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Abstract		10	

Most	for-hire	recreational	fisheries	are	managed	using	season,	bag	and	size	limits.	Yet	these	11	

approaches	do	little	to	control	fishing	effort	or	mortality	and	may	dissipate	value	to	anglers	12	

and	vessel	owners.	Rights-based	management	approaches	could	theoretically	address	these	13	

shortcomings	but	are	untested	in	the	for-hire	recreational	context.	We	address	this	14	

knowledge	gap	by	examining	the	outcome	of	a	two-year	policy	“experiment”	in	the	U.S.	Gulf	15	

of	Mexico	–	a	system	plagued	by	shrinking	seasons	and	tighter	bag	limits.		Participating	for-16	

hire	vessels	in	the	Gulf	Headboat	Collaborative	received	individual	allocations	of	red	17	

snapper	(Lutjanus	campechanus)	and	gag	grouper	(Mycteroperca	microlepis)	that	they	were	18	

free	to	fish	outside	of	the	usual	seasons	in	exchange	for	enhanced	accountability.	We	find	19	

that	participants	smoothed	their	offerings	of	red	snapper	and	gag	trips	across	the	year,	20	

increasing	anglers’	access	to	these	species.	Regulatory	discards	of	the	allocated	species	21	

declined	as	well.	Vessel	revenues	and	net	revenues	increased	respectably	despite	a	22	

relatively	unchanged	number	of	trips	after	the	policy	change.	Revenue	increases	were	23	

driven	by	increased	anglers	per	trip	in	offseason	periods	and	by	shifting	customers	to	24	

longer,	higher	value	trips	through	the	promise	of	catching	desirable	species	outside	of	the	25	

restrictive	federal	season.	Surveys	of	vessel	owners	confirm	the	overall	success	of	the	policy	26	

trial	and	corroborate	the	quantitative	analysis	of	the	mechanisms	underlying	its	economic	27	

benefits.	We	conclude	with	a	discussion	of	the	usefulness	and	limitations	of	this	policy	trial	28	

for	predicting	the	long-run	outcomes	of	permanent	rights-based	management	policies	for	29	

the	for-hire	sector.		30	

	31	
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Rights-Based	Management	for	Recreational	For-Hire	Fisheries:		34	

Lessons	from	a	Policy	Trial	35	

1.	Introduction	36	

The	recreational	contribution	to	fish	mortality	is	significant	and	growing	(Coleman	et	al.	37	

2004,	Ihde	et	al.	2011)	with	approximately	11	million	marine	anglers	taking	68	million	38	

fishing	trips	in	the	U.S.	annually	(National	Marine	Fisheries	Service	2016).	These	trips	39	

contribute	significant	economic	value	and	impacts	for	coastal	economies	(Lovell	et	al.	40	

2013).	Recreational	fisheries	have	grown	in	importance	in	the	European	Union	(Pawson	et	41	

al.	2008),	Australia	and	New	Zealand	(Borch	2010;	Kearney	2001),	and	other	developed	42	

nations	(World	Bank	2012),	and	are	increasingly	important	in	developing	nations	as	well	43	

(Pitcher	and	Hollingworth	2002).		44	

Despite	their	importance,	marine	recreational	fisheries	have	seen	little	policy	45	

innovation.	Most	fisheries	have	long	operated	under	a	regime	of	license	fees	and	season,	46	

size	and	retention	constraints.	While	perhaps	sufficient	for	stocks	faced	with	limited	angler	47	

demand,	these	approaches	have	done	little	to	curb	fishing	mortality	(Cox	et	al.	2002;	48	

Woodward	and	Griffin	2003;	Lewin	et	al.	2006)	due	to	their	inability	to	contain	overall	49	

effort	or	adequately	adjust	to	anglers’	adaptive	behaviour	(Fenichel	et	al.	2013).	As	a	result,	50	

recreational	fisheries	for	many	popular	species	are	following	a	well-trod	path	observed	in	51	

commercial	fisheries	governed	by	regulated	open	access	institutions	(Reimer	and	Wilen	52	

2013):	an	escalating	pattern	of	shorter	seasons	and	increasingly	tight	regulation	(Wilen	53	

2006).	This	management	may	dissipate	angler	welfare	in	several	ways,	including	excessive	54	

participation	(Anderson	1993;	Fenichel	and	Abbott	2014;	Stoeven	2014),	congestion	during	55	

brief	fishing	seasons	(Timmins	and	Murdock	2007),	and	misallocation	of	scarce	landings	to	56	

anglers	with	low	valuations	through	inflexible	bag	limits	(Abbott	and	Wilen	2009)	and	57	

seasonal	openings	(Holzer	and	McConnell	2014;	Abbott	2015).	58	
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While	anglers	often	access	marine	species	by	fishing	from	piers,	the	shore,	or	using		59	

their	own	vessels,	many	others	rely	upon	the	services	of	the	for-hire	sector	(e.g.,	charter,	60	

headboat,	or	party	boat	vessels).1	Regulation	of	the	for-hire	sector	has	closely	mirrored	the	61	

management	of	private	anglers,	often	being	subject	to	the	same	bag	and	size	limits	and	62	

seasonal	closures.	For-hire	recreational	fisheries	are	therefore	prone	to	the	same	symptoms	63	

of	regulated	open	access	management	as	private	recreational	fisheries	–	albeit,	with	the	64	

added	symptom	of	dissipated	industry	profits	(Abbott	and	Wilen	2009).	Theoretical	work	65	

has	outlined	how	rights-based	management	(RBM)	approaches,	such	as	individual	66	

transferable	quotas	(ITQs),	could	be	adapted	to	for-hire	fisheries	to	enhance	accountability	67	

for	fishing	mortality,	provide	operators	the	flexibility	to	offer	year-round	trips	customized	68	

for	their	customers,	and	enhance	consumer	and	producer	surplus	(Abbott	and	Wilen	2009;	69	

Abbott	et	al.	2009;	Leal	and	Maharaj	2009).	Rights-based	approaches	in	commercial	70	

fisheries	have	enhanced	economic	efficiency	and	reduced	overcapacity,	while	helping	align	71	

the	interests	of	fishermen	with	resource	sustainability	(e.g.,	Arnason	2012;	Grafton	et	al.	72	

2006).	The	for-hire	sector	often	shares	features	with	the	commercial	sector	that	suggest	it	73	

may	be	amenable	to	RBM.	Like	commercial	fishermen,	for-hire	operators	are	profit-seeking	74	

and	rely	upon	fish	as	an	input	to	a	marketed	product	(a	service);	they	often	hail	from	a	75	

relatively	small	and	well-defined	set	of	ports	–	fostering	economies	of	scale	in	enforcement;	76	

and	permit	registries	for	for-hire	vessels	can	be	used	to	define	exclusion	rights,	while	catch	77	

histories	(when	present)	can	facilitate	initial	allocations	of	these	rights.		78	

The	theoretical	promise	of	RBM	has	not,	to	the	authors’	knowledge,	been	actualized	79	

in	any	real-world	for-hire	fishery.	This	paper	fills	this	void	by	reporting	the	results	of	a	80	

unique	policy	trial	in	the	U.S.	Gulf	of	Mexico	(GOM),	the	Gulf	Headboat	Collaborative	(GHC).	81	

																																								 																					
1	22%	of	US	recreational	landings	are	estimated	to	come	from	the	for-hire	sector	(Figueira	and	
Coleman	2010).	This	share	increases	substantially	for	offshore	species	(e.g.,	tunas	and	billfish)	that	
are	out	of	reach	for	small	private	vessels.	
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For-hire	vessels	in	the	GHC	operated	under	a	two-year	experimental	pilot	program	of	RBM	82	

for	red	snapper	(Lutjanus	campechanus)	and	gag	grouper	(Mycteroperca	microlepis).	This	83	

unique	collaboration	between	the	fishing	industry,	government,	academia,	and	the	84	

environmental	NGO	community	provides	a	first-of-its-kind	examination	of	the	performance	85	

of	RBM	approaches	in	for-hire	recreational	fisheries,	providing	useful	insights	for	the	86	

expansion	of	these	approaches	to	similar	fisheries	around	the	world.		87	

1.1	Case	Study	88	

The	lack	of	innovation	in	recreational	fisheries	management	is	illustrated	in	the	U.S	Gulf	of	89	

Mexico.	This	is	a	multispecies	fishery	with	large	for-hire	and	private	recreational	90	

components	sharing	fish	populations	with	a	commercial	sector.	Reef	fish,	such	as	snapper	91	

and	grouper	species	(along	with	coastal	pelagics,	tunas,	and	sharks),	are	popular	offshore	92	

target	species	in	the	region.2	Three	of	these	–	red	snapper,	gray	triggerfish,	and	greater	93	

amberjack	–	are	overfished	and	managed	under	rebuilding	plans,	while	gag	grouper	was	94	

overfished	until	2014	(NOAA	Fisheries	2014).	For	several	reef	fish	species	recreational	95	

fishing	mortality	exceeds	commercial	fishing	mortality	(NOAA	Fisheries	Southeast	Regional	96	

