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ABSTRACT

While protocols may exist within governmental organizations for the production of
scientific advice, the information pathwsy.e., how it is produced, communicated, and
used in policy contestarenot fully understoodThe research addressed this knowledge
gap by asking: What role(s) does fisheries scientific information fulfill in pohogl
decisionmaking for fisheries mnagement®uestions were asked the context of
fisheries science and management, information management, and public poliey with
case studies of three integlated organizationsith different jurisdictional and
geographic scales of governanCanadaDepartment of Fisheries and Oceans (DFO),
Northwest Atlantic Fisheries Organization (NAFO), d@nhed Food and Agriculture
Organization of the United Nations (FAQO)

Throughthreeinternships, @search was conducted using qualitative methads
includedinterviews of78 key actors, e.g., scientists and managers, direct observations of
15 science anchanagemenneetings, and content analysis of scientific reports and
publications. The textual dateeweanalyzed based on coding of themes related to
theoretichperspectives of the scienpelicy interface and information use in policy
contexts.

The leading driver theinformation mthwaysin the organizations include: the demand
for scientific advice; policy developmeahdorganizational collaboration and
networking and tradexsspectsThe common enablers to information flow include the
attributes of information and organizational structures that faciltexiative
communicationri reinforced by trust relationships and respgeamongactors The

barriers include dispersed organizational structuneglequateommunication processes,
austerity measurepglitical and trade aspects related to the fishing induat;

scientific uncertaintyssociatedvith ecosystem approachsfisheries managemen
(EAF).

A well-defined process for producisgientific and managemeatlvicei in DFO and
NAFOT ensures transparency and createslitle, relevar, and legitimatenformation
for operationadecisioamaking FAO funcions as a boundary organizatitarbridge
science and polieynaking commanities in its member countrieBradeoffs in the
attributesof informationfacilitate information flow athe interfacéo meetthe
organizatios Objectives Non-governmental organizationthefishing industry andcivil
societyare increasinglymportant actors in theformation pathwaysEAF requires
collaborative models aftecisionmakingand information useA new model of
information use in operational decistamakingby governmental organizatiofer
fisheries management is presented.
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CHAPTER 1. INTRODUCTION

1.1. Why Thereis an UrgentNeed forThis Research

With the emergence of international voluntary instrumants binding multilateral
environmeral agreementdriven primarily by the United Natior{§/N), such as Agenda

21 and the UN Law of the Sea Conventiogliobd attention on the declining health of the
oceans has increasedsulting in the production of vast quantities of scientific
information (Chasek, Downie, & Brown, 2014; United Natifdbl], 1992). Overfishing
has been identified as one of the major tleréaimarine systems with regard to declining
fish populations, altered food webs, and the increasing degradation of marine habitats
(e.g.,Pauly, Christensen, Dalsgaard, Froese, & Tok898; Worm et al., 2006; Ye et al.,
2013). Global marine fisherietasistics indicate overfishing of commercial fish stocks
while other marmade activities and the effects of climate change are also impacting fish
populationg FAO, 20141). The apparent social and economic impacts of the declining
health of marine fishergeand ecosystems arentributing toincreasing poverty and

social instability in fishing communitiee many countrie$HLPE, 2014; Schwach et

al., 2007; World Bank FAO, 2009).

Governmental, intergovernmental, and fgmvernmental organizations haveguced
very large numbers of scientific publications containing advice to adsliebssues
(MacDonald Cordes, & Wells, 2004; MacDonald, Ross, Soomai, & Wells, 2015
Fisheries information is by nature broad and multidisciplinary, and with a global trend
towardsthe ecosystem approach to fisheries manageltiehi) to balance diverse
societal objectives with conventional fisheries managemelatedpublications have
become even more prolific and more interdisciplinary (Ga#gabi, Aliaume, Do Chi&
Lassere2003).The publications include scientific assessments, reviews, and other
technical reports on the status of commercial fisheries and ecosystems ancefre larg
produced and published lggvernmentabrganizations, not by commercial publishers,
and are known as grey literature (GreyNet, 2015; Lawrence, Houghton, Ti&mas,
Weldon, 201X



The information contained in fisheries scientific publications is ofteanded to inform
policy decisions about sustainable developmiaictuding sustainable use of fisheries
resourceslt is believed that there is sufficient information on the impacts of human
activities, generated in the last forty yeas the least sincethe 1972United Nations
Conference on the Human Environmédtockholm DeclarationYo make the decisions

to mitigate environmental problems and to reverse the declines in fish populations and
catches, biodiversity, and associated livelihoods (eundi, Chuenpagdee, Jentoft, &
Mahon, 2008UN, 1973. Synthe®s of global fisheries with formal assessments revealed
that wellassessed fisheries in developed countries are moving toward sustainability
(Costello et al., 20L2Norm et al., 2000 This indiates that scientific information, in
some jurisdictionsis assimilated into fisheries management decisiBesearchers also
envisionfisheries rebuilding, conservation, and sustainable usedheresourcess
unifying science, management, and soc{gprm et al., 2009)However,a general lack

of understandingtill existson howtherelevant information from wideanging seentific
research and synthesasjailablein various sources and various formassused in

decisionmaking

Overall, fisheris information is considered to be implicit in polmaking and decision
making processes and it is often not recognised in its own right as playing a critical and
unequivocal role in these proces§8eomai, Wells, & MacDonald, 201I)he limited
visibility profile of scientific informatiorwithin policy and decisioimaking communities
and he lack of uderstanding of such information use agg unique to fisheries

information Researchers have attributed the limited use of environmental information in
general to challenges with information flow at the sciepoécy interface (e.g., Mitchell,
2010; Mitchell, Clark, Cash, & Dickson, 200&Yhile the role that information plays in

the policymaking process is rarely described, sotndiss suggest limitedse of

scientific information by governments in polignd decisiormaking and furthermore,

the use or influence of this information is not fully understood (e.g., Cossarini,
MacDonald, & Wells, 2014; Dicks, Walsh, & Sutherland, 2014; Holmes & Clark, 2008;
Holmes & Savgard, 2008; McNie, @@ Soomai, MacDonald& Wells, 2013; Wells,

2003.



Modern governance espousasdencebased policymakingwheran decisions are
expected to be made based on the best available information (Lalor & Hickey, 2013;
Nutley, Walter, & Davies, 200){ The role ofscientificinformationin policy-making (or
more broad-mgki Aiderij sioa. , tthescienceodicy of i nf o
interface is increasingly being questionead examinedGluckman, 2013NurseyBray
etal., 2014) Policy-makingis a complex processith multiple internal anéxternal
influences on governmeritsse ofresearchnformationwhichis oftengrounded ira

range of factors related bostitutional and organizational aspects, the characteristics
theactors ivolved inpolicy processe®r embedded in the characteristics of the
information itself among other factof$ealy & Ascher, 1995Keller, 2009; Mitchell,
2010;Mitchell et al, 2008 Mol, 2008).For instance lte uptake of fisherigaformation
into management advice by governnarganizations may be influenced by factors
such as governance modaidslitical regimesthegeographic region, information
management culturess avell agpersonal and institutional interests and valdasuitiple
stakeholders (Ascher, Steelman, & Healey, 2@d;hrane, 2002, Liverani, Hawkins, &
Parkhurst, 2013al, 2009; Wilson, 2009T.he level of technical details in scientific
information provided as advice and thegreeof scientific uncertaintylsocan be issue

in government decisiemaking and in engaging the public in polimaking(Kahan,
2010;Keller, 2009;Rosenberg, 2007)

Decisionmakingextendseyond the interaction giovernmenscientists and policy
makers and involvestherstakehdders including resource userongovernmental
organizationsand the public (Garcia, 2008yine, 2009; McNie, 2007; Soomei al.,
2011) Strategies to promote awarenesgovernmentapublicationsare more likely to
reach the interested public thére general public in public policy formulation activities
(Soomai et al., 2013Additionally, scientific knowledge interacts with other types of
knowledge, e.qg., local knowledgand may compete with other kinds of information,
including economic and s@t science, in decision processeslitical agendas and
attempts to maintain the neutrality of science can also affect information flowing at the
sciencepolicy interface (Jasanoff, 2010; Pielke, 2007; Sarewitz, 2@bhfactors can
createopportunities or leallengedor thecommunication of scientific information to

policy-makers Likens, 2010Mitchell et al, 2006; Tribbia & Moser, 2008).
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International commitment to study the scieipadicy interface intensified at the 2012 UN
Conferencen Sustainable Development (Rio +2@)ich includeda decision to establish

a universal, intergovernmental hitgrvel political forumto follow up on the

implementation of sustainable developmamnd therebgtrengthen the sciengmlicy
interfaceand enhaceevidencebased decisiemaking at aljurisdictionallevels(UN,
2012;UN Department of Economic and Social AffaitsN DESA], 2013; UN General
Assembly [UNGA], 2012)improved access to information; the need for timely, accurate,
and transparent scigfic information; the exchange of information and knowledge; and
more effective use of information and communication technologies are considered
priorities for addressing problems at the sciepakcy interface YN Environment
Programme [UNEP], 2012JNGA, 2012 UN DESA, 2013). Support to address
challenges to information use at this interface was also seen at the regional level. For
example, scientists with tHeternational Council for thExploration of the Sea (ICES)
acknowl edged t luiéing relgtianshipssandocemmanrficatiéin across
sciencep ol i cy b andthednaed fatudiasthat specifically examine the role of
scientific information such &Soomaj MacDonald and Wells(2011a 2011b) and

Soomai et al.,4013), to suppornhancd urnderstanding of effective strategies and gaps
for linking science advice to management d

information fl ows among scientist®). manage

The need foscientific advicdor decisionmaking is evidentgiven the complexity of
interactions among the environment, resource users, economies, and sodainvgedf
communitiesGiven he apparent disconnect betweendhavingvolume of scientific
information produced bgcientigs and the limited use of informatidoy policymakers it
is important to understante impacts of thaforementioned factoxn pathway(s)pf
informationfrom production through dissemination and communication to deeision
making Recognition of he needor studies on theole of information at thecience
policy interface iggrowing, given theincreasingoublic demand for information aride
involvementof multiple actorsn policy-making. Some governmental organizations
producing marine environmental information haoknowledgedhat information
management is important and are becoming open to the idea that they need to adopt

methods to ensure the use of their informationilvgrse stakeholder groups in practical
4



and social applicationg(g.,Cossarini, 2010; FA(2009b; Soomaet al.,2011a, 2011h)
Studies on the role of information anereasingly important to organizations where
funding for research is limited and accounti&pilor information production is needeél.

few studies have provided insights on the role of fisheries scientific information in policy
and decisiormaking(e.g., Holmes & Lok, 2010; Soomai, 2009; Soomai et aD]11;

Wilson, 2009)In-depth studies, hosver, are needed to reveal thaltidimensional
processeat the scienc@olicy interface by which scientific information is incorporated

into policy decisions antb elucidatethe enablers and barriers taghactivity.

1.2. Using Interdisciplinary Caséulies to Understand the Role of
Fisheries Scientific Information in Decisidviaking
This research is based on detatgtriesdata collectionand analysewithin three
interrelated fisheries management organizatiotie Canada Department of Fisheries
and Oceans (DFO), a national fisheries management authority; the Northwest Atlantic
Fisheries Organization (NAFO), a regional fisheries management body; and the Food and
Agriculture Organization of the UN (FAQO), an international, intergovernmental fesheri
organization.DFO (Maritime Region)NAFO, andFAO have highlighted the need to
improve communication of scientific advice and are participating in a research
partnership aimed at understanding awareness, use, and influence of scientific
information inpolicy-making (EIUI, 205). The rationale for the selection of these three

organizations as case studies is discussed further in Section 1.3.

