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Abstract	

Despite	 the	 fact	 that	 fisheries	can	yield	substantial	economic	benefits,	majority	of	 the	

world’s	fishery	resources	underperform.	This	thesis	will	 try	to	shed	a	 light	on	whether	

rights-based	management	systems	can	improve	the	performance	of	fisheries	and	even	

lead	to	more	sustainable	fishing	practices	for	the	whole	ecosystem.	 It	will	 review	how	

common	property	regimes	and	traditional	catch	limit	regimes	can	lead	to	overexploited	

fish	stocks	and	economic	 inefficiency,	and	how	rights-based	management	systems	can	

help	 to	 correct	 for	 the	 perverse	 incentives	 within	 the	 fishing	 industry.	 The	 first	 part	

discusses	how	common	property	management	of	fisheries	creates	incentives	for	fishers	

to	deplete	the	resource,	leading	to	economic	losses	and	overexploitation	of	fish	stocks.	

The	 second	 part	 will	 focus	 on	 rights-based	 management	 systems	 for	 fisheries,	 ITQ	

systems	and	how	Iceland	has	fared	since	adopting	an	ITQ	system	for	 it’s	fisheries.	The	

third	 and	 last	 part	 will	 revolve	 around	 ecosystem-based	 management	 system	 for	

fisheries,	 and	 review	 a	 habitat	 quota	 system	 for	 fisheries	 and	 how	British	 Columbia’s	

bottom	trawl	fisheries	have	changed	since	the	implementation	of	a	habitat	conservation	

quota.	
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1 	Introduction	

Rights-based	management	systems	in	fisheries	have	become	more	common	in	the	last	

decades.	The	main	goal	of	rights-based	fisheries	is	to	create	the	right	incentives	for	fishers	

to	 not	 only	 protect	 the	 resource	 from	 overuse	 but	 also	 to	 increase	 efficiency	 and	

economic	returns	from	the	resource.	In	this	thesis,	I	will	address	why	the	need	for	rights-

based	systems	came	about	after	the	failure	of	traditional	management	of	fisheries	and	

how	rights-based	management	has	worked	for	Icelandic	fisheries	and	also	how	a	rights-

based	habitat	protection	system	has	worked	for	British	Columbia.	Majority	of	fisheries	

underperform	due	to	overuse,	a	problem	that	affects	many.		

This	thesis	will	concentrate	on	analyzing	the	effects	of	rights-based	fishery	management	

schemes.	Iceland	was	among	the	first	countries	in	the	world	to	implement	a	system	of	

individual	transferable	quotas,	where	quota-holders	are	given	a	special	property	right	to	

future	yields	from	the	resource	and	no-one	can	harvest	without	holding	a	quota.	In	this	

thesis,	I	will	try	to	shed	a	light	on	why	the	world’s	fisheries	have	been	overexploited	and	

whether	 implementing	a	rights-based	management	system	such	as	an	 ITQ	system	can	

provide	a	solution	to	what	is	commonly	referred	to	as	the	common	property	problem	of	

fisheries.	This	thesis	will	also	review	ecosystem	based	management	of	fisheries	and	why	

fishery	management	usually	includes	a	management	of	the	whole	marine	ecosystem	to	

some	degree.			

The	first	part	will	focus	on	analyzing	the	problem	with	lack	of	rights	under	a	common	pool	

regime	and	how	the	common	pool	management	of	many	fisheries	has	created	incentives	

for	fishers	to	overexploit	the	resource	with	grave	economic	consequences.	The	second	

part	of	the	essay	will	focus	on	how	rights-based	fishery	management	such	as	systems	of	

Individual	Transferable	Quotas	can	do	to	fix	the	common	property	problem	of	fisheries	

and	 how	 assigning	 rights	 to	 the	 resource	 changes	 the	 incentives	 of	 individuals	 in	 the	

market.		The	case	of	Iceland,	that	implemented	ITQS	in	it’s	fisheries	in	the	1970s	and	80s,	

how	 they	 have	 changed	 the	 marine	 sector	 and	 productivity	 and	 efficiency,	 will	 be	

analyzed	in	the	second	part	of	the	essay.	The	third	part,	chapter	5,	will	revolve	around	

ecosystem	 based	 approaches	 to	 fisheries	 management.	 I	 will	 review	 why	 ecosystem	
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management	can	be	a	challenge,	why	it	can	be	valuable	and	what	measures	have	been	

taken	to	protect	the	ecosystem	from	invasive	fishing	practices	such	as	bottom	trawling.	

Chapter	 4.3	 will	 explore	 how	 British	 Columbia	 has	 implemented	 a	 rights-based	

management	system	for	by-catch	for	the	bottom	trawling	industry.	The	chapter	analyzes	

how	the	system	was	created	as	an	agreement	between	the	bottom	trawling	industry	and	

environmental	organizations	that	advocate	for	sustainable	fishing	practices	and	how	the	

externality	of	ecosystem	damage	was	internalized.	I	will	also	review	how	this	system	of	

habitat	quotas	has	worked	since	it’s	implementation.	In	the	fourth	subchapter	of	chapter	

four,	 I	will	 discuss	how	protection	of	 the	ecosystem	 is	 addressed	 in	 Iceland	and	what	

measures	 have	 been	 implemented	 into	 the	 fisheries	management	 system	 in	 order	 to	

ensure	sustainable	use	of	the	country’s	fisheries.	The	last	chapter	will	then	try	to	address	

whether	 implementation	 of	 a	 habitat	 quota	 system	 such	 as	 the	 one	 implemented	 in	

British	Columbia	could	be	suitable	in	Iceland.	The	fifth	chapter	is	the	conclusion	of	the	

thesis	and	reviews	the	main	points	of	the	thesis.		
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2 The	Common	Property	Problem	of	Fisheries	

A	significant	part	of	economics	revolves	around	how	best	to	utilize	scarce	resources	in	

order	 to	 reap	 optimal	 economic	 benefits.	 Fisheries	 are	 a	 type	 of	 renewable	 natural	

resource	that	have	the	ability	to	yield	economic	returns	over	the	period	of	their	lifetime.	

However,	due	to	inefficient	use,	fishing	nations	forego	substantial	economic	returns	from	

fisheries	(Arnason,	Kelleher	&	Willmann,	2009).				

2.1 A	Bioeconomic	Model	of	the	Fishery	Resource	
In	 order	 to	 analyze	 the	 economic	 aspects	 of	 the	 fishery	 resource	 it	 is	 useful	 to	 first	

consider	a	biological	model	of	the	resource	and	then	build	the	economics	on	top	of	that.	

It	is	useful	to	have	a	biological	model	in	the	background	in	order	to	take	into	account	the	

biological	 evolution	 and	 behaviour	 of	 the	 fishery	while	making	 an	 economic	 analysis.	

Linking	together	biology	and	economics	in	this	way	results	in	what	can	be	referred	to	as	

bioeconomics	(Munro,	Lecture	Notes,	2016).		

X	=	Fishable	biomass.	The	mass	of	fish	of	a	specific	species	that	is	fishable,	measured	

by	weight.		

Z	=	Rate	of	 recruitment.	The	amount	of	 fish	 that	 is	naturally	added	 to	 the	 fishable	

biomass.	

G	=	Growth	rate	of	the	fish	that	already	belongs	to	the	fishable	biomass.	

M	=	natural	Mortality.	The	amount	of	fish	in	the	fishable	biomass	that	die	of	natural	

reasons.		

E	=	Fishing	effort.		

In	fisheries,	fishers	put	in	fishing	effort,	which	can	be	inputs	such	as	labour,	gear,	bait	

and	more,	which	is	a	part	of	the	fishing	effort.	The	stock	of	fishable	biomass	grows	at	a	

rate	that	is	equal	to	rate	of	recruitment	plus	growth	rate	of	fish	in	the	biomass	minus	the	

natural	mortality	and	harvest	of	fish.	(Flaaten,	2011).		Harvesting	is	based	on	the	effort	

that	is	put	in	and	the	state	of	the	fishable	biomass.	From	that	observation	we	can	define	

a	harvesting	function	
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h(E)	=	qEαxβ	

Where	q	and	α	reflect	the	state	of	the	fishing	technology	and	how	catchable	the	fish	

is.	 A	 fishery	 resource	 can	 be	 utilized	 on	 a	 sustainable	 basis	 when	 the	 growth	 of	 the	

biomass	is	equal	to	the	amount	harvested	from	the	biomass	h(E).	(Flaaten,	2011)	We	can	

denote	the	growth	of	the	biomass,	X,	as	F(X):	F(X)	=	rx(1-X/K)	where	r	is	the	growth	rate	

of	the	biomass.	K	represents	the	maximum	carrying	capacity	of	the	stock.		

It	follows,	that	when	a	fishery	resource	is	being	exploited	at	a	level	that	is	equal	to	it’s	

growth	we	have:		

h(E)	=	F(X)	->	qEαxβ	=	rx(1-X/K)		

From	this	equation,	it	is	possible	to	derive	a	level	of	biomass,	x,	for	any	given	level	of	

E,	that	is	the	steady	state,	sustainable	level.		

X	=	K[1	–	(q/r)E]		

	From	this	equation	for	the	sustainable	level	of	x	we	can	derive	the	sustainable	harvest:		

hs	=	qE{G[1	–	(q/r)E]}		(Munro,	Lecture	Notes	2016)		

Maximizing	this	sustainable	harvest	function	with	respect	to	fishing	effort,	E,	will	result	

in	the	maximum	level	of	a	sustainable	harvest.	We	will	denote	this	as	xMSY	and	the	level	

of	E	that	results	 in	this	x	will	be	denoted	EMSY.	Now,	if	E	>	EMSY	 it	will	 lead	to	biological	

overfishing.	 The	 level	 XMSY	 is	 the	maximum	 level	 of	 yield	 obtainable	 for	 the	 resource	

(Flaaten,	2011).		
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Figure	1	An	example	of	growth	curves	for	fishery	resources.	Source:	Flaaten	(2011),	p.	14.		