Office	2016).	These	large	recreational	harvests	are	fostered	by	significant	allocations	to	the	97	

recreational	sector,	and	yet	persistent	recreational	overharvests	are	commonplace	(NOAA	98	

Fisheries	Southeast	Regional	Office	2017).	Accordingly,	recreational	seasons	for	popular	99	

species	such	as	red	snapper,	gag	grouper,	and	others	are	now	closed	for	much	of	the	year3,	100	

fostering	distrust	of	management	and	increasing	allocation	tensions	with	commercial	sector	101	

vessels	fishing	for	red	snapper	and	groupers	year-round	under	rights-based	policies	102	

(Abbott	2015,	Doerpinghaus	et	al.	2014).		103	

																																								 																					
2	The	GOM	also	has	a	large	recreational	fishery	in	state	waters	for	spotted	sea	trout,	red	drum,	and	
other	species,	but	our	focus	is	the	offshore	marine	recreational	fishery	under	federal	management.	
Across	all	GOM	recreational	fisheries	an	average	of	3	million	anglers	took	23	million	fishing	trips	
annually	in	the	GOM	from	2005-2014	(National	Marine	Fisheries	Service	2016).	
3	The	recreational	season	for	red	snapper	reached	a	low	of	nine	days	in	2014	(Gulf	of	Mexico	Fishery	
Management	Council	2014)	despite	recovering	stocks	and	larger	annual	catch	limits	over	the	years.	
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The	for-hire	industry	in	the	GOM	has	been	particularly	harmed	by	this	state	of		104	

affairs.	For-hire	vessels	are	the	primary	means	for	anglers	without	access	to	a	private	vessel	105	

to	fish	offshore.	The	GOM	for-hire	sector	includes	over	1300	vessels	distributed	across	five	106	

states	with	permits	to	fish	for	reef	fish	species	in	federal	waters.	The	sector	includes	a	large	107	

charter	boat	component	and	approximately	70	headboats	(or	party	boats)	–	comprised	of	108	

relatively	large	vessels	that	mostly	charge	per	customer	or	“head”	(Gulf	of	Mexico	Fishery	109	

Management	Council	2016b).	Shrinking	seasons	and	bag	limits,	a	reef	fish	for-hire	permit	110	

moratorium,	relatively	lax	regulations	in	state	waters	off-limits	to	federally	permitted	for-111	

hire	vessels,	and	expanding	private	recreational	fishing	effort	have	all	contributed	to	a	112	

nearly	20%	attrition	of	for-hire	fishing	permits	(Gulf	of	Mexico	Fishery	Management	Council	113	

2014).	While	it	is	common	for	anglers	on	for-hire	reef	fish	trips	to	catch	a	varied	“bag”	of	114	

species,	and	a	number	of	fisheries	remain	open	much	of	the	year,	many	vessel	owners	cite	115	

the	inability	to	land	popular	or	even	iconic	(e.g.,	red	snapper)	species	outside	of	increasingly	116	

short	seasons	as	a	severe	constraint	on	their	business.		117	

In	this	atmosphere,	an	affiliation	of	headboat	operators	in	the	GOM	developed	a	118	

pilot	project	to	test	an	alternative	approach.	In	partnership	with	Environmental	Defense	119	

Fund,	these	operators	organized	as	the	Gulf	Headboat	Collaborative	(GHC)	and	applied	to	120	

NOAA	Fisheries	for	an	exempted	fishing	permit	(EFP)	to	test	a	RBM	approach.4	This	EFP	121	

authorized	a	unique	experiment	in	a	fundamentally	different	form	of	management,	122	

exempting	participating	vessels	from	federal	recreational	season	closures	and	allowing	123	

potential	year-round	fishing	subject	to	quota	availability	and	enhanced	reporting	and	124	

monitoring	requirements.		125	

GHC’s	EFP	application	was	endorsed	by	the	Gulf	of	Mexico	Fishery	Management	126	

Council	in	April	2012	and	approved	by	NOAA	Fisheries	in	August	2013.	The	two-year	pilot	127	
																																								 																					
4	An	EFP	is	a	temporary	permit	issued	to	individuals	for	the	purposes	of	conducting	research	or	other	
fishing	activities	for	species	under	federal	regulation	(50	C.F.R.	§	600.745(b)(1)).	
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began	in	January	2014	and	concluded	in	December	2015.	Membership	was	voluntary	and	128	

organized	through	contracting	among	participants.	The	GHC	began	with	17	vessels	owned	129	

by	13	businesses	in	2014,	expanding	to	19	vessels	and	15	businesses	in	2015.	Vessels	were	130	

47-78’	in	length,	accommodating	20-80	passengers	per	trip.	The	GHC	received	annual	131	

allocations	of	red	snapper	and	gag	in	proportion	to	participating	vessels’	collective	2011	132	

landings	of	these	species	(National	Marine	Fisheries	Service	Southeast	Regional	Office	133	

2015),	totalling	5%	and	3%	of	total	recreational	catch	limits	for	the	two	EFP	species.		134	

While	the	EFP	yields	insights	for	a	range	of	for-hire	fisheries,	we	limit	direct	135	

inferences	to	the	GOM	headboat	sector.	Headboats	are	unique	for	having	the	landings	136	

histories	required	to	support	a	vessel-based	allocation	process5,	which	has	lead	137	

policymakers	to	propose	separate	RBM	plans	for	the	headboat	(Gulf	of	Mexico	Fishery	138	

Management	Council	2016b)	and	charter	fleets	(Gulf	of	Mexico	Fishery	Management	139	

Council	2016a).	Participation	in	the	GHC	was	voluntary,	but	membership	was	140	

geographically	representative,	with	vessels	distributed	across	Alabama,	Florida	and	Texas.6	141	

The	GHC	also	contains	the	range	of	firm	sizes	and	economic	contexts	in	the	GOM	headboat	142	

fleet	–	with	some	multi-vessel	operators	operating	in	tourist	hotspots	and	single-vessel	143	

companies	based	in	more	remote	ports.	Altogether,	our	sample	comprises	approximately	144	

25%	of	federally-permitted	headboats	in	the	GOM.		145	

Regulators	allocated	quota	and	enforced	accountability	at	a	collective	level,	but	the	146	

common	pool	of	red	snapper	and	gag	quota	was	internally	allocated	to	individual	GHC	147	

vessels.	The	GHC	was	not	bound	to	any	particular	initial	allocation	rule,	but	in	practice	148	

members	used	vessel	catch	histories	to	derive	mutually	agreeable	allocations,	recognizing	149	

																																								 																					
5	Unlike	headboats,	GOM	charter	boats	are	not	required	to	report	vessel-level	landings	histories.		
6	In	2015	there	were	4	(5)	GHC	vessels	in	NW	(SW)	Florida,	5	vessels	in	Alabama,	and	5	in	Texas.	
These	proportions	are	similar	to	industry-wide	proportions	(Gulf	of	Mexico	Fishery	Management	
Council	2016b),	albeit	with	a	slight	overrepresentation	of	Alabama	vessels	and	the	absence	of	any	
vessels	from	Louisiana/Mississippi,	which	together	reflect	~10%	of	the	headboat	fleet.		
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members’	different	scales	and	types	of	fishing	operations.		Importantly,	quota	was	made	150	

transferable	between	GHC	participants,	but	transfers	to	nonparticipants	were	prohibited.	In	151	

practice,	the	GHC	operated	as	a	for-hire	fishing	cooperative	(Deacon	2012).	Members	signed	152	

a	contract	that	bound	them	to	an	operations	agreement.	A	manager,	one	of	the	vessel	153	

owners,	handled	day-to-day	operations,	and	oversight	was	provided	by	a	board	of	fellow	154	

GHC	members.	Participating	vessels	were	held	to	a	higher	standard	of	monitoring	and	155	

enforcement	than	the	rest	of	the	headboat	sector.	Each	was	required	to	use	vessel	156	

monitoring	systems	(VMS)	with	a	tablet	interface,	to	hail	in/out	to	law	enforcement	before	157	

and	after	each	fishing	trip,	to	submit	electronic	logbooks	on	the	same	day	as	each	fishing	158	

trip,	and	abide	by	a	more	stringent	regimen	of	dockside	intercepts	from	enforcement	159	

authorities.		These	additional	requirements	were	needed	to	ensure	a	sufficiently	accurate	160	

and	timely	record	of	catch	to	inform	quota	tracking	at	the	individual	vessel	level	and	161	

thereby	avoid	overages.	As	a	condition	of	the	EFP,	GHC	members	were	also	required	to	162	

participate	in	scientific	research	and	deliver	to	NOAA	Fisheries	a	report	on	the	163	

socioeconomic	impacts	of	the	program.	To	that	end	GHC	members	cooperated	with	164	

academic	researchers	in	a	research	program	intended	to	evaluate	the	pilot	program’s	165	

impacts.	This	paper	utilizes	the	primary	and	secondary	data	sources	gathered	as	part	of	this	166	

research.		167	

2.	Material	and	Methods	168	

2.1	Data	169	

Our	primary	data	are	the	2003-2015	catch	records	from	the	Southeast	Region	Headboat	170	

