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Abstract

Ɛĺ	 There	is	a	weak	evidence	base	supporting	the	effective	management	of	riparian	
ecosystems	within	tropicaѴ	agricuѴtureĺ	PoѴicies	to	protect	riparian	buffersŌstrips	
of	nonŊcuѴtivated	Ѵand	aѴongside	waterwaysŌare	vague	and	vary	greatѴy	between	
countriesĺ

Ƒĺ	 From	a	 rapid	evidence	appraisaѴķ	we	 find	 that	 riparian	buffers	 are	beneficiaѴ	 to	
hydroѴogyķ	water	quaѴityķ	biodiversity	and	some	ecosystem	functions	 in	tropicaѴ	
Ѵandscapesĺ	Howeverķ	effects	on	connectivityķ	carbon	storage	and	emissions	reŊ
duction	 remain	 understudiedĺ	 Riparian	 functions	 are	mediated	 by	 buffer	width	
and	habitat	quaѴityķ	but	expѴicit	threshoѴd	recommendations	are	rareĺ

3. Policy implications.	A	oneŊsize	 fits	aѴѴ	width	criterionķ	 commonѴy	appѴiedķ	wiѴѴ	be	
insufficient	to	provide	aѴѴ	riparian	functions	in	aѴѴ	circumstancesĺ	ContextŊspecific	
guideѴines	for	aѴѴocatingķ	restoring	and	managing	riparian	buffers	are	necessary	to	
minimise	 continued	 degradation	 of	 biodiversity	 and	 ecosystem	 functioning	 in	
tropicaѴ	agricuѴtureĺ

K E Y W O R D S

biodiversityķ	conservation	setŊasideķ	ecosystem	functionķ	environmentaѴ	poѴicyķ	riparian	
corridorķ	riparian	reserveķ	riverķ	water	quaѴity

ƐՊ |ՊINTRODUC TION

Conservation	setŊ	asides	are	an	important	strategy	to	maintain	biodiŊ
versity	and	ecosystem	functions	in	tropicaѴ	agricuѴturaѴ	Ѵandscapesĺ	

Protected	riparian	areasķ	known	as	buffersķ	stripsķ	marginsķ	zones	or	
reservesķ	are	a	typicaѴ	setŊ	aside	strategyĺ	They	comprise	naturaѴ	nonŊ	
converted	habitatķ	activeѴy	restored	naturaѴ	habitatķ	or	unmanaged	
areas	ŐBarcѴayķ	Grayķ	Lukeķ	ş	Turnerķ	ƑƏƐƕőĺ
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GѴobaѴѴyķ	 most	 research	 on	 riparian	 buffers	 concerns	 hydroѴogyķ	
water	quaѴity	and	quantity	ŐAѴѴanķ	ƑƏƏƓĸ	Mayerķ	ReynoѴdsķ	McCutchenķ	
ş	CanfieѴdķ	ƑƏƏƕĸ	Tabacchi	et	aѴĺķ	ƑƏƏƏőĺ	More	recentѴyķ	there	has	been	
a	growing	interest	in	provisions	for	biodiversityķ	Ѵandscape	connectivŊ
ityķ	 and	ecosystem	 services	 such	 as	poѴѴinationķ	 pest	 controѴķ	 carbon	
storage	and	emissions	reduction	Őeĺgĺ	Marczak	et	aѴĺķ	ƑƏƐƏőĺ	Howeverķ	
the	scientific	evidence	for	these	aѴѴeged	benefits	is	often	Ѵacking	and	
unavaiѴabѴe	to	poѴicymakers	and	practitionersĺ

With	 the	emergence	of	 sustainabiѴity	 standardsķ	and	 increased	
transparency	 in	 agribusiness	 and	 producer	 governmentsķ	 there	 is	
a	 window	 of	 opportunity	 to	 inform	 poѴicies	 in	 tropicaѴ	 countriesĺ	
Strengthened	 protection	 of	 riparian	 buffers	 is	 attracting	 industry	
interestķ	 particuѴarѴy	 via	 crop	 certification	 schemesķ	 such	 as	 the	
RoundtabѴe	 on	 SustainabѴe	 PaѴm	OiѴĸ	 Fair	 Trade	 InternationaѴķ	 and	
Rainforest	AѴѴianceĺ	As	producers	embrace	demands	for	sustainabiѴŊ
ityķ	it	is	timeѴy	to	evaѴuate	current	riparian	poѴicies	and	the	scientific	
evidence	base	avaiѴabѴe	to	inform	themĺ

Riparian	 poѴicies	 typicaѴѴy	 prescribe	 a	minimum	width	 for	 proŊ
tection	 ŐSupporting	 Information	 TabѴe	 SƐőĺ	 Howeverķ	 much	 of	 the	
research	 on	 the	 ecoѴogicaѴ	 impact	 of	 buffer	 width	 is	 from	 North	
America	and	Europe	ŐFigure	Ɛőĺ	PoѴicies	are	absent	or	poorѴy	defined	
in	 many	 tropicaѴ	 countriesķ	 particuѴarѴy	 the	 emerging	 agricuѴturaѴ	
markets	of	CentraѴ	Africa	ŐSupporting	Information	TabѴe	SƐőĺ	Where	
poѴicies	do	exist	in	tropicaѴ	countriesķ	they	can	be	vagueķ	highѴy	variŊ
abѴe	between	and	within	countriesķ	and	often	ѴooseѴy	based	on	inforŊ
mation	from	other	Ѵocationsĺ