Figure	1	describes	the	growth	or	yield	from	a	fishery	resource,	(a)	is	a	resource	with	

compensation	and	(b)	is	a	resource	with	depensation.	These	growth	curves	are	based	on	

the	 observation	 that	 recruitment	 is	 higher	 at	 a	 lower	 biomass	 level	 until	 it	 reaches	 a	

maximum	level	and	is	declining	up	until	K,	the	maximum	carrying	capacity	of	the	stock	

(Flaaten,	2011).		
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2.2 Incentives	of	Individual	Fishers	
Each	rational	utility-maximizing	individual	utilizing	a	common	resource	such	as	fisheries	

will	attempt	to	maximize	their	profits,	to	increase	their	welfare.	Under	a	rational	profit-

maximizing	scheme	the	fisher	will	harvest	fish	up	to	the	point	where	his	MC	=	MR,	that	is	

where	 his	 marginal	 cost	 equals	 his	 marginal	 revenue.	 This	 will	 be	 the	 point	 where	

individual	profits	are	maximized.		

Now,	in	order	to	analyze	costs	and	revenues	of	each	fisher	we	must	denote	total	cost	

of	effort	TCE	=	bE	where	b	is	the	unit	cost	of	fishing	effort.	In	the	biological	model,	we	can	

derive	E	to	be	E	=	h/qx	and	therefore	TC	=	bh/qx.	 

We	can	 find	 total	 costs	 and	 total	 revenues	of	 individual	 fishers	 from	 the	biological	

model	to	be:		

	

Where	p	 is	the	price	of	a	unit	of	fish	and	h	represents	the	harvested	amount.	From	

that	we	can	derive:		

	

	As	long	as	the	price	of	the	fish	is	greater	than	b/qx	the	fisher	will	want	to	increase	the	

harvest	of	fish.	While	all	fishers	act	as	a	profit-maximizing	units	the	amount	of	harvested	

fish	increases	until	all	of	them	will	reach	point	of	MC=MR.	Each	fisher	has	only	a	small	

effect	on	the	biomass	but	as	all	fishers	increase	their	harvest	the	biomass,	x,	will	decrease.	

This	 leads	 to	 a	 level	 of	 biomass	X<XMSY.	 	 This	 is	what	 happens	 under	 an	 open	 access	

regime,	where	there	are	no	entry	limitations	(Flaaten	2011).	Each	fisher	has	the	incentive	

to	 maximize	 individual	 profits,	 leading	 to	 an	 expansion	 in	 catch	 until	 there	 are	 no	

economic	profits	(Munro,	Lecture	Notes,	2016).	This	would	mean	that	the	stock	would	be	
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below	the	level	of	XMSY.	At	this	level,	the	yield	from	the	resource	is	lower	than	it	could	be,	

leading	to	a	dissipation	of	the	rent	that	the	resource	is	able	to	produce.		

In	 the	absence	of	property	rights	 to	the	resource,	a	cooperation	between	fishers	 is	

unlikely	(Waschman	2003)	and	most	likely	unstable.	Now,	if	fishers	in	the	market	would	

want	 to	 harvest	 the	 resource	 at	 a	 level	 that	would	maximize	 profits	 in	 the	 sector	 by	

cooperating	and	reducing	harvest,	there	is	high	probability	the	cooperation	will	fall	apart	

leading	to	an	equilibrium	of	a	depleted	resource	(Waschman	2003).	It	would	not	pay	off	

for	fishers	to	postpone	a	catch	in	expectation	of	catching	a	larger	and	more	valuable	catch	

in	the	future.	As	long	as	there	are	limited	entry	barriers	to	the	resource,	the	catch	is	simply	

too	likely	to	be	caught	in	the	meantime	by	someone	else	(Gordon,	1954).	This	creates	

incentives	for	fishers	to	race	for	a	catch	of	the	fish.	When	every	fisher	races	for	the	catch	

it	will	most	likely	lead	to	an	overexploitation	of	the	fishery,	a	result	commonly	referred	

to	as	the	Common	Property	Problem	or	Tragedy	of	the	Commons.		

But	 where	 do	 we	 reach	 equilibrium?	 If	 economic	 profits	 are	 positive,	 there	 are	

incentives	for	new	entrants	 into	the	fishery,	so	there	will	be	an	influx	of	new	entrants	

until	the	economic	rent	is	0.	This	means	that	if	current	agents	in	the	industry	reach	an	

agreement	on	conserving	the	biomass	in	order	to	get	positive	economic	rent	that	under	

a	 free	 entry	 regime	new	agents	will	 enter	 the	market	 and	harvest	 up	 to	 the	point	 of	

complete	 dissipation	 of	 economic	 rent.	 If	 entry	 is	 open	 and	 free	 for	 everyone,	

cooperation	 is	 hardly	 enforceable	 since	 all	 positive	 economic	 profit	 will	 attract	 new	

entrants.	This	problem	arises	despite	the	rational	profit-maximizing	behaviour	of	agents	

in	the	market.	Like	H.S.	Gordon	said	in	his	paper	from	1954:	,,Wealth	that	is	free	for	all	is	

valued	by	none	because	he	who	is	foolhardy	enough	to	wait	for	its	proper	time	of	use	will	

only	find	that	it	has	been	taken	by	another.	‘’	(Gordon,	1954,	p.	135)		

The	true	tragedy	of	inefficient	use	of	fishery	resources	can	be	seen	by	looking	at	the	

current	state	of	the	world’s	fisheries.	As	of	2005,	75	percent	of	the	world’s	fisheries	were	

either	overexploited,	depleted,	fully	exploited	or	in	recovery.	The	result	is	a	substantial	

economic	waste	that	was	estimated	to	be	$50	billion	USD	for	the	year	2004	(Arnason	et	

al.	 2009)	 That	 means	 that	 the	 loss	 from	 the	 fishery	 resources	 of	 the	 world	 being	

overexploited	 instead	of	being	used	so	that	economic	rent	 is	maximized	 is	costing	the	

societies	 that	 own	 those	 resources	 50	million	 dollars	 each	 year.	 Fishery	 nations	 area	
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therefore	 worse	 than	 if	 the	 resource	 were	 optimally	 harvested.	 This	 same	 paper,	

published	by	the	World	Bank	and	FAO	in	2009	found	that	there	is	significant	economic	

loss	from	worldwide	fisheries,	a	resource	that	is	able	to	yield	substantial	returns	(Arnason	

et	al.	2009).		
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3 Individual	Transferable	Quotas	as	a	Solution	

3.1 Can	Property	Rights	Increase	Efficiency	of	Fisheries?	
	

They	 way	 fisheries	 are	 managed	 has	 changed	 substantially	 over	 the	 years.	 In	 1882	

Thomas	Huxley,	 a	 respected	biologist	 at	 that	 time,	 stated	 at	 T.H.H.	Opening	 Fisheries	

Exhibition	in	London	1883,	that	the	world’s	ocean	fisheries	were	inexhaustible	and	any	

regulation	of	fisheries	would	prove	to	little	benefit	(Gordon	1954).	This	view	might	have	

been	understandable	at	the	time	since	the	world’s	population	was	smaller	and	fishing	

technology	less	developed.	In	1958	and	1960,	the	UN	held	a	Convention	on	the	Law	of	

the	Sea	that	was	meant	examine	the	law	of	the	sea	(United	Nations	1958).	It	was	not	until	

the	1982	UN	Convention	on	the	Law	of	the	Sea	that	coastal	states	had	the	right	to	an	

Exclusive	Economic	Zone	(EEZ)	of	200	nautical	miles.	Each	country	was	therefore	given	a	

property	right	to	the	fishery	resource	that	was	within	their	EEZ.	Countries	had	the	right	

to	implement	their	own	management	regimes	inside	their	EEZ.		(United	Nations,	1982)		

Numerous	attempts	to	effectively	regulate	fisheries	jurisdictions	have	been	made	by	

coastal	 states.	Many	of	 these	approaches	 to	manage	commercial	 fisheries	 focused	on	

limiting	total	allowable	catch	in	the	fishery	as	an	attempt	to	prevent	excessive	depletion	

of	the	resource.	However,	these	type	of	input	controls	have	often	failed	in	their	objective	

to	limit	the	fishing	effort	and	increase	efficiency	(Grafton	et	al.	2005).	Traditional	catch	

control	such	as	setting	a	competitive	total	allowable	catch	have	not	been	able	to	provide	

the	 correct	 incentives	 for	 fishers	 to	 engage	 in	 efficient	 fishing	 practices.	 (Kompas	 &	

Gooday,	2007)	Under	these	traditional	catch	control	management	systems,	there	is	lack	

of	incentives	for	fishers	to	address	the	long	term	viability	of	the	resource	(Grafton	et	al.	

2005).	Despite	the	aim	of	the	total	allowable	catch	to	prevent	fishers	from	overexploiting	

the	 resource,	 it	 leads	 to	 the	undesired	 side	effect	of	 creating	 incentives	 for	 fishers	 to	

engage	in	a	race	for	the	fish.			

Another	way	of	 regulating	 fisheries	 is	 the	 use	 of	 property	 rights	 to	 correct	 for	 the	

perverse	incentives	of	fisher	that	were	described	in	chapter	chaper	2.2.	There	is	a	well	

recognized	 relationship	 between	 property	 rights	 and	 economic	 efficiency	 (Arnason,	

2012).		A	large	part	of	the	problem	with	inefficient	exploitation	of	marine	fisheries	stems	

from	the	lack	of	property	rights.	(Arnason,	2000)	Allocating	effective	property	rights	to	a	
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resource	like	fisheries	can	prove	to	be	a	difficult	task.	Property	rights	are	in	fact	a	number	

of	rights	and,	generally	accepted	that	their	most	important	characteristics	are:		

Ø Security	

Ø Exclusivity	

Ø Transferability	

Ø Durability	

Property	rights	are	said	to	be	perfect	property	rights	if	they	fully	fulfill	all	four	measures	
(Arnason	2000).			

