Socio-Ecological Practice Research
https://doi.org/10.1007/542532-020-00069-w

RESEARCH ARTICLE q

Check for
updates

Overcoming barriers to transfer of scientific knowledge: integrating
biotelemetry into fisheries management in the Laurentian Great Lakes

Vivian M. Nguyen'2® . Caleigh Delle Palme? - Brian Pentz? - Christopher S. Vandergoot* - Charles C. Krueger® -
Nathan Young® - Steven J. Cooke?

Received: 28 June 2020 / Accepted: 9 October 2020
© Springer Nature Singapore Pte Ltd. 2020

Abstract

The science—practice divide is a stubborn problem in environmental management. Existing research tells us that a range of
factors affects the uptake of new science into practice and policy, including socio-organizational, individual, and evaluative
variables. Here, we seek to understand the variables influencing the uptake of biotelemetry-derived information in the Lau-
rentian Great Lakes fishery management system. To do so, we used semi-structured telephone interviews (n=50) to capture
the views of managers, researchers, and assessment biologists affiliated with the Great Lakes Fishery Commission (GLFC).
Our results suggest that biotelemetry offers epistemological value (generating new and important information), but faces
barriers tied to perceptions concerning practicalities of the technology, such as its cost. The practical limitations facing the
use of biotelemetry evidence were more specific and potentially more easily resolved than the entrenched individual and
socio-organizational challenges of using types of knowledge other than biotelemetry. The persistence of the science—prac-
tice divide was evident in our findings. Formal entities and boundary organizations such as the GLFC and inter-sectoral
networks that promote interactions, meetings, and connections among researchers and practitioners can help overcome this
gap. The Great Lakes Acoustic Telemetry Observation System (GLATOS) network can play a boundary role in facilitating
biotelemetry science transfer by focusing on overcoming its evaluative limitations (e.g., costs, technological limitations).
Further, the GLFC and GLATOS are well positioned to play a greater role in science transfer by facilitating interactions
among scientists and practitioners to help reconcile differences in perceptions.

Keywords Knowledge transfer - Knowledge exchange - Fishery management - Technology diffusion - Great Lakes -
Science—practice divide

1 Introduction

Timely, up-to-date, and relevant scientific information is

widely seen as an essential input for effective environmen-
tal policy and decision-making processes (Pullin and Knight
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et al. 2016). Ideally, decisions based on the best-available
scientific evidence can promote sustainable outcomes for
resources, ecosystems, and the individuals, communities,
and industries reliant on resource access (i.e., an evidence-
based approach; Sutherland et al. 2004; Rousseau 2006;
Pfeffer and Sutton 2006). However, research suggests that
management decisions are often based on non-scientific
types of evidence, such as personal observation and expe-
riences, anecdotal evidence, organizational traditions, or
collectively held ‘conventional wisdom’ (Pullin and Knight
2003; Pfeffer and Sutton 2006; Young et al. 2016a; Nguyen
et al. 2017a; Cooke et al. 2017). Consequently, it is not suf-
ficient for researchers to simply publish in academic peer-
reviewed papers and expect evidence to be ‘transferred’” and
taken up by decision-makers. A growing body of literature
suggests that to enhance the role of scientific evidence in
environmental decision-making, greater effort needs to be
invested in understanding the human dimensions of knowl-
edge use, including the views, motives, and preferences of
knowledge users (Nguyen et al. 2017a; Young et al. 2018).

1.1 Theoretical framework: challenges in narrowing
science-practice gap

The challenges involved in integrating new knowledge into
policy and decision-making contribute to the disconnect
between the state of scientific evidence and its use in prac-
tice. This disconnect is called the ‘science—practice gap’ and
exists among other disconnects in environmental policy and
decision-making, including research—implementation and
knowledge—action gaps (Nguyen et al. 2017a; Bertuol-Gar-
cia et al. 2018). The obstacles to bridging the science—prac-
tice gap can be broadly categorized into three major cat-
egories: social-organizational challenges, individual-level
challenges, and evaluative challenges (see Young et al. 2018,
p- 52).This framework presents the theoretical basis of our
study and analyses.

