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Abstract

Traditional regulatory options (formal institutions) imposed by government agencies
such as harvest and gear restrictions represent the standard in recreational fisheries
management, at least in developed countries. However, there exist a number of
alternatives including the use of angler education programmes that attempt to
evoke voluntary changes in angler behaviour, resulting in the emergence of volun-
tarily motivated resource-conserving informal institutions. These ‘softer’ approaches
to aquatic stewardship and fisheries management can be developed in cooperation
with stakeholders and in many cases are led by avid anglers and angling groups.
Examples of such measures include voluntary sanctuaries, informally enforced sea-
sonal closures, personal daily bag limits, self-imposed constraints on gear, develop-
ment of entirely live-release fisheries, and adoption of fish and aquatic ecosystem
conservation-oriented gears and release practices. Education efforts that provide
anglers with knowledge on best practices and empower them to modify their behav-
iour hold great promise to meet formal management goals and objectives, but seem
to be underutilized relative to formal regulations. This article highlights the benefits
and challenges of relying on informal institutions as alternatives to traditional regu-
latory options. Informal institutions that protect resources and help overfished
stocks recover hold great promise in both developed and developing countries, par-
ticularly when there is a single stakeholder group or when the capacity to enforce
traditional regulations or to invest in stock assessments is limited. Informal institu-
tions may help make formal institutions more effective or can even be alternatives
to costly institutions that depend on enforcement to be effective.

Keywords angler education, harvest regulations, recreational fisheries, stakeholder
engagement, voluntary regulations

Correspondence:
Steven ] Cooke, Fish
Ecology and Conser-
vation Physiology
Laboratory, Depart-
ment of Biology and
Institute of Environ-
mental Science, Carl-
eton University,
Ottawa, ON, Canada
Tel.: 1 613 867
6711

E-mail: steven_
cooke@carleton.ca

Received 5 Feb 2012
Accepted 30 Mar
2012

Introduction 440
The need for exploring alternatives to formal institutions 441
Overview of informal institutional options 442
Creel limits 442
Size-based harvest limits 443

© 2012 John Wiley & Sons Ltd DOI: 10.1111/j.1467-2979.2012.00477 x

439



Alternatives to formal institutional fishing regulations S J Cooke et al.

Gear restrictions

Area and seasonal restrictions

Voluntary licencing

Education, information and outreach

Codes of practice and other voluntary instruments
Issues and research needs

Conclusion

Acknowledgements

References

445
446
447
448
449
451
453
453
454

Introduction

Recreational fishing regulations are used through-
out the world to manage social issues, prevent
overfishing, or manipulate aquatic communities
(e.g. managing against an exotic species, and
manipulating predator—prey interactions) and pop-
ulations (e.g. creation of a trophy fishery) (Radom-
ski et al. 2001; Cowx et al. 2010). Such formal
rules in use are known as formal institutions in the
political science literature (Ostrom 1994). The tra-
ditional regulatory toolbox used to manage recrea-
tional fisheries is diverse and includes strategies to
reduce the number of fish harvested (i.e. creel lim-
its), to restrict the size of fish that can be har-
vested (e.g. minimum-size, maximum-size and
closed or open slot limits), to influence choice of
fishing gear (e.g. to both limit use of certain gears
or promote use of resource-conserving gear), and
to restrict when and where anglers can fish (e.g.
use of seasonal closures or protected areas, ban on
the use of boats and other tools that facilitate
access) (reviewed in Noble and Jones 1993; John-
son and Martinez 1995; Cooke and Cowx 2006).
Despite these and other traditional regulatory
options that represent the standard in recreational
fisheries management (Sigler and Sigler 1990;
Krueger and Decker 1993; Sutinen and Johnston
2003), at least in developed countries, there exist
a number of alternatives to formal institutions
(e.g. formal regulations) imposed by natural
resource agencies, such as the use of angler edu-
cation programmes and voluntary changes in
angler behaviour serving as informal institutions
that guide voluntary behaviour locally. These
‘softer’ approaches to informal institution develop-
ment could be strategically used to achieve man-
agement goals and objectives (Arlinghaus 2004),
and they can be strategically developed in close
cooperation with stakeholders, and, in many cases,

have been initiated and led by stakeholders them-
selves. However, we think that fostering the devel-
opment of informal
institutions is less advanced relative to costly for-
mal institutions that depend on appropriate
enforcement and sanctioning to be effective
(Walker et al. 2009). Simply because of the costs
involved, it should be obvious that reliance on vol-
untary norms of proper behaviour among anglers
that facilitates achieving management objectives
(e.g. development of voluntary release of fish to
reduce fishing mortality) is a preferred approach to
formal constraints as it increases compliance and
reduces monitoring, enforcement and other trans-
action costs. Clearly, it is also worth noting that
in some instances, voluntary actions and behav-
iours by anglers can also undermine management

resource-conserving

activities (e.g. anglers do not harvest small fish
even when encouraged; see Goeman et al. 1993),
in which case informal institutions may also be a
burden to management agencies. The question
would then be how to modify undesirable behav-
iours to facilitate the uptake of more desired insti-
tutions.

The goal of this study is to highlight how angler
education and voluntary changes in angler behav-
iour are often overlooked as alternatives to, or com-
ponents of, traditional ‘mandated’ (i.e. formal)
regulations. In this article, we discuss both the bene-
fits and challenges of relying on the use of voluntary
management strategies to achieve fisheries manage-
ment goals. We also present a brief research agenda
to identify the knowledge gaps that need to be
addressed before there could be more strategic use of
informal institutions that spiral among angler com-
munities. To the extent possible, we attempt to be
inclusive, covering both developed and developing
countries, as well as marine and freshwater realms,
but recognize that the majority of research on recre-
ational fishing regulations has taken place in inland
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waters of North America. We adopt the definition of
Arlinghaus and Cooke (2009) for recreational fish-
eries, i.e. fishing of aquatic animals that do not con-
stitute the individual's primary resource to meet
nutritional needs and are not generally sold or
otherwise traded on export, domestic or black mar-
kets. A variety of gears can be used including rod
and reel, traps, spears and nets, although for the
purpose of this article we focus on rod and reel (i.e.
recreational angling).

The need for exploring alternatives to formal
institutions

The use of regulations to manage recreational fish-
eries is extremely common at least in the developed
world (Noble and Jones 1993; Johnson and Marti-
nez 1995), so why is there a need to explore alter-
native management strategies such as those that
rely on education and voluntary actions? There are
a variety of reasons to justify the exploration of
alternatives to formal institutions, not least of
which is the fact that for fisheries management to
be successful, it is essential to engage stakeholders
and involve them in the management process (Gra-
nek et al. 2008). To that end, using educational
efforts to encourage actions that we call voluntary
‘regulations’ because they have effects similar to
that of formal regulations (e.g. by reducing fishing
mortality) represents an excellent opportunity for
fostering stewardship by anglers and increase
resource-conserving behaviour at low public costs.
Formal institutions are usually costly as they need,
at the very least, some level of enforcement to be
effective (Walker et al. 2009). Often, anglers volun-
tarily develop norms of proper behaviour that then
result in taboos, customs and habits that often are
not under the control of managers, but help achieve
public management objectives. Under many situa-
tions, such voluntary behaviours are useful for con-
serving fishery resources, and, therefore, changes to
habits and voluntary behaviour often align with
management objectives (e.g. the rise of voluntary
release in largemouth bass [Micropterus salmoides;
Centrarchidae] fisheries in the USA has strongly
reduced mortality to levels that no longer demand
any form of formal regulations; Myers et al. 2008).
Where norms of voluntary behaviour that are
desired are not yet in place, fostering of suitable
behaviour might be approached using a range of
outreach and communication efforts. Such invest-
ments might seem costly in the beginning, but may

pay off in the long term by saving monitoring and
enforcements costs that are often prohibitive for the
vast landscapes fished by many contemporary rec-
reational fisheries (Post et al. 2002).

Traditional, formal management options require
strong governance structures, institutional capacity
and funding to enable the development and imple-
mentation of regulations (through legislative
means), the enforcement of regulations (policy com-
pliance strategies) and the application of regulations
in a judicial context (through the judiciary) (Krue-
ger and Decker 1993). In the developed world, such
governance structures and capacity exist for some
more valuable fisheries, but are not widespread (e.g.
monitoring efforts are often not covering vast fresh-
water landscapes), although enforcement activities
are expensive and in most jurisdictions seem to be
supported at an insufficient level to cover the entire
array of anglers and the abundance of waterbodies
(Post et al. 2002). In developing countries, and
some developed ones, formal enforcement is often
even more limited, and in these conditions, peer-to-
peer oversight might well function similar to official
sanctioning. Sometimes existing governance struc-
tures do not have the capacity to enact timely regu-
lations with a scientific basis, and this is also present
in some developed countries (Daedlow et al. 2011).
And when stock assessments and regulations exist
in developed countries, compliance can be low (e.g.
Sullivan 2002; Page and Radomski 2006; Wilberg
2009). Under these conditions, information institu-
tions may be extremely helpful for maintaining fish-
eries’ quality and critical habitats.

It is widely accepted within the management
community that regulations need to be biologically
effective and socially acceptable if they are to
achieve their objectives (Brousseau and Armstrong
1987). In reality, regulations are rarely perfect in
terms of achieving their objectives and keeping all
stakeholders ‘happy’ (Renyard and Hilborn 1986).
As such, bottom-up approaches to address fisheries
management issues may be more effective in elicit-
ing stakeholder support than top-down regulatory
approaches (Granek et al. 2008; Danylchuk and
Cooke 2011), although this increases the need for
communication, participation and transparent
decision making. However, even such approaches
will not appeal to all anglers as there is a segment
in most human populations that dislikes authority
and feels that when, where and how someone can
fish should not be dictated by anyone other than
oneself. An extreme example emanates from the
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USA where over the past decade, there have been
efforts to enact the ‘Freedom to Fish Act’, which
would make it essentially a constitutional right to
fish all waters without the ability of governments
to restrict access (Danylchuk and Cooke 2011).
Under these situations, even the most well-planned
formal regulation might not achieve its intended
objectives, and alternative ‘management’ approaches,
called indirect by Arlinghaus (2004), might be
needed. These approaches would try to engage
with anglers to harness voluntary behaviours that
align with management objectives without any
form of formal authority involved. Such institu-
tions would decrease transaction costs and may
stimulate viable fisheries with co-management
properties, where governmental control is no
longer a perquisite to successful management.