3.2 Individual	Transferable	Quotas	
A	way	of	addressing	the	challenge	of	 fisheries	management	through	property	rights	 is	

implementing	Individual	Transferable	Quotas	(ITQs).	ITQs	are	a	system	of	quotas	where	

the	quota	holders	are	the	only	ones	entitled	to	use	the	resource,	and	only	up	to	the	limit	

the	quota	 indicates.	 In	 the	1970s,	 Iceland,	New	Zealand	and	 the	Netherlands	became	

some	of	the	first	countries	to	implement	an	ITQ	system	in	fisheries.	The	relative	success	

of	 ITQs	 compared	 to	 other	 management	 systems	 led	 them	 to	 be	 implemented	 in	

hundreds	of	fisheries	by	more	than	22	major	fishing	nations	(Sea	Around	US)	(Arnason	

2013).	 ITQs	 are	 a	 rights-based	management	 system	 in	 the	way	 that	 they	 do	 not	 give	

fishers	perfect	property	rights	in	the	resource	but	rather	gives	them	a	specific	quota	that	

is	exclusively	their	property	that	they	can	use	for	themselves	or	sell	in	the	market.	Under	

an	ITQ	scheme,	resource	managers	set	a	total	allowable	catch	for	the	season,	and	instead	

of	making	 it	 a	 competitive	TAC,	 individual	quotas	 are	 sold	or	distributed	 to	 fishers	or	

vessel	owners.		In	an	ITQ	scheme	the	quotas	are	transferable,	so	quota-holders	have	the	

ability	to	sell	their	share	of	quota	in	the	market	or	buy	more.	There	are	many	variants	of	

Individual	Quota	systems,	but	for	simplicity,	this	paper	will	concentrate	on	an	ITQ	scheme	

with	transferable	and	divisible,	long-term	quotas	that	are	represented	as	a	percentage	of	

a	TAC	set	by	resource	managers.		

One	of	 the	complications	of	creating	efficient	 fisheries	management	systems	 is	 the	

difficulty	in	collecting	information	on	a	resource	such	as	fisheries.	In	order	for	resource	

managers	to	select	the	optimal	TAC	for	the	resource,	they	need	to	obtain	 information	

about	 the	 function	 of	 biomass	 growth,	 cost	 and	 harvesting	 functions	 of	 firms	 in	 the	

market	(Arnason	1990).	Obtaining	such	large	amount	of	complex	information	can	prove	
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to	be	costly.		One	of	the	characteristics	of	a	good	resource	management	system	is	cost-

effectiveness	 (Arnason	 1990)	 An	 important	 way	 effective	 quota	 systems	 increase	

efficiency	 is	 that	 they	 can	 decrease	 the	 need	 for	 information	 collected	 by	 resource	

managers.		

ITQs	are	in	fact	property	rights	over	a	share	of	harvest	in	the	resource	and	if	ITQs	fulfill	

the	 four	 aforementioned	 criteria	 for	 effective	 property	 rights:	 security,	 exclusivity,	

transferability	 and	 durability,	 to	 some	degree,	 they	 are	 considered	 to	 be	 high	 quality	

property	 rights	 (Arnason	 2005).	 A	 proportional	 ITQ	 scheme	where	 quota-holders	 are	

allocated	a	share	of	the	TAC	means	that	quota	holders	are	 in	 fact	holders	of	property	

rights	of	a	 flow	of	harvest	 from	 the	 resource	 (Grafton	et	al.	 2000)	A	 rational	decision	

maker	holding	a	quota	share	would	therefore	want	the	resource	to	be	harvested	in	an	

economically	optimal	way.	However,	there	are	challenges	to	this,	namely	that	ITQs	are	

usually	not	perfect	property	rights,	that	is,	they	may	obtain	the	four	main	characteristics	

of	property	rights	but	only	to	some	limited	extent	(Arnason	2005).	This	is	in	part	due	to	

the	nature	of	fishery	resources,	individual	quota-holders	cannot	have	complete	control	

over	 the	 condition	of	 fish	 stocks	or	 their	marine	environment	and	 interactions	of	 fish	

stocks	with	the	marine	environment.		Additionally,	quota-holders	usually	do	not	hold	the	

power	or	authority	to	exclude	exclude	or	control	others	use	of	the	resource.	This	leads	to	

ITQs,	 as	 property	 rights,	 having	 limited	 exclusivity	 (Arnason	 2005).	One	way	 resource	

managers	and	quota	holders	have	met	this	problem	is	by	implementing	surveillance	and	

strict	enforcement	on	quota.	Another	way	that	an	ITQ	system	increases	efficiency	and	

protects	 the	 resource	 is	 that	 they	 give	 agents	 in	 the	markets,	 the	 quota	 holders,	 an	

incentive	 to	participate	 in	 cost	of	 research	of	 the	 fishery	and	 the	enforcement	of	 the	

quotas	 and	 TAC	 (Arnason	 2012).	 ITQ	 systems	 where	 the	 quotas	 fulfill	 the	 four	 main	

criteria	of	property	rights	to	some	extent,	can	also	create	incentives	for	the	quota	holders	

to	work	collaboratively	(Munro,	Lecture	Notes	2016)		

3.2.1 Prices	of	Quota	Shares		
Generally,	in	a	competitive	market,	prices	send	signals	to	prospective	buyers	about	the	

quality	of	a	product.	(Bagwell	&	Riordan	1991)	In	the	case	of	quota	markets,	the	price	of	

quota	 shares	can	send	signals	about	 the	state	of	 the	 resource	as	well	as	 future	profit	

prospects	for	harvest.	(Arnason	2012)	If	resource	is	being	utilized	in	an	efficient	manner,	
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making	it	likely	that	the	fishery	will	yield	high	returns	in	the	future,	the	prices	of	quota	

shares	should	be	higher	than	if	the	resource	were	being	overexploited.	Because	of	this,	

prices	of	quota	shares	can	act	as	a	tool	in	determining	the	viability	of	the	resource	and	be	

a	 supplementary	 tool	 in	 determining	 the	 optimal	 TAC.	 Generally,	 a	 TAC	 that	 is	

economically	 efficient	 in	 the	 long	 term	would	 be	 supported	 by	 quota	 holders.	Quota	

holders	will	have	incentives	to	support	a	TAC	that	maximizes	the	flow	of	rent	from	the	

resource	and	therefore	maximizes	the	price	of	the	quota	shares	(Arnason	2012).	Since	

quotas	are	a	type	of	property,	it	follows	that	their	price	should	reflect	the	present	value	

of	future	harvests	of	the	fishery	(Newell	et	al.	2002).	In	the	New	Zealand	quota	market,	

ecological	uncertainties	were	found	to	decrease	the	price	of	quota	(Newell	et	al.	2002).	

This	 should	 give	 the	 quota	 holders	 incentives	 to	 actively	 advocate	 for	 research	 and	

scientific	assessment	of	fish	stocks.	When	quota	holders	take	part	in	the	cost	of	research	

and	surveillance,	because	it	will	be	for	their	own	good	through	the	power	of	quota	prices,	

it	can	further	increase	the	cost-effectiveness	of	the	ITQ	system.		

3.3 Iceland’s	Experience	with	an	ITQ	System		
Iceland	is	a	small	open	economy	of	330,000	inhabitants	(Statistics	Iceland).	Despite	it’s	

small	 size,	 Iceland	 has	 been	 one	 of	 the	 leading	 countries	 in	 sustainable	 fisheries	

management.	 Up	 until	 1976	 the	 Icelandic	 fisheries	 were	 essentially	 managed	 as	 a	

common	pool	resource.	In	1976,	Iceland	extended	the	national	fisheries	jurisdiction	to	

200	nautical	miles.	At	that	time,	Icelandic	fisheries	were	utilised	by	sizeable	foreign	fleets	

as	 well	 as	 Icelandic	 fishing	 vessels	 (Arnason	 1993).	 The	 measures	 taken	 in	 Icelandic	

fisheries	 in	 the	1970s	did	not	go	 far	 in	solving	 the	common	pool	problem	of	 Icelandic	

fisheries.	 After	 a	 substantial	 decline	 in	 the	 cod	 stock	 and	 reduction	 in	 the	 economic	

performance	of	the	nation’s	fisheries	that	caused	the	country	economic	hardship,	new	

measures	in	fisheries	management	were	needed.	An	individual	vessel	quota	system	was	

introduced	 in	 the	 herring	 fishery	 in	 1976	 (Arnason	 2008).	 This	 was	 the	 first	 step	 of	

implementation	of	a	quota	system	for	the	Icelandic	fisheries.	Iceland	was	among	the	first	

countries	 to	 implement	 a	 quota	 system	 for	 fisheries.	 In	 1975	 the	 Marine	 Research	

Institute	published	a	report	on	the	condition	of	Icelandic	fish	stocks.	The	report	described	

the	 bad	 states	 of	 fish	 stocks	 due	 to	 overfishing	 and	 called	 for	 immediate	 action	 on	

fisheries	management.	(Agnarsson	2000)			
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Implementation	of	quotas	for	Icelandic	fisheries	was	as	follows:		

	 1976:	Individual	vessel	quotas	for	the	herring	fishery.		

	 1979:	Vessel	quotas	in	the	herring	fishery	made	transferable.		

	 1980:	Individual	vessel	quotas	in	the	capelin	fishery.		

1984:	Individual	transferable	vessel	quotas	for	all	fishing	vessels	above	10	gross	

registered	tonnes	(GRT)	

1986:	Vessel	quotas	in	the	capelin	fishery	made	transferable	

1991:	ITQ	system	adopted	for	all	fisheries	with	long-term,	transferable	quotas.		

Source:	Ministry	of	Fisheries,	Iceland.	Arnason,	1993.		

The	marine	industry	has	been	of	great	importance	to	the	economy	of	Iceland,	and	is	

considered	to	have	been	the	single	most	important	industry	of	Iceland	in	the	20th	century.	

(Agnarsson	&	Arnason	2005)	During	the	latter	half	of	the	century,	the	marine	industry	

accounted	 for	 about	 80%	 of	 the	 merchandise	 export	 revenues	 of	 Iceland	 (Statistics	

Iceland).	Due	to	this	large	share	of	the	marine	industry	in	exports	and	economic	activity	

in	 Iceland,	 changes	 in	 the	 fishery	management	 system	had	 substantial	 effects	 on	 the	

economy	and	welfare	of	citizens.		