Social-organizational challenges relate to how structures
and practices within organizations may influence a user’s
receptiveness to new information and data. These include
bureaucratic practices and norms, incentive structures, and
capacities of key personnel to understand and apply infor-
mation, political considerations, and communicative limita-
tions. For example, Rose et al. (2018) conducted a global
survey capturing perceptions of different stakeholders about
the relative importance of barriers to considering evidence
in conservation decisions. Social-organizational barriers
emerged as being highly significant, specifically in organi-
zational cultures that downplayed conservation as a political
priority, resulting in mismatches in timescales, lack of fund-
ing, and attention to other priorities (Rose et al. 2018, p. 4).

Individual-level challenges refer to capacities and prefer-
ences held by key individuals in the context of dealing with
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evidence or data. Examples of individual-level challenges
include a person’s skills, educational background, level of
familiarity with new knowledge, prior experiences, and/or
preferences that may encourage or discourage engagement
with new forms of evidence. Interviews conducted with
government employees and stakeholders responsible for co-
management of the Fraser River salmon fishery in Western
Canada highlighted individual-level challenges that included
motivations of individuals such as: ‘lack of political will,’
being unable to ‘teach old dogs new tricks’ or decisions that
are found to be constrained by previous decisions and incen-
tive structures (Nguyen et al. 2018b, p. 468).

Lastly, evaluative challenges refer to perceived strengths
and weaknesses of the evidence or data. Knowledge claims
are evaluated by potential users based on a range of criteria.
These include its epistemological value (the degree to which
the information or knowledge is deemed accurate and cred-
ible); its practical value (the degree to which it is applicable
to known problems, with minimal costs, trade-offs, or limita-
tions); and lastly, its perceived fit or departure from current
practices (the degree to which adoption of the knowledge or
information would disrupt existing views and/or processes)
(Young et al. 2018, p. 52). Nguyen et al. (2018b, p. 469) and
Rose et al. 2018 (p. 4) also found evidence that evaluative
challenges are significant for the uptake of scientific evi-
dence, particularly if uncertainty exists about the reliability
or credibility of new knowledge, the lack of policy relevance
and applicability of scientific findings to knowledge users,
or complexity and uncertainties related to the knowledge
or problem.

1.2 The science-practice gap: biotelemetry
research and fisheries management

Given that fisheries are closely tied to culture, livelihoods,
economics, and politics, the use of new evidence or knowl-
edge in fishery management can present unique challenges.
Fish are highly accessible relative to other natural resources
and make important contributions to food security and liveli-
hoods (Holmlund and Hammer 1999; Lynch et al. 2016). A
variety of socioeconomic and political challenges surround
the management of fisheries resources, including the needs
and rights of Indigenous fishers, as well as the interests of
recreational and commercial fishers (Lackey 1998; Hardin
2009; Nguyen et al. 2016). Additionally, a major scientific
challenge complicating management is the vastness and
complexity of aquatic environments, which has represented
a major barrier to acquiring information about fish popula-
tion dynamics required for effective management (Hussey
et al. 2015).

Recent advances in biotelemetry (i.e., remote monitor-
ing devices; reviewed in Hussey et al. 2015) have opened
new avenues to observe and understand aquatic organisms.
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Electronic tags are smaller and can be attached to free-
ranging animals, passively providing information about their
movements in space and time to listening receivers. With
this technique, animals must be caught, handled, and physi-
cally tagged, but unlike traditional tagging methods, the ani-
mals do not have to be recaptured to provide information on
their movement and locations. As such, many research and
management questions can only be answered through this
approach (Hussey et al. 2015; Cooke et al. 2016; Lennox
et al. 2017). The growing repertoire of global telemetry-
derived data recorded in the oceans and inland waters has
led to novel information about the ecology of many spe-
cies and their response to changing environments. These
telemetry tools and data have made important contributions
to fishery management, including improved understanding
of habitats, invasive species control monitoring, and stock
assessment, and have informed the design of marine pro-
tected areas (Crossin et al. 2017; Brooks et al. 2019). Still,
examples of improved policy and management measures are
rare considering the relatively large investment of resources
into telemetry research (McGowan et al. 2016; Young et al.
2018). Biotelemetry array networks (networks of listening
receivers) have been established worldwide, including in
Australia, the USA, Germany, South Africa, and Norway.
They have also been deployed in binational contexts, includ-
ing in the Laurentian Great Lakes. Given the resources allo-
cated to biotelemetry and the wide geographic range where
the technology has been installed, it is important to under-
stand how telemetry research informs fishery management
decisions, and what barriers the technology faces. Under-
standing what barriers exist and how they might be resolved
is a crucial part of understanding how return-on-investments
can be maximized.

