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Abstract
In	terrestriaѴ	and	coastaѴ	systemsķ	the	mitigation	hierarchy	is	wideѴy	and	increasingѴy	
used	to	guide	actions	to	ensure	that	no	net	Ѵoss	of	biodiversity	ensues	from	deveѴopŊ
mentĺ	We	deveѴop	a	conceptuaѴ	modeѴ	which	appѴies	this	approach	to	the	mitigation	
of	marine	megafauna	byŊ	catch	in	fisheriesķ	going	from	defining	an	overarching	goaѴ	
with	an	associated	quantitative	targetķ	through	avoidanceķ	minimizationķ	remediation	
to	offsettingĺ	We	demonstrate	the	frameworkĽs	utiѴity	as	a	tooѴ	for	structuring	thinkŊ
ing	and	exposing	uncertaintiesĺ	We	draw	comparisons	between	debates	ongoing	in	
terrestriaѴ	 situations	 and	 in	 byŊ	catch	 mitigationķ	 to	 show	 how	 insights	 from	 each	
couѴd	 inform	the	otherĸ	these	are	the	hierarchicaѴ	nature	of	mitigationķ	outŊ	ofŊ	kind	
offsetsķ	research	as	an	offsetķ	incentivizing	impѴementation	of	mitigation	measuresķ	
societaѴ	Ѵimits	and	uncertaintyĺ	We	expѴore	how	economic	incentives	couѴd	be	used	
throughout	 the	hierarchy	 to	 improve	 the	achievement	of	byŊ	catch	goaѴsĺ	We	conŊ
cѴude	by	highѴighting	the	importance	of	cѴear	agreed	goaѴsķ	of	thinking	beyond	singѴe	
species	and	 individuaѴ	 jurisdictions	 to	account	 for	compѴex	 interactions	and	poѴicy	
Ѵeakageķ	of	taking	uncertainty	expѴicitѴy	into	account	and	of	thinking	creativeѴy	about	
approaches	 to	byŊ	catch	mitigation	 in	order	 to	 improve	outcomes	 for	conservation	
and	fishersĺ	We	suggest	that	the	framework	set	out	here	couѴd	be	heѴpfuѴ	in	supportŊ
ing	efforts	to	 improve	byŊ	catch	mitigation	efforts	and	highѴight	the	need	for	a	fuѴѴ	
empiricaѴ	appѴication	to	substantiate	thisĺ
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ƐՊ |ՊINTRODUC TION

The	goaѴ	 of	 no	net	 Ѵoss	 ŐNNLő	of	 biodiversity	 from	economic	deŊ
veѴopment	 is	 becoming	wideѴy	 adopted	 by	 nationaѴ	 governments	
and	 internationaѴ	 Ѵendersķ	 potentiaѴѴy	 offering	 a	 method	 to	 Ѵimit	
the	 impacts	 of	 environmentaѴ	 damage	 in	 terrestriaѴ	 and	 coastaѴ	
systems	ŐBBOP	ƑƏƐƑķ	IFC	ƑƏƐƑőĺ	SeveraѴ	Ѵarge	muѴtinationaѴ	comŊ
panies	have	signed	up	to	NNLķ	or	even	to	producing	a	net	gain	of	
biodiversity	 as	 a	 resuѴt	 of	 their	 activities	 ŐBuѴѴ	ş	BrownѴieķ	 ƑƏƐƕĸ	
Rainey	et	aѴĺķ	ƑƏƐƔőĺ	GeneraѴѴyķ	NNL	is	assured	by	the	use	of	a	mitŊ
igation	 hierarchyķ	 often	 appѴied	 as	 part	 of	 an	 EnvironmentaѴ	 and	
SociaѴ	Impact	Assessment	ŐESIAőĺ	The	mitigation	hierarchy	requires	
that	project	proponents	first	avoid	doing	harm	to	biodiversityķ	for	
exampѴe	 by	 sitting	 the	 deveѴopment	 away	 from	 particuѴarѴy	 senŊ
sitive	 areasĺ	 SubsequentѴyķ	whiѴe	 carrying	out	 their	 deveѴopmentķ	
they	shouѴd	minimize	 the	harm	doneķ	 for	exampѴe	by	 Ѵimiting	 the	
footprint	 of	 heavy	machinery	 to	 specific	 areas	 and	 not	 poѴѴuting	
watercoursesĺ	They	then	remediate	the	biodiversity	Ѵoss	within	the	
deveѴopment	 footprintķ	 for	 exampѴe	 by	 repѴanting	 cѴeared	 areas	
postŊ	deveѴopmentĺ	The	finaѴ	step	is	to	offset	any	residuaѴ	additionaѴ	
damage	 caused	 by	 their	 deveѴopment	 through	 improvement	 of	
biodiversity	eѴsewhere	ŐGardner	et	aѴĺķ	ƑƏƐƒőķ	using	a	range	of	apŊ
proachesķ	for	exampѴe	digging	new	ponds	or	cѴearing	invasive	vegŊ
etation	in	an	adjacent	site	ŐBuѴѴķ	Hardyķ	MoiѴanenķ	ş	Gordonķ	ƑƏƐƔőĺ	
Offsetting	 is	a	particuѴarѴy	controversiaѴ	eѴement	of	the	hierarchy	
because	it	requires	acceptance	of	a	deveѴopment	that	harms	biodiŊ
versity	 in	a	given	Ѵocation	and	assumes	that	 it	 is	possibѴe	to	comŊ
pensate	for	this	harm	by	biodiversity	enhancement	eѴsewhere	Őeĺgĺ	
Maron	 et	aѴĺķ	 ƑƏƐѵőĺ	More	 generaѴѴyķ	 there	 is	much	 debate	 about	
whether	NNL	 is	attainabѴeķ	and	how	 it	 shouѴd	be	 impѴemented	 in	
practice	Őmost	recentѴy	expѴored	by	BuѴѴķ	LѴoydķ	ş	Strangeķ	ƑƏƐƕőĺ

Despite	its	growing	use	in	terrestriaѴ	and	coastaѴ	environmentsķ	
the	mitigation	hierarchy	has	not	been	so	wideѴy	appѴied	 in	nearŊ
shore	and	high	seas	marine	settingsķ	and	many	questions	about	its	
appѴication	in	the	ocean	remain	ŐSquires	ş	Garciaķ	in	pressķ	UNEPŊ	
WCMC	ƑƏƐѵőĺ	Marine	 experience	 to	 date	 has	mostѴy	 concerned	
coastaѴ	deveѴopmentķ	for	exampѴe	reѴating	to	windfarmsķ	urban	deŊ
veѴopmentķ	aquacuѴture	and	portsķ	rather	than	in	the	capture	fishŊ
eries	arena	Őeĺgĺ	Kyriaziķ	Lejanoķ	Maesķ	ş	Degraerķ	ƑƏƐƔĸ	Vaissi࣏reķ	
LevreѴķ	 Piochķ	 ş	 CarѴierķ	 ƑƏƐƓőĺ	 The	 four	 steps	 of	 the	mitigation	
hierarchy	are	discussed	in	fisheriesķ	howeverķ	and	as	in	the	terresŊ
triaѴ	Ѵiteratureķ	the	option	of	offsetting	is	particuѴarѴy	controversiaѴ	
Őeĺgĺ	the	debate	around	WiѴcox	ş	DonѴanķ	ƑƏƏƕ	anaѴysis	of	the	poŊ
tentiaѴ	for	offsetting	seabird	byŊ	catch	by	invasive	species	eradicaŊ
tion	on	nesting	isѴandsĸ	FinkeѴstein	et	aѴĺķ	ƑƏƏѶĸ	WiѴcox	ş	DonѴanķ	
ƑƏƏƖĸ	࢒ydeѴisķ	WaѴѴaceķ	GiѴmanķ	ş	Wernerķ	ƑƏƏƖőĺ	The	use	of	ecoŊ
nomic	incentives	to	reduce	the	amount	or	impact	of	byŊ	catch	has	
received	attention	but	has	aѴso	not	yet	been	fuѴѴy	expѴored	ŐDutton	
ş	Squiresķ	ƑƏƏѶĸ	Gjertsenķ	Squiresķ	Duttonķ	ş	Eguchiķ	ƑƏƐƓĸ	Innesķ	
Pascoeķ	 WiѴcoxķ	 Jenningsķ	 ş	 Paredesķ	 ƑƏƐƔőĺ	 The	 current	 FAO	
InternationaѴ	GuideѴines	on	Bycatch	Management	and	Reduction	
of	Discards	mention	economic	incentives	onѴy	briefѴy	Őas	the	onѴy	
economic	 instrumentő	 and	 refer	 onѴy	 to	 incentives	 to	 promote	

innovation	in	gear	technoѴogy	ŐFAO	ƑƏƐƐőĺ	Many	questions	remain	
as	 to	whether	 it	 is	 possibѴe	 to	 appѴy	 the	mitigation	 hierarchy	 to	
marine	byŊ	catchķ	and	what	measures	couѴd	be	used	to	incentivize	
action	at	each	stage	in	the	hierarchyĺ	In	particuѴarķ	there	is	a	need	
for	a	conceptuaѴ	framework	that	integrates	the	range	of	byŊ	catch	
mitigation	measuresķ	and	the	approaches	used	to	incentivize	themķ	
in	an	hoѴistic	wayĺ

This	 articѴe	 expѴores	 appѴication	 of	 the	mitigation	 hierarchy	 to	
address	 a	 specific	 fishery	 concernķ	 that	 of	marine	megafauna	 byŊ	
catchĺ	We	take	ľmarine	megafaunaĿ	to	encompass	ѴongŊ	Ѵived	species	
with	Ѵow	reproductive	rates	which	are	therefore	potentiaѴѴy	sensitive	
to	byŊ	catchķ	for	exampѴe	marine	mammaѴsķ	turtѴesķ	seabirds	and	Ѵarge	
fishķ	whiѴe	we	define	byŊ	catch	as	catch	which	is	not	directѴy	targeted	
Őbearing	 in	mind	 the	compѴexities	 in	definition	highѴighted	by	FAO	
ƑƏƐƐőĺ	We	 Ѵimit	 our	 discussion	 to	marine	megafauna	 byŊ	catch	 for	
manageabiѴity	of	scopeķ	and	because	this	issue	is	of	particuѴar	conŊ
cern	within	 both	 the	 conservation	 and	 fisheries	 reaѴmsĺ	Howeverķ	
many	of	the	points	we	raise	are	appѴicabѴe	to	byŊ	catch	more	broadѴyĺ	
It	 is	aѴso	the	issue	for	which	discussion	of	the	appѴicabiѴity	of	NNL	
and	the	mitigation	hierarchy	to	marine	systems	has	been	particuѴarѴy	
active	Őeĺgĺ	foѴѴowing	the	paper	by	WiѴcox	ş	DonѴanķ	ƑƏƏƕőĺ

Firstķ	 we	 outѴine	 a	 conceptuaѴ	 framework	 for	 byŊ	catch	mitigaŊ
tionķ	based	on	 the	appѴication	of	a	 sequentiaѴ	mitigation	hierarchy	
to	achieve	NNLĺ	We	then	discuss	some	key	issues	that	arise	in	the	
appѴication	of	a	mitigation	hierarchy	to	marine	megafauna	byŊ	catchķ	
and	reѴate	them	to	the	equivaѴent	debate	 in	the	terrestriaѴ	settingĺ	
We	move	on	to	consider	how	incentives	to	mitigate	the	amount	or	
impact	 of	 byŊ	catch	 can	 be	 used	 to	 support	 the	 appѴication	 of	 the	
frameworkĺ	FinaѴѴyķ	we	sum	up	the	potentiaѴ	of	our	 framework	 for	
improving	byŊ	catch	mitigation	outcomesĺ

ƑՊ |ՊCONCEPTUAL FR AME WORK FOR  

BY҃  C ATCH REDUC TION

To	cѴarify	how	achieving	NNL	through	a	mitigation	hierarchy	wouѴd	
work	 for	 marine	 megafauna	 byŊ	catchķ	 we	 present	 a	 conceptuaѴ	
framework	reѴating	to	the	target	ѴeveѴ	of	byŊ	catch	impact	in	a	fisheryĺ	
The	approach	can	operate	at	a	range	of	ѴeveѴs	from	the	gѴobaѴ	to	the	
stock	 to	 the	 individuaѴ	animaѴĺ	The	most	usuaѴķ	 and	most	 intuitiveķ	
scaѴe	at	which	NNL	couѴd	appѴy	to	byŊ	catch	is	at	the	scaѴe	of	a	fishŊ
eryķ	targeting	a	given	stock	or	set	of	stocksķ	so	this	is	the	scaѴe	we	
use	in	this	expѴorationĺ	TabѴe	Ɛ	expѴains	the	terms	we	use	to	describe	
the	conceptuaѴ	frameworkĺ