The	TAC	of	the	ITQ	system	in	Iceland	is	decided	by	the	Ministry	of	Fisheries	that	usually	

follows	 suggestions	 made	 by	 the	 Marine	 Research	 Institute	 (MRI).	 The	 enforcement	

system	is	carried	out	by	Fiskistofa,	which	operates	both	on	board	fishing	vessels	and	at	

the	dockside.	All	marine	catch	must	be	weighed	at	it’s	port	of	landing	in	order	to	control	

the	 amount	 of	 fish	 landed	 and	 provide	 effective	 surveillance	 (Arnason	&	 Runolfsson,	

2003).	Quota	holders	have	strong	incentives	to	support	the	enforcement	and	monitoring	

system	 since	 it	 increases	 the	effectiveness	of	 their	 quota	 and	 is	 likely	 to	 increase	 the	

value.	Enforcement	and	surveillance	contributes	to	the	degree	of	exclusivity	of	the	quota.	

Quota-holders’	incentives	to	participate	in	costs	of	enforcement	and	surveillance	can	also	

play	a	role	in	increasing	the	cost-effectiveness	of	the	ITQ	system.	In	Iceland,	the	Ministry	

of	Fisheries	collects	 fees	 from	quota	holders	 to	 fund	 the	enforcement	systems.	When	

comparing	Norway,	Iceland	and	Newfoundland,	Arnason	et	al.	(2003)	found	that	the	cost	

of	fisheries	management	was	the	lowest	of	all	in	Iceland,	suggesting	a	success	of	the	ITQ	

systems	cost	efficiency.	
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There	 are	 a	 few	 ways	 to	 measure	 the	 success	 of	 an	 ITQ	 system	 such	 as	 the	 one	

implemented	in	Icelandic	fisheries.	One	is	looking	at	reduction	in	fishing	effort	and	length	

of	the	fishing	season.	This	would	suggest	that	the	incentive	to	race	for	the	fish	is	no	longer	

in	place.	Also,	since	the	main	goal	of	implementing	an	ITQ	system	is	to	increase	economic	

efficiency	of	the	fisheries	(Runolfsson	&	Arnason	2003),	there	should	be	increased	quality	

and	cost	efficiency	in	the	market.	This	can	be	seen	in	decrease	of	overcapitalization	of	

fishing	gear,	decreased	management	costs	and	a	higher	value	of	landed	fish.	ITQ	systems	

have	also	been	 found	 to	 lead	 to	higher	quality	of	 landed	catch,	 larger	 fish	 stocks	and	

increased	co-ordination	between	landings	and	market	demand	(Arnason	2008).		

3.3.1 Performance	of	the	Icelandic	ITQ	System	

When	looking	at	the	evolution	of	the	Icelandic	economy	since	the	implementation	of	the	

ITQ	system,	there	are	many	positive	trends,	suggesting	increased	economic	efficiency	of	

the	 marine	 sector.	 Landed	 value	 per	 fisherman	 has	 increased	 steadily	 since	 the	

implementation	of	 the	 ITQ	 system,	 suggesting	an	 increased	 labour	productivity	 in	 the	

industry	(Statistics	Iceland).	There	are	also	signs	of	an	increase	in	efficiency	of	the	marine	

sector.	From	1981	to	2011,	the	mass	of	cod	cached	decreased	from	460,000	tonnes	to	

180,000	tonnes,	while	export	value	doubled	(Sjávarklasinn,	2013).		This	increase	in	export	

value	despite	decrease	in	catch	can	be	attributed	to	a	more	efficient	use	of	the	catch.	In	

the	years	following	the	ITQ	implementation,	productivity	of	the	sector	increased	steadily	

(Runolfsson	1999),	as	shown	in	figure	2.		

	

Figure	2:	Productivity	in	the	marine	sector.	Source:	Runolfsson	(1999)	 	
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Figure	3	shows	changes	in	catches	of	different	stocks	in	Icelandic	fisheries	from	1950	

to	2010.	Despite	these	frequent	increases	and	decreases	of	the	total	catch	there	are	still	

positive	signs	of	increased	efficiency	and	economic	rents	in	the	fisheries.	There	has	been	

an	 increase	 in	 marketing	 for	 Icelandic	 fish	 products,	 increasing	 the	 relative	 value	 in	

international	 markets.	 (Sjávarklasinn,	 2013)	 Positive	 incentives	 for	 marketing	 and	

creating	value	can	be	attributed	to	the	fact	that	quota-holders	have	a	claim	of	the	future	

value	of	 the	 fisheries.	 The	marine	 industry	of	 Iceland	 contributes	 a	 significant	 part	 of	

economic	 activity	 in	 Iceland,	 averaging	 around	 15%	 of	 direct	 contribution	 to	GDP	 for	

1970-2000	 (Agnarsson	&	Arnason	 2005).	 This	would	 suggest	 that	 increased	 economic	

efficiency	of	the	sector	would	have	noticeable	impacts	on	economic	welfare	of	Iceland.	

Arnason	(2008)	found	a	strong	correlation	between	periods	of	high	real	GDP	growth	and	

high	 real	value	of	quotas,	 suggesting	 that	 this	correlation	along	with	 the	 fact	 that	 the	

quota	system	has	been	an	instrument	in	creating	financial	capital,	is	one	of	the	reasons	

for	the	relatively	high	real	GDP	growth.		

How	can	we	measure	the	success	of	the	ITQ	system	and	how	can	we	know	that	these	

positive	signs	of	Icelandic	fisheries	can	be	attributed	to	the	ITQ	system?	In	order	to	realize	

Figure	3:	Catch	of	different	fish	stocks	in	Icelandic	waters	1950-2010.	Source:	Sea	Around	US.	
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whether	productivity	changes	can	be	attributed	to	a	more	efficient	management	 is	 to	

compare	these	changes	to	the	changes	before	the	implementation	of	the	ITQ	system.	

	

Figure	 4:	 Indices	 for	 productivity	 (whole	 line),	 Stock	 size	 (broken	 line)	 and	 total	 catch	 size	 (multiple	
broken	line).		Source:	Þjóðhagsstofnun	(1999),	p.	167.	

Figure	4	describes	the	changes	in	indices	for	productivity,	stock	size	and	catch	size	from	

1973-1995.In	the	1980s	there	is	significant	increase	in	catch	levels	and	also	an	increase	in	

productivity	in	the	sector.	In	the	years	1983-1988	there	is	very	small	increase	in	the	catch	

amount	while	there	 is	more	than	56%	increase	 in	the	productivity	 index.	At	this	same	

time	there	are	other	significant	changes	going	on	in	the	marine	industry	in	Iceland	such	

as	increase	in	at	sea	freezing	of	the	catch,	investment	in	new	technology	of	vessels	and	

more	 which	 makes	 it	 difficult	 to	 pinpoint	 a	 causality	 relationship	 between	 the	

implementation	 of	 the	 ITQ	 system	 and	 this	 large	 increase	 in	 productivity	

(Þjóðhagsstofnun	 1999).	 However,	 overall,	 the	 evidence	 from	 Iceland	 since	 the	

implementation	of	an	ITQ	system	shows	a	positive	development	in	the	marine	industry,	

there	has	been	increased	marketing	of	Icelandic	seafood	abroad	and	more	efficient	use	

of	 ingredients	 leading	 to	 increased	 value	 of	 exported	marine	 products	 (Sjávarklasinn,	

2013).	This	suggest	that	the	ITQ	system	changed	the	incentives	of	fishers	to	engage	in	a	

race	for	the	fish	and	instead	created	incentives	to	increase	economic	efficiency,	increase	

the	value	of	the	catch	and	use	fishing	capital	more	efficiently	(Þjóðhagsstofnun,	1999).		
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4 Ecosystem-Based	Approaches	to	Fisheries	Management	

Within	the	marine	ecosystem,	there	are	complex	interactions	between	organisms,	and	

fishing	practices	can	have	long-term	effects	on	how	various	functions	of	the	ecosystem.	

Ecosystem-based	 fisheries	 management	 requires	 resource	 managers	 to	 consider	

interactions	of	target	commercial	species	of	the	fishery	with	predators,	competitors	and	

prey	 species	 (Fluharty	 et	 al.	 	 1996).	 The	main	 objective	 of	 Ecosystem-Based	 Fisheries	

Management	(EAFM)	is	to	sustain	healthy	marine	ecosystems,	prevent	the	degradation	

of	ecosystems,	reduce	excessive	by-catch	and	account	for	impacts	and	requirements	of	

non-target	species,	habitats	and	trophic	interactions	(Pikitch	et	al.	2004).	EAFM	can	be	

used	as	complement	to	existing	fisheries	management	(Fluharty	et	al.	1996).	EAFM	have	

played	a	role	in	restoring	ecosystems	that	have	been	degraded	through	overfishing	and	

damaging	 fishing	 practices	 (FAO,	 2014).	 The	 target	 of	 EAFM	 is	 not	 only	 to	 manage	

commercial	fish	stocks	but	rather	manage	the	ecosystem	as	a	whole.	One	of	the	concerns	

of	 advocates	 for	 EAFM	 is	 that	 fishing	methods,	 such	 as	 bottom-trawling,	might	 have	

damaging	 effects	 on	 the	 ecosystem	 that	 are	 potentially	 irreversible.	 Corals	 can	 be	

especially	 vulnerable	 to	 fishing	 practices	 such	 as	 bottom-trawling	 due	 to	 their	 slow	

growth	which	makes	the	recovery	of	corals	from	damage	take	a	long	time	(Steingrímsson	

&	EInarsson	2004).	Bottom-trawling	can	also	damage	habitats	and	reduce	biodiversity	

(Nordic	Ministry	Committee	2008),	potentially	altering	the	biota	of	the	ecosystem.		

However,	 EAFM	 cannot	 solve	 all	 the	 problems	 of	 current	management	 systems	 in	

fisheries	(Fluharty	et	al.	1996),	but	they	can	be	an	part	of	the	way	fisheries	are	managed.		

Grafton	et	al.	(2005)	argue	that	EAFM	would	not	work	on	their	own	as	an	alternative	to	

traditional	commercial	fisheries	management	and	is	unlikely	to	change	fishers’	behaviour	

that	damage	habitats.		