Hesitation in applying telemetry-derived data to fishery
management often relates to technological and procedural
limitations, the study design and analysis, and capacity and
interpretation challenges. For example, uncertainties-asso-
ciated limitations of the technology have included limited
size and number of animals’ tagged, false detections, lim-
ited detection ranges, and potential effects of tags on animal
behavior (reviewed in Brownscombe et al. 2019b). Other
reported barriers to incorporating biotelemetry into fishery
management include: skepticism and distrust of biotelem-
etry, competing priorities, inflexible institutional structures,
challenges in interpreting complex data; lack of awareness
and access to new findings; or lack of management relevance
in study design (Young et al. 2013, 2018; Mcgowan et al.
2016; Krueger et al. 2018; Nguyen et al. 2018a, b; Browns-
combe et al. 2019a, b). Of course, many of these challenges
are not unique to biotelemetry and have been commonly
documented in various other contexts (Rose et al. 2018,
2019). However, rapid technological improvements have
resulted in an accelerated use of biotelemetry, allowing the

generation of novel information that traditional approaches
cannot offer (Lennox et al. 2017).

Biotelemetry research has found success in influenc-
ing fishery management most often when researchers and
practitioners worked together (Brooks et al. 2019, Brows-
combe et al. 2019a; Nguyen et al. 2019). Brooks et al. (2019)
described three case studies in North America where bio-
telemetry data were successfully used to inform fisheries
and habitat management, highlighting that in each of the
cases, biotelemetry was coupled with other evidence and
research techniques such as genetics, physiology, and tradi-
tional knowledge, demonstrating that multiple lines of evi-
dence presented a stronger case for policy reform (Cooke
et al. 2013). Further, researchers in these cases were actively
engaged with managers and stakeholders, which was iden-
tified as an enabler to successful integration of findings in
decision-making (Nguyen et al. 2018a; Brooks et al. 2019).

To date, few studies have sought to examine and resolve
the relationship between biotelemetry’s unrealized poten-
tial and the growing consensus that knowledge uptake is a
function of the knowledge users’ perspectives and experi-
ences. Previous work in this area investigated perspectives
of knowledge users in the Pacific Salmon fisheries in the
Fraser River, British Columbia (Young et al. 2016a, b, 2018,
Nguyen et al. 2018b), but case studies remain rare.

1.3 Case study: Laurentian Great Lakes fisheries
management and biotelemetry

The management of fisheries in the Laurentian Great Lakes
(herein referred to as the Great Lakes) is coordinated across
jurisdictions by the Great Lakes Fishery Commission’
(GLFC), established by Canada and the USA through the
Convention of Great Lakes Fisheries (1954). The GLFC’s
core duties include developing, funding, and coordinating
binational research programs, providing recommendations
to governments, implementing a control program for the
invasive sea lamprey, and disseminating information criti-
cal to sustain the fishery (Gaden et al. 2012, p. 312). The
GLEFC also serves as a forum for communication among
fishery managers, assessment biologists, and researchers and
also fosters the sharing of stakeholder views and feedback
(Gaden et al. 2008, p. 56). The GLFC’s geographic scope
includes the eight US states and the Canadian province of
Ontario (Fig. 1).

The GLFC employs a Joint Strategic Plan” as a framework
to facilitate the management of transboundary fish stocks by
federal, provincial, state, and tribal jurisdictions (Gaden and
Krueger 2018). The execution of the Joint Strategic Plan

! www.glfc.org.

