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Marine stock enhancement is a set of managemembages involving the release of cultured
organisms to enhance or restore fisheries. Suchctmes including sea ranching, stock
enhancement and restocking are widespread, of blriauccess, and often controversial. A set
of principles aimed at promoting responsible depeient of restocking, stock enhancement and
sea ranching has been proposed by Blankenship aberL1995 (American Fisheries Society
Symposia 15: 167-175), and has gained widespreadpance as the ‘Responsible Approach’.
Fisheries science and management in general, antd/ragpects of fisheries enhancement have
developed rapidly since the responsible approacls Wat formulated.Here we provide an
update to the Responsible Approach in the lightheke developments. The updated approach
emphasizes the needs for taking a broad and intedraew of the role of enhancements within
fisheries management systems; using a stakehplicipatory and scientifically informed,
accountable planning process; and assessing thenpiat contribution of enhancement and
alternative or additional measures to fisheries ag@ment goals early on in the development or
reform process. Progress in fisheries assessmetitoae applicable to enhancements and in
fisheries governance provides the means for prakcimplementation of the updated approach.
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INTRODUCTION

Many of the world’s fisheries are fully exploited overexploited, as well as suffering from
effects of aquatic habitat degradation. Global waptfisheries production is stagnant, while
seafood demand is steadily increasing (FAO 2008yraber of formerly productive stocks have
collapsed with only limited evidence of recoverydaecosystem-level impacts of biomass
removal and fishing gear disturbance have becorreasingly evident (Hutchings 2000; Pauly
et al. 2002; Hilborn et al. 2003; Hilborn 2007b).

Besides control of fishing effort and habitat paiton or restoration, aquaculture-based
enhancement is a third principal means by whichefigs can be sustained and improved
(Munro and Bell 1997; Welcomme and Bartley 1998axr 2000; Bell et al. 2005).
Aquaculture-based fisheries enhancement is a sehasfagement approaches involving the
release of cultured organisms to enhance, conservestore fisheries. This definition covers a
great diversity of enhancement fisheries systersiding ‘Sea ranching’, ‘Stock enhancement’
and ‘Restocking’ (Bell et al., 2006; Lorenzen 2Q08gre we focus on fundamental attributes
shared by most enhancement systems but also emptresy different objectives and situations
give rise to different system designs. For simplicive refer to all forms of aquaculture-based
fisheries enhancements as ‘enhancements’ and tartet organisms as ‘fish’.



Aquaculture-based enhancements can, at leastnoiple, generate a range of benefits
(Howell et al. 1999; Leber et al. 2004, Bell et 2008, Lorenzen 2008). In biological terms,
enhancement can (1) increase yield through martipnleof population and/or food web
structure, thus raising fisheries production at lewternal inputs and degree of habitat
modification, (2) aid the conservation and rebuitgiof depleted, threatened and endangered
populations, and (3) provide partial mitigation faabitat loss and ecosystem effects of fishing.
This may give rise to economic and social beneiitsluding new opportunities for fisheries-
related livelihoods (Smith et al. 2005; Garaway@0&nhancements can also provide incentives
for active management and better governance of aympool resources (Arbuckle, 2000;
Garaway et al. 2006, Tomiyama et al. 2008). Howewssiny enhancements have failed to
deliver significant increases in yield or econofénefits, and/or have had deleterious effects on
the naturally recruited components of the targetkst (Hilborn 1998; Levine et al. 2001;
Arnason 2001; Naish et al 2007). Sometimes enhamctshave contributed to management
failure by encouraging or compensating for courntetpctive changes in fishing patterns or for
habitat degradation (Meffe 1992; Taylor 1999).

While some enhancement initiatives have increageltls, generated economic and
social benefits, and helped create better fishamesagement institutions, only a few such
‘success stories’ have been documented in thetdmdierature (Pinkerton 1994; Lorenzen et
al. 1998; Drummond 2004; Uki 2006; Garaway 2006;ckee et al 2008). Overall the
contribution of enhancements to global fisheriesdpction has remained small, at below 2% of
the global total (Lorenzen et al. 2001). It is thpestinent to ask why enhancements have not
made a greater contribution to fisheries. We beli¢ivere are several contributing factors.
Success in fisheries management is measured againgtcreasingly broad set of criteria:
biological (yield, ecosystem indicators), econonsiocial, and institutional attributes (Charles
2001; Garcia and Charles 2007). Enhancements @ae 8!l on a range of criteria, but only
under certain conditions. These include existingagical, economic, and social conditions; and
technologies and institutional arrangements thataell adapted to those conditions. Moreover,
enhancements need to add value to, or outperfor@nnative management measures such as
fisheries regulation or habitat restoration whicaynbe either cheaper, or provide a wider range
of benefits. These considerations suggest thatneeinaent initiatives need to be assessed, if not
positively driven, from a fisheries management pecfive rather than the aquaculture
production perspective that has been traditiorddiyinant.

The effectiveness of stocking cultured organistimsugh, has been hampered by lack of
a scientific, institutional and fisheries-manageteperspective in planning, design,
implementation and evaluation of enhancement progrégCowx 1994; Blankenship and Leber
1995; Munro and Bell 1997; Leber 1999; Hilborn 192899; Lorenzen et al. 2001; Bell et al.
2005, 2006, 2008; Bartley and Bell 2008; Lorenz608). Althoughfishery managers began to
stock cultured fishes into the sea in the 1880w, scientific publications appeared about
effectiveness of releases until empirical studiear@adromous salmonids began to be published
in the 1970’s (Hager and Noble 1976) followed bg finst studies of marine fishes in 1989 and
1990 (Tsukamoto et al., 1989; Svasand and Kristiai®990a,b, Svasand et al. 1990, Kristiansen
and Svasand 1990). Thus, lacking a foundation afntjtative information for evaluating
stocking’s real potential as a tool in the fishergnagement toolbox, by the 1990’s the marine
enhancement field had largely floundered for oveemtury (Leber 1999).



In response to a clear need for change, Cowx (18%4enhancements in freshwater
systems) and Blankenship and Leber (1995, for raaystems) published early platform papers
calling for a responsible approach to stock enhayece. Those early papers presented a set of
principles aimed at promoting the responsible dgwalent of culture-based fisheries/ranching,
stock enhancement and restocking. Since then, thave been concerted efforts to apply
responsible approaches to the development of newaneements and to reform existing,
operational enhancements in this light (e.g. Mobratnal. 2005; Zohar et al. 2008).

The ten principles for developing, evaluating, ana@naging marine stock enhancement
programs set out in Blankenship and Leber (199%k lgained widespread acceptance as the
‘Responsible Approach’ to stocking (Table 1). Thesponsible Approach’ has been widely
cited and has provided a key conceptual frameworkséveral subsequent publications (e.g.
Munro and Bell 1997; Hilborn 1999, Bell et al. 20@®06, 2008; Taylor et al. 2005; Zohar et al.
2008). More importantly, it has been used to gundeehery development and reform processes
in Australia (Taylor et al. 2005; Gardner and Varttén 2008; Potter et al. 2008, Taylor and
Suthers 2008), Denmark (Stattrup et al., 2008)additada 1999; Kuwada et al. 2000, 2004),
New Caledonia (Purcell and Simutoga 2008), Phiilsi (LeVay et al. 2008), and the USA (e.g.
Leber 2004), particularly in California (Bartley @t 1995), Florida (Willis et al. 1995; Leber
2004, Tringali et al. 2008), Georgia (Woodward 2003awaii (Leber et al. 1996, 1997, 1998,
Friedlander and Ziemann, 2003), Maryland (Zohamlet2008), Mississippi (Blaylock et al.
2000), New Hampshire (Fairchild et al. 2005), No@hrolina (Eggleston et al. 2008), South
Carolina (Smith et al. 2003; Jenkins et al. 2004)xas (Karlsson et al. 2008) and Washington
(Mobrand et al. 2005). At the same time, there basn a rapid increase in peer-reviewed
literature on effects and effectiveness of stocking

KEY DEVELOPMENTS SINCE THE RESPONSIBLE APPROACH WASFIRST
FORMULATED

Fisheries science and management in general, ang aspects of fisheries enhancement have
developed rapidly since the responsible approach fivet formulated. Governance in many
fisheries has changed from open access and/or goeet-regulation to alternative, market and
community-based approaches (Hilborn et al. 200Bjs Thas created stronger and more effective
governance, creating conditions that may also bhedwdve to developing and sustaining
enhancements. In some cases, enhancement ingidtaxee been instrumental in bringing about
change in governance with wider benefits (Drummd@a4; Lorenzen 2008). At the same time,
ecological and social impacts of fisheries andrth@nagement have come to the forefront of
management decision making and public debate. Managt goals have become increasingly
multi-dimensional (Hilborn 2007a). Spatial hetenoggéy and dynamics in marine ecosystems
and social systems, scientific recognition of seradicale connectivity and movements to set
aside marine areas for conservation have giventoisearine spatial planning (Lorenzen et al.
2010).