ƑՊ |ՊA SSESSING THE TROPIC AL E VIDENCE 
BA SE

To	 assess	 the	 research	 and	 recommendations	 avaiѴabѴe	 for	 riparŊ
ian	 buffers	 in	 tropicaѴ	 agricuѴtureķ	we	 undertook	 a	 rapid	 evidence	
appraisaѴ	 of	 the	 scientific	 Ѵiterature	 Ősee	 Supporting	 Information	
Appendix	SƐőĺ	The	 search	 returned	ѶƓƕ	pubѴicationsĺ	After	 incѴudŊ
ing	 papers	 we	 knew	 had	 been	 missed	 by	 the	 search	 there	 were	
ƑѵƔ	studies	 that	considered	 the	 impacts	of	 tropicaѴ	 agricuѴture	on	
riparian	 zones	 and	 waterwaysķ	 of	 which	 ƐƏƕ	 expѴicitѴy	 focussed	
on	the	effects	of	riparian	buffersĺ	Most	of	these	ƐƏƕ	studies	were	
from	BraziѴ	ŐƒƐѷőķ	MaѴaysia	ŐƐƓѷő	and	Costa	Rica	ŐƐƐѷő	ŐSupporting	
Information	Figure	SƐőĺ	Fifty	per	cent	of	the	ƐƏƕ	studies	considered	
terrestriaѴ	ecoѴogyķ	biodiversity	and	functionĸ	ƒƏѷ	hydroѴogy	andņor	
water	quaѴityĸ	ƐѶѷ	covered	freshwater	ecosystemsĸ	ƐƔѷ	terrestriaѴ	
connectivityĸ	 ƐƐѷ	 agricuѴturaѴ	 ecosystem	 services	 and	 Ɠѷ	 carbon	
storage	and	emissions	Ősome	pubѴications	covered	muѴtipѴe	themesőĺ	
BeѴow	we	 summarise	 the	 current	 state	 of	 knowѴedgeķ	 drawing	 on	
exampѴes	from	the	ƐƏƕ	studiesĺ	Very	few	gave	specific	recommenŊ
dations	 for	 buffer	 design	 or	managementķ	 but	where	 they	 did	we	
report	themĺ

ƑĺƐՊ|ՊHydroѴogy and water quaѴity

Riparian	 areas	 reguѴate	 rainfaѴѴ	 and	 runŊ	off	 into	 freshwatersķ	 fiѴter	
sediments	 and	 poѴѴutantsķ	 stabiѴise	 riverbanksķ	 maintain	 shading	

F I G U RE  ƐՊMinimum	ŐѴight	shadingő	and	maximum	Ődark	shadingő	riparian	buffer	widths	recommended	to	protect	riparian	functions	in	
temperate	Őevidence	for	North	America	in	CoѴѴins	et	aѴĺķ	ƑƏƏѵő	and	tropicaѴ	regions	ŐmateriaѴ	in	this	manuscript	and	BarcѴay	et	aѴĺķ	ƑƏƐƕőĺ	The	
number	of	studies	on	which	the	recommendations	are	based	are	in	parentheses
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and	 Ѵow	water	 temperaturesķ	 and	 provide	 inputs	 of	 terrestriaѴ	 orŊ
ganic	matter	such	as	woodķ	Ѵeavesķ	seeds	and	insects	ŐAѴѴanķ	ƑƏƏƓĸ	
Tabacchi	 et	aѴĺķ	 ƑƏƏƏőĺ	 Protecting	 nonŊ	cuѴtivated	 riparian	 buffers	
aѴso	mitigates	fѴoodingķ	sedimentationķ	and	nutrient	runŊ	off	in	farmŊ
Ѵand	ŐMayer	et	aѴĺķ	ƑƏƏƕĸ	Tabacchi	et	aѴĺķ	ƑƏƏƏőĺ

In	 generaѴķ	 buffers	 with	 greater	 vegetation	 quaѴity	 provide	
better	hydroѴogicaѴ	benefitsĺ	Across	muѴtipѴe	studies	and	tropicaѴ	
regionsķ	high	tree	cover	is	associated	with	high	ѴeveѴs	of	dissoѴved	
oxygen	 in	 riversķ	 and	 Ѵow	 ѴeveѴs	 of	 sediment	 ŐHeartsiѴѴŊ	ScaѴѴey	
ş	 Aideķ	 ƑƏƏƒőķ	 sand	 ŐLukeķ	 BarcѴayķ	 et	aѴĺķ	 ƑƏƐƕőķ	 and	 diseaseŊ	
causing	bacteria	ŐRagosta	et	aѴĺķ	ƑƏƐƐőĺ	In	MaѴaysiaķ	oiѴ	paѴm	pѴanŊ
tation	streams	with	high	 riparian	 foѴiage	cover	are	more	shaded	 
and	 cooѴerķ	 and	 have	more	 Ѵeaf	 Ѵitter	 ŐCheѴѴaiah	 ş	 YuѴeķ	 ƑƏƐѶbĸ	
LukeӅ	 BarcѴayķ	 et	aѴĺķ	 ƑƏƐƕőĺ	 In	 mixed	 farmѴand	 of	 Nicaraguaķ	
	buffers	 with	 higher	 Ѵeaf	 area	 index	 and	 decreased	 grazing	 
intensity	aѴso	have	higher	 ѴeveѴs	of	water	absorption	and	sѴower	
overaѴѴ	 fѴow	 ŐNiemeyerķ	 Fremierķ	 Heinseķ	 Ch࢙vezķ	 ş	 DeCѴerckķ	
ƑƏƐƓőĺ	 In	 contrastķ	 the	 Ѵimited	 avaiѴabѴe	 evidence	 indicates	 
greater	 forest	 cover	may	 not	 directѴy	 resuѴt	 in	 greater	 nitrogen	
removaѴ	ŐChaves	et	aѴĺķ	ƑƏƏƖĸ	Connorķ	NeѴsonķ	Armourķ	ş	H࣐nauѴtķ	
ƑƏƐƒőĺ

