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Abstract
Research results are often not easily accessible or readily digestible for decision-making by natural resource managers. This
knowledge-action gap is due to various factors including the time lag between new knowledge generation and its transfer,
lack of formal management structures, and institutional inertia to its uptake. Herein, we reflect on the Great Lakes Fishery
Commission’s Science Transfer Program and its evolution from ‘Mode 1’ (i.e., scientists conduct research autonomously)
toward ‘Mode 2’ (i.e., co-production of knowledge with practitioners) knowledge production to understand and overcome
the knowledge-action gap. Six success factors and strategies and tactics used to achieve those factors were critical to the shift
from Mode 1 to Mode 2: (1) dedicate funding and staff support; (2) obtain top-down commitment from organizational leadership; (3) break down silos; (4) build relationships through formal and informal interactions; (5) emphasize co-production
in program and project implementation; and (6) obtain buy-in among relevant actors. By way of three project case studies,
we highlight knowledge transfer approaches, products, and lessons learned. We anticipate this contribution will benefit
those working on knowledge mobilization, particularly in boundary-spanning organizations, and those involved in resource
program management, administration, and design; it is also intended for resource managers seeking to have their science
and information needs met more effectively.
Keywords Knowledge exchange · Knowledge mobilization · Knowledge-action gap · Boundary organization · Mode 2
knowledge production · Fishery management · Great Lakes
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1 Closing the knowledge‑action gap
Natural resource management involves constant decisionmaking about complex social-ecological systems on multiple
timescales (Mitchell 2018). Ideally, modern natural resource
management is “science-based,” insofar as scientific data,
evidence, and knowledge are important inputs to these decisions (Ehrlich and Daily 1993) alongside other factors such
as stakeholder and rightsholder interests, cultural priorities,
economic considerations, and political priorities (Garcia and
Cochrane 2005; Ludwig et al. 1993; Young 2015). However,
it is increasingly clear that significant gaps exist between
the data, evidence, and knowledge that are generated by
researchers and those that are actually used by natural
resource managers to make decisions (Arlettaz et al. 2010;
Cvitanovic et al. 2015; Fabian et al. 2019; Newcomb et al.
2021). This so-called knowledge-action gap is due in part to
the time lag between the generation of new knowledge (heretofore a shorthand term for data, evidence, and knowledge)
and its communication and transfer, lack of formal management structures (i.e., statute, administrative code, or policy),
as well as institutional inertia to its uptake (reviewed in Cook
et al. 2013; see Table 1 for glossary of terms used herein).
The gap is also due to more complex social phenomena, such
as different professional cultures and expectations of scientists, knowledge holders, and managers (Young et al. 2013,
p.349), inclinations to prefer “tried and true” and “socially
defensible” methods over new knowledge or knowledge generated via new methods (Nowotny et al. 2003), and the structure of social networks in work environments that encourage
people to turn to homologous colleagues for advice rather
than to reach outside of their institutions or familiar networks (Young et al. 2016a). The knowledge-action gap is
also associated with a lack of recognition by scientists of the
regulatory and policy realms that are available to managers
to implement the knowledge, which is why co-production
is highly effective. The knowledge-action gap can be envisioned as three separate but intertwined “spheres” within a
knowledge-action system: (i) knowledge production and coproduction; (ii) knowledge mediation; and (iii) knowledgeaction—closing the knowledge-action gap requires efforts
across all three spheres (Nguyen et al. 2017, p.792).
Closing gaps between knowledge production and use is
important, given that new knowledge can be highly useful to
managers, that environmental conditions can shift rapidly and
have complex, often cascading, effects, and that social expectations in the digital age are that managers be highly responsive
to new developments and information (Brownscombe et al.
2019; Young et al. 2018). Direct social and organizational connections are important means of closing gaps and encouraging
“science transfer” across networks and professional cultures
(e.g., Guston 2001; Kirchhoff et al. 2015). While science
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communication is generally defined as a diffused activity for
engaging broader publics (Burns et al. 2003, p.190), we conceptualize science transfer as more targeted, aiming to move
specific knowledge and management tools directly to individuals and organizations involved in decision-making. Direct connections are often facilitated by individuals (called “knowledge
brokers”) and groups (called “boundary organizations”) that
are familiar with the cultures of scientists and managers, and
that often stand with a foot in each world (Cash et al. 2003;
Gustafsson and Lidskog 2018; Guston 2001; Meyer 2010). It
is important to acknowledge that such transfer of knowledge is
bidirectional rather than merely knowledge generators sharing
their knowledge and findings with so-called knowledge users
(Fazey et al. 2013, p.30).

1.1 A shift toward Mode 2 knowledge production
reduces the gap
Documenting real-world characteristics that lead to successful science transfer and knowledge exchange in natural
resource management continues to be a pressing need (Arlettaz et al. 2010; Cvitanovic et al. 2015; Nguyen et al. 2017).
Moreover, the best practices require further refinement and
adoption by both scientific and resource management communities. Therefore, our objectives were (1) to critically
reflect on the evolution of the Great Lakes Fishery Commission’s Science Transfer Program from ‘Mode 1’ (i.e., scientists conduct research autonomously) toward ‘Mode 2’ (i.e.,
co-production of knowledge with practitioners) knowledge
production (Nowotny et al. 2003, p.180) to understand and
overcome the knowledge-action gap; and (2) determine success factors and strategies and tactics employed to achieve
success critical to the shift from Mode 1 to Mode 2 knowledge production. According to the Mode 1 model, science
is “completed” before it is transferred to users as a series of
tools, technologies, or principles (Hessels and Van Lente
2008). Mode 2 science adopts the more iterative model of
co-production that involves collaboration among knowledge
generators and users throughout the research process of
problem definition, design, analysis, and application. Mode
2 principles can also be applied to Mode 1 science, albeit
in a more limited fashion that focuses on actions in Nguyen
et al.’s (2017) knowledge mediation sphere. The value of
putting science to work has been globally recognized and for
the past few decades prioritized to enhance effective use of
public funding (Bogenschneider and Corbett 2011; Glaser
et al. 1983). For instance, national research councils, such as
the U.S. National Science Foundation and the U.K. Research
Excellence Framework, consider ‘broader impacts’ or ‘contributions to society’ in their review processes (Holbrook
2005, p.439). Despite considerable effort, many challenges
continue to limit knowledge transfer keeping the knowledgeaction gap open. As such, we intend this article to benefit

eDNA

Environmental scan

Environmental DNA

Horizon scan

Science communication
Science transfer

Mode 2 knowledge production

Mode 1 knowledge production

Knowledge co-production

Knowledge-action framework

Knowledge broker

Knowledge transfer, sharing,
mobilization, etc

Knowledge hub

Bridging organization

Disciplinary terms
Boundary organization

Knowledge-action gap

Acronym or synonym(s)

Term

Table 1  Glossary of technical and institutional terms

Organizations that play an intermediary role between different arenas, levels, or scales and facilitate the co-production
of knowledge
Genetic material obtained directly from environmental samples (soil, sediment, water, etc.) without any obvious signs
of biological source material
“The systematic search for potential threats and opportunities that are currently poorly recognized”
Gap between the data, evidence, and knowledge generated
by researchers and those actually used or actioned by
resource managers
Individual or organization through which interjurisdictional
communication and activities are being carried out
Framework consisting of three elements: (1) knowledge production or co-production; (2) knowledge mediation sphere
(i.e., the knowledge-action gap); and (3) knowledge-action
outcome. “The mediation sphere encompasses factors that
ultimately influence whether knowledge is absorbed and
transferred, adopted into a knowledge action, reevaluated,
and looped back to the knowledge producers or absorbed
and transferred but not adopted.”
“The contribution of multiple knowledge sources, ways
of knowing, and perspectives from different user groups
with the goal of co‐creating knowledge and information to
inform fisheries management and conservation.”
Old paradigm of scientific discovery characterized by the
hegemony of theoretical or, at any rate, experimental science; by an internally driven taxonomy of disciplines; and
by the autonomy of scientists and their host institutions,
the universities
Socially distributed, application-oriented, trans-disciplinary,
and subject to multiple accountabilities
Diffused activity for engaging broader publics
Identifying science and science products that can inform
management needs, and making science accessible to
managers for decision-making

