	S1).

All	 three	 colony	 traits	 varied	 along	 the	 season,	 showing	
peaks	 in	 both	 spring	 and	 summer	 (Figure	 2,	 Figure	 S5,	 Table	
S2).	Worker	 brood	 production	 was	 highest	 in	 the	 second	 half	
of	April,	declined	in	May,	and	peaked	again	at	the	end	of	June.	
Number	of	 adults	exhibited	a	 similar	but	 less	marked	seasonal	
pattern,	peaking	approximately	10	days	later	than	worker	brood	
area	in	spring,	whereas	the	summer	peaks	coincided.	Honey	re-
serves	showed	a	first	peak	at	the	end	of	the	oilseed	rape	flow-
ering	period	and	a	much	more	pronounced	one	at	the	end	of	the	
sunflower	bloom.

3.2 | Honeybee colony responses to organic farming

Honey	 reserves	and	worker	brood	area	varied	more	strongly	with	
organic	farming	and	time	than	number	of	adults	(Figure	2,	Table	S2).

In	 the	dearth	period	 (between	 the	blooms	of	oilseed	 rape	and	
sunflower),	colonies	with	organic	farmland	in	their	local	environment	
had	 up	 to	 37%	more	worker	 brood	 than	 colonies	without	 organic	
farmland	exposure	at	the	same	spatial	scale.	In	fact,	at	the	local	scale	
(300	m),	worker	 brood	 area	 tended	 to	 be	positively	 related	 to	 or-
ganic	farmland	in	almost	all	years	(Figure	S6).	The	effect	size	varied,	
however,	between	years	and	was	 largest	 in	2012	and	2015,	years	
in	which	all	 colonies	exposed	 to	organic	 farming	at	 the	 local	 scale	
were	 exposed	 to	 at	 least	 25%	organic	 farmland.	At	 the	 landscape	
scale,	 no	effect	of	organic	 farming	on	worker	brood	area	was	de-
tected	(Figure	2).

Number	of	adults	followed	generally	a	similar	pattern	as	worker	
brood	area,	but	effects	 tended	to	be	weaker	 (Figure	2)	and	statis-
tically	significant	differences	were	detected	 in	fewer	years	 (Figure	
S7).	Largest	positive	differences	between	colonies	with	and	without	
organic	 farmland	 in	 their	 surroundings	were,	 as	 for	worker	 brood	
area,	 detected	 at	 the	 local	 scale	during	 the	dearth	period	 (~+20% 
at	10%–25%	organic	 farmland),	which	was	particularly	 the	 case	 in	
2014	when	the	estimated	effect	was	even	larger	and	occurred	over	a	
longer	period	than	for	worker	brood	area	(Figure	2	and	Figure	S6).	As	
for	worker	brood,	no	effect	of	organic	farming	on	number	of	adults	
was	observed	at	the	landscape	scale.

Contrary	with	worker	brood	area	and	number	of	adults,	honey	
reserves	was	not	 related	 to	organic	 farming	 at	 the	 local	 scale	but	
at	the	landscape	scale.	Honey	reserves	were	larger	in	colonies	with	
organic	 farming	 exposure	 at	 the	 landscape	 scale	 throughout	 the	
dearth	period	until	shortly	before	the	peak	of	the	sunflower	bloom	
(Figure	2;	+53%	at	5%	organic	farmland).	This	effect	was	only	deter-
mined	for	colonies	exposed	to	little	amounts	of	organic	farmland,	as	
strong	positive	effects	in	colonies	with	high	organic	farmland	expo-
sure	in	2013	and	2014	(Figure	S8)	were	partly	offset	by	non‐signifi-
cant	negative	effects	in	2016.	Most	consistent	positive	effects	were	
observed	at	the	 landscape	scale	at	the	beginning	of	the	sunflower	
bloom	(Figure	2	and	Figure	S8).	At	the	local	scale,	strong	contrasting	
effects	offset	themselves	(Figure	S8)	so	that	no	overall	effect	could	
be	detected	(Figure	2).