The principal research question askéthat role(s) does scientific informationplay in
decisionrmaking for fisheries management?he researchaedmixed-methods, mainly
gualitative methods, to develajetailedunderstanding of the productiand use of
fisheries scientific information by various actors withinstherganizationsinterviews of
key actors in théhree governmental organizationsre conductedsing a semi
structured questionnaire, direct observatiwese madet relevant science and advisory
meetings, and content analysis of numerous scientific documents and publie@isons
undertakenOne goabf the research vgato determine howcientificinformation

produced byovernmentabrganizations influenspolicy- and decisiormakingby



closely examiningnstances whermformation produced by the case study organizations

is used in fisheries policgievelopment and management decisions.

Understandinghe multidimensional interplay ahemany factor§see Section 1.1 the
information pathway(s) from production through dissemination and communication to
decisionmakingrequires an interdisciplinaryapproachThis case study researdnaws

on thedisciplines of fisheriescienceandmanagement, information management, and
public policy, to address the research questions aimahéderstanding activities at the
sciencepolicy interface. Whildisheriesscience anthanagement form the contexir the
researchthetheoreticalperspective of informationmanagemenareneedd to
understand the productiaf information its communication tetakeholdersand is use
by decisioamakers. Within theontext ofpublic policy, knowledge anahsightsabout
different organizationalypes, structures, aralltures for instancearecritical to
understandhe roles of multiple stakeholders and how decisareseachedThe
conceptuatliagram inFigure 1 highlights the inherent complexitytbé processes ime
production, communication, and use of fisheries informatiatetisionmaking by
showing the general structure antenmaction among the informatipiisheries
managementand the policyife cycles (FAO, 2003; Hallsvorth, Parker, & Rutter, 2011).

In evidencebased policymaking decisionmaking and production of fisheries poliaye
expected to be guided by fisheries management advice. In a fisheries governance system,
policy-making is adynamic process with expected overlaps of the stages, processes, and
actors involved in each of the three cydlEgure 1) For instance, elements of the

information cyclg(ILC), i.e., production of new information through to use and influence,
operate asll stages of the fisheries management cycle. Research produced in the fisheries
management cycle is expected to enter the pbfeygyclewhich may then drive the
production of further dta and information (Figure 1).
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1.3. Rationale for theSelectionof the CaseStudy Organizations

Information use in policy and decisionaking contexts is a complex phenomenon which
operates at various levels of scale: geographic, institutipoktical, and temporal
(Nutleyet al.,2007. The doctoralresearch desigwasnoteworthyas it opened up
governmentatiecisionmaking processes falirectstudy.DFO, NAFO, and FAO are
three different organizations with different but related mandates, differganizational
structures andultures, different but similar decisionaking processeanddifferent

levels of jurisdictionThe three orgamations operate at different scales and the

mechanisms and the actors involved are expected to be uaigaeh organization

DFO is thelead federal agency responsible for developing and implementing policies and
programs in support of Canada's scifemtecological, social, and economic interests in

its oceans and fresh waters (DFO, 20180 was selected as an example of a national
fisheries management organizatiblAFO is an intergovernmental fisheries science and
management body focused on thanagement and conservation of most fishery

resources in the Northwest Atlantic region (NAFO, 201M&FO was selected as an
example of a regional fishgbody.FAO is an intergovernmental organization and a
specialized agency of theNAFAO, 2014a)FAO was selected as it is the foremost

global fisheries management organizatiBAO recommends national and international
action related to fisherieprovides neutral advice to its membersd acts as a neutral

forum wheremembercountries can negotiate agments and debate policy.

The activities of these organizations are also irgk&xted.Canada as a Contracting Party
to NAFO is represented by its Departmef Fisheries an@ceansSimilarly, DFO is the
official contact organization for Canada as amber country of FAO. DFO and NAFO

were also selected since the research was conducted within a Canadian context.

The three organizations gpeolific produces of fisheries scientific informatiothat is
publishedprimarily as grey literaturg.e., publshed by the organizations themselves and
not by a commercial publishéProduction of scientific information requires dedicated
resources, such as personnel, time, and public funds. In the current climate of economic

constraints, accountability of resousder producing and distributing publications has
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increasedMoreover, the capacity dfieorganizationsnay bereducedas a consequence
of austerity measuresesulting in additional constraint® theuseof fisheriesscientific

informationin decisioamaking

This research examined the different levels of decisiaking occurring in governmental
organizations. Public policy texts refer to poticyakingby political decisioamakers as a
high-level of decisioamaking(e.g., Pal, 2009). Thesearch primarily involved

government scientists and managers, including senior managers or science advisors who
interacted with the polieynaking communities. In this research, decisioaking refers

to activities such as management decisions for opegtisheries management, for
instance, the setting of total allowable catches (TACs) advice in DFO and NAFO. Higher
level decisioamaking, or policymaking, was evident in the FAO case study

Definitions or interpretiantfioomsata fo niiion fiicsrcmae
knowledge can differ based on the producer and the audience. This reseaaifatids

on datgper see.q., fisheries statisticg datausedin fish stock assessmenigsteadt

explicitly examin& how scientificadvicebased upon natural science research

information e.g., technical reportsynthesesand summary reports used irpolicy-
anddecisionmakingfor fisheries managemerithis form of scientific advice is referred

to as fAscientific. informationdo in this stu

1.4. Outline and Overview of th&tudy

This research is unique since no known empirical stutie®investigated information
pathways in the three governmental organizatidhis research is the first
comprehensive study of the role of information in the scigrudiey interface in fisheries
management passionate statement, made by a senior DFO manager participating in
NAFO, illustrates the complexity of the pathways of scfeninformation in

governmental decisiemaking.

| think it is a myth to say that science is not being followed. That is not my personal
experience and it is an oversimplification of something that is far more complex with
numerous social and economic fast built in more than the scientific component.
(NAFO 13).



Furthermore, a statement by an FAO staff member emphasizes another critical aspect that

was core to this research:

The role of information I think is changing, maybe not so much the contenhebut

way that it is delivered, the way that it is packaged, and the way that it is distributed to
the users. And the means of communication of course are changing very quickly.
(FAO 12)

Substantial new data was gathered in thmeath internships in each tifese

organizations between September 2013 and July 2014. Seaightynterviews of
scientists and managers were conducted, including 26 in DFO, 19 in NAFO, and 33 in
FAO. In addition, direct observations were conducted at 15 science and management
meetngs (eight in DFOthree in NAFO, and four in FAOQDuestions were asked within
the ontext of fisheries science and managemafdarmation management, and public
policy to understand how scientific information is produced, communicated, and used

primarily in operationabdecisionmaking for fisheries management.

Chapter2 presens the theoretical framework forigresearchThe maincharacteristics of
the scienceolicy interfaceare describetbased on a systematic review of the literature
on the use ofmarine environmental information in dsiwin-making contexts.
Characteristics othe attributes ofriformation i.e.,crediblity, relevarce, and legitimay,
operating at the sciengmlicy interfaceare described-our important challenges and
enablersto information flow at the interface are discussed: organizational aspects; the
paradox of science and politics; sci@atuncertainty, includingattributes of information;
andthe differentmotivations of scientists and managers to act in patiekingcontexts.
The chapter includes theoretical perspectives and models of the spadicyanterface

and information use

Chapter3 describes thqualitativeresearch meth@dised in the studies of the three
organizations, nameipterviews, direct observains, and content analysef documents
Chapter 3 alspresents thguidingframework of thecase study researthat was
developed based on the theoretical perspectives and models described in Chapter 2.

10



The esults of the threease studies, i.e., off, NAFO, and FAO, are presented
Chapterst through6 respectively. Each chapter contains a brief background description
of theorganizatiorthat is nededto understand the interview responses of scientists and
managers and the direct observations cotetl at scietific and management meetings

As each case studgedthe same methodolodthe details are described in Chaptgr 3
only aspects unique to each case studyatinedin the respective chapters. The
information pathways (also referred to as information floywjoduction,

communication, andse of informatiorby eachorganizatiori are described based on
detailed coding of the datdbtained from interviews, direct observations, and content
analysis odocumentsThe ®ding was guided by themes develope@hapter 2

The case studies revealed the information pathways in each organization, the drivers to
information production, the institutional and social enablers and barriers to
communication and us# information in decisiormaking and key actors in the

information pathwaysThe studieslsoidentified important tradeffs regarding the
attributes of informationi.e., credibility, relevance (salience), and legitimdlowing at

the scienceolicy interface.

Chapter7 presents aynthesis of théindings of thethree case studiesdincludes a
comparison ofhe drivers, enablersnd barriers to the uptake of informationdecision
making and the tradeffs among the attributex information This chapterrevisits the
primary research question and guiding research framework of ChagutdriBaddresses
the specific questions asked in the research. The chapteiralge attention tcnstances
where thecase studyindings support or diverge from the theoretical perspectives on
information use and communication at the scignaiécy interfaceasdescribed in
Chapter 2A typology of usecontaining 2 characteristicto describehe scienceolicy
interface is propa=l. Theseharacteristics can be regardedragricsandcan be used as
a guidefor future studies on measuring information use in decisiaking.The results
also have practical applications in the three organizations as they identify areas where the
organizations camaximize their information’s value thverseaudiences and encourage

participaton of these groupm policy- and decisioamaking.

11



Theresearch provides a substantially greater understanding of the role of scientific
information at the sciengeolicy interface. The researehsocontributes to the

knowledge and theoretical frameworksinformation use in policy context€hapter 8
provides the main conclusions of the research and desthibesganizational aspects
thatlead tocredible, relevant, and legitimate information at the scigradiey interface.
The conclusions also highlight the differences in the interface with regasatittamal
fisheries management and EAWany organizations rely on their own publications (grey
literature) as a primary means to communicate the results of research and related
activities.A new model of information use in operational decismakingby

governmental organizatiorier fisheries management is presenteecommendations for

future work are provided.
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CHAPTER EHARATERISTICS OF THE SCHPRCEY
INTERFACAND INFORMATION USE IN POMBKING

2.1. Introduction

The scienceolicy interfacas a complex phenomenon bntits most simple fornit can
becharacterized by communicatibetweerinformation production (science) and
information use (policyjAscheret al, 201Q Liveraniet al.,2013. The interface
encompasses many social processes related to degiaikingand understanding the
role of scientific information is particularly challenging given the complexitieaadern
societal aneénvironmentalssues. For exampl#é)eeffects of clinate change
overfishing, and pollutionftenoperate aglobal levelsvherepolicy development and
decisionmakinginvolve multiple considerationsuch aglifferent and often conflicting
stakeholder needs and intergdtstchell et al., 2006; Mol, @08; Sutherland et al., 2012)

Themodels and perspectives on the scignaicy interfaceandinformation use are
primarily based omodernpolicy-makingwhich espousesational approaches,g.,
evidencebased policymaking Thisapproaclassumsethat policymakers identify
problems, gather and review all the data about alternative possible solutions and their
consequences, and then select the solution that aésthes their goals (Pal, 2009).
Actors or individuals at the interface coriggb ot h t h ea nmids cfi pemihesecoy 0
Research in evidendmsed policymaking considers scientistsrfesearchers) and
policy-makerg(or decisioamakersla s t he t wo maj or @andaeghenuni t i e
major stakeholders (National Research CoyMHRC], 2012).Theprimary actors in the
production of scientific information areisatists working in a range of bodies including:
national governmentategional, angntergovernmentabrganizationsacademic
institutions;public and private research instituteslustry, andnon-governmental
organizationsNNGOs9. The primary actors in decisionakng in governmental
organizations argolicy-makersoften the political or high level decisianakes;
policy-analysts and manager&ridging thescience and policy realnasea suite of
additional actors serving in various communication roles (MacDatadtl,2015)
Policy-making communities have expanded to incladeide range of external

influencesincluding the media, NGOs, and the fishing indudimyaddition, avariety of
13



drivers enablersand barriers to communication can influence information flow at the

interface.