In parallel, and often in interaction with the iEfimentioned developments in fisheries,
significant changes have occurred in the sciendepaactice of fisheries enhancement. Perhaps
the most significant of these has been a drive dsvdully integrating enhancements into



fisheries management frameworks and decision makiigs has progressed furthest in the
Japanese and New Zealand scallop enhancements &ffél Pacific salmon hatchery programs
(Drummond 2004; Mobrand et al. 2005; Uki 2006; HSR@®9). The shift towards looking at

enhancements from a fisheries management perspesthacilitated by the emergence of stock
assessment models and tools that allow evaluatfothe contribution of enhancements to
management goals and tradeoffs with other harvedt feabitat management (Walters and
Martell 2004; Lorenzen 2005; Mobrand, Jones an&e3@006). A broader view of the role of

enhancement in fishery systems has also emergednzen 2008).

Many other areas of enhancement science and ggddve seen substantial, incremental
development. Domestication processes and their gesinent are increasingly well understood
(Gross 1998; Thorpe 2004; Araki et al. 2008; Framkh2008). Many studies have been
conducted to evaluate ecological differences betweidd and released hatchery fish and their
implications for population dynamics (Fleming andtd?sson 2001; Lorenzen 2005). Rapid
methodological and conceptual development has oeguin population genetics. This has
shown widespread occurrence of adaptive genetiatiar at relatively small spatial scales and
fitness effects of hybridization between wild araddhery fish (Conover et al. 2005; Aaraki et al.
2008; Fraser 2008). Methodological advances now all®w marking of fish at any life stage
(e.g. Tringali 2006).

These developments make it necessary to revisgesgonsible approach’ to take into
account in particular the paradigm shift towardalgzing and managing enhancements from a
fisheries management perspective. The developraésdsprovide the tools for implementing the
shift.

Most enhancements remain weak in four particuteast (1) fishery stock assessments
and modelling are integral to exploring the pot@ntontribution of stocking to fisheries
management goals; yet both are found lacking intmstick enhancement efforts in coastal
systems; (2) establishing a governance frameworkefthancements is largely ignored in
stocking programs, thus diminishing opportunities fntegrating enhancement into fishery
management; (3) involvement of stakeholders inmptagand execution of stocking programs is
key from the start, but they are rarely made aagral part of program development, and (4)
adaptive management of stocking is not well integgtanto enhancement plans, yet is critical to
achieving goals, improving efficiencies, and untierding and controlling the effects of
stocking on fisheries and on wild stocks. We expandhese points here and emphasize the
importance of their inclusion in the responsibleraach.

OUTLINE OF AN UPDATED RESPONSIBLE APPROACH TO DEVEDPMENT AND
REFORM OF ENHANCEMENTS

We propose an updated Responsible Approach to ajgngl and reforming enhancements,
comprising 15 elements (Table 2) arranged in tetages as follows:

Stage I:  Initial appraisal and goal setting
Stage Il: Research and technology developmenidina) pilot studies
Stage Ill: Operational implementation and adapthanagement



Our updated approach is staged in order to ensatekey elements are implemented in the
appropriate phases of development or reform preseds particular, it is important to conduct
broad-based and rigorous appraisal of enhancemoairiltmutions to fisheries management goals
prior to more detailed research and technology ldpweent and operational implementation.
This basic requirement applies to both developmeintnew and or reform of existing
enhancements.

Stage |: Initial appraisal and goal setting

Stage | is focused on a broad-based appraisaltehpal enhancement contributions to fisheries
management goals and the design of a planning ggo&tements of Stage | may be re-iterated
in later stages as appropriate.

(1) Understand the role of enhancement within isieefy system
Premise: Enhancements enter into complex fishestenys. It is crucial to consider the fishery

system, broad objectives for management, and therdoge of management options when
assessing potential for, developing and using ezgraBnts.

Enhancements enter into complex fisheries and thkgrwithin them must be considered clearly
from the outset. Outcomes of enhancement are detednby interacting, biological and human
dimensions of the fishery system into which theteemand are evaluated against a broad set of
criteria. Enhancement ‘success stories’ often show positive outcomes are dependent on
matching enhancements to fisheries characterigtexssforming governance arrangements, and
seeking ways in which enhancement can add vale¢h&r management approaches (Pinkerton
1994; Lorenzen et al. 1998; Drummond 2004; Uki 20B8&raway 2006; Becker et al 2008).
Conversely, many enhancements have failed not bomly for technical reasons, but because
they did not address management issues in theryisfgg. sometimes enhancements are
developed for lightly exploited stocks or stocks livfie fisheries interest), or inadvertently
caused problematic responses (such as an increisking effort on already overfished stocks).
It is therefore of utmost importance to gain adjoaderstanding of the fisheries system
at the start of any initiative aimed at developamgeforming fisheries enhancements. The initial
fisheries system analysis has the multiple aimsushmarizing relevant characteristics of the
fishery system, understanding current managemettbooes and their causes, and exploring
ways in which outcomes may be improved. A broadn&waork for analyzing enhancement
fishery systems is given in Lorenzen (2008). Thamkework sets out how in operational
interactions, situational variables (attributestioé resource, fishing, aquaculture production,
habitat and environment, stakeholders, markets godernance arrangements) influence
outcomes of enhancement initiatives through phisirdogical pathways and through those
mediated by stakeholder action (Fig. 1). It maydiselp in understanding how in longer-term,
dynamic interactions, situational variables are ifed in response to the outcomes of
operational interactions. While not a fully spesifimodel, the framework provides an aid for
thinking through the logic of enhancement fishesgstems, and exploring options for their



development or reform. This is best done in thtepss (1) establishing how situational variables
affect current outcomes of the fishery or enhancgn{@) setting explicit goals for development
or reform; and (3) assessing how goals might béegel through modifications in situational
variables. Criteria that should be used to evalattcomes include biological production,
resource conservation, economic benefits and costsitribution to livelihoods, and
sustainability of governance arrangements. Theyaisalhus involves a preliminary appraisal of
virtually all elements of the Responsible Approathe analysis is best carried out by a multi-
disciplinary team and in cooperation with stakelkadd This may require an iterative process,
with an initial analysis identifying relevant teamembers and stakeholders and a subsequent,
more in-depth analysis once these have been brounghbard.

Setting or clarifying goals of fisheries managemiengeneral and of the enhancement
initiative in particular is an important aspectafalysis. Only if wider management goals are
defined and appreciated is it possible to set §peamnd appropriate goals for the enhancement.
Many fundamental arguments about the role of erdraeats concern congruence (or lack
thereof) between wider, particularly conservatiommuted goals and more immediate, often
fisheries production-centered goals (e.g. Meffe219Baylor 1999). Goals at different levels
must be made explicit and areas of congruence orflico identified and addressed
constructively in the decision process (Elemenk (2)

The enhancement fishery system analysis shoutinmimplementation of subsequent
steps and other elements of the Responsible Appyaaparticular those of Stage I. By the end
of the analysis, the basic features of the fiskaerg its management outcomes should be well
documented, stakeholders identified, and the grquadared for establishing a decision making
process for development or reform.

(2) Engage stakeholders and develop a rigorousaguduntable decision-making process
Premise: Constructive engagement with stakeholifheosigh a decision making process that is

participatory, structured, and makes good useiehse is crucial to the successful development
or reform of enhancements.

Many successful enhancements owe much to decisaking arrangements that involved both
stakeholder participation and rigorous use of sefiorenzen 2008). Stakeholder engagement
is crucial because it brings stakeholder’s intimet@wledge of the fishery system into the
decision process, builds trust, and encourages dionemt to decision outcomes. Rigorous use
of science promotes effectiveness and accountabilitthe same time, it must be accepted that
real decision processes are always a compromisethaidthe goal of reaching a balanced
decision acceptable to stakeholders may take peecedver adherence to the letter of process.

Good examples of decision processes that have ¢beed features can be found in
particular in the hatchery reform movement in thacifc Northwest of North America
(Blankenship and Daniels 2004, Mobrand et al. 2605RG 2009). On a smaller scale and in a
developing country context, such a process has deemmented by Garaway et al. (2006) and
Lorenzen (2008).



Key principles for designing such processes ohelthe following. All relevant and
interested stakeholders should be engaged: bothapyi(those, like fishers and aquaculture
producers, whose actions directly impact on theaeobment outcomes) and secondary (those
who have a legitimate interest but no direct impadsually this will involve at a minimum
individuals or organizations involved in fisheriemquaculture and conservation, as well as
regulatory agencies and scientists. Stakeholddysiaanay be used to identify stakeholders and
establish the nature and strength of their interasd interactions (Grimble and Chan 1995).
Scientific expertise will be required from multipl@isciplines including fisheries science,
aquaculture, genetics, ecology and economics. Boget initiatives, a multi-disciplinary
scientific advisory team should be constituted rtolude broadly experienced ‘integrators’ as
well disciplinary experts. Appraisal of enhancemsemvolves considerations that ‘general’
scientific experts may not be familiar with. Heratdeast some of the scientists involved should
have specialist knowledge and experience of enmagcts. For smaller initiatives, advice may
be provided by broadly trained and experiencedgsibnals (sometimes referred to as ‘barefoot
scientists’, Prince 2010).