(1)
OF effect=2×100% ×

(

OF estimate−CONVestimate
)

∕

(OF estimate+CONVestimate).
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We	observed	only	relatively	subtle	effects	on	the	estimated	re-
lation	between	organic	 farming	 and	 colony	performance,	when	 ac-
counting	for	differences	in	field	cover	(Figures	S9–S11).	Including	the	
proportion	of	grassland	reduced	the	positive	effects	of	organic	farm-
ing	on	worker	brood	area	and	number	of	adults	(Figures	S9	and	S10).

3.3 | Honey harvest

In	2012,	honey	was	harvested	from	62%	of	colonies	after	the	oil-
seed	rape	bloom	and	the	probability	of	harvest	increased	with	the	
amount	of	organic	farmland	in	a	300	m	radius	(Figure	3;	χ2	=	4.39,	
p	=	0.036).	Incorporating	the	proportion	of	oilseed	rape	in	300	m	
distance	 as	 a	 covariate	 into	 the	 model	 increased	 statistical	 sig-
nificance	(χ2	=	6.74,	p	=	0.009).	At	the	landscape	scale,	no	effect	
could	 be	 determined	 (χ2	 =	 0.81,	 p	 =	 0.37),	 as	 confidence	 inter-
vals	 were	wider.	 Among	 colonies	with	 harvest	 after	 the	 oilseed	
rape	 bloom,	 there	was	 no	 relationship	 between	 organic	 farming	
and	the	amount	of	honey	harvest	in	a	300	m	(χ2	=	0.47,	p	=	0.49)	
or	 1,500	m	 radius	 (χ2	 =	 0.78,	 p	 =	 0.46).	 In	 all	 years,	 honey	was	
harvested	after	the	sunflower	bloom.	The	proportion	of	colonies	

with	harvest	varied,	however,	strongly	between	years	from	6%	in	
2015	 to	 64%	 in	 2012,	 but	was	 unaffected	 by	 the	 proportion	 of	
organic	farmland	in	1,500	m	(χ2	=	1.14,	p	=	0.29)	or	300	m	distance	
(χ2	=	0.31,	p	=	0.58).	Among	colonies	with	harvest	after	the	sun-
flower	bloom,	the	amount	of	harvest	was	not	affected	by	organic	
farming	at	the	landscape	scale	(χ2	=	1.14,	p	=	0.29)	or	at	the	local	
scale	(χ2	=	2.69,	p	=	0.10).

4  | DISCUSSION

Intensive	agriculture	has	been	blamed	for	 low	vitality	and	survival	
rates	of	 honeybee	 colonies	 and	organic	 farming	 is	 often	 regarded	
as	 a	more	bee‐friendly	 alternative.	However,	 how	organic	 farming	
affects	 honeybee	 colony	 performance	has,	 to	 our	 knowledge,	 not	
been	studied	yet.

We	expected	the	effect	of	organic	farming	to	vary	with	the	pe-
riod	of	the	year	and	between	colony	traits,	either	in	relation	to	re-
duced	 pesticide	 intoxication	 risk	 during	mass‐flowering	 of	 oilseed	
crops	or	in	relation	to	increased	availability	of	floral	resources,	such	