This chapter is a systematic review of literature on the sciengmlicy interface anan
knowledge utilizatiopnwhich descrilesthe characteristics of thegiencepolicy interface

and scientific information use in public policy settings.

2.2.SciencePolicy InterfaceModels

In global environmental policy, the scieroelicy interfaces often given the
characteristics of an institution, i.e., witbrmative structuresights, rules and
proceduresand itdefines asocial practice of linking scientific and policymaking
processes (Koetz, Farell, & Bridgewater, 20@berthur & Gehring2004;van den Hove
2007 Vatn, 2005; Young, 2008The interface is often describedeaitheralinearor a
collaborativemodel and this dichotomy can be loosely described respectivelihasa
focus on collecting new knowledge or a focus on usinginédion that already exists to
support decisiommaking.In the linear model, science is considered to be credible over
other forms of knowledge.g., local knowledge, andfibws directly from basicand
applied research foroducesocietal benefitas tle different institutional and
organizational levels of governancemplement each oth@ulkeley, 2005; Pielke,
2002,2007; Young, 2004). In the collaborative apprqathforms of knowledge are
relevant as sours®f information for policymaking as paty-makers frequently
consider alternativeptionsrather tharadditional sciencalone and decisiormaking is
oftenachievedhrough an interactive process between scientists and denisikers
(Pielke, 2007).

Similar interpretation®f the linear andalaborative models are noted in governance
settings inntegrated coastal managemant describe sciencebased interface arad
participatorybasednterface(e.g., Bremer & Glavovic, 2013). the sciencéased
interface the inherent uncertainty inisticeis perceivedisbeinga lack of available
information, warranting thandertaking ohewresearcho fill gaps intheinformation
delivered to decisiomakergDe Santo, 2010; Knol, 2010RAlternatively, the

participatory approach vieswincertainty as inevitable, necessitating the integration of

14



knowledge, including scientific knowledge and local knowledgeong othersnian
interdisciplinary approactCicin-Sain& Knecht 1998 Stojanovic, Ball, Ballinger,
Lymbery, & Dodds, 2000 Thesciencepolicy interface isalso considered as a dynamic
phenomenonoctn A1 nt er galityipracticeds cai se nicte can thiel uct uat
linear and collaborative models based on the involvement of different gfRupbaar &
van Nieuwaal, 200; Vande Riet, 2003)For instancegecisionmaking can bénitiated
through request and provisionsafientificadviceto political decisioamakers in a period
of 0 s-domirated sEiencpolicy practiceo e.g.,the provision of scientific
informationin regponse to extreme pressudrem environmental groups to manage a
fishery. This period is then followed by a phasfadirectinvolvement of a wide range of
stakeholderi the policy debate on the same issue (Runhaar & van Nieuwaal, \2én
de Riet, 2003)Takingsucha broad perspective on the interfatso revealshe role of
diverse, and often overlooked, actorshiacomplex social interactions in marine

management (Van de Riet, 20@8eiss, Hamann, Kinney, & Marsh, 2011).

Knowledgeutilization and krowledgemobilizationaredependent on the characteristics
of each sciencpolicy interfa@. The linear modeis applicablen the simplest of decision
contexts anaot to international environmental policgakingwhile thecollaborative
model is well suitd for modern strategic polieynaking (Pielke, 2007). Thepllaborative
model applies tinternational environmental governance with complex and competing
interests and values as it acknowledgesablabcacy opoliticising of scientific results is
at times inevitable (Funtowicz & Ravetz, 1998)evertheless, any of the exishg
environmentahnd resource management organizatfollew a linear model, where it is
presumed thatcientificfacts and values cdre separatedrom political influences. For
instance, te communication ofish stock assessmeritsthe International Council oneh
Exploration of the Seas (ICE)a linear approach to the sciermaicy interfaceasis
also the casm many other fisheries advisory or management organizageas, though
a more participatory or collaborative sciespm#icy interface model is better suittml
facilitate communication amorgpvernmerg and stakeholders suchthg fishing
industry and nofgovernmental organizatioridps, Fetissov, Holmgren, Natrom,&
Kuikka, 2012).
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Framing the scienepolicy interface from a governance perspective, i.e., in a

collaborative or participatory approach, can facilitate mobilization of information and
knowledge througincreasedlialogue across a wide range of difioes and

stakeholders. Similarly, adaptive management, e.g., in fisheries and ecosystem
managementyhere knowledge, policy, and practice are integrated and continuously
revised and adapted to new conditiacen be viewed as a collaborative or paratipy

interface as thaerative relationships between producers and users of information may
increase usability of information (Cochrane, 28@2illing & Lemos, 2011 evin,

Fogarty, Murawski, & Fluharty2009 Sarewitz & Pielke, 2007)wo-way

communicéion between scientists and users of information alesientistso

understand decisiemakingcontexs betterand they can customizeformation to meet

specific decisiormaking needsThe siencepolicy interfaceis then conceptualized as a
processofir econci |l i ngo tihp Wethwene rcoite. leasearttdisomaid ,
requested anflindedto achieve specific societal gogdd theh suppl y, 0 i . e. ,
is available in the form of various scientific repdasdecisionmaking(Sarewitz&

Pielke, 2007).

Thekey attributes of informationi.e., credibility, relevancdor salience)and legitimacy
have beemised to characterize teiencepolicy interface model@Cash et al.2003
Koetzet al, 2011 Mitchell et al, 2006).Given the emironmental issue at hand,
credibility refers to the perceived validity scientific adequacgf the information used
in the eyes of the stakeholdgerslevancdsalienceyeflects the extent to which work
carried out within a sciengolicy interface igelated to the context alfie policy process
i.e., to theneeds of decisiemakers and legitimacy reflectthe unbiasedand politich
acceptability of the outputs, e.g.jntludesthe views and values of multiple
stakeholdersThecredibility, relevage, and legitimacgf the scienceolicy interfacen
the Intergovernmental Panel on Climate Change (IPCC) and the Intergovernmental
SciencéPolicy Platform on Biodiversity and Ecosystem Services (IPB®&8Bich
implicitly refers to information, is the subject of study by some researfdhersyoung

et al., 2013)The groupalsodescribegi i t e r & thd twoway gammunication among
actors in the interface asan important factor that influensthefunctionof the interface

(Sarkki et al,2015. Sarkkiet al. (2014) described common tremfés amonghe
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attributes of information e . g . jc campilcd xaioff etyween relevéiree and
credibility when scientists consider the production of simple messagsus
communicating uncertainty. Traadfs are also dynamic and can be influenced by a

range of aspects, e.g., the policy problem orsthge in the policy cyclemong others.

Thefi p ensotr ma |l s c i e ncanealso bp esddsspueturd thewancepolicy
interface, where knowledge fAqualityodo becom
scientific Atruth, o and stakeholders becom
(Bremer & Glavovic, 2013Funtowicz& Ravetz1993. Th e fnoronalsce n c e 0

approach haibeerpromotd primarily to address concerngith scientific uncertaintyn
decisionmaking(Funtowicz & Ravetz, 1993etersen, Cht Hage, Kunseler, & van der

Sluijs, 2011; van der Sluijfetersen, Janssen, Risbey, & Rava@fg. For instance,

making policy decisions in circumstances ttefuirethescientificii t r ut hheexacte . g . ,
size of a fish stogks a challenge as this information may nevekibewn yet apolicy

decision need® be madeThefipostn o r ma | perpecdvaccoendp | ement s fAnot
s c i e eq,tradiionabtatisticaland biological analyses, lmpantifying uncertainty

andrisk in the information available for decisianaking Scientific uncertaintys

discussed iffurther detailin Section 2.6.1The®r ner st o-ner mAhl Aposencedqd
an extended peer communityherestakeholders wh different expertisacknowledge,

analyseand communicatencertainty in science for poliapyakers(Peterman, 2004; van

Densen & McCay, 2007). Participationratltiple stakeholders in knowledge production

can increase the quality aflvice andmproveits usein decisioamaking The extended

peer community becomes the foundation for credible, legitimate, and salietifiscien

informationfor policy advice (Cash et.a2003 Dankel et al., 202).

2.3. Models ofinformation Use in Policy Contexts

Early studies omiformation use in policynakingdescribed afi i d e a | where tthe2 | 0
research processlisgicalor linear in which researchers ask the right questions, plan and
conduct research, and then disseminate the findisgsentific advice directly to the
policy-maker (e.g., Caplan, 1979; Glasziou & Haynes, 2005; Knott & Wildavsky, 1980;
Landry, Amara, & Larari, 2001; Weiss, 1979). An alternative apgmi is the
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Aenl i ght e nwhers the linke lteevéen esearch and policy are less direct, and
no single piece of research is likely to influence policy change directy,\{Veiss,

1977). Ratherinformation fromresearctaccumulatesver timeandpermeates gradually
into the policy process through a number of information channels, e.g., through the
involvement of interest groups and the media, and leads to a gradual change in the
thinking of policymakersl n mor e modern policy contexts,
where plicy-makers seek additional knowledge from scientists and attersin an
iterative procesand thescierific knowledge of policymakers improgs ovettime such
thatresearchs usedo shape problerdraming and problersolving and leaslto changes

in the policymaking proces@Nutley et al., 2007)The nteractive modebf information

useis analogous ta systems approach whehe production oknowledgeis connected

to the communityn which it develops&nd it isa continuougprocess, rather than a single

eventand i s best rcenprnuensh®odet eads bsye etnhei ni Fi gur e
al., 2007, p. 51).
Awareness Knowledge of Attitudes, Practice and
understanding perceptions, ideas policy change
More conceptual use More instrumental use

Figure 2. Continuum nodel of information usgAdapted from Nitley, Walter, &
Davies,2007, p. 5)

Broad categorizationgescribe two main types of information use (or research evidence)
in policy contextse.g.,direct or instrumental usendindirect or conceptual use (Nutley

et al.,2007). Direct uséescribes instansavhere scientific evidence is used for direct
problemsolving e.g., developing policy to manage fisheries. Such direct use can involve
an interactive process where pohayakers actively seek knowledge and develop a
dynamic relationship between sciergjgtolicymakers, and other actors in the policy
processSelective or strategic use, wherarticularinformation is used to legitimize
predetermined positions, can be viewed as asstilof direct or instrumental use.