There are three core functions in the processlitit®n of the process itself, stakeholder
input and scientific assessment. Organization e$eéhfunctions and emphasis may vary, from a
stakeholder-driven process with access to sciensiflvice to a science-driven process with
stakeholder consultation (Blankenship and Dani€@B42 Garaway et al. 2006; Tringali et al.
2008). The facilitation role may be taken on by ggonnent, a stakeholder group, scientists, or a
separate organization such as a time-limited tnrga Ground rules for engagement in the
process should be established jointly and typicayl include trust building, respect for
divergent view, developing a shared understanding, collaborative problem solving (Ansell
and Gash 2008).

The process itself should also be agreed collalvetat Typically, it will include a
collaborative fisheries systems analysis (cf. Eletrieabove), goal setting, and identification of
management options including enhancement, fishegylations and habitat restoration. This
would be followed by quantitative assessment ofepial contributions of options to the
management goals identified (Element 3), prioritema of species or stocks where relevant
(Element 4), and assessment of economic and sberafits and costs (Element 5). Outputs
from these analyses provide the basis for collah@alecision making. A structured decision
process using some form of tradeoff or decisiorlysmais important to make assumptions and
values explicit, to promote a focus on key issuad & address potential inequalities in
stakeholder influence (e.g. Janssen 1994). Thating may develop into a longer-term, iterative
process and possibly lead to the establishmentooé permanent governance arrangements (see
also Element 12.

(3) Quantitatively assess contributions of enharergno fisheries management goals
Premise: The ultimate aim of enhancements is tdriborme to the achievement of fisheries

management goals. This is possible only where ar@ments are technically effective and
outperform or add value to alternative managemesasures such as fishing regulations or




habitat management. The potential contribution mfamcement to management goals can and
should be assessed early on in the developmerfant process.

Quantitative assessment of enhancement contrilsution fisheries management goals is
important for several reasons (Lorenzen 2005).t,Fqgantitative benefits such as increased
target population abundance, yield or economic aeatoften the motivation for enhancements,
and thus crucial indicators of success. Secondignfitative tradeoffs between enhancement,
harvest and habitat management determine whetlemeaments add value to other forms of
management. Thirdly, quantitative analysis, evercafried out under conditions of large

uncertainty, provides a ‘reality check’ for ofteraggerated expectations by, or promises to,
stakeholders. Quantitative assessment early dmeilévelopment or reform process is crucial to
preventing large investment in, and subsequent tetv@mce of ill-conceived enhancement
programs.

Quantitative assessment should explore the lile@lycomes of fishing regulations,
releases of cultured fish and where relevant, hal@storation on fisheries catches and the
population abundance and structure of culturedd waihd hybrid (cultured-wild) fish. Then
assessment should include quantification of unicerés in the form of a risk assessment. Due to
recent progress in the development of populatiamadycs models and assessment methods for
enhancements, such assessments can now be carti@d/aters and Martell 2004; Lorenzen
2005; Sharma et al. 2005). An assessment tool based general population model for
enhancements (Lorenzen 2005) is now availableenfrieware packageénhanceFish(Medley
and Lorenzen 2006). There are also a number of figdrery-specific models, such as the AHA
model now used to assess many Pacific salmon hgtoperations in USA (Mobrand, Jones and
Stokes Associates 2006). Such models provide palarfd general tools for evaluation of
enhancement programs, from early planning to ftdlles operation. Comparative empirical
studies and meta-analyses now provide prior inftionaon virtually all required parameters, so
that it is possible to conduct exploratory analysesn when there are virtually no stock specific
data (see Lorenzen 2005, 2006 for references). &/beailable, model parameters may be
estimated from quantitative assessments of the stiddk and from release experiments with
marked hatchery fish. The most comprehensive agplics of quantitative assessment in
improving enhancement programs can be found inhdaycReform processes (Mobrand et al.
2005; HSRG 2009). Examples of prognostic evaluatioclude Lorenzen (2005) Loneragan et
al. (2006) and Rogers et al. (2010).

(4) Prioritize and select target species and stdokenhancement
Premise: When multiple species or stocks are beirgeted for hatchery releases, criteria need

to be developed to remove bias from the selectimtgss so that species and stocks can be
prioritized based on an array of decisive factors.

Sometimes enhancements are being considered fartiaytar stock only but often, initiatives
have a broader remit and involve choice of speaiestocks. Species and stocks considered for
enhancement should be subjected to a suitabiligfyais that can help filter poor candidates



from good ones. Just as stakeholder demand, dlommore fish is not adequate justification for
conducting enhancements, model prediction that rsdraent would be useful in restoring a
fishery, albeit the most significant, is only oné& several primary factors that need to be
considered before implementing hatchery produdtiomeleases.

Selection should be based on a process that sepezses on enhancement potential,
based on criteria such as stock assessments ameryfisnanagement needs; preliminary
enhancement modeling results; extent of habitat regduitment limitations; likely impact on
resident biota; aquaculture capability, or poténf@ mass production of juveniles; cost-benefit
considerations; life-history and dispersal patteets. Unless attention is focused on the full
spectrum of criteria used to prioritize species siwtks, consideration of an immediate need by
an advocacy group and simply the availability ofi@glture technology have throughout much
of the history of enhancements become the drivaatpfs in species selection.

To reduce the bias inherent in selecting speaesemi-quantitative approach was
developed in Hawaii to identify selection criteaad prioritize species for stock enhancement
research (Leber 1994). This approach involved foumses: (1) an initial workshop, where
selection criteria were defined and ranked in orofleimportance; (2) a community survey,
which was used to solicit opinions on the selectioteria and generate a list of possible species
for stock enhancement research; (3) interviews loithl experts to rank each candidate species
with regard to each selection criterion; and (geaond workshop, in which the results of the
guantitative species selection process were disdussid a consensus was sought. This
decision-making process focused discussions, stedlquestions, and quantified participants’
responses. Panelists' strong endorsement of thengaresults and selection process used in
Hawaii demonstrate the potential for applying fokrdacision-making to species selection in
other regions.

(5) Assess economic and social benefits and cbstshancement

Premise: Economic and social benefits and cosenbincement and of alternatives should
be assessed at all stages of program development.

Consideration of economic and social benefits aradscis critical to decision making on whether
enhancement initiatives should proceed or contiand, how they should be operated. The first
step should be a bio-economic analysis of the fish@nsidering situations with and without
enhancement (Arnason 2001; Whitmarsh 2001; Lore20&%). This analysis can build on the
guantitative biological assessment (point (3)) asdfairly straightforward in commercial
fisheries where market values for inputs and ougtpue readily determined. Both, equilibrium
analyses and non-equilibrium analyses considetregdiscounted flow of costs and benefits
when enhancements are started up or modified sHmilconducted (see e.g. Lorenzen 2005).
The EnhanceFishpackage includes such bio-economic modelling céipeb (Medley and
Lorenzen 2006). In principle, economic analysesikhaccount for externalities and non-market
costs and benefits but in practice these are afteitted at least initially (Whitmarsh 2001). We
strongly recommend conducting at least a basicebaromic analysis to assess whether an
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enhancement initiative is at all likely to be econcally beneficial, given results from the
guantitative biological assessment and approximeteetary values.

Recreational fisheries produce an unpriced profthetrecreation experience) which can
be valued by contingent valuation. Abundance oflzatble fish is only one of many factors that
affect the demand for, and value of the recreatierperience. Hence the relationship between
fish abundance and recreational demand may be waedkt should not be assumed that an
increase in fish abundance due to stocking wilatea proportionate increase in demand or
value (Loomis and Fix 1998).

Wider social benefits and costs of enhancemenisbaaanalyzed using the sustainable
livelihoods framework (Allison and Ellis 2001; Simitet al. 2005). This framework is
particularly useful where livelihoods involve largéements of subsistence activities or non-
market exchanges, for example in coastal areaseadi¢veloping world. Enhancement initiatives
can bring about far-reaching changes in key assetls as human capital (new knowledge and
skills that may also be transferred to other aii#éis), financial capital (individual, corporate or
group income), and social capital (new opportusitie engage in networks and exchanges)
(Garaway 2006). The distribution of enhancementscasd benefits is sometimes inequitable
among stakeholders, potentially leading to conflidtis may be the case, for example, where
access arrangements to resources change (GaraWay Garaway et al. 2006). The social
distribution of benefits and potential for conflsftould also be considered and assessed in detalil
where concerns emerge. Finally, impacts of enhaan&yon wider ecosystem services may be
considered (see Holmlund and Hammer 2005 for a besgd assessment framework and case
study).

Stage Il: Research and technology development inkthg pilot studies

Stage Il is focused on elements of research aruhtéagy development that can be conducted at
experimental or pilot scale, prior to or in parbdéth operational-scale enhancements.

(6) Define enhancement system designs suitabtéédishery and management objectives

Premise: Enhancements may be developed in a vasfefigheries situations with a view to
achieving different goals. Different situations amohls give rise to very different biological-
technical enhancement system designs (combinatibhatchery practices, release and fishing
regimes). Objectives and potential system desigmsuld be clarified early on in the
development process because different designs eayire very different technologies and
governance arrangements.