2 http://www.glfc.org/pubs/misc/jsp97.pdf.
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Fig. 1 Map of the Laurentian
Great Lakes relative to North
America (adapted from d-maps.
com)
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has produced a non-binding inter-jurisdictional governance
structure that is highly cooperative, where fishery manage-
ment decisions are made by consensus among jurisdictions
who strive to produce decisions informed by science (Gaden
et al. 2008, p. 56). This structure includes Lake Committees
and Lake Technical Committees,> which consist of repre-
sentatives from the provincial, state, and tribal agencies with
fishery management authority (Fig. 2). The Lake Commit-
tees are comprised of high-ranking managers with decision-
making authority from each lake’s fishery agency who meet
to address shared needs (Gaden et al. 2012, p. 57). Fishery
researchers and assessment biologists contribute to the Lake
Technical Committees, which also include individuals with
relevant expertise from universities and federal agencies.
The technical committees advise the Lake Committee man-
agers of information important for resource-related decision-
making. Given that the responsibilities of fishery managers,
researchers, and assessment biologists on these committees
cover the provision of scientific advice, policy advice, and
include decision-making authority (described in Fig. 2),
these fisheries professionals constitute an important popula-
tion to investigate and understand the science—practice gap.

The GLFC has actively promoted and supported the use
of acoustic telemetry within the Great Lakes through spon-
sorship of the Great Lakes Acoustic Telemetry Observation
System* (GLATOS; Krueger et al. 2018). GLATOS was

3 http://www.glfc.org/joint-strategic-plan-committees. php.
4 nhttps://glatos.glos.us/.
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founded in 2010 and funded by the GLFC via funds provided
by the US Great Lakes Restoration Initiative as administered
by the US Environmental Protection Agency. GLATOS’s
purpose is ‘to advance and improve conservation and man-
agement of Great Lakes fishes by providing information on
fish behavior, habitat use, and population dynamics’ (Krue-
ger et al. 2018, p. 1760). To support this goal, GLATOS
supports a network of more than 200 investigators using
telemetry in the basin representing over 45 agencies and
universities via coordination meetings; workshops; the Web
site and a database; consultation services; data archiving and
management; lending of acoustic telemetry equipment; and
promotes science transfer (Krueger et al. 2018, p. 1760).
Results of ongoing and completed telemetry studies associ-
ated with GLATOS have been presented annually within
the GLFC’s committee structure of Lake Committees and
Lake Technical Committees as part of GLATOS’s science
transfer efforts.

The Great Lakes Basin is a crucially important case to
examine, as it is one of the only basin-wide systems with
an established biotelemetry network, and this network has
been associated with more than ten years of biotelemetry
research. We seek to explore and capture perspectives of
knowledge users on the integration of biotelemetry into
fishery management in the Great Lakes. To do so, we pur-
sue two central objectives: First, we seek to understand how
knowledge users view the role, potential, strengths, and
limitations of biotelemetry as applied in the Great Lakes.
Specifically, we sought out the viewpoints of three types of
vocations—resource managers, researchers, and assessment
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Researchers conduct studies that gather
information used as input in fishery
management decision making by
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the status and trends of fish populations
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incorporate this information into the
decision making process. They serve on
Technical Committees only to develop a

Fig.2 Organizational structure of committees that inform and influ-
ence the GLFC’s programs; provincial, state, tribal, and federal poli-
cies as well as stakeholders (adapted from Gaden et al. 2008 and
http://www.glfc.org/joint-strategic-plan-committees.php).  Commit-

biologists—held by members of science-based management
organizations within the Great Lakes. Second, we seek to
understand what barriers face the uptake of biotelemetry
data in the research and management community. In doing
so, we hope the study offers practical information concerned
with improving the uptake and mobilization of evidence
produced by biotelemetry. Our study contains two sources
of novelty for this literature. First, our research provides
basin-wide perspective with multiple jurisdictions. Second,
reported successes associated with biotelemetry have often
come from the perspective of researchers (e.g., Nguyen et al.
2018a, 2019; Brooks et al. 2019; Brownscombe et al. 2019a,
2019b), and here we broaden the vocational scope to include
fishery managers and assessment biologists.