Landscape	structure	at	Ѵarger	spatiaѴ	scaѴes	may	outweigh	the	imŊ
pact	of	ѴocaѴised	riparian	buffersĺ	Forest	quaѴity	and	anthropogenic	
activities	at	the	catchment	scaѴe	were	found	to	be	important	in	both	
MaѴaysia	 and	 BraziѴķ	 particuѴarѴy	 where	 buffer	 widths	 are	 ƺƐƏƏ	m	
ŐLukeķ	 BarcѴayķ	 et	aѴĺķ	 ƑƏƐƕĸ	 MeѴѴoķ	 Randhirķ	 VaѴenteķ	 ş	 Vettorazziķ	
ƑƏƐƕőĺ	SubtѴe	changes	in	road	Ѵayouts	or	forest	cover	across	a	catchŊ
ment	can	strongѴy	infѴuence	runŊ	offķ	sedimentation	and	water	temŊ
peratures	ŐLeaѴ	et	aѴĺķ	ƑƏƐѵőĺ

ConcѴusionĹ	Riparian	management	poѴicies	shouѴd	acŊ
count	 for	muѴtipѴe	scaѴes	 from	the	riparian	to	catchŊ
ment	 ѴeveѴĺ	 Once	 this	 is	 considered	 it	 is	 ѴikeѴy	 that	
protecting	 reѴativeѴy	 narrow	 buffers	 Őc.	 ƔŋƐƏ	mő	 wiѴѴ	
heѴp	reguѴate	hydroѴogy	in	tropicaѴ	farmѴand	ŐFigure	Ɛőĺ

ƑĺƑՊ|ՊFreshwater biodiversity

Freshwater	biodiversity	is	heaviѴy	affected	by	upstream	and	downŊ
stream	 areas	 as	 weѴѴ	 as	 surrounding	 riparian	 habitat	 through	 the	
infѴuence	of	nutrient	inputs	and	microcѴimate	ŐPusey	ş	Arthingtonķ	
ƑƏƏƒőĺ	AѴthough	fish	communities	in	agricuѴturaѴ	streams	with	buffŊ
ers	are	typicaѴѴy	more	simiѴar	to	those	in	pristine	forest	than	those	
without	buffers	ŐGiam	et	aѴĺķ	ƑƏƐƔĸ	Lorion	ş	Kennedyķ	ƑƏƏƖaőķ	there	
are	mixed	effects	on	species	richnessķ	abundanceķ	and	biomass	reŊ
ported	 in	 the	 Ѵiteratureĺ	 For	 exampѴeķ	 fish	 that	 use	 Ѵeaf	 Ѵitter	 and	
coarse	substrate	for	hiding	and	foraging	were	found	to	be	missing	
from	 oiѴ	 paѴm	 rivers	 without	 buffers	 ŐGiam	 et	aѴĺķ	 ƑƏƐƔĸ	 Lorion	 ş	
Kennedyķ	ƑƏƏƖaőĺ	As	with	water	quaѴityķ	 fish	diversity	 responds	 to	
both	ѴocaѴ	stream	and	catchment	ѴeveѴ	conditionsķ	and	may	aѴso	deŊ
pend	on	buffer	widths	ŐLeaѴ	et	aѴĺķ	ƑƏƐѶĸ	Tanakaķ	de	Souzaķ	Moschiniķ	
ş	OѴiveiraķ	ƑƏƐѵőĺ