Enhancement approaches can be used in differematisihs and for different purposes, which in
turn lead to very different design criteria for #hielogical-technical components of enhancement
systems: aquaculture production, release stratefisgéeng practices, and auxiliary (e.g. habitat)
manipulations (Cowx 1994; Utter and Epifanio 20B2]l et al. 2006; Lorenzen 2008). Designs
for the alternative systems are at least partialtpmpatible, hence it is important to clarify the
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situation and goals of the enhancement program, dewide on appropriate system design
criteria before embarking on detailed technologyeligoment for components. The most

fundamentally important question that must be ansgvén system design is whether the purpose
of the program is primarily production or conseivatoriented.

Five main types of marine fisheries enhancementesys may be distinguished, in a
sequence ranging from the most production-orietdeitie most conservation-oriented type: sea
ranching, stock enhancement, restocking, supplatient and re-introduction (Utter and
Epifanio 2002; Lorenzen 2008). Outline design ciatéor the different system types are given in
Table 3.

Sea ranchingRanching systems operate for species that doewotit naturally or for
which natural recruitment is considered unimportaRanching systems are stocked and
harvested to maximize somatic production (commefisheries) or the abundance of catchable-
sized fish (recreational fisheries), often manipnta populations in ways that could not be
achieved in naturally recruiting populations (Laren 1995). Because direct genetic interactions
with wild stocks are absent, post-release fitndssulbured fish is primarily an economic rather
than a conservation issue. Selective breeding reaysbd to improve performance (Jonasson et
al. 1997). Sterile fish may be used where reprodudn the natural ecosystem is possible but
undesirable.

Stock enhancemerfstock enhancement involves the continued releflsatohery fish
into a self-recruiting wild population, with thenaiof sustaining and improving fisheries in the
face of intensive exploitation and/or habitat delgtaon. Stock enhancements can increase
overall abundance of catchable fish and fisheriels ywhile allowing for higher exploitation
rates than could be sustained by the natural stlacie (Lorenzen 2005). Aquaculture practices
and genetic management are focused on maintairildgpapulation characteristics in cultured
fish. Stocking and harvesting rates are stronghstrained by stock conservation considerations
where stocked and wild population components istezaologically and genetically and are
harvested jointly (integrated enhancement prograimg)acts on the wild population component
can be reduced by separating the cultured/stoakédvdd population components as far as
possible (Utter 2004; Lorenzen 2005). Where bothmanents can be fully separated,
management considerations for the enhanced fighrergimilar to those of sea ranching.
However, full separation is difficult to achievepractice and in general, wild stock conservation
will remain an important consideration in enhancenpgograms (Lorenzen 2005)..

Re-stockingRe-stocking involves time-limited releases of haty fish, aimed at
rebuilding depleted populations more quickly thaould be achieved by natural recovery. In re-
stocking, release number must be substantial vel&ti the abundance of the remaining wild
stock if rebuilding is to be significantly accelexd. Fishing intensity should be low in order to
maximize the contribution of wild and released wtét fish to population growth (Lorenzen
2005). Restocking calls for close ecological andegie integration of wild and cultured stocks,
combined with very restricted harvesting. Genetamagement is clearly focused on maintaining
the characteristics of the wild population.

SupplementationSupplementation is defined here as the releaselifred fish into very
small and declining populations, with the aim afueing extinction risk and conserving genetic
diversity (Hedrick et al. 2000; Hildebrand 2004yipBlementation serves primarily conservation
aims, and specifically addresses threat process@sall and declining populations:
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demographic stochasticity, loss of genetic divgrgihd Allee effects (Caughley 1994).
Supplementation typically involves only moderatieases in order not to depress the wild
population component further and stringent restnst on harvesting. Genetic management is
clearly focused on maintaining the structure arapgations of the wild stock, with particular
attention being paid to maximizing effective popigda size in the hatchery through full factorial
or minimum kinship mating designs.

Re-introductionRe-introduction and translocation involve tempgnaieases of cultured
or captured fish with the aim of re-establishing@ally extinct population (Reisenbichler et al.
2003). A founding population may be assembled froaitiple locations to maximize genetic
diversity and potential for rapid adaptation. Congd releases should be avoided so as not to
interfere with evolutionary processes in the needtablished population. Fishing likewise
should be restricted to allow rapid build-up of gapulation.

(7) Develop appropriate aquaculture systems andinggpractices

Premise: The design of aguaculture systems andngeamractices influences production
efficiency and the fitness of released fish. Tylhcthere is a tradeoff between these aspects that
must be considered in system design and rearintQquis.

Aquaculture systems and rearing practices greaflydance the success of any enhancement
through their impacts on both, production efficignin the culture system and stocking
effectiveness in the natural system. Considerafftate may be required just to develop the
basics of culture systems and rearing practicealdai for maintaining new species and closing
their life cycle. Once these basics are knownn#étia must be paid to culture efficiency, post-
release performance, and tradeoffs between the @Guidture systems that are efficient at
producing juveniles also tend to subject fish to imadvertent or intentional process of
domestication, promoting traits that are associateéd low post-release fitness (Fleming and
Petersson 2001; Thorpe 2004; Araki et al. 2008 djptimal balance between culture efficiency
and post-release fithess may vary between enhamtesystem designs (Element 6): efficient
mass-production of moderately fit juveniles may lweé economically optimal in marine
ranching, while fitness is at a premium in conseovaoriented programs.

Domestication involves plastic developmental respsnto the culture environment and
an altered selection regime and has strong, alalastys negative impacts on the capacity of
fish to survive, grow, and reproduce in the wildlgCet al. 1998; Fleming and Petersson 2001).
While it is virtually impossible to completely ateesponses to captivity without also losing the
advantage of culture in terms of survival and rdpative success, management approaches have
been developed to produce wild-like types that ma@inor re-establish certain characteristics of
the wild types.

The production of wild-like types in culture recesrattention to both the sampling of fish
for the founder population and its subsequent mamagt in captivity. Founders should be
representative of the wild population, and encormpsficient diversity of genotypes and life
history phenotypes to allow re-establishment ofoMdapopulations in the wild (Miller and
Kapuscinski 2003). Once the captive populationsisidished, both genetic and environmental
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management are important to promote maintenanealdfcharacteristics. The holistic solution

of providing a near-natural environment for fishlitee in and possibly reproduce can maintain
natural selection and developmental cues. Howehes,approach is often impractical and, in
addition, may negate the survival advantage ofuceltwhich after all is the rationale for

instituting enhancement programs in the first ple€ar more interventionist genetic resource
management and developmental manipulations ardlyiseiquired.

Developmental manipulations to promote wild traite important to raise performance
after release, and some such manipulations mayrethee selection for culture traits. Typical
manipulations include physical environmental feasur(e.g. temperature, water currents),
nutrition, and feeding practices (Tanadaal. 1998). Environmental enrichment (Berejikiah
al. 1999), life skills training (Brown and Laland 2Q04nd soft release strategies (Brown and
Day 2002) can successfully promote behavioralskilat may increase survival of released fish.
The fact that cultured fish respond readily to batbenrichment and life skills training by
displaying “wild” behavioral patterns (Brown andlaad 2001) attests to the maintenance of
their enormous developmental plasticity. Exposorevdriable spatial and foraging cues in the
hatchery environment provides fish with enhancetbbmral traits that may be associated with
improved survival in the wild (Braithwaite and Sahes 2005). While many such manipulations
have been shown to promote wild-like traits in latory tests, their effectiveness at achieving
the ultimate goal, increased lifetime fitness ia wild, has not been widely tested. Results so far
have not shown very large effects on long-termigaft\e.g. Fuss and Byrne 2002). Evaluation
of impacts of culture practices on survival in thigd (rather than on proxy indicators) should
receive a high priority in technology developmelgspite the associated costs and timescales.

(8) Use genetic resource management to maximieetiefness of enhancement and avoid
deleterious effects on wild populations

Premise: Genetic resource management is importaitoth enhancement effectiveness and
conservation of wild population genetic structuimess, and evolutionary potential. Attention
to genetic resource management is required botheithatchery operation and in managing the
mixed wild/hatchery stock.

Genetic attributes affect fithess and evolutionaoyential of stocked and wild fish. There are
three areas of direct genetic impacts to consid@rpotential disruption of neutral and adaptive
spatial population structure; (2) effects of hatghspawning and rearing on genetic diversity and
fitness of stocked fish; and (3) genetic conseqeemar wild stocks of interactions with released
hatchery fish. In addition, there may be indireehetic effects of enhancement on wild stocks
(Utter and Epifanio 2002). Genetic issues and mamagt approaches vary considerably
between enhancement system designs (see Element 6).