What	are	the	main	concerns	for	advocating	for	EAFM	and	could	rights-based	fishery	

management	systems	such	as	individual	quotas	potentially	solve	the	problems	that	EAFM	

are	targeting?	In	this	chapter	I	will	make	an	attempt	to	answer	these	questions	and	review	

how	British	Columbia	implemented	a	quota	for	habitat	by-catch	in	it’s	bottom	trawling	

fisheries	and	whether	a	similar	system	could	be	applicable	for	Icelandic	fisheries.		
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4.1.1 Effects	of	fishing	on	the	Ecosystem	

A	significant	problem	of	many	modern	fishing	methods	is	the	amount	of	by-catch	that	is	

caught.	Evidence	suggests	that	the	most	damaging	fishing	practice	in	modern	fisheries	is	

bottom-trawling	(CSAS	2010),	even	though	other	fishing	gear	can	also	cause	damage.	Due	

to	the	nature	of	the	gear	used	for	bottom-trawling,	it	can	catch	a	large	amount	of	other	

animals	such	as	non-marketable	fish,	undersized	fish,	corals,	sponges,	seagrass	and	more	

(Stiles	et	al.	2010).	It	is	estimated	that	bottom	trawling	is	responsible	for	up	to	half	of	all	

discarded	 marine	 life	 in	 the	 world’s	 fisheries	 (Kelleher	 2005).	 This	 large	 amount	 of	

discarded	marine	life	and	the	disruption	that	trawling	causes	the	natural	habitat	of	ocean	

organisms	can	lead	to	large	amounts	of	economic	waste	and	irreversible	damage	to	the	

ecosystem.	Because	of	the	uncertainty	about	interactions	of	commercial	fish	species	with	

the	ecosystem,	damages	to	the	ecosystem	can	have	long-lasting	negative	consequences	

for	commercial	fisheries.	When	fishing	gear	causes	damage	to	the	ecosystem,	it’s	causing	

a	negative	externality.	These	externalities,	such	as	damages	to	corals,	habitats	of	marine	

species	 are	 categorized	 as	 techno-ecological	 externalities	 (Seijo	 et	 al.	 1998).	 These	

externalities	 affect	 the	 environment	 of	 commercial	 and	 non-commercial	 species	 and	

might	affect	their	way	of	feeding,	reproducing	and	surviving	in	the	ocean	(Wallace	et	al.	

2015).	Many	of	the	species	that	 live	 in	commercial	marine	fisheries	are	dependent	on	

healthy	 habitats	 in	 order	 to	 survive.	 These	 externalities	 can	 arise	 even	 in	 fisheries	

managed	by	effective	ITQ	systems.	One	might	think	that	an	ITQ	system	would	prevent	

such	externalities	since	they	can	affect	the	recolonization	and	recruitment	(Botsford	et	

al.	1997)	which	could	diminish	returns	from	the	fishery.	However,	that	is	not	always	the	

case,	and	can	in	some	part	be	attributed	to	the	problem	of	uncertainty	about	the	effects	

of	fishing	gear	on	the	marine	ecosystem.		

4.1.2 Existence	Value		
In	the	analysis	of	ecosystem-based	approaches	to	fisheries	management	 it	 is	useful	to	

introduce	 the	 concept	 of	 existence	 value.	 Existence	 value	 is	 the	 benefit	 that	 society	

enjoys	 knowing	 that	 a	 resource,	 a	 good	 or	 a	 commodity	 exists	 (Kopp	 1992)	 Marine	

resources	can	have	existence	value	as	and	to	society,	the	knowledge	that	the	ecosystem	

is	protected	from	damage	and	species	species	are	protected	from	extinction	can	have	

substantial	existence	value	(Munro,	 lecture	notes,	2016)	Organisms	such	as	corals	and	
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sponges	 have	 negligible	 direct	 commercial	 value	 but	 they	may	 have	 existence	 value.	

Usually,	 this	 existence	 value	 will	 increase	 as	 awareness	 about	 ecosystem	 damages	 is	

raised.	 Existence	 value	 is	 a	 falling	 function	 of	 the	 existence	 of	 a	 thing,	 x.	 When	 the	

existence	of	x	is	gets	close	to	zero,	it’s	existence	value,	under	normal	circumstances,	will	

be	increasing.	(Munro,	Lecture	Notes	2016)	When	marine	resources	and	non-commercial	

organisms	within	an	ecosystem	hold	an	existence	value	to	society,	it	can	have	influence	

on	political	actions	regarding	fisheries	management.	Existence	value	of	the	marine	biota	

contributes	 to	 the	 intangible	 value	 of	 the	 ecosystem,	 but	 these	 values	 are	 almost	

impossible	to	estimate	without	data	sets	and	accepted	valuation	methods	(Arnason	et	al.	

2009).	Figure	3	shows	an	example	of	an	existence	value	where	Φ(x)	is	the	existence	value.		

	

Figure	5:	A	sketch	of	an	existence	value	function.	Φ’(x)	Represents	existence	value	and	x	is	the	amount	
that	bears	the	value.	

4.2 Challenges	of	Ecosystem-Based	Approaches		
Predicting	behaviours	and	interactions	in	an	ecosysem	is	an	impossible	task,	even	with	

extensive	research	(Fluharty	et	al.	1996).	Even	though	it’s	generally	accepted	that	certain	

fishing	methods	adversely	affect	 the	ecosystem,	resulting	 in	possible	economic	 losses,	

estimating	the	economic	benefit	of	ecosystem	and	habitat	protection	is	not	possible	for	

most	 fisheries	 (Holland	 &	 Schnier	 2006).	 An	 estimate	 of	 $50	 m.	 USD	 made	 in	 2009	

(Arnason	 et	 al.	 2009)	 that	 total	 economic	 losses	 due	 to	 inefficient	 and	 unsustainable	

fishing	practices	could	even	be	larger	when	possible	economic	losses	due	to	ecosystem	

damage	and	intangible	values	of	ecosystem	biota	is	taken	into	account.		

Traditional	approaches	to	protecting	vulnerable	areas	and	habitats	is	the	implementation	

of	Marine	Protected	Areas	(MPAs)	(Holland	&	Schnier	2006).	Fishing	is	then	limited	within	
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those	 areas	 by	 law.	 It	 has	 been	 argued	 that	 reserve	 areas	 such	 as	MPAs	 do	 not	 deal	

directly	with	 the	root	cause	of	 the	problem	(Wilen	et	al.	2006),	 the	externality	 that	 is	

caused	by	fishing.		

Because	of	the	unavoidable	challenges	of	uncertainty	and	high	information	costs	when	

it	 comes	 to	 the	marine	ecosystem,	 it	 is	of	 interest	weather	 rights-based	management	

systems	 such	 as	 quota	 systems,	 could	 be	more	 cost-effective	 and	 create	 the	 correct	

incentives	to	alter	fishers’	behaviour	to	actively	protect	the	ecosystem	from	irreversible	

damages.	Holland	and	Schnier	(2006)	argue	that,	as	a	management	system	for	marine	

habitats,	a	system	of	Individual	Habitat	Quotas	(IHQs)	would	be	more	cost-effective	than	

traditional	MPAs	by	utilizing	economic	incentives	of	fishers.		

4.3 The	Habitat	Conservation	By-catch	Limit	in	British	Columbia		
British	Columbia,	Canada,	has	been	a	frontrunner	in	implementing	a	version	of	a	habitat	

quota	for	it’s	bottom	trawl	fisheries,	which	has	seen	success	in	reducing	coral	and	sponge	

by-catch,	as	well	as	reducing	the	size	of	vulnerable	areas	trawled	(Wallace	et	al.	2015).	

The	fishery	resource	off	the	coast	of	British	Columbia,	Canada	has	been	operated	under	

an	ITQ	scheme	since	1997	(Fisheries	and	Oceans	(DFO)	Canada).	In	British	Columbia,	the	

fishery	resource	is	an	important	component	of	economic	production	and	employment.	

The	fisheries	and	aquaculture	sector	provided	$667.4	million	CAD	to	the	province’s	GDP	

in	2011	and	13,900	individuals	are	employed	in	the	industry.	Approximately	300	active	

bottom	trawl	vessels	operate	in	the	fishery	(DFO	Canada)	and	target	a	variety	of	different	

species	 including	 rockfish,	 lingcod,	 Pollock,	 sablefish,	 dogfish,	 skate	 and	 Pacific	 cod.	

(Wallace	et	al	2015).	The	total	quota	allocation	is	151,000	tons	in	2014	for	marketable	

species	and	there	 is	an	extra	quota	allocation	for	non	marketable	species	as	means	of	

managing	by-catch.	A	part	of	 the	 fisheries	management	system	 in	BC	 is	on	board	and	

dockside	monitoring,	which	is	a	similar	enforcement	system	such	as	the	one	operated	in	

Iceland	and	described	in	chapter	3.3.	Individual	monitoring	employees	count	all	catch	by	

the	 vessels.	 Individual	 vessel	 owners	 are	 held	 accountable	 for	 all	 catch	 recorded	 by	

monitors,	both	retained	and	released	 fish.	Due	to	 this	measure	there	 is	accurate	data	

available	on	all	catches	made	by	the	fishery	industry	and	also	all	by-catch	of	both	sponges	

and	corals	and	non	marketable	species	caught	(FAO	Canada).		
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Around	British	Columbia	there	is	also	an	abundance	of	sponges	and	corals	that	make	

up	an	important	factor	of	the	marine	ecosystem.	These	corals	and	sponges	create	a	three	

dimensional	structure	that	can	affect	hydrodynamics	near	the	ocean	floor.	This	important	

coral	 and	 sponge	 structure	 plays	 an	 important	 role	 in	 a	 fish’s	 lifespan,	 it	 provides	

substrate	for	egg	cases,	shelter	from	predators	and	water	currents	(Wallace	et	al.	2015).	

Damage	done	do	these	corals	and	sponges	could	cause	disruption	in	the	natural	lifespan	

of	the	fish	and	affect	the	yield	form	the	resource.	The	bottom-trawling	is	considered	a	

threat	to	the	viability	of	corals	and	sponges	that	serve	as	habitats	 for	a	wide	range	of	

different	species	(Ardon	2005).	In	the	last	two	decades,	there	has	been	an	ever	increasing	

scientific	attention	brought	to	the	unique	Hexactinellid	sponge	reefs	and	corals	and	how	

they	can	be	affected	by	bottom	trawling	(Ardon,	2005).		