A caveat of formal institutions is that they tend
to become complex if authorities move from ‘one-
size-fits-all’ regulations that govern entire regions,
to lake or river section-specific regulations. The
complexity of current regulations in many fresh-
water recreational fisheries poses substantial chal-
lenges to anglers (Schill and Kline 1995; Schill
and Scarpella 1997). A study in Minnesota
revealed that anglers were less likely to be aware
of complex regulations (e.g. open or closed slot
limits) relative to simpler regulations, and thus
failed to comply with some of these regulations
(Page and Radomski 2006). Regulatory guide-
books in some jurisdictions are lengthy and com-
plicated, which can detract from the fishing
experience, and result in anglers questioning the
legitimacy and need of some regulations (Radom-
ski et al. 2001). To that end, there is a growing
interest within fisheries management agencies in
simplifying regulations in some jurisdictions (e.g.
in Ontario, the Ministry of Natural Resources con-
ducted within the ‘Ecological Framework for Fish-
eries Management’), and alternatives to formal
institutions might involve the fostering of
resource-conserving or conflict-reducing softer
approaches subsumed under the term informal
institutions.

Given the arguments presented above, it is
somewhat surprising that formal regulations are
used to the extent that they are or, alternatively,
that there is so little strategic use of informal insti-
tutions in contemporary recreational fisheries.
There are certainly many success stories associated
with the use of regulations, and we are not sug-
gesting that they are not a key component for rec-

reational fisheries management. Nevertheless,
there are alternatives to traditional fisheries man-
agement tools that we submit warrant further
investigation and application. Of particular interest
is how educational activities and subsequent vol-
untary adoption of conservation measures by
anglers and angler organizations could be used in
situations where the capacity to use traditional
regulations effectively is low (e.g. in developing
countries, remote fishing areas, areas lacking
enforcement personnel or funding) or where there
may not be support for government-imposed regu-

lations.

Overview of informal institutional options

Here, we summarize how the encouragement of
voluntary ‘regulations’ that do not depend on
enforcement and government control has been
used, or could be strategically used, to help man-
age fisheries. As a preface, it is worth noting that
our initial attempts to search the peer-reviewed lit-
erature (using ISI's Web of Science) failed to iden-
tify many examples of voluntary ‘regulations’
(including informal institutions, norms, taboos,
habits and customs), so we expanded our search
to include grey literature (e.g. government techni-
cal reports, and consulting reports) and even
online examples (using general Internet search
engines — e.g. fishing blogs, government and NGO
websites and fishing media).

Creel limits

Creel limits, also known as bag limits, are intended
to limit the number of fish harvested by anglers,
usually on a given day. When applied in a tradi-
tional regulatory context, they are often used in
terms of a daily creel, limiting the number of a
particular species that can be harvested in a given
day, or a possession limit, which restricts the total
number that an individual angler can possess at
any given time (e.g. in freezer at home). There are
certainly individual anglers that practice voluntary
catch-and-release even in the presence of creel
limits (e.g. Clark 1983; Quinn 1996; Myers et al.
2008), although such activities are not the focus
of this discussion. Instead, we were interested in
the application of ‘voluntary creel limits’ that are
not the result of a specific action by government,
NGOs, clubs or some other entity and was directed
at a specific fishery or suite of fisheries. Examples
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of voluntary creel limits were scarce. Indeed, we
were unable to find any peer-reviewed articles that
discussed voluntary creel limits. Moreover, when
they had been used (usually found in grey litera-
ture, media reports and online web forums), we
were unable to find any examples of where the
effectiveness of voluntary creel limits were evalu-
ated (biologically and socially). However, we are
aware that anglers develop personal norms of con-
strained harvesting, thereby voluntarily limiting
the number of fish taken per day. Reasons are
likely to vary among anglers, but resource conser-
vation is likely to play an important role if aware-
ness of overfishing potential is achieved.

There is much range in the type of organiza-
tions advocating for the use of voluntary creel lim-
its. Most of the government-driven examples that
we found emerged from North America, although
likely representing a language bias of the authors.
For example in 1989, summer flounder (Paralich-
thys dentatus; Paralichthyidae) anglers in Virginia
were asked by the Virginia Marine Resources Com-
mission to adopt a six fish creel limit voluntarily,
although the state agency already maintained a
mandatory 10 fish limit, which, at the time, was
purported to be the first instance of a state agency
advocating a specific voluntary creel limit (Wagg-
oner 1989). Similarly, the Atlantic Coast Conser-
vation Association — a stakeholder group — urged
anglers to adopt the voluntary creel. More
recently, the North Carolina Wildlife Resources
Commission suggested a voluntary creel limit of
five sunfish (Lepomis spp.; Centrarchidae) and two
black bass (Micropterus spp.; Centrarchidae) at the
Broughton Ponds public fishing site with a justifi-
cation that the ponds were rather small. Similar
arguments are known to some of the authors from
small stillwater fisheries in Germany. In Wiscon-
sin, the state government has suggested that a
lake association (Solberg Lake Association) could
assist by actively promoting a voluntary bag limit
for large bluegill (Lepomis macrochirus; Centrarchi-
dae) and crappie (Pomoxis spp.; Centrarchidae) as
an interim ‘precautionary’ strategy until formal
regulatory options could be identified and imple-
mented (Scheirer and Neuswanger 2010). In
a review of the status of American eel (Anguila
rostrata; Anguilidae) in the Gulf region of Canada,
Locke et al. (1995) report that voluntary bag lim-
its have been instituted in Nova Scotia (10 eels)
and Prince Edward Island (12 eels) when fishing
recreationally with pot traps. A voluntary limit for

recreational spearing of eels also exists in Nova
Scotia (10 eels), which is encouraged but not
enforced. Interestingly, at the time of their review,
the commercial fishery did not have bag limits,
although they did have to abide by a range of
other regulations (e.g. seasonal closures).

There are also examples of voluntary creel limits
that have been driven by formalized recreational
fishing groups. In New Zealand, the North Island
South East Regional Recreational Fishing Forum (a
multi-stakeholder advisory group) advertised a vol-
untary bag limit reduction from 6 to 4 rock lob-
sters (Jasus edwardsii; Palinuridae) taken by
recreational fishers from a local fishery in 2008, a
voluntary move that was stimulated by a regula-
tory creel limit reduction made in the commercial
fishery. The Forum distributed a press release to
share the development with recreational fishers
and the broader public (Moroney 2008). In the
UK, The River Exe and Tributaries Association
operate a voluntary bag limit for Atlantic salmon
(Salmo salar; Salmonidae), with 60% of all salmon
caught to be returned despite no regulatory
authority demanding this occur. There are also
examples of fishing guides and charter boats adopt-
ing fleet-wide or association-wide voluntary bag
limits for some sensitive species. In one instance,
the US Marine Fisheries Service issued a ‘rule’ that
required captains and operators of federal-permit-
ted charter vessels in Texas to ‘voluntarily’ limit
anglers to two red snapper (Lutjanus campechanus;
Lutjanidae) per trip, apparently a move that led to
opposition from charter captains (Hawkes 2012).
Similar findings are known from fishing guides in
Germany who advise customers to limit the take of
northern pike (Esox lucius; Esocidae) from the Bal-
tic coast. Although we were able to identify several
examples of where voluntary creel limits were
used, there is no information on effectiveness, com-
pliance or success of this approach in positively
influencing fish populations and how these norms
spread among anglers. However, if effort is not too
high, any form of voluntary bag limit offers hope
to reduce fishing mortality, unless the released fish
are not compensated for by increased effort on
alternative days (Beardmore et al. 2011).

Size-based harvest limits

Size-based harvest limits represent one of the most
common tools used to regulate recreational fisher-
ies; their use depends strongly on management
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objectives, along with the ecology and density
dependence of the target species. Minimum or
maximum size limits are perhaps the most com-
mon regulations that enable management agen-
cies to control the size of fish that are harvested to
influence harvest size (e.g. some anglers prefer
large fish in the harvest; Goeman et al. 1993) as
well as the sizes of fish to be protected to safeguard
future recruitment and replenishment of the stock
(Pierce 2010). Slot-based limits come in two vari-
ants, open (i.e. harvest) or closed (i.e. protected)
slots. They are generally not as common, and may
be perceived by anglers as more complex; both
tools can be used to either limit or encourage har-
vest of fish for given size range. Protected slots are
thought to be useful in fish that are not recruit-
ment limited, and can be used to thin small over-
abundant size classes to encourage rapid growth
through the slot after which harvest is again per-
mitted. Harvest slots, a combination of minimum
and maximum size, may be useful in recruitment
limited situations where large fish have a particu-
larly valuable role to play as spawners and as tro-
phies for anglers, and fish smaller than the lower
harvest limit are important to maintain a suitable
spawning stock size — harvest would then be con-
strained to intermediately sized ‘kitchen’ fish
(Arlinghaus et al. 2010a). Despite the frequent use
of mandated harvest regulations, such as those
explained above, we were able to locate few exam-
ples of their use in a voluntary context in the
peer-reviewed literature. Like creel limits, volun-
tary size-based harvest limits were, however,
encouraged by a variety of entities including gov-
ernments, tourist boards/resorts/marinas, charter
boat associations and fishing clubs. Moreover,
many anglers are known to develop their own
standards of what sizes to keep or release (‘T only
keep fish over X mm no matter what the regula-
tion says’), which interacts strongly with standard
harvest regulations, and can even negate their
well-indented objectives (Goeman et al. 1993). In
some countries, such voluntary release behaviour
conflicts with rules mandating harvest of any legal
size fish, e.g. Germany (Arlinghaus 2007). Of
course, in such situations, education for voluntary
behaviour can be perceived as encouraging illegal
behaviour, which is potentially costly as overfish-
ing is induced by regulations that demand the kill
of all legal fish captured (Arlinghaus et al. 2009).
The most well-studied voluntary size-based har-
vest limit that we found in our search was from