Survey	(SRHS)	administered	by	the	NOAA	Southeast	Fisheries	Science	Center	Beaufort	171	

Laboratory.	The	SRHS	is	used	for	the	purpose	of	effort	and	catch	accounting	for	the	172	

headboat	sector	and	provide	trip-level	observations	on	species-specific	catch	and	discards,	173	

trip	duration,	and	number	of	customers.	The	data	were	provided	in	unmodified	form	for	all	174	
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vessels	covered	by	the	SRHS	that	were	owned	by	GHC	participants	in	2014-2015	for	the	175	

entire	period	for	which	permit	data	indicated	that	the	vessel	was	under	the	same	176	

ownership.	We	were	also	provided	aggregated	SRHS	data	at	the	scale	of	weeks	and	5	177	

regions	for	non-GHC	vessels.			178	

The	second	major	data	source	is	the	responses	to	surveys	of	GHC	headboat	owners.	179	

The	surveys	were	administered	through	a	combination	of	in-person	interviews	and	mail	in	180	

January-March	2014,	at	the	very	beginning	of	the	EFP,	and	were	repeated	in	the	spring	of	181	

2015	and	2016	using	the	Qualtrics	online	survey	platform.	The	surveys	were	administered	182	

to	establish	a	pre-EFP	baseline	and	within-EFP	economic	datasets	(e.g.,	trip	offerings,	183	

pricing,	variable	and	fixed	costs)	as	well	as	more	open-ended	questions	about	how	aspects	184	

of	the	business	had	changed.		We	combine	these	data	with	the	SRHS	to	provide	estimates	of	185	

revenues	and	net	revenues	for	GHC	vessels.			186	

	 Understanding	the	limits	of	our	data	and	the	assumptions	behind	our	calculations	is	187	

important	for	the	proper	interpretation	of	our	results.	Our	survey	data	contain	data	on	the	188	

pricing	of	the	overwhelming	majority	of	trips	offered	on	a	“per	head”	basis	as	well	as	some	189	

data	for	trips	in	which	parties	charter	the	entire	vessel.	However,	temporal	inconsistencies	190	

in	the	recording	of	SRHS	data	prevent	us	from	reliably	matching	trips	after	2013	to	either	191	

category.	Therefore	we	treat	all	trips	by	GHC	vessels	as	headboat	trips.	While	this	likely	192	

underestimates	revenues	in	any	given	year	(charter	trips	typically	yield	higher	revenues),	it	193	

does	provide	a	consistent	basis	for	evaluating	changes	in	revenues.		194	

Another	ubiquitous	challenge	relates	to	the	resolution	and	reliability	of	the	cost	195	

data.	There	is	little	experience	among	GOM	headboats	of	being	surveyed	about	operating	196	

costs	(cf.	Savolainen,	Caffey,	and	Kazmierczak	2012),	and	we	found	that	the	reliability	of	197	

cost	accounting	varied	widely	across	operations.	Therefore	data	were	elicited	at	a	level	of	198	

detail	that	was	feasible	for	all	participants;	in	each	year	we	requested	average	input	use	199	
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(e.g.,	fuel,	bait,	and	ice)	along	with	average	input	prices	for	each	trip	type	and	information	200	

on	crew	and	captain	compensation.	These	data	reliably	establish	the	cost	share	of	variable	201	

inputs	for	each	trip	type;	however,	we	expect	they	are	measured	with	too	much	error	to	202	

identify	variations	in	input	usage	and	costs	across	years.	Therefore,	we	do	not	attempt	to	203	

perform	an	analysis	of	EFP-driven	cost	savings	for	particular	trip	types.	Given	the	high	204	

quality	of	the	fuel	cost	data7,	the	large	share	of	fuel	costs	(13%	of	revenues	on	average),	and	205	

since	fuel	savings	are	the	only	pathway	for	EFP-driven	cost	reductions	mentioned	by	206	

headboat	owners	in	the	survey,	we	focus	exclusively	on	this	cost	category	in	the	subsequent	207	

analysis.	Therefore,	‘net	revenues’	are	defined	below	as	revenues	net	of	fuel	costs.		208	

Our	comparisons	of	revenues	are	limited	to	the	17	2014	GHC	vessels	so	that	inter-209	

annual	comparisons	are	across	a	stable	cohort.	Revenue	estimates	are	formed	by	matching	210	

trips	from	the	SRHS	to	pricing	and	fuel	cost	data	from	the	annual	headboat	owner	survey.	211	

Over	99%	of	trips	were	matched.	Due	to	the	lack	of	pre-2014	price/cost	data	and	in	order	to	212	

isolate	changes	in	revenues	driven	by	changes	in	demand	or	trip	operations	vs.	exogenous	213	

price	increases,	all	revenues	are	calculated	using	fixed	2014	values	for	trip	prices,	fuel	214	

prices,	and	fuel	usage	for	a	given	vessel	and	trip	duration.	Therefore,	variation	in	calculated	215	

revenues	across	years	occurs	due	to	changes	in	trip	offerings	and	the	assortment	of	216	

customers	across	these	trips,	not	changes	in	pricing	over	time.	The	one	exception	is	for	217	

cases	where	companies	reported	charging	a	price	premium	specifically	for	trips	retaining	218	

EFP	species;	in	this	case	we	separately	report	revenues	from	these	mark-ups.			219	

2.2	Analysis	220	

The	question	we	must	evaluate	is	“what	would	have	happened	to	2014-2015	GHC	outcome	221	

variables	if	the	EFP	had	never	occurred?”	A	common	approach	to	imputing	these	222	

																																								 																					
7	Fuel	use,	as	one	of	the	largest	expenditures,	is	most	reliably	estimated,	while	bait	and	ice	are	more	
approximate.	Crew	compensation	data	(before	tips)	are	generally	reliable,	while	compensation	of	
captains	is	confounded	by	the	fact	that	many	captains	are	owner-operators.	
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counterfactual	outcomes	is	to	utilize	the	“before-after-control-impact”	(BACI)	(Stewart-223	

Oaten	et	al.	1986)	or	“difference-in-differences”	estimator	(Angrist	and	Pischke	2008)	to	224	

compare	the	changes	in	outcome	variables	before	and	after	a	major	policy	change	between	225	

a	“treated”	group	and	a	nearly	identical	“control”	group	(e.g.,	Abbott	and	Wilen	2010;	226	

Cunningham	et	al.	2016).	While	this	approach	has	the	benefit	of	controlling	for	intervening	227	

shared	changes	between	treated	and	control	groups,	we	avoid	it	due	to	ample	evidence	that	228	

the	linchpin	assumption	of	“common	trends”	between	the	EFP-treated	vessels	and	our	only	229	

candidate	control	group	is	violated	(Appendix	A).8		We	build	our	statistical	analysis	upon	230	

longitudinal	comparisons	of	2014-2015	outcomes	for	EFP	vessels	only	to	years	immediately	231	

preceding	the	EFP	(2011-2013).	While	perhaps	prone	to	biases	from	underlying	trends	in	232	

the	intervening	period	(although	these	appear	fairly	muted),	this	approach	establishes	a	233	

fairly	realistic	ensemble	of	“status	quo”	scenarios	of	1-1.5	month	red	snapper	seasons	and	a	234	

July-Nov/Dec	gag	season.		235	

	 We	investigate	the	impacts	of	the	EFP	on	1)	the	seasonal	reallocation	of	trips	and	236	

landings;	2)	trip	offerings;	3)	discards;	and	4)	net	revenues.		237	

	 Seasonal	reallocation	of	trips	and	landings.	Using	the	SRHS	we	examine	both	the	total	238	

number	and	seasonal	distribution	of	all	trips	and	trips	with	retention	of	red	snapper	or	gag.	239	

We	also	assess	how	landings	of	these	species	were	spread	over	the	season	in	2014-2015	240	

compared	to	prior	years.	To	determine	how	average	landings	per	angler	evolved,	we	241	

estimate	a	regression	on	the	trip	data	separately	for	red	snapper,	gag,	and	all	catch:		242	