The	 approach	 starts	 by	 defining the goal	 in	 terms	 of	 a	 desired	
change	in	biodiversityĸ	this	is	commonѴy	taken	to	be	NNL	of	biodiverŊ
sity	but	that	is	not	necessariѴy	the	onѴy	goaѴĺ	For	exampѴeķ	in	the	terŊ
restriaѴ	reaѴmķ	net	gain	is	a	wideѴy	used	goaѴ	ŐRainey	et	aѴĺķ	ƑƏƐƔőķ	whiѴe	
in	 the	marine	 reaѴmķ	byŊ	catch	minimization	 is	often	 the	poѴicy	goaѴ	
Őexcept	for	totaѴѴy	protected	speciesőķ	which	may	impѴy	a	net	Ѵoss	or	
gain	in	biodiversityķ	depending	on	the	current	byŊ	catch	ѴeveѴĺ	Another	
potentiaѴ	goaѴ	couѴd	be	popuѴation	recovery	 Őcf	 the	US	Endangered	
Species	Actĸ	WoѴfķ	HartѴķ	CarroѴѴķ	NeeѴķ	ş	GreenwaѴdķ	ƑƏƐƔőĺ
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The	next	step	is	to	define	a	quantitative	target	and	associated	
metric	by	which	the	goaѴ	wiѴѴ	be	measuredĺ	In	the	case	of	byŊ	catch	
of	marine	megafaunaķ	 one	 reѴativeѴy	 intuitive	 approach	 is	 to	 deŊ
fine	 the	 target	 as	 zero	 net	 change	 in	 popuѴation	 growth	 rate	 of	
the	 focaѴ	 species	 caused	 as	 a	 resuѴt	 of	 byŊ	catch	 and	 associated	
mitigation	measuresķ	 in	the	context	of	aѴѴ	the	other	factors	 infѴuŊ
encing	that	popuѴation	Őas	was	doneķ	eĺgĺķ	in	the	studies	reviewed	
by	Lewisonķ	Crowderķ	Readķ	ş	Freemanķ	ƑƏƏƓőĺ	The	downside	of	
this	 metric	 is	 its	 requirement	 for	 monitoring	 data	 that	 can	 proŊ
vide	 trends	 in	 popuѴation	 size	 over	 timeķ	 decomposed	 into	 vitaѴ	
rates	ŐsurvivaѴķ	fecundityő	so	that	the	contribution	of	byŊ	catch	and	
mitigation	measures	 to	change	 in	popuѴation	growth	 rate	can	be	
discernedĺ	 This	may	 be	 chaѴѴenging	 for	many	marine	megafauna	
ŐCasweѴѴķ	BrauѴtķ	Readķ	ş	Smithķ	ƐƖƖѶőĺ	Other	more	 readiѴy	monŊ
itored	 targets	 couѴd	be	based	on	numbers	of	 animaѴsķ	 for	 examŊ
pѴe	not	exceeding	a	PotentiaѴ	BioѴogicaѴ	RemovaѴ	ŐPBRő	threshoѴd	
ŐRichard	ş	Abrahamķ	ƑƏƐƒőĺ	The	downside	of	numbersŊ	based	metŊ
rics	is	their	more	indirect	reѴationship	with	the	conservation	status	
of	the	species	concernedĺ

Using	 the	metric	 of	 net	 change	 in	popuѴation	 growth	 rateķ	 the	
baseline	from	which	gains	and	Ѵosses	from	different	measures	taken	
to	mitigate	byŊ	catch	are	assessed	couѴd	beĹ	a	zero	popuѴation	growth	
rate	such	that	the	popuѴation	remains	stabѴe	at	the	current	ѴeveѴ	Őa	
static	 baseѴineőĸ	 the	 projected	 popuѴation	 growth	 rate	 of	 the	 speŊ
cies	in	the	absence	of	byŊ	catchķ	which	couѴd	be	positive	or	negative	
depending	on	the	reѴative	importance	of	byŊ	catch	in	the	context	of	
other	threats	Őa	dynamic	baseѴineőĸ	or	an	aspirationaѴ	baseѴineķ	such	
as	popuѴation	growth	at	Xѷ	per	year	to	the	point	at	which	it	reaches	
some	desired	steadyŊ	state	abundance	Őwhich	wouѴd	need	to	be	dyŊ
namic	given	that	popuѴations	have	densityŊ	dependent	growthőĺ	Such	
a	baseѴine	 is	 therefore	 a	 type	of	counterfactual,	 against	which	any	
improvement	 or	 deterioration	 in	 the	 popuѴation	 of	 the	 byŊ	caught	
species	as	a	resuѴt	of	the	impѴementation	of	the	mitigation	hierarchy	

is	compared	Őiĺeĺ	what	wouѴd	have	happened	in	the	absence	of	the	
byŊ	catch	mitigation	measuresőĺ

Nextķ	 the	 different	 approaches	 which	 can	 be	 used	 to	 attain	
NNL	Őor	whatever	goaѴ	 is	sető	are	assessed	 in	terms	of	their	effect	
on	the	chosen	metricĸ	for	exampѴeķ	the	reduction	in	seabird	mortaѴŊ
ity	from	fitting	tori	Ѵines	in	a	fishery	can	be	assessed	in	terms	of	its	
effect	on	the	growth	rate	of	a	wandering	aѴbatross	ŐDiomedea exu-

lansķ	Diomedeidaeő	popuѴationĺ	The	four	categories	of	the	terrestriaѴ	
mitigation	hierarchy	are	avoidanceķ	minimizationķ	remediation	ŐaѴso	
known	 as	 restoration	 or	 rebuiѴdingő	 and	 offsettingĺ	 In	 the	 case	 of	
marine	megafauna	byŊ	catchķ	we	take	ľavoidanceĿ	to	represent	meaŊ
sures	taken	in	order	to	reduce	the	probabiѴity	of	encounter	between	
potentiaѴѴy	 harmfuѴ	 gear	 and	 a	 potentiaѴѴy	 byŊ	caught	 individuaѴķ	
by	 separating	 fishing	 activity	 from	 individuaѴs	 or	 stocks	 of	 potenŊ
tiaѴ	megafauna	byŊ	catch	 species	 Ősee	TabѴe	Ƒ	 for	 exampѴe	 actionsőĺ	
We	 take	 ľminimizationĿ	 as	measures	which	 reduce	 the	probabiѴity	
of	capture	by	the	gear	given	that	the	encounter	cannot	be	reaѴistiŊ
caѴѴy	ľavoidedĿĺ	These	measures	occur	once	there	is	spatioŊ	temporaѴ	
overѴap	between	a	 fishing	vesseѴ	and	a	marine	megafauna	 individŊ
uaѴĺ	ľRemediationĿ	aѴso	occurs	at	seaķ	but	postŊ	captureķ	and	aims	to	
reduce	 the	probabiѴity	of	mortaѴity	 given	captureĺ	 ľOffsettingĿ	 reŊ
fers	to	measures	to	compensate	for	byŊ	catch	mortaѴity	that	operate	
separateѴy	from	the	focaѴ	fishing	activityķ	but	which	target	the	same	
stock	of	the	byŊ	caught	speciesĺ

In	reaѴityķ	there	are	grey	areas	between	each	of	these	stagesķ	and	
a	range	of	ways	in	which	byŊ	catch	mitigation	measures	can	be	catŊ
egorizedĺ	For	exampѴeķ	 here	we	 incѴude	 restoration	and	 rebuiѴding	
activities	at	 the	stock	 ѴeveѴ	 in	ľoffsettingĿķ	because	our	framework	
is	 structured	around	 individuaѴŊ	ѴeveѴ	capture	probabiѴityĺ	Howeverķ	
another	approach	might	be	to	combine	remediation	at	the	 individŊ
uaѴ	ѴeveѴ	in	a	category	with	restorationņrebuiѴding	measures	that	imŊ
prove	popuѴation	viabiѴity	at	the	stock	ѴeveѴķ	such	as	restocking	and	
habitat	improvementķ	Ѵeaving	offsetting	as	measures	which	benefit	

Term ExpѴanation

GoaѴ The	desired	change	in	biodiversityķ	for	exampѴe	no	net	Ѵoss	ŐNNLő	of	
biodiversity	as	a	resuѴt	of	the	combined	effect	of	the	damaging	action	Őeĺgĺ	
byŊ	catchő	and	associated	mitigation	measures

Target In	our	frameworkķ	we	distinguish	between	the	overaѴѴ	goaѴ	at	the	poѴicy	ѴeveѴ	
Őeĺgĺ	NNLőķ	and	the	quantitative	target	which	operationaѴizes	the	goaѴķ	for	
which	a	metric	can	be	defined

Metric The	units	used	to	measure	gains	and	Ѵosses	in	biodiversityķ	in	order	to	
evaѴuate	whether	the	goaѴ	has	been	achievedĺ	In	our	caseķ	this	is	net	change	
in	popuѴation	growth	rate	of	the	focaѴ	species	as	a	resuѴt	of	byŊ	catch	Ƴ	
mitigation	measures

BaseѴine The	reference	point	against	which	NNL	is	assessedĺ	This	couѴd	be	static	Őeĺgĺ	
current	popuѴation	growth	rateőķ	dynamic	Őprojected	popuѴation	growth	rate	
in	the	absence	of	byŊ	catchķ	but	continuation	of	other	processes	affecting	
vitaѴ	ratesőķ	or	aspirationaѴ	Ődesired	change	in	popuѴation	growth	rateő

CounterfactuaѴ The	projected	change	in	popuѴation	growth	rate	in	the	presence	of	byŊ	catch	
but	absence	of	mitigation	measuresķ	against	which	NNL	is	assessed	Őeĺgĺ	
business	as	usuaѴőĺ	If	the	baseѴine	is	dynamicķ	the	counterfactuaѴ	is	the	same	
as	the	baseѴineĸ	otherwiseķ	both	are	required	to	fuѴѴy	define	the	scenario	
against	which	NNL	is	evaѴuated

TABLE  ƐՊExpѴanation	of	terms	used	in	
the	mitigation	hierarchy
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the	stock	more	indirectѴy	or	act	at	the	broader	species	ѴeveѴ	Ősuch	as	
restoration	 in	 other	 Ѵocations	 or	measures	 to	 improve	 compѴiance	
and	 reduce	 uncertaintyőĺ	 Howeverķ	we	 feeѴ	 that	 the	 cѴarity	 of	 the	
probabiѴistic	approach	in	our	frameworkķ	which	extends	the	cѴassiŊ
fication	by	HaѴѴ	ŐƐƖƖѵőķ	is	particuѴarѴy	heѴpfuѴĺ

Our	division	of	mitigation	approaches	into	these	categories	can	
be	represented	in	the	foѴѴowing	conceptuaѴ	modeѴķ	reѴating	to	a	parŊ
ticuѴar	byŊ	catch	speciesķ	in	which	the	unit	is	rate	of	change	in	popuŊ
Ѵation	size	as	a	resuѴt	of	byŊ	catch	and	its	mitigationĹ

Hereķ	ΔλT	 is	 the	 target	 ѴeveѴ	of	overaѴѴ	net	damage	 infѴicted	by	
byŊ	catch	on	the	species	concernedķ	measured	in	terms	of	change	in	
popuѴation	growth	rate	with	respect	to	the	agreed	baseѴineĺ	A	zero	
ΔλT	impѴies	that	the	reduction	in	popuѴation	growth	rate	caused	by	
byŊ	catchķ	 after	 avoidance	 and	mitigation	measures	 have	 been	 imŊ
pѴementedķ	is	baѴanced	by	the	gain	engendered	by	offset	measuresĺ	
There	is	aѴso	the	possibiѴity	for	ΔλT	to	be	negative	Őthere	is	stiѴѴ	addiŊ
tionaѴ	popuѴation	decѴine	as	a	resuѴt	of	byŊ	catchķ	even	after	measures	
to	reduce	itő	or	positive	ŐequivaѴent	to	net gainķ	meaning	that	species	
popuѴation	growth	is	higher	than	it	wouѴd	otherwise	have	beenķ	as	
a	resuѴt	of	the	combination	of	measures	taken	under	the	mitigation	
hierarchyőĺ

fŐE
B
	Ƶ	BPUEő	is	the	effect	on	popuѴation	growth	rate	of	the	byŊ	

catchŊ	reѴevant	component	of	fishing	effortķ	broken	down	into	the	
byŊ	catchŊ	reѴevant	effort	itseѴfķ	E

B
ķ	and	the	byŊ	catch	taken	per	unit	

of	 that	 effortķ	 BPUEķ	where	 fŐő	 is	 the	 effect	 of	 this	 effort	 on	 the	
byŊ	caught	 speciesĽ	 popuѴation	 dynamicsĺ	 This	wouѴd	 generaѴѴy	 be	
caѴcuѴated	as	the	output	of	a	popuѴation	modeѴĺ	A	reduction	 in	E