	Prior	to	the	21st	century	there	was	limited	knowledge	about	the	impacts	of	bottom	

trawling	ecosystem	in	the	sea	around	British	Columbia.	(Ardon,	2005)	Due	to	increasing	

attention	 the	 ocean	 floor	 got	 from	 scientists	 in	 recent	 years,	 Environmental	 Non-

Government	Organizations	(ENGOs)	started	campaigning	for	increased	protection	of	the	

ocean’s	organisms	and	criticizing	the	bottom	trawl	industry.		

In	2010,	the	Canadian	Groundfish	Research	and	Conservation	Society	(CGRCS),	ENGOs,	

and	the	Deep-sea	Trawlers	Association	initiated	discussion	to	find	a	way	to	resolve	the	

issue	 of	 damage	 done	 by	 trawlers	 to	 the	 marine	 environment.	 The	 result	 of	 this	

cooperation	between	agents	in	the	bottom	trawl	industry	and	ENGOs	was	a	creation	of	a	

collaborative	 environment	 between	 agents	 in	 the	 bottom	 trawling	 industry	 and	

environmental	research	and	conservation	organizations.	An	important	component	of	the	

collaboration	 was	 the	 creation	 of	 ecosystem	 based	 boundaries	 for	 bottom	 trawling.	

Unlike	the	former	boundaries	that	were	set	by	the	government.	These	ecosystem-based	

spatial	boundaries	were	created	through	cooperation	between	ENGOs	and	the	bottom	

trawling	industry.	All	parties	analysed	and	shared	data	from	mapping	and	research	of	the	

area	 (Wallace	 et	 al.	 2015).	 This	 made	 for	 a	 transparent	 cooperative	 process	 of	

implementation	of	new	spatial	boundaries	that	limited	bottom	trawling	around	BC.	The	

agreement	also	defined	an	encounter	protocol	that	aimed	to	provide	more	information	

about	vulnerable	marine	ecosystems.	According	to	the	protocol,	when	vessel	encounters	
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a	large	amount	of	corals	and	sponges	in	it’s	catch,	more	than	20	kg,	it	must	follow	a	set	

of	steps	aimed	to	collect	more	data	about	the	specific	area	(Wallace	et	al.	2015).	

Another	 component	 of	 the	 collaborative	 agreement	 was	 an	 implementation	 of	 a	

habitat	quota,	referred	to	as	Habitat	Conservation	By-catch	Limit	(HCBL)	(Wallace	et	al.	

2015).	The	HCBL	established	a	fleet-vide	and	 individual	 limits	on	catches	of	corals	and	

sponges	 by	 bottom	 trawlers.	 This	meant	 that	 not	 only	 were	 the	 vessels	 subject	 to	 a	

specific	quota	of	fish	but	also	a	quota	for	the	by-catch	of	corals	and	sponges.	Because	the	

bottom	trawl	fishery	had	operated	under	a	ITQ	scheme	with	both	on	board	and	dockside	

monitoring	since	1997	there	is	extensive	information	available	on	historical	sponge	and	

coral	catch	by	bottom	trawlers.	In	2012	the	HBCL	total	quota	was	set	to	4500kg	for	all	

vessels	combined,	the	long	term	goal	was	to	get	total	catch	down	to	884	kg	per	season.	

(Wallace	et	al	2015).		

Some	of	the	main	objectives	of	the	bottom	trawling	agreement	were	as	follow:		

1. Reduce	amount	of	corals	and	sponges	catch	in	the	bottom	trawl	industry.	

2. Restrict	the	areas	trawled.	

3. Ensure	that	bottom	trawlers	do	not	disproportionally	affect	a	specific	habitat	

type.	

4. Develop	a	way	for	the	bottom	trawl	industry,	ENGOs	and	Fisheries	and	Oceans	

Canada	to	address	and	act	on	habitat	protection.	

4.3.1 	Results	of	the	Agreement	in	British	Columbia	

Before	 the	 implementation	of	 the	HBCL	 in	British	Columbia,	different	approaches	had	

been	 taken	 to	 address	 the	 ecosystem	 damage	 and	 by-catch	 of	 the	 bottom	 trawling	

fishery.	Firstly,	in	1996	the	Groundfish	Trawl	Observer	Program	was	implemented	(DFO	

Canada).	Under	this	program,	all	vessels	were	required	to	have	an	on-board	observer	that	

would	record	all	by-catch;	corals,	sponges	as	well	as	non-marketable	fish.	Secondly,	the	

bottom-trawl	 industry	was	 asked	 to	 voluntarily	 follow	 recommended	 closures	 around	

known	sensitive	coral	reefs.	These	voluntary	closures	were	not	effective	and	were	made	

mandatory	 in	2002	 (Ardon	et	 al.	 2004).	According	 to	 a	 research	done	by	Ardon	et	 al.	

published	in	2007	they	state	that	,,While	helpful,	the	2002	hexactinellid	closures	did	not	

by	themselves	adequately	minimize	the	coral	and	sponge	by-catch	issue.’’	(Ardon	et	al.,	
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2007,	p.	7)	They	also	attempt	to	measure	the	economic	effect	of	the	closures,	but	due	to	

the	 lack	 of	 precise	 information	 on	 fish	 behavior	 and	 their	 interaction	 with	 marine	

habitats,	the	results	are	limited.	

When	closing	off	zones	 to	groundfish	 trawling	 it	must	be	addressed	that	many	 fish	

species	are	very	mobile	and	can	move	in	and	out	of	the	zone.	Also,	the	knowledge	on	the	

recovery	of	marine	habitats	and	how	the	whole	ecosystem	interacts	is	limited.	There	are	

two	aspects	of	the	economic	impacts	of	such	closure	zones:	Firstly,	the	closures	reduce	

the	 size	of	 fishable	area,	 and	 therefore	 limiting	 the	 size	of	 the	 fishing	are	 for	 vessels.	

Because	of	 fish	mobility	however,	 this	might	not	be	as	effective	 for	 the	protection	of	

mobile	species	as	for	non	mobile	ones.	Also,	vessel	owners	are	likely	to	be	able	to	catch	

their	quotas	outside	of	the	closure	zone	due	to	the	mobility	of	species.	Secondly,	if	the	

closures	are	effective	in	protecting	the	marine	habitat	inside	them,	leading	to	increased	

lifespan	 and	 stock	 size,	 it	 can	 lead	 to	 “spill-over”	 effects	 when	 the	 fish	 leaves	 the	

protected	zone	in	greater	numbers	than	before	(Munro,	Lecture	Notes	2016).		
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Table	1:	Amount	of	Corals	and	Sponges	taken	as	by-catch	from	1996-2004.	Data:	Adron	et	al	(2007)	

YEAR	 AMOUNT	OF	CORALS	AND	SPONGES	TAKEN	AS	BY-CATCH	

1996	 7,894	kg.	–	Observer	Program	Begins	

1997	 39,444	kg.	

1998	 22,178	kg.	

1999	 21,813	kg.	

2000	 78,778	kg.		–	Voluntary	Sponge	Closures	implemented	

2001	 101,332	kg.	

2002	 23,155	kg.		–	Legal	Sponge	closures	implemented	

2003	 17,216	kg.	

2004	 10,570	kg.	

	

Table	1	shows	amount	of	habitat	by-catch	from	BC	bottom-trawling	and	changes	through	

the	years	of	implementation	of	the	Observer	Program,	voluntary	and	legal	closures.	

Table	2:		Amount	of	Corals	and	Sponges	taken	as	by-catch	after	the	implementation	of	HBCL	
agreement.	Data:	Wallace	et	al.	(2015)	

	

	

	

	

	

In	terms	of	area	trawled	there	was	a	20.6%	reduction	in	total	area	trawled	in	all	waters,	

from	39,927	km2	to	31,633.	Total	deep	water	habitats	trawled	saw	a	65%	reduction	from	

4,018	km2	to	1,395	km2	and	size	total	continental	slope	habitat	area	trawled	reduced	by	

18%	from	15,214	km2	to	12,413	km2.	(Suzuki,	2015)	Figure	6	shows	the	changes	in	area	

trawled	before	and	after	the	agreement.	

YEAR	 	 AMOUNT	OF	CORALS	AND	SPONGES	TAKEN	

2012	 500	kg.		

2013	 280	kg.		

2014	 270	kg.		
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Figure	6:	Spatial	map	of	coral	and	sponge	zones	and	risk	assessment.	Source:	Wallace	et	al.	(2015)	

What	 is	 also	 important	 about	 the	HCBL	part	 of	 the	 agreement,	 is	 that	 it	 takes	 the	

responsibility	of	habitat	protection	from	the	fishery	management	and	moves	it	over	to	

agents	in	the	market.	When	a	vessel	uses	all	of	it’s	habitat	by-catch	quota	it’s	owners	face	

the	undesirable	choice	between	buying	an	additional	quota	or	tying	their	ship	to	the	dock	

for	the	rest	of	the	season	which	could	cause	them	significant	loss	(Wallace	et	al.	2015).	In	

this	way,	the	HBCL	gives	individual	fishers	and	captains	incentive	to	use	their	extensive	

knowledge	of	 the	 locations	of	 sponges	and	corals	 from	their	experience	out	at	 sea	 to	

adjust	their	fishing	pattern.	Analysis	of	the	effectiveness	of	the	HBCL	suggests	that	such	

self-interest	driven	incentives	to	avoid	sponge	and	coral	catch	can	significantly	reduce	the	

amount	of	coral	and	sponge	catch	of	the	bottom	trawling	industry	(Wallace	et	al.	2015).		

The	 agreement	 is	 also	 supposed	 to	 provide	 flexibility	 for	 individual	 vessel	 owners.	 If	

fishers	assess	that	the	revenue	from	the	fish	they	might	catch	in	an	are	of	historically	high	
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amount	of	by-catch,	 is	higher	than	the	expected	cost	of	additional	quota	to	cover	 the	

expected	catch,	then	the	rational	decision	would	to	trawl	the	area.	This	is	because	at	the	

time	of	making	 the	agreement,	 vessel	owners	 required	 some	 flexibility	 to	 the	 closure	

areas	 in	 order	 to	 prevent	 economic	 loss	 due	 to	 the	 areas	 with	 the	 highest	 historical	

amount	 of	 fish	 harvest	 being	 closed	off	 to	 protect	 sponges	 and	 corals	 (Wallace	 et	 al.	