Freshwater	invertebrates	are	centraѴ	to	aquatic	food	websķ	conŊ
tribute	to	decomposition	and	therefore	support	heaѴthy	freshwaters	
ŐCovichķ	PaѴmerķ	ş	CrowѴķ	ƐƖƖƖőĺ	Macroinvertebrate	composition	and	
diversity	in	bufferŊ	protected	rivers	is	typicaѴѴy	intermediate	between	
that	of	pristine	and	agricuѴturaѴ	sitesķ	aѴthough	there	is	notabѴe	variŊ
ation	 between	 studies	 and	 crop	 types	 ŐCheѴѴaiah	 ş	 YuѴeķ	 ƑƏƐѶaĸ	
Cunhaķ	de	Assis	Montagķ	ş	Juenķ	ƑƏƐƔĸ	Cunha	ş	Juenķ	ƑƏƐƕĸ	Lorion	ş	
Kennedyķ	ƑƏƏƖbĸ	Lukeķ	Dowķ	et	aѴĺķ	ƑƏƐƕĸ	Tanaka	et	aѴĺķ	ƑƏƐѵőĺ	Higher	
aquatic	invertebrate	diversity	is	associated	with	high	ѴeveѴs	of	coarse	
particuѴate	organic	matterķ	coarse	substrateķ	dissoѴved	oxygenķ	 Ѵow	
ѴeveѴs	of	sѴowŊ	fѴowing	ľgѴideĿ	habitat	and	ammonium	concentrations	
ŐChar࢙Ŋ	Sernaķ	 Char࢙ķ	 GiraѴdoķ	 deѴ	 Carmen	 Zিोigaķ	 ş	 AѴѴanķ	 ƑƏƐƔĸ	
ConnoѴѴyķ	Pearsonķ	ş	Pearsonķ	ƑƏƐѵĸ	Tanaka	et	aѴĺķ	ƑƏƐѵőĺ	AѴthough	
ѴandŊ	use	 changes	 are	 known	 to	 reduce	 freshwater	 decomposition	
ŐTorres	ş	Ramझrezķ	ƑƏƐƓőķ	there	are	no	tropicaѴ	studies	examining	the	
potentiaѴ	for	buffers	to	improve	themĺ

As	with	hydroѴogicaѴ	studiesķ	freshwater	research	points	to	the	
benefits	 of	 retaining	 sufficient	 forest	 cover	 Őeĺgĺ	 ƻƔƏѷķ	 ConnoѴѴy	
et	aѴĺķ	ƑƏƐѵő	of	sufficient	quaѴity	Őeĺgĺ	Ѵarger	trees	and	greater	verticaѴ	
canopy	structureķ	Tanaka	et	aѴĺķ	ƑƏƐѵő	adjacent	to	riversĺ

ConcѴusionĹ	 No	 studies	 gave	 expѴicit	 recommendaŊ
tions	of	riparian	widths	needed	to	heѴp	protect	tropiŊ
caѴ	freshwatersĺ	This	might	be	partѴy	expѴained	by	the	
difficuѴty	 in	 distinguishing	 ѴocaѴised	 effectiveness	of	
riparian	 buffers	 from	 confounding	 catchmentŊ	ѴeveѴ	
effects	Ősee	LeaѴ	et	aѴĺķ	ƑƏƐѶőĺ

ƑĺƒՊ|ՊTerrestriaѴ biodiversity

Vegetation	within	riparian	buffers	tends	to	support	more	terrestriaѴ	
biodiversity	 than	 surrounding	 farmѴandķ	 and	 canķ	 in	 some	 casesķ	
support	comparabѴe	diversity	to	riparian	vegetation	surrounded	by	
continuous	 forest	 Őeĺgĺ	mammaѴsķ	Medinaķ	Harveyķ	MerѴoķ	 VझѴchezķ	
ş	Hern࢙ndezķ	 ƑƏƏƕĸ	 birdsķ	MitcheѴѴ	 et	aѴĺķ	 ƑƏƐѶĸ	 antsķ	Grayķ	 Lewisķ	
Chungķ	 ş	 FayѴeķ	 ƑƏƐƔĸ	 butterfѴiesķ	 Harvey	 et	aѴĺķ	 ƑƏƏѵőĺ	 Howeverķ	
in	many	situations	buffer	biodiversity	is	intermediate	between	that	
found	 in	 farmѴand	 and	 continuous	 forest	 Őeĺgĺ	 mammaѴsķ	 Zimbresķ	
Peresķ	 ş	Machadoķ	 ƑƏƐƕĸ	 anuransķ	 Konopikķ	 SteffanŊ	Dewenterķ	 ş	
Grafeķ	 ƑƏƐƔĸ	 dung	beetѴesķ	Grayķ	 SѴadeķ	Mannķ	ş	 Lewisķ	 ƑƏƐƓőĺ	As	
can	be	expected	 from	habitat	degradation	and	 fragmentationķ	 the	
number	of	species	supported	is	variabѴeķ	with	many	being	generaѴŊ
istķ	disturbanceŊ	ķ	or	matrixŊ	toѴerant	taxaķ	particuѴarѴy	in	narrow	buffŊ
ers	ŐKeirķ	Pearsonķ	ş	Congdonķ	ƑƏƐƔĸ	Marczak	et	aѴĺķ	ƑƏƐƏĸ	Metzgerķ	
Bernacciķ	 ş	 GoѴdenbergķ	 ƐƖƖƕőĺ	 Riparian	 zones	 may	 aѴso	 support	
transient	 popuѴations	 at	 particuѴar	 times	 of	 the	 yearķ	 during	 exŊ
treme	seasons	or	Ѵife	stages	ŐKeuroghѴian	ş	Eatonķ	ƑƏƏѶĸ	RodriguezŊ	
Mendoza	ş	Pinedaķ	ƑƏƐƏőĺ