Wild fish populations show spatial structure inlestévely neutral markers where
isolation has been sufficiently strong and longrtieand adaptive genetic variation that may be
maintained by natural selection even at more maedeaels of isolation (Utter 2004; Conover
et al. 2006). Where no specific studies have besmlucted, the default assumption should be
that local adaption exists at scales of tens adnkéters in marine systems, and possibly at
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smaller scales in estuarine and freshwater systReisenbichler 1988; Palumbi 2004; Conover
et al. 2006). Hatchery practices should reflect maghtain this structure by using brood stock of
local origin where possible. Not doing so is likébycarry substantial penalties in terms of post-
release fitness, with implications for both enhanest effectiveness and risks to the wild
population (Reisenbichler 1988; Araki et al. 2008)the case of re-introduction where the local
population has been lost, it may be best to assembbunder population from diverse locations
and let natural selection take its course.

Hatchery populations often experience loss of gerdversity (heterozygosity, allelic
diversity) due to low effective population size aodnsequent genetic drift and inbreeding,
though this can be averted relatively easily thtowppropriate brood stock management
(Verspoor 1988; Kincaid 1995; Norris et al. 199@ertain breeding schemes such as full
factorial or minimum kinship designs allow mainiaig a very high effective population size
relative to census size in hatchery populationdléand Kapuscinski 2003; Fraser 2008).

Hatchery populations also tend to show rapid lfsétness in the wild due to genetic
adaptation to the hatchery environment, which mayubther exacerbated by artificial selection
(Berejikian and Ford 2004; Araki et al. 2008). Ladditness is more difficult to avert than loss
of diversity. Measures aimed at minimizing fithekss include rearing in near-natural
environments, minimizing time in captivity, partiareplenishing brood stock with wild fish in
regular intervals, equalizing family size, or fragmiation of brood stock to reduce potential for
adaptation (Araki et al. 2008; Frankham 2008).

Genetic mixing of released hatchery with wild fisqn have consequences for diversity
and fitness of wild stocks. Consequences depenth@rgenetic characteristics of both stock
segments and their admixture proportions and areaged by implementing sound genetic
management of hatchery stocks (see above) andolongradmixture proportions through
stocking and fishing practices. Provided that ¢areaken to maintain spatial genetic variation,
the main risks to genetic diversity arise when vatipulations of large effective population size
are ‘swamped’ by hatchery fish derived from compeaedy small numbers of breeders (Ryman
and Laikre 1991; Duchesne and Bernatchez 2002% 3ihiation can arise relatively easily in
stock enhancement and restocking programs becagtséecundity of fish combined with high
survival of early life stages in culture makes dspible to produce very large numbers of
offspring from very few parents. Where the effeetpopulation size of hatchery fish is much
lower than that of wild fish, the admixture proport of hatchery fish needs to be limited by
restricting the magnitude of releases or selediaevesting of hatchery fish. Relatively high
admixture proportions, however, may be acceptabtarie-limited releases such as those carried
out for restocking (Duchesne and Bernatchez 20D02)xourse, the reverse effect (the hatchery
population having a higher effective populationesizan the wild population) can occur, and is
desired in supplementation programs (Hedrick e2@00).

Reduced fitness of cultured fish tends to redueethineat of displacement of the wild by
the released cultured population. The effect oficed fithess on the productivity of a mixed
wild and cultured population, however, is greatdsintermediate levels of maladaptation: well
adapted cultured populations have a greater impacwild fish but do not affect mixed
population productivity, while poorly adapted cuétd populations contribute little to the mixed
population and have little impact on its wild compat (Lorenzen 2005). The magnitude of
impacts on wild population abundance and produgtief course also depends on the relative
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abundance of the populations: even poorly adapgdddan have large impacts if released in
great numbers and over long periods of time (Mc@mnet al. 2003). Empirical studies have
found evidence for reduced productivity in some edixvild-cultured salmonid populations, but
not in others (Chilcote 2003; Sharma et al. 200@kAet al. 2007a;b).

Where direct genetic interactions between stocledhery and wild fish are absent, i.e.
in sea ranching or in stock enhancement programsravboth populations components are
separated, selective breeding may be used to irapie post-release performance of hatchery
fish (Jonasson 1997). Selection may also be useprdmote separation of the population
components, for example by selecting for differente spawning seasonality (Mackey al.
2001).

Several guidelines and policies have been devdldipe genetic management of
enhancements, including Miller and Kapuscinski 0&nd Tringali et al. (2007). When setting
up a genetic management plan, it is crucially ingodr to consider the particular situation,
management goals and system design of the enhantantpiestion.

(9) Use disease and health management

Premise: Releases of hatchery fish can transfeadés or parasites from the hatchery stock to
wild stocks and may also affect epidemiological @awics through addition of susceptible hosts.
Thus a health management process is requirednttlatlies at minimum health screening of fish
prior to release, but may require further measutesre enhancements are carried out on a large
enough scale to affect host dynamics significantly.

Disease transfer is a major risk associated wihefies enhancement programs. Impacts of
enhancements on disease status of wild or mixezkstmay occur due to two mechanisms: (1)
introductions of alien pathogens, and (2) changekast population density and structure (in
terms of age, size and immune status) that affextdynamics of established pathogens. The
most dramatic disease impacts of cultured fish @o documented have been caused by
introductions of alien pathogens (Johnsen and #eh881; Wagner 2002). Such introductions
may result from movements of cultured stocks evethimv their natural range, because the
ranges of hosts and parasites are not necessdeilyical (Johnsen and Jensen 1991). Cultured
fish released into the wild can increase the resenf susceptible hosts substantially. Because
transmission of infections is usually density-defent, most pathogens can only sustain
populations when hosts occur above a certain deraid prevalence may rise with increasing
density (Anderson 1981). Release of cultured fislldt therefore foster establishment of
pathogens where they can not be supported by hgkpalations, or increases in the prevalence
or intensity of infection.

Disease and health management concerns need dons&lered from the inception of
building a hatchery to the time fish are releas#d ithe natural environment. Bartley et al.
(2006) describe a comprehensive disease and heslthanalysis which encompasses a risk
identification, assessment, and management franketeoallow wise decisions for release of
hatchery-reared juveniles, including species sielechatchery site selection, hatchery protocols,
culture conditions, and monitoring and surveillan€entrolling infectious diseases in culture is
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crucial to minimizing disease interactions withdvilsh, but not always sufficient (Bartley et al.

2006). Changes in disease ecology brought aboutelgases of cultured fish need to be
considered where releases are numerically largeciwation of fish for diseases where this
option is available has the dual benefit of collitigldisease in culture and mitigating against the
introduction of a large number of susceptible hasts natural environments through culture in

open systems or release.

Several US states and organizations (e.g. Caldofepartment of Fish and Game,
Florida Fish and Wildlife Conservation Commissitiayve developed aggressive and responsible
approaches in association with their enhancemenegis. Their policies require that all groups
of fish cultured for stocking pass a certified iasfoon for specific bacterial and viral infections
and parasites prior to release. The certificatiarstnbe made by a certified aquatic veterinarian.
Maximum acceptable levels of parasites, etc., entthtchery populations are established based
on the results of screening healthy wild population

(10) Ensure that released hatchery fish can betitled

Premise: Virtually all aspects of enhancement medeand management require an ability to
identify released hatchery fish. Various traditiomad innovative tagging methods are available.

One of the most critical components of any enhameeceraffort is the ability to quantify success
or failure. Without some form of assessment, oa® ito idea to what degree the enhancement
was effective or, more critically, which approachesre totally successful, partially successful,
or a downright failure (Blankenship and Leber 1998atural fluctuations in marine stock
abundance can mask successes and failures. Makionizd benefits cannot be realized without
the proper monitoring and evaluation system. Thuss crucial to use a reliable marking
technique to identify released hatchery fish astirtyuish them from wild fish.

Without an unbiased tag or mark, quantitative sssent of release impact is impossible.
All, or a high and known proportion of fish releddeom hatcheries should be marked in order
to allow assessment of hatchery fish performancecantribution to population abundance and
catch. In order to assess interactions with widdspecifics, it is also recommended to mark a
sufficient number of wild juveniles in the sameesi#locations as hatchery fish are being released
(e.g. Leber et al. 1995). Marking wild fish is wm#l to determine whether wild survival to
recruitment is depressed as hatchery productiaeases (Walters and Martell 2004; Brennan et
al. 2008).

Today’s fishery scientists have tagging toolshieitt arsenal that now enable research not
even feasible in 1995. Tagging systems innovatibage resulted in technologies that are
smaller, ‘smarter’, more automated, more relialded longer-lasting than ever before.
Revolutionary advances in fish tagging and markeapnology have been made. With each new
innovation, seemingly another monitoring breaktigtouor logistical constraint in release-
recapture studies is solved.

Most enhancements release small juveniles omfiych are difficult to mark with many
conventional tags. Tagging or marking systems dnatbenign and satisfy the basic assumption
that identified fish are representative of untaggednterparts are essential. Although electronic
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tags and external tags can be used to mark landeriduals, there remain a limited number of
marking systems for small fingerlings and fry. Tdnmaarking systems that have proven to be
most effective for tracking the small fishes retghdy hatcheries (typically < 100 mm) are the
coded-wire tag (high information content; see aggpions by Hager and Noble 1976; Leber et
al. 1998; Johnson et al. 2008), genetic fingerprint(micro-satellite DNA, intermediate
information content; e.g. Tringali 2006, Tringaliad. 2008) and otolith marks (low information
content; e.g. Tsukamoto et al. 1989). Although tebeic tags are highly desirable for several
reasons (remote sensing, high information contady information recovery, some last the life
of the fish), they have not yet been reduced enaugize for use with small fish.