2015).		

4.3.2 The	Theory:	What	Made	This	Possible?	

The	 measures	 taken	 collaboratively	 by	 the	 Environmental	 Non-Government	

Organizations	 (ENGOs)	 and	 agents	 in	 the	 bottom	 trawling	 industry	 in	 B.C.,	 were	

essentially	made	possible	due	to	the	actions	taken	by	the	ENGOs	that	 internalized	the	

externality	and	 internalized	 the	externality	caused	by	bottom	trawling	and	created	an	

incentive	 for	CGRCS	 to	engage	with	 the	ENGOs	 in	 creating	an	agreement	on	 reducing	

habitat	 damage	 (Wallace	 et	 al.	 2015).	 The	primary	market	 for	 seafood	products	 from	

bottom	trawling	in	B.C.	is	along	the	west	coast	of	the	United	States.	ENGOs	campaigned	

in	raising	awareness	and	implementing	a	Seafood	Watch	that	certified	whether	a	seafood	

product	had	been	caught	in	a	way	that	avoided	major	damages.	If	a	product	did	not	meet	

the	 Seafood	Watch	 criteria,	 some	 stores	 and	 restaurants	would	 not	 agree	 to	 sell	 the	

product.	Vessel	owners	that	did	not	comply	with	the	protecting	measures	that	the	ENGOs	

and	 the	 Seafood	Watch	 required	 as	 a	 minimum,	 faced	 decreasing	 demand	 for	 their	

product			and	even	lower	prices	.	This	threat	of	loss	in	the	market	became	an	incentive	

for	the	CGRCS	to	collaborate	with	the	ENGOs	(Wallace	et	al.	2015).	In	this	way,	the	cost	

was	borne	by	the	vessel	owners.	However,	it	must	also	be	addressed	that	the	ITQ	system			

in	 B.C.	 had	 created	 an	 incentive	 for	 the	 bottom	 trawl	 fishers	 to	work	 collaboratively	

(Wallace	et	al.	2015).	There	was	also	limited	intervention	by	the	fisheries	management	of	

B.C.	 Externalities	 such	 as	 those	 imposed	 by	 the	 bottom	 trawling	 industry	 can	 be	

complicated	 to	manage	due	 to	 scarcity	of	 information	on	how	serious	 these	damages	

actually	are	and	how	long	habitats	take	to	recover	(Ardron,	2005).			Another	important	

factor	is	that	research	is	usually	lacking	and	is	not	only	expensive	and	requires	technical	

gadgets	but	it	is	also	a	research	that	must	be	done	over	a	long	period	of	time.	Department	

of	 Fisheries	 and	 Oceans	 Canada	 (DFO)	 has	 identified	 that	 there	 is	 substantial	 lack	 of	

information	and	research	on	corals	and	sponges	around	British	Columbia.	(Fisheries	and	
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Oceans	Canada	(DFO),	2008)	Many	aspects	of	the	structure,	distribution	and	biology	of	

corals	and	sponges	that	form	on	the	ocean	floor	is	simply	not	well	understood.	In	a	report	

published	in	2015	by	the	DFO	it	states:		

The	 paucity	 of	 information	 on	 the	 distribution	 of	 cold-water	 corals	 and	
sponges	combined	with	the	current	lack	of	species	information	in	monitoring	
programs	make	it	difficult	to	fully	assess	the	extent	of	anthropogenic	impacts	
and	 other	 risks	 to	 cold-water	 corals	 and	 sponges,	 including	 measures	 to	
enhance	 conservation.	 To	 address	 these	 gaps	 in	 knowledge,	 DFO	 Science	
must	develop	a	strategic	approach	to	provide	relevant	information.	(DFO,	p.	
30,	2008)		

Because	 of	 this	 lack	 of	 information	 about	 the	 precise	 biology	 of	 these	 corals	 and	

sponges,	assessing	the	extent	and	precise	costs	of	the	externality,	the	damage	done	to	

these	sponges	and	corals,	was	impossible	to	assess.	Due	to	the	nature	of	the	situation,	it	

must	be	assessed	that	creating	incentives	in	the	market	for	the	vessel	owners	to	gather	

information	and	address	 the	problem	 is	more	cost-effective	 than	 implementing	a	vast	

research	project	and	then	implement	a	management	system	set	by	the	government.	

When	 the	externality	had	been	 internalized	by	ENGOs,	 agents	 in	 the	bottom	 trawl	

industry	 had	 a	 strong	 incentive	 to	 cooperate	 with	 ENGOs	 in	 finding	 a	 collaborative	

solution	that	would	not	only	keep	damages	to	the	ecosystem	at	minimum	but	also	create	

a	viable	market	environment	for	the	fishing	product	in	foreseeable	future	(Wallace	et	al.	

2015).	Without	a	durable	ITQ	system	in	place,	these	incentives	would	not	have	been	in	

place	since	the	future	value	of	the	fish	would	not	be	of	as	much	interest	to	the	vessel	

owners.	 This	 example	 is	 another	 prove	 how	property	 rights,	 in	 the	 form	of	 ITQs,	 can	

create	an	incentive	for	vessel	owners	to	be	involved	in	research	and	conservation	of	the	

resource	and	in	the	case	of	ecosystem	damage,	also	the	marine	environment.	We	can	

also	look	at	this	from	the	aspect	of	managing	a	property.	When	quotas	give	vessel	owners	

an	effective	property	right	to	the	resource,	it	is	in	the	quota	holders	best	interest	to	that	

the	 resource	 is	 used	 in	 a	 sustainable	manner,	 just	 as	 if	 it	was	 a	 share	 in	 a	 company.	

Managing	 not	 only	 the	 commercial	 fish	 catch	 but	 also	 by-catch	 can	 be	 compared	 to	

analysing	a	portfolio	of	investments.	(Munro,	Lecture	Notes	2016)		
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4.4 Ecosystem	Management	in	Iceland	
There	are	 several	different	 types	of	 regulations	 that	have	been	 implemented	 into	 the	

Icelandic	fisheries	management	system	with	the	goal	of	protecting	various	organisms	that	

are	 a	 part	 of	 the	marine	 ecosystem,	 to	 conserve	 habitats	 and	 ensure	 that	 there	 isn’t	

excessive	 damage	 done	 to	 the	marine	 environment.	 One	 of	 the	 approaches	 taken	 in	

Iceland	is	to	close	certain	areas	that	are	considered	vulnerable	to	groundfish	trawling	and	

other	invasive	fishing	equipement.	Areas	closed	to	fishing	equipment	have	a	long	history	

in	Icelandic	fisheries	and	there	have	been	closed	areas	of	some	sort	for	many	decades	

(Committee	appointed	by	Minister	of	 Fisheries	of	 Iceland,	2005).	The	objective	of	 the	

closures	is	to	maintain	the	conservation	of	vulnerable	habitats	as	well	as	protecting	small	

fish	(Ministry	of	Foreign	Affairs,	2009).	The	areas	are	closed	by	law	set	by	the	Parliament	

and	 based	 on	 recommendations	 from	 the	 Marine	 Research	 Institute.	 There	 are	 also	

regulations	 on	 allowable	 trawling	 areas	 based	 on	 size	 of	 trawlers	 and	 in	 1997,	 the	

Parliament	of	Iceland	passed	a	law	stating	that	bottom	trawling	would	only	be	allowed	

within	certain	specified	areas	and	at	specified	times	(Alþingi,	1997).			

Estimating	the	value	of	various	organisms	such	as	corals	around	Iceland	is	a	difficult	

task	because	the	precise	biology	and	development	of	these	corals	are	largely	unknown	

(Jónasson	 et	 al.	 205).	 Corals	 are	 generally	 slow	 growing	 and	 are	 therefore	 expecially	

vulnerable	to	damage	due	to	long	recovery	time.	Research	on	distribution	of	coral	areas	

known	by	fishers	around	Iceland	showed	that	large	areas	of	corals	have	been	destructed	

and	out	of	11	known	coral	areas	that	were	known	in	1970	there	are	4	still	in	good	stand	

(Steingrímsson	&	Einarsson,	2004).		

Analyzing	the	effects	of	these	closures	on	the	fish	stocks	proves	to	be	quite	difficult	

due	to	scarcity	of	results	from	research	conducted	on	the	fish	stocks	that	are	affected	by	

these	closures.	During	the	years	of	1993	to	1994	the	Icelandic	Marine	Research	Institute	

conducted	a	research	on	cod	both	inside	the	protected	closure	areas	and	from	the	fishing	

area.	According	to	the	results	the	cod	that	lived	inside	the	closure	area	was	less	likely	to	

be	recovered	later	as	a	small	fish	than	the	cod	that	was	tracked	inside	the	fishing	area.	

Looking	 at	 data	 from	 Icelandic	 Marine	 Research	 Institute	 from	 closure	 areas	 East	 of	

Iceland	show	no	measureable	change	in	variety	of	marine	species,	quantity	of	fish	and	its	

distribution	when	comparing	closure	areas	to	the	fishing	areas.	(Jónasson	et	al.	2005).	
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Iceland	has	extensive	regulatory	environment	when	it	comes	to	ensuring	sustainability	

of	the	marine	environment.	However,	there	have	been	damages	to	habitats	around	the	

country	 that	 may	 take	 long	 time	 to	 recover	 (Jónasson	 et	 al.	 2005)	 (Steingrímsson	 &	

Einarsson,	2004).	Around	Iceland	are	coral	areas	of	Lophelia	pertusa	that	mainly	grows	in	

the	 Norteast-Atlantic	 Ocean	 and	 in	 North	 Seas.	 It’s	 growth	 around	 Iceland	 might	 be	

important	in	conservation	of	the	species	(Jónasson	et	al.	2005).		