B
 

is	equivaѴent	to	a	fishery	avoiding	byŊ	catchķ	partiaѴѴy	or	compѴeteѴyĺ	
It	 couѴd	 incѴude	 restricting	 the	 fishery	 to	 particuѴar	 areas	 or	 seaŊ
sonsķ	 modification	 of	 fishing	 practices	 and	 operations	 Őeĺgĺ	 setŊ
ting	the	gear	deeper	to	avoid	depths	where	byŊ	caught	species	are	

prevaѴentőĺ	A	reduction	in	BPUE	is	the	resuѴt	of	the	atŊ	sea	measures	
encompassed	 in	the	ľminimizeĿ	and	ľremediateĿ	steps	of	the	mitiŊ
gation	hierarchyĺ

ByŊ	catchŊ	reѴevant	effort	E
B
	is	a	subset	of	the	overaѴѴ	fishing	efŊ

fort	 that	occurs	 in	 the	area	 in	which	there	 is	 risk	of	byŊ	catch	 ŐEőĺ	
Given	 the	compѴexities	of	 estimating	E

B
ķ	 in	many	cases	 it	wiѴѴ	 be	

necessary	to	approximate	it	by	E	Őeĺgĺ	Tuckķ	PoѴacheckķ	ş	BuѴmanķ	
ƑƏƏƒőĺ	 This	may	 be	 probѴematicĸ	 for	 exampѴeķ	 B࢙ez	 et	aѴĺ	 ŐƑƏƏƕő	
show	 that	 Ѵoggerhead	 turtѴe	 ŐCaretta carettaķ	 CheѴoniidaeő	 byŊ	
catch	in	the	Mediterranean	was	not	correѴated	with	fishing	effort	
Őmeasured	as	number	of	hooksőĸ	byŊ	catch	was	instead	strongѴy	reŊ
Ѵated	 to	distance	 from	 the	coastĺ	They	 suggest	 that	 this	was	not	
because	turtѴe	abundance	 is	a	 function	of	distance	 Őwhich	wouѴd	
have	 impѴied	a	gradient	 in	E

B
őķ	 but	because	 fisher	behaviour	varŊ

iedķ	aѴthough	they	Ѵeft	investigation	of	the	mechanisms	for	further	
researchĺ	BPUE	is	a	function	of	catchabiѴity	of	the	byŊ	caught	speŊ
cies	as	weѴѴ	as	E

B
ĸ	 for	exampѴeķ	Wardķ	Lawrenceķ	Darbyshireķ	and	

Hindmarsh	ŐƑƏƏѶő	carried	out	a	muѴtispecies	anaѴysis	of	the	effects	
of	 nyѴon	 Ѵeaders	 on	 catch	 rates	 and	 showed	 that	 catch	 reduced	
with	nyѴon	for	sharksķ	bѴue	marѴin	ŐMakaira nigricansķ	Istiophoridaeő	
and	 snake	 mackereѴ	 ŐGempylus serpensķ	 GempyѴidaeőķ	 and	 inŊ
creased	 for	 bigeye	 tuna	 ŐThunnus obesusķ	 Scombridaeő	 and	 bѴack	
marѴin	ŐIstiompax indicaķ	Istiophoridaeőĺ	The	reѴationships	between	
Eķ	E

B
	 and	BPUE	are	 ѴikeѴy	 to	be	 compѴex	 and	 confoundedĺ	There	

have	been	 Ѵimited	expѴorations	of	 these	 reѴationships	 in	byŊ	catch	
datasetsķ	which	 typicaѴѴy	 suffer	 from	 Ѵow	 sampѴe	 sizes	 and	 zeroŊ	
infѴation	requiring	speciaѴized	modeѴѴing	techniques	 Őeĺgĺ	 the	spaŊ
tiaѴѴy	expѴicit	Bayesian	hierarchicaѴ	modeѴs	of	Simsķ	Coxķ	ş	Lewisonķ	
ƑƏƏѶőĺ	ByŊ	catch	mitigation	may	use	a	suite	of	interacting	measures	
from	 severaѴ	 ѴeveѴs	 of	 the	 mitigation	 hierarchy	 ŐTabѴe	Ƒőķ	 which	
change	over	timeķ	adding	further	to	the	compѴexity	of	separating	E, 

E
B
	and	BPUE	Őas	discussed	for	target	fishery	data	by	Bishopķ	ƑƏƏѵőĺ	

We	do	not	here	attempt	further	to	cѴarify	these	reѴationshipsķ	but	a	
key	research	need	is	to	disentangѴe	these	variabѴes	in	an	empiricaѴ	
settingĺ

ŐƐőΔλT= f
(

EB×BPUE
)

−OT

Step of the 
hierarchy ExampѴe measures

Avoidance ExcѴuding	fishing	from	the	areas	ŐnoŊ	fishing	zonesőķ	seasons	ŐcѴosed	seasonső	or	
times	of	day	where	these	species	are	most	vuѴnerabѴe

Minimization Using	onŊ	vesseѴ	technoѴogies	which	aim	to	reduce	the	number	of	encountered	
individuaѴs	that	are	captured	during	fishing	operationsķ	such	as	tori	Ѵines	for	
scaring	seabirds	away	from	ѴongѴines	or	sonic	devices	to	signaѴ	nets	to	marine	
mammaѴs

Remediation Devices	which	enabѴe	individuaѴs	to	reѴease	themseѴves	from	the	gear	
ŐseѴectivity	gridsķ	turtѴe	excѴuder	deviceső	or	to	be	reѴeased	Őeĺgĺ	Medina	
paneѴs	operated	in	tuna	purseŊ	seine	fisheries	to	Ѵet	doѴphins	escape	before	
getting	on	the	deckőķ	or	reѴeasing	them	on	deck	and	providing	for	a	safe	
return	to	the	sea	Őeĺgĺ	a	Ѵarge	mesh	soft	webbing	cargo	net	can	be	used	to	
ľsieveĿ	a	ray	from	the	catch	and	Ѵift	it	over	the	side	of	the	vesseѴĸ	Francisķ	
ƑƏƐƓő

Offsetting Eradicating	invasive	predators	on	isѴands	where	seabirds	nestķ	restoring	
habitatķ	restocking	with	hatcheryŊ	raised	individuaѴsķ	improving	byŊ	catch	
performance	of	other	gear	types	in	the	area

TABLE  ƑՊExampѴes	of	measures	which	
can	be	taken	under	each	step	of	the	
mitigation	hierarchy
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OT	 is	 the	 net	 effect	 on	 popuѴation	 growth	 rate	 of	 poѴicies	
aiming	to	improve	the	overaѴѴ	viabiѴity	of	the	byŊ	caught	speciesĽ	
popuѴationķ	 representing	 ľoffsettingĿ	 of	 the	 damage	 causedĺ	 It	
represents	 the	 expected	 effects	 of	 measures	 to	 improve	 conŊ
ditions	 for	 individuaѴs	 which	 wouѴd	 not	 have	 been	 at	 risk	 of	
byŊ	catch	 at	 that	 particuѴar	 stage	 in	 their	 Ѵives	 or	 Ѵocationĺ	 For	
exampѴeķ	 suppѴementation	 in	 nesting	 areas	 Őfor	 turtѴesőĸ	 restoŊ
ration	of	nesting	habitat	Őfor	seabirdsőĸ	or	impѴementation	of	proŊ
tected	areas	aimed	at	demographic	groups	not	directѴy	impacted	
by	 fishing	 ŐcaѴving	 areas	 for	 cetaceansĸ	 juveniѴe	 concentrations	
for	fishőĺ

ƒՊ |ՊOPER ATIONALIZING THE FR AMEWORK

In	 TabѴe	ƒķ	we	 iѴѴustrate	 the	 appѴication	 of	 the	 byŊ	catch	mitigation	
framework	 using	 four	 exampѴes	 from	 different	 fisheries	 and	 byŊ	
catch	taxaĺ	Specific	soѴutions	to	Equation	Ɛ	couѴd	come	from	taking	
into	account	 the	 reguѴatoryķ	 cuѴturaѴ	 and	economic	conditions	 in	a	
particuѴar	fisheryĺ	For	instanceķ	once	the	focaѴ	byŊ	catch	popuѴation	
has	been	definedķ	then	it	is	possibѴe	to	soѴve	the	equation	by	assignŊ
ing	factors	affecting	decisionŊ	makingķ	incѴuding	costĺ	If	a	ѴeastŊ	cost	
approach	to	byŊ	catch	goaѴs	is	appropriateķ	E

B
ķ	BPUE	and	OT could be 

expressed	as	functions	of	cost	to	soѴve	the	equation	for	a	given	ΔλT. 

Another	 approach	wouѴd	 be	 to	maximize	ΔλT	 subject	 to	 a	 budget	
constraintĺ

TabѴe	ƒ	highѴights	that	there	is	not	aѴways	potentiaѴ	for	effecŊ
tive	 action	 at	 each	 ѴeveѴ	 of	 the	 hierarchyĸ	 for	 some	 species	 Őeĺgĺ	
oceanic	whitetipsņѴongѴinesőķ	there	may	be	Ѵimited	potentiaѴ	at	aѴѴ	
ѴeveѴsĺ	The	framework	is	a	way	of	organizing	and	structuring	thinkŊ
ing	about	byŊ	catch	mitigationķ	and	enabѴing	mitigation	effectiveŊ
ness	to	be	assessed	against	a	concreteѴy	defined	and	measurabѴe	
targetĺ	Its	function	is	not	to	propose	new	ways	of	doing	byŊ	catch	
mitigation	for	cases	Ѵike	theseĺ	Ifķ	on	using	the	framework	to	anaѴŊ
yse	 the	 effectiveness	 of	 the	 measures	 avaiѴabѴe	 for	 a	 given	 byŊ	
caught	stockķ	it	is	found	that	it	is	not	possibѴe	to	reach	the	chosen	
target	Őeĺgĺ	NNLőķ	then	difficuѴt	decisions	must	be	madeĺ	For	examŊ
pѴeķ	the	target	may	need	to	changeķ	which	couѴd	impѴy	an	accepŊ
tance	of	continuing	decѴine	of	the	byŊ	caught	stockĺ	Or	the	fishery	
must	be	 restructured	 in	 a	way	 that	 reduces	byŊ	catch	effectiveѴy	
Őmaybe	even	cѴosed	downőĺ	Or	investment	must	be	made	into	techŊ
noѴogicaѴ	 innovation	 to	deveѴop	new	ways	 to	 reduce	byŊ	catchĺ	 If	
it	is	found	that	the	data	are	inadequate	for	the	anaѴysis	requiredķ	
then	the	decision	must	be	made	either	to	invest	in	improving	the	
evidence	base	or	 to	 recognize	 that	 it	 is	 not	 possibѴe	 to	 evaѴuate	
whether	 byŊ	catch	 mitigation	 has	 been	 effective	 in	 reaching	 the	
agreed	 goaѴĺ	 The	 frameworkĽs	main	 utiѴityķ	 thereforeķ	 is	 to	make	
these	choices	expѴicitĺ

Equation	Ɛ	couѴd	be	extended	to	handѴe	muѴtipѴe	speciesķ	varyŊ
ing	gear	typesķ	or	heterogeneous	byŊ	catch	reduction	methodsĺ	For	
instanceķ	BPUE	can	be	decomposed	into	severaѴ	components	repreŊ
senting	the	different	stages	of	the	processĺ	If	BPUE	represents	the	
sum	of	individuaѴs	dead	on	arrivaѴķ	individuaѴs	captured	and	dying	on	

the	vesseѴķ	 and	 individuaѴs	dying	after	 Ѵive	 reѴeaseķ	we	can	 rewrite	
BPUE	as	a	series	of	factorsĹ

where	BDOA	is	the	byŊ	catch	per	unit	effort	that	arrives	to	the	boat	
deadķ	BOB	is	the	byŊ	catch	per	unit	effort	that	arrives	to	the	vesseѴ	
aѴiveķ	PDV	is	the	proportion	dying	on	the	vesseѴķ	and	PDR

	is	the	proŊ
portion	dying	 after	 reѴeaseĺ	 For	 instanceķ	 a	 higher	proportion	of	
byŊ	catch	of	sea	turtѴes	and	other	species	arrives	to	the	boat	dead	
when	using	ѴongѴines	that	are	set	deepķ	such	as	those	used	for	bigŊ
eye	tuna	that	can	be	set	more	than	ƒƏƏ	m	deepķ	when	compared	
to	 a	 shaѴѴow	 set	 ѴongѴine	 such	 as	 those	 used	 in	many	 nearshore	
artisanaѴ	 fisheries	 ŐAndraka	et	aѴĺķ	ƑƏƐƒĸ	HaѴѴķ	Swimmerķ	ş	Pargaķ	
ƑƏƐƑĸ	Swimmer	et	aѴĺķ	ƑƏƏѵőĺ	This	difference	wouѴd	appear	in	the	
BDOA	 termĺ	Such	a	decomposition	 iѴѴustrates	the	fѴexibiѴity	of	this	
framework	in	handѴing	fisheryŊ		and	speciesŊ	specific	features	and	
aѴso	serves	to	highѴight	areas	where	different	mitigation	methods	
wouѴd	have	the	greatest	infѴuence	Őeĺgĺ	Shiodeķ	Huķ	Shigaķ	Yokotaķ	
ş	Tokaiķ	ƑƏƏƔőĺ	Another	extension	to	the	basic	framework	wouѴd	
be	to	consider	expѴicitѴy	the	uncertainty	surrounding	different	eѴŊ
ements	 of	 the	 conceptuaѴ	 modeѴķ	 and	 the	 impact	 of	 this	 uncerŊ
tainty	on	which	eѴement	of	byŊ	catch	mitigation	shouѴd	be	a	focus	
ŐTabѴe	ƒőĺ