F I G U R E  2  Variation	in	worker	
brood	area,	number	of	adults	and	honey	
reserves	across	spring	and	summer.	Solid	
lines	denote	GAMM	estimates,	dashed	
lines	bootstrapped	95%‐confidence	
intervals	and	dots	mean	values	per	apiary	
and	day.	The	relation	between	colony	
performance	traits	and	the	proportion	of	
organic	farmland	in	a	1,500	m	or	300	m	
radius	around	the	hives	is	illustrated	as	
a	colour‐coded	percentage	difference	
between	colonies	with	and	without	
exposure	to	organic	farmland	(OF effect,	
equation.	1).	The	colour	gradient	shows	
positive	differences	(i.e.	higher	values	in	
colonies	exposed	to	organic	farmland)	in	
blue	and	negative	ones	in	red.	OF effect 
has	been	calculated	for	5%–15%	organic	
farmland	at	the	landscape	scale	(1,500	m)	
and	10%–30%	organic	farmland	at	the	
local	scale	(300	m).	Cells	in	white	indicate	
that	p	>	0.05	and	dots	that	p < 0.001. p-
values	of	different	point	estimates	are	not	
independent	and	have	not	been	corrected	
for	multiple	testing.	Estimates	are	based	
on	data	collected	in	2‐week	intervals	over	
6	years
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as	weeds,	meadows	and	 semi‐natural	 elements,	 during	 the	dearth	
period	(between	the	blooms	of	oilseed	rape	and	sunflower).	 In	the	
oilseed	rape	flowering	period,	we	suspected,	however,	that	honey-
bee	colonies	in	landscapes	rich	in	organic	farmland	may	have	fewer	
resources	available,	since	oilseed	rape,	a	crop	that	honeybees	forage	
on	extensively	for	nectar	and	moderately	for	pollen	(Requier	et	al.,	
2015),	is	less	commonly	cultivated	in	organic	agriculture.

We	 found,	 however,	 no	 negative	 relationship	 between	 honey-
bee	 colony	 performance	 and	 organic	 farming	 during	 the	 oilseed	
rape	bloom.	Oilseed	rape	was	about	seven	times	more	common	in	
conventional	than	in	organic	farmland	in	our	study	site,	but	due	to	
dilution	 in	the	 landscape,	the	correlation	between	the	proportions	
of	organic	land	and	oilseed	rape	was	not	significant	and	barely	nega-
tive	(rs	~	−0.13).	Accounting	for	the	proportion	of	oilseed	rape	in	the	
surroundings	of	the	bee	hives	did	not	affect	the	estimated	organic	
farming	effect,	suggesting	that	differences	in	oilseed	rape	availabil-
ity	were	not	a	major	driver	of	colony	performance,	possibly	because	
negative	effects	of	reduced	oilseed	rape	availability	may	have	been	
offset	by	positive	effects	due	to	reduced	pesticide	exposure	(Balfour	
et	 al.,	 2017),	 particularly	 since	 oilseed	 rape	 is	 typically	 the	 most	
heavily	treated	insect‐pollinated	crop	in	France	(AGRESTE,	2013).

After	the	oilseed	rape	bloom,	worker	brood	area	declined	less	
in	 colonies	 exposed	 to	 organic	 farming	 at	 the	 local	 scale	 com-
pared	to	colonies	without	organic	farming	exposure,	so	that	they	
had	 substantially	more	 brood	 in	 the	 dearth	 period.	 Although	 ef-
fect	 sizes	varied,	 this	positive	effect	was	 fairly	 consistent	 across	
years.	Worker	 brood	 production	 requires	 pollen	 supply	 and	 pol-
len	 resources	 are	 rare	 in	 the	 dearth	 period	 (Odoux	 et	 al.,	 2012;	
Requier	et	al.,	2015;	Requier,	Odoux,	Henry,	&	Bretagnolle,	2017).	
Organic	 farming	 may	 provide	 floral	 resources,	 including	 pollen	
sources,	 more	 continuously	 throughout	 the	 season	 and	 there-
fore	 prevent	worker	 brood	 production	 from	plummeting	 in	 peri-
ods	of	flower	scarcity.	Higher	weed	availability,	resulting	from	the	
ban	on	 synthetic	herbicides	 in	organic	 farming	 (Bengtsson	et	al.,	