Alternatively, ®nceptual use desbes a moréndirect way of using evidence where it
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oftens er ves an ienl jeghitidumentetmetoeralpunderptandirey of
the complexity of problemieading to increased awareness and changgiindes of
policy-makers and practitiongion environmental issuéSaplan, 1979Weiss,1979).
The degree to which evidence is used directly, indirectly, or selectively, may vary in
relation to several factors, e.g., the management level at which the decedtens
operate in the paly-processn an organizationhow evidence is fraed, i.e., vague

versus complexor theissue itsel{Hallsworth et al., 2011).

A number oftypologiesdescribe the reasons fimiformation use in policynaking

(Landry et al., 2001; Weiss, 1979Qommonly, secarb e A k n edwli evdegne 0 wher ¢
the product serves an educational purpose for the intended aydietsx can be seen as
Aproblem solving, 0 wher e i-mékersamdhidinteoded pr ov i
to guide the selection of management solutions. la fipol i ti cal 0 typol o
are fixed and research is not expected to guide poligking; however, research can be

used to support a particular political agentlze literature on knowledge utilizati@hso
providesmodelsthatexplaininformation use in research settings, i.e., in the science
community(Landry et al., 2001; Weiss, 1979.i mi | ar t o the fAsupply
models described for the scierpealicy interface (see Section 2.2), there is a

technol ogi cal o r whérsthe supply ofeesqanctsishtiie majar d e |

determinant of knowledge utilizatiand areconomic modebrid e mand pul | 06 mo.
whereknowledge utilization is explained by the needs and the context of the users

(Landry et al., 2001QECD, 2000; Oh, 199 RBaravitz & Pielke, 2007). A fisocial

interactio® model integratesthe s ci ence pusho and the fAdeman
that more sustained interaction between information producers and users will likely

increase knowledge utilization (Landry et al., 2001

The @At wo c perspedive|i.k.jseentists and polioypkers as the main actors

in information production and use respectivétymed the basis of five models of

knowledge utilization thatighlightinformation seeking behavioby policymakes

(Dunn, 1980)I n t h e -ciopnrta cdhugeetnt model , 0 the charact
products, i.e., formt, content, language, length, reliability, validity, and timeliness,

determine the scope of knowledge use by paticg k e r s . | ncorttifg@t A1 nqui ry

19



model , 0 differences in modes of inquiry us

information, i.e., researchdesignda nal yti ¢ techniques are i mp
contingento model, the characterjstics of
uncertainty, and r i s kcoanrtel nrgeelnetvoa nmo.d elln, tvhaer

structure of organizations, i.e., authority, responsibility, power, and incentive systems, are
considered. clomtti mgefmpmoo cne sl e tion,eg,he nature o
authoritariarversuscollaborative, among producers and potential users of knowledge
determines the scope of knowledge bya policy-maker (Dunn, 1980). Actors in the
sciencepolicy interface can be further categorised by how they use infammaverall,

eg,asdér esbamadrrhact i ti onero to articul 8ot e rese
search the available knowledge for answers to inform patiaking(Walter, Nutley,

PercySmith, McNeish & Frost,2004.1 n t he A or gdnniemateioo meold ed x ¢
emphasis iplacedon continuous improvement ahorganization, by drawing on the

expertise of the research and the practitioner communities (Walter et al., 2004).

Furthermore, practitionersayrespond t@xternalstakeholderdased orihe legitimacy

of the stakeholdeand itsrelationship withthe organizatiorfMitchell et al, 1997)

Sciertific advice isused as evidence developingdifferentarguments fopolicy choices

(NRC, 2012. However, these arguments not only involve scieraificice, but they also
includevalue judgmentand political considerations, for instanoegarding the

desirability of a proposed action. Knowledge seeking and use, therefore, depend upon the
characteristics of the individual polieyaker as well as thef the organization

(Elsbach, Barr, & Hargadon, 2005; Greeno, 1998; Moynihan & Landuyt, 200&repi

Reiser, & Reimer, 2002Wnderstanding how science is used in policy requires an
investigation into what makes for reliable, valid, and compellingparguments from

the perspective of poliesnakers Characteristics of policynakes andorganizatios can
providefurtheri nsi ght s on t he A h-makagnex. l?ow peeptet s of d
make judgments, decisions, and chaoitesthesewere not inalided in this literature

review.

Ascher et al. (201(p. 12 developed a conceptual model thiastrates the complexities

of the generation, transmission, and use of environmental information in-paaicng
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(Figure 3).Information fromdifferentsourced includingnongovernmental
organizations, government, and local knowletige aggregated and filtered according to
institutional constraintgjncertainty, anghbersonal and professional biasesiomerous
actors, e.gpractitioners and policynakers The @mpeting needs dghe multiple
stakeholders can complicate the pologking processlhe filtered information then
enters the realm of polieyand decisiormaking whth generates new knowledge and

drivesinformation production by the varioggoups

Nongovernmental driven knowledge Government-driven knowledge Local knowledge
(Universities, nonprofits, corporations) (regulatory agencies, labs, managers) [ g o
practice and experience
Theory, methods, and data Theory, methods, and data

S | _—

All environmental knowledge — beliefs and
practices regarding the standing of theories,
methods, data and design approaches

Professional biases

)

Uncertainty

Personal biases

Usable environmental knowledge - beliefs
and practices actually invoked and applied by
practitioners, natural and social scientists, policy-
makers and others

Transmission - screening Transmission - framing

Focusing of attention
Issue agenda setting

Legal precedents,
expectations and
constraints

Environmental policy making - interests, decision

Policy learning and
<« | routines, rule-making processes, legal processes |{«—

generation of new

knowledge
Environmental decision making — environmental regulations, natural
resource management doctrines, conservation and restoration practices

Figure 3. Model of the generatignransmissionand usef environmentainformation.
(Adapted fromAscher, Steelman, & Healy, 2010. 19
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2.4. Measuring hformation Use inPolicy-Making

In the models of information use described in Sectionrdsgzarch use by policynakers

can be fluid and iterative or it can proceed in stages #fe information is produced,
eg.,nafichain ob6 fogiip e lsiafGiasziows&dHaynes, 2005; Knott &
Wildavsky, 1980; Landry et al., 2003 enerally, esearchs delivered to the policy

makes butthere is no guarantee that it will be readtherwise consideretf the

publications are read and the information contained in them is understood by the policy
makes, they are subsequently citedotherreports.Efforts aretaken to adopt the

research into managememiiich lead to thelirect use of the information in policy

making e.g., a policys produced, which is latemplemenedor translated into practice.
Thelaststage ixonsidered asthiei mpt 6 wher e r e s,ghathadlbeeu s ed i
adopted and implemented, now has societal ben€fitsstage model$escribed in some

of the literatureappear to be linear and suggest that research use must proceed in a logical
orderfrom one stagéo the next (Glasziou & Haynes, 2005; Knott & Wildavsky, 1980;
Landry et al., 2001).

Measuring usé more terative moded of information use is particularbomplex For
examplein the continuum model of reseayblothindirect and directise of information
arelinked as thespectrum of useangesfrom raising awareness, to enhanced knowledge
and understanding causing a shift in poliagking attitudes, to direct use of information
and change in policy practi¢seeFigure2) (Nutley et al, 2007).The continuum is seen

as a tweway rather than a linear flow betwekirect and direct use of informatiofhe
continuum model oinformation usealso complicatesthet wo communi, ti es o ¢
i.e., scientists and poliemakersasthe frequenexchangedetween the two groups can
changehe characteristics of each group aekhtionshipsnay be &panded to additional
stakeholder group@Bogenschneider, Olson, Linney, & Mills, 2000; Contandriopoulos et
al., 2010; Greenhalgh et al., 2004; Hubemr094 Landry et al., 2001).

The attributes of information are important in policy aledisionmaking as Ausef ul C
information satisfies a demand of the decisiakes and is salient, credible, and
legitimate to the audience to which the publications are dir¢semdSection 2.2)

(McNie, 2007; Mitchellet al.,2006). In the eyes of multiple stakeholders, information is
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useful if it meets the thresholdsrelevance gdience), credibility, and legitimacy
required for each stakeholder group. Similarly, for information to positively influence
policy-making, it must establish a balance in tradfs for the same attributéSarkkiet
al., 2014)

The terms hHese®o aadadanfechatgeanlyandshe dord

Ainfl uenceod i s of t éthe mouels oeirfgrrhation use érthe ment i o
literature on knowledge utilizatiohVith regard to globahssessments, such as the state of

the environmentreport9)if  uence i s often understood as
on policy or behavior.. an assessment must help to shape the perceptions of those

making decision$ their understanding, beliefs, interests and gp&$EP & IOCG

UNESCO, 2008, p.40). How influence is defined catlepend on the context of the

organization producing the information and the actors involved in poiaking

(Hartley, 2010; Hartley & Glass, 201®or instance, output such as policies, peer

reviewed papers, and reports by agamization can be considered as inthcsof both

use and influence.

Scientific knowledge use in public policy often follows the concemiuaidirectuse

typology. Evidence otonceptual utilizatiomftengoesunnoticed or is not fully realized
becaus®f an emphasis omeasurements of direct mstrumental use, e.g., practical

aspects, such as policies (Caplan, 19¥8).instance, government bodies often establish
performance indicators to determinesnowe h Vi r onment al policies
e. g hoa fwied H e r yPerfosmamea indecaaesdcare often linked to

implementation of policy,eegma nage me nt aranhatto thesusetoh k e n
information in developing the policf. he use of tiympfi c@bhdpgyi iomi tilsy
articulated as an indicator and therefibis not measuredlhe UN regular process for

global reporting and assessment of the state of the marine environment also diégcribes
common absenagf afiregular cycle linking monitoring and assessment to nreasu
previously adopted in order to evaluate pr
& IOC-UNESCO, 2008, p. 25).
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2.5. Review of Existing Knowledge on Information UseHsheries
Management

Fisheries information is by nature broad and multidigegul/, and with a global trend
towardsthe ecosystem approach to fisheries manager&&H)( the publications have
become more prolific and more interdisciplinary (Bianchi, 2008; FAO, 200@bster &
Collins, 2005. In EAF, information that is interdisdipary, i.e., considers social,
environmental, and economic impacts, is now a ctiteguirement fopolicy-making
(Garciaet al.,2003) Scientificuncertaintyi a characteristic of fisheriegience and
consequentlynanagement advideis associated wh the inherent variability of natural
systems, data collectiodata used ithe assessment modtide assessment method itself,

and the mbiguous or technical language used to communicate r¢Rides 2005.