Definition

Burns et al. 2003
Great Lakes Fishery Commission Science Transfer Board

Nowotny et al. 2003, p.179

Nowotny et al. 2003, p.179

Cooke et al. 2021, p.91

Nguyen et al. 2017, p.792

Song et al. 2020, p.5

Nguyen et al. 2017, p.790

Sunderland and Woodroof 2009, p. 523

Thomsen and Willerslev 2015

Cash et al. 2006, p.8

Source
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Lake Committees

Joint Strategic Plan

Fish Community Objectives

Council of Lake Committees

Institutional terms
Board of Commissioners

A replicable, defensible, and transparent decision analysis
framework that breaks a problem into component parts,
identifying values and objectives, as well as actions
that could achieve the stated objectives, predicting the
consequences of the set of actions on each objective, and
evaluating tradeoffs among objectives, while accounting
for uncertainties in the system
Describes the position of species in a food web, from primary producers to apex predators (range, 1–5)

Definition

The Great Lakes Fishery Commission is made up of eight
Commissioners (four appointed from each the United
States and Canada) and one U.S. Alternate Commissioner.
Commissioners of the United States are appointed by the
President for six-year terms. Commissioners of Canada
are appointed by the Privy Council and serve at the Council's pleasure
CLC
The CLC is composed of representatives from state, tribal,
and provincial agencies represented on Lake Committees
Strategic fishery management goals for each lake established by the Lake Committees
JSP
A joint commitment by signatories to “secure fish communities, based on foundations of stable self-sustaining stocks,
supplemented by judicious plantings of hatchery-reared
fish, and provide from these communities an optimum
contribution of fish, fishing opportunities and associated
benefits to meet needs identified by society for wholesome food, recreation, cultural heritage, employment and
income, and a healthy aquatic ecosystem.”
Joint Strategic Plan Committees Lake Ontario Committee: New York, Ontario
Lake Erie Committee: Michigan, New York, Ohio, Ontario,
Pennsylvania
Lake Huron Committee: Michigan, Ontario, ChippewaOttawa Resource Authority
Lake Michigan: Illinois, Indiana, Michigan, Wisconsin,
Chippewa-Ottawa Resource Authority
Lake Superior Committee: Michigan, Minnesota, Ontario,
Wisconsin, Chippewa-Ottawa Resource Authority, Great
Lakes Indian Fish and Wildlife Commission, 1854 Treaty
Authority

SDM

Structured decision-making

Trophic level

Acronym or synonym(s)

Term

Table 1  (continued)

http://www.glfc.org/joint-strategic-plan-committees.php

GLFC 2007

http://www.glfc.org/fishery-management.php

GLFC 2007

http://www.glfc.org/commissioners.php

Bonhommeau et al. 2013, p. 20,617

Gregory et al. 2012

Source
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A board of the Great Lakes Fishery Commission that devel- http://www.glfc.org/science-transfer-board.php
ops and implements an annual Science Transfer Program
by interacting with fishery managers, sea lamprey control
agents, researchers, and stakeholders to identify highpriority management issues for STB consideration. Terms
of reference can be viewed here: http://www.glfc.org/pubs/
pdfs/research/Science%20Transfer%20Board%20TOR.pdf
http://www.glfc.org/sea-lamprey-control-board-task-forces.
Comprised of officials from federal, state, provincial and
php
tribal fishery agencies along with invited non-governmental experts; Assists the commission in developing and
implementing strategies, policies, and programs to control
sea lamprey
The means by which the Great Lakes Fishery Commission
http://www.glfc.org/staff-directory.php
executes its programs, located in Ann Arbor, Michigan
Secretariat

SLCB
Sea Lamprey Control Board

Science Transfer Board

Term

Table 1  (continued)

Acronym or synonym(s)

Definition

Source
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researchers and scholars working on knowledge mobilization, particularly in boundary-spanning organizations, and
those involved in program management, administration,
and design at government agencies, academic institutions,
and conservation groups; it is also intended for higher-level
resource managers and policymakers seeking to have their
science and information needs met more effectively.

2 Case study: A novel science transfer
program provides a model for effective
knowledge co‑production and use
Below we draw on lessons learned in the evolution of a novel
science transfer program on the Laurentian Great Lakes of
North America to determine key success factors in the transition from Mode 1 to Mode 2 knowledge generation.

2.1 Laurentian Great Lakes fishery management
The Laurentian Great Lakes (hereafter Great Lakes), covering more than 244,000 km2, support valuable subsistence, recreational, and commercial fisheries in both Canada and the United States of America (Fig. 1). The Great
Lakes region is an economic powerhouse, supporting tourism, industry, and international trade along its shorelines
and within its waterways (Krantzberg and De Boer 2008,
p.102, Table 1). Each of the five Great Lakes has its own
set of physical characteristics and fish assemblages, with
both unique and shared resource management challenges.
Across the basin, management of fisheries resources falls
to the state and provincial governmental agencies and
Indigenous communities (Gaden et al. 2008, 2012; GLFC
2021) for whom fish are important for culture, food, and the
economy (see Fig. 1). Many commercially important fishes
show large-scale movements across jurisdictional boundaries within lakes and sometimes even between lakes (Hayden
et al. 2019; Matley et al. 2020; Riley et al. 2018). Sharing
information and coordinating management among jurisdictions is therefore central to sustainable fishery management,
especially given the wicked challenges facing managers in
the Great Lakes, including invasive species, climate change,
and nutrient loading that require joint strategies and actions
across management entities and in some cases across lakes
or the basin.
A coordinated basin-wide approach to Great Lakes fishery management was necessitated by collapse of major
fisheries owing to commercial overharvest, habitat degradation, and invasive species (Gaden et al. 2013; Muir et al.
2012; Smith 1968). In response, the Great Lakes Fishery
Commission was established by a 1954 Convention on
Great Lakes Fisheries (hereafter convention) between the
USA and Canada (U.S. Department of State 1956). The
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Fig. 1  Location of the North American Laurentian Great Lakes,
Canada (north) and United States (south), the international boundary
(solid black line), and the eight States and the Province of Ontario
that have jurisdiction over fisheries (dashed lines). Additionally, may
Indigenous Nations have jurisdiction throughout the Great Lakes

basin. Locations mentioned within the text, including the Great
Lakes Fishery Commission (GLFC) Secretariat headquarters, are also
shown. Note that the scale is relevant to the Great Lakes as opposed
to the inset

work of the commission is guided by a board of government-appointed Commissioners and supported by a secretariat staff, currently consisting of about 25 employees,
based in Ann Arbor, Michigan, USA. The primary duties
of the commission (per convention Article IV) are to control invasive sea lamprey Petromyzon marinus, coordinate fishery research, and inform and facilitate working
arrangements for interjurisdictional management (U.S.
Department of State 1956). The commission’s Science
Transfer Program is prosecuted as a partial fulfillment
of three duties articulated in Article IV of the convention: (IV–b) to coordinate research made pursuant to such
[research] programs and, if necessary, to undertake such
research itself; (IV–c) to recommend appropriate measures to the Contracting Parties [the USA and Canada] on
the basis of the findings of such research programs; and
(IV–e) to publish or authorize the publication of scientific
and other information obtained by the commission in the
performance of its duties (U.S. Department of State 1956,

p.5). Importantly, article VI of the convention ensures that
management authority for the Great Lakes remains clearly
vested with the states, provinces, and Tribes. Article IV
specifies the critical role of the commission in coordinating fishery management across jurisdictions, for example
by implementing a Joint Strategic Plan for management
of Great Lakes Fisheries (GLFC 2007), a non-binding
agreement that establishes a common goal for Great Lakes
fisheries and working arrangements (i.e., institutional and
social networks) within which the parties work to achieve
that goal. The Joint Strategic Plan is implemented by individual Lake Committees, which are the action arm of the
Plan. Lake Committees are comprised of senior fisheries
managers from each of the state, provincial, and US tribal
management agencies that have jurisdiction on each particular lake. The Council of Lake Committees, comprised
of all of the lake committee representatives, considers
issues and problems of common concern affecting two or
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more of the individual lakes. The Sea Lamprey Control
Board comprises officials from federal, state, provincial,
and tribal fishery agencies along with invited non-governmental experts and assists the commission in developing and implementing strategies, policies, and programs
related to control of invasive sea lamprey. The duties of
the commission dictate its roles in all three areas of the
knowledge-action framework (Nguyen et al. 2017).