work by the Missouri Department of Conservation
on Lake Taneycomo, Missouri. A voluntary pro-
tected slot limit of 304406 mm for rainbow trout
(Oncorhynchus mykiss; Salmonidae) and brown
trout (Salmo trutta; Salmonidae) resulted in the
average size of trout in the population to increase
from 269 to 325 mm, as well as the number of
trout over 406 mm to increase by 6.5% in 1 year
(Weithman cited in Brousseau and Armstrong
1987). Interestingly, only 13% of fish being
caught in the desired protected slot were released
voluntarily (Weithman 1980), suggesting rela-
tively low compliance with this particular volun-
tary regulation. In retrospect, this study represents
an association between a management action and
a biological response, but, as outlined in Weiland
(1994), the trout fishery in Lake Taneycomo was
likely responding to a variety of factors that may
have influenced population responses. This is a
common feature of regulation research in that it is
often case specific, unreplicated and unreported,
and therefore, few systematic regulation assess-
ments have been completed in recreational fisher-
ies (Wilde 1997). Another unknown is the level of
voluntary release within the slot size that would
have occurred independent of the encouragement
of a voluntary protected slot limit.

One of the first non-government-initiated volun-
tary size-based harvest limits we found was for
striped marlin (Tetrapturus audax; Istiophoridae) in
New Zealand where anglers promoted a mini-
mum-size limit of 90 kg enacted in 1987/88 by
the New Zealand Big Game Fishing Council (Kopf
et al. 2005). Similarly, recreational charter boat
operators off the British Columbia coast imple-
mented a voluntary minimum-size limit of 65 cm
for Pacific halibut (Hippoglossus stenolepis; Pleuro-
nectidae), the same mandatory size limit that
applied to the commercial halibut fleet (Murphy
2002). In the Thy Region of Denmark, a volun-
tary minimum-size limit of 40 cm is applied to
rainbow trout and is advertised by the tourist
board. Individual resort and marina owners have
also instituted voluntary size limits. For example
Kirk Kove Cottages in Ontario suggests a volun-
tary minimum-size limit for both walleye (Sander
vitreus; Percidae) and black bass. The West Carling
Association in Georgian Bay area of Ontario rec-
ommended a voluntary maximum-size limit on
black bass for its members. Similarly, guides for
northern pike in Germany argue for keeping inter-
mediately sized pike and releasing all trophies; in
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essence, this equates to a maximum-size limit vol-
untarily enforced in addition to a voluntary bag
limit of 1 northern pike per angler and day har-
vested. The examples represent a nearly exhaus-
tive list of those that we could find emphasizing
the relative rarity at which voluntary size limits
have been applied. However, it is very likely that a
systematic survey would reveal more voluntary
behaviours by anglers and angling NGOs to com-
plement, or even invent, new size-based harvest
limits where they are currently not present. No
scientific study is available on this topic, however,
so far.

Gear restrictions

Gear restrictions are frequently used by recrea-
tional fisheries management agencies to influence
the size/species of fish being captured, minimize
catch-and-release mortality and ultimately prevent
over-exploitation. Adopting conservation-minded
fishing gears (i.e. gear types that the angler
believes to reduce stress or injury for fish, or gears
that have been actually validated to do so), even
in the absence of regulations, represents one of the
most widespread voluntary actions by angler com-
munities and specialized angler groups. Barbless
hooks represent an example of a gear modification
that is required by law in many jurisdictions, but
broadly encouraged as a voluntary practice for
many fisheries. A review of fishing regulation
guides in North America revealed that general
catch-and-release guidelines for angled fish almost
always included the encouragement to use bar-
bless hooks (Pelletier et al. 2007). In the lower
Columbia River, the Washington Department of
Fish and Wildlife intended to enact a regulation
for mandatory use of barbless hooks by anglers
who fish for Pacific salmon (Oncorhynchus spp.;
Salmonidae) and steelhead (Oncorhynchus mykiss;
Salmonidae), but prior to instituting the regula-
tion, they initially asked anglers to do it voluntar-
ily. Many fishing lodges and guides also require,
or strongly encourage, their clients to fish with
barbless hooks, even in the absence of regulations.
Circle hooks represent another gear type that has
been voluntarily adopted by a number of anglers,
guides and tournaments. Indeed, early adoption of
this gear by the Billfish Foundation and their tour-
naments served as the basis for eventual regula-
tory actions by a variety of governments (reviewed

in Cooke and Suski 2004 and Cooke et al. In
Press).

The use or disuse of specific bait or lure types is
also common in both regulatory and voluntary
contexts. For example many fisheries restrict the
use of live or organic baits and many anglers (or
fishing clubs or associations) avoid using bait in
favour of lures or flies. This is also the case with a
number of competitive angling tournaments that
restrict the use of live bait (e.g. bass fishing tour-
naments). The Haliburton Forest and Wildlife
Reserve (HFWR) in central Ontario voluntarily
restricts the use of live bait to worms despite the
fact that provincial rules do not (HFWR 2012) in
an attempt to minimize the potential for introduc-
tion of non-native species. Relatedly, government
agencies and NGOs have attempted to raise aware-
ness related to problems with transporting and
releasing bait bucket contents. Although in some
cases formal regulations are used, education
appears to be a more common approach (e.g.
Striped Bass Conservation Coalition, Ontario Feder-
ation of Anglers and Hunters).

Voluntary use or disuse of fish handling gear is
also encouraged within certain segments of the
recreational angling community. For example lip-
gripping devices have been shown to result in the
physical damage of bonefish (Albula vulpes; Albuli-
dae; Danylchuk et al. 2008), and subsequently a
bonefish-focused NGO (Bonefish & Tarpon Trust;
BTT) is suggesting that these fish-handling tools
not be used (BTT 2012). Similarly, landing net
mesh type has been shown to influence the injury
and mortality of fish (e.g. Barthel et al. 2003), and
numerous formal and informal recreational
angling groups call for the disuse of landing nets
or only the use of landing nets with a knotless
mesh (e.g. the Kamchatka region; Shatilo 2008)
or even live release cradles (e.g. for large esocids —
Muskies Canada Inc., Ottawa, ON, Canada). In
some fisheries, such as common carp (Cyprinus
carpio; Cyprinidae) fisheries in central Europe,
anglers are encouraging the voluntary use of so-
called unhooking mats to limit mucus abrasion to
carp when handled and photographed (Arlinghaus
2007). Similarly, the use of antiseptics is encour-
aged by specialized carp anglers to limit the injury,
and common carp anglers have also invented so-
called bolt rights (fixed lead on the leader) to facili-
tate 100% shallow hooking (Rapp et al. 2008).
Other tackle innovations for gearing artificial baits
are currently being developed in Denmark, result-
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ing in a very high incidence of shallow hooking
and facilitating the use of small hook sizes in lures
such as crankbaits to limit injury (J. Bursell, Editor
in Chief of Danish Fishing Magazine, Fisk & Fri,
Denmark, personal communication).

In a more general context, the Minnesota
Department of Natural Resources (MN DNR) has
suggested that the continual improvements in fish-
ing gear have made anglers more effective at find-
ing and catching fish (e.g. depth/fish finders, GPS
and underwater cameras) such that they are ask-
ing tough questions such as should they impose
limits on technology to protect fish from overhar-
vest (MN DNR 2012). In particular, they have
considered whether such limits be voluntary, and,
if so, would enough anglers comply to make a
difference. Clearly, reducing the effectiveness of
gear is something that is often used in a more reg-
ulatory framework. For example in many small
German angling clubs, there are club-specific rules
to limit the use of boats, groundbait or other
techniques that are designed not only to constrain
environmental impacts, but also to limit
effectiveness of fishing. This reflects the norm of
‘Weidgerechtigkeit’ — a term describing ethical
behaviour of fair chase with the fish. It actually
appears that for some angler types, the old adage
‘the harder the challenge, the greater the achieve-
ment’ applies such that self-imposed constraints
are accepted even if these make fishing harder
(e.g. fly fishing only sections where organic bait
could be more powerful in terms of catching fish).

Area and seasonal restrictions

Regulations that restrict access to a fishery are
common and are thought to provide a means to
limit access to fish and thus reduce fishing mortal-
ity, particularly during vulnerable or critical times
of the year when angling could have dispropor-
tionately large impacts on individuals or popula-
tions (e.g. during spawning time; Noble and Jones
1993). Legislated protection of habitat or areas
has been a cornerstone of terrestrial conservation
for quite some time, while the concept of using
legislated protected areas to conserve marine
resources has been present for several decades
(Agardy 1994). Because the legislative machinery
required to implement mandated protected areas
can move slowly (along with other obstacles
including ownership and a lack of scientific data),
conservation groups in the UK implemented Vol-

untary Marine Conservation Areas to provide pro-
tection for valuable marine resources (Gubbay
1993). Establishment of these voluntary reserves
is dependent on public support for their effective-
ness, and consequently involves a strong educa-
tional component to engage user groups and
promote interpretation and awareness (Jones
1999). Studies have shown that this voluntary
approach to spatial closures can be successful in
both achieving conservation objectives and pro-
moting stakeholder cooperation, indicating the
potential for voluntary closures to be an effective
management tool (Gubbay 1993; Jones 1999;
Granek et al. 2008).