Studies on the use of fisheries informatiorpolicy-makingfrom an information
management perspectiaee few howevertheyindicate that fisheries scientific
publications (grey literaturgyreparedy government departmentay a critical rolen
policy-making (Holmes & Lock, 2010; Holmes & Clark, 2008; Irvine, 2009;rB8aicet
al.,2011;Wilson, 2009. Reports commissioned by government departments and
agencies are generally more useful to pefitgkers as the information contained in these
reports is rore likely to be policyrelevant than that f;nd in pure academic research
papers and booK€lark & Holmes, 2010; Hemslegrown, 2004; DaviesNutley, &

Smith, 2000).The main forms of published material used by pelitgkers an@dvisos

are reviews andpdates that summarize the available scientific information in less
technical lmguage. Summarigsften called briefs or briefing notea,e typicallyno more
than two pagesncludingrecommendadns and directions for actio@ften outside of the
formal communication channels in organizationsligy-makers and their advisors rely

on people they know for advice and they commonly seek information from their peers,
scientistsand othercontactsas opposed to obtaining information directly from published
material (Clark & Holmes, 2010utley et al. 2007). Some of theepersonal sources
belong to boundary organizations which bridge shience and policy communities (see
Section 2.6.4 for details)nformation seeking is also facilitated by scientists afe
personally motivated to communieatith policy advisos, or are in positions to facilitate

that role.
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Whenfisheriespolicy-makers receive scientific reporthe information contained in

them, includinghe management advice summarys At r Bmuselingpolieyd o
reports The scientific reports are first simplified, the information undergoes a valuation
against other sources of knowledge, and then it is filteraddhyical administrative

legal andpolitical criteriato developpolicy preferaces(Asheret al.,2010. The filtering
process also involves other stakeholders, e.g., industry and NGOs, as often scientific
information e.g.,state of environment repoyis released and public opiniontisen

considered in policynaking(Soomaiet d., 2011a, 2011pWilson & Pascoe, 2006

The views and roles of scientists are often influenced by the type of organimatibith

they are employed. For instance, academic fisheries scientists employed in research
institutes oftersee their primary jolhs contributing to the body of scientific knowlegge
while producing information that is directly useful in decisinaking is regardedsless
importart (van der Sluijet al.,2008).The converse is often true for public service
fisheries scientists wise workmostoften centres on the provision of advice for
government decisiomaking.Given the policy contexflus e f ul ¢ i nf or mat i on
a demand of the decisianaker and must beredible,relevant and legitimate to the
intended audienc@s desribed inSection 2.2)Clark, Mitchell, & Cash2006; Delaney

& Hastie, 2007; McNie, 2007)-or instancea study of the uptake of fisheries research
produced by governmental ministries, research councils, and institutes in the European
Union, found thatfisheries information may not be usedwlicy-makingif the findings

are not considered to be relevant to the policy process (Holmes & Lock, 2010). In some
cases, fisheries managers are not interested in research per se but support the knowledge
and exprtiseof the scientists so that they can provide advice when called upon in the
future (Holmes & Lock, 2010). In other instances, what matters in the policy process is
that research is being done and polesgkers can avoid taking action while still

appeang to address the problem (iley et al. 2007).An earlier study orthe

effectiveness of fisheries management in selected regionalyfisbdiesi the Northwest
Atlantic Fisherie®rganization(NAFO), International Baltic Sea Fishery Commission
(IBSFC), North East Atlantic Fisheries Commissi(MEAFC), and th&Commission for

the Conservation of Southern Bluefin T/ SBT)i showed that the extent to which

scientific advice is used in decisiomakingin the 1990s wamfluenced by institutional,
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econonic, and political factorgHastie, 2008)As an example,csentistsworking in
governmental organizatiofiive voiced concerns tHatheries and ecosystesaience is
often incompatible witlotherinformationsources irgovernmerdl policy-makingon

fishelies whichis still based on economics (e.g., Hutching&alters, & Haedrich1997).

The role of the fishing industriNGOs, andther stakeholders in fisheries management
and policymaking is increasing and communication methods to reach such groups are
developingin new directiongFAO, 20®a). Evolvinginformation technologiesuch as
digital networks, including social media, may be influencing the changing roles of the
public and interest group€6ssins, 2014 With the modernization of public

administration, governments are producing public sector guidelines for the use of social
media to communicate information to the general public and key stakeholders with the
intention of increasing awareness and encouraging public participation in-pwalicgg

(e.g., Central Office of Information, 2012; Department of Internal Affairs, 2012;
Government of Canada, 201However, governments this timestill experience

challengesn wide implementation of such digital technologies.

Evidencebased policyma ki ng represents a major paradig
approaches tpolicy-making but collaboration between scientists gmalicy-advisors is
essentiglparticularly in the formulation of policy alternatives (Brodhag & Taliére, 2006;
Davieset al.,200Q Head, 2008Nutley et al, 2007).Critics of modern policymaking

claim thatthe alternative incremental model is still a valid approslare there is often

no clear movement toward predetermined goals but rather a series of small steps in a

proces of f@Amuddling thxougho (Lindbl om, 1959

2.6. Challenges to Information Use ipolicyMaking

Four main challenges to information use and influence at the semlioy interface

were revealedrom this systematiditeraturereview: scientific uncertairyt, including the
format of advicejssues related to the often paradoxical relationship between science and
politics; differentrolesof scientists and polieynakers tdulfill at the interfaceand the
influence of governance structuréeesechallengedo information usare described in

Sections2.6.1 through 2.6.4A summay of thefour challengess presented iffable 1
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Table 1. Summary of thehallenges to information use at the sciepokcy interface.

CHALLENGE

INFORMATION USE

Scientific
uncertainty

Scientific advicdan assessment reports contagxsensiveiechnical detail
as scientists use statistiostheir presentation of datad results

The legitimacy and credibility of assessments to peati@kers are reduce
due to the uncertaigs around the data and information

The Apost normal scienceod persp
tools to measure uncertainty in scientific advice and increase poager
confidence in situations where scientific uncertainty is inevitable

Participation of diverse stakeholders and the public can increase the
credibility, relevancesaliencg, and legitimacy of knowledge produced

Paradox of
science and
politics

Scientists can lose credibility by engaging in advochiased advice can
be produced to accommoddites viewpoint of the policynaker

Policy-makersoftenreceivescientific adviceyettheymake decisions that

may not be the Ari ght 0, budexganatidnsare
generally noprovided
Framing of addiade nda m nlde cfawmanbking

Different roles
of scientists and
decisionmakers
(policy-makers,

Scientists approach problem solving through the usestdible hypothese
highly technicabinalysisand long timeseries of data; knowledge
production involves rigorous peer review

Policy-makersoftenneed to make immediate decisions; thegyhave a

managers) limited understanding of science, are overwhelmethbycomplexities of
scientific uncertainty, and are risk averse
Research may not be appropriate for poliegking; reports are often not
produced in a timely format for poliapakingand follow-up decisions
Governance Scientific advice competes with other factors shaping deecisigking
structures i within organizations
Instltqtlops, Embedding the assessment and peafigking process within an
organizations, organization increases its credibility and relevatogalicy-makers
and related
cultures Boundary work oprganizations can create networks of producers and

users of information to increase trust and reframe scientific uncertainti

Adaptive management increases interaction between producers and U
information and facilitates twaay communication

2.6.1. ScientificUncertainty

The literaturadentifies scientific uncertainty as substantiathallengean providing

management adviaes typicallya mismatch exists between the degree of certainty that
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fisheries science can deliver and what pehtgkersexpect fisheries science to provide
(Dankel et al. 2012; Hoydal, 200Wardekker et al., 2008Vilson, 2009. Scientists
maintain that providingcientificadvice that is credible, relevant, and legitimate to
policy-makingand effective managemeintevitably involves high levels of technical
details, in the form of complex statistics, due to the inherent uncertainties associated with
natural ecosystenand fisheries (Rice, 2005isheries managers and pohnakers

often want fisheries advice without pattilities or the likelihood of events occurriagd
the presence of suemcertainty can limit the uptake of the informat{@untowicz &
Ravetz, 1993)In addition, nanagement or policy decisioase often needelkefore
relevantevidence becomes availaldequestiongosed to scientistsannot be completely
answered within a short tirfeame due the unavailability dfata.Given the presence of
scientific uncertainty hte fiprecautionary principte aftenusedby manymanagers and
policy-makersto applyforesight in decisioimaking, e.g.in theselection of policy
instruments and preferenceghile taking into account the scientific uncertainties in
fisheries system@AO, 1996;Garcia & Cochrane, 2005

Uncertaintycanbedeliberately exaggerateunderemphasizd, or even ignore (Dankel

et al., 2012; Rosenberg, 2007; Sarewitz, 2004; van der Sluijs et al., 2008; Wardekker et
al., 2008; Wilson, 2009pecisionmakers may use scientifimcertaintyin management
advice to avoid making a managementisienor they cardemand more knowledge to
address uncertaintp delay making policy decisions (Rosenberg, 200ardekker et al.,
2008).Emphasising uncertainty in repofts policy-makers and stakeholders can
undermine political will in environmentdlecisionmaking if uncertainty in scientific
advice is belaboured (Rosenberg, 2007). Un
taking precautionary actions in figies management (Cochrane, 200Zin the other

hand, underemphasizing uncertainby exaggerating certainty creates a false confidence

in the credibility andegitimacy of scientific advice anthn do lasting damage to the
credibility of the scienceWilson, 2009).

Uncertainty is not wunique to vice lsuhitesri es sci
typically only acknowledged by the scientiidvisoo ( Rosenber g, 2007, p

Scientists often openly draw attention to uncertainty to safeguard their professional

28



integrity and to be accountable and open towards the genetlial (Mardekker et al.,

2008).In complex systemsjuite often a single scientific answarinsufficientand more

research will not lead to less uncertainty but instdaditify further complexities

(Sarewitz, 2004yan der Sluijs, 2005}ull understandin@f afishery is often out of

reacha nd f rostnorneal séigmo@ per spective (as, described
attempts can be made to quantify uncertainty to increase the credibility of scientific
results(Dankel et al., 2012 Jentoft, 2004; Maxim & van der Sjs, 2011).

2.6.2. TheParadox ofscience andPolitics

In a study of fisheries managemégtiICES,Wi | son (2009) stated t ha
management in a democracy is fundamentally a political activity rather than a technical
oneo (p. 29) .,whilénosshapedniverdallyis hot surprising as science

is a social construct, i.e., it is practiced by humans who are imperfect in adhering to
principles; therefore, science is value driven and normative, and can be influenced by

policy preferencesWilson, 2009). Guston (2001) provided a broader perspective by
stating that Ascience is not devoid of wval
rationality, prior tSrziensfiocadvicelowesans exgecteiat i on o
to bepdicy-neutral(valueneutral), i.e., to be unbiased, objective, and impartial (Rice,

2011). This neutrality is characteristictbkeibest avai |l abl e scientif
eviderce-based policymaking (Nutley et al.2007). However, science and politmfsen

do not exist as independent entities aad beinseparablee.g.,in the blurred boundary

between advocacy and science where scientific advice can carry a political bias even if it

is not intentional (Lackey, 2006; Rice, 2QBarewitz, 2018 Advocacyby scientists is

an example fothe politicization of science wheredety benefits from experts

participating inthe public discoursebuttheseexpertscanplace their desired policy

outcomes ahead of the basic pritegpof sound, objective scien(®ingh et al., 2014;

Somers, 2008Evidence for the politicisation of sciengeyalsobeseen when scientific

experts are recruited into advisory ralleatlink their scientific authority with their

support for policies or when scientific advice is congddo be influenced by the views

of the funding sources (Heazle, 2004; Roqueplo, 1995).
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Framing of an issueandetermine how important it becomes and how worthy of attention
it should bgFuntowicz & Ravetz, 199¥Xahan, 201p0Morton, Ralinovich, &

Bretschneider, 201Renn, Klinke, & van Asselt, 201 Weingart, 1999 However,

framing of a policy problem can balueladenas thewords used in scientific advice can
convey a policy preference or support a certain political agenda (Lackey, 200@ndevid
of thefiscientification of politicé is seen when scientists present information to pelicy
makesto increase attention to the problemg thenindirectly influence the political
agenda by the manner in which the scientific advice is presentedt{btell& Jacob,

200Q Weingart, 1999)This often unintentional bidsy a scientist enters the policy

discourse to favour studies reporting a particular outcome (Rice, 2011).