2.2 Re‑imagining knowledge transfer in the Great
Lakes basin
In addition to supporting and guiding knowledge production and facilitating knowledge-action, the commission is
uniquely positioned for science transfer within the knowledge mediation sphere (Nguyen et al. 2017) as a boundary
organization (Cook et al. 2013; Cvitanovic et al. 2015; Selzer
et al. 2020; Song et al. 2019). Although the convention provides authority for the Science Transfer Program, program
effectiveness relies on the commission’s long history of
transboundary coordination and the strong interjurisdictional

working relationships, both formal and informal, that comprise Great Lakes science and fishery management networks
(Gaden et al. 2013; Leonard et al. 2011; Song et al. 2019).
The Great Lakes are vast and governance is complex with
more than 650 municipal to international jurisdictional units
(McCrimmon Jr. et al. 2002, p. 250; Song et al. 2019). The
commission functions as a “hub” or “broker” in these networks through which interagency communications occur
(Song et al. 2019, p.11). Although knowledge exchange
occurs organically through various functions of the commission, the Science Transfer Program seeks to mediate
as much as possible of this knowledge exchange in a more
formal way to ensure the information transferred is usable
and actionable.
Early programs failed to achieve the commission’s vision
for science transfer (C. Krueger, pers. comm. 28 Aug 2020),
largely because they were driven by scientists, lacked manager input, and produced technical products (i.e., Mode 1);
evidence that these efforts had a tangible effect on fishery management decision-making was lacking (Table 2).
In response, during 2013, commission staff and a former

Table 2  Evolution of the Great Lakes Fishery Commission (commission) Science Transfer Program from ‘Mode 1’ (i.e., scientists conduct
research autonomously) toward ‘Mode 2’ (i.e., co-production of knowledge with practitioners) knowledge production
Program

Coordination Activities Program

Science Transfer Program

New Science Transfer Program

Years
Program oversight
Project solicitation

1995–2005
Science Director
Directed

Knowledge production mode
Objectives

Mode 1
Not documented

2006–2015
Board of Technical Experts (BOTE)
External, competitive, request for
proposal
Mode 1
1) transfer knowledge to fishery
managers

2015-present
Science Transfer Board
Management issue-driven with Science Transfer Board coordination
Mode 2
1) identify science and science
products that can inform management needs;
2) make science accessible to managers for decision-making to meet
these needs
Knowledge exchange or training
workshops
Slide decks
Infographics
Decision trees
Fact sheets
Web-based data synthesis and visualization apps
New, so more data needed to determine program efficacy
Not completely shifted to Mode 2
Time and resources

Types of projects and products Database development
Model development
Peer-reviewed publications
Science communications
Technical workshops

Database development
Model development
Peer-reviewed publications
Science communications
Technical workshops
Web-based tools

Limitations

Did not produce products that were
salient and timely for managers
BOTE lacked science transfer
expertise
Limited management input
One-way communication to endusers
Projects driven by scientists
Projects and products highly technical

Did not produce products that
were salient and timely for
managers
Lacked strategic direction
Lacked program documentation
Projects driven by scientists
largely for scientists
Projects and products highly
technical

The Board of Technical Experts is comprised of academic and agency scientists and fishery managers and advises on the commission’s external
fishery research funding program
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fishery manager conducted a strategic programmatic review
of historical program documentation, previously funded projects, guidance provided to applicants, and program metrics
such as number of proposals received, proportion of proposals funded, and the number of tangible products such as
peer-reviewed publications and reports. Staff then undertook
a SWOT (Strengths, Weaknesses, Opportunities, Threats)
analysis and engaged in facilitated exercises to thoughtfully evaluate the Science Transfer Program and develop a
renewed vision that would narrowly focus on an audience of
high-level decision-makers at fishery management agencies,
including those tasked with sea lamprey control, and would
directly solicit relevant projects in addition to considering
project ideas from external groups. Essentially, the new program represented a commitment toward Mode 2 of knowledge production (Nowotny et al. 2003), embracing two-way
communication and co-production of usable, salient, and
credible knowledge and further building trust among scientists and managers (Lemos et al. 2012, p.790).

Ultimately, a program was designed that created a ‘learning space’ to facilitate conversion of knowledge to more
usable forms than peer-reviews articles (Stern et al. 2021,
p.2) by placing scientists and managers at the same table to
decide what issues to address and how to most effectively
exchange knowledge. An advisory board consisting of representatives of fishery management and sea lamprey control
agencies, along with natural and social scientists and science
transfer experts, was formed to provide strategic direction
and oversight and ensure that knowledge users are involved
from early stages of project development. The Science
Transfer Board worked with secretariat staff to develop a
Terms of Reference (Supplement 1) and Code of Ethics to
guide its activities. Secretariat staff and the Science Transfer
Board collaborated to develop program goals and objectives
and a process for achieving them. The two primary objectives of the Science Transfer Program are to (1) identify
science and science products that can inform management
needs, and (2) make science accessible to managers for

Fig. 2  Relationships among Great Lakes Fishery commission (commission) programs in identifying high-priority management issues
and transferring scientific results in co-produced products to address
those issues. The commission’s Fishery (http://www.glfc.org/fishe
ry-research.php) and Sea Lamprey (http://www.glfc.org/sea-lampr
ey-research.php) Research Programs award funding to scientists in
academia and government and are guided by research priorities established by advisory boards and resource managers, in particular the
Council of Lake Committees (comprised of fishery managers from
each of the Great Lakes; http://www.glfc.org/fishery-management.

php) and the Sea Lamprey Control Board (comprised of sea lamprey
control agents [Fisheries and Oceans Canada and the U.S. Fish and
Wildlife Service], government and academic scientists, and fishery managers; http://www.glfc.org/taskforces/index.php?taskforce=
slcb). The Science Transfer Program works with the same groups of
resource managers to understand their management priorities and
facilitate transfer of research results through co-production of products that best meet those needs (http://www.glfc.org/science-transfer.
php)
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decision-making to meet these needs. An engagement process was created to identify high-priority management issues
through an ongoing “horizon scan” and regular brainstorming sessions with interjurisdictional resource management
groups, including the Council of Lake Committees, the Sea
Lamprey Control Board, and other technical support groups
that are part of the commission’s structure (Fig. 2). The Science Transfer Board annually reviews a list of potential project ideas, populated via these brainstorming sessions, and
selects issues that are of high priority to fishery management
and sea lamprey control and that can be informed by existing science that is at the appropriate stage to communicate
to end-users. Figure 2 summarizes the role of the Science
Transfer Program within the knowledge mediation sphere
to identify high-priority management needs and “filter” science results from the commission’s Fishery and Sea Lamprey Research Programs to meet those needs.
In addition to engaging in two-way knowledge exchange
between producers and users at a programmatic level, the
Science Transfer Program implements the Mode 2 strategy
through project requirements, ensuring that managers are
engaged in project design, development, and product development. Once topics have been selected for development

into projects, staff and the Science Transfer Board identify
project teams, consisting of both researchers and managers, to conduct the work. Projects build in regular opportunities for engagement with knowledge end-users, resulting in an iterative process of project implementation and
product development (Fig. 3) that ensures end-user feedback
is incorporated into products to effectively meet end-user
needs. Project activities and final products often evolved
from their original visions based on end-user interactions
and feedback. In this way, the program and its outputs are
designed for maximum adaptability and flexibility to ensure
that needs of fishery managers and control agents are met.