The use of voluntary time/space closures in fish-
eries has received comparatively less attention, but
examples of protected areas to protect fisheries
exist and their design and implementation contin-
ues to be encouraged (Suski and Cooke 2007). For
example a no-fishing reserve in a Zimbabwe lake
proved successful at increasing both the number
and size distribution of several freshwater fish fam-
ilies (Sanyanga et al. 1995), whereas Murray and
Ferguson (1998) reported that Voluntary No-take
Bottom Fish Recovery Areas in the USA have been
used as part of a network of marine protected
areas to prevent overharvest of fish. In Germany,
almost every small local angling group will imple-
ment so-called ‘silence areas’, parts of a lake
where access and fishing are prohibited, and
anglers would usually voluntarily enlarge legis-
lated protected seasons. Some of these closures are
at the interface of formal to informal as they are
binding for all club members, but not part of offi-
cial legislation for a given state. Their effectiveness
in relation to fishing pressure has not been quanti-
fied to date.

Whereas the German example is self-organized
by local anglers, in Ontario, Canada, researchers
worked with local residents to design and imple-
ment voluntary no-fishing zones during critical
spawning periods to protect black bass (Micropte-
rus spp.; Centrarchidae), a popular group of fresh-
water sport fish. Black bass have a protracted
parental care period, and research has demon-
strated that removal of a black bass from his brood
by anglers can result in complete brood loss from
predation (Philipp et al. 1997). Existing laws in
parts of Ontario prohibit anglers from targeting
black bass prior to the last Saturday in June in an
attempt to reduce the likelihood of angler capture
and increase the probability of successful repro-
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duction for brood-guarding males. However, for
species such as bluegill and black crappie, it is
difficult for enforcement officials to distinguish
genuine bluegill anglers from those illegally per-
forming catch-and-release angling for nesting
black bass. Local residents were frustrated by con-
siderable illegal fishing targeting black bass and
a lack of enforcement activity (Kubacki 1992;
Ferguson 1995), and decided to try a different,
grass-roots approach to protect vulnerable black
bass. In an attempt to suppress illegal angling,
voluntary no-fishing zones were subsequently
established in three eastern Ontario lakes (Fergu-
son 1995; Suski et al. 2002). These conservation
zones were not mandated by legal authority, but
rather were established by conservation-oriented
residents who wanted to provide extra protection
to spawning individuals. Portions of lakes (i.e. em-
bayments and stretches of shoreline) that had high
densities of spawning individuals were voluntarily
designated as off-limits to all fishing for any spe-
cies during the black bass spawning period
(approximately the months of May and June). The
conservation areas were marked with floating
buoys and signs along shore, and signs placed at
public boat launches and tackle stores informed
anglers of the closures. Anglers were allowed to
fish legally for species such as bluegill and black
crappie in portions of the lake outside of the con-
servation zone, but, by having voluntary conser-
vation zones designated as zero angling, it was
easy to identify anglers that either were unaware
of regulations, or were attempting to fish illegally.
If an angler was observed with lines in the water
inside the voluntary conservation zones, even if
they were targeting a legally allowed species, he/
she was approached by local residents, informed of
the voluntary sanctuary and asked to fish else-
where on the lake. The residents had no legal
authority to charge anglers or prohibit them from
angling, but the hope was that anglers would vol-
untarily leave the conservation area, thereby
ensuring maximum protection for black bass. Peer
pressure has been shown to be a powerful source
of pro-conservation behaviours in
instances across many common-pool resource con-
texts (Ostrom 1994). There were challenges, how-

various

ever, in that by identifying specific areas where
fishing was to be ‘restricted’, they were also high-
lighting sensitive areas (i.e. spawning sites) for
unscrupulous anglers (Ferguson 1995).

One key message of the above is that for volun-
tary regulations to work, some level of enforce-
ment is still needed to deter law breakers.
However, experience shows that in smaller closed
clubs, peer pressure might be sufficient because
law breakers are at risk of tarnishing their reputa-
tion, which may repel them from pursuing ‘illegal’
behaviour (e.g. see Milinski et al. 2002). Therefore,
voluntary regulations depend on some level of
peer-driven enforcement of voluntary regulations
(or norms of proper behaviours). At sites where
local residents had an active enforcement body
and had voluntary conservation zones located in
proximity to populated areas, voluntary conserva-
tion zones reduced the amount of illegal angling
activity, and also increased the reproductive out-
put of black bass (Suski et al. 2002). At sites with
low levels of enforcement, either because of lack of
interest from local residents or conservation zones
being located far from populated areas, the signs
identifying the conservation zones appeared to
attract anglers as the level of illegal angling activ-
ity was higher inside the conservation zone com-
pared to that in control areas outside the
conservation zone (Suski et al. 2002). Together,
results from the black bass study from Ontario
demonstrate the potential for angler-driven volun-
tary conservation activities to have positive, popu-
lation-level  benefits for fish, but only if
enforcement activities by peers are sufficiently
high and effective, similar to results from more for-
mal enforcement studies (e.g. Walker et al. 2009).

Voluntary licencing

In commercial fisheries, licencing is used as a
means of effort control. In recreational fisheries, at
least those in developed countries (especially North
America and Australia), fisheries are open-access,
and fishing licences are used primarily as a means
of generating funds to support management,
research and access related to recreational fishing,
rather than to control effort or limit access (Cox
et al. 2002). For adults, fishing licences are typi-
cally mandatory; however, youths and seniors are
not required to obtain a licence. In recent years,
some natural resource agencies have encouraged
youths (e.g. Michigan DNR) and seniors (e.g. Indi-
ana DNR) to purchase a voluntary fishing licence
(typically for $1-$3 USD). Voluntary purchases of
licences by seniors, youths and others who are
legally exempt help generate additional funds that
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assist with management, habitat restoration, fish
stocking, fishing and boating access, law enforce-
ment and outreach programmes. In California,
recreational fishers can purchase a voluntary
‘warden stamp’ to support law enforcement activi-
ties specifically and in Minnesota, anglers may
purchase a voluntary stamp specifically to aid in
walleye management (R. Pierce, Minnesota DNR,
personal Communication). Clearly, voluntary
licences have largely been used as a means of
increasing funding and do not in themselves repre-
sent a management tool to control effort. How-
ever, if angler education were linked to the
licencing process, then voluntary licencing could
have the potential to foster conservation-oriented
behaviours and a conservation ethic among recre-
ational fishers.

Education, information and outreach

All regulations, whether formal or informal insti-
tutions, usually demand some form of education,
information and outreach programmes to increase
awareness within angler groups. In the case of for-
mal regulations, it is the success of such pro-
grammes that increase awareness and regulatory
compliance, and sometimes draconian sanctioning
is needed to repel people from insidious rule break-
ing (e.g. illegal release of non-native fish, Johnson
et al. 2009). Compliance-based regulatory enforce-
ment relies upon education strategies that are per-
suasive and cooperative in nature (Randall 2004).
Education programmes that are structured to
increase cooperation between anglers and man-
agement authorities can help build trust in the
role of mandated regulation and encourage accep-
tance of fishing rules (Policansky 2008). These
education and outreach programmes can consist
of a range of formats and approaches including
informational flyers and Internet sites, news
releases, postings and interpretive signs at com-
mon access points (e.g. public docks), informal
conversations between management authorities
and anglers, and formal presentations to angling
clubs and other stakeholder groups, although
whatever strategy is used should be based on com-
munication theory (see Manfredo 1992), given
that peripheral and central routes to persuasion
(to accept regulations) work differently and by dif-
ferent means in humans. In many ways, the goal
would be to change attitudes as they strongly
influence human behaviour (see also recent devel-

opments in conservation psychology; Bott et al.
2003). The most persuasive types are those that
change ‘central’ cognitions (e.g. beliefs) (Petty
et al. 1992) by showing how the regulations help
achieving personal goals and the goals of the col-
lective well-being. To that end, people must under-
stand not only the content of the regulation but
also its background, rationale and effectiveness,
and see personal value in it. Achieving this usu-
ally demands regular feedback modes where suc-
cesses or failures of regulations are regularly
communicated back to anglers and the saliency of
the action for personal well-being is enhanced. Of
course, this assumes that new or different regula-
tions are properly and objectively monitored and
evaluated, which is seldom the case. One excep-
tion is a recent review (i.e., Kerr et al. 2012) of
new minimum-size limits for muskellunge, where
the ‘paper’ was written to be accessible to both sci-
entists and anglers and was based largely on
angler diary data (i.e. data generated by the
angling community). Regardless of their structure,
education and outreach programmes thus require
considerable financial and time investment by fish-
eries management agencies, and it is critical that
there is adequate institutional capacity, legacy and
‘memory’ so that such programmes provide a con-
sistent and persistent message related to the pres-
ence, structure and role of fisheries regulations. It
is strongly encouraged to employ education and
outreach specialists to become professional and as
effective as possible.

Nevertheless, even with such programmes in
place, angler compliance of fisheries regulations
can be lower than expected (Pierce and Tomcko
1998), which can undermine regulation success
and create social dilemmas (Sullivan 2003). For
example Pierce and Tomcko (1998) showed a low
level of angler compliance of protected slot limits
for northern pike, even with a considerably
detailed education and outreach programme in
place. Potential causes for reduced compliance
include a lack of comprehension of perhaps com-
plex regulations (e.g. slot limits) associated with
the poor conveyance of the regulations in the edu-
cation and outreach programmes, or that some
anglers were willing to cheat in spite of regulations
geared at increasing the sustainability of the fish-
ery. Moreover, the protected slot demanded the
take of small pike, which may simply be undesir-
able for consumption, in turn motivating non-com-
pliance. One should always expect the greatest
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opposition to regulations if they are not understood
in terms of objectives or conflict deeply with per-
sonal norms and preferences. In these situations, it
is particularly difficult to obtain high compliance
at low enforcement activities. Only heavy sanction-
ing can then perhaps achieve the intended levels of
compliance, although the regulation will always
remain suboptimal as the personal attitudes have
not changed (peripheral route to persuasion, Petty
et al. 1992). In either case, adequately structured
education and outreach programmes founded on
an a priori understanding of angler motivations
and norms could increase the voluntary accep-
tance of mandated regulations, as has been shown
for a variety of pro-environment behaviours (see
Steg and Vlek 2009).