It	 is	 important	 to	note	 that	 this	 equation	 is	not	 a	 true	bioecoŊ
nomic	equation	to	be	soѴvedĺ	Ratherķ	it	is	a	conceptuaѴ	framework	in	
which	we	make	the	components	of	the	mitigation	hierarchy	expѴicitķ	
in	order	to	guide	thinking	towards	a	more	hoѴistic	approach	to	adŊ
dressing	byŊ	catchĺ	It	aѴso	does	not	represent	a	hierarchy	such	as	is	
required	in	terrestriaѴ	systemsĺ	To	make	this	equation	into	a	hierarŊ
chyķ	rather	than	a	modeѴ	for	ѴeastŊ	cost	mitigation	of	byŊ	catchķ	it	couѴd	
be	set	up	as	a	goaѴ	programming	functionķ	with	sequentiaѴ	soѴutions	
to	each	eѴementķ	summed	to	produce	the	finaѴ	mitigation	outcomeĺ	In	
operationaѴ	termsķ	this	transѴates	into	a	presumption	that	investment	
and	effort	shouѴd	be	focussed	differentiaѴѴy	on	sequentiaѴ	eѴements	
of	the	modeѴķ	starting	with	E

B
ķ	then	BPUEķ	then	OTķ	so	that	offsetting	

reѴates	onѴy	 to	 the	unavoidabѴe	 residuaѴ	harm	once	aѴѴ	 other	 steps	
have	been	takenĺ	This	may	be	refѴected	 in	the	emphasis	pѴaced	on	
the	incentives	given	to	fishers	to	change	behaviour	pertaining	to	seŊ
quentiaѴ	eѴements	of	the	hierarchyķ	in	the	timing	of	the	offsetķ	or	in	
the	disposition	of	the	funding	for	research	and	conservation	action	
aѴѴocated	by	governmentĺ

Research	is	currentѴy	ongoing	to	operationaѴize	Equation	Ɛ	to	reŊ
duce	turtѴe	byŊ	catch	of	a	smaѴѴŊ	scaѴe	giѴѴnet	fishery	operating	out	of	
San	Jose	portķ	Peru	ŐAѴfaroŊ	Shigueto	et	aѴĺķ	ƑƏƐƏőĺ	CurrentѴyķ	a	smaѴѴŊ	
scaѴe	certification	scheme	is	under	triaѴ	by	the	NGO	ProDeѴphinusķ	
which	 aims	 to	 give	 premium	 prices	 for	 fish	 caught	 by	 skippers	
abiding	 by	 bestŊ	practice	 byŊ	catch	 reduction	 guideѴines	 ŐJĺ	 AѴfaroŊ	
Shigueto	 and	 Jĺ	 MangeѴķ	 personaѴ	 communicationőĺ	 The	 research	
entaiѴs	coѴѴecting	detaiѴed	economic	data	from	aѴѴ	giѴѴnet	vesseѴs	to	
understand	 the	 economic	 costs	 invoѴved	 in	 fishing	 operationsķ	 to	
caѴcuѴate	the	potentiaѴ	additionaѴ	costs	of	measures	at	each	stage	in	

ŐƑőBPUE=BDOA+PDV×BOB+

(

1−PDV

)

×BOB×PDR
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TABLE  ƒՊSummary	of	options	for	byŊ	catch	mitigationķ	structured	according	to	the	mitigation	hierarchyķ	for	four	caseŊ	studies

Framework step

CaseŊ study

AѴbatrossesņѴongѴines TurtѴesņѴongѴines Raysņpurse seines Oceanic whitetipsņѴongѴines

Defining	the	probѴem

Fishery	and	spatiaѴ	
extent

BraziѴian	domestic	industriaѴ	coastaѴ	ѴongѴine	
fѴeet

Eastern	Pacific	ŐcoastaѴ	and	peѴagicő	
smaѴѴŊ	scaѴe	commerciaѴ	ѴongѴine	fishery

Tuna	purseŊ	seine	fishery	of	
the	eastern	Pacific

Asian	and	EU	ѴongѴine	tuna	fisheries	in	the	
Indian ocean

Target	species Various	species	of	shark	and	swordfish MahiŊ	mahi	ŐCoryphaena hippurus 

Coryphaenidaeĸ	seasonaѴőķ	tunaķ	sharks	
ŐmostѴy	siѴkyĸ	Carcharhinus falciformisķ	
Carcharinidaeőķ	biѴѴfish

Various	species	of	tuna Various	species	of	tuna

ByŊ	catch	species	of	
concern

AѴbatross	ş	petreѴ	speciesĸ	particuѴar	concern	
for	criticaѴѴy	endangered	Tristan	aѴbatross	
ŐDiomedea dabennenaķ	Diomedeidaeő

OѴive	ridѴey	ŐLepidochelys olivaceaķ	
CheѴoniidaeőķ	greenņbѴack	ŐChelonia 

mydasķ	CheѴoniidaeőķ	hawksbiѴѴ	
ŐEretmochelys imbricataķ	CheѴoniidaeőķ	
Ѵoggerhead	ŐPeru	and	Mexicoő	and	
Ѵeatherback	ŐDermochelys coriaceaķ	
CheѴoniidaeő

Seven	mobuѴid	speciesķ	
incѴuding	CITESŊ	Ѵisted	Manta 

birostris	ŐMobuѴidaeő	and	
M. alfredi	ŐMobuѴidaeőķ	
caught	mostѴy	aѴive	in	
doѴphinŊ	associated	or	
freeŊ	schooѴ	sets

Oceanic	whitetip	sharkĸ	VuѴnerabѴe	on	IUCN	
red	Ѵistķ	retention	banned	by	tuna	RFMOsķ	
Ѵisted	on	CITES	Appendix	II

ByŊ	catch	target	
ŐΔλTő

BraziѴian	governmentĹ	Minimize	byŊ	catchĺ	
RuѴes	focus	on	targets	for	use	of	minimizing	
measuresķ	rather	than	on	byŊ	catch	numbers

Not	weѴѴ	definedĺ	RFMOs	suggest	
minimizing	byŊ	catchĺ	CouѴd	consider	PBR	
for	oѴive	ridѴeysķ	zero	catch	for	ѴeatherŊ
backs	ŐrefѴecting	their	respective	
popuѴation	statuső

IATTC	ŐƑƏƐƔőĹ	zero	retentionķ	
storing	or	seѴѴing	and	Ѵive	
reѴease	of	byŊ	caught	rays	
when	possibѴeĺ	ImpѴies	
byŊ	catch	minimization

Target	byŊ	catch	ѴeveѴ	not	defined	due	to	
uncertaintyĸ	RFMOs	ban	retentionķ	Ѵanding	
and	transŊ	shipment

Mitigation	hierarchy	eѴement

Avoid ✓✓

Œtimeņarea	cѴosuresķ	nightŊ	time	settingœ
✓ 

Œtimeņarea	cѴosuresķ	deeper	Ѵinesœ
✓ 

Œtimeņarea	cѴosuresœ
✓✓

Œdeep	settingœ

Minimize ✓✓✓ 

Œtori	Ѵinesķ	Ѵine	weightsœ
✓✓✓ 

ŒmonofiѴament	Ѵineķ	circѴe	hooks	Őnot	
Ѵeatherbacksőœ

� 

Œhard	to	avoid	catchingœ
✓ 

ŒmonofiѴament	Ѵineķ	circѴe	hooksķ	ban	on	
steeѴ	Ѵeadersœ

Remediate � 

Œhard	to	reѴease	aѴiveœ
✓✓ 

Œimproved	handѴingœ
✓✓✓ 

Œimproved	handѴingœ
✓ 

Œshort	setsœ

Offset ✓✓ 

Œinvasive	eradicationœ
✓✓ 

Œbeach	protectionœ
✓ 

ŒiѴѴegaѴ	tradeœ
✓ 

Œinformation	gatheringķ	iѴѴegaѴ	tradeœ

Factors	affecting	operationaѴization

Scope	for	
incentives

Participatory	research	on	barriers	to	uptake	of	
minimization	measuresĺ	Positive	incentives	
for	those	using	new	measuresķ	paid	for	byķ	
for	exampѴeķ	fisheriesŊ	wide	Ѵevy

CertificationņsustainabiѴity	standards	in	
export	markets

TransitionaѴ	payments	to	
promote	better	handѴing	on	
deckķ	hence	improving	
survivaѴ

If	information	gathering	seen	as	a	vaѴid	offset	
due	to	high	uncertaintyķ	funding	a	tagging	
scheme	couѴd	incentivize	fishers	to	coѴѴect	
data	on	shark	catch	rateķ	survivaѴ	of	
reѴeased	sharksķ	byŊ	catch	hotspotsķ	to	
support	improvements	across	the	whoѴe	
mitigation	framework

ŐContinueső
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the	mitigation	hierarchyĺ	 In	 the	absence	of	high	quaѴity	popuѴation	
data	with	which	to	parameterize	a	modeѴķ	a	PBRŊ	based	approach	is	
being	used	to	set	a	target	byŊ	catch	ѴeveѴ	 in	terms	of	number	of	 inŊ
dividuaѴs	of	each	of	the	turtѴe	species	caught	in	the	fisheryĺ	Expert	
opinion	from	fishers	and	ProdeѴphinus	staffķ	suppѴemented	by	data	
from	a	ѴongŊ	running	byŊ	catch	observer	programme	operating	out	of	
the	port	ŐAѴfaroŊ	Shigueto	et	aѴĺķ	ƑƏƐƐőķ	gives	the	potentiaѴ	reduction	
in	turtѴe	byŊ	catch	numbers	as	a	resuѴt	of	a	given	mitigation	approachĺ	
Interviews	 and	 focus	 groups	 with	 fishers	 provide	 understanding	
of	 their	 preferences	 for	 different	 byŊ	catch	mitigation	 approachesķ	
barriers	 and	 constraints	 to	 impѴementationķ	 and	 potentiaѴ	 particiŊ
pation	in	different	incentive	schemesĸ	this	can	be	suppѴemented	by	
Discrete	Choice	Experiments	providing	empiricaѴ	estimates	for	prefŊ
erences	for	combinations	of	byŊ	catch	reduction	measures	Őcf	Rogersķ	
ƑƏƐƒőĺ	This	fieѴd	research	produces	a	shortŊ	Ѵist	of	feasibѴe	mitigation	
measures	at	each	stage	in	the	mitigation	hierarchyķ	for	costing	and	
testing	Őeĺgĺ	specific	areas	or	times	for	fishery	cѴosure	under	avoidŊ
anceķ	combinations	of	hook	types	and	net	modification	under	miniŊ
mizationķ	training	in	turtѴe	handѴing	and	reѴease	for	remediationķ	and	
improving	byŊ	catch	performance	of	other	gear	types	in	the	area	for	
offsettingőĺ	This	enabѴes	the	anaѴysis	of	the	effectiveness	and	cost	
of	 various	 combinations	 of	 byŊ	catch	 reduction	 strategiesķ	 framed	
within	the	four	steps	of	the	mitigation	hierarchy	Őavoidķ	minimizeķ	reŊ
mediateķ	offsetőķ	with	a	cѴear	target	byŊ	catch	reduction	goaѴ	in	mindĺ