2005;	Henckel	et	al.,	2015;	Tuck	et	al.,	2014)	and	more	perennial	
or	legume	cover	crops	for	nitrogen	fixation	(Decourtye,	Mader,	&	
Desneux,	2010)	may	increase	floral	abundance	in	periods	when	no	
major	cash	crop	is	flowering.	More	abundant	grassland	in	organic	
farming	may	further	increase	the	temporal	continuity	of	resource	
availability	(Bengtsson	et	al.,	2005),	which	is	supported	by	the	find-
ing	that	the	size	of	the	estimated	organic	farming	effect	on	worker	
brood	area	during	the	dearth	period	decreased	when	incorporating	
the	 proportion	 of	 grassland	 in	 the	model.	 As	 expected,	 positive	
effects	 on	worker	 brood	 area	 translated	 into	positive	 effects	 on	
number	of	adults	(Requier	et	al.,	2017),	although	with	a	lower	ef-
fect	size,	possibly	because	worker	brood	area	fluctuates	more	than	
adult	number.	In	addition,	positive	effects	on	number	of	adults	may	
have	been	 in	part	offset	by	a	 trade‐off	between	colony	 size	and	
individual	bee	 longevity,	 as	honeybees	 in	 larger	 colonies	 tend	 to	
forage	at	a	younger	age,	which	 reduces	 their	 life	 span	 (Rueppell,	
Kaftanouglu,	&	Page	Jr.,	2009).

Positive	 relationships	 between	 organic	 farming	 and	 worker	
brood	area	or	number	of	adults	were	only	observed	at	 the	 local	
scale	suggesting	that	organic	fields	impact	colony	size	especially	
when	they	are	nearby.	Fields	in	proximity	of	hives	are	more	likely	
to	be	foraged	on	(Couvillon	et	al.,	2014),	since	honeybees	attempt	
to	 minimize	 their	 energy	 consumption	 (Stabentheiner	 &	 Kovac,	
2016).	 Therefore,	 organic	 fields	 near	 hives	may	 reduce	 foraging	
efforts	of	honeybees	more	strongly	than	fields	at	greater	distance.	
Honeybee	colonies	next	to	organic	fields	may	be	less	impacted	by	
pesticide	drift,	forage	on	a	wider	diversity	of	pollen	sources	and	
suffer	 therefore	 from	 fewer	micro‐nutrient	 deficiencies	 (Filipiak	
et	al.,	2017).	During	the	sunflower	bloom,	no	relationship	between	
organic	farming	and	worker	brood	area	or	number	of	adults	could	
be	 observed.	 In	 this	 period,	 organic	 farming	may	 provide	 fewer	
benefits	 to	 bees	 as	 sunflower	 is	 approximately	 equally	 used	 in	
organic	and	conventional	agriculture	and	less	intensively	treated	
than	oilseed	rape	(AGRESTE,	2013).

F I G U R E  3  Honey	harvest	after	the	
oilseed	rape	bloom	in	2012	and	after	the	
sunflower	bloom	in	all	years	(2012–2017)	
in	relation	to	the	proportion	of	organic	
farmland	in	a	1,500	m	and	a	300	m	
radius	around	the	honeybee	hives.	
Honey	harvest	is	characterized	by	two	
parameters:	the	probability	that	honey	
could	be	harvested	from	a	colony	and	the	
amount	of	honey	harvest	among	those	
colonies	with	harvest
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Honey	 reserves	 is	 the	 colony	 trait	 that	 has	 the	most	 complex	
relationship	to	organic	farming.	Organic	farming	can	directly	affect	
honey	reserves	through	the	availability	of	melliferous	flowers	or	in-
directly	through	effects	on	worker	brood	area	and	number	of	adults,	
which	then	affect	honey	reserves	 through	trade‐offs	or	cascading	
effects	(Requier	et	al.,	2017).	In	the	dearth	period	and	at	the	begin-
ning	of	the	sunflower	bloom,	colonies	exposed	to	organic	farmland	at	
the	landscape	scale	had	larger	honey	reserves,	suggesting	that	colo-
nies	in	landscapes	rich	in	organic	farmland	benefitted	from	increased	
availability	of	melliferous	flowers	after	the	oilseed	rape	bloom.	It	is	
also	conceivable	that	colonies	with	access	to	organic	farming	could	
satisfy	their	pollen	demands	more	easily,	which	allowed	them	to	for-
age	more	intensively	on	nectar	sources.