                                    𝐹𝑖𝑠ℎ𝑃𝑒𝑟𝐴𝑛𝑔𝑙𝑒𝑟!" = 𝛼! + 𝜇!"#$! + 𝛽!"#$ + 𝜖!"	 	 	 (1)	243	

																																								 																					
8	We	also	reject	BACI	due	to	the	dubious	relevance	of	2014-2015	data	for	non-GHC	vessels	as	a	future	
scenario	for	policymakers	evaluating	the	likely	consequences	of	a	permanent	headboat	catch	share	
program.	These	years	were	marked	by	dramatic,	idiosyncratic	management	changes	that	undermine	
the	value	of	extrapolating	treatment	effects	from	the	BACI	scenario.	In	particular,	2014	saw	an	
unprecedented	9	day	recreational	season	for	red	snapper,	followed	by	a	45	day	for-hire	red	snapper	
season	in	2015.	
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where	v	indicates	vessel	and	t	indexes	trips.	The	𝛽!"#$ 	coefficients	are	the	parameters	of	244	

interest	and	are	a	series	of	indicator	(dummy)	variables	for	each	year.	Throughout,	we	omit	245	

the	dummy	variable	for	2013	in	order	to	interpret	our	estimates	relative	to	the	last	year	246	

before	the	EFP.	𝜇!"#$!	are	coefficients	for	the	month	of	year	to	control	for	seasonality.	We	247	

estimate	a	separate	intercept	for	each	vessel	𝛼! .	This	“fixed	effects	estimator”	subtracts	248	

vessel-specific	means	from	each	independent	and	dependent	variable	prior	to	ordinary	249	

least-squares	estimation,	allowing	us	to	focus	on	changes	over	time	for	individual	vessels,	250	

free	from	the	potentially	confounding	effects	of	vessels’	omitted	time-invariant	251	

heterogeneity	in	landings	rates	and	variations	in	the	number	of	trips	by	vessel	over	the	252	

years	(Wooldridge	2010).	We	weight	each	observation	by	the	number	of	anglers	per	trip.	All	253	

reported	confidence	intervals	use	heteroskedasticity-robust	standard	errors	(Wooldridge	254	

2010)	except	where	noted.9			255	

	 Trip	offerings.	We	focus	on	how	the	EFP	altered	the	allocation	of	trips	between	256	

partial-day	and	full-day	trips,	where	a	“daytrip”	is	any	trip	of	at	least	8	but	less	than	15	257	

hours.	We	estimate	a	logistic	regression	on	the	trip	data	(dependent	variable	=	1	if	a	daytrip	258	

and	=	0	otherwise)	using	the	same	independent	variables	as	in	Eq.	1	but	adding	a	control	for	259	

whether	a	trip	occurs	on	the	weekend	or	not.	To	examine	how	the	propensity	for	a	daytrip	260	

changed	for	different	trip	types	we	estimate	the	model	for	subsets	of	trips	retaining	EFP	261	

species,	trips	with	no	EFP	species,	and	all	trips.	We	report	odds	ratios	for	the	annual	dummy	262	

variables,	where	2013	is	normalized	to	one.			263	

	 Some	vessels	reported	lowering	the	maximum	daily	bag	limit	on	their	partial-day	264	

trips.	To	examine	this	practice,	we	regress	2014	GHC	members’	trip-level	red	snapper	265	

retention	per	angler	for	all	partial-	and	full-day	trips	on	annual	dummy	variables	and	their	266	

																																								 																					
9	Since	two	vessels	joined	the	EFP	in	its	second	year,	we	interact	an	indicator	for	these	vessels	with	
the	2014	annual	dummy	so	that	the	baseline	2014	dummy	refers	only	to	vessels	in	the	GHC	that	year.		
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interaction	with	full-day	trips,	along	with	controls	for	month,	vessels	and	weekend	fishing.	267	

We	weight	observations	by	the	number	of	anglers	per	trip.	The	interactions	between	annual	268	

dummies	and	the	full-day	indicator	allow	us	to	examine	the	evolution	of	the	wedge	in	269	

retention	between	trip	durations.		270	

	 Discards.	We	utilize	two	complementary	discard	rate	measures.	The	first	utilizes	271	

total	catch	of	the	species	in	question	as	the	denominator.	We	regress	trip-level	discard	272	

rates,	for	all	trips	with	positive	catch	of	the	species,	on	annual	and	vessel	dummies.10	273	

Our	second	measure	is	discards	per	angler-day	and	describes	the	amount	of	discards	per	274	

unit	of	service	provided	on	a	trip.	We	estimate	a	Poisson	regression	with	the	number	of	275	

discards	as	the	dependent	variable	and	with	angler-days	serving	as	an	exposure	variable	276	

(Cameron	and	Trivedi	2013)	(i.e.	its	coefficient	is	constrained	to	=	1)	and	with	annual	and	277	

vessel	dummies	as	dependent	variables.	We	report	the	incidence	rates	for	the	yearly	278	

dummies	(the	exponentiated	coefficients)	from	this	regression	and	report	confidence	279	

intervals	based	upon	standard	errors	that	are	robust	to	heteroskedasticity	and	incorrect	280	

specification	of	the	likelihood	(Gourieroux	et	al.	1984;	Zeger	and	Liang	1986).	281	

Discards	per	angler-hour	can	be	reduced	in	two	ways,	increasing	the	landed	fraction	282	

of	catch,	or	reducing	the	catch	rate	(CPUE),	as	reflected	in	the	following	identity:	283	

                                             !"#$%&'#
!"#$%&'(!!"#$

≡ !"#$%&'#
!"#$!

× !"#$! 
!"#$%&'(!!"#$

                                                     (2)	284	

To	examine	the	role	of	reduced	CPUE	in	influencing	discards,	we	estimate	truncated	Poisson	285	

regression	with	the	catch	of	each	EFP	species	as	the	dependent	variable,	with	vessel	fixed	286	

effects	and	annual	dummy	variables	as	covariates	and	angler-hours	as	the	exposure	287	

variable.	The	regression	is	truncated	due	to	the	need	to	condition	on	trips	with	positive	288	

catch.		289	

																																								 																					
10	We	do	not	include	seasonal	controls	since	we	want	to	allow	for	post-EFP	changes	in	timing	of	trips	
to	be	included	in	our	estimates	of	the	EFP’s	influence.			
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Net	Revenues.	We	calculate	total	revenues	and	net	revenues	for	EFP	members,	with	290	

and	without	premium	pricing	for	trips	with	retention	of	EFP	species,	and	examine	how	291	

these	measures	were	distributed	throughout	the	year.	We	also	examine	three	pathways	by	292	

which	(net)	revenues	may	have	been	affected	by	the	EFP:	1)	a	quantity	effect	(either	an	293	

increase	in	trips	or	an	increase	in	customers	per	trip);	2)	a	product	mix	effect	(shifting	294	

customers	toward	higher	value	or	lower	cost	trips);	or	3)	charging	a	price	premium	for	EFP-295	

retaining	trips.	To	investigate	the	potential	for	a	quantity	effect	through	increased	anglers	296	

per	trip	we	first	regress	the	logarithm	of	trip	revenues	and	net	revenues	on	annual	dummy	297	

variables	and	vessel	fixed	effects	to	identify	evidence	of	post-EFP	revenue	changes	at	the	298	

trip	level.	We	then	repeat	this	regression	for	anglers	per	trip.		299	

To	investigate	the	product	mix	effect,	we	regress	(log)	revenue	and	net	revenues	per	300	

customer	by	trip	on	annual	dummy	variables	and	vessel	indicators,	weighting	by	the	301	

number	of	customers	per	trip.	Since	all	prices	in	our	revenue	calculations	are	fixed	at	2014	302	

levels,	any	post-EFP	changes	occur	solely	due	to	changes	in	the	mixture	of	trips	and	the	303	

allocation	of	customers	across	trips.		304	

To	assess	the	effect	of	price	markups	on	revenues,	we	compare	2014-2015	total	305	

revenues	with	and	without	the	premium	for	the	relevant	vessels.	However,	this	comparison	306	

assumes	the	markups	had	no	effect	on	demand.	To	test	this	hypothesis,	we	create	as	similar	307	

a	comparison	group	as	possible	by	restricting	the	sample	to	only	EFP-species-retaining	trips	308	

on	vessels	in	Texas	and	Northwest	Florida	(where	the	vessels	charging	a	mark-up	were	309	

based).		We	then	regressed	the	number	of	customers	per	trip	on	the	size	of	the	mark-up	310	

(including	zero	if	a	markup	was	not	charged),	including	indicator	variables	for	vessels,	311	

week,	day	of	week,	trip	length,	and	whether	the	trip	occurred	during	the	red	snapper	season	312	

as	controls.	We	also	estimate	a	model	that	repeats	the	previous	regression	but	with	313	

estimated	trip	revenues	as	the	dependent	variable.	314	
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3.	Results	315	

3.1	Seasonal	reallocation	of	EFP	trips	and	landings	316	

The	quantity	and	seasonal	timing	of	trips	for	the	GHC	fleet	did	not	change	significantly	in	317	

2014	and	2015	(Fig	B1,	SI).	However,	this	stability	masks	important	adaptations	to	better	318	

match	the	pattern	of	customer	demand.	Figure	1	presents	the	seasonal	pattern	of	trips	319	

retaining	red	snapper	or	gag	and	landings	of	these	species	in	years	before	and	after	the	EFP.		320	

It	shows	that,	despite	the	persistence	of	an	uptick	of	red	snapper	fishing	during	the	321	

traditional	early-June	red	snapper	season	in	2014-2015,	both	trips	and	red	snapper	322	

landings	are	much	more	smoothed	over	the	season.	Nearly	a	third	of	red	snapper	trips	323	

occurred	before	the	red	snapper	season	opened	in	both	years	of	the	EFP,	and	vessels	324	

extended	their	allocation	to	accommodate	an	August	fishery	that	had	not	existed	since	325	