ƓՊ |ՊCOMPARING KE Y DEBATES BET WEEN  

TERRESTRIAL NNL AND BY҃  C ATCH  

MITIGATION

ƓĺƐՊ|ՊThe hierarchicaѴ nature of mitigation

TerrestriaѴ	 situations	are	usuaѴѴy	viewed	as	 requiring	a	strict	hierarŊ
chy	with	avoidanceķ	minimization	and	remediation	taking	precedence	
over	offsetsĺ	Part	of	the	reason	for	this	hierarchy	may	be	societaѴ	vaѴŊ
ues	and	expectationsķ	but	 aѴso	 it	 is	 a	 refѴection	of	 reversibiѴity	 and	
uncertaintyĺ	The	terrestriaѴ	mitigation	hierarchy	was	set	up	to	address	
habitat	destruction	caused	by	deveѴopmentķ	which	 is	effectiveѴy	 irŊ
reversibѴeķ	hence	avoidance	is	strictѴy	preferred	from	a	conservation	
perspectiveĺ	 In	practiceķ	 avoidance	has	been	a	negѴected	 stepķ	 and	
much	of	the	disquiet	about	biodiversity	offsetting	has	been	because	
of	the	tendency	to	pay	Ѵip	service	to	avoidance	and	focus	instead	on	
offsetsķ	which	 then	may	 be	 impѴemented	 on	 paper	 onѴy	 ŐHough	ş	
Robertsonķ	ƑƏƏƖĸ	PhaѴan	et	aѴĺķ	ƑƏƐƕőĺ	Even	with	perfect	enforcement	
and	compѴiance	with	measures	further	down	the	mitigation	hierarchyķ	
the	strict	avoidance	of	habitat	Ѵoss	is	more	certain	to	Ѵimit	impact	than	
reducing	Ѵosses	in	the	course	of	a	potentiaѴѴy	damaging	actionķ	which	
is	more	certain	than	restoring	damage	after	the	fact	or	compensating	
for	it	with	actions	eѴsewhereĺ	Often	in	terrestriaѴ	systems	muѴtipѴiers	
are	used	at	the	offset	stage	to	refѴect	this	uncertaintyķ	requiring	that	
an	additionaѴ	amount	of	equivaѴent	Ѵand	is	protected	in	an	offset	over	
and	above	the	amount	that	is	Ѵost	during	the	deveѴopment	Őwith	the	
ratio	of	Ѵand	offset	to	Ѵand	destroyed	in	the	ƐƏ	s	to	ƐƏƏ	s	depending	
on	the	circumstancesĸ	MoiѴanenķ	Van	TeeffeѴenķ	BenŊ	Haimķ	ş	Ferrierķ	Fr
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ƑƏƏƖőĺ	By	contrastķ	in	fisheries	settings	there	have	been	suggestions	
thatķ	depending	on	the	ѴegaѴ	environmentķ	it	may	be	more	appropriate	
for	offsets	to	be	used	as	part	of	a	ѴeastŊ	cost	conservation	approach	
aѴongside	more	traditionaѴ	mitigation	methodsķ	rather	than	as	the	Ѵast	
step	 in	a	mitigation	hierarchy	 ŐDuttonķ	Josephķ	Squiresķ	ş	WiѴѴiamsķ	
ƑƏƐƐĸ	Dutton	ş	Squiresķ	ƑƏƏѶĸ	WiѴcox	ş	DonѴanķ	ƑƏƏƕőĺ

ƓĺƑՊ|ՊOutŊ ofŊ kind offsets

OutŊ	ofŊ	kind	 offsets	 are	 those	 which	 do	 not	 act	 to	 increase	 the	
impactŊ	affected	biodiversityĺ	In	terms	of	our	conceptuaѴ	frameworkķ	
they	are	offsets	which	do	not	act	to	increase	the	popuѴation	growth	
rate	of	the	byŊ	catchŊ	affected	focaѴ	popuѴation	ŐEquation	Ɛőĺ	For	exŊ
ampѴeķ	one	suggested	benefit	of	 raising	 funds	 for	offsetting	 from	
a	byŊ	catch	tax	on	fishers	is	that	the	proceeds	from	such	a	tax	can	
finance	offsets	eѴsewhere	within	the	range	of	the	byŊ	catchŊ	affected	
popuѴation	 ŐDutton	 ş	 Squiresķ	 ƑƏƏѶőĹ	 AѴthough	 not	 a	 true	 offset	
under	a	mitigation	hierarchyķ	funds	from	the	CaѴifornia	drift	giѴѴnet	
industry	 in	 ƑƏƏƑ	 financed	 sea	 turtѴe	 nesting	 site	 conservation	 in	
Baja	CaѴifornia	for	compensatory	mitigation	of	sea	turtѴe	byŊ	catch	
ŐJanniseķ	 Squiresķ	 Seminoffķ	 ş	 Duttonķ	 ƑƏƐƏőĺ	 In	 terrestriaѴ	 Őand	
marineő	systemsķ	 it	can	be	more	chaѴѴenging	to	define	the	 impactŊ	
affected	 biodiversityķ	 because	 impact	 is	 rareѴy	 as	 cѴearѴy	 Ѵinked	
to	a	given	species	and	stock	as	 it	 is	 for	byŊ	catchĺ	Because	of	thisķ	
the	Ѵocation	and	biodiversity	target	of	conservation	actions	faѴѴing	
under	the	ľoffsetĿ	heading	has	sometimes	been	ѴooseѴy	reѴated	to	
the	actuaѴ	 impactĺ	BestŊ	practice	standards	state	that	offsets	must	
be	impѴemented	as	cѴose	to	the	damaging	activities	as	possibѴe	and	
focus	on	biodiversity	as	simiѴar	as	possibѴe	to	that	which	has	been	
impacted	 ŐBBOP	 ƑƏƐƑőĺ	 Howeverķ	 there	 have	 aѴso	 been	 caѴѴs	 for	
ľoutŊ	ofŊ	kindĿ	offsets	that	give	more	conservation	bangŊ	forŊ	buck	by	
focussing	on	threatened	species	or	rare	habitatsķ	or	areas	in	need	
of	conservationķ	 rather	 than	 the	 impacted	areas	or	 species	which	
may	 be	 considered	 Ѵess	 ľvaѴuabѴeĿ	 for	 conservation	 ŐBuѴѴķ	 Hardy	
et	aѴĺķ	ƑƏƐƔőĺ	This	has	Ѵed	to	substantiaѴ	debate	as	to	the	appropriŊ
ate	Ѵimits	on	the	geographic	scaѴe	and	biodiversity	focus	for	offsetŊ
ting	Őeĺgĺ	ApostoѴopouѴou	ş	Adamsķ	ƑƏƐƕőĺ	It	aѴso	draws	attention	to	
the	subjective	and	userŊ	defined	nature	of	 the	word	 ľbiodiversityĿ	
ŐMorarķ	 Toadvineķ	ş	Bohannanķ	 ƑƏƐƔőĺ	 As	 it	 is	 impossibѴe	 fuѴѴy	 to	
operationaѴize	the	conceptķ	impѴementers	of	the	mitigation	hierarŊ
chy	have	Ѵatitude	to	interpret	biodiversity	according	toķ	for	exampѴeķ	
ease	of	measurementķ	 perceived	 societaѴ	 vaѴue	or	mitigation	 cost	
ŐMaron	 et	aѴĺķ	 ƑƏƐѵőĺ	 In	 our	 caseķ	we	 take	 a	 narrow	 focus	 on	 the	
byŊ	caught	species	 itseѴfĸ	 this	 is	 in	 Ѵine	with	much	of	 the	 Ѵiterature	
on	 byŊ	catchķ	 but	 not	with	 the	 broader	 discourses	 on	 ecosystemŊ	
based	approaches	to	marine	management	and	ecosystem	services	
ŐRosenberg	ş	McLeodķ	ƑƏƏƔőĺ	These	discourses	suggest	 the	need	
for	a	more	functionaѴķ	ecosystemŊ	based	approach	to	no	net	Ѵoss	of	
biodiversityĸ	this	has	yet	to	transpire	either	in	the	marine	or	in	the	
terrestriaѴ	Ѵiteratureķ	possibѴy	because	substantiaѴ	chaѴѴenges	in	deŊ
fining	impactŊ	affected	biodiversity	then	inevitabѴy	ensueĺ

As	marine	megafauna	 stocks	 are	 often	 transboundary	 and	miŊ
gratoryķ	defining	the	appropriate	spatiaѴ	unit	 for	offsetting	may	be	

a	chaѴѴenge	because	 the	most	effective	 Ѵocation	 for	an	offset	may	
or	may	not	be	within	the	area	of	infѴuence	of	a	given	fisheryĺ	CѴearѴy	
and	preciseѴy	defining	 the	 spatiaѴ	 unit	within	which	 the	mitigation	
hierarchy	wiѴѴ	 be	 impѴementedķ	 during	 the	process	 of	 defining	 the	
overaѴѴ	goaѴ	Ősuch	as	NNLőķ	is	vitaѴĺ	This	unit	shouѴd	refѴect	the	scaѴe	
over	which	an	action	wiѴѴ	affect	λTĸ	offsets	which	are	within	the	disŊ
tribution	of	the	focaѴ	stock	of	the	byŊ	caught	species	Őas	defined	for	
Equation	Ɛő	are	not	outŊ	ofŊ	kindĺ	Howeverķ	chaѴѴenges	emerge	when	
the	 appropriate	 spatiaѴ	 unit	 for	 offsetting	 activities	 is	 different	 to	
the	appropriate	spatiaѴ	unit	for	other	eѴements	of	the	mitigation	hiŊ
erarchyķ	which	are	ѴikeѴy	to	be	defined	instead	by	jurisdictionaѴ	area	
or	 target	 fish	 stock	 distributionĺ	 In	many	 fisheriesķ	 the	 species	 afŊ
fected	by	byŊ	catch	may	not	be	weѴѴ	enough	knownķ	and	offsets	may	
accordingѴy	need	to	be	broadѴy	targeted	to	benefit	any	potentiaѴѴy	
affected	speciesĺ	True	outŊ	ofŊ	kind	offsets	wouѴd	incѴude	funding	the	
conservation	of	unaffected	species	or	stocksķ	of	habitats	not	used	
by	the	focaѴ	stockķ	or	contributions	to	a	conservation	fund	without	a	
cѴear	commitment	that	the	funds	are	to	be	spent	on	increasing	λT for 

the	focaѴ	byŊ	caught	stockĺ	These	are	unѴikeѴy	to	form	part	of	bestŊ	
practice	guidance	for	byŊ	catch	offsetsĺ

ƓĺƒՊ|ՊResearch as an offset

A	reѴated	area	of	active	controversy	for	marine	byŊ	catch	is	whether	
research	or	 information	gathering	shouѴd	be	seen	as	a	vaѴid	offset	
mechanismĺ	 The	 rationaѴe	 is	 that	 this	 research	 couѴd	 be	 used	 to	
reduce	uncertaintyķ	promote	 innovation	and	 thereby	 improve	outŊ
comes	 for	 byŊ	caught	 speciesķ	 aѴbeit	 indirectѴyĺ	 An	 offset	 couѴd	 be	
used	to	 incentivize	better	data	coѴѴectionķ	for	 instanceķ	using	a	byŊ	
catch	Ѵevy	to	pay	for	tagging	or	to	put	byŊ	catch	observers	or	eѴecŊ
tronic	monitoring	systems	on	boatsĺ	This	might	be	a	preѴude	to	Ѵater	
mitigation	 or	 avoidance	 activities	 once	 more	 is	 known	 about	 the	
bioѴogicaѴ	 settingĺ	Whether	 research	 activities	 couѴd	 appropriateѴy	
be	considered	as	part	of	an	ľoffsetĿ	is	controversiaѴŌin	some	casesķ	
an	 indirect	benefit	 to	 the	byŊ	caught	 stock	might	be	 cѴearѴy	 apparŊ
ent	Őeĺgĺ	the	oceanic	whitetip	ŐCarcharinus longimanusķ	Carcharinidaeő	
caseŊ	study	in	TabѴe	ƒőķ	whiѴe	in	other	cases	using	investment	in	reŊ
search	as	an	offset	couѴd	be	seen	as	a	case	of	moraѴ	hazardķ	potenŊ
tiaѴѴy	 compromising	 scientistsĽ	 independence	 and	 having	 at	 best	 a	
highѴy	indirect	reѴationship	to	NNL	of	the	byŊ	caught	speciesĺ	Another	
view	is	that	reducing	uncertainty	is	a	core	responsibiѴity	of	operating	
a	fisheryķ	which	therefore	shouѴd	be	borne	by	the	management	auŊ
thority	or	fishing	businessesĺ	In	terrestriaѴ	systemsķ	these	diѴemmas	
aѴso	existķ	but	the	sentiment	is	much	more	cѴearѴy	expressed	that	reŊ
search	activities	are	not	appropriate	offsets	ŐBuѴѴķ	Gordonķ	Watsonķ	
ş	Maronķ	ƑƏƐѵőĺ