The same rationale is true for the development
of informal institutions (i.e. voluntary ‘regula-
tions’); however, identifying who is responsible for
education and outreach programmes is more
ambiguous. Without an authoritative link, the
onus of producing informational material and
interfacing with anglers might be left up to indi-
viduals and organizations with little training in
education, and with limited financial support for
programme implementation. Quite often, volun-
tary regulations are promoted via angling-based
grass-roots conservation organizations and stake-
holder groups, and the conveyance of voluntary
regulations is commonly in the form of small
informational brochures, informative signs, text on
an Internet site or in a newsletter, or via informal
discussions and presentations. Although these
efforts clearly have merit, we know of very few
examples where the effectiveness of such educa-
tion and outreach programmes has been quanti-
fied as per the adoption of volunteer regulations.
One exception is the black bass area/season
restrictions in Ontario mentioned earlier in the
article (Suski et al. 2002); however, in this case,
local conservation-orientated stakeholders received
guidance from researchers to create the mecha-
nisms for disseminating voluntary regulations. Ide-
ally, education and outreach programmes aimed
at increasing awareness and adoption of volunteer
regulations (and even guidelines) should be backed
by experience related to how to convey such infor-
mation effectively. In most cases, informal institu-
tions simply ‘evolve’ over time when the norm of
proper behaviour moves from an innovator stage
to become accepted by the wider community
through face-to-face interactions, changing values

and experience. In these situations, education and
information programmes may simply speed up the
process and thus be used strategically by manage-
ment authorities to encourage ‘the good’ and
avoid ‘the ugly’ behaviours by anglers. Spreading
best practice release guidelines to which anglers
should voluntarily adhere is one good example
where this strategy can be used to increase sur-
vival of released fish over time.

Codes of practice and other voluntary instruments

Although not a regulation per se, there is a grow-
ing movement towards development of various
codes of practice (COP) or best management/han-
dling practices in the context of catch-and-release
that are shared with anglers, and may be one tool
to promote voluntary ‘regulations’ and other
forms of informal institutions. COPs have been
developed by a variety of government bodies (at
the international, national and regional scale) as
well as by angling clubs, associations and environ-
mental NGOs. Their adoption is voluntary and
individuals may decide to follow none, some or all
of the proposed actions. One such example on an
international scale that extends the topic of catch-
and-release is the COP for recreational fisheries
developed by the European Inland Fisheries Advi-
sory Council with support of the United Nations
FAO in 2007 (EIFAC 2008; Arlinghaus et al.
2010b). That COP serves as a document that
describes the minimum standards of environment-
friendly, ethically appropriate and — depending on
local situations — socially acceptable recreational
fishing and its management. Frequently included
are statements about adhering to fishing regula-
tions (voluntary or mandatory) or to ‘best practice’
behaviours at the waterside, including how to best
release fish. Although not intended solely for
anglers, it does provide guidance to anglers and
may serve as one catalyst to develop more locally
tailored codes of conducts of proper behaviour that
circumvent or complement formal institutions.
Other regional entities and angling clubs have
already previously developed their own COPs,
many prior to the existence of the international EI-
FAC Code (EIFAC 2008). For example the Austra-
lian Department of Agriculture, Fisheries and
Forestry (DAFF) developed a national COP in
2001 which is a voluntary agreement among Rec-
fish Australia’s 11 national and state/territory
fishing member associations (DAFF 2001). In Cali-
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fornia, the Sportfishing Conservancy has not only
developed their own code of ethics, but also
encourages their constituents to follow the more
global guidelines developed by the FAO. COPs are
particularly common among specialized angling
groups. In the UK, the National Angling Alliance
(NAA) and the Specialist Anglers Alliance devel-
oped a code specific to coarse (i.e. non-salmonid)
fisheries which was endorsed by the UK Environ-
ment Agency (NAA 2002).

In some jurisdictions, COPs have extended
beyond simply a list of recommendations to actual
hands-on action by volunteers. In New South
Wales, Australia, the Fishcare Volunteer Program
(FVP) organized by the state government uses vol-
unteers to talk to anglers about fishing rules and
responsible fishing, as well as help in a range of
activities, such as fishing clinics, catch surveys
and community fishing events. The volunteers are
part of a growing team of community members
who are taking practical steps to increase aware-
ness and the values of sustainable recreational
fishing practices.

In some cases, competitive angling event orga-
nizers have imposed restrictions for participants
(e.g. creel limit and gear restrictions), and
although for participants the regulations are man-
datory, their participation in the event as a whole
is voluntary (see Diggles et al. 2011 for voluntary
code of practice for tournaments). Some marinas
have voluntarily instituted rules related to harvest
of sharks (i.e. shark-free marinas), which, again, is
mandatory for those who wish to use the marina,
but not a requirement of any government body,
per se. In some cases, fisheries management agen-
cies have attempted to influence angler activities
via advertising campaigns. In Australia, for exam-
ple inland recreational fishers are encouraged to
harvest introduced/invasive species such as com-
mon carp and release endemic species.

Beyond the examples noted above, there has
been widespread advocacy for voluntary catch-
and-release by a wide variety of agencies and
organizations, even in the presence of regulations.
Voluntary catch-and-release has been practiced for
centuries (reviewed in Arlinghaus et al. 2007).
Radonski (2002) summarized the influence of
angler-authors (such as Zane Grey and Roderick
Haig-Brown) and contemporary conservation
organization such as Trout Unlimited on the mod-
ern-day voluntary catch-and-release ethic. Special-
ized muskellunge (Esox masquinongy; Esocidae)

fishing organizations such as Muskies Canada and
Muskies Inc. encourage their members and the
broader public to release muskellunge, and have
awareness campaigns on the merits of doing so as
well as how to practice catch-and-release properly.
Voluntary catch-and-release can exceed 98% for
some specialized fisheries (e.g. bonefish; Policansky
2002; muskellunge; Fayram 2003), which tends
to minimize the need for recreational fishing regu-
lations designed to reduce fishing mortality for
some species. The voluntary release of fish that
are legal to harvest has increased for many recrea-
tional fisheries (Quinn 1996; Bartholomew and
Bohnsack 2005), although little is known about
whether observed shifts in angler behaviour (e.g.
voluntary catch-and-release) has the potential to
influence long-term trends in fish populations (but
see Myers et al. 2008). Fayram (2003) suggested
that the similarity in magnitude of effects of both
formal regulatory actions and voluntary angler
behaviour on release rate of walleye and muskel-
lunge demonstrated that the effects of voluntary
release can play as large a role as the application
of formal harvest regulations which mandate
release. It is also doubtful that reducing fishing
mortality by voluntary release can maintain
highly prized trophy fish (Arlinghaus 2007) and
help protect spawning stocks unless hooking mor-
tality rates and cumulative fishing effort remain
low (Coggins et al. 2007). Similarly, in studying
the response of a smallmouth bass (Micropterus
dolomieu; Centrarchidae) fishery on the Tennessee
River in Alabama to harvest regulations, Slipke
et al. (1998) suggested that the voluntary catch-
and-release philosophy practiced by anglers should
not be overlooked as an important factor that has
had positive impacts on the fishery independent of
the regulatory actions. Indeed, Slipke et al. (1998),
Fayram (2003) and Myers et al. (2008) all suggest
that voluntary catch-and-release must be mea-
sured and considered when making management
decisions, especially when attempting to quantify
the effectiveness of mandatory harvest regulations
for recreational fisheries management. This is nec-
essary to understand the failure of standard regu-
lations, as the study by Pierce and Tomcko (1998)
showed, because the results of any formal regula-
tion will depend on angler behaviour aligning
with the objectives of the regulations. In an ideal
world, formal and informal institutions comple-
ment each other, as is the case in the evolution of
a voluntary catch-and-release ethic across most
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countries in the world, with exceptions being Ger-
many and Switzerland where voluntary release is
illegal (Arlinghaus 2007; Arlinghaus et al. 2009).
Thus, in these countries, mortality-reducing activi-
ties that maintain fishing effort (e.g. voluntary
catch and release) are not encouraged, which may
put populations at risk of overfishing (Arlinghaus
et al. 2009).

Issues and research needs

Our review identified that although voluntary reg-
ulations and evolution of informal institutions that
complement formal regulations appear prevalent
and becoming increasingly common, we failed to
find many examples in the peer-reviewed literature
about the effects of voluntary ‘regulations’ on the
target fishery alongside educational and informa-
tion-based approaches or their evaluation. Indeed,
most of the examples presented here were found
via Internet searches and do not represent tradi-
tional scientific sources. Nonetheless, the examples
that we did find represent real examples of how
voluntary regulations and angler education pro-
grammes are being integrated into the angling
community. It is time for the research community
to pick up on these important components of our
fisheries and study their effects and implications in
social, economic and biological terms in a rigorous
quantitative framework.

Several trends were evident from the examples
we presented. For example, there appears to be a
pattern where voluntary regulations in marine
recreational fisheries are often done so to make
their sector align with mandated regulations put
in for commercial fisheries (e.g. Moroney 2008).
Also clear is that many of the voluntary regula-
tions used are not enacted or encouraged by gov-
ernment or other scientific experts, but emerge
more from grass-roots support by conservation-
minded stakeholder groups and NGOs. As such,
there is the potential that voluntary ‘regulations’
may either perfectly align with locally determined
needs that a fisheries management agency has
been slow to pick up, or the behaviours may have
little or no scientific basis or associated monitor-
ing to evaluate their performance and necessity
over time, which could lead to mismanagement
and erosion of public support for mandatory or
voluntary ‘regulations’ or negate the indented
effects of formal institutions. For example in
Germany, avid zander (Sander lucioperca; Percidae)

anglers advocate to ‘alarm’ any fish showing
signs of barotrauma by ‘throwing’ it back into the
water, on the belief that this makes the fish swim
quickly back into depth. Biologically, it is highly
unlikely this norm of ‘proper’ behaviour will meet
its objectives. Moreover, there is potential for the
creation of competing and conflicting voluntary
regulations if norms of proper behaviour advo-
cated by one group conflict with those advocated
by other groups. In such cases, it is necessary to
determine who will intervene in the case of con-
flict and which behaviour or regulation best
aligns with its objectives. Another apparent trend
is that voluntary limits seem to develop first
where fishing is primarily for recreation, and the
‘table fare’ or ‘kitchen fish’ value has been rele-
gated to a much lesser role, although quantitative
data to support that assertion are lacking. There
are clearly a number of benefits and challenges
associated with the use of voluntary regulations
and the education programmes to promote specific
behaviours (summarized in Table 1). However,
there are also many research gaps that make it
difficult to evaluate their potential effectiveness
and advocate for the strategic inclusion of volun-
tary approaches in the recreational fisheries man-
agement toolbox.