2009.11	Roughly	half	of	2014-2015	gag	trips	were	taken	before	the	beginning	of	the	July	1	326	

season	–	showing	an	even	more	extensive	degree	of	seasonal	smoothing	of	trips	and	327	

landings.	Overall,	2014	GHC	member	vessels	saw	the	number	of	customers	on	trips	328	

retaining	either	EFP	species	increase	by	33,646	(117%)	in	2014	and	25,829	(90%)	in	2015	329	

relative	to	2013	(Fig	B2,	SI).	This	reflects	a	considerable	broadening	of	access	to	these	330	

target	species.	331	

	 The	increase	in	the	number	of	trips	retaining	EFP	species	far	exceeds	the	annual	332	

increases	in	landings	of	either	species	(Fig	1).	Trips	keeping	red	snapper	increased	by	161%	333	

in	both	2014	and	2015	relative	to	2013,	while	landings,	being	constrained	by	quota	334	

allocations,	increased	by	82%	(2014)	and	31%	(2015).	Trips	retaining	gag	increased	by	335	

74%	(2014)	and	39%	(2015)	relative	to	2013,	while	gag	landings	increased	by	56%	in	2014	336	

																																								 																					
11	The	causes	of	the	small	increase	in	red	snapper	trips	during	the	fall	are	uncertain.	In	2014,	the	
potential	for	a	summer/fall	closure	of	the	entire	recreational	fishery	pursuant	to	16	U.S.C.	§	1883(d)	
triggered	by	private	angling,	charter	vessels,	and	non-EFP	headboats	may	have	lead	some	GHC	
vessels	to	fish	more	aggressively	early	in	the	season	to	avoid	losing	any	leftover	allocation	in	the	fall.	
In	2015,	the	GHC	received	significantly	smaller	initial	allocations,	which	may	have	made	it	
challenging	for	vessels	to	preserve	quota	for	the	fall	fishery.	
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and	actually	decreased	by	9%	in	2015	relative	to	2013.	This	implies	that	the	average	337	

number	of	EFP	species	landed	by	the	typical	angler	on	these	trips	must	have	declined.		338	

Figure	2	shows	that	landings	of	red	snapper	per	angler	indeed	fell	by	almost	.4	fish	339	

(2014)	and	.66	fish	(2015),	from	a	2013	average	of	1.7	fish.	This	concurs	with	statements	340	

from	some	GHC	operators	that	they	often	limited	retention	of	red	snapper	outside	of	the	341	

federal	season	to	1	fish	per	angler,	despite	a	legal	limit	of	2	fish/angler.	Reductions	in	342	

retention	of	gag	have	been	small	by	comparison	(Fig	2),	but	are	non-trivial	given	that	343	

average	gag	retention	in	2013	was	only	0.2	fish/angler	on	gag	trips.	There	is,	however,	no	344	

evidence	that	anglers	experienced	reductions	in	their	total	landings	of	all	species.	2014	total	345	

landings	per	angler	are	indistinguishable	from	2013	levels,	while	2015	total	retention	346	

increased	by	half	a	fish	on	average	(Fig	2).	This	suggests	that	GHC	vessels	substituted	347	

toward	non-EFP	species,	ensuring	that	customers	went	home	with	a	full,	diverse	bag	of	fish	348	

while	also	providing	access	to	red	snapper	and	gag	out	of	season.		349	

3.2	Changing	trip	offerings	350	

Before	the	EFP	partial-day	trips	(<8	hours)	were	almost	55%	of	trips,	while	full-day	trips	(8	351	

to	<15	hours)	comprised	43%	of	trips,	with	multi-day	trips	taking	the	remaining	2%.	After	352	

the	EFP,	the	share	of	full-day	trips	increased	on	several	GHC	vessels,	especially	in	2014	(Fig	353	

B3,	SI).	The	odds	of	a	full-day	trip	were	1.95	(Z=7.50)	and	1.23	(Z=2.27)	times	greater	in	354	

2014	and	2015	than	in	2013	–	rates	that	match	or	exceed	any	observed	since	2004.	The	355	

probability	of	a	day	trip	increased	by	an	average	of	0.06	in	2014	and	0.02	in	2015.			356	

The	increase	in	EFP-species-retaining	trips	was	complementary	to	the	increase	in	357	

full-day	trips	for	many	GHC	vessels.	The	odds	of	a	daytrip	for	trips	retaining	EFP	species	in	358	

2014	and	2015	were	2.7	(Z=6.77)	and	2.5	(Z=6.16)	times	those	in	2013	(Fig	B3	SI).	However,	359	

the	odds	of	a	daytrip	for	trips	not	retaining	EFP	species	plummeted	to	.5	(Z=-3.97)	and	.25	360	

(Z=-9.53)	of	2013	levels.	We	find	that	the	probability	of	a	daytrip	on	trips	retaining	EFP	361	



	 17	

species	increased	by	.10	(.09)	in	2014	(2015),	while	the	probability	of	a	daytrip	for	trips	not	362	

retaining	red	snapper	or	gag	fell	by	.04	in	2014	(.09	in	2015).	Many	GHC	vessels	363	

disproportionately	allocated	EFP	landings	toward	their	existing	full-day	trips,	while	others,	364	

particularly	in	2014,	increased	the	share	of	full	day	trips	in	their	offerings.		365	

	 Utilizing	results	from	the	regressions	of	red	snapper	retention	per	angler,	we	find	366	

that	the	average	wedge	in	red	snapper	retention	between	full-	and	partial-day	trips	in	2013	367	

was	only	0.16	fish/angler,	supporting	anecdotes	that	many	anglers	were	able	to	fill	their	2-368	

fish	bag	limit	on	partial-day	trips.	However,	we	find	that	this	gap	rose	to	0.5	fish/angler	(Z=	369	

6.0)	in	2014	and	0.44	fish/angler	(Z=	4.79)	in	2015	–	the	largest	since	2007,	when	vessels	370	

operated	under	a	4-fish	bag	limit.	These	changes	confirm	many	operations’	reports	that	371	

they	have	purposefully	enforced	sub-legal	bag	limits	on	shorter	trips	in	order	to	stretch	372	

their	allocations,	while	allowing	fishermen	on	full-day	trips	to	catch	the	full	2-fish	bag	limit.		373	

3.3	Discards	374	

In	2013	6.8	of	every	10	red	snapper	and	8.6	of	every	10	gag	that	were	caught	were	375	

subsequently	discarded.	After	the	EFP,	red	snapper	discard	as	a	share	of	catch	fell	an	376	

average	of	28%	(2014)	and	34%	(2015)	compared	to	2013,	while	gag	rates	fell	21%	(2014)	377	

and	18%	(2015)	(Fig	3).	These	are	the	lowest	discard	rates	since	2008	for	either	species.	378	

These	reductions	are	caused	by	decreases	in	mandatory	regulatory	discards	during	379	

formerly	out-of-season	times	of	year,	as	discard	rates	during	the	2014-2015	red	380	

snapper/gag	seasons	are	comparable	to	previous	years.	Importantly,	these	reductions	in	381	

discards	were	limited	to	the	GHC	fleet.	Non-GHC	discard	rates	as	a	share	of	catch	increased	382	

16%	in	2014	and	fell	by	4%	in	2015	relative	to	2013	levels	for	red	snapper,	while	2014	and	383	

2015	gag	discard	rates	were	statistically	indistinguishable	from	2013	levels	(Fig	B5,	SI).		 		384	

Discards	per	angler-hour	also	fell	dramatically	(Fig	3).	Average	GHC	red	snapper	385	

discards	per	angler-hour	fell	by	41%	(2014)	and	47%	(2015)	–	the	lowest	rates	since	2006.	386	
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Reductions	were	even	more	dramatic	for	gag,	at	58%	and	66%,	respectively	–	the	lowest	387	

rates	since	discard	data	became	available	in	2004.	Discards	per	angler-hour	declined	by	388	

even	more	than	discards	as	a	share	of	catch,	suggesting	catch	rates	per	angler-hour	declined	389	

as	well	(Eq.	2).	Indeed,	red	snapper	CPUE	declined	by	8%	in	2014	and	23%	in	2015,	while	390	

gag	CPUE	saw	far	larger	declines	of	47	and	62%	in	2014	and	2015,	respectively	(Fig	B4,	SI).	391	

Therefore,	reductions	in	GHC	discards	per	angler-hour	were	the	joint	product	of	increased	392	

retention	rates	and	reduced	CPUE	for	EFP	species.	The	reductions	in	CPUE	could	potentially	393	

be	explained	by	changes	in	biomass	or	its	availability	to	headboats.	However,	while	394	

measures	of	local	abundance	of	EFP	species	are	lacking,	estimated	GOM	biomass	of	both	red	395	

snapper	and	gag	increased	over	the	study	period	(Gulf	of	Mexico	Fishery	Management	396	

Council	2015,	SEDAR	2016).	This	suggests	headboat	operators	played	a	substantial	role	in	397	

influencing	CPUE	by	directing	their	effort	toward	other,	non-EFP	species	during	trips	(see	398	