2.3 Key success factors for effective science transfer
Below, we describe six success factors of the commission’s
Science Transfer Program we believe have been key to a shift
from Mode 1 to Mode 2 of knowledge exchange (expanded
upon in Table 3). Consideration of these factors and the key
strategies and tactics employed to achieve the success factors was critical in implementing both the program and individual projects and helped close the knowledge-action gap

Fig. 3  Great Lakes Fishery
Commission Science Transfer
Program project implementation cycle
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Demonstrate need

2.3.1 Dedicate funding and staff support

Create novel attractive products

Be responsive

Make it easy

Start small

Prioritize need

Strategies

Success factor

Ongoing challenges and potential solutions

A generational staff turnover is underway in the
Ensured program status as opposed to project
Great Lakes; maintaining a presence at meetings,
status with support from fishery managers &
communicating program philosophy and value,
control agents
and engaging new staff in the program must be
The commission created a new position with
prioritized
50% STP responsibilities by reworking position
Garner institutional and financial support by
description from an existing employee; added
demonstrating program efficacy; implementing an
STP objectives to all staff performance agreeeffective program evaluation will be critical
ments
Demonstrating research impact and incorporation of
The commission demonstrated active as opposed
science in management decision-making remains
to passive pursuit of Mode 2 knowledge generaa challenge in the natural sciences; an ongoing
tion
PhD. project funded by the commission aims to
Began with modest budget (U.S. $50,000) and
develop methods for assessing and predicting
demonstrated early success, which enhanced
future impact of commission science
demand, thereby justifying increased financial
commitment
Secretariat staff reduced burden on PI and participant institutions and agencies by handling all
workshop logistics and implementation, including contracting and invoice payment (Example
1)
Provided funding to hire graduate student(s),
which encouraged PIs to take on project and
managers to provide project guidance (Example
1)
Created adaptive response account to fast-track
projects that address in-season management
needs
Hired a graphic design firm to create novel, attractive, simple, useful products, such as fact sheets
and infographics (Examples 3; Supplement 4)
and secretariat staff handled graphic design on
behalf of PIs

Tactics

Table 3  Six key success factors for effective science transfer, strategies and tactics that led to effectiveness of developing and implementing a new Science Transfer Program (STP) by the Great
Lakes Fishery Commission (commission), and how these approaches led to success for each of the three examples highlighted in the article (Example 1) structured decision-making; (Example
2) eDNA; and (Example 3) changing trophic status in the Laurentian Great Lakes
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2.3.3. Break down silos

Create ownership

2.3.2. Obtain top-down commitment from organizational leadership

Ongoing challenges and potential solutions

Leadership at the top of organizations changes
Involved commission leadership, fishery managrapidly (2–4 y); ensuring new leadership is fully
ers, and control agents from the beginning in
briefed on the value of the program is an ongoing
program development; provided oral reports and
challenge that requires time and energy
focused strategic discussions at biannual meetings to seek guidance and emotional investment The ability to actively engage top leadership in projects and on the Board will always be a challenge,
in program development
but can be overcome by continuously demonstratCreated a commissioner position on the Science
ing value of the program from end-user perspecTransfer Board which has been filled since
tive and quantifying science impact
inception
Fishery managers were involved in workshops,
ensuring that they experienced benefits of the
SDM framework (Example 1)

Tactics

Enabled champions in upper management by regularly seeking guidance and providing updates
to key allies throughout program development,
implementation, and evaluation
Personnel turnover requires continuous demonstraSlow down
Ensured inclusiveness of science, management,
tion and communication of program value
sea lamprey control directorates as well as upper
Maintaining relationships requires considerable
leadership both within and outside of the comtime and emotional investment, and must be done
mission in program co-development
in-person
Find common ground
The commission jointly identified a common goal
Identifying managers that have the time and are
and objectives for the program and a mutually
willing to commit to attend meetings, review
agreeable approach by focusing on compatible
briefing books, and actively contribute to project
directorate charges and responsibilities
development and implementation is always chalChange the culture
Created a new culture of collaboration by developlenging due to their existing workload and hectic
ing cross-directorate program co-ownership and
schedules; demonstrating value and making it
established quarterly strategic planning meetings
easy to participate can enhance participation
for program implementation
Populate the Board deliberatively Ensured that the Science Transfer Board was comprised of active managers, control agents, and
researchers/scientists in both social and natural
sciences with skills in science transfer
Enable the Board
The science transfer project implementation cycle
(Fig. 3.) and terms of reference (Supplement 1)
provided the Board three contracting mechanisms for addressing a science transfer issue: (1)
general request for proposal (RFP); (2) directed
RFP; or (3) direct award; most often a directed
approach is most amenable to knowledge coproduction

Communicate effectively

Provide leadership opportunity

Strategies

Success factor

Table 3  (continued)
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Provided programmed social events and informal social engagements at regularly scheduled
biannual meetings to build relationships through
repeated interaction and shared experiences
among a diverse group that was traditionally
siloed; thereby facilitating knowledge transfer
(Examples 1, 2 & 3)
Funded in-person meetings which are essential to
trust and relationship building (Examples 1, 2
& 3)
Brought investigators to management meetings
and made time on the agenda for engagement,
dialogue, and feedback on science transfer end
products; provided opportunities to engage
informally outside of meeting, such as organized
dinners; (Examples 1, 2, & 3; Example 3 PI met
with the Council of Lake Committees and the
Lake Huron Committee twice each during product development [supplement 4] and refinement)
Handwritten notes, formal awards, and certificates
of appointment or appreciation enhanced dedication of partners and participants to the program;
Science Transfer Board members are provided
framed certificates of appointment; Science
Transfer project PIs were invited to participate in
generating this article

Create a collegial atmosphere

Meet face-to-face

Engage

Make thoughtful gestures

2.3.4. Build relationships through formal and
informal interactions

Tactics

Strategies

Success factor

Table 3  (continued)

Travel authorization remains a challenge for some
jurisdictions, particularly in light of current political and social climates; example setting by leadership can continue to highlight value of in-person
engagements
Most agencies have fiscal constraints on hosting
informal social gatherings; the commission, as
a boundary-spanning organization, and through
authorizations in its convention and policies provides regular forums for relationship building
Greater flexibility at other organizations would
allow for more broad adoption and application of
Mode 2 knowledge generation

Ongoing challenges and potential solutions
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Resource management agencies are short-staffed
Established Mode 2 knowledge production as
and often lack the capacity to fully engage in procentral to STP; established novel project implejects or on the Science Transfer Board; effectively
mentation cycle (Fig. 3) that includes end-users
addressing their management needs can help
in project and product development to ensure
prioritize participation and free up resources
product relevance and utility (Examples 1, 2,
&3); related to success factor b (Top-down commitment from organizational leadership), agencies committed to send high level managers and
their technical staff to participate in workshops
(Example 1)
Fishery managers and sea lamprey control agents
were provided roughly half the seats on the Science Transfer Board; per the Board terms of reference (Supplement 1), when possible, managers
and control agents will serve as board co-chairs;
fishery managers and sea lamprey control agents
served on project teams (Examples 2 & 3)
Established a Science Transfer Board liaison for
each project, who connects the PI to the board
and the resource managers; secretariat staff
also serve in a liaison role to ensure effective
program delivery and tailoring of products to
end-user needs