ƓĺƓՊ|ՊIncentivizing impѴementation of mitigation  
measures

The	factors	that	drive	decisionŊ	making	about	megafauna	byŊ	catch	
reduction	 Őby	 skippersķ	 companiesķ	 fishery	 managersķ	 poѴicymakŊ
ers	 and	 other	 stakehoѴderső	 incѴude	 ѴegaѴ	 obѴigations	 to	minimize	
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byŊ	catch	 at	 the	 nationaѴ	 or	 internationaѴ	 ѴeveѴs	 Őeĺgĺ	 FAOķ	 ƑƏƐƐĸ	
Riceķ	 ƑƏƐƓőķ	 the	 avaiѴabiѴity	 and	 quaѴity	 of	 technicaѴ	 fixesķ	 associŊ
ated	costs	 to	fishersķ	 Ѵimits	on	access	to	seafood	marketsķ	as	weѴѴ	
as	societaѴ	pressuresĺ	Howeverķ	much	research	on	byŊ	catch	reducŊ
tion	 focuses	 on	 identifying	 and	 impѴementing	 technicaѴ	measures	
to	 reduce	BPUEķ	 rather	 than	on	 the	 sociaѴ	 and	economic	barriers	
to	 impѴementation	 ŐCampbeѴѴ	 ş	 CornweѴѴķ	 ƑƏƏѶőĺ	 TechnoѴogicaѴ	
innovation	 to	 improve	 BPUE	 needs	 to	 be	 appropriateѴy	 incentivŊ
izedķ	with	efforts	made	to	ensure	that	such	measures	are	as	costŊ	
effective	 as	 possibѴe	 for	 fishers	 ŐGjertsenķ	 HaѴѴķ	 ş	 Squiresķ	 ƑƏƐƏĸ	
Lent	 ş	 Squiresķ	 ƑƏƐƕőĺ	 Howeverķ	 it	 often	 happens	 that	 even	 apŊ
parentѴy	 suitabѴe	 byŊ	catch	measures	 are	 not	wideѴy	 impѴemented	
Őeĺgĺ	 DamaѴas	 ş	 VassiѴopouѴouķ	 ƑƏƐƒĸ	 Orphanides	 ş	 PaѴkaķ	 ƑƏƐƒĸ	
Radzioķ	SmoѴinskyķ	ş	Roosenburgķ	ƑƏƐƒőĺ	In	these	casesķ	the	degree	
of	nonŊ	impѴementationķ	and	the	reasons	behind	itķ	needs	to	be	unŊ
derstood	so	it	can	be	addressed	ŐCox	et	aѴĺķ	ƑƏƏƕőĺ	These	types	of	
consideration	are	aѴso	not	weѴѴ	researched	in	the	terrestriaѴ	offsetŊ
ting	Ѵiteratureķ	because	compѴiance	is	poorѴy	monitored	ŐBuѴѴķ	SuttѴeķ	
Gordonķ	Singhķ	ş	MiѴnerŊ	GuѴѴandķ	ƑƏƐƒőķ	and	there	is	ѴittѴe	support	
for	 research	on	 the	barriers	 to	 impѴementation	of	a	mitigation	hiŊ
erarchyķ	and	how	to	support	deveѴopers	to	address	these	barriers	
ŐBuѴѴķ	Bryantķ	Bakerķ	ş	MiѴnerŊ	GuѴѴandķ	ƑƏƐƔőĺ	The	sociaѴ	impacts	of	
impѴementing	a	biodiversity	mitigation	hierarchy	on	resource	users	
are	mentioned	 in	guidance	 Őeĺgĺ	BBOP	ƑƏƐƑő	but	how	to	measure	
and	account	for	them	is	very	poorѴy	understoodĺ	The	few	studies	inŊ
vestigating	deѴivery	of	promised	offset	measures	in	terrestriaѴ	sysŊ
tems	suggest	a	very	poor	record	ŐQu࣐tierķ	Regneryķ	ş	LevreѴķ	ƑƏƐƓőĺ	
Thereforeķ	 the	 sociaѴ	 side	 of	 impѴementing	 the	 mitigation	 hierarŊ
chy	and	 incentivizing	compѴiance	 is	an	area	 that	needs	moreķ	 and	
more	activeķ	research	within	both	the	terrestriaѴ	and	marine	reaѴms	
ŐFuѴtonķ	Smithķ	Smithķ	ş	van	Puttenķ	ƑƏƐƐőĺ	This	is	particuѴarѴy	true	
when	the	burden	of	 impѴementing	mitigation	approaches	 is	borne	
by	reѴativeѴy	smaѴѴŊ	scaѴe	producers	rather	than	governments	or	muѴŊ
tinationaѴs	Őeĺgĺ	the	peѴagic	ѴongѴine	fisheries	in	TabѴe	ƒőĺ

ƓĺƔՊ|ՊSocietaѴ Ѵimits

For	a	species	at	high	risk	of	extinctionķ	compѴete	avoidance	of	byŊ	
catch	might	be	the	most	desirabѴe	poѴicy	from	both	a	management	
agency	 and	 societaѴ	 perspectiveĺ	 In	 additionķ	 with	 embѴematic	 or	
highѴy	threatened	marine	megafauna	it	may	be	viewed	by	members	
of	 the	 pubѴic	 as	moraѴѴy	wrong	 to	 kiѴѴ	 any	 individuaѴs	 even	 if	mitiŊ
gation	is	in	pѴace	Őeĺgĺ	MauiĽs	doѴphinĸ	Hamner	et	aѴĺķ	ƑƏƐƓőķ	 Ѵeading	
to	pressure	on	governments	to	refѴect	this	ethicaѴ	concern	in	reguŊ
Ѵationsĺ	These	diѴemmas	echo	 the	 issue	of	 threshoѴds	 in	 terrestriaѴ	
offsetsķ	which	recognizes	that	there	are	some	criticaѴ	areas	in	which	
deveѴopment	is	not	societaѴѴy	appropriateķ	regardѴess	of	the	potenŊ
tiaѴ	for	mitigationķ	and	other	areas	in	which	the	mitigation	hierarchy	
can	 be	 appropriateѴy	 appѴied	 ŐBuѴѴ	 et	aѴĺķ	 ƑƏƐƒőĺ	 ExampѴes	 of	 ѴocaŊ
tions	where	a	threshoѴd	approach	 is	seen	as	appropriate	 in	terresŊ
triaѴ	 systems	 incѴude	 the	 habitat	 of	 highѴy	 endangered	 speciesķ	 or	
ecosystems	which	 are	 Ѵimited	 in	 extent	 and	 irrepѴaceabѴe	 Ősuch	 as	
oѴd	growth	forestőĺ	 In	 terrestriaѴ	systemsķ	 thereforeķ	 the	mitigation	

hierarchy	is	seen	as	most	appropriate	for	appѴication	in	more	comŊ
mon	and	degraded	habitats	such	as	farmѴandĺ	SimiѴarѴyķ	in	fisheriesķ	
there	may	be	some	situations	in	which	the	stocks	subject	to	byŊ	catch	
are	 so	 precious	 or	 threatened	 that	 no	 ѴeveѴ	 of	 threat	 from	 fishing	
can	be	contempѴatedķ	and	others	where	fishing	subject	to	NNL	and	
the	mitigation	hierarchy	is	a	sociaѴѴy	acceptabѴe	approachĺ	In	situaŊ
tions	 in	which	 tradeŊ	offs	 between	 conservation	 and	 deveѴopment	
are	seen	as	necessary	or	acceptabѴe	by	wider	societyķ	a	sociaѴ	Ѵicence	
to	operate	may	be	gained	through	adopting	offsets	in	the	absence	of	
reguѴationĺ	For	exampѴeķ	in	subŊ	Saharan	Africaķ	severaѴ	Ѵarge	deveѴŊ
opment	projects	are	attempting	to	offset	their	impacts	on	great	apes	
and	their	habitats	ŐKormos	et	aѴĺķ	ƑƏƐƓőĺ	A	byŊ	catch	equivaѴent	might	
be	 fishing	 companies	 voѴuntariѴy	 donating	 funds	 for	 turtѴe	 nesting	
beach	restoration	in	their	area	of	operationķ	in	addition	to	compѴyŊ
ing	with	reguѴatory	byŊ	catch	mitigation	measuresĺ	These	measures	
may	improve	the	image	of	the	company	with	the	generaѴ	pubѴicķ	but	
to	avoid	accusations	of	ľgreenwashingĿķ	their	effectiveness	needs	to	
be	properѴy	scrutinized	ŐBuѴѴ	et	aѴĺķ	ƑƏƐѵőĺ	TransparentѴy	embedding	
these	types	of	actions	within	a	mitigation	hierarchy	such	as	we	are	
proposing	 and	 criticaѴѴy	 evaѴuating	 their	 contribution	 to	 increasing	
the	popuѴation	growth	rate	Őas	per	Equation	Ɛőķ	wouѴd	be	one	way	to	
prompt	such	scrutinyĺ

ƓĺѵՊ|ՊUncertainty

The	 nature	 of	 the	 uncertainties	 surrounding	 bioѴogy	 and	 enforceŊ
ment	 in	 the	marine	 setting	 raises	questions	 about	 the	ordering	of	
steps	 in	 the	mitigation	hierarchyķ	 in	a	way	 that	 is	dissimiѴar	 to	 terŊ
restriaѴ	systems	where	the	hierarchy	of	uncertainties	may	be	cѴearer	
and	uncertainty	is	generaѴѴy	Ѵowerĺ	For	exampѴeķ	it	may	be	that	the	
impact	on	overaѴѴ	popuѴation	growth	rate	of	an	offset	measure	Ѵike	
eradicating	 invasive	species	 from	a	seabird	nesting	habitat	 is	both	
Ѵess	 uncertain	 and	 more	 costŊ	effective	 than	 avoidance	 measures	
such	as	cѴosing	areas	which	may	or	may	not	be	frequented	by	aduѴt	
seabirds	 in	 a	 given	 timeŊ	periodĺ	GeneraѴѴyķ	 thoughķ	 it	might	be	 asŊ
sumed	that	measures	which	target	Ѵife	stages	subject	to	high	ѴeveѴs	
of	naturaѴ	mortaѴityķ	or	within	which	individuaѴ	contribution	to	overŊ
aѴѴ	popuѴation	growth	rate	is	Ѵow	Őeĺgĺ	headstarting	juveniѴe	turtѴeső	
may	be	Ѵess	effective	in	achieving	NNL	than	measures	which	target	
reproductiveѴy	mature	aduѴt	femaѴes	Ősuch	as	Ѵive	reѴeasesĸ	HeppeѴѴķ	
Crowderķ	ş	Crouseķ	ƐƖƖѵőĺ	Howeverķ	before	impѴementing	an	offset	
that	aims	to	improve	the	survivaѴ	of	one	Ѵifestage	in	order	to	comŊ
pensate	for	the	byŊ	catch	mortaѴity	of	anotherķ	a	robust	assessment	
of	the	consequences	Őwith	associated	uncertaintieső	shouѴd	be	carŊ
ried	 out	 through	 detaiѴed	 popuѴation	 modeѴѴingķ	 based	 on	 strong	
empiricaѴ	studies	Őcĺfĺ	WaѴѴaceķ	HeppeѴѴķ	Lewisonķ	KeѴezķ	ş	Crowderķ	
ƑƏƏѶőĺ	In	terrestriaѴ	systemsķ	the	requirement	sequentiaѴѴy	to	appѴy	
the	mitigation	hierarchy	is	broadѴy	unchaѴѴengedķ	but	actuaѴѴy	simiѴar	
arguments	 appѴyĺ	 For	 exampѴeķ	 habitat	 restoration	 sits	 above	 offŊ
setting	in	the	hierarchyķ	and	yet	it	is	a	ѴongŊ	termķ	uncertain	processķ	
which	may	in	some	circumstances	be	much	Ѵess	preferabѴe	to	an	offŊ
set	using	a	weѴѴŊ	estabѴished	approach	which	is	highѴy	ѴikeѴy	to	Ѵead	to	
conservation	gainsĺ
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ƓĺƕՊ|ՊTemporaѴ considerations

The	timing	of	offsets	in	reѴation	to	other	eѴements	of	the	mitigation	
hierarchy	has	been	the	subject	of	debate	within	the	terrestriaѴ	ѴiteraŊ
tureĺ	The	main	suggestion	for	addressing	the	temporary	Ѵoss	of	bioŊ
diversity	whiѴe	offsets	come	to	fruition	has	been	adopting	mitigation	
bankingķ	whereby	offsets	are	impѴemented	in	advance	of	potentiaѴѴy	
damaging	activitiesķ	providing	biodiversity	credits	which	can	be	used	
to	compensate	for	Ѵater	Ѵossesĺ	This	both	removes	an	eѴement	of	unŊ
certainty	from	the	offset	impѴementation	and	reduces	the	time	Ѵag	
between	Ѵoss	and	gain	ŐMannķ	ƑƏƐƔőĺ	With	respect	to	marine	megaŊ
fauna	byŊ	catchķ	fѴexibiѴity	in	timing	provides	additionaѴ	scope	for	cost	
reduction	 and	 benefit	 enhancement	which	may	 not	 be	 present	 in	
traditionaѴ	habitatŊ	based	terrestriaѴ	offsetsĺ	For	exampѴeķ	temporary	
measures	such	as	a	shortŊ	term	byŊ	catch	tax	to	fund	an	offset	may	be	
used	if	mitigation	or	avoidance	methods	take	time	to	come	onѴineķ	
or	if	a	temporary	nudge	is	enough	to	cause	behaviouraѴ	changeĺ	This	
might	be	the	case	if	a	poѴicy	was	needed	to	induce	fishers	to	take	up	
new	gear	to	avoid	the	cost	of	an	offsetķ	or	if	concerns	about	safety	or	
yieѴd	reductions	during	the	transition	to	new	gear	couѴd	be	aѴѴayed	by	
a	temporary	subsidy	for	earѴy	adopters	or	a	paid	participatory	moniŊ
toring	programme	to	 inform	wider	 impѴementation	Őeĺgĺ	the	mobuŊ
Ѵid	and	shark	caseŊ	studies	in	TabѴe	ƒőĺ	Just	as	for	habitat	restoration	
ŐZedѴer	ş	CaѴѴawayķ	 ƐƖƖƖőķ	 byŊ	catch	offset	 strategies	which	 target	
juveniѴe	stages	of	 ѴongŊ	Ѵived	species	 Őeĺgĺ	 turtѴe	headstarting	or	 inŊ
vasive	 removaѴ	 from	seabird	nesting	 isѴandső	may	 take	many	years	
for	 their	 effects	 to	 become	 apparent	 in	 an	 increase	 in	 popuѴation	
growth	ratesĺ	AdditionaѴ	uncertainty	is	introduced	by	the	difficuѴty	
in	monitoring	popuѴations	of	many	byŊ	catch	 species	 Őeĺgĺ	 seabirdsĸ	
Hatchķ	ƑƏƏƒőķ	Ѵeading	to	uncertain	estimates	of	the	impact	of	offset	
activities	on	popuѴation	growth	Ősee	caseŊ	studies	in	TabѴe	ƒőĺ	These	
probѴems	are	not	 insuperabѴeķ	howeverĸ	positive	trends	have	been	
reported	in	turtѴe	popuѴations	over	decades	as	a	resuѴt	of	nest	proŊ
tection	Őeĺgĺ	Duttonķ	Duttonķ	ChaѴoupkaķ	ş	BouѴonķ	ƑƏƏƔőĺ