As	habitat	quaѴity	and	tree	species	numbers	are	often	greater	in	
wider	buffers	ŐLees	ş	Peresķ	ƑƏƏѶĸ	Metzger	et	aѴĺķ	ƐƖƖƕőķ	it	is	diffiŊ
cuѴt	to	discern	the	infѴuence	of	forest	structure	on	riparian	biodiverŊ
sityĺ	For	birds	at	 Ѵeastķ	more	species	are	recorded	 in	riparian	areas	
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with	 a	more	 even	 canopy	profiѴe	 ŐLees	ş	Peresķ	 ƑƏƏѶőķ	 or	 greater	
aboveŊ	ground	 biomass	 ŐMitcheѴѴ	 et	aѴĺķ	 ƑƏƐѶőĺ	 For	 this	 reasonķ	 exŊ
cѴusion	 of	 cattѴe	 from	 riparian	 buffers	 has	 been	 recommended	 in	
BraziѴ	 ŐMendoza	 et	aѴĺķ	 ƑƏƐƓőķ	which	 Ѵeads	 to	 vegetation	 regeneraŊ
tion	ŐGriscomķ	Griscomķ	ş	Ashtonķ	ƑƏƏƖő	and	improved	bird	diversity	
ŐLees	ş	Peresķ	ƑƏƏѶőĺ

SeveraѴ	 studies	 have	 investigated	 the	 roѴe	 of	 isoѴation	 from	
forest	 in	 structuring	 buffer	 communitiesĺ	 NotabѴyķ	 buffers	 
near	 to	 Ѵarge	 tracts	 of	 forest	 support	 Ѵarger	 bat	 popuѴations	
ŐGaѴindoŊ	Gonz࢙Ѵez	 ş	 Sosaķ	 ƑƏƏƒőķ	 and	 more	 diverse	 dung	 beeŊ
tѴe	 ŐBarѴow	et	aѴĺķ	 ƑƏƐƏő	 and	bird	 assembѴages	 ŐKeir	 et	aѴĺķ	 ƑƏƐƔĸ	 
Lees	ş	Peresķ	ƑƏƏѶőĺ	Howeverķ	 the	 ѴongŊ	term	viabiѴity	of	terresŊ
triaѴ	biodiversity	in	buffers	remains	open	to	question	as	edge	efŊ
fects	may	cause	continuaѴ	habitat	degradationķ	and	so	the	extent	
to	which	buffers	act	as	ecoѴogicaѴ	sinks	is	uncѴear	ŐBeier	ş	Nossķ	
ƐƖƖѶőĺ

In	 BraziѴķ	 riparian	 buffers	 of	 ƻѵƏ	m	 incѴuded	 both	 annuaѴѴy	
fѴooded	 and	 dry	 forest	 typesķ	 maintaining	 higher	 tree	 species	 diŊ
versity	 ŐMetzger	 et	aѴĺķ	 ƐƖƖƕőĺ	 In	 pastureķ	 widths	 ƻƐƏƏŋƑƏƏ	m	 for	
mammaѴsķ	 birds	 ŐLees	 ş	 Peresķ	 ƑƏƏѶĸ	 Zimbres	 et	aѴĺķ	 ƑƏƐƕőķ	 and	
dung	beetѴes	ŐBarѴow	et	aѴĺķ	ƑƏƐƏő	are	recommendedĺ	In	oiѴ	paѴm	in	
Borneoķ	minimum	 riparian	widths	 of	 ƓƏŋƐƏƏ	m	 Őeither	 side	 of	 the	
riverő	for	birds	ŐMitcheѴѴ	et	aѴĺķ	ƑƏƐѶő	and	dung	beetѴes	ŐGrayķ	SѴadeķ	
Mannķ	ş	Lewisķ	ƑƏƐƕő	are	suggested	ŐFigure	Ƒőķ	whiѴe	in	sugarcane	in	
QueensѴandķ	widths	ƻƖƏ	m	are	needed	to	support	 forest	speciaѴist	
birds	ŐKeir	et	aѴĺķ	ƑƏƐƔőĺ

ConcѴusionĹ	Positive	associations	exist	between	riparŊ
ian	buffer	width	and	terrestriaѴ	 tropicaѴ	biodiversityĺ	
A	buffer	width	of	ƐƏƏ	m	each	side	of	the	bank	wouѴd	
heѴp	support	muѴtipѴe	animaѴ	and	tree	taxa	regardѴess	
of	agricuѴturaѴ	Ѵand	use	or	geographic	Ѵocationĺ

ƑĺƓՊ|ՊLandscape connectivity

Riparian	buffers	 represent	 the	essentiaѴ	 connection	between	both	
terrestriaѴ	 and	 aquatic	 ecosystemsķ	 and	 can	 potentiaѴѴy	 connect	
habitat	patches	in	fragmented	Ѵandscapesĺ	For	exampѴeķ	forest	antŊ
shrikes	 ŐGiѴѴies	 ş	 Stĺ	 CѴairķ	 ƑƏƏѶőķ	 bats	 ŐMedina	 et	aѴĺķ	 ƑƏƏƕőķ	 pecŊ
caries	 ŐKeuroghѴian	ş	Eatonķ	ƑƏƏѶőķ	sѴoths	 ŐGarc࣐sŊ	Restrepoķ	PauѴiķ	
ş	Peeryķ	 ƑƏƐѶőķ	 and	 dung	 beetѴes	 and	moths	 ŐGrayķ	 SѴadeķ	Chungķ	
ş	Lewisķ	ƑƏƐƕő	are	known	to	use	 riparian	buffers	 to	move	around	
agricuѴturaѴŊ	dominated	 Ѵandscapesĺ	 Buffers	 may	 aѴso	 faciѴitate	 the	
spread	of	invasive	species	ŐProches	et	aѴĺķ	ƑƏƏƔőķ	aѴthough	there	are	
no	studies	that	specificaѴѴy	addressĺ