(11) Use an empirical process for defining optimedeéase strategies

Premise: Enhancement cannot be conducted effectivedhout pilot release experiments to
identify optimal release strategies. The effectd tielease tactics have on hatchery organisms
and on hatchery and wild stock interactions mustaien into account. Interactions of release
tactics strongly influence survival of hatchery angsms and can be identified with pilot releases
and accounted for in designing viable releaseesires.

Survival of hatchery fish in the wild is highly dapdent upon release strategies (Hager and
Noble 1976; Bilton et al. 1982; Tsukamoto et alB9:.9Svasand et al. 1990). Choices made about
release parameters can have dramatic effects anrgdease survival — to such a degree that they
can account for total mortality of released fishthi€ wrong choices are made (e.g. Leber and
Arce 1996). Pilot release experiments afford a mezEnquantifying and controlling the effects
of release tactics and their influence on the perémce of cultured fish in coastal environments
(Blankenship and Leber 1995; Munro and Bell 199%hdr 1999, 2002).

Key release parameters that affect survival oftety fish released into the wild include
fish size-at-release (e.g. Hager and Noble 1976kdmoto et al. 1989; Svasand and Kristiansen
1990b; Leber et al. 1996; 1997; 1998; 2005), relesason (e.g. Bilton et al. 1982; Leber et al.
1997, 1998; Hines et al. 2008), release habitatnaictbhabitat (e.g. Leber and Arce 1996; Leber
et al. 1998; Gardner and Van Putten, 2008; Hined. &008), release magnitude (Brennan et al.
2008; Hines et al. 2008), transport and releasecaded stress (Sulikowski et al. 2005; Fairchild
et al. 2009), and acclimatization at release qiBrennan et al. 2006; Fairchild et al. 2008;
Hervas et al. in press). These and similar experiahestudies have shown that choices made
about release parameters can result in signifigalitierent mortality rates of released hatchery
fish. In most cases, the greater mortality rate®@ated with ‘poor’ choices relative to ‘good’
ones was evident shortly after release. In manes;adifferences in mortality rates were
associated with interactive effects of releasedadfor example, differential effects of size-at-
release varied with release season or with relealsitgat, and sometimes with both (e.g. Leber et
al. 1998; Tringali et al. 2008). Some differencesrevcounter intuitive and habitat specific,
precluding generalities about, say, size-at-releffeets upon survival. Confronting models with
data about the short term effects of release wdiased on empirical field comparisons is
important for developing successful enhancemerassl strategies and improving predictive
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value of the models. Clearly, release strategiamnaabe developed successfully without
understanding the interactive effects of releastcs

Density dependent mortality should be a key cansiion in enhancements (Hilborn
1999; Levin et al. 2001; Lorenzen 2005), but actiogrfor it in choices about release strategies
can be difficult and expensive. Understanding aatBons among release magnitude, size at
release, release habitat and the timing of releases be accomplished via pilot release
experiments designed to evaluate release-taceecaictions and surplus productive potential in
specific habitats. Such data are then valuablecfwosing release tactics that help avoid
competitive displacement of hatchery or wild fiBrdnnan et al. 2008; Berejikian et al. 2008).
Effects of density dependence can be explored mamrement models (Lorenzen 2005; Medley
and Lorenzen 2006), and then coupled with fieldeexpentation to optimize release strategy.
Brennan et al. (2008), in attempting to double pile recruitment in nursery habitats of
common snook, showed competitive displacement cd@davoided in some habitats, but
resulted in loss of a significant portion of hatghdéish at another. Berejikian et al. (2008)
showed steelhead releases could increase salmamigganests (redds) without interfering with
wild redds by controlling size at release and sealstiming of releases.

Our viewpoint is that quantitative field experintemo develop optimal release strategies
should always be conducted in pilot-scale relegs#sr to launching large enhancement
programs (Leber 1999, 2002). Empirical field expennts are a critical intermediate step in
identifying enhancement capabilities and limitaicand in determining release strategy. They
also provide empirical data needed to plan enhaeoembjectives, test model assumptions
about survival and cost-effectiveness, and refifeaacement models.

Stage Ill: Operational implementation and adaptiveanagement

Elements in Stage Il are those that require atienivhen an enhancement is implemented at
fully operational scale.

(12) Devise effective governance arrangements

Premise: Effective governance arrangements are ntigsefor sustaining operational
enhancements and minimizing any adverse impactgei@ance arrangements should facilitate
effective _coordination of the enhancement fisheygtesm and operation of its components.
Development or reform of enhancements often reguif@anges in governance, from small
adjustments to radical transformations.

Governance failures are at the heart of many fiskgroblems (Hilborn 2007). This is perhaps
even more so in fisheries enhancements which eimagistments in the resource that can be
sustained only under good governance, as well elnigal interventions that can cause
substantial damage if used inappropriately. Govezedfailures are evident where beneficial
enhancements are not sustained or ineffective oragdang enhancements are not reformed or
discontinued.

19



Effective governance requires a good understanafisgakeholder interests and behavior
and of the institutional arrangements that are late (or could be put into place) to govern
stakeholders action. Stakeholder attributes inalgdinterests and behavior should already be
well understood from the Elements (1) and (2) iag8tl. The most critical institutions to
understand and manage usually are those that teldighing (including access and ownership
issues); but those governing aquaculture productelaase, and environmental impacts can also
have important implications (Pickering 1999; Hilboet al. 2005). Institutional arrangements
should also, critically, provide a means for cooading the different parts of the enhancement
fisheries system such that each part operatesmvayathat contributes to a positive net outcome
(Lorenzen 2008). Governance arrangements can hectigted into three levels: (1)
governmental, (2) collective choice rules whichedetine how operational rules can be made by
stakeholders, and (3) operational rules.

Initial appraisal (Stage I) and technology develept (Stage Il) in the development or
reform of enhancements can usually be conducteldirwixisting governance arrangements,
with additional but flexible and temporary constitia processes. Starting new or reforming
existing enhancements at operational scale oftgunines changes in governance. The extent to
which governance arrangements pertaining to ennaemes can be changed, of course, depends
on the wider governance framework. In some jurtsaiis major changes can be made quite
easily while in others, even minor adjustments ireguonajor efforts.

Governance systems for fisheries typically fatbimne of four broad categories: open
access, government regulation, community managenaoenprivate use rights. Open access
typically results in dissipation of economic remtdaresource degradation and provides little
incentive for enhancement. Enhancements are plnicwulnerable to unsustainable patterns of
behavior because they require investment intogbeurce. Government regulation through total
harvest limits and input controls can solve thasblems in principle but evidence suggests that
community-based or individual use rights combinathvgome government oversight perform
best because they give fishers a stake in managemnenprovide incentives for sustainable
behavior. Community-based systems can perform wek#re boundaries of the resource and
those who can use it are clearly defined, fishees iavolved in designing rules and in
monitoring, and low-cost mechanisms exist for sgttsanctions and resolving disputes --
attributes most commonly found in local, small-scheries (Ostrom 1990; 2008). Individual
rights-based systems can perform well in situatleas suited for community-based approaches,
including large-scale commercial fisheries. There good examples of sustainable, self-
governing enhancement fisheries involving both cemity-based approaches (Pinkerton 1994;
Garaway 2006) and private use rights (Drummond 2004

Rules and regulations regarding aquaculture ptimlucay be extensive and coveter
alia facility design and operation, stock managemerd amovement, disease control, and
welfare. In some cases there are specific rulegribancements, such as the genetics and health
policies implemented in Florida (Tringali et al.@Q 2008). Often, however, rules have been
designed primarily with aquaculture in mind and neayflict with practices that are deemed
desirable in enhancements. For example, the peaofiaeplenishing captive broodstock with
wild fish on a regular basis to minimize domestmateffects may conflict with biosecurity
protocols aimed at establishing disease-free btookls Rule compliance with respect to
aquaculture production and release is variable asdh the case of the fisheries component, is
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usually best where stakeholders have been invalvetaking the rules.

Arrangements for coordination among the variousmanents or enhancement fisheries
systems are often inadequate. Such arrangementsntaggate multiple organizations, rules and
regulations; a feat that may be best achieved ¢ir@olycentric or network governance (Gibbs
2008; Lorenzen et al 2010).

Implementation of enhancements can be greatly iteil by good governance
arrangements that are increasingly adopted in oapisheries and may also, in turn, facilitate
the emergence of such arrangements (Hilborn &085; Lorenzen 2008; Lorenzen et al. 2010).
Availability of enhancement technologies and inwesit in the resource can provide the impetus
for governance change. The transformed institutian@ngements can be far more effective at
regulating resource use than those previouslyaneplThis can be a major if somewhat indirect
benefit from enhancements (Garaway et al. 2006mibmand 2004; Tomiyama et al. 2008).
Enhancements also expand the tactical managemehttx and provide opportunities for
trading off different management interventions. Eaample, in spatially zoned management
systems, enhancement in one zone may be tradedsagdosing the fishery in another etc.
(Lorenzen et al. 2010).