If voluntary regulations and education pro-
grammes are to be used along with, or even
instead of, traditional mandated harvest regula-
tions, it is essential that managers understand the
factors that influence the biological and sociologi-
cal effectiveness of voluntary approaches and their
spread in the angler community. To that end,
there is an urgent need for research on the level of
compliance that is required or can be expected
with voluntary regulations or actions. Indeed, even
in fisheries with mandated regulations, there are
often problems with compliance (Sullivan 2002),
thus it could be more problematic when voluntary
regulations are promoted. There is opportunity to
study the use of incentives and role models to
ensure compliance as well as more broadly under-
stand the social, context-dependent, economic and
ecological factors that promote emergence of infor-
mal institutions and their compliance. Also rele-
vant is understanding whether the type of entity
(e.g. government, industry or NGO) that recom-
mends a voluntary regulation influences the likeli-
hood that it will be successful in both a biological
and a sociological context. The extent to which
and reasons why anglers value a given species/
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Table 1 Summary of the benefits and challenges associated with the application of voluntary regulations for

recreational fisheries.

Benefits

Challenges

Potential reduction in implementation costs compared to
traditional regulations because of reduced need for
enforcement and legal activity

Potential for greater acceptance of controls, especially if the
message is not coming from the government

Ability to engage stakeholders in management and thus foster a
strong sense of stewardship

Potential to apply voluntary regulations in developing countries
that lack appropriate governance structures for mandatory
regulations

Potential to reduce transaction costs

Help to develop and maintain co-management structures

Help maintain viable fisheries with low enforcement and
monitoring costs

Could result in tackle/gear innovations

Potential to apply voluntary regulations in remote areas of
developed counties where enforcement of traditional
regulations is difficult

Potential for rapid implementation compared to traditional
regulation with formalized government processes

Potential to simplify/reduce government mandated regulations
and thus address declining participation trend in recreational
fisheries

Potential to evoke a broader environmental awareness among
stakeholders where individuals embrace the concept of
personal responsibility for sustainable use of natural resources

Potential for implementation of regulations that are not based on
best available science and result in damage to nature or
conflicts

Diverse motivations among anglers within the same fishery (e.g.
harvest-oriented anglers vs. trophy catch-and-release anglers),
thus difficult to expect all recreational fishers will be willing to
embrace voluntary regulations

Potential conflict with other sectors if allocation issues exist such
that it may be difficult to obtain angler buy-in of voluntary
regulations

Potential to create tension/conflict and even vigilantism among
stakeholders

Recreational fishers travel and although voluntary regulations
may be the norm in a particular region/waterbody, visitors may
not embrace or be aware of the local norms

Potential for low compliance and thus failure of regulations to
achieve desired biological outcome

Regulations (voluntary or institutional) that do not work, because
they are not based on the best available science, cause a
more general skepticism among anglers and lack of faith in the
benefits of regulations

Hidden costs associated with the dissemination of what the
voluntary regulations are, especially if the government agencies
are not taking on that responsibility

Unclear who is responsible for ‘implementation’ of voluntary
regulations and thus potential for multiple groups to implement
different and even contradictory regulations for same fishery
(relates to diverse motivations)

Potential lack of regional consistency if regulations enacted by
various entities lack coordination

fishery may influence their response to informal
regulations and thus deserves study. There is also
substantial scope for a variety of other human
dimension studies that explore attitudes of various
stakeholder groups towards the use of voluntary
regulations and education rather than mandated
regulations. For example do such approaches actu-
ally increase resource stewardship? Do education
and outreach result in changes in the social norms

in angling subcultures, even for voluntary regula-
tions? Underpinning some of these specific ques-
tions are the need for field-scale case studies on
voluntary regulations and education programmes
to better understand when, where and how they
can be applied to best address objectives. Clearly,
the theories underpinning such type of research
come from the education sciences, communication
sciences and pedagogical psychology along with
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sociology and more traditional human dimensions
work. Agencies are encouraged to employ respec-
tive experts who can pursue field-based intervention
research, before-after-impact-control field experi-
ments or even studies in laboratories using game
theoretic approaches and behavioural experiments
(see Kraak 2011) to test various communication
means and their effects of voluntary behaviours
and norm change in individual anglers alone or in
groups of different composition to account for
social learning effects. It is also important to note
that scientific research should directly support and
inform the communication and outreach that are
so important for successfully changing values and
compliance. For example studies of hooking mor-
tality and the factors that increase survival are
critical to informing the development of best prac-
tices advocated for by NGOs and governments
(Pelletier et al. 2007).

Conclusion

Despite traditional regulatory options representing
the standard in recreational fisheries management,
at least in developed countries, there exist a num-
ber of alternatives to regulations imposed by natu-
ral resource agencies that include the use of
angler education programmes and the encourage-
ment of informal institutions based on voluntary
changes in angler behaviour. These ‘softer’ or indi-
rect regulatory approaches (Arlinghaus 2004) can
be developed in close cooperation with stakehold-
ers, be strategically used to complement formal
institutions, and, in some cases, are actually initi-
ated and led by the stakeholders themselves, pre-
sumably helping to foster stewardship and
maintain viable fisheries. There are many benefits
of engaging recreational fishers in fisheries man-
agement and conservation (Granek et al. 2008;
Danylchuk et al. 2011); therefore, the use of vol-
untary regulations that are developed in coordina-
tion with recreational fishers could pay serious
dividends and strongly reduce the transaction
costs of more formal regulations.

Our essay revealed that there are a number of
benefits and challenges associated with voluntary
regulations relative to traditional mandated regu-
lations that one must bear in mind, in particular
because enforcement authority is largely lacking
in voluntary behaviours and there is more room
for unscientific claims for or against particular
behaviours to fall on fertile ground. Although vol-

untary regulations are certainly not ideal for all
situations, we submit that voluntary regulations
may be particularly useful on an interim basis
until mandated regulations can be enacted or dur-
ing periods of transition when mandated regula-
tions are rescinded or in cases where voluntary
behaviours perfectly align with overarching
management goals and objectives (e.g. if fishing
mortality is to be reduced, development of volun-
tary catch-and-release will have a perfect match to
the overarching objective). Voluntary approaches
overall represent an important, yet usually over-
looked, element of the fisheries management
toolbox that should be considered, particularly
when there is a single stakeholder group exploit-
ing a closely bounded fishery where regular face-
to-face interaction is happening and thus the
potential for peer pressure to comply with regula-
tions is particularly likely (e.g. small angling clubs
in Germany; Daedlow et al. 2011). When multiple
stakeholder groups are active, especially multiple
fishing sectors with different objectives (e.g. com-
mercial or aboriginal may be more focused on har-
vest rather than catch-and-release), it will not be
possible to consider voluntary regulations for one
group without thinking about overall allocation
issues, which would likely drive acceptance of
voluntary  approaches. Moreover, voluntary
approaches may also be effective in developing
countries where governance and enforcement
structures are lacking, although we were unable
to find any examples (in English) of such an appli-
cation to date. We also failed to locate many
examples of the application of voluntary regula-
tions and educational approaches or their evalua-
tion in the peer-reviewed literature. As such, we
hope that this article will stimulate controlled
experimentation to better understand the biologi-
cal and sociological benefits and challenges associ-
ated with the use of voluntary regulations and
education for recreational fisheries management.

Acknowledgements

SJC is supported by the Canada Research Chairs
programme, the Ontario Ministry of Research and
Innovation and the Natural Sciences and Engi-
neering Research Council of Canada. AJD is sup-
ported by the National Institute of Food &
Agriculture, U.S. Department of Agriculture and
the Massachusetts Agricultural Experiment Station
and Department of Environmental Conservation

© 2012 John Wiley & Sons Ltd, FISH and FISHERIES, 14, 439457 453



Alternatives to formal institutional fishing regulations S J Cooke et al.

(project number MAS00987). RA was funded by
the Federal German Ministry for Education and
Research (BMBF) within Besatzfisch in the Pro-
gram for Social-Ecological Research (#01UU0907,
www.besatz-fisch.de). We thank Rodney Pierce
and an anonymous referee for providing thought-
ful comments on the manuscript.

References

Agardy, M.T. (1994) Advances in marine conservation:
the role of protected areas. Trends in Ecology and Evolu-
tion 9, 267-270.

Arlinghaus, R. (2004) A Human Dimensions Approach
Towards Sustainable Recreational Fisheries Management.
Turnshare Ltd., London, pp. 400.

Arlinghaus, R. (2007) Voluntary catch-and-release can
generate conflict within the recreational angling com-
munity: a qualitative case study of specialised carp,
Cyprinus carpio, angling in Germany. Fisheries Manage-
ment and Ecology 14, 161-171.

Arlinghaus, R. and Cooke, S.J. (2009) Recreational fish-
ing: socio-economic importance, conservation issues
and management challenges. In: Recreational Hunting,
Conservation and Rural Livelihoods: Science and Practice
(eds B. Dickson, J. Hutton and B. Adams). Blackwell
Publishing, Oxford, pp. 39-58.