Actively embrace Mode 2

Embed end-users

Link program elements

Ongoing challenges and potential solutions

2.3.5. Emphasize co-production in program and
project implementation

Tactics

Strategies

Success factor

Table 3  (continued)
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Clearly articulate needs

2.3.6. Obtain buy-in among relevant actors

Ongoing challenges and potential solutions

Provided funding to implement appropriate project
delivery mechanisms (i.e., workshop, symposia,
training, etc.) and engage the most suited project
PI; Example 1: provided funding to conduct two
workshops to facilitate effective delivery without
onerous travel for participants across international borders

Get the right people

Future challenges to the ongoing viability and success of the program and potential solutions to those challenges are also identified. Individual success factors are not novel, nor are all of the key
strategies and tactics, but taken together, the six success factors and the approaches to satisfy those factors have led to successful restructuring of a Science Transfer Program that is novel and a
shift toward Mode 2 knowledge production in the Great Lakes. PI = principal investigator; SDM = structured decision-making; control agents = Fisheries and Oceans Canada and U.S. Fish and
Wildlife Service who implement sea lamprey control on behalf of the commission

Developed means to evaluate and demonstrate
research impact to partners and academic institutions (A.M. and Z.B., unpublished data)

Documented a strategic vision and partner-driven
research priorities to provide clarity to researchers regarding mission-oriented science needs of
the commission

Overcoming academic reward structures, particularly for Tier-1 research institutions, remains a
challenge; strive to change academic culture by
partnering, funding faculty positions, or including
academicians or institutional administrators on the
Biannual surveys or think-tanks with managers
Science Transfer Board or in projects with high
and control agents help reveal their management
public visibility and value
issues and science needs
Providing opportunities for PIs to demonstrate the
impact of their science on issues of relevance to
Reinforced value of STP to key academic partsociety (such as the environment) is becoming
ners and emphasized value of partner service
increasingly valued
contributions and development of atypical
science products (e.g., web-tools, infographics);
provided funding and institutional support to PIs
and their institutions

Tactics

Research impact

Create a new reward structure

Undertake regular horizon scan

Strategies

Success factor

Table 3  (continued)
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on various specific topics (see Examples 1-3) by creating
an effective learning space (Stern et al. 2021). Most of the
success factors identified pertain to the knowledge mediation
sphere (Nguyen et al. 2017), as that is the arena in which
the commission has the most influence. Organizations that
seek to more effectively transfer knowledge, but primarily
operate within the knowledge production/co-production or
knowledge-action spheres, can still apply these principles
to their work.
2.3.1 Dedicate funding and staff support
Adequate capacity in the form of dedicated human and financial resources is critical for successful knowledge exchange
efforts (Nguyen et al. 2017; Reed et al. 2014, p. 343 and
Table 1). Funds are required to bring Science Transfer
Board members, principal investigators, and external experts
together to formulate an annual program and collaborate on
project development. In-person meetings allow for formal
and informal discussion among scientists and managers,
supporting creative knowledge mobilization projects targeted to manager needs, and also allow for regular feedback
between the Science Transfer Board and project teams as
projects progress. Perhaps most importantly, face-to-face,
in-person interactions are the best way to develop trust and
build relationships (see success factor 4; Cvitanovic et al.
2021, p.183). Adequate funding is also needed to deliver
high-quality and effective knowledge transfer products. Creating attractive, simple, useful products such as fact sheets
and infographics requires costly graphic design. Face-to-face
interactions such as workshops are highly effective engagements to facilitate knowledge exchange, and require funding
for participant travel, room rental fees, equipment and supplies, and nourishment. Providing funds for travel can be the
difference in approval or denial of resource manager travel
authorization for meeting participation. Dedicated staff time
is also needed to develop and maintain program documentation, organize meetings, distribute meeting notes, follow up
on action items, evaluate and refine program delivery, facilitate board activities and engagement with end-users, and
disseminate science transfer products. The current Science
Transfer Program is coordinated by a commission secretariat
staff member who dedicates more than 50% of their time to
the program, with at least a half-dozen other staff members
across commission directorates contributing as needed to
shepherd projects through the process (Fig. 3). The influence
of secretariat staff in facilitating process, bridging groups,
and influencing outcomes is critical to successful program
implementation (Song et al. 2020) and extends through
many of the subsequent success factors described below.