Section	3.1)	–	perhaps	motivated	by	the	need	to	conserve	quota	over	the	extended	season.		399	

3.4	Changes	in	(Net)	Revenues	400	

Table	1	shows	that	revenues,	not	including	premia	for	trips	retaining	EFP	species,	increased	401	

by	7.6%	in	2014	and	6.1%	in	2015	relative	to	2013	levels.	Including	mark-ups	increases	402	

overall	revenues	by	an	additional	1.3%	(2014)	and	1.1%	(2015).	Revenues	net	of	fuel	costs	403	

increased	by	7.4%	in	2014	and	6.7%	in	2015	relative	to	2013.	Including	mark-up	pricing	404	

lead	to	increases	in	net	revenues	of	8.9%	and	7.9%.	In	2014,	the	seasonal	distribution	of	405	

revenues	is	similar	to	previous	years,	albeit	with	revenues	shifted	slightly	earlier	in	the	year	406	

(Fig	B6,	SI).	In	2015,	this	shift	is	more	dramatic,	with	a	significant	smoothing	of	revenues	407	

across	the	year.		408	

	 The	total	number	of	GHC	trips	in	2014	was	unchanged	from	2013	(Fig	B1,	SI),	409	

implying	that	the	only	quantity	effect	on	revenues	must	work	through	the	number	of	410	

anglers	per	trip.	Figure	4	shows	that	revenues	per	trip	increased	by	9.5%,	while	anglers	per	411	
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trip	increased	by	6.3%	(~2	extra	passengers	per	trip).	Therefore,	roughly	2/3	of	the	412	

increase	in	2014	trip-level	revenues	came	from	serving	more	passengers	per	trip.	In	2015	413	

revenues	per	trip	grew	by	a	more	modest	3.5%	relative	to	2013	levels.	Anglers	per	trip	414	

increased	by	only	1.1%	relative	to	2013	on	average,	so	that	less	than	1/3	of	the	increase	in	415	

revenues	per	trip	was	attributable	to	increased	customers.12		416	

Considering	the	product	mix	effect,	the	average	customer	generated	2.3%	more	417	

revenue	in	2014	and	1.3%	more	in	2015	compared	to	2013,	holding	prices	constant	at	2014	418	

levels	(Fig	5).	While	these	effects	may	seem	small,	they	reflect	a	clear	departure	from	419	

historical	patterns.	The	primary	mechanism	for	this	change	is	the	aforementioned	shift	420	

towards	full-day	trips	at	the	expense	of	partial-day	trips;	removing	these	trips	from	the	data	421	

erases	any	evidence	of	increases	in	revenue	per	customer	in	2014-2015.	We	find	that	the	422	

average	full-day	trip	yields	35%	greater	average	revenue	per	customer	and	31%	greater	423	

average	net	revenue	relative	to	partial-day	trips.	The	shift	of	customers	toward	full-day	424	

trips	was	likely	facilitated	by	the	flexibility	afforded	under	the	EFP	to	shift	landings	of	EFP	425	

species	toward	trips	yielding	higher	returns.		426	

A	total	of	5	(3)	vessels	in	2014	(2015),	representing	9.6%	of	all	trips	in	the	post-EFP	427	

period,	charged	a	premium	for	trips	targeting	EFP	species.	These	mark-ups	ranged	from	$5	428	

to	$20	and	increased	the	price	by	13%	on	average.	These	mark-ups	increased	GHC	revenues	429	

by	slightly	more	than	1%,	if	these	mark-ups	had	no	effect	on	customer	demand	(Table	1).	430	

Our	test	of	this	assumption	finds	no	evidence	of	a	significant	negative	effect	of	an	increase	in	431	

the	premium	on	the	number	of	customers	per	trip	(𝛽=0.004,	Z=1.86).	We	also	find	that	a	$1	432	

increase	in	premium	for	trips	retaining	EFP	species	yielded	an	average	of	$38	(Z=5.27)	in	433	

																																								 																					
12	While	the	increase	in	anglers	per	trip	in	2015	was	modest,	the	overall	quantity	effect	was	more	
substantial	due	to	the	fact	that	the	total	number	of	trips	increased	by	5.4%	compared	to	2013	(Fig	
B1,	SI).	This	largely	explains	how	revenues,	before	any	price	premium	for	EFP	trips,	increased	by	
6.1%	in	2015	relative	to	2013.	
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extra	revenue	per	trip.	Since	the	average	trip	carries	32	passengers,	our	estimates	suggest	434	

that	the	premia	simply	resulted	in	proportional	increase	in	revenues,	with	minimal,	if	any,		435	

effect	on	trip	demand.		436	

Given	the	dramatic	shift	of	landings	and	trips	retaining	EFP	species	from	the	437	

summer	to	earlier	and	later	months,	a	stronger	causal	case	can	be	made	between	the	EFP	438	

and	revenue	increases	if	most	of	the	post-EFP	revenue	increases	can	be	traced	to	these	439	

offseason	times.	Repeating	the	analyses	in	Figure	4	for	subsamples	including	June-August	440	

and	the	remainder	of	the	year,	we	find	that	summer	trip	revenues	and	anglers	per	trip	were	441	

indeed	stagnant	in	2014-2015	but	increased	dramatically	during	the	non-summer	months	442	

(Fig	B7,	SI).		443	

An	analogous	sub-setting	of	the	analysis	in	Figure	5	by	seasons	finds	that	the	444	

shifting	of	customers	toward	longer,	higher-priced	trips	was	also	purely	an	off-season	445	

phenomenon	(Fig	B8,	SI).	Furthermore,	if	we	tunnel	down	even	further	within	the	off-446	

season	months	and	focus	exclusively	on	trips	that	did	not	retain	EFP	species,	we	find	no	447	

evidence	of	increased	average	net	revenue	per	customer	for	these	trips	(Fig	B9,	SI).	448	

Together	these	findings	substantiate	that	the	strong	product	mix	effects	shown	in	Figure	5	449	

are	heavily	driven	by	the	ability	under	the	EFP	to	offer	red	snapper	and	gag	trips	outside	the	450	

regular	season.	This	corroborates	anecdotal	evidence	from	some	headboat	owners	that	they	451	

disproportionately	allocated	their	quota	toward	longer,	more	profitable	trips	outside	the	452	

summer	months.		453	

3.5	Responses	from	Headboat	Owner	Surveys	454	

3.5.1	Profitability	and	cost	reductions		455	

We	elicited	participants’	assessment	of	the	EFP	on	profits	using	the	following	question:	“On	456	

the	whole,	do	you	think	your	headboat	business	was	more	profitable	in	2014	(2015)	than	it	457	

would	have	been	if	you	had	not	participated	in	the	Gulf	Headboat	Collaborative	in	2014	458	
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(2015)?	(YES/NO/ABOUT	THE	SAME).”	For	the	2014	season,	12	owners	answered	“yes”,	459	

while	1	answered	“no.”	For	the	2015	season,	11	owners	responded	“yes”,	while	3	indicated	460	

that	they	thought	their	profitability	would	have	been	“about	the	same”	if	they	had	remained	461	

outside	the	GHC.		462	

	 Figure	6	shows	responses	to	a	series	of	Likert	scale	rankings	of	which	factors	were	463	

most	important	for	increased	profits	under	the	GHC.	These	included:	1)	More	customers	per	464	

trip;	2)	Charging	a	higher	price	for	access	to	fish	out	of	season;	3)	Shifting	customers	to	465	

longer	trips;	4)	Running	more	trips;	and,	5)	Lower	costs	per	trip.	In	both	years,	owners	466	

placed	a	strong	priority	on	the	role	of	the	GHC	in	increasing	the	number	of	customers,	both	467	

through	increasing	the	number	of	trips	and	the	number	of	anglers	per	trip.	.	Lower	costs	are	468	

considered	at	least	somewhat	important	for	at	least	half	of	respondents	in	both	years,	while	469	

shifting	customers	to	longer	trips	is	given	less	importance	overall.	Charging	a	premium	470	

price	for	access	to	EFP	species	out	of	season	is	considered	unimportant	or	of	ambiguous	471	

importance	by	the	majority	of	owners.	472	

3.5.2	Trip-taking	in	poor	weather	473	

We	asked	participants	“how	(if	at	all)	participation	in	the	Gulf	Headboat	Collaborative	altered	474	

your	decision	making	with	respect	to	weather	and	rough	seas.”	In	both	survey	years,	7	out	of	475	