Arlinghaus, R., Cooke, S.J., Lyman, J. et al. (2007) Under-
standing the complexity of catch-and-release in recrea-
tional fishing: an integrative synthesis of global
knowledge from historical, ethical, social, and biological
perspectives. Reviews in Fisheries Science 15, 75-167.

Arlinghaus, R., Schwab, A., Cooke, S.J. and Cowx, I.G.
(2009) Contrasting pragmatic and suffering-centred
approaches to fish welfare in recreational angling.
Journal of Fish Biology 75, 2448-2463.

Arlinghaus, R., Dieckmann, U. and Matsumura, S.
(2010a) The conservation and fishery benefits of pro-
tecting large pike (Esox lucius L.) by harvest regula-
tions in recreational fishing. Biological Conservation
143, 1444-1459.

Arlinghaus, R., Cooke, S.J. and Cowx, I.G. (2010b) Pro-
viding context to the global code of practice for recrea-
tional fisheries. Fisheries Management and Ecology 17,
146-156.

Barthel, B.L., Cooke, S.J., Suski, C.D. and Philipp, D.P.
(2003) Effects of landing net mesh type on in injury
and mortality in a freshwater recreational fishery.
Fisheries Research 63, 275-282.

Bartholomew, A. and Bohnsack, J.A. (2005) A review of
catch-and-release angling mortality with implications
for no-take reserves. Reviews in Fish Biology and Fisher-
ies 15, 129-154.

Beardmore, B., Dorow, M., Haider, W. and Arlinghaus,
R. (2011) The elasticity of fishing effort response and

harvest outcomes to altered regulatory policies in eel
(Anguilla  anguilla) recreational angling.
Research 110, 136-148.

Bott, S., Cantrill, J. and Myers Jr, E.O. (2003) Place and
the promise of conservation psychology. Human Ecol-
ogy Review 10, 100-112.

Brousseau, C.S. and Armstrong, E.R. (1987) The role of
size limits in walleye management. Fisheries 12, 2-5.
BTT (2012) Bonefish Catch and Release. Bonefish and Tar-
pon Trust. Available at: http://www.tarbone.org/educa

tion/catch-a-release.html (accessed 29 January 2012).

Clark Jr, R.D. (1983) Potential effects of voluntary catch

and release of fish on recreational fisheries. North

Fisheries

American Journal of Fisheries Management 3, 306-314.

Coggins Jr, L.C., Catalano, M.]., Allen, M.S., Pine III,
W.E. and Walters, C.J. (2007) Effects of cryptic mortal-
ity and the hidden costs of length limits in fishery
management. Fish and Fisheries 8, 196-210.

Cooke, S.J. and Cowx, L.G. (2006) Contrasting recrea-
tional and commercial fishing: searching for common
issues to promote unified conservation of fisheries
resources and aquatic environments. Biological Conser-
vation 128, 93-108.

Cooke, S.J. and Suski, C.D. (2004) Are circle hooks
effective tools for conserving freshwater and marine
recreational catch-and-release fisheries? Aquatic Con-
servation: Marine and Freshwater Ecosystems 14, 299—
326.

Cooke, S.J., Nguyen, V.M., Murchie, K.J., Danylchuk, A.].
and Suski, C.D. (In Press) Scientific and stakeholder
perspectives on the use of circle hooks in recreational
fisheries. Bulletin of Marine Science.

Cowx, L.G., Arlinghaus, R. and Cooke, S.J. (2010) Har-
monizing recreational fisheries and conservation objec-
tives for aquatic biodiversity in inland waters. Journal
of Fish Biology 76, 2194-2215.

Cox, S.P., Beard, T.D. and Walters, C.J. (2002) Harvest
control in open-access sport fisheries: hot rod or asleep
at the reel? Bulletin of Marine Science 70, 749-761.

Daedlow, K., Beard, T.D. and Arlinghaus, R. (2011) A
property rights-based view on management of inland
recreational fisheries: contrasting common and public
fishing rights regimes in Germany and the U.S.A. In:
Proceedings of the 5th World Recreational Fisheries
Conference (eds T.D. Beard Jr, R. Arlinghaus and S.G.
Sutton). American Fisheries Society, Bethesda, MD, pp.
13-38.

DAFF (2001) National Code of Practice for Recreational and
Sport Fishing 2001. Australian Government Depart-
ment of Agriculture, Fisheries and Forestry. Available
at:  http://www.daff.gov.au/fisheries/recreational/recf-
ishinggrants/code (accessed 29 January 2012).

Danylchuk, A.]. and Cooke, S.J. (2011) Engaging the rec-
reational angling community to implement and man-
age aquatic protected areas. Conservation Biology 25,
458-464.

454 © 2012 John Wiley & Sons Ltd, FISH and FISHERIES, 14, 439457



Alternatives to formal institutional fishing regulations S J Cooke et al.

Danylchuk, A.]., Adams, A., Cooke, S.J. and Suski, C.D.
(2008) An evaluation of the injury and short-term
survival of bonefish (Albula spp) as influenced by a
mechanical lip-gripping device used by recreational
anglers. Fisheries Research 93, 248-252.

Danylchuk, A.]., Cooke, S.J., Suski, C.D., Goldberg, T.L.,
Petersen, ].D. and Danylchuk, S.E. (2011) Involving
recreational anglers in developing best handling prac-
tices for catch-and-release fishing of bonefish (Albula
spp): a new model of citizen science in an aquatic set-
ting. In: The Angler in the Environment: Social, Economic,
Biological, and Ethical Dimensions (eds T.D. Beard, R.
Arlinghaus and S.G. Sutton). American Fisheries Soci-
ety, Bethesda, MD, pp. 95-111.

Diggles, B.K., Sawynok, W. and Olyott, LJ.H. (2011)
Development of an environmental standard for recrea-
tional fishing tournaments. In: The Angler in the Environ-
ment: Social, Economic, Biological, and Ethical Dimensions
(eds T.D. Beard, R. Arlinghaus and S.G. Sutton). Ameri-
can Fisheries Society, Bethesda, MD, pp. 251-261.

EIFAC (2008) EIFAC code of practice for recreational
fisheries. EIFAC Occasional Paper 42, 1-45.

Fayram, A.H. (2003) A comparison of regulatory and
voluntary release of muskellunge and walleyes in
northern Wisconsin. North American Journal of Fisheries
Management 23, 619-624.

Ferguson, M.S. (1995) The use of voluntary bass sanctu-
aries. In: Bass Management in Ontario. Workshop Pro-
ceedings WP-004 (eds S.J. Kerr and R. Cholmondeley).
Ontario Ministry of Natural Resources, Kemptville, ON,
pp. 69-72.

Goeman, T.J., Spencer, P.D. and Pierce, R.D. (1993)
Effectiveness of liberalized bag limits as management
tools for altering northern pike population structure.
North American Journal of Fisheries Management 13,
621-624.

Granek, E.F., Madin, E.M.P., Brown, M.A. et al. (2008)
Engaging recreational fishers in management and con-
servation: global case studies. Conservation Biology 22,
1125-1134.

Gubbay, S. (1993) Management of marine protected
areas in the U.K.: lessons from statutory and voluntary
approaches. Aquatic Conservation: Marine and Freshwa-
ter Ecosystems 3, 269-280.

Hawkes, L. (2012) Redfish regs fuel age-old issue. Texas
Less Travelled. Available at: http://texaslesstraveled.
com/redfishwar.htm (accessed 29 January 2012).

HFWR (2012) Fishing. Haliburton Forestry and Wildlife
Reserve Website. Available at: http://www.haliburton-
forest.com/fishing.html (accessed 29 January 2012).

Johnson, B.M. and Martinez, P.]. (1995) Selecting harvest
regulations for recreational fisheries: opportunities for
research/management cooperation. Fisheries 20, 22-29.

Johnson, B.M., Arlinghaus, R. and Martinez, P. (2009)
Are we doing all we can to stem the tide of illegal fish
stocking? Fisheries 34, 389-394.

Jones, P.J.S. (1999) Marine nature reserves in Britain:
past lessons, current status and future issues. Marine
Policy 23, 375-396.

Kerr, S.J., Kirkpatrick, A. and Haxton, T.J. (2012) Char-
acteristics of Trophy-Sized Muskellunge (Esox masqu-

1917-2010.
Fisheries Policy Section. Ontario Ministry of Natural
Resources, Peterborough, ON, 7 pp. + appendices.

Kopf, R.K., Davie, P.S. and Holdsworth, J.C. (2005) Size
trends and population characteristics of striped marlin,
Tetrapturus audax caught in the New Zealand recrea-
tional fishery. New Zealand Journal of Marine and Fresh-
water Research 39, 1145-1156.

Kraak, S.B.M. (2011) Exploring the ‘Public Goods
Game’ model to overcome the Tragedy of the Com-
mons in fisheries management. Fish and Fisheries 12,
18-33.

Krueger, C.C. and Decker, D.J. (1993) The process of fish-
eries management. In: Inland Fisheries Management in
North America (eds C.C. Kohler and W.A. Hubert).
American Fisheries Society, Bethesda, MD, pp. 33-54.

Kubacki, M.F. (1992) The effects of a closed season for pro-
tecting nesting largemouth and smallmouth bass in south-
ern Ontario. MSc thesis, University of Illinois at
Urbana, Urbana. 87 pp.

Locke, A., Claytor, R., LeBlanc, C. and Chaput, G. (1995)
Status of American eels, Anguilla rostrata, in the Gulf
Region. DFO Atlantic Fisheries Research Document
1995/079.

Manfredo, M.]J. (1992) Influencing Human Behavior: Theory
and Applications in Recreation, Tourism, and Natural
Resources Management. Sagamore Press, Champaign,
IL, pp. 382.

Milinski, M., Semmann, D. and Krambeck, H.J. (2002)
Reputation helps solve the ‘tragedy of the commons’.
Nature 415, 424-426.