ƔՊ |ՊUSING INCENTIVES TO REDUCE BY҃ 
C ATCH

Many	of	the	exampѴes	and	principѴes	discussed	above	either	impѴicŊ
itѴy	or	expѴicitѴy	reѴate	to	the	economicķ	sociaѴķ	institutionaѴ	or	moraѴ	
incentives	operating	on	different	actors	inside	and	outside	the	fishŊ
eryķ	which	can	be	positive	or	negativeĺ	We	now	turn	to	a	discussion	
of	how	incentives	can	be	used	to	reduce	byŊ	catch	within	our	frameŊ
workĺ	Incentives	can	be	put	in	pѴace	to	change	fisher	behaviour	with	
respect	to	any	of	the	eѴements	of	the	framework	 Őavoidķ	minimizeķ	
remediate	and	offsetĸ	TabѴe	ƒőĺ	AѴthough	discussed	in	the	Ѵiteratureķ	
most	of	 these	 incentive	 approaches	 are	 yet	 to	be	 impѴemented	 in	
the	 reaѴ	worѴdķ	particuѴarѴy	 for	byŊ	catchĺ	Thereforeķ	untiѴ	 empiricaѴ	
evidence	of	their	effectiveness	is	avaiѴabѴeķ	these	suggestions	come	
with	a	caveatĺ

FinanciaѴ	 costs	of	byŊ	catch	mitigation	actions	 can	ariseķ	 for	 inŊ
stanceķ	from	Ѵost	catchķ	capitaѴ	investments	in	new	gear	or	mitigation	

equipmentķ	or	 the	 Ѵoss	of	access	to	a	fisheryĺ	Costs	may	aѴso	arise	
from	the	depѴoyment	of	byŊ	catch	observers	or	training	in	the	use	of	
new	gearĺ	These	costs	can	be	paid	by	fishing	companies	or	individŊ
uaѴsķ	or	by	governmentsķ	NGOs	or	seafood	consumersĺ	Whether	or	
not	compensation	for	costs	incurred	by	fishers	is	seen	as	appropriŊ
ate	depends	on	whether	byŊ	catch	reduction	is	seen	as	a	sociaѴ	good	
that	fishers	are	providing	Őin	which	case	they	shouѴd	be	compensated	
for	itőķ	or	as	putting	right	the	harm	that	they	are	doing	to	biodiverŊ
sity	whiѴe	generating	their	own	private	gain	Őin	economic	Ѵanguageķ	
whether	byŊ	catch	is	viewed	as	an	unpriced	externaѴityķ	in	which	case	
they	shouѴd	payőĺ	It	aѴso	depends	on	whether	economic	hardship	wiѴѴ	
ensueĸ	a	case	for	compensation	of	byŊ	catch	reduction	costs	incurred	
by	peopѴe	dependent	on	 fishing	 for	 their	 ѴiveѴihoods	may	be	more	
sympatheticaѴѴy	received	by	other	actors	than	a	case	made	by	a	Ѵarge	
muѴtinationaѴ	fishing	companyĺ

If	byŊ	catch	is	seen	as	an	unpriced	externaѴityķ	it	might	be	sociaѴѴy	
optimaѴ	to	tax	fishers	for	their	byŊ	catch	so	that	this	externaѴity	is	inŊ
ternaѴizedĺ	This	pѴaces	an	expѴicit	price	upon	byŊ	catch	ŐBoyceķ	ƐƖƖѵĸ	
Pascoe	et	aѴĺķ	ƑƏƐƏĸ	Squires	ş	Garciaķ	ƑƏƐƓőĺ	The	byŊ	catch	price	 is	
ѴikeѴy	 to	 be	 incorporated	 into	 the	 price	 of	 the	 target	 speciesķ	 and	
thereby	becomes	part	of	the	target	species	costĺ	This	price	couѴd	be	
set	 differentѴy	 for	 different	 demographic	 cѴasses	of	 the	byŊ	caught	
speciesķ	 depending	 on	 the	 impact	 the	 Ѵoss	 of	 an	 individuaѴ	wouѴd	
have	on	the	popuѴationĺ	AѴѴ	eѴse	being	equaѴķ	putting	a	price	on	byŊ	
catch	means	 that	 the	seafood	product	 that	 is	 the	 target	catch	beŊ
comes	more	expensive	and	consumers	have	 to	pay	more	 for	 their	
seafoodķ	reducing	demandĺ	Thenķ	in	principѴeķ	every	firm	in	the	supŊ
pѴy	chainķ	every	vesseѴ	and	every	consumer	have	an	incentive	to	reŊ
duce	byŊ	catch	untiѴ	each	economic	actorĽs	marginaѴ	cost	of	byŊ	catch	
reduction	equaѴs	 the	common	price	of	byŊ	catch	 that	 they	aѴѴ	 faceĺ	
Offsets	are	one	way	to	price	and	internaѴize	the	byŊ	catch	externaѴity	
costĺ	If	an	offsetting	action	is	costѴy	to	impѴement	and	must	be	paid	
for	with	 each	 unit	 of	 byŊ	catchķ	 it	 impѴicitѴy	 prices	 the	 residuaѴ	 byŊ	
catchĺ	 In	 this	 circumstanceķ	 the	 effect	 from	 a	 financiaѴ	 standpoint	
is	the	same	as	a	byŊ	catch	taxķ	with	the	 ѴeveѴ	set	based	on	the	cost	
of	the	offsetĺ	Various	institutionaѴ	structures	to	support	this	charge	
per	unit	of	byŊ	catch	are	possibѴeķ	with	different	impѴications	in	terms	
of	the	distribution	of	costs	and	benefitsĺ	For	exampѴeķ	an	insurance	
scheme	couѴd	be	paid	into	by	fishers	that	pays	out	in	the	event	of	a	
byŊ	catch	eventķ	thereby	spreading	the	cost	of	unavoidabѴeķ	rareķ	byŊ	
catch	eventsĺ	Or	a	tradabѴe	permit	scheme	couѴd	operateķ	such	that	
fishers	who	experience	a	byŊ	catch	event	can	buy	a	permitķ	with	the	
cost	varying	depending	on	demand	for	permits	 Őhence	providing	a	
vesseѴŊ	ѴeveѴ	incentive	to	innovate	to	reduce	byŊ	catchőĺ

If	 there	 is	demand	for	conservation	 in	an	 internationaѴ	marketķ	
then	 price	 premiums	 and	 market	 access	 Őthrough	 ecoŊ	ѴabeѴѴingķ	
suppѴy	 chain	 certificationķ	 other	 food	 sustainabiѴity	 campaignsĸ	
Ward	ş	PhiѴѴipsķ	ƑƏƐƏőķ	or	boycotts	acting	as	strategic	threats	from	
consumers	 ŐKotchenķ	 ƑƏƐƒĸ	 Segersonķ	 ƑƏƐƏőķ	 couѴd	 act	 as	 positive	
or	negative	economic	 Ѵevers	on	the	 fisheryķ	providing	an	 incentive	
for	 fishers	 to	 reduce	 their	 byŊ	catch	 voѴuntariѴy	 Őas	 has	 been	 sugŊ
gested	 for	 the	 BraziѴian	mahiŊ	mahi	 fisheryĸ	 TabѴe	ƒőĺ	 For	 exampѴeķ	
the	Marine	 Stewardship	CounciѴ	 now	 incѴudes	byŊ	catch	mitigation	



ՊՍ Պ | ՊƐƐMILNER- GULLAND ET AL.

in	their	certification	process	ŐMSC	ƑƏƐƓőĺ	DemandŊ	Ѵed	Ѵevers	may	be	
more	or	Ѵess	appѴicabѴe	at	different	ѴeveѴs	in	the	hierarchyĸ	for	examŊ
pѴeķ	avoidance	may	be	reѴativeѴy	hard	to	evidenceķ	whiѴe	offsetting	
may	be	Ѵess	easy	to	seѴѴ	to	a	consumer	than	minimization	or	remeŊ
diationĺ	Concerns	 about	 the	 unintended	 consequences	 of	 positive	
incentives	 ŐparticuѴarѴy	for	direct	subsidiesķ	rather	than	conditionaѴ	
incentiveső	may	determine	whether	they	are	an	appropriate	instruŊ
ment	in	a	given	caseĺ	For	exampѴeķ	they	may	be	inappropriate	if	there	
is	a	risk	that	the	additionaѴ	money	is	reinvested	in	increased	fishing	
capacityķ	or	 if	there	may	be	consumptionķ	production	or	conservaŊ
tion	Ѵeakages	Őtransfer	of	the	probѴem	somewhere	eѴseőķ	whether	at	
the	 vesseѴķ	 fishery	 or	 transŊ	nationaѴ	 ѴeveѴĺ	High	 transactions	 costs	
may	aѴso	Ѵimit	the	benefits	of	incentives	schemesĺ

Other	changes	which	may	need	to	be	incentivized	for	successfuѴ	
impѴementation	of	byŊ	catch	reduction	poѴicies	may	be	Ѵess	amenabѴe	
to	financiaѴ	measuresķ	at	Ѵeast	partѴy	because	it	is	Ѵess	cѴear	how	to	
assign	 financiaѴ	 vaѴue	 to	 the	actionsķ	or	 to	 the	benefits	 and	 Ѵosses	
which	they	produceĺ	For	exampѴeķ	perceived	reductions	in	safety	for	
fishing	crews	Őfrom	weighted	ѴongѴinesķ	for	 instanceő	are	costs	that	
may	be	hard	to	vaѴue	financiaѴѴyĺ	Other	prerequisites	for	 ѴongŊ	term	
sustainabѴe	 behaviour	 changeķ	 such	 as	 changes	 in	 sociaѴ	 norms	 so	
that	fishing	communities	see	byŊ	catch	reduction	as	appropriate	beŊ
haviourķ	or	technicaѴ	skiѴѴ	acquisition	so	that	they	can	use	new	methŊ
odsķ	may	be	incentivized	by	carefuѴѴy	designed	interventions	working	
with	fishers	ŐHaѴѴ	et	aѴĺķ	ƑƏƏƕőĺ	Conservation	poѴicies	based	on	ecoŊ
nomic	 incentives	 Őextrinsic	motivationő	 are	 not	 aѴways	 superior	 to	
those	based	upon	 intrinsic	motivationĺ	 In	factķ	 incentiveŊ	based	byŊ	
catch	 reduction	 poѴicy	 instruments	 couѴd	 even	 be	 counterproducŊ
tive	by	reducing	the	effectiveness	of	intrinsic	motivationķ	depending	
upon	 the	 situation	 ŐaѴthough	 the	 empiricaѴ	 evidence	 on	 this	 topic	
is	weakĸ	 Rodeķ	GॕmezŊ	Baggethunķ	ş	Krauseķ	 ƑƏƐƔőĺ	 If	 the	 change	
required	for	byŊ	catch	reduction	to	work	meets	cuѴturaѴ	 resistanceķ	
then	participatory	 research	might	be	especiaѴѴy	effective	 in	breakŊ
ing	down	barriers	between	those	who	want	byŊ	catch	reduction	to	
take	pѴace	and	those	who	actuaѴѴy	have	to	impѴement	it	Őthe	fishersőĺ	
For	exampѴeķ	in	AustraѴiaķ	the	governmentŊ	funded	body	Oceanwatch	
faciѴitates	engagement	between	communitiesķ	 the	fishing	 industryķ	
seafood	 suppѴiers	 and	 government	 to	 improve	 knowѴedge	 sharing	
Őwwwĺoceanwatchĺorgĺauőĺ	Innovation	is	cruciaѴ	in	fisheriesķ	and	fishŊ
ers	are	accustomed	to	adopting	new	technoѴogy	or	processesķ	poŊ
tentiaѴѴy	making	an	 incentivized	participatory	 research	programme	
especiaѴѴy	fruitfuѴĺ