2.3.2 Obtain top‑down commitment from organizational
leadership
Commitment by the Great Lakes Fishery Commission’s
Board of Commissioners to effective science transfer has
been critical to sustain needed funding and staff support for
the Science Transfer Program. As part of this commitment,
Commissioners were also willing to take an initial risk by
fundamentally changing the commission’s approach to science transfer; many organizations and institutions are not
as nimble to pivot from conventional approaches. Annual
review and Commissioner approval of funding allocations
among the commission’s program areas involves the assessment of return on investment of funds. Whereas results are
more easily measured in the program areas of fishery management (e.g., jointly supported/implemented actions), sea
lamprey control (e.g., sea lamprey population indices and
fish wounding rates), and communications (e.g., website
and social media metrics), the effectiveness or value of the
contribution of knowledge generated by the research programs is not as easily evaluated, a challenge that plagues
most natural resource programs (Penfield et al. 2014). Significant delay between knowledge development or transfer
and its impact on policy and decision-making can occur
(Nguyen et al. 2017; Reed et al. 2014), which necessitates
a commitment to sufficient, long-term support for knowledge transfer. Commissioners have remained supportive
of the research programs and continually confirm the need
for applied science, its utility to decision-making, and the
critical role of the Science Transfer Program in bridging
the knowledge-action gap (e.g., unpublished minutes of the
Great Lakes Fishery Commission Executive Meeting, 3–4
December 2015).
2.3.3 Break down silos
Institutional, organizational, and programmatic silos are barriers to developing an effective knowledge transfer program
(Cvitanovic et al. 2015, p.27–28). In developing the current
Science Transfer Program, identifying common goals and
objectives fostered intra-organizational collaboration among
the commission’s science, fishery management, and sea lamprey control directorates. This collaboration resulted in a
Science Transfer Board comprised of roughly equal numbers
of fishery managers or sea lamprey control agents and scientists. Further, breaking down silos at the institutional level
was critical to creation of and broad adoption of the project development and implementation cycle (Fig. 3) and for
guiding individual projects through the cycle. For instance,
the iterative process of bringing project plans and in-cycle
updates to the managers for input would not have been possible without cross-directorate collaboration, agenda development, and commitment to continuous improvement of
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programmatic procedures. Removal of barriers helps ensure
an effective participatory process that can promote relevant
product development tailored specifically to manager needs
and adoption and use of science products.
2.3.4 Build relationships through formal and informal
interactions
Related to the problem of transcending silos, effective science transfer relies on strong, trusting social relationships
across professional roles and cultures (Gaden et al. 2009,
p.954). The “relational dimension” (i.e., the relationship
and ties between knowledge-actors) of the knowledgeaction framework in natural resources (Nguyen et al. 2017)
is critically important because knowledge is more readily
transferred and accepted within relationships of mutual
understanding, respect, and trust (Cvitanovic et al. 2021;
Lemos et al. 2012; Young et al. 2016b). Social relationships
are therefore key to successful knowledge exchange (Reed
2014; Song 2019). Meaningful social relationships are typically slow to form; they develop over time through repeated
contacts across a variety of settings (Jack 2005; Matthews
et al. 2009). Professional or workplace relationships have
unique characteristics as well in that they often combine
people with different roles and backgrounds and are therefore often more diverse than personal friendship networks.
Workplace social relationships also tend to be more taskoriented, having both a formal side organized around work
projects and instrumental goals and an informal side, which
emerges through repeated interaction and shared experiences
(Pillemer and Rothbard 2018, p.652). Activities and structure of the Science Transfer Board have been designed to
nurture both the formal and informal side of relationships.
By fostering collaboration between knowledge generators
and users, the Science Transfer Board creates a formal arena
for task-based knowledge exchange. However, the regularity
of Science Transfer Board meetings and events also fosters
informal interactions and shared experiences, putting people
into repeated contact outside of work sessions. The dynamic
between formal and informal interaction creates a virtuous
circle, fostering the development of mutual trust and understanding (Mulvaney et al. 2015, p. 122). Trust is increasingly recognized as a fundamental concept in bridging the
knowledge-action gap (Cvitanovic et al. 2021).
2.3.5 Emphasize co‑production in program and project
implementation
As discussed above, the Science Transfer Program embodies co-production of products at the program and project levels, which has increased relevance, usability, and
transfer of knowledge to target users. The co-production
approach implemented specifically refers to the inclusion,
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contribution, and iterative interaction of multiple knowledge sources and capacities from different stakeholders and
rightsholders spanning the knowledge-action gap to cocreate knowledge (Lemos and Morehouse 2005; Meadow
et al. 2015; Visbeck 2008; Wall et al. 2017; Wamsler 2017;
Ziervogel et al. 2016) which is increasingly common in the
fisheries realm (Cooke et al. 2021). True co-production and
the leap to Mode 2 knowledge production was made possible
by first breaking down programmatic silos (success factor
2.3.3). As evidenced by the project highlights in Examples
1–3, implementing more deliberate forms of collaboration
and co-production throughout multiple stages of the research
and science transfer processes has improved communication
on urgent research needs, benefitted study designs through
end-user and researcher capacities and knowledge sources,
and enhanced the tailoring and dissemination of knowledge
so that it is more digestible and accessible for target audiences. A commitment to higher degrees of iterative interaction and co-production at multiple stages of the research
process has been linked to increased accuracy, credibility,
salience, and timeliness of research knowledge leading to
higher levels of knowledge transfer and use (Arnott et al.
2020; Beier et al. 2017; Bremer and Meisch 2017; Cash et al.
2003, 2006; Dilling and Lemos 2011; Fujitani et al. 2017;
Meadow et al. 2015; Michaels 2009; Reed 2008; Vogel et al.
2016).
2.3.6 Obtain buy‑in among relevant actors
The commission is a mission-oriented organization with
clear organizational focus laid out in the convention (U.S.
Department of State 1956). Academics and resource agency
staff, collectively embrace for the core mission to deliver
science to support sea lamprey control and to contribute to
healthy sustainable fish communities (GLFC 2021). The
commission’s research programs fund research specific to
that mission and a primary evaluation criterion for proposals involves assessment of the extent to which the proposed
science is relevant to commission priorities, and partner priorities. Those priorities are revisited and refined annually
by managers and practitioners and shared with the scientific
community so they are aware of science needs (Fig. 2). This
level of transparency provides clarity to researchers on how
to craft proposals with a greater likelihood of funding. However, feasibility and proposed approach—scientific quality—
are given equal weight with relevance. Therefore, the commission has created a culture both within its various advisory
boards and committees and among the broader fisheries science community that values high quality, mission-oriented
research as the foundation for better management. This is
most apparent in the willingness of researchers funded by
the commission to engage directly with fishery managers
and practitioners in the co-production of knowledge. Such
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interactions (e.g., at Council of Lake Committees meetings)
create opportunities for scientists to share their knowledge
and findings but also to learn what the management communities need to deliver their mission and these interactions
foster knowledge co-production. Via the Science Transfer
Program, there is opportunity to co-generate unique, tailored
products that extend beyond peer-reviewed publications to
include decision-support tools, software interfaces, databases, and management briefs. This creates multiple communication channels for new knowledge (see Decker and
Krueger 1999, p.55–56) and enables the co-design of products tailored to the needs of end-users (Reed et al. 2014).
This is a highly valued service to the commission community which breaks the traditional science value model where
peer-reviewed publications are often considered the most
important output (Moosa 2018). The traditional model is
changing and the impact of science on issues of relevance
to society (such as the environment) is becoming increasingly valued (Sinatra et al. 2016); the commission provides
pathways for scientists to demonstrate such impact.

3 Science transfer project examples
Since inception in 2015, the Science Transfer Program has
funded nine projects (Table 4) that range in objectives from
empirical (e.g., gathering social science data to better understand barriers to information uptake by managers; Nguyen
et al. 2021) to applied (e.g., co-producing applied products,
such as fact sheets that synthesize scientific information in
plain language). Here, we highlight three projects (Examples
1–3) that demonstrate how success factors (Table 3) contributed to the formulation of relevant and usable products
that were readily implemented by resource managers. The
examples were selected because they encompass the range
of projects undertaken, types of project delivery mechanisms
employed, approaches to engaging end-users, and types of
products co-produced. Below, we explain these approaches,
describe the final outputs or products developed, and discuss initial impressions from end-users and lessons learned
from the perspective of project leaders. Final products from
all projects are freely available for use and can be accessed
on the Science Transfer Toolkit web page (http://www.g lfc.
org/science-transfer-toolkit.php). While the examples highlighted below are regional in nature and focus on local management issues, the scope of the examples is not pertinent to
their purpose herein, which is to draw attention to the types
of products, variety of project delivery mechanisms, and the
role of success factors in successful knowledge exchange
through Mode 2 co-production. Our intent is that lessons
learned via the examples below will be broadly applicable
to global management issues.

3.1 Example 1
An introduction to structured decision-making for fisheries
managers.
3.1.1 Management issue the project aimed to address
Contentious tradeoffs exist between the costs and benefits
of anthropogenic barrier removal in streams. Anthropogenic barriers (e.g., dams and road-stream crossings) often
prevent native fishes from accessing critical habitat, but
these same barriers provide benefit by blocking invasive
species, such as sea lamprey, from colonizing or accessing
upstream habitat—the so-called connectivity conundrum
(McLaughlin et al. 2013; Zielinski et al. 2020) that must be
accounted for in all decisions for barrier removal. However,
predicting the ecological consequences of barrier removals
is rife with uncertainties, and stakeholder values extend well
beyond concerns with fish passage (Lin and Robinson 2019;
McLaughlin et al. 2013). Managers needed a values-based,
rigorous, and transparent process for confronting difficult
barrier removal decisions in the face of varied and often
conflicting stakeholder views.
3.1.2 Project objectives and approach
The science transfer objectives of the project were to:
(1) Present structured decision-making (SDM) as a framework to account for the many concerns and uncertainties surrounding barrier removal decisions; and
(2) Transfer the state of knowledge relevant to predicting
fish production above barriers.
Two, 2-day “mock” (lacking decision-making authority)
SDM workshops were held, one in the United States and one
in Canada, using a regionally relevant dam removal project
(i.e., Boardman River, MI and Bowmanville Creek, ON) as
a case study. Attendees represented state and provincial fish
and wildlife agencies, universities, Tribes and First Nations,
and Canadian and U.S. federal agencies and included biologists and managers. Participants were introduced to the steps
of SDM (problem definition, objectives setting, creating
alternatives, predicting consequences, and making tradeoffs among objectives; Hammond et al. 1999) by working
through the case studies (Jensen and Jones 2018; Lin et al.
2019). During the consequences step, four experts gave
presentations about observations from barrier removals in
Maine, predictions of sea lamprey production via modeling
(Jensen and Jones 2018) and proxy species, and a decision
support tool (Fishwerks; https://greatlakesconnectivity.org/)
to prioritize barrier removals. The workshops concluded
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Predicting the production of fish (including
invasive species such as sea lampreys) above
barriers to inform decisions on dam removal
Training fishery managers on the application of
Structured Decision-Making
Identifying barriers to use of acoustic telemetry
data
Understanding limitations and opportunities
associated with acoustic telemetry technology
Understanding how changes in lower trophic
levels affect fish populations, and how Fish
Community Objectives may need to be adjusted
in light of changes
Explaining the effects of lower trophic level
changes to public stakeholders
Understanding limitations and opportunities
associated with eDNA technology
Interpreting positive eDNA results in a management context
Communicating complex eDNA information to
stakeholders
Synthesizing information on the effectiveness of
various sea lamprey barrier technologies, and
best practices for their application
Analyzing lampricide treatment data to understand the frequency of non-target mortality
and conditions most often associated with nontarget mortality events
Creating consistent messaging, rooted in data, for
use by sea lamprey control agents when communicating with resource management partners
and other stakeholders
Visualizing fish stocking events and recoveries
using an online tool
Visualizing and synthesizing acoustic telemetry
data across multiple research projects using an
online tool for Lake Erie walleye managers
Making defensible management decisions for
data-poor fisheries