At	 the	 local	 scale,	 strong	positive	effects	 in	 some	years	offset	
similarly	strong	negative	effects	in	other	years.	This	may	potentially	
be	due	to	trade‐offs	between	worker	brood	and	honey	production,	
as	suggested	by	the	finding	that	the	most	pronounced	negative	ef-
fects	on	honey	reserves	occurred	with	a	short	delay	but	in	the	same	
year	as	the	strongest	positive	effects	on	worker	brood	area	(2015;	
Figures	S6	and	S8).

5  | CONCLUSIONS

Our	study	presents	evidence	that	organic	farming	increases	honeybee	
colony	performance.	Several	pathways	through	which	organic	farming	
may	act	on	honeybee	colonies,	 including	 insecticide	 reduction,	her-
bicide	reduction,	crop	choice	and	provision	of	semi‐natural	elements	
and	cover	crops,	need	to	be	studied	in	isolation	or	in	fully	crossed	ex-
periments,	because	they	may	counteract	each	other.	In	our	study,	we	
found,	however,	that	positive	effects	(wild	flower	resources,	pesticide	
ban)	prevailed	over	negative	ones	(reduced	oilseed	rape	occurrence).	
We	suspect	that	organic	farming	may	benefit	beekeepers	by	increas-
ing	 colony	 survival.	 Winter	 colony	 mortality	 has	 previously	 been	
linked	to	reduced	pollen	collection	and	brood	production	in	the	period	
between	the	blooms	of	oilseed	rape	and	sunflower,	which	is	character-
ized	by	flower	scarcity	(Requier	et	al.,	2017).	Our	results	suggest	that	
organic	farming	may	counteract	declines	in	worker	brood	production	
in	this	period	and	therefore	potentially	increase	long‐term	colony	sur-
vival.	We,	therefore,	conclude	that	organic	farming	can	buffer	adverse	
effects	of	intensive	agriculture	on	honeybee	colonies.	Increased	vital-
ity	of	honeybee	colonies,	which	forage	at	a	large	scale	and	are	crucial	
pollinators	of	natural	vegetation	and	cropland	(Potts	et	al.,	2016),	sug-
gests	that	organic	farming	may	enhance	pollination	not	only	on	field	
but	also	in	the	wider	landscape.	This	remains	to	be	confirmed,	but	such	
an	effect	would	suggest	that	organic	farming	could	provide	benefits	to	
both	biodiversity	conservation	and	agricultural	production.
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Résumé français
1. L’agriculture conventionnelle a des conséquences avérées sur la biodiversité globale, incluant le déclin des pollini‐

sateurs. L’agriculture biologique apparaît comme une alternative à l’agriculture intensive, mais son influence sur les 
abeilles domestiques reste très mal connue, malgré l’importance de celles‐ci en tant que pollinisateurs des cultures 
et des plantes sauvages.

2. Six années d’étude à grande échelle avec des mesures bimensuelles de traits de performance des colonies d’abeilles 
(10 ruchers par an répartis sur une zone d’étude de 435 km2 en France), ont permis d’établir une relation entre la 
surface de couvain d’ouvrières, le nombre d’abeilles adultes ou les réserves de miel, avec la proportion de terres 
agricoles conduites en pratique biologique aux alentours des ruches à deux échelles spatiales, locale et paysagère 
(300 m et 1500 m).