ConcѴusionĹ	OnѴy	 a	 few	 tropicaѴ	 studies	 have	 invesŊ
tigated	 the	 use	 of	 riparian	 buffers	 to	 increase	 ѴandŊ
scape	 connectivityķ	 with	 most	 focussing	 on	 singѴe	
speciesĺ	This	is	a	key	knowѴedge	gap	that	is	in	criticaѴ	
need	of	further	research	to	inform	poѴicyĺ

ƑĺƔՊ|ՊGreenhouse gas baѴance

Depending	on	how	they	are	managedķ	riparian	buffers	couѴd	exacŊ
erbate	greenhouse	gas	ŐGHGő	emissions	Őiĺeĺ	Ѵoss	of	carbon	through	
continued	degradation	and	erosion	or	by	 retaining	nitrogen	 in	 soiѴ	
as	fertiѴiser	runŊ	off	from	farmѴandőķ	andņor	serve	as	stores	of	carbon	
in	 otherwise	 impoverished	 farmѴand	 ŐBraumanķ	 Freybergķ	 ş	DaiѴyķ	
ƑƏƐƔĸ	DescѴouxķ	Chanudetķ	PoiѴv࣐ķ	ş	Gr࣐goireķ	ƑƏƐƐĸ	Kachenchartķ	
Jonesķ	Gajaseniķ	EdwardsŊ	Jonesķ	ş	LimsakuѴķ	ƑƏƐƑĸ	Maseseķ	SaѴcedoŊ	
Bordaķ	GetteѴķ	Irvineķ	ş	McCѴainķ	ƑƏƐƕĸ	Nagy	et	aѴĺķ	ƑƏƐƔĸ	Wantzen	
et	aѴĺķ	 ƑƏƐƑőĺ	 Carbon	 stocks	 in	 buffers	 surrounded	 by	 soya	 farms	
were	simiѴar	to	intact	riparian	areas	in	Amazonia	ŐNagy	et	aѴĺķ	ƑƏƐƔőĺ	

F I G U RE  ƑՊThe	proportion	of	Őaő	bird	and	Őbő	dung	beetѴe	species	found	in	riparian	buffers	of	increasing	width	in	oiѴ	paѴm	pѴantations	
compared	to	riparian	areas	in	nearby	forest	Őfigures	redrawn	from	MitcheѴѴ	et	aѴĺķ	ƑƏƐѶ	and	Gray	et	aѴĺķ	ƑƏƐƕő



ՊՍ Պ | ՊƔJournal of Applied EcologyLUKE ET AL.

SimiѴar	 trends	were	 apparent	 in	 Borneoķ	 aѴthough	 riparian	 carbon	
stocks	were	highѴy	variabѴe	ŐMitcheѴѴ	et	aѴĺķ	ƑƏƐѶőĺ	Data	from	BraziѴ	
indicated	 that	 effective	 restoration	 of	 degraded	 riparian	 habitats	
couѴd	reverse	high	carbon	Ѵosses	associated	with	drainage	and	eroŊ
sionķ	and	resuѴt	 in	a	net	 increase	of	ƕƏѷ	carbon	storage	ŐWantzen	
et	aѴĺķ	ƑƏƐƑőĺ

The	effects	of	buffers	on	emissions	is	 Ѵimited	to	a	singѴe	studyķ	
which	 found	simiѴar	N2O	emissions	 in	 riparian	 forest	and	fertiѴised	
maize	farms	in	the	dry	seasonķ	but	higher	emissions	in	the	buffers	in	
the	wet	seasonĺ	Howeverķ	the	buffer	stiѴѴ	provided	positive	benefits	
such	as	 reduced	nitrogen	 inputs	 to	 freshwater	 ŐKachenchart	et	aѴĺķ	
ƑƏƐƑőĺ

ConcѴusionĹ	 There	 are	 few	 empiricaѴ	 studies	 on	 the	
carbon	 dynamics	 of	 riparian	 buffers	 in	 tropicaѴ	 agŊ
ricuѴtureķ	 and	onѴy	one	on	 the	effects	of	buffers	on	
GHG	emissionsĺ	Further	research	is	urgentѴy	neededĺ

ƑĺѵՊ|ՊAgricuѴturaѴ services

Riparian	 buffer	 habitat	 couѴd	 improve	 agricuѴturaѴ	 yieѴds	 and	 proŊ
duction	 costs	 via	 poѴѴinationķ	 pest	 controѴķ	 decompositionķ	 and	
water	provision	servicesĸ	or	agricuѴturaѴ	productivity	couѴd	faѴѴ	due	
to	 increased	exposure	to	pest	and	predators	 ŐPowerķ	ƑƏƐƏĸ	Zhangķ	
Rickettsķ	 Kremenķ	 Carneyķ	 ş	 Swintonķ	 ƑƏƏƕőĺ	 In	 Costa	 Ricaķ	 poѴѴiŊ
nation	rates	 in	coffee	farms	decreased	near	riparian	forest	buffers	
compared	 to	 those	 by	 a	 nonŊ	riparian	 remnant	 ŐRickettsķ	 ƑƏƏƓőĺ	 In	
Borneoķ	 oiѴ	 paѴm	 sites	 near	 and	 far	 from	 buffers	 had	 a	 simiѴar	 diŊ
versity	 of	 ants	 and	 dung	 beetѴesķ	 as	weѴѴ	 as	 simiѴar	 ѴeveѴs	 of	 dung	
decomposition	 ŐGrayķ	 Simmonsķ	 FayѴeķ	 Mannķ	 ş	 SѴadeķ	 ƑƏƐѵőķ	 ant	
scavenging	 ŐGray	et	aѴĺķ	ƑƏƐƔő	and	defoѴiating	pests	 ŐGray	ş	Lewisķ	
ƑƏƐƓőĺ	Moreoverķ	 the	presence	of	 forest	 remnantsķ	 incѴuding	buffŊ
ersķ	had	ѴittѴe	impact	on	oiѴ	paѴm	yieѴd	in	Borneo	ŐEdwardsķ	Edwardsķ	
SѴoanķ	ş	Hamerķ	ƑƏƐƓőĺ