(13) Define a fisheries management plan with clgaals, measures of success and decision
rules

Premise: To increase the likelihood of success amdid long-term maintenance of
enhancements that are unsuccessful, managemers ghauld be devised for enhanced
stocks with clear goals, measures of success agidiate rules. Stock management goals
should reflect wider fisheries management and goaien goals and be associated with
specific measures of success (measurable indicataisreference points). Decision rules
should set out what actions are to be taken itighé of realized measures of success.

Operational enhancements require the coordinatathgesnent of stocking and fishing
operations in order to achieve management goakh&enhanced stock. Management plans with
clear goals, measures of success and decisionardesgucially important to the development of
successful enhancements where potential exists (sl as important), to ensuring that
ineffective or damaging enhancements are phased UWnfortunately, many enhancement
initiatives are marred by unclear or inapproprigb@ls, lack of evaluation and lack of decision
making.

Goals defined for the enhanced stock should refleder fisheries management and
conservation goals. Goals should be outcome- rathan input-oriented (specifying, for
example, a net increase in fisheries catches rdttaar a number of fish released). Because
enhancements tend to involve partial replacememilaf with stocked fish, it is important to
specify explicit abundance or catch goals for b&glgments rather than a relative contribution
goal (which could be met without any net increaseabundance or catch if replacement is
complete. For each explicit goal, measures of sgahould be defined. These will involve
specific indicators and ways of measuring them el & reference points. Reference points are
values of the indicator that management shouldeaeh(target reference points) or not exceed
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(limit reference points). Decision rules specifyattaction should be taken if a target reference
point is not achieved or a limit reference pointeeded.

Management goals in most fisheries are multi-dinwerad and this should be reflected in
the definition of measures of success and decisites. A set of measures of success might
include, for example: ‘fisheries catches incredsg@0%; any concomitant reduction in the wild
population component not to exceed 10%, no redudmowild population genetic diversity
measures, costs per recaptured fish not exceeishgrs willingness to pay, no persistent
conflicts generated between fishing stakeholdé&stresponding indicators would include catch
data, abundance estimates, measures of genetisitfyestimates of enhancement costs and
fisher's willingness to pay, and monitoring of clcts. The required information would be
obtained by a combination of fisheries monitoringsearch surveys and possibly stakeholder
consultation (about conflicts). Decision rules ntigipecify for example increases in release
numbers if catch increases are below 20% but &krotriteria are met, reduction in release
numbers if the wild population component is redubgdnore than 10% or impacts on genetic
diversity are apparent, or phasing out the enhaanerhcosts exceed willingness to pay. Setting
appropriate and realistic reference points will &y require consultation and judgement, but
may be helped greatly by quantitative assessmethtnaodeling. There are well established
reference points for capture fisheries, but enhadrftgheries involve additional and different
considerations particularly with respect to cultswld fish interactions. The proportionate
natural influence (PNI) factor defined in the hach reform process is an example of a
reference point that has emerged to address ssabsigMobrand et al. 2005; HSRG 2009).
Management strategy evaluation - modeling of thefigheries management system including
assessment and decision making — may be usedttihéegerformance of alternative indicators
and reference points, as is commonly done in cagisineries (Butterworth and Punt 1999).

Needless to say, the management plan and in partitbe goals and decision rules
should be defined through a participatory and actadle process. This maximizes buy-in and
the likelihood that constructive decisions will @aily be made and implemented.

(14) Assess and manage ecological impacts

Premise: Impacts of operational enhancements od pdlpulations and ecosystems can be
significant, either positive or negative. Such imlgaarise from intra- and interspecific,
biological and technical interactions. Ecologicalpact assessment and management needs to
form part of any development or reform process.

Potential ecological impacts should be appraisaty em in the development or reform of
enhancements (Stage 1). However, because impactg Ibegome apparent only once
enhancements are scaled up to fully operation& sempirical assessments and where required,
remedial management should be conducted in Stage I

Ecological impacts of enhancements can arise frdma- and interspecific, biological
and technical interactions. Intraspecific interaies should be assessed comprehensively through
guantitative assessment, genetic resource managameithe stock management plan (Elements
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3, 8 and 13). Some additional research studiesbreagquired, for example to assess the fitness
in the wild of stocked and hybrid stocked-wild fish

Interspecific biological interactions can ariseand cultured fish increase the abundance
of existing wild populations or establish new patidns where the species was previously
absent. In either case, the strongest impacts ber dish species are likely to arise due to
predation from stocked fish, or due to biogenicitalmodification by stocked species that may,
for example, reduce macrophyte abundance or redudecrease turbidity (Caddy and Defeo
2003; Eby et al. 2006). This could lead to troptascades, particularly in simple food webs, but
such dramatic effects of enhancements appear tarbe Interspecific competitive interactions
tend to be weaker, but may also be significant (€gyine and Williams 2002).

Technical interactions, which may be intra- oemspecific, arise when the aquaculture or
harvesting operations for cultured fish affect wibpulations. This may occur through
broodstock capture, changes in fishing pressurehaiitat modifications resulting from
harvesting or culture operations. Broodstock capian have significant impacts when wild
populations are small, which is typically the caseaptive breeding programs for conservation.
Broodstock capture for the Mekong giant catfishedieg program, for example, has contributed
to a dramatic decline in wild population abunda(iceenzen et al. 2007). In larger populations,
changes in fishing pressure associated with lacgkegelease programs are the most common
technical interactions. Pacific salmon enhancememy have increased fishing pressure on
mixed wild-hatchery stocks, though the impact aktbn wild stocks remains controversial
(Hilborn and Eggers 2001). Non-target species mayhdrvested inadvertently or deliberately
(e.g. in the case of predator control programs somee implemented with enhancements).
Conversely, harvest restrictions brought in to @costocked fish may also reduce pressure on
wild stocks (Lorenzen et al. 1998; Lorenzen 20@ynificant habitat disturbance may also
result from harvesting operations, particularly benthic species. Finally, aquaculture facilities
supplying operational-scale enhancements can lge lanough to entail significant habitat
modifications. These examples, while not exhaustsh®w that technical interactions can be
significant and should be assessed.

Assessment of ecological impacts is best stargaddmtifying the set of possible impacts
(for example, on the basis of the overview provilete) and then scoring the risk of occurrence
and potential significance of each. Frameworks bpesl for ecological risk assessment of
fisheries may be adapted for this purpose (e.dclide 2005; Hobday et al. 2007). Interspecifc
biological impacts may be further quantified by gatory impact or ecosystem modelling
(Taylor and Suthers 2008).

Monitoring and management requirements for enwiremtal impacts are broadly related
to the magnitude of the enhancement program. Aialpease is where there are many similar
programs that are individually small, but colleetiv substantial. In this case, rather than
conducting cursory assessments on individual progyat is preferable to conduct an in-depth
assessment on a representative sub-set of systems.

(15) Use adaptive management

Premise: ‘Actively adaptive’ management needs to fibmly established as part of the
operational plan for enhancements. Adaptive managesnables evaluation of the performance
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of hatchery releases and provides the means tdveeswitical uncertainties, improve the
efficiency of release strateqgies, refine operatiptens and achieve the goals of enhancement.

Development and management of enhancements ofteegus under conditions of uncertainty
and may also be affected by change in environmeotadiitions, fishing pressure, management
goals etc. Management must deal constructively witbh challenges, resolving uncertainties
and adapting to change.

Assessment of impact is an integral part of ‘a¢tyaslaptive’ management, which entails
posing and answering questions about enhancemattie¢ness that allow steady adaptation
and improvements to be made in operational planaltéié and Hilborn 1978; Walters and
Martel 2004). Adaptive management has associatets cieyond those to produce and release
fish, and those costs may preclude this essentiamént of enhancements from being
incorporated into operational plans. Without adaptimanagement, enhancements cannot
operate efficiently and potential changes or improents may not be recognized which could
have been used to meet goals. In the worst caseewite assessment is conducted and are
operating blindly with no sense of what is beingiaeed, negative impacts may be occurring.

The key to effective management of enhancementdmiges in having a process for
changing both production and management plans mraloenhancement performance and
effectiveness. To use adaptive management, a etedevel of ongoing assessment is needed,
superimposed over a modest research frameworkptbatdes the new information needed to
understand the effects of the enhancement systfime renhancement strategies and tactics and
achieve goals and manage uncertainty. New opptégsifor refining enhancement are thus
constantly generated and integrated into the manege process. An important corollary of
adaptive management is that change should be @ateci. This implies that aquaculture
facilities, for example, should be designed is saetay that operation can be adapted relatively
easily when modifications are deemed necessarykBteship and Daniels 2004).