14	companies	indicated	that	their	participation	did	not	alter	their	cancellation	decisions	on	476	

rough	weather	days.		In	both	years	4	respondents	indicated	that	the	increased	security	of	477	

red	snapper	or	gag	allocations	lead	them	to	err	more	on	the	side	of	safety	and	customer	478	

comfort.	One	response	was	typical:	“In	2014	we	cancelled	the	trip	if	the	weather	forecast	was	479	

marginal.	We	could	use	the	quota	on	a	later	trip.	In	previous	years,	we	made	some	trips	when	480	

the	forecast	was	marginal…	These	trips	were	not	made	in	2014	because	we	did	not	attempt	to	481	

go	on	the	marginal	forecast	days.”		482	

3.5.3	Changes	in	business	operations	and	overall	assessment	of	the	GHC	483	
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We	asked	the	following	question:	“Did	you	limit	customers	to	1	red	snapper	or	gag	per	484	

customer	on	any	of	your	headboat	trips	in	2014?	”	In	2014	(2015),	7	out	of	14	(8	out	of	14)	485	

respondents	answered	“no”	to	this	question,	while	the	rest	indicated	limiting	customers	to	486	

less	than	the	legal	bag	limit	on	at	least	some	trips.	Several	owners	reported	adapting	to	487	

changing	competitive	conditions	in	their	use	of	the	lower	bag	limits,	and	even	active	488	

experimentation:	489	

• “Yes,	until	June	1	when	red	snapper	season	opened	up,	then	2	per	person	afterward.	490	

People	were	okay	with	it.”	(2015)	491	

• “On	our	6-hour	winter	trips	and	our	summer	6-hour	trips,	we	did	limit	our	customers	492	

to	1	red	snapper	per	person.	We	would	explain	to	our	customers	about	the	EFP	and	493	

that	we	had	an	allocation	of	fish	that	we	had	to	manage…	Those	customers	who	494	

wanted	a	limit	of	red	snapper	were	offered	our	8-hour	trip.”	(2015)	495	

• 	“We	had	great	success	with	limiting	to	1	red	snapper	and/or	1	gag.	We	changed	the	496	

limit	in	a	variable	nature	to	see	if	it	had	an	impact	on	our	booking	and	we	found	that	497	

trips	with	one	snapper	sold	out	as	well	as	trips	with	two.”	(2014)	498	

To	provide	GHC	operators	with	an	open-ended	opportunity	to	explain	how	their	499	

participation	affected	their	way	of	doing	business,	we	asked	the	following	question:	“Can	500	

you	comment	on	how	(if	at	all)	participating	in	the	Gulf	Headboat	Collaborative	changed	your	501	

way	of	doing	business	in	2014	(2015)?”	There	were	several	consistent	themes	in	the	502	

responses.	Several	vessels	reported	that	their	participation	allowed	them	to	fish	in	a	way	503	

that	lowered	their	fuel	costs:	504	

• “We	were	able	to	run	more	6	hour	trips	with	minimal	fuel	consumption	because	we	505	

knew	the	snapper	would	be	there	to	catch	and	we	didn't	have	to	waste	valuable	time	506	

and	fuel	to	try	to	locate	other	species.”	(2014)	507	
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• 	“We	offered	the	same	types	of	trips	as	normal,	but	our	expenses	were	reduced	508	

primarily	because	we	did	not	have	to	use	more	fuel	searching	for	other	types	of	fish.”	509	

(2015)	510	

Some	vessels	reported	changes	in	their	trip	offerings	or	timing:		511	

• 	“We	ran	more	extended	trips.	We	charge	more	for	these	specialty	trips	and	only	ran	512	

them	to	target	ARS	(American	red	snapper)	and	gag.”	(2014)	513	

• “The	GHC	allowed	us	to	run	more	customers	and	trips	on	both	sides	of	the	regular	514	

season,	and	it	also	allowed	access	to	our	spring	and	winter	customers	that	had	been	515	

excluded	from	the	red	snapper	fishery	for	a	very	long	time.	We	did	offer	less	trips	and	516	

more	longer	trips	to	conserve	fishing	quota.”	(2015)	517	

Some	vessel	owners	indicated	that	the	program	lead	to	increased	demand:	518	

• “It	did	not	change	the	way	we	did	business.	It	did	affect	the	rate	of	repeat	customers	519	

which	helped	revenue.”	(2014)	520	

• 	“The	ability	to	offer	red	snapper	trips	year	around	was	the	most	important	source	of	521	

increased	profit.	Those	who	would	not	typically	fish	because	they	could	not	catch	red	522	

snapper	were	now	willing	to	spend	the	money	to	go	out	fishing.”	(2015)	523	

These	responses	should	be	treated	with	caution,	as	GHC	members	may	have	a	vested	524	

interest	in	the	success	of	the	EFP.	Nevertheless,	our	empirical	analysis	substantiates	525	

owners’	testimony	of	increased	profits	and	validates	the	relative	importance	of	the	526	

contributing	mechanisms	–	suggesting	that	survey	responses	provide	a	complementary	527	

perspective	of	the	EFP’s	effects.13				528	

4.	Discussion	529	

The	results	of	any	case	study	are	intertwined	with	their	local	context.	Synthetic	evaluation		530	

																																								 																					
13	For	example,	in	2014,	9	out	of	11	respondents	said	that	increasing	the	number	of	customers	per	
trip	was	very	important	for	profits,	but	this	number	declined	to	3	out	of	13	in	2015.	This	decline	is	
consistent	with	the	reduced	role	of	this	contributor	to	estimated	profits	in	2014	vs.	2015	(Fig	4).	
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(e.g.,	Ostrom	1990)	of	multiple	cases	is	ultimately	needed	to	generate	reliable,	broadly	531	

transferable	knowledge.	Nevertheless,	RBM	is	in	its	infancy	in	for-hire	fisheries,	and	so	532	

single	case	studies	are	critical	to	building	this	knowledge.	This	parallels	the	development	of	533	

understanding	about	commercial	RBM,	where	accumulation	of	knowledge	from	individual	534	

cases	(e.g.,	Annala,	1996;	Arnason	2005;	Dewees	1998)	preceded	the	flowering	of	synthetic	535	

studies	(e.g.,	Costello,	Gaines	and	Lynham	2008;	Essington	et	al.	2012).	536	

As	an	early	experimenter	with	RBM,	some	aspects	of	the	local	context	for	the	GOM	537	

EFP	were	uniquely	favorable.	Research	on	the	emergence	of	property	rights	(e.g.,	Libecap	538	

1993)	and	experience	from	commercial	RBM	cases	suggest	that	adoption	of	for-hire	RBM	is	539	

mostly	likely	in	cases	where	economic	dissipation	under	existing	management,	coupled	540	

with	sound	biological	management,	allow	for	significant	short-run	gains	from	RBM	to	541	

industry	participants.	This	describes	the	GOM	fishery	well.	Cascades	of	tightening	542	

regulation,	accelerated	by	strong	customer	demand	for	recovering	species,	made	543	

continuation	of	“business	as	usual”	expensive	–	driving	a	group	of	vessel	owners	to	544	

overcome	the	collective	transaction	costs	to	pursue	an	alternative.	This	group	was	able	to	545	

overcome	these	transaction	costs	due	in	part	to	the	efforts	of	an	NGO,	which	helped	546	

shepherd	the	EFP	through	political	challenges	and	the	labyrinthine	policy	process.	547	

Furthermore,	the	comparatively	strong	regulation	of	the	headboat	sector	through	permits	548	

and	catch	reporting	greatly	facilitated	RBM	adoption	by	providing	the	data	to	establish	a	549	

‘grandfathered’	allocation	to	the	cooperative.	This,	and	the	small	number	of	headboats	550	

compared	to	charter	vessels,	is	a	critical	reason	why	the	EFP	was	limited	to	headboats.		551	

Despite	its	limitations,	the	Gulf	of	Mexico	headboat	EFP	represents	an	unusual	552	

experiment	in	adaptive	management	(Walters	1986),	to	anticipate	the	consequences	of	553	

permanently	implementing	RBM	in	the	for-hire	sector.	The	experimental	allocation	of	554	

potential	year-round	fishing	privileges	to	19	vessels	generated	considerable	acrimony	555	
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among	other	recreational	fishing	businesses	and	anglers	constrained	by	short	seasons.	556	

Nevertheless,	two	EFP-inspired	management	proposals	to	extend	RBM	to	the	entire	GOM	557	

for-hire	sector	were	initiated	before	the	EFP	had	expired	(Gulf	of	Mexico	Fishery	558	

Management	Council	2016a,	2016b).	The	data	from	this	policy	experiment	reveal	a	number	559	

of	outcomes	that	are	likely	to	replicate	under	similar	permanent	programs.	These	include:	560	