4.4.1 Possible	Application	of	a	Habitat	Quota	in	Iceland	

Considering	 the	 relative	 success	 off	 the	 Habitat	 By-catch	 Limit	 agreement	 in	 British	

Columbia,	it	is	of	interest	whether	a	similar	agreement	could	be	made	for	the	Icelandic	

groundfish	fisheries.	Wallace’s	et	al.	(2015)	analysis	of	the	application	and	results	from	

the	habitat	protecting	agreement	identifies	the	followint	criteria	that	were	vital	in	making	

the	agreement	possible:		

1. Extensive	data	on	historical	by-catch	

a. Icelandic	Marine	Research	Institute	has	conducted	research	on	the	

affects	of	bottom	trawling	on	the	ocean	floor	around	Iceland.	Fiskistofa	

conducts	surveillance	on	harvests	both	on	board	vessels	and	dockside	

surveillance.		

2. Third	party’s	ability	to	bring	pressure	on	the	bottom	trawling	industry	

a. ENGOs	intervention	in	the	market	for	harvests	from	the	bottom	trawling	

industry	was	a	vital	part	in	the	creation	of	the	agreement.	By	creating	a	

pressure	on	the	bottom	trawling	industry,	an	incentive	for	the	industry	to	

cooperate	with	ENGOs	was	created.	Most	of	BC	trawl	harvests	were	sold	

along	the	West	Coast	of	North	America,	a	place	of	considerably	high	

consumer	awareness,	and	therefor	it	is	in	the	industry’s	best	interest	that	

they	try	to	protect	the	marine	environment,	or	else	retailers	won’t	buy	

the	product	off	them.		

b. Currently,	there	is	no	such	criteria	for	sustainable	fish	such	as	the	

Seafood	Watch	in	Iceland.	(Consumers	do	not	have	the	option	of	

boycotting	seafood	that	has	not	been	certified	as	the	harvest	of	

sustainable	fishery	practices.)	Implementing	a	similar	regulation	is	more	

likely	to	be	successful	if	the	existence	value	of	the	marine	environment	is	
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considerable	high.	Also,	recent	research	has	unveiled	that	one	of	the	

largest	cold-water	corals	in	the	world	can	be	found	in	the	North-Atlantic.	

(Nordic	Ministry	Committee	2008)	This	is	likely	to	increase	the	existence	

value	of	the	ocean.		

3. Possibility	of	cooperation	between	agents	in	the	industry	

a. For	an	arrangement	such	as	the	Habitat	Protection	Agreement	to	work,	

agents	in	the	fishery	must	be	able	to	sustain	a	long	term	cooperative	

game	without	betraying	the	agreement.	Under	such	cooperative	

agreement	there	is	always	the	threat	of	free	riding	and	the	cooperation	

subsequently	breaking	down.		

4. Effective	regulatory	environment		

a. Icelandic	fisheries	are	managed	under	an	ITQ	system.	

b. There	is	effective	regulatory	environment	and	extensive	monitoring	and	

surveillance.	

There	conditions	suggesting	that	a	similar	agreement	such	as	the	one	reached	in	B.C.	

where	a	habitat	by-catch	quota	was	created,	could	be	implemented	for	Icelandic	bottom	

trawl	 fisheries.	 Iceland	 has	 a	 special	 position	 regarding	 implementation	 of	 such	

agreement	 since	 it’s	 fisheries	 are	 managed	 under	 an	 ITQ	 system	 and	 there	 is	 also	

extensive	surveillance	and	data	collecting	on	all	catch	both	on	board	and	at	the	port	of	

landing.	However,	the	same	pressure	 imposed	by	ENGOs	on	BC	bottom	trawl	 industry	

that	created	an	incentive	for	the	industry	to	enter	into	negotiations	is	not	as	apparent	in	

Iceland.		

An	agreement	such	as	the	one	 in	BC	could	be	beneficial	 to	 Iceland	 in	two	different	

ways:		

1. Decreasing	the	effects	of	bottom	trawling	on	the	ecosystem	

When	the	interaction	of	organisms	with	the	ecosystem	is	not	fully	known,	it	

can	have	negative	consequences	if	the	ecosystem	is	permanently	damaged.	Some	

damages	have	already	been	done	to	corals	within	Icelandic	fisheries	jurisdiction.	

(Jónasson	et	al.,	2005)		
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2. Avoiding	economic	losses	if	damage	is	realized	later	

If	ground	fish	trawling	damages	leads	to	bad	damage	only	to	be	realized	after	

the	damage	is	done	it	might	lead	to	an	in-season	closure	of	the	area	surrounding	

the	damaged	area,	and	when	areas	are	closed	suddenly	to	fishing	it	can	lead	to	

economic	loss	(O’Keefe	&	Decelles	2013).	
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5 	Conclusion	

Rights-based	fishery	management	systems	can	go	a	far	way	in	creating	an	environment	

for	efficient	utilization	of	fisheries.	Iceland	was	one	of	the	first	nations	to	implement	an	

ITQ	system,	a	type	of	rights-based	fishery	management	system,	for	it’s	fisheries.	Overall,	

Iceland’s	experience	with	the	implementation	of	a	ITQ	system	for	it’s	fisheries	has	lead	to	

increased	 productivity	 and	 more	 efficient	 marine	 sector.	 This	 thesis	 also	 reviewed	

ecosystem-based	approaches	 to	 fisheries	management	and	how	British	Columbia	was	

able	 to	 reduce	 the	 amount	 of	 habitat	 by-catch	 in	 it’s	 bottom	 trawl	 fisheries	 by	

implementing	a	habitat	quota.	The	habitat	quota	was	a	result	of	an	agreement	between	

the	bottom	trawling	industry	in	British	Columbia	and	environmental	organizations.			

Many	fisheries	have	been	managed	under	an	open	access	regime	at	some	point,	where	

anyone	can	enter	and	utilize	the	resource.	This	thesis	explores	why	such	a	system	will	

create	a	situation	where	fishers	have	incentives	to	simply	overexploit	the	resource	in	a	

race	to	maximize	individual	profits.		It	also	touches	briefly	on	how	competitive	total	catch	

limits,	that	are	intended	to	protect	the	resource,	can	induce	fishers	to	engage	in	a	race	

for	 the	 available	 catch,	 leading	 to	 large	 economic	 losses.	 Inadequate	 fisheries	

management	can	have	possibly	irreversible	long-term	consequences	for	the	resource.	In	

response	to	badly	performing	management	systems	there	has	been	an	increase	in	the	

implementation	of	rights-based	management	systems	such	as	ITQ	systems.	Iceland	was	

one	of	the	first	nations	to	 implement	a	quota	system	for	 it’s	fisheries.	There	has	been	

considerable	increase	in	productivity	in	the	marine	sector	since	the	implementation	of	

the	 ITQ	 system.	 There	 has	 also	 been	 increase	 in	marketing	 abroad,	making	 Icelandic	

products	more	valuable	in	international	markets.	These	changes	were	made	possible	by	

the	existence	of	the	ITQ	system	that	gives	quota	holders	a	property	right	to	a	flow	from	

the	 resource.	When	 holding	 a	 property	 right	 that	 has	 value,	 there	 is	 an	 incentive	 to	

maximize	the	value,	in	this	case	the	flow	of	returns	from	the	resource.		

Overexploitation	of	fish	stocks	is	unfortunately	not	the	only	worry	of	fishery	managers.	

Increased	attention	has	been	brought	 to	 the	damaging	effects	of	 the	bottom	trawling	

industry	on	corals,	sponges	and	other	organisms	that	 live	on	the	ocean	ground.	These	
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organisms	are	all	a	part	of	an	ecosystem	that	has	complex	interactions.	Iceland	has	taken	

several	measures	 to	 reduce	 damage	 to	 vulnerable	 organisms	 due	 to	 fishing.	 	 Despite	

these	 efforts,	 there	 are	 large	 areas	 of	 deep-sea	 corals	 around	 Iceland	 that	 have	

completely	disappeared	since	trawling	in	the	areas	began.	Closure	zones	and	reserves	as	

an	ecosystem	management	have	been	controversial	and	 it	has	been	argued	 that	 they	

don’t	deal	with	the	root	cause	of		 	the	externality	imposed	by	bottom	trawling.	British	

Columbia,	 has	 recently	 introduced	 a	 new	 management	 system	 of	 individual	 habitat	

quotas	 to	 address	 the	 threat	 of	 bottom	 trawling	 to	 the	 ecosystem.	 This	 system	was	

created	through	cooperation	of	the	bottom	trawling	industry	and	third-party	ENGOs.	The	

main	aim	of	the	system	is	to	not	only	close	the	zones	that	are	most	vulnerable	to	trawling,	

but	also	to	create	incentives	for	individual	fishers	to	actively	try	to	avoid	sensitive	zones	

and	 report	 areas	 with	 high	 by-catch	 of	 sponges	 and	 corals	 and	 non-commercial	 fish	

stocks.	The	results	have	been	positive	for	the	first	three	years	of	implementation.	British	

Columbia	relies	on	a	similar	system	of	ITQs	as	Iceland	does,	and	that	created	a	basis	that	

made	 the	 implementation	 possible.	 One	 of	 the	 biggest	 challenges	 in	 fisheries	 and	

ecosystem	 management	 is	 the	 high	 degree	 of	 uncertainty	 and	 difficulty	 and	 cost	 of	

research.	 	For	that	reason,	 the	management	systems	that	aim	to	create	 incentives	 for	

fishers	to	actively	engage	themselves	in	protection	of	the	resource	and	research,	such	as	

ITQ	systems	and	the	habitat	by-catch	system	in	BC,	have	had	a	relatively	high	success.		

Rights-based	management	efforts	have	gone	a	long	way	in	not	only	protecting	the	fishery	

resource	from	overexploitation,	but	also	in	creating	the	right	incentives	for	the	industry	

to	engage	in	value-adding	activities	such	as	increasing	utilization,	positive	investment	in	

the	resource	and	marketing.	The	experience	from	British	Columbia	suggests	that	a	quota	

system	for	habitat	damage	is	an	effective	way	of	limiting	by-catch	of	corals	and	sponges	

and	to	reduce	damage	done	by	bottom	trawlers.	The	quota	is	similar	to	an	ITQ	system	

where	quota	holders	can	sell	and	buy	quota	in	the	market.	
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