ConcѴusionĹ	 Evidence	 for	 ļspiѴѴoverĽ	 of	 diversity	 and	
services	 from	 riparian	 buffers	 is	 Ѵimitedĺ	 Howeverķ	
there	is	ѴikeѴy	a	baѴance	between	services	and	disserŊ
vices	provided	by	buffers	in	tropicaѴ	farmѴandĺ

ƒՊ |ՊDIREC TIONS FOR SCIENCE AND 
POLICY

AѴthough	additionaѴ	 research	on	 tropicaѴ	 riparian	buffers	 is	 cѴearѴy	
neededķ	severaѴ	poѴicyŊ	reѴevant	concѴusions	can	be	made	from	the	
existing	ѴiteratureĹ

1. Riparian buffers should be maintained and restoredĺ	 Sufficient	
evidence	 exists	 to	 confirm	 buffers	 improve	 water	 quaѴity	 and	
hydroѴogicaѴ	 processesķ	 support	 biodiversityķ	 and	 contribute	 to	
ѴandscapeŊwide	 carbon	 storage	 in	 tropicaѴ	 farmѴandĺ	 Howeverķ	

further	 studies	 are	 needed	 on	 connectivityķ	 GHG	 baѴance	 and	
ecosystem	 service	 provisionĺ	 As	 biodiversityķ	 carbon	 storageķ	
hydroѴogy	 and	 water	 quaѴity	 improve	 when	 vegetation	 heteroŊ
geneityķ	canopy	cover	and	biomass	in	buffers	are	highķ	retaining	
naturaѴ	 vegetation	 in	 buffers	 is	 essentiaѴĺ	 Research	 expѴoring	
threshoѴds	or	tipping	points	of	habitat	quaѴity	effects	on	riparian	
functions	 is	 currentѴy	 Ѵackingķ	 and	 wouѴd	 be	 informative	 for	
restorationĺ

2. Wider buffers are better than narrow onesĺ	Effective	buffer	widths	
wiѴѴ	 vary	 by	 function	 ŐFigure	Ɛőĺ	CurrentѴyķ	width	 threshoѴds	 are	
ѴargeѴy	 based	 on	 hydroѴogy	 and	 water	 quaѴity	 researchķ	 with	
guideѴines	usuaѴѴy	recommending	widths	of	ƐƏŋƐƏƏ	m	ŐSupporting	
Information	TabѴe	SƐőĺ	Howeverķ	 biodiversity	 studies	 from	Latin	
America	and	Southeast	Asia	indicate	ƓƏŋƑƏƏ	m	on	each	riverbank	
is	 neededķ	 depending	 on	 the	 taxon	 studiedķ	 and	 whether	 the	
buffer	is	isoѴated	within	the	agricuѴturaѴ	matrixĺ	Larger	or	widerŊ
ranging	species	may	require	Ѵarge	buffer	widthsķ	and	so	decision	
trees	that	aѴѴow	contextŊspecific	recommendations	are	neededĺ

3. Catchment-level processes should be considered alongside riparian 

processes.	The	effectiveness	of	buffers	for	aquatic	functions	can	
be	confounded	by	how	Ѵand	is	managed	upstreamĺ	SimiѴarѴyķ	the	
vaѴue	 of	 buffers	 for	 terrestriaѴ	 biodiversity	 is	 Ѵinked	 to	 habitat	
avaiѴabiѴity	over	the	broader	Ѵandscapeĺ	Efforts	shouѴd	be	made	to	
protect	habitat	 in	stream	headwatersķ	and	the	 Ѵocation	of	roads	
and	 agricuѴturaѴ	 activities	 shouѴd	 be	 carefuѴѴy	 pѴanned	 across	
whoѴe	catchments	to	maximise	benefitsĺ	The	reѴative	roѴes	of	riŊ
parianŊ	versus	catchmentŊѴeveѴ	Ѵand	cover	remains	poorѴy	underŊ
stoodķ	especiaѴѴy	in	the	tropicsķ	and	studies	that	quantify	variation	
on	 both	 these	 scaѴes	 ŐIोiguezŊArmijosķ	 Leivaķ	 Fredeķ	 HampeѴķ	 ş	
Breuerķ	ƑƏƐƓő	wiѴѴ	be	very	vaѴuabѴe	to	inform	poѴicyĺ

We	suggest	four	criticaѴ	components	needed	to	impѴement	effecŊ
tive	riparian	poѴicies	in	tropicaѴ	countriesĹ