In an attempt to be valugeutral, scientists and poligyakers often use the camsative
language of the precautionary approach to determine and influence policy options for
fisheries managemertiowever, he precautionary approacbnveys a vague and
ambiguous message with no clear action recommended anih ffgctinfluence a

policy option to do nothingRosenberg, 20075cientists may also present contrasting
advice on the same issue which leads painakers to focus othe conflicting elements
and not on thélecisionmakingprocess itself (Lackey, 2006, Sandstrom, 2010).
Furthermore, sientists, as part of the modern wide poliogking communitymayalso
beinterested in the advisory process and they often do not see their roles as ending with
the production of information (Jasandif94;Pielke, 2007; Scott, Rachlow, & Lagke
2008).

Government scientists working at the scigmugicy interface e.g.,within ICES on the

North Atlantic fisheries observed that their science was pahibesid even without

direct involvementrom politics and policymaking (Pihlajamaki & Tynkkyen, 2011

Rice, 2011 Schwach et al., 2007; WilspA009; Wilson & Delaney, 2005)CES

scientists inform managers about the status and consequences of management, decisions
then managers choose options that best meet their preferences within limits set by
scientific advice (Dankel et al.022; Hauge, 2011; Rice, 2011).ddvide exists between
science and polieynaking where management does not impose its values on science;

science is considered to be complete in the sense that it tells therpakey everything
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that is relevant for making a decision (Hauge, 20Hbwever, he rationality of this

approach is questioned since fisheries management is characterized byirgnflic

interests, complexity, and uncertainty, and therefore challenges thepodidgy e r sd Vvi ew
that science is completin other circumstancesgigntists in professional societiefen

engage in aggressive efforts to bring the results of their workhanablicy and

management implications of resultsthe attention oflecisionmakers and to those who

lobby decisioamakes on the issues (Pielke, 2007

2.6.3. DifferentRolesof Scientists and Policivakers

The divergent professionedlesand differentime scales of the output associated with
science and polieynaker communitiepresent challenges for information flow across
the interfaceRaadgever, 2009 ribbia & Moser, 2008).Characterizations have been
assignedo the twogenerali s ¢ ln | t imwoleed id resource managemenecision
makers are actiorand interesbriented, indifferent to evidence and new ideas; while
scientists are rational, objective, and open to new ideas (Caplan, 1979; Raadgever, 2009).
For examplefisheriesscientists a concerned with problem solving using scientific
procedureshatoften require an extensive time series of @i publicationsindergo
rigorous technical peer revieim contrastpolicy-makers and mnagersieed solutions to
immediate problemand advie must be politically and socially acceptalifiarthermore,
governmenfundedprograms and evaluations aren based on the fiscal yearfive-
year planning horizonscientific research and related reportsgolicy-makingoften

cannot be completed within similar timeframsl( 20().

Communication between scientists and pohcgkers, however, does not guarantee the

uptake of research results into policy (Departtrad International Developmer2008;

Dutra et al., 20 INRC, 2002; Sullivan et al, 2006; Williams, Eiseman, Landree, &
Adamson, 20095 c hwach et al . (2007) described fis
system with technical components @&g@a®rating
makers have toppear to make decisions that are fair to all stakeholders, but policy

choices often favour some interests more than otReesons araot generally provided

if the political decisions deviate from the scientific advare] such decisions dlikely

basel on economic and social factors (Delaney, McLay, & van Densen, 2007; Rosenberg,
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2007; Wilson, 2009)A formerChief Scientific Advisor to the European Commission

added thatwen when heads of state make policies that deviate from the available
scientificevidencethey should indicate theieasonse.g., whether their decisions were

based omolitical, social,oreconomicreasoflsi Eur opean Science Pol
2013).

Studiesconducted by thenaingovernmental funders of environmentasearchn the
UnitedKingdom showed thadcientistan agencies responsible for erammental policy

and regulatiomeeded to take a broadgew of the issue at hand abd able to see the
viewpoint of the policymakerby integratng high priority constituent or @nt needs into
their researcim order toimprove the likelihood that the reseamsbuld beuseful for

making policy(Holmes & Clark, 2008)Policy-makers responded more readily to
research that affects tahdtheynedtocbemdrei t uent s 6
receptive to science and provide more policy.gedlicy-makers also need tivercome
being overwhelmed by the technical complexities and uncertainty of scters®id

being unduly confident in the answer received from the scigrdistito consider all
scientific and other advice and not favour results and opinions that support a preferred
policy line (Holmes & Clark, 2008 Evenasscientists and policynakers attemptew
communication strategiesocial and economi@ctorscanmaintain the disconnect

between science and poliayaking

2.6.4. Governanceé&ructures: Institutions,Organizations, and Rlated Qultures

Government bureaucracy and organizational structure and culture define a patterned and
persistent way foorganizations to carry out tasks and maintain relations@@jpskman,

2013, 2014; Nutley et al., 200Yang & Maxwell, 2011). The formal hierarchical

structure of bureaucregscreates departmentalisation and centralisation which can create
barriersto communication anéhformationtransferbetween departments.
Departmentalization promotes fragmentation in the peti@king process where

multiple departments have responsibility for aspects of environmental policy, each with a
different functional mandatdhis happened in Canada after 1979 wtierenvironment

and fisherieportfolioswere split into two departments asdbsequentlpcean policies

and programs became uncoordinated and competidwer( & Reed, 20001In
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centralization, power and authgrére located at the higher management level, i.e., the
At-dpwno appr oanphdeknowledge dmarimganra multiunit organization
as evident in the various DFO administrative regions (see Chaptafotinationuse can
vary atdifferentlevels d government based qurisdictioral concernse.g., federahnd
provincialinterests or value systemslated toeconomic, social, and biologicaspects of
fisheries manageme(bandstrom2010)

The degree to which tHfesherystock assessment procesembedded within an
organization can influence the perception of scientists, poliaiers, and the fishing
industry, with regard taredibility, relevanceand legitimacy of scientific advice (Alcock,
2004). Moderate levels of embeddedness may be more effectpa@iay-makingas the
processs areseen to be more transparent (Alcock,200ecisionmakersgenerally do
not question the relevancer the credibility of the advice coming from assessments
producedwithin their organizationas the adviceés tailored to inform their specific policy
objectivesGiven the reliance on information in eviderza&sed policymaking

embedding more scientists within poloyaking communities, for instance, those
working atsenior levels of government, presents opportunities to increase the

communication of scientific information in the poliayaking process (Jasanoff, 1994).

In governmental organizations responsible for fisheries management, the fisheries
manager is often sa as th@perational decisieomaker whacommunicatesformation
produced by scientists to the polapalystsvho areprimarily responsible for providing
informational inputs and policy advice to the polityakes. Policy-makersare generally
seniorcivil servants and politicians (Bardach, 2004; Ouigtedl, 2010).Policy-making
communities are expanding to include a wide range of stakeholders ,grmlyding

civil society, and isheriesmanagement netwoskan beextensivgHartley, 2010;
Hartley & Gass, 2010; Weiss et al., 2QIRunhaar & van Niewaal, 2010 etworks in
policy-makingconsist of formal or informal links within and across government
departments and external agencies; these netwoli@neanformation generation,

transmssion, and usfNewman & Tanquay, 200X,ang & Maxwell, 201).

Boundary workor organizationseek to bridge the divide between science and policy

making and connect scientists amahscientists allowing the policy networkto share
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information efficiently and quickly (scale and time), and lead to more prodypzihey-
making(Guston, 2001; Guston et al., 2000he discourse and theory about boundary
organizations have focused on features that facilitate the stabilizing and ingnsikgs

For instance, boundary organizati@apt as needed toganizational norms and

culturesor they carguide and shape the context of a problem and bring partners together
(Clark et al., 2011)Boundary organizations are particulaogneficialbecause they can

define theinteractions between science and policy communiitiéscilitate co

production of science and policy (Lemos & Morehouse, 2@&)ndaryorganizations

empl oy specialists, known as i botheidepafet er s
the boundary, to broker links betwegdvisos or policymakers and scientisésd

influence salience in decision matchifrtpitema & Turnhout, 2009; Petersen et al.,

2005). Rientists as part & boundary organization can play the rolexénce arbiter,

issue advocat@r honesbroker. In science arbiter discourse, scientists steer clear of
political considerations but try to meet p
information. In the issue advocate case, science is used to dtegirpa certain

direction. Thehonestbroker role acknowledges scientific uncertaindadrecognizes

broad spectrum of valuemcludinggroups with diverging valug®ielke 2007)

According to Clark et a(2011),fboundary work may be most gendyalonceivedf as

a negotiation support process engaged in creasable knowledge and the social order

that creates and uses tkabwledg® ( p. 7))

2.7. Discussion an@onclusiols

The literature revealeshodels ofdecisionmaking and information usancludingfour

main challengeto information use at the scierpelicy interface Environmental
decisionmaking processes are defined as linear when the focus is on the use of scientific
information and other information sources are not included, ecgl, koowledge. A
collaborative process is characterised by the involvement of multiple actors and
interactions among diverse groups and information sources. Models of information use
include an ideal or linear model where information flows through deStegks towards
decisionmaking, and a continuum model where information cycles betine@ect and

direct use involving twavay communication among actors.
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Evidencebased policymaking provides a framework for information production,
communication, and esin decisioamaking.The review highlighted the important role of
grey literature in public policy contexts of governmental organizatibims.challenges
thatinformation facsin the information pathways includscientific uncertainty, issues
related tahe often paradoxical relationship between science and politics, different
motivations of scientists and policgakers to act at the interface, and the influence of
organizational culture and structure. In the description of these challemethedsvere
identifiedthat may improve the use and influence of scientific information at the science
policy interface: the use onfo rbnoaul nodrdrcyi ewocrek
newtools for measuring uncertainty, the formation of extended peer commsunitie
adaptive management, and increased public participati@review also highlighted the
potential for heimplementation of EAFo enhance communication of informatiahthe
sciencepolicy interface e.g., through the productiaf interdisciplinary nformation and

the formation of wide peer review communitiBievertheless, a fundamental and
significant challengéacing fisheries organizations theactualarticulation of how to
implementecosysterbased approachés fisheries manageme(®AO, 2012; Levin et
al.,2009).

Modern policymaking involves multiple stakeholder growgsdthere is a need for

studies to expand beyond the Atwo communi't
of information use (e.g., Dunn, 1980) to understdredrbles and interactions of actors

i.e., individuals or organizationsther tharpolicy-makers and scientists, e.g., industry

and NGOsA major drawback of the strategic or evidett@sed approach fmlicy-

makingis itsfrequentinability to make timey decisionor 't he fAr i,gvert 0 deci ¢
thetechnical details anithherent uncertainties in scien¢be implementation dAF,

and multiple stakeholder intereBtecisionmakers knowingly take political risks when a

decision is made, regardless of Wier the decision is consistent wgbtientific adviceor

not. Consequently, there is need for furtbederstanithg of whether scientific

information iscomprehendely policy-makes, to further explore the reasons why

scientific informatiormay ormaynat beacted uponAlternatively, there is a need to

further understand hoscientistsaremaximizng the opportunities available to them to
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communicate the best availableestific advice to policymakerswhile minimizing or
preventingscienceadvocacy

A need exists for more empirical evidence on the role of scientific information in{policy
and decisiormaking, e.g., gathered through focused studies on the use of information in
public policy contextsThis finding was supported by an earlier review by Nc{2007)

who concluded that more research ideterminingthe drivers for producing scientific
informationis neededCase studies are needed to understand the role of information in
the overall policy processes. Reiterating this pbicase studies can enhance
understanding of the complexities of the pollogking processes from an information

use perspective. Case dies of fisheries governmental organizations producing relevant
management advice may identify where and how the challenges in the information
pathways influence information production and dissemination or communication, and its
use by policy and decisiormakers. Information pathways can be determined from such

research.