If uncertainties in the outcome of alternative ngeraent options are low and courses of
action can be identified that will almost certaibfdad to the achievement of objectives, these
courses of action may be implemented. If unceitsrdre high, it is important to assess whether
a reduction in these uncertainties is likely t@wallsubstantially improved management regimes
to be developed. When this is the case, the remuaf uncertainties becomes an important
objective in its own right, and courses of actitlodd be evaluated for their potential to yield
the necessary information. Experimental managemeay be passive, i.e. rely on "natural”
variation in management regimes to generate infoomaor active when variation is introduced
deliberately. Which of the two adaptive strategissimplemented will depend on specific
circumstances, including the degree of control taat be exercised over management actions.

Explicitly experimental management actions may im@léemented and their outcomes
monitored to gain crucial information (McAllistené Peterman 1992; Walters 1997; Garaway
and Arthur 2002). Experimental approaches may ke dhly way of resolving certain
fundamental uncertainties. For example, varyinglstg numbers over a wide range temporally
and spatially may be the only way of disentanglémpancements and environmental change
impacts on wild populations (Walters and MartelD2 It must be appreciated, however, that
the costs of setting up, monitoring and evaluatirepagement experiments can be considerable.
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Therefore experimental management should be impleadeonly where anticipated benefits
warrant this expenditure.

When designing management experiments, carefulidenasion should be given to
experimental design (McAllister and Peterman 1992alters 1997). Key issues are: (1)
replication - ideally, this should be temporal @ref and after intervention) as well as spatial
(parallel measurements at similar sites where teyvuantion has been carried out); (2) contrast -
the intervention should be substantial in ordendee a measurable effect; (3) sampling effort -
each replicate unit must be sampled with sufficiatensity to allow detection of an impact of
the expected magnitude (MacGregor et al. 2002).

IMPLEMENTING A RESPONSIBLE APPROACH

The responsible approach sets out broad princtpeismay be implemented under a wide range
of different circumstances and in different managetrsettings. Not all elements are relevant
under all circumstances, but most will be. No eletrshould be discounted simply because its
implementation is difficult. In our experience, egtative elements that require constructive
engagement between the fisheries and hatcheryiwmmties and between science, management
and stakeholders are most often ignored or posthdrer example, the elements ‘develop a
species management plan’ and ‘identify economic qulicy objectives’ of the 1995
Responsible Approach have often received only curatiention compared to elements that are
readily addressed by science alone. We urge colésagnd stakeholders to tackle all elements of
the new approach and where necessary, to seeknstitutional structures and processes for
doing so.

The Responsible Approach can be implemented aferdift levels: individual
enhancements, sets of similar enhancements, datat ar national level. A balance must be
struck between program size and assessment/manageffet. However, where many small
enhancements are being developed or operated, ativeuimpacts may become an issue. We
suggest conducting strategic assessments on aseepadve sub-set of such enhancements
where relevant.

We have provided a set of principles but resigtesl temptation to set out a fully
specified framework or process, for several reasbinst, any framework or process of sufficient
generality to be useful in the diverse situatiams principles apply to would be prohibitively
complex and quite likely, muddle rather than clatife key issues. Secondly, designing a locally
appropriate framework and process is in itself @ &kment of implementing a Responsible
Approach, promoting interaction among stakehol@ard scientists and buy-in to the planning
outcomes. Thirdly, relevant assessment and planfmargeworks are likely to be in place in
many locations and integrating key principles istch existing frameworks is likely to be more
effective than bringing in a new framework. Finalstakeholders and in particular decision
makers often resist being constrained by overlggiptive frameworks — we recognize this and
encourage them to make inspired and responsibleehby drawing on the principles set out
here.
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DISCUSSION

We have provided a set of issues that need to thesskd if enhancements are to be developed
or reformed responsibly. For each point, we proddationale (why the point is important) and
refer readers to key publications and tools th#itallow them to address the issue raised. Many
issues require specialist knowledge and skills amd encourage practitioners to assemble
interdisciplinary teams for development or reforragesses.

The updated Responsible Approach differs from redpcessor in that it takes a broad
systems view of enhancements and accords equahtiteighe dynamics of their biological and
human components. It requires an integrated, gasine and participatory analysis of the
contribution enhancement could make to fisheriesagament goals and should be conducted at
the very beginning of any enhancement initiativeaanyl elements of the updated Responsible
Approach have direct equivalents in the earliesigr and have simply been updated in the light
of new knowledge. Exceptions are Elements 1, 23aond the updated approach which provide
more explicit and detailed guidance on Element thefold approach. Also, Elements 7 and 14
of the updated approach expand on and clarify sssoeered in Element 6 of the old approach.
An explicit focus on governance arrangements has laelded in the new approach (Element
12).

The updated responsible approach takes accounhdfcan guide implementation of
several related policy instruments and guidelimeguding the Code of Conduct for Responsible
Fisheries (FAO 1995; 1997) and the IUCN GuidelifeesRe-introductions (IUCN 1998).
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Figure 1: Framework for analyzing enhancement figBesystems (modified from Lorenzen
2008). Operational interactions between elemenés lmown as solid lines and determine
outcomes in the short term when the situationalabées are fixed. In dynamic interactions,
shown as dashed lines, situational variables ardified in response to the outcomes of

operational interactions.
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Table 1. Elements of a responsible approach outlidein Blankenship and Leber 1995.

1. Prioritize and select target species for enhancerbgnranking and applyin
criteria for species selection; once selected,sasmEasons for decline of the w
population

—_—

d

2. Develop a management plan that identifies how stotkancement fits with the
regional plan for managing stocks

3. Define quantitative measures of success

4. Use genetic resource management to avoid deletegenetic effects on wild
stocks

5. Implement a disease and health management plan

6. Consider ecological, biological and life-historytieans in forming enhancement
objectives and tactics; seek to understand belalyibirological and ecological
requirements of released and wild fish

o

7. ldentify released hatchery fish and assess stodadiiegts on fishery and on wil
stock abundance

8. Use an empirical process for defining optimal re¢estrategies

9. Identify economic objectives and policy guidelines)d educate stakeholders
about the need for a responsible approach andnieeftame required to develap
a successful enhancement program

10.Use adaptive management to refine production amzkisty plans and to contrg
the effectiveness of stocking
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Table 2. The updated responsible approach.

Stage |: Initial appraisal and goal setting

(1) Understand the role of enhancement within isieefy system

(2) Engage stakeholders and develop a rigorousiecalintable decision making process
(3) Quantitatively assess contributions of enharergrto fisheries management goals

(4) Prioritize and select target species and stimkenhancement

(5) Assess economic and social benefits and céstshancement

Stage |l: Research and technology developmentdimdupilot studies

(6) Define enhancement system designs suitabliéotishery and management objectives
(7) Develop appropriate aquaculture systems anthgepractices

(8) Use genetic resource management to avoid dielesegenetic effects

(9) Use disease and health management

(10) Ensure that released hatchery fish can bdifaeh

(11) Use an empirical process for defining optined¢ase strategies

Stage lll: Operational implementation and adaptiasmagement

(12) Devise effective governance arrangements

(13) Define a stock management plan with cleargoakasures of success and decision rule

(14) Assess and manage ecological impacts
(15) Use adaptive management

0
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Table 3 Design criteria for biological-technical compotenf enhancement systems serving different objest{(modified
and expanded from Lorenzen 2008).

Sea ranching

Stock enhancement

Re-stocking

Suppientation

Re-introduction

Aim of
enhancement

wild
population
status

Aquaculture
management

Genetic
management

Population
management

Increase fisheries catch

Absent or insignificant

Production-oriented

Partial domestication

Possibly induced
sterility

Maintain genetic
diversity

Selection for high
return

Stocking and harvesting Integrated programs:
Restricted stocking and
harvesting to increase
catch while conserving
naturally recruiting stock

to create desired
population structure

Increase fisheries catchRebuild depleted wild
while conserving or
increasing naturally

recruiting stock

Numerically large

Possibly depleted relative
to carrying capacity

Integrated programs:
as for re-stocking

Separated programs:
Conditioning for release as for sea ranching

Integrated programs:
as for re-stocking

Separated programs:
as for sea ranching;
also selection to promote

separation

Separated programs:
as for sea ranching;

Reduce extinction risk and

Re-establish populations

stock to higher abundanceconserve genetic diversity inin historical range

Numerically large or

small

Depleted relative to
carrying capacity
Conservation-oriented
Minimize domestication

Conditioning for release

Preserve all wild
population genetic

characteristics

High stocking density
over short period,;
temporarily restricted
harvesting or moratorium

also measures to promote

separation

small populations
Numerically small
Possibly declining

At risk of extinction
Conservation-oriented

Minimize domestication

Conditioning for release

Preserve all wild population
genetic characteristics,

Maximize effective
population size in hatchery

Moderate stocking density
relative to wild population,
no or very restricted
harvesting

Locally extinct

Conservation-oriented
Minimize domestication

Conditioning for release

Assemble diversity of
adaptations or use stocks
adapted to similar habitats

Low stocking density but
sufficient for
establishment, minimal
harvesting
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