MN DNR (2012) Top management issues. Minnesota
Department of Natural Resources Fisheries Management
Public Website. Available at: http://www.dnr.state.
mn.us/fisheries/management/topissues.html  (accessed
29 January 2012).

Moroney, R. (2008) Regional fishers agree on crayfish
cutbacks. Hawkes Bay Today, Page 3. November, 4,
2008. Available at: http://fs.fish.govt.nz/Doc/21829/
NISE%20article%20(CRA4%20bag%20limit).pdf.ashx
(accessed 29 January 2012).

Murphy, M. (2002) Just for the halibut. Sportfishing BC
Tackle Techniques. Available at: http://www.sport
fishingbc.com/articles/tackle_techniques/just_halibut.
htm (accessed 29 January 2012).

Murray, M.R. and Ferguson, L. (1998) The Status of Mar-
ine Protected Areas in Puget Sound: Volumes I and II.
Final Report No. 8, Puget Sound/Georgia Basin Envi-
ronmental Report Series. Puget Sound Water Quality
Action Team, Olympia, WA, pp. 157 + 397.

inongy) Angled from Ontario Waters,

© 2012 John Wiley & Sons Ltd, FISH and FISHERIES, 14, 439457 455



Alternatives to formal institutional fishing regulations S J Cooke et al.

Myers, R.M., Taylor, ].B., Allen, M.S. and Bonvechio, T.F.
(2008) Temporal trends in voluntary release of large-
mouth bass. North American Journal of Fisheries Man-
agement 28, 428-433.

NAA (2002) Code of conduct for coarse anglers. Pre-
pared by the SAA on behalf of the NAA and endorsed
by the UK Environment Agency. Second Edition, Octo-
ber 2002. Available at: http://www.maggotdrowning.
com/NAACode.htm (accessed 29 January 2012).

Noble, R.L. and Jones, T.W. (199 3) Managing fisheries with
regulations. In: Inland Fisheries Management in North
America (eds C.C. Kohler and W.A. Hubert). American
Fisheries Society, Bethesda, MD, pp. 383-404.

Ostrom, E. (1994) Institutional analysis, design principles
and threats to sustainable community governance and
management of commons. In: Community Management
and Common Property of Coastal Fisheries in Asia and the
Pacific: Concepts, Methods and Experiences (ed. R.S. Pome-
roy), International Center for Living Aquatic Resources
Management, Manila, Philippines, pp. 34-50.

Page, K.S. and Radomski, P. (2006) Compliance with
sport fishery regulations in Minnesota as related to
regulation awareness. Fisheries 31, 166—-178.

Pelletier, C., Hanson, K.C. and Cooke, S.J. (2007) Do catch-
and-release guidelines from state and provincial fisheries
agencies in North America conform to scientifically-based
best practices? Environmental Management 39, 760-773.

Petty, R.E., McMichael, S. and Brannon, L.A. (1992) The
elaboration likelihood model of persuasion: applications
in recreation and tourism. In: Influencing Human Behav-
ior (ed. M.J. Manfredo). Sagamore Press, Champaign,
IL, pp. 77-101.

Philipp, D.P., Toline, C.A., Kubacki, M.F., Philipp, D.B.F.
and Phelan, F.J.S. (1997) The impact of catch-and-
release angling on the reproductive success of small-
mouth bass and largemouth bass. North American Jour-
nal of Fisheries Management 17, 557-567.

Pierce, R.B. (2010) Long-term evaluations of length limit
regulations for northern pike in Minnesota. North Amer-
ican Journal of Fisheries Management 30, 412-432.

Pierce, R.B. and Tomcko, C.M. (1998) Angler noncompli-
ance with slot length limits for northern pike in five
small Minnesota lakes. North American Journal of Fish-
eries Management 18, 720-724.

Policansky, D. (2002) Catch-and-release recreational fish-
ing: a historical perspective. In: Recreational Fisheries:
Ecological, Economic and Social Evaluation (eds T.J.
Pitcher and C.E. Hollingworth). Blackwell Science Ltd,
Oxford, UK, pp. 74-94.

Policansky, D. (2008) Trends and development in catch and
release. In: Global Challenges in Recreational Fisheries (ed.
@. Aas). Blackwell Publishing, Oxford, UK, pp. 202-236.

Post, J.R., Sullivan, M., Cox, S. et al. (2002) Canada’s
recreational fisheries: the invisible collapse? Fisheries
27, 6-17.

Quinn, S. (1996) Trends in regulatory and voluntary
fishing.  In:
Approaches to Reservoir Fisheries Management (eds L.E.

catch-and-release Multidimensional
Miranda and D.R. DeVries). American Fisheries Soci-
ety, Bethesda, MD, pp. 152-162.

Radomski, P.J., Grant, G.C., Jacobson, P.C. and Cook,
M.F. (2001) Visions for recreational fishing regula-
tions. Fisheries 26, 7-18.

Radonski, G.C. (2002) History and application of catch-
and-release fishing: the good, the bad, and the ugly.
American Fisheries Society Symposium 30, 3—10.

Randall, J.K. (2004) Improving compliance in U.S. fed-
eral fisheries: an enforcement agency perspective.
Ocean Development & International Law 35, 287-317.

Rapp, T., Cooke, S.J. and Arlinghaus, R. (2008) Conser-
vation and exploitation of specialized fisheries
resources: the importance of hook size in recreational
angling for trophy common carp (Cyprinus carpio L.).
Fisheries Research 94, 79-83.

Renyard, T.S. and Hilborn, R. (1986) Sport angler pref-
erences for alternative regulatory methods. Canadian
Journal of Fisheries and Aquatic Sciences. 43, 240-
242.

Sanyanga, R.A., Machena, C. and Kautsky, N. (1995)
Abundance and distribution of inshore fish in fished
and protected areas in Lake Kariba, Zimbabwe. Hydro-
biologia 306, 67-78.

Scheirer, J. and Neuswanger, D. (2010) Fishery Manage-
ment Plan, Solberg Lake, Price County, Wisconsin. DNR,
Wisconsin.  Available at:  http://dnr.wi.gov/water/
basin/upchip/documents/Solberg%20Lake%20FMP %
203-10.pdf (accessed 29 January 2012).

Schill, D.J. and Kline, P.A. (1995) Use of random
response to estimate angler noncompliance with fish-
ing regulations. North American Journal of Fisheries
Management 15, 721-731.

Schill, D.J. and Scarpella, R.L. (1997) Barbed hook
restrictions in catch-and-release trout fisheries: a social
issue. North American Journal of Fisheries Management
17, 873-881.

Shatilo, I.V. (2008) Amateur and Sport Fishing in Kam-
chatka: its Current State, Problems, and Approaches to
Problems, Development Prospects. Available at:
http://kamchatka-fishing.ru/en/content/info/rules2.php
(accessed 29 January 2012).

Sigler, J.W. and Sigler, W.F. (1990) Recreational Fisheries:
Management, Theory, and Application. University of
Nevada Press, Reno, Nevada, pp. 432.

Slipke, J.W., Maceina, M.]., Travnichek, V.H. and Weath-
ers, K.C. (1998) Effects of a 356-mm minimum length
limit on the population characteristics and sport fish-
ery of smallmouth bass in the Shoals Reach of the
Tennessee River, Alabama. North American Journal of
Fisheries Management 18, 76-84.

Steg, L. and Vlek, C. (2009) Encouraging pro-environ-
mental behaviour: an integrative review and research

456 © 2012 John Wiley & Sons Ltd, FISH and FISHERIES, 14, 439457



Alternatives to formal institutional fishing regulations S J Cooke et al.

agenda. Journal of Environmental Psychology 29, 309—
317.

Sullivan, M.G. (2002) The illegal harvest of walleye pro-
tected by size limits in Alberta. North American Journal
of Fisheries Management 22, 1058-1068.

Sullivan, M.G. (2003) Active management of Alberta’s wall-
eyes: dilemmas of managing recovering fisheries. North
American Journal of Fisheries Management 23,1343-1358.

Suski, C.D. and Cooke, S.J. (2007) Conservation of aqua-
tic resources through the use of freshwater protected
areas: opportunities and challenges. Biodiversity and
Conservation 16, 2015-2029.

Suski, C.D., Kubacki, M.R., Phelan, F.J.S. and Philipp,
D.P. (2002) The use of community-based sanctuaries
for protecting smallmouth bass and largemouth bass
from angling. In: Black Bass 2000: The Ecology, Conser-
vation, and Management of Black Bass in North America
(eds D.P. Philipp and M.S. Ridgway). American Fisher-
ies Society, Bethesda, MD, pp. 371-378.

Sutinen, J.G. and Johnston, R.J. (2003) Angling manage-
ment organizations: integrating the recreational sector
into fishery management. Marine Policy 27, 471-487.

Waggoner, B. (1989) Outdoors with Bill Wagoner -
Flounder Anglers Restricted. Times-News, Henderson,
NC, Sunday August 29, 1989. Page 7C. Available at:
http://news.google.com/newspapers?nid=1665&dat=
19890819&id=FW5PAAAAIBAJ&sjid=1yQEAAAAI-
BAJ&pg=6453,4477110 (accessed 29 January 2012).

Walker, B.H., Barrett, S., Polasky, S. et al. (2009) Loom-
ing global-scale failures and missing institutions. Sci-
ence 325, 1345-1346.

Weiland, M.A. (1994) An evaluation of causes for the
decline of the lake taneycomo trophy rainbow trout fishery.
MSc thesis, University of Missouri, Colombia, MO, 119
pp.

Weithman, A.S. (1980) Recycling trout. Missouri Conser-
vation 41, 8-9.

Wilberg, M.]. (2009) Estimation of recreational bag limit
noncompliance using contact creel survey data. Fisher-
ies Research 99, 239-243.

Wilde, G.R. (1997) Largemouth bass fishery responses to
length limits. Fisheries 22, 14-23.

© 2012 John Wiley & Sons Ltd, FISH and FISHERIES, 14, 439457 457