Case studies focusing on the role of scientific information in padiog decisiormaking
mayidentify the enablers and barriers to information flow at the scipotiey interface

in the context of implemeirg the EAF. Case studies can provide evidet@eonfirm or

modify the sciencepolicy interface models and information use modétsociations

between the typof sciencepolicy interface model and the modef information use

canalso beassesstand potentially integrate®pecifically, case studies can reveal data

that are relevant tthe Nutley et al. (2007) and tiRescher et al. (2007) modg(see

Figures 2 and3 respectively) Evidencebased policymaking is expected to dispf a
collaborativesciencepolicy interface(see Section 2.ndai cont i nuumo mod el
information usgsee Figure 2p. 1§. In this casemultiple actors are involved in an

iterative relationship and information continuously cycles though stagesii@dndse,

e.g., information increases awareness on issoe#ect use, e.g., policy decisions are
made.Case studiesanalso provide insights on information pathwalgs instancethe

enablers ad barriers to information flow, and how informatiorfiiered according tahe

needs oflifferent groups as demonstrated in the Ascher et al. (2007) model (see Figure 3,
p.21).
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The findings of this literaturereviewguided the development of the research framework
described in Chapter 3he case studsof the Canada Department of Fisheries and
OceangDFO), the Northwest Atlantic Fisheries Organizat{dyAFO), and the~ood and
Agriculture Organizatiomf the United Nations (FAGdddressedome of theyaps in the
knowledgeidentified in theliteraturerevien. Theanalysis ofdata collected in the case
studies of DFO, NAFO, and FA@resentdin Chapters 4 through 6,asalso guided by

thecurrenttheory on the sciengeolicy interface and information use
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CHAPTER RESEARQWETHODOLOGY

3.1. ResearchQuestions

The researchasightto gain a better understandinginformation use at the science
policy interfacean the field of fisheries managemeXthile the literature identifie
generakharacteristis of the sciencgolicy interface and information esas seen in
Chapter 2it wasexpected that additional componewtsuld be revealed through focused
studies on the use of informatid@onsequently, the principal research questios wa
deliberately broad in scomend askedWhat is the role of scientificinformation in

policy and decisionmaking for fisheries management?ne goabf the research vgato
determine hovecientificinformation, produced by governmental and intergovernmental
organizations, does or can influerftsheriespolicy decisionspolicy developmentand
management decisions. Another goak to develop a methodology for measuring

information useat the scienceolicy interface

Understanding the role of information in decisimiaking requires an interdisciplinary
approachTheresearclguestios wereaddressed within the context of fishersesence
andmanagement, information management, and public policy. To address the principal
researclguestion(above) specific questions wemrgsked within case studies of three
inter-related organiationsi the Canad®epartment of Fisheries and Oce@d&0), the
Northwest Atlantic Fisheries Organizati@®AFO), and he Food and Agriculture
Organizatiorof theUnited NationgFAO).

The specific questiongvhich werecore to the researcimcluded:

1) What are the drivers in producingommunicatingand usingnarine fisheries
informationin the organizations?

2) What are the information management strategies of the organizations, particularly
with regard to production and dissemination of scientific inétrom?

3) What are the institutional/social enablers and barriers in the organizations to

scientific information use at the science/policy interface?
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4) Who are the actors involved in decistomking?What are the information
behaviours (e.g., information seeking, information sharingh®#ariousactors

engaged in each organization

3.2. Researclrramework

Chapter 2 reviewed the models of the scignalcy interface and information use, the

key groups ofctors in policymaking andhighlightedfour maincharacteristics related

to information use and influence at the interface: scientific uncertaintysissia¢ed to

the often paradoxical relationship between science and politics, different motivations of
scientists and poliecynakerdfor theiracion at the interface, and the influence of
governance structures. Based on tieigew, Figured presents &ramework ormodel of

the flow of information produced by fisheries governmental organizations for use in
policy-making. This framework guidithe research on the role of fisheries information in
the threeselectedrganization§ DFO, NAFO, and FAO.

Theresarchframework identifies the nmar stakeholders involved and tpetential
influencesn the information pathway(s) of a fisheries management organizBtaa.

from the fishing industry enters the stock assessment process which is embedded within
eachgovernment organizatiorkisheries organizatioraperae under many external
pressures and influences tla#fiectthe production of informatiomcluding: policy-

makes, e.g., from other ministries or organizations; multiple stakeholders, e.g., scientists
from other disciplines and the public, among others; international influenceglabg!
environmental policy; media influences; and advocacy. The influence offtetees, or

t hei r dfdnctibntisseen imrgsponses to scientific uncertaindyogacy (used to
represent the paradoxical relationship between science and politics), motivations of
stakeholders (primarily scientists and poliogkers), and organizational cultures. The
Afilteredo i nf or ma t-makingandseveaiw theidécasitnhakingf o r
process guide the production of more information. Figurehich is hypothetical and

simply a guide, may indicate a simple, linear flow of information; howewere

complex processes are expected to be involved in the goloess.
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Figure 4. Guiding framework for the case study research.

40



3.3. Research Design

3.3.1. Case Studieand the Interdisciplinary Approach

The research studied information producticommunicationand decisiormaking for
fisheries managemeatthreejurisdictional scaleshe Canada Depianent of Fisheries
and Oceans is mationalfisheries management authoritigetNorthwest Atlantic Fisheries
Organization is a regionahtergovernmental fisheries management haohy he Food
and Agriculture Organizatiois a specialized agency of tbhimited Nations (UNwith a
global mandate for providing advice and policy directions for fisheries managentieat
UN member states, ti an emphasis on developing countriesch organiz#on formed

a unique case study based ondkegraphic coveragerganizational typeand historical
eventsggoverningeach organizatiarMoreover, the three organizations are interlinked in
aspects oftteir work and the interplay among fisheries management, poledyng, and
information management within DFO, NAFO and FA@s studiedThe multiple case
study approach facilitated comparisons and generalizativaspects of information use

across the tiee organizations

The esearclwasdesigned tgain anunderstanthg of communication of informatioat
the scienceolicy interfacen fisheries managemernakinga comparative case study
approachandusingmixed largely qualitative methods, i.enterviews, direct
observations, and content analy@®astas & MacDonald, 1994ackson, 2003; Leedy
& Ormrod, 20B; Teddie & Tashakkori, 2009The @se study research desigmabled
the studyof fisheries information use in poliapaking withinDFO, NAFO, and FAO for
specificperiods of time Thestudywas guided byhe conceptual framework of
information productionrad use in fisheries managemérigure4). Mixed methods
researclwasuseful for triangulation as it provided a basis for verifyilaga, ad
supplemereddata collected from the different methpdach method was selected to
complement or fill in the gaps or shortcomings of anotheaétas & MacDonald, 1994;
Jackson, 2003;eedy & Ormrod, 203). Using mixed methasifor studying thescience
policy interface in fisheries managemeras beneficiabs the research questiomere

broadin scope
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The case studies traced information tiseugh two lines of inquiryin one, the focus
wason process, i.eynderstanding information pathwaiysregard to hovwscientific
information,such as technical reportsasproducedand howsuch information was
communicated toise communitiese.g., practitioners such as managers, or policy
makersto produce a decision or a policy output. The second approach focused on the
actors and informatiorelated behaviours, i.e., understanding how scientific information
was produced and used by different actors, and how the information contained in
scientifc reports influenced different actarsdecisionmaking In this multiple case

study approactthe role of information in developing policy was examif@deachcase
study organization anthentheresultswere integrated.

The nterdisciplinay approactihat wasusedallowed for thorough exploration of the
nuances in information use in poli@and decisiormakingin governmental and
intergovernmental organizations. For instance, with a fisheries management
understanding, it was possible to follow eveattsechnical science meetings for optimal
data collection. Traditional fisheries management and the implementation of EAF involve
complex technical issues that were discussed within the organizatiadhs the context

of public policy, insights on orgamational cultures at different levels of government and
within different types of organizatiomgerecritical in studying the roles of multiple
stakeholders andetermininghow polides and othedecisions are reache@in

information management perspectivasneeded to understand the production, use, and
influence of information, to examine and understand how informatiproduced by

scientists andsed by decisiomakers, and how it reaches stakeholders

3.4. Data Collection

Datacollectionwas conducte in 2013 and 2014usingthreequalitative methods:
interviews using a senrstructured questionnaire, largely consisting of epeded
guestions; direct observations at scientific and advisory meeitinigs organizations;
and content analysis of key gidations, e.g., scientific and management reports and
policies. The data collection occurred durgeparatehreemonthinternships with DFO,

NAFO, and FAO. The scheduling of the internshaps selection of data collection
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events werdargelyopportunistic and @re generallpased on the timing of meetings and

other scheduled events in ttieeeorganizationgTeddie & Tashakkori, 2009). These
internships were formalised with assistance from a key contact person within each
organizationReseat h et hi cs approval was granted by
Sciences & Humanities Research Ethics Board before conducting interviews and direct
observations of scientistsianagersand policymakers(Appendix 1) Participation in the
research was vohiary and potential respondents were invited to participate in the

research through informed consent, while beisguredhat their responsesould be

used onlyfor thisresearcl{Appendix 2)

Thefisheriesmanagement uniis the three organizatiomsesmallsoto ensure a rich
body of data for analysis, tltase studies examindtk role ofgeneraimarine fisheries
informationand assessmergportsof fish stocks andnarine ecosystemBetails of the
data collection within each organization are proglidethe relevant chaptemable2

summarises thmethods employed fahe researcksee p. 8).

3.4.1. Interviews

Semistructured interviewsf fisheriesscientists andecisionmakersconsisted of a

series of opended questions to obtdimformation in four areaghe pathways that
technical reports take; drivers in the production of scientific information; enablers and
barriers to information uptake in poliegaking; and the information management
strategies or practicesedto increase@awareness and use of technical reports in policy
making. The questions askefiscientistsand decisiormaking groupsincludingprogram
managersadvisorsand policymakersn DFO, NAFO, and FAQaregivenin

Appendces3 and4 respectively.

Invitationswere sent by email to key persons involved in the production of science advice
and management decisions and identified from the respective organizational staff mailing
lists and from content analysis of meeting reports. Snowball sampling was also utilised
where some patrticipants identifiether individualsn the three organizations who were
thenincluded in the study. Snowballiragsoidentified individuals who worked in the

area of interest within the organization atdff who had recently retired’hefocal point
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contact within each organization facilitated the identification of some cormestsne
instancesnd introductionso them

Interview respondents represented the key actors in the information production and the
policy-making processes within each organization, i.e., sciemistgrammanagers,
advisorsandsenior decisiormakers opolicy-makers Apart from these respondents
conversatios were held withother staff, including theetired staffproducingdatanot
included in thedetailedanalysis althoughin some instances guided the interpretation of
results.The key respondents were interviewed within the thneath peiod of each

internshipandonly by the researcher gnsureher anonymity

Openended questions provided the opportunity to probe or ask falfpguestions to
yield additional informationThe questionnaire for each group, e.g., scientists and
decisionmakers contained common core questions for comparison across the ,gasups
well asquestions based on issues unique to each giaghinterview wasscheduled to
run for 45 minutes budue to theschedules of the respondents ythenged from 2@ 90
minutes(average = 46 minutednterviews were either audio recorded or notes were

taken and responses wdéager transcribed and coded for analysis.