1)	a	smoothing	of	allocated	species	across	the	season,	increasing	access	to	these	species	for	561	

a	wider	population	of	anglers;	2)	a	reduction	in	the	landings	of	allocated	species	per	562	

customer	throughout	the	season	relative	to	during	“derby”	fisheries,	complemented	by	563	

substitution	toward	alternative	valued	species;	3)	a	reduction	in	regulatory	discards	due	to	564	

greater	flexibility	in	allocating	quota	to	the	temporal	profile	of	catch;	and	4)	increases	in	565	

profits	from	the	ability	to	utilize	vessels’	quota	allocation	to	provide	fishing	trips	to	566	

customers	that	better	match	and,	potentially,	stimulate	the	patterns	of	customer	demand	567	

across	ports	and	seasons.		568	

	 There	are	reasons	to	expect	business	innovations	under	a	permanent,	sector-wide	569	

program	beyond	those	seen	during	the	EFP.	Some	innovations	require	sufficient	time	to	570	

engage	in	“learning	by	doing”	under	a	new	regulatory	regime.	However,	it	is	probable	that	571	

some	innovations,	which	may	have	occurred	rapidly	under	a	permanent	policy	change,	572	

were	forestalled	in	a	temporary	program	due	to	switching	costs	or	concerns	about	573	

alienating	customers	with	short-lived	changes	in	business	practices.		574	

One	outcome	that	seems	unlikely	to	persist	is	the	reticence	to	reflect	the	scarcity	of	575	

red	snapper	and	gag	quota	in	the	pricing	of	trips.	In	a	system	with	transferability	of	quota	576	

across	vessels,	even	owners	that	choose	not	to	fish	their	full	allocation	will	be	induced	to	577	

consider	the	opportunity	cost	of	supplying	this	quota	to	other	vessel	owners.	Therefore,	we	578	

predict	that	this	cost	will	ultimately	be	reflected	in	the	pricing	of	trips	under	a	permanent	579	

program.	Since	some	customers	care	more	about	targeting	and	retaining	certain	species	580	
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than	others,	we	expect	that	headboat	operators	will	develop	differentiated	trip	offerings,	581	

with	higher	pricing	for	trips	targeting	scarce	species	valued	by	particular	segments	of	582	

anglers,	but	with	lower	prices	aimed	at	those	not	possessing	such	values.				583	

The	inelastic	response	to	price	increases	for	retention	of	EFP	species	may	not	584	

persist	under	a	permanent	program.		This	may	be	driven	by	a	combination	of	the	novelty	of	585	

the	opportunity	to	retain	red	snapper	or	gag	out	of	season	and	a	lack	of	competitors	offering	586	

similar	trips	in	nearby	ports.	Under	a	permanent	program	such	privileges	would	be	587	

distributed	over	approximately	70	headboat	vessels	–	allowing	customers	to	select	the	588	

operation	with	the	best	trips	and	pricing	while	fostering	price-reducing	competition.		589	

Individual	anglers	tend	to	have	heterogeneous	preferences	for	catch	and	landings	590	

within	and	across	species	that	may	differ	systematically	along	regional	and	seasonal	591	

gradients	within	the	same	fishery	(Hunt	2005;	Post	et	al.	2008;	Johnston	et	al.	2010).	592	

Conventional	instruments	such	as	bag	limits	and	season	closures	typically	fail	to	allocate	593	

landings	efficiently	across	anglers	(Holzer	and	McConnell	2014)	and	may	create	undesirable	594	

distributional	consequences.	For	example,	season	openings	may	allocate	scarce	landings	of	595	

a	high-value	species	to	casual	anglers	that	happen	to	be	present	during	the	season,	even	596	

though	those	anglers	may	value	the	catch	less	than	local	anglers	that	are	unavailable	during	597	

the	season	or	that	would	prefer	to	fish	in	less	congested	conditions.		Seasons	may	also	fail	to	598	

account	for	spatiotemporal	variability	in	species	abundance	or	the	occurrence	of	inclement	599	

weather.	Similarly,	bag	limits	may	constrain	the	landings	of	skilled,	often	more	avid,	anglers	600	

–	forcing	them	to	bear	the	cost	of	an	additional	trip	if	they	desire	to	catch	additional	fish	–	601	

while	often	doing	little	to	limit	the	take	of	less	skilled	anglers	(Cox	et	al.	2002).						602	

The	advantage	of	an	allocation-based	approach,	such	as	cooperatives	or	IFQs,	is	that	603	

each	operation	is	able	to	adapt	its	trip	offerings,	pricing	and	marketing	to	reflect	its	local	604	

context.	The	likely	result	is	a	more	differentiated	for-hire	market	than	currently	exists	605	
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under	the	existing	“one-size-fits-all”	approach.	Vessel	owners	can	profit	through	606	

differentiation	of	their	product,	and	customers	can	benefit	by	selecting	from	a	richer	menu	607	

of	trip	types.	With	adequate	competition	in	the	for	hire	sector,	this	product	differentiation	608	

will	tend	to	enhance	overall	angler	welfare	by	allowing	those	who	place	the	highest	value	on	609	

landing	managed	species	to	access	them	through	a	marketplace	that	lets	anglers	fish	when	610	

and	how	they	like,	while	ensuring	accountability	in	the	use	of	public	resources.	611	

Extending	rights-based	management	to	for-hire	recreational	fisheries	presents	612	

significant	challenges.	First,	as	with	commercial	fisheries,	the	determination	of	the	initial	613	

allocation	of	quotas	may	be	contentious.	Second,	developing	adequate	programs	for	the	614	

monitoring	and	enforcement	of	quotas	at	the	vessel	level	may	require	substantial	upfront	615	

public	investments	since	individual	for-hire	vessels	are	typically	lightly	monitored.	Third,	616	

developing	an	industry	culture	of	accountability	and	professionalism	in	compliance	and	617	

data	provision	may	require	substantial	outreach	and	training	investments	on	the	part	of	618	

fishery	managers	or	non-governmental	organizations,	as	well	as	strong	internal	leadership	619	

within	the	industry	due	to	the	wide	range	of	operator	types	that	may	be	present	in	a	given	620	

fishery.	Despite	these	challenges,	the	results	from	the	GHC	policy	experiment	suggest	that	621	

rights-based	management	is	capable	of	providing	substantial	benefits	for	both	for-hire	622	

operators	and	anglers.		623	
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Tables	786	
	787	
Table	1:	Estimated	revenues	for	2014	GHC	vessels.	Estimates	are	calculated	at	788	

constant	2014	trip	prices,	input	prices	and	input	usage.	Percentage	changes	are	789	

measured	year-over-year.	Percentage	change	for	2015	w/premium	is	calculated	790	

relative	to	2014	levels	w/premium.		791	

		 	792	

Revenue Rev	-	fuel
(millions	US	$) %	Chg. (millions	US	$) %	Chg.

2009 6.91 5.98
2010 5.87 -15.12% 5.08 -15.06%
2011 8.28 41.03% 7.27 43.23%
2012 8.35 0.84% 7.35 1.08%
2013 8.45 1.18% 7.32 -0.48%
2014 9.09 7.60% 7.86 7.39%
w/premium 9.20 8.94% 7.97 8.93%
2015 8.96 -1.37% 7.81 -0.63%
w/premium 9.05 -1.63% 7.89 -0.95%
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Figure	Legends	793	

Figure	1:	Cumulative	trips	and	landings	of	red	snapper	and	gag	for	2014	GHC	vessels.	GHC	794	

vessels	that	joined	in	2015	are	excluded	so	that	comparisons	before	and	after	the	EFP	are	795	

for	a	stable	cohort	of	vessels.	The	2014	and	2015	gag	season	opening/closure	dates	were	796	

identical.		797	

Figure	2:	Change	in	landings	of	red	snapper,	gag,	and	all	species	per	angler	on	trips	798	

retaining	the	species	or	group	of	species	in	question.	Results	are	from	regressions	of	trip-799	

level	per-capita	landings	on	annual	dummies,	vessel	fixed	effects	and	month	dummy	800	

variables	to	control	for	seasonality.	The	regression	is	weighted	by	anglers	per	trip.	The	801	

whiskers	indicate	95%	confidence	intervals	using	robust	standard	errors.		802	

Figure	3:	Relative	red	snapper	and	gag	discard	rates,	per	unit	of	catch	and	angler-hours,	for	803	

GHC	vessels.	The	whiskers	indicate	95%	confidence	intervals	using	robust	standard	errors.	804	

Figure	4:	Estimates	of	annual	dummy	variables	from	regressions	of	trip-level	revenues,	805	

revenues	minus	fuel	costs,	and	anglers	per	trip	on	vessel	fixed	effects.	The	sample	is	for	806	

2014	GHC	vessels	only.	The	fixed	effects	control	for	time	constant	differences	(i.e.	capacity)	807	

to	examine	if	vessels,	on	average,	see	increases	or	decreases	in	revenues	and	anglers	per	808	

trip.	The	whiskers	indicate	95%	confidence	intervals	using	robust	standard	errors.	809	

Figure	5:	Change	in	average	revenue	per	customer	and	average	revenue	minus	fuel	costs	810	

per	customer	(relative	to	a	base	year	of	2013).	Results	are	from	regressions	of	logged	811	

revenue	per	customer	and	revenue	minus	fuel	costs	per	customer	at	the	trip	level.	The	812	

regression	includes	vessel	fixed	effects.	Each	regression	is	weighted	by	the	number	of	813	

passengers	per	trip.	The	whiskers	indicate	95%	confidence	intervals	using	robust	standard	814	

errors.	 	815	
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Figure	6:	Headboat	owner’s	assessment	of	the	importance	of	different	potential	816	

contributors	to	increased	seasonal	profits	under	the	GHC	in	a)	2014	and	b)	2015.	817	