Sometimes	 the	 most	 efficient	 way	 to	 soѴve	 probѴems	 is	 a	 soŊ
ciaѴ	 instrument	or	an	 institutionaѴ	change	 in	pѴace	ofķ	or	as	weѴѴ	asķ	
an	 economic	 instrumentĺ	 For	 exampѴeķ	 supporting	 deveѴopment	
of	 fisher	organizations	 rather	 than	 instituting	 a	 vesseѴŊ	ѴeveѴ	 tax	or	
subsidy	 might	 provide	 the	 impetus	 needed	 to	 change	 behaviourĺ	
Instituting	catch	shares	ŐindividuaѴ	transferabѴe	quotaső	may	provide	
an	enabѴing	environment	for	byŊ	catch	reductionķ	for	exampѴe	by	proŊ
moting	more	effective	monitoring	ŐGrimm	et	aѴĺķ	ƑƏƐƑőĺ	Experience	
in	 terrestriaѴ	 system	 produces	 simiѴar	 insightsĸ	 incentiveŊ	based	
schemes	which	aѴso	buiѴd	community	cohesion	and	support	the	deŊ
veѴopment	 or	 strengthening	 of	 ѴocaѴ	management	 institutionsķ	 are	

more	 effective	 in	 the	 Ѵonger	 run	 than	 direct	 economic	 incentives	
ŐCѴements	et	aѴĺķ	ƑƏƐƏőĺ

ѵՊ |ՊCONCLUSIONS

The	 framework	 we	 present	 here	 is	 noveѴĺ	 It	 draws	 upon	 and	 exŊ
tends	 the	 frameworks	 for	 conceptuaѴizing	 byŊ	catch	 deveѴoped	 by	
HaѴѴ	 ŐƐƖƖѵő	 and	 HaѴѴķ	 AѴversonķ	 and	MetuzaѴs	 ŐƑƏƏƏőĺ	 It	 amaѴgamŊ
ates	HaѴѴĽs	 framework	with	 the	mitigation	hierarchy	as	used	 in	 the	
EnvironmentaѴ	 Impact	 Assessment	 Ѵiterature	 ŐBBOP	 ƑƏƐƑőĺ	 The	
suggestions	 about	 goaѴsķ	 metric	 and	mitigation	 actions	 are	 drawn	
from	the	empiricaѴ	byŊ	catch	Ѵiteratureķ	and	the	issues	we	discuss	inŊ
tegrate	the	concerns	of	the	extensive	terrestriaѴ	and	nascent	marine	
offsetting	 Ѵiterature	 with	 the	 byŊ	catch	 Ѵiteratureĺ	 The	 framework	
makes	cѴear	 that	an	earѴyķ	cruciaѴķ	 step	 is	 to	cѴarify	 the	goaѴ	of	any	
byŊ	catch	 reduction	 poѴicyĺ	Overarching	 goaѴsķ	 Ѵike	 those	 issued	 by	
the	Convention	on	BioѴogicaѴ	Diversity	Őeĺgĺ	Aichi	Target	ƐƐ	that	ƐƏѷ	
of	marine	habitat	shouѴd	be	under	protection	by	ƑƏƑƏőķ	need	to	be	
transѴated	into	operationaѴ	terms	within	each	fisheryĺ	CurrentѴyķ	ѴegŊ
isѴated	or	agreed	byŊ	catch	 reduction	goaѴs	 tend	 to	be	 Ѵess	 specific	
than	they	couѴd	beķ	and	this	Ѵeads	to	probѴems	in	interpreting	these	
goaѴs	 in	order	to	pѴan	a	byŊ	catch	mitigation	strategy	Ősee	the	caseŊ	
studies	 in	TabѴe	ƒ	 for	 exampѴesőĺ	 This	 ambiguity	 is	 to	be	 expected	
within	negotiated	targetsķ	but	it	is	a	chaѴѴenge	nonetheѴess	ŐMaxweѴѴ	
et	aѴĺķ	ƑƏƐƔőĺ	Using	a	common	unit	of	byŊ	catch	 impactķ	such	as	the	
ΔλT	which	we	use	hereķ	wouѴd	be	heѴpfuѴ	both	in	cѴarifying	expectaŊ
tionsķ	and	evaѴuating	the	effectiveness	of	eѴements	of	the	mitigation	
hierarchyĺ

Once	 the	 byŊ	catch	 goaѴ	 is	 knownķ	 options	 for	 impѴementing	
avoidanceķ	minimizationķ	remediation	and	offsets	can	be	cѴarified	Őas	
in	TabѴe	Ƒőĺ	Howeverķ	outside	of	 the	 interconnected	bioѴogy	of	 the	
ecosystemķ	byŊ	catch	 is	embedded	within	sociaѴ	and	economic	sysŊ
temsĺ	Different	units	of	anaѴysis	may	be	needed	at	different	 ѴeveѴs	
of	the	hierarchyķ	to	cope	with	the	chaѴѴenges	of	incompѴete	overѴap	
between	 jurisdictionaѴ	 unitsķ	 fisheriesķ	 target	 stocks	 and	 byŊ	catch	
stocksĺ	JurisdictionaѴ	issues	are	important	and	compѴexķ	potentiaѴѴy	
impeding	 impѴementationĺ	FѴeets	 interactķ	 raising	the	risk	of	poѴicy	
Ѵeakageķ	for	exampѴe	if	peopѴe	shift	to	other	fisheriesķ	gear	or	ѴiveѴiŊ
hoodsĺ	Thereforeķ	the	scaѴe	at	which	each	eѴement	of	the	mitigation	
hierarchy	is	impѴemented	is	ѴikeѴy	to	varyķ	with	incentives	to	mitigate	
often	being	best	 appѴied	at	 the	vesseѴ	 ѴeveѴķ	 focussed	on	 reducing	
individuaѴ	mortaѴityķ	whiѴe	offsetting	is	impѴemented	at	the	scaѴe	of	
the	byŊ	catch	speciesĽ	stockĺ	With	transboundary	speciesķ	uniѴateraѴ	
conservation	in	one	jurisdiction	creates	the	potentiaѴ	for	productionķ	
trade	 and	 conservation	 Ѵeakagesĺ	 For	 exampѴeķ	 a	 conserving	 State	
couѴd	impѴement	the	avoidance	step	and	shut	down	or	dramaticaѴѴy	
curtaiѴ	its	own	production	of	swordfish	to	reduce	sea	turtѴe	byŊ	catchķ	
but	the	knockŊ	on	effect	may	be	more	importation	of	swordfish	from	
fѴeets	with	higher	sea	turtѴe	byŊ	catch	ŐRausserķ	HamiѴtonķ	Kovachķ	ş	
Stifterķ	ƑƏƏƖőĺ

TransѴating	the	framework	from	a	species	to	an	ecosystem	ѴeveѴ	
wiѴѴ	 require	 consideration	 of	 the	 potentiaѴ	 interactions	 between	

http://www.oceanwatch.org.au
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byŊ	catch	mitigation	approaches	targeted	at	different	species	ŐSerafy	
et	aѴĺķ	 ƑƏƐƑőĺ	 Actions	 to	 mitigate	 byŊ	catch	 for	 one	 group	 of	 speŊ
cies	 can	 increase	 or	 decrease	 it	 for	 othersķ	 and	 so	 a	 systemŊ	wide	
approach	 is	neededĺ	For	exampѴeķ	 changing	 from	JŊ	hooks	 to	circѴe	
hooks	to	reduce	mortaѴity	of	turtѴes	may	decrease	or	increase	shark	
mortaѴity	ŐAndraka	et	aѴĺķ	ƑƏƐƒĸ	Godinķ	CarѴsonķ	ş	Burgenerķ	ƑƏƐƑőĺ	
In	 terrestriaѴ	 systemsķ	 simiѴar	 interactions	 ariseķ	 and	 vaѴue	 judgeŊ
ments	are	made	Őwhether	expѴicitѴy	or	impѴicitѴyő	as	to	what	Ѵoss	and	
gain	 of	 ľbiodiversityĿ	 transѴates	 to	 in	 operationaѴ	 termsķ	 and	what	
eѴements	of	biodiversity	matter	most	to	impѴementersĺ

Uncertainty	 is	 high	 in	 ocean	 ecosystemsķ	 creating	 both	 chaѴŊ
Ѵenges	and	opportunities	in	appѴying	the	concept	of	NNL	through	a	
mitigation	hierarchy	that	incѴudes	offsettingĺ	In	particuѴarķ	for	marine	
megafaunaķ	there	is	high	uncertainty	in	the	processes	Ѵinking	any	eѴŊ
ement	of	the	mitigation	hierarchy	through	to	changes	in	popuѴation	
growth	rateĺ	Furthermoreķ	 impacts	can	be	ѴongŊ	termķ	hard	to	meaŊ
sure	and	spatiaѴѴy	diffuseķ	and	uncertainty	is	not	predictabѴy	spread	
through	the	hierarchyĺ	This	creates	a	different	set	of	chaѴѴenges	to	
those	faced	in	terrestriaѴ	systemsķ	where	at	Ѵeast	for	some	types	of	
environmentaѴ	impactķ	the	Ѵinks	between	action	and	impact	are	reѴŊ
ativeѴy	direct	and	measurabѴeķ	and	uncertainty	generaѴѴy	 increases	
through	the	mitigation	hierarchy	 Őfrom	avoid	through	minimizeņreŊ
mediate	to	offsetőĺ

ByŊ	catch	 reduction	 measures	 have	 had	 significant	 successes	
over	the	Ѵast	decadesķ	as	a	resuѴt	of	substantiaѴ	investment	of	time	
and	 funding	 by	 researchersķ	 management	 authoritiesķ	 conservaŊ
tion	organizations	and	fishers	ŐCox	et	aѴĺķ	ƑƏƏƕőĺ	Howeverķ	this	sucŊ
cess	is	not	universaѴĺ	Just	as	for	any	fisheries	management	issueķ	
a	poor	reguѴatory	regimeķ	Ѵimited	compѴiance	and	Ѵack	of	informaŊ
tion	hamper	efforts	to	reduce	byŊ	catchĺ	In	some	pѴacesķ	high	ѴeveѴs	
of	byŊ	catchķ	 Ѵimited	options	 for	mitigation	and	weak	governance	
ŐѴeading	to	poor	enforcementő	can	combine	to	make	the	byŊ	catch	
probѴem	intractabѴeĺ	Our	framework	wiѴѴ	not	soѴve	these	probѴemsĺ	
Howeverķ	 it	brings	 together	 the	 fuѴѴ	 range	of	approaches	 for	byŊ	
catch	mitigation	in	a	structured	and	systematic	wayķ	which	requires	
a	target	to	be	expressed	against	which	outcomes	can	be	evaѴuatedĺ	
By	exposing	areas	of	uncertainty	and	data	deficiencyķ	it	couѴd	chaѴŊ
Ѵenge	scientists	and	managers	to	obtain	the	data	required	properѴy	
to	evaѴuate	 the	effectiveness	of	mitigation	measuresĺ	This	 couѴd	
then	support	and	encourage	cѴearer	decisionŊ	making	and	prioritiŊ
zation	of	actionsĺ	Our	framework	demonstrates	that	the	principѴe	
of	 impѴementing	 the	goaѴ	of	no	net	 Ѵoss	 through	a	mitigation	hiŊ
erarchy	 is	as	appѴicabѴe	 to	marine	megafauna	byŊ	catch	as	 to	 terŊ
restriaѴ	 systemsķ	 where	 it	 is	 aѴready	 wideѴy	 used	 in	 chaѴѴengingķ	
dataŊ	poorķ	circumstancesĺ

There	 is	untapped	potentiaѴ	 for	costŊ	effective	byŊ	catch	mitigaŊ
tionķ	which	couѴd	be	reaѴized	with	the	adoption	of	this	frameworkķ	
and	with	consideration	of	new	approaches	to	incentivizing	byŊ	catch	
mitigation	within	the	steps	of	the	hierarchyĺ	AppѴying	it	to	a	few	caseŊ	
studies	in	practice	wiѴѴ	demonstrate	empiricaѴѴy	where	and	how	the	
potentiaѴ	for	improved	effectiveness	couѴd	best	be	reaѴizedĺ	Existing	
ѴegaѴ	frameworks	often	precѴude	approaches	which	impѴicitѴy	or	exŊ
pѴicitѴy	 permit	 byŊ	catchķ	 incѴuding	 the	 use	 of	 economic	 incentives	

or	new	approaches	such	as	offsetsĺ	Howeverķ	in	this	context	of	dyŊ
namic	uncertaintyķ	the	dividends	of	thinking	more	creativeѴy	about	
byŊ	catch	mitigation	couѴd	be	highĺ
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