3.4.2. Direct Observations

Direct observations were made at meetings of pohekers, fisheriemanagers, and

scientists of the fisheries organizati@mlother planned events where thevas

interaction betweedecisionmakers and the science community. At such meetings, the
interaction among the groups was observed with regard to communicatited to

information sources used by each grotipis includedvhich group(s) conswdtdeach

other during the deliberationsoncerns with the content of scientific publications
participantsd® perceptions r egipatinggrougsint hei r
fisheries management and information,@s®l other relevant everttsatdevelod

during the meetings

Within most fisheriegnanagement organizations, scientifieetings and policy meetings
were often scheduled as separate events.idntdic meetings, discussiomiring

technical presentations provided insights on: (1) challengesmonunicating science
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among other science groups as well as patiakingg r o u p s ; (2) participe
perceptions regarding their role and the role of gplagticipating groups in fisheries

management and information use; and (3)qinaity of the information, i.e., confidence

in the data/informatioand advice. At meetings that involved management and policy

groups, insights werebtainedon: (1) informaton needs of managers and the

management priorities; (2) managenad decisiormaker®perceptions of scientific

information; and (3) the key contacts and the information sources for deaiaking

communities.

A protocol for the direct observatiomsasdevelopedAppendix5). While the protocol
covered aspects of the events that were observed, the observational research was
generally opportunistic, i.ethe focus of observations was adapted accorditigetevent
(Anastas & MacDonald, 1994Direct obsevationscomplemergdthe data collected in
the interviews of scientists amdanagersand alsacorroboratd some of the responses
obtained in the interview®etailed notesf observationsvere made during the

organizatioal meetings anthesewerelater tanscribed and coded for content analysis.

3.4.3. Content Analysis

In the content analysikey publications by scientists addcisionmaking communities

within eachorganizationwere reador the appearance pfrticular word or content that

indicated informatiomproduction, communication, ange For instance, the content of
managenent plansvasexamined for direct reference to the particular scientific reports or
inferred references to the use of science. For inferrecerefes, the occurrence of related
words such as fiadvi coer, Of dieeevik sdmempamoedMost ir e s e a
of the publications were available the organization Websites and additional internal
documentsvereprovided by some respondents antlderstaff of the case study
organkations.Content analysis of attendance records of meetingslyedeich

organization identified the actors involved in the policy prodgsstent analysis was

also performed on the textual data collected from intervi@nd direct observations.
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3.4.4. Internships

Thethreemonthinternshipswithin each organizatioansured a physical presence and

facilitated the scheduling of interviewasid attendance at relevant meetifngse
internshipsalsofacilitatedaccess t@ublicationsthat were not posted on the institutional

websites owereavailable in the librarglatabasesf the organizatiog) and wereusedfor

content analysidn the internships, considerable time and effort was invested in

increasing awareness okthesearch to gain the trust of the staff of each organization. As

the level of trust increased, the stadfame more willingto agree to be interviewehd

to provide accessto meetingsai ni ng the trust of the staff
openingup of opportunities for additional data collection within the organizatieos.

instance, nvitations to attend internal meetings or social events resulted in introductions

to individuals from the scree and management communities.

The arrmgement of th internships waspportunistic and was related to the scheduling of
the main organizational meetings at which direct observations were conducted. A
summary of the data collectiam the internships in DFO, NAFO, and FAO is provided
here and details are @lable in the corresponding chapters (Chapters 4 through 6).
Overall, 78 interviews of key actors in information production and decmi@kingwere
completedand observationsere madet 15 science and management meetihigese
meetings included eventvith formal agendasndranged from two hours or one day, to
events that were scheduled for one to two weeks.

While the staff in each organization was informed of the subject of the rese#neh

consent letter that invited their participation, in gex, they still did notecognize the

role of information in their activitied'he respondentssuallydid notdescribe theiwork

in terms of thegroduction, communication, and use of informatimstead they spoke in
detailabout their activitieswhich implicitly described their roles in the information

pathways. Thiperspectivavith regard to their work was illustrated by one respondent
whosaidil dondét think at all from tlkeef i nfor ma
semistructuredandopenended questions overcame this limitatiornhesinterviewees

were asked to focus their responses on specific publicaitranformationthat they

worked with or thg were asked to speak freely about their role in fisheries management.
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While the analysisni this research focused on data obtained from the recorded interviews
and direct observations, informal discussions with numerous staff members and daily
observations of routine operations provided guidance for the data collection and analysis,
and offerednsights on the organizational cultures. These insights included:

administrative details such as the scienbiatal manageésagendas that assisted with the
scheduling of interviews and direct observations, details on the social milieu in the

organizatim that were informative for analysandthe data collected.

An internship with NAFQprogressed from SeptemterDecember 2018uring which

time data was collected while based in the NAFO Secretariat in Dartmouth, Nova Scotia.
Official Observer status 8AFO was obtained in September 20aBowing attendance
atmeetings of the Scientific Council and the Fisheries Commission for direct observation
(EIUI, 2015). Nineteen interviews dDFO scientists and managers participatinil&xFO
eventswere conductednd three science and management meetings were observed,
including the35th NAFO annual meetinghe6th Meeting of the NAFO Scientific

Council Working Group on Ecosystem Science and Assessment (WG&ghhel st

NAFO Scientific CouncHFisheries Commgon Working Group on Riskased

Management Strategies (WGRBMS)

An internshipwith DFO occurredfrom January through April 20hile based in

Marine House, DFeMaritimes Region(DFO-MR). Direct observationgere conducted

at eight meetings and includdwetCanadian Science Advisory Secretariat Regional Peer
Reviewmeetings fisheries advisorgommittee annuaheetings, and interdepartmental
meetingsTwenty-six interviewswere conducted andcluded scientists, fisheries
managers, and policy advisors workinghe DFO-MR andselectedolicy-makers and

senior poliy advisors based in DFQationalCapitalRegion(DFO-NCR)in Ottawa.

Aninternship at FAO headquarters in Rome was completedNtaynto July 2014.
Thirty-three interviews of staff of the Fisheries and Aquaculture Department were
conducted and included technical experts in fisheries science, policy, and economics
acting as advisor®irect observations dur meetings of th®epartnentwere
completecand included the 3lisession of the Committee on Fisheriesjamkshop on the

development of a global Vulnerable Marine Ecosystems (VME) datadpkening
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workshop for partners of a global fisheries project (ABNJ Deep Seas Prajetgn

internal meeting taliscusghe global implementation of the smatlalefisheries

guidelines(FAO, 2014w).

Table 2. Summary of methods usednteasurawarenesanduseo f
publications.

an

organi zat |

M ETHOD

INFORMATION PATHWAY SAND USE

Interviews using
semistructured
guestionnaires

Semistructured interviewased questionnaires afallow-up questions to
analysethe production, communication, and use of scientific informati
in policy-making (see Appendicé&sand4 for the interview potocol for
scientists andecisionmakers)

Identifies the associated activities amadlaboration oflifferent groups of
actors, e.g.managers, policymakers, and scientists, including other

stakeholders, in the stages of information use, e.g.,inthdr ai n ¢
utilisationd and Apdepel i ne mode€g

Provides examples of indireghddirect use of scientific information, e.g
publications read, understood, and decisions based on research

Reveals how the characteristics of stgencepolicy-interface and the
models of information use (see Chapter 2) are relevant in the case st
organizations

Highlights the informatiorseekingoehaviourf various actors and
relationships in knowledge networks

Direct
observatios at
meetirgs of the

Reveals the actors at various stages of research utilization, the prefe
information sources used in decisioraking, why relevant information
sources are not used in decisioaking

science and
decisionmaking
communities

A

Providesevidencef sci enti st sd -makohgr st a
processes; and how scientists communicate with managers.

Reveals how policynakers regard scientific informati@amd their
information needs, and how information is used in decigiaking

Reveals percegiin s of fAused of informat

Content analysis
of

Identifies information pathways, i.e., production, communication, and
of information andactors

organizational
publications

Reveals indirect use, iéeérgme ad\V
and direct influence, e.g., research findings were used in decisions
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3.5. Data Analysisind Presentation of Results

All of thequalitative data frontheinterviews andlirect observationsf scierce and
decisionmaking meetingsveremanuallycodedin Microsoft Word files Codingwas
used to prepare trgalitative datdor analysis; #iaching codes ttextualdata enabléa
rigorous review of the data (Coffey & Atkinson, 1996; Kondradkellman,&
Amundson2002) A framework was gplied in thecoding of thedatato focus onbroad
themes under the four core characteristics of the scigoicgy interface namely,
organizational structure and culture, science and politics (advocacy), scientific
uncertainty, andhe role ofscientistsand policymakergsee Chapter 2Codes or themes
based on the characteristics of the interface and information use were assigned to the
textual data collected from the interviews and direct observafidreschta obtained from
content analysisftheog ani z at i o n svéreuped primarity t verifg or s
supplement data obtained from the interviews and direct observatignthe
descriptions of the processes involved in information productimmmunicationand

use

The data analysis of interewsbegan byeading the text of each interview repeatedly to
obtain a sense of the wholgearing in mind the main characteristics of the scigotiey
interface and models of information usecéptureadditional themes aronceptsWith
each readingf the text, themes became more defined aadtevordsand phraseBom

the textwerehighlighted in the Word fileso support the defined themdsabelsor codes
were assigned to thdentified themesand camalirectly from the texdal data or from the
theory on the science policy interface and informatisa Thecodingwasrevisedup to
threetimes, going back and forth between thedektlata and the codes, to prodace
complete and concise scheriibe coding of the anonymized interview transcrpés
validated by an independent qualitative researcher to reduce any biases in the data

analysis.

The hemes or codes were then sorted and grouped to developchbagcategories
and subcategoriesThecodes or themes were further categorised intornthi@ drivers
and barriers to information production, communication, andTse codes or themes are

presented for each organization as tables describing the information pathesagy (e
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drivers, enablers, and barriers in the pathway(s¢. main hemeghatemergdfrom the
coding were ranked based on the number of interviewees who iderdifieme.

Figure Sillustrates the work flow for this case study reseatich use of the interview and
direct observation protocols in three case study orgaoizatith different organizational
structure; different levels of decisianaking, i.e., national, regional, and international;

and different mandates provided an opportunity to compare the information pathways in
the three organizations. The use of thimdéad methodology in each organization

provided robustness to the research methodology.

Figure 5. Work flow ofthe case study research on understantieghformation
pathwayd production, communication, and usé fisheries managemeatganizations.

The results of the case studies of DFO, NAFO, and FAO are presented in Chapters 4 to 6
respectively. Each chapter contains a brief description of the respective organizational
structure and mandate as well as the social and political rmlige organization at the

time of the study (September 20iL3uly 2014). This background provided the context
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