Science Transfer Board

Science Transfer Board

Secretariat staff (fishery management)

2016

2016

2017

2017

Accounting for potential effects on fish production from barrier removals to inform
management decisions: an application of
structured decision-making

From fish movement to knowledge movement: Understanding and improving science transfer related to telemetry

Changes in nutrient status and energy flow
through lower trophic levels: Implications
for Great Lakes Fishery Managers

Uses and limitations of environmental DNA
(eDNA) in fisheries management

Sea lamprey control agents

External scientist

Developing consistency in interpretation and 2018
communication of non-target mortality
associated with lampricide treatments

Interactive tool for visualizing fish stocking 2019
events and recoveries in the Great Lakes
Effective dissemination of Lake Erie walleye 2020
movement and distribution information for
use by managers
2021
Using stock assessment information to
inform harvest policy in data-limited
fisheries

Science Transfer Board

Fishery managers

Sea lamprey control agents

Alternative barrier technologies: history as a 2017
control tool

Science Transfer Board

Management Issue(s) Addressed

Year Funded Source of Idea

Project Title

Table 4  Completed and ongoing Great Lakes Fishery Commission Science Transfer Program projects since 2015

4–6 staff in Great Lakes region trained in
application of FishPath tool and process
Management options for two case study
fisheries

Web-based visualization, analysis, and reporting tool

Web-based visualization tool

White paper
Peer-reviewed publication
Slide deck
Survey data and internal messaging to be
provided to communications professionals
to develop outreach tools

2 infographics
2 fact sheets
Slide deck
Management decision tree
Sampling guidance for agencies

Fact sheet
Slide deck
Workshop technical report

Three peer-reviewed publications
Online template for developing research briefs
for managers

40 workshop participants trained in structured
decision-making

Products
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with discussions about making tradeoffs among management objectives and more generally about the use of SDM
in barrier removal and other management decision-making.
3.1.3 Final products and outputs
Forty workshop participants were trained in SDM. Each
participant received a copy of the book “Smart Choices:
A Practical Guide to Making Better Decisions” (Hammond
et al. 1999) and other workshop materials including presentations on the state of the science around barrier removals.
3.1.4 Use and impact
In a survey of workshop participants two years later, 69%
of respondents felt that lessons learned from the workshops
have had either a “lot” or a “moderate” amount of influence
on problem-solving in their professional lives. Although
opportunities to implement SDM in full were scarce, many
suggested that the ideals of SDM have allowed them to more
fully consider values and objectives related to decision problems, as well as to broaden the scope of consideration for
management decisions. The workshop format was subsequently used with biologists and managers in Ohio in 2018,
for a separate problem combining SDM and decision support
tools for barrier removals (Lin et al. 2019), again with positive feedback from participants. In addition, participant feedback provided valuable information regarding knowledge
gaps for barrier removal decisions. Specifically, predicting
productivity of fishes other than sea lamprey upon barrier
removal remains uncertain and has led to fruitful areas of
ongoing research in the basin (e.g., Lin and Robinson 2019).
3.1.5 Lessons learned
Ultimately, the SDM project achieved the science transfer
objectives. Key factors contributing to the project’s success
were dedicated staff, including a graduate student, to plan
and implement the workshops (success factor 2.3.1) and a
firm commitment by the management agencies to send staff
to participate (success factor 2.3.2). Both managers and their
technical support staff participated in the workshops, which
likely helped with future co-production. Finally, the workshops used highly relevant barrier removal case studies to
demonstrate utility of the tools thereby enhancing participant engagement.

3.2 Example 2
Uses and limitations of environmental DNA (eDNA) in fisheries management.

3.2.1 Management issue the project aimed to address
Environmental DNA (eDNA) is a promising technique for
increasing the chance of detecting relatively rare organisms
in aquatic environments where they are present without
having to capture or observe live specimens. Environmental DNA as a surveillance method has achieved regional
prominence due to its early application for detection of
non-native carps (i.e., Mylopharyngodon, Hypophthalmichthys, Ctenopharyngodon spp.) in the Great Lakes. Although
eDNA shows potential as a cost-effective alternative to traditional surveillance methods, more effective communication
between geneticists and managers is needed concerning the
current limitations of eDNA and the biological interpretation
of eDNA results.
3.2.2 Project objectives and approach
The science transfer objectives of the project were to:
1. Initiate a dialogue between eDNA experts and fishery
managers to share current knowledge about eDNA uses
and limitations and identify primary information needs
of managers;
2. Provide easily accessible information to fishery managers to address the most significant information needs:
a) biological interpretation of positive eDNA results, b)
uses and limitations of eDNA, c) eDNA sampling guidance, and d) strategies for effectively communicating
results to policy makers and the public.
A panel of eDNA experts convened with the Council of
Lake Committees to identify informational needs among
fishery managers regarding eDNA uses and limitations. During the meeting, participants were asked about the information they needed to effectively understand and communicate
eDNA methods, results, and uncertainties to make betterinformed decisions, where communication of eDNA results
seemed to break down, and how to better understand and
implement actions in light of uncertainties associated with
eDNA results. Based on this information, a set of project
deliverables was developed to address the identified informational needs.
3.2.3 Final products and outputs
Deliverables were provided in a variety of accessible formats. A management support tree facilitated decisionmaking concerning the interpretation of positive eDNA
results (Supplement 2). Two infographics were developed,
one describing factors that influence eDNA presence in
the environment (Supplement 3) and the other highlighting eDNA collection and analysis methods. Fact sheets for
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two different audiences (agency personnel and the public)
provided background information on eDNA sampling, uses
and limitations, and guidance on interpretation of results. A
PowerPoint slide presentation with substantial notes and references was provided for manager use as a communication
tool. Finally, a document summarizing key considerations
for eDNA sampling was developed.

bridges to knowledge users. Ongoing discussions with
managers were necessary regarding the type of recommendations they needed and the level of uncertainty they
were willing to accept. Peer review of the deliverables
by both scientists and managers further strengthened the
products.

3.2.4 Use and impact

3.3 Example 3

Importantly, products of the eDNA project were not
designed for the public, but rather were developed specifically in consultation with and for fishery managers
to empower them to more effectively interpret results,
make informed decisions, and have the knowledge and
confidence to effectively communicate those decisions
to policy makers, stakeholders, rightsholders, and the
broader public using a variety of formats. As evidence of
the value of this project, follow-up discussions between
the Council of Lake Committees and the Science Transfer Board have led to pursuit of an additional project to
develop information tools and data standards to improve
the reporting, reliability, and interpretation of eDNA
information for management applications. Project leaders and staff plan to conduct a follow-up survey of managers two years after project completion to evaluate the
degree to which products are being used and to understand additional needs. Preliminary website metrics
indicate that products from this eDNA project are the
most-downloaded Science Transfer Program products,
with the PowerPoint presentation and infographics being
accessed most frequently.

Changes in nutrient status and energy flow through lower
trophic levels: Implications for Great Lakes fishery
management.