3. Nous montrons, à une échelle locale, que l’agriculture biologique augmente à la fois la production de couvain et le 
nombre d’ouvrières en période de pénurie de fleurs, entre les floraisons du colza et du tournesol (ci‐après dénom‐
mée « période de disette »). À l’échelle du paysage, l’agriculture biologique augmente aussi les réserves de miel 
pendant la période de disette ainsi qu’au début de la floraison du tournesol.

4. Nos résultats suggèrent que le développement du couvain d’ouvrières bénéficie de l’agriculture biologique princi‐
palement grâce à un régime alimentaire plus diversifié lié à une augmentation des ressources de pollen à proximité 
immédiate des ruches. La réduction de la pression pesticide semble également améliorer la survie des abeilles, 
alors que l’augmentation des réserves en miel résulterait d’une disponibilité accrue des fleurs mellifères à prox‐
imité de la ruche.

5. Synthèse et applications. Nous décrivons ici comment la surface de couvain d’ouvrières peut augmenter, même 
au cours de la période critique de disette entre les floraisons du colza et du tournesol. L'agriculture biologique 
peut ainsi augmenter la performance des colonies d'abeilles en période de pénurie de ressources, notamment 
grâce à un approvisionnement continu en ressources florales, comme les adventices des cultures, des couverts 
prairiaux ou la présence de composantes paysagères semi‐naturelles (haies). La période de disette a été montrée 
comme une période critique pour la survie hivernale des colonies d’abeilles ; nous suggérons ici que l’agriculture 
biologique peut atténuer les conséquences de l'agriculture intensive sur la vitalité des colonies d’abeilles. Ainsi, 
l’agriculture biologique profite à un pollinisateur majeur des cultures, avec des implications favorables potentielles 
pour l’ensemble des activités agricoles.



要旨

1. 有機農業は、生物多様性と、それに関連する生態系サービスの保全に重要な役割を果たすと考えられている。しかし、有機農業が

農地の生物多様性にもたらす影響は十分にわかっておらず、特に水稲の主要な生産地であるアジアにおいて知見が非常に少な

い。

2. 私たちは、日本の水田では初となる全国規模の野外調査を2013–2015年に行い、慣行、減農薬および有機栽培の3つの農法の

違い、および、除草剤・殺虫剤の施用、輪作の有無、畦畔の植生管理等の管理手法の違いが複数の生物種群（植物、無脊椎動

物、トノサマガエル属、ニホンアマガエル、ドジョウ科および鳥類）に与える影響を評価した。

3. 在来／レッドリスト植物種数、アシナガグモ属、アカネ属およびトノサマガエル属の個体数は有機栽培の水田で最も多く、次いで減農薬

栽培田、慣行栽培田となった。また、管理手法の違いに対する応答は分類群毎に異なることが明らかとなった。具体的には、植物種

数、およびアシナガグモ属とアカネ属の個体数は除草剤もしくは殺虫剤施用の少ない水田に多かった。アカネ属とドジョウ科の個体数は

輪作を実施しない水田に多かったが、一方でニホンアマガエルの個体数は輪作を実施する水田に多かった。トノサマガエル属の個体数

は畦畔の植生高に比例して増加した。

4. 水田団地のスケールでみると、水鳥類の種数・個体数は有機栽培田の面積率と正の相関を示しており、これは食物量の増加による

ものと考えられた。一方、陸鳥類の種数・個体数は年降水量および年平均気温と正に相関しており、こうした気候が食物量を増加させ

る結果と示唆された。

5. 総括および応用　慣行栽培と比較して、有機栽培および減農薬栽培が農地の生物多様性に正の影響をもたらすことが明らかにな

った。これにより、現在、日本で実施される農業環境政策（有機・減農薬栽培等に対する交付金制度）の効果について科学的な

評価基盤を提供することができた。さらに、輪作を回避すること、畦畔植生を適当な高さに維持すること、および有機栽培を行う水田

を空間的にまとめることも、特定の分類群の保全に有効であることがわかり、こうした取組の推進が望まれる。