1. CѴear	 buffer	 design	 protocoѴs	 are	 needed	 to	 decide	 how	much	
riparian	 habitat	 shouѴd	 be	 retained	 in	 tropicaѴ	 agricuѴtureĺ	 A	
wide	range	of	variabѴes	are	assessed	to	determine	riparian	buffer	
widths	 in	 some	 temperate	 Ѵocations	 ŐFigure	Ɛőķ	 and	 couѴd	 form	
a	basis	for	simiѴar	functionŊspecific	poѴicies	in	the	tropicsķ	noting	
that	 a	 one	 size	 fits	 aѴѴ	 width	 threshoѴd	 is	 insufficientĺ	 For	 exŊ
ampѴeķ	 the	 High	 Carbon	 Approach	 ŐhttpĹņņhighcarbonstockĺorgő	
uses	 a	 decision	 tree	 incorporating	 patch	 area	 as	 a	 criterion	 for	
forest	 conversionķ	 but	 couѴd	 be	 expanded	 by	 incorporating	
minimum	 width	 threshoѴds	 for	 riparian	 buffers	 under	 varying	
contextsĺ	 Such	 decisionŊmaking	 tooѴs	 shouѴd	 faciѴitate	 buffer	
design	 for	 the	 Ѵandscape	 in	 questionķ	 incorporating	 key	 factors	
Őeĺgĺ	 size	 of	 riverķ	 connectivity	 and	matrix	 typeő	 and	 automated	
computationaѴ	 processesĺ	 ExampѴes	 incѴude	 the	 Riparian	 Zone	
Estimator	 TooѴ	 ŐRipZETĸ	 httpsĹņņwwwĺsfeiĺorgņprojectsņripzető

2. Rapid	riparian	survey	protocoѴs	to	assess	and	monitor	buffer	efŊ
fectiveness	 shouѴd	 be	 deveѴoped	 using	 a	 suite	 of	 standard	
	indicator	species	and	functionsĺ	We	suggest	expanding	existing	
tooѴkitsķ	 such	 as	 the	 forest	 integrity	 assessment	 tooѴ	 

http://highcarbonstock.org
https://www.sfei.org/projects/ripzet
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ŐwwwĺhcvnetworkĺorgņresourcesņforestŊintegrityŊassessmentŊ
tooѴő	 and	 the	 TooѴkit	 for	 Ecosystem	 Service	 SiteŊbased	
Assessment	ŐTESSAő	ŐPeh	et	aѴĺķ	ƑƏƐƒőķ	to	riparian	contextsĺ

3. GuideѴines	for	rehabiѴitation	and	restoration	of	riparian	areas	in	
tropicaѴ	agricuѴture	are	notabѴy	absent	from	the	pubѴished	 ѴitŊ
eratureķ	but	soreѴy	neededĺ	Recent	oiѴ	paѴm	certification	standŊ
ards	 offer	 some	 suggestions	 ŐBarcѴay	 et	aѴĺķ	 ƑƏƐƕőķ	 and	
experiments	in	Sumatra	are	testing	various	approaches	ŐhttpĹņņ
oiѴpaѴmbiodiversityĺcomņőĺ	The	Riparian	Ecosystem	Restoration	
in	TropicaѴ	AgricuѴture	ŐRERTAő	project	provides	a	research	deŊ
sign	 tempѴate	 that	 couѴd	 be	 adapted	 and	 repѴicated	 in	 other	
countries	and	agricuѴturaѴ	systems	to	aѴѴow	informed	guideѴines	
at	ѴandscapeŊscaѴesĺ	We	aѴso	suggest	expanding	on	existing	iniŊ
tiatives	 such	 as	 the	 Riparian	 Restoration	 PѴant	 Database	
ŐhttpsĹņņwwwĺctahrĺhawaiiĺeduņrnreņRiparianōRestorationō
PѴantōDatabaseĺaspő

4. LocaѴ	 technicaѴ	 support	 incѴuding	capacity	 to	map	streams	and	
Ѵand	boundariesķ	expertise	to	heѴp	with	monitoring	and	restoraŊ
tionķ	and	schemes	to	increase	poѴicy	awareness	among	Ѵand	manŊ
agersķ	are	often	Ѵackingķ	meaning	that	riparian	guideѴines	may	faiѴ	
to	deѴiver	benefits	on	the	ground	ŐNunes	et	aѴĺķ	ƑƏƐƔőĺ	In	addition	
to	the	open	sharing	of	topographicaѴ	data	to	accurateѴy	deѴimit	
watercoursesķ	 historicaѴ	 maps	 wouѴd	 be	 particuѴarѴy	 usefuѴ	 to	
overcome	 shifting	 baseѴinesķ	 whereby	 deforested	 Ѵandscapes	
tend	to	Ѵose	perenniaѴ	streams	that	couѴd	otherwise	retain	some	
functioning	 if	buffered	appropriateѴyĺ	Addressing	 this	 issue	 reŊ
quires	cѴoser	coѴѴaboration	and	improved	data	sharing	between	
scientistsķ	 poѴicyŊmakersķ	 environmentaѴ	 managers	 and	 ѴocaѴ	
practitioners	to	buiѴd	ѴocaѴ	capacityķ	and	to	ensure	that	riparian	
science	is	transѴated	into	poѴicy	where	it	is	needed	mostĺ
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