3.2.5 Lessons learned
The biggest challenges faced during transfer of eDNA
knowledge were generating concrete and objective recommendations in the face of uncertainty (i.e., false positives and negatives), and creating dynamic products that
can be updated in a rapidly developing field. Key success
factors that helped overcome these challenges included
breaking down silos by thoroughly understanding manager needs (success factor 2.3.3), building relationships
through formal and informal interactions with fishery
managers (success factor 2.3.5), and co-producing project products with multiple check-ins with the Council of
Lake Committees throughout product development (success factor 2.3.5). These factors facilitated continual and
open communication among the project team and with
eventual end-users. Including a fishery manager on the
core project team provided important perspective during project and product development and helped build
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3.3.1 Management issue the project aimed to address
The Great Lakes ecosystem has undergone profound changes
over the last several decades, with implications for economically valuable recreational and commercial fisheries. Fishery managers need to understand how nutrient status and
the composition of lower trophic levels of Great Lakes food
webs have changed and how these may affect fish communities as they contemplate changes in fishery management
activities and revisit fish community objectives. Further,
managers need simple tools to communicate how and why
lower food-web changes are influencing decisions about
stocking or harvest strategies—a challenging concept to
articulate in lay terms.
3.3.2 Project objectives and approach
The science transfer objectives of the project were to:
1. Synthesize information on lower trophic level status
indicators in the Great Lakes during the last 20 years.
2. Develop a conceptual approach (terminology, common
understanding, guiding principles, context relating to
fisheries management processes) to assist fishery managers in understanding and communicating lower trophic
level changes and their relationship to fisheries.
A 2.5-day technical workshop was held with approximately 25 scientists and technical experts. Fishery management input was provided via a project steering committee
and limited participation (two managers) at the workshop.
Workshop participants presented and discussed changes and
trends in selected lower trophic level indicators and relevant
case histories and hypotheses relating lower trophic level
changes to fish communities and fisheries. Key elements of
a conceptual model were developed during breakout groups
and subsequently refined by the project team. Initial aspects
of the conceptual model were presented to fishery managers
for their feedback. Based on the refined conceptual model,
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the Lake Huron Committee (LHC) agreed to assist in development of a mock-up fact sheet for Lake Huron, which was
presented to the Council of Lake Committees for discussion.
In a follow-up extension of the project, a final Lake Huron
fact sheet was completed.
3.3.3 Final products and outputs
Workshop proceedings and the original conceptual model
were reported in a completion report to the commission.
Final products for Lake Huron included professionally
designed infographics and figures explaining the conceptual model, a fact sheet (Supplement 4), and a PowerPoint
slide deck.
3.3.4 Use and impact
The conceptual model and Lake Huron fact sheet provided
fishery managers knowledge and tools to effectively understand and communicate recent complex changes in the Lake
Huron ecosystem and potentially help inform future revision
of Lake Huron Fish Community Objectives (DesJardine et al.
1995), though the products are too new as of this writing for
any formal evaluation of their use. The conceptual framework
will be applied to other Great Lakes, with two other Lake
Committees formally requesting fact sheets. This demonstration of demand from other end-users suggests that the Lake
Huron knowledge products are being perceived as credible
and accounts suggest they are being used effectively (R.
Claramunt, Michigan Department of Natural Resources, pers.
comm. 27 April 2021). The project identified productive areas
for future research including a more comprehensive understanding of the influence of water transparency on fishery
dynamics and fish community composition, comparative studies of Great Lakes food web structure, and refining and challenging the conceptual model and its scientific underpinnings.
3.3.5 Lessons learned
Building relationships (success factor 2.3.4), emphasizing
co-production (success factor 2.3.5), and getting buy-in from
the research community (success factor 2.3.6) were critical factors in this project enabling a vast amount of dense
science to be distilled into a useful framework for fishery
managers. Initial discussions with managers and project proponents to refine the approach and scope were important.
Enthusiastic volunteer participation of Great Lakes agencies
and academicians and their open discussions and creativity
were critical to product development. The ad-hoc steering
committee developed to manage this collaboration was necessary and effective and the iterative engagement with managers (via the Council of Lake Committees and Lake Huron
Committee) was critical to adoption of the final products.

Although limiting engagement to the Council of Lake Committees was efficient, the project may have benefitted from
broader engagement with others in the fishery management
community, an approach that will be considered when developing fact sheets for other lakes.

4 Reflections and recommendations
Thoughtful self-reflection five years into implementation
of a new Science Transfer Program designed to close the
knowledge-action gap allowed us to identify six key success
factors for effective knowledge transfer at the program and
project levels. While none of the success factors we identified
explicitly overlapped with those recently presented by Newcomb et al. (2021), several commonalities occur and their
model of research-management collaboration (their Fig. 1) is
remarkably similar to the relationships supporting the GLFC
Science Transfer Program (shown herein as Fig. 2). One key
difference between the Newcomb et al (2021) model and our
model is that their governance structure was issue- or projectspecific, whereas, the Great Lakes Fishery Commission, via
the Joint Strategic Plan (GLFC 2007), provides the governance structure for implementation of a basin-wide program.
While all six success factors identified are critically important and build off one another, other organizations seeking
to bridge the knowledge-action gap and co-produce usable
science products should in particular focus on investing time
and resources into building relationships through both formal
and informal interactions between knowledge producers and
users, allowing them to shift from Mode 1 toward 2 of knowledge production (Nowotny et al. 2003). Relationships form
the foundation of other key success factors by breaking down
silos, building trust, and enabling co-production of credible
and salient scientific information products. Such efforts are
increasingly serving as foundational to achieving meaningful
success in environmental research and management (Cooke
2020). The role of the Great Lakes Fishery Commission as
a boundary-spanning organization provides opportunities
to convene management jurisdictions, for example through
biannual meetings, such as Council of Lake Committees and
the Sea Lamprey Control Board. Regularly scheduled, in-person meetings provide “reporting out” and “receiving input”
mechanisms for the Science Transfer Board that facilitate
co-production and potentially in the future co-application of
products and co-management of Great Lakes resources.
This article represents a first “pulse check” of the commission’s revised Science Transfer Program. Thus far, evaluation of individual projects suggests that the program is successfully developing more salient and usable information
products than in the past to effectively address specific management needs. Additionally, the Science Transfer Board has
developed and adopted a plan that outlines protocols and
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metrics for evaluating projects and their outcomes at broader
and longer scales than are typically considered in natural science evaluations. Various methods, including interviews and
surveys of knowledge producers and users and a PhD project
to measure the impact of commission-funded research on
policy and practice are ongoing. Collectively, evaluations
should increase understanding of the current elements of science transfer that lead to effective knowledge exchange, and
ways the program can be adapted for continuous improvement to effectively meet manager information needs.
Historically, Mode 1 of knowledge production was the
norm due to factors such as incentive structures, institutional
silos, and continued desire to preserve the autonomy of science
(Backer 1991; Stokes 1997). However, a shift to Mode 2 of
knowledge production is underway, and recommendations on
how to transition from Mode 1 to Mode 2 are salient across a
broad range of disciplines including education, medicine, engineering, and environmental sciences (Guthrie et al. 2013). We
hope that using Mode 2 to create learning spaces and co-produce secondary science products will eventually lead to more
co-produced initial research being proposed conducted, and
integrated into management decision-making—a true shift to
Mode 2 in the knowledge production sphere. We recognize that
some of the strategies and tactics implemented by the Commission will not be relevant or feasible for science and management entities elsewhere; however, we remain optimistic that
some of the creative approaches described herein will inspire
actions to promote more effective knowledge transfer and a
shift toward Mode 2 knowledge co-production with resource
managers. If fishery managers and scientists jointly develop
research questions, pose hypotheses, and plan and conduct
projects to test these hypotheses, then knowledge will more
effectively lead to action and intermediary knowledge brokers
or boundary organizations will play a less critical role in the
future. In other words, the ultimate measure of success of any
science transfer program will be when it is no longer needed.
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