shared understanding of the science, as
free as possible from political
considerations

tees are made up of fisheries professionals that broadly fit into three
vocation types: managers, researchers, and assessment biologists. The
roles and responsibilities of each vocation are described

2 Methods

This research is part of a larger study on knowledge mobili-
zation supported by the GLFC’s Science Transfer Program.’
Our research design was exploratory and used semi-struc-
tured telephone interviews to elicit views of fisheries profes-
sionals (managers, assessment biologists, and researchers)
associated with the GLFC Lake Committee structure. The
study received ethics approval from the Carleton University
Ethics Board (#106530).

2.1 Interview development
The interview instrument contained 25 questions devel-

oped using the knowledge—action framework by Nguyen
et al. (2017a) as well as advice from collaborators and key

3 http://www.glfc.org/science-transfer.php.
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Table 1 Summary of interview
questions analyzed in this study

Question Type Results summarized in:
Have you used biotelemetry in your own work? Open-ended Table 3

What are the strengths of biotelemetry? Open-ended Tables 5, 7

‘What are the limitations of biotelemetry? Open-ended Tables 6, 7

Likert-type questions concerned with biotelemetry research Likert type Table 4, Fig. 3

In your experience, what do you think are barriers to using new Open-ended Table 8

scientific knowledge in fisheries management?

informants from the GLFC and GLATOS (see Supplemen-
tary Information for full interview instrument). Interviews
consisted of a series of open-ended questions as well as a set
of closed-ended Likert-type opinion questions. Open-ended
questions (Table 1) sought to elicit information about par-
ticipant backgrounds, their views about the role of biotelem-
etry in the Great Lakes Basin, the benefits and limitations
of biotelemetry, and barriers to mobilizing new scientific
evidence into policy and decision-making. The closed-ended
Likert-type questions covered a variety of topics regarding
production, use, value, and sharing of biotelemetry science
(Fig. 3). We asked participants to indicate their level of
agreement on a five-point scale with a sixth option of ‘I don’t
know’ also available. To assess our interview instrument, we
conducted two test interviews with individuals possessing
expertise in biotelemetry techniques and research but who
were not from the Great Lakes arena. No adjustments to
the interview question guidelines or procedures were made
after these tests.

2.2 Data collection and analysis

We identified interviewees from a list provided by the GLFC
which contained contact information for members of the
Commission’s Lake Committees and Lake Technical Com-
mittees (n=94). In addition, we identified several other key
informants, including GLFC staff (n =12). Interview invita-
tions were sent by email on June 6, 2017, and three remind-
ers were sent. Interviewee affiliations were self-reported (by
committee and vocation, see Table 2).

We conducted a total of 49 semi-structured interviews by
telephone and conducted one interview by e-mail for a total
of 50 interviewees (out of 106 contacted individuals). The
remainder of the population (56) did not respond to the invi-
tation after several reminders. During the semi-structured
telephone interviews, the interviewer followed a predeter-
mined set of questions but allowed respondents to diverge
from the script (Axinn and Pearce 2006). The interviews
took place between June 2017 and October 2017 and lasted
between 35 and 70 min. All interviews were audio-recorded
with the consent of participants.

@ Springer

We transcribed audio-recorded interviews with Tran-
scribe® an online transcription service. We reviewed inter-
view transcripts to ensure accuracy and to increase our
familiarity with the transcripts to prepare (i.e., to identify
potential emerging themes) for the coding step. To analyze
the data obtained from open-ended questioning, we used
NVivo 12 (NVivo qualitative data analysis Software; QSR
International Pty Ltd. Version 12, 2018) and inductively
coded the data following a three-step qualitative analysis
procedure (Thomas 2006, Sutton and Austin 2015). Specifi-
cally, we assigned codes to responses, then merged similar
codes, and finally assigned codes into relevant thematic
categories. We reviewed all categories to ensure they were
mutually exclusive. These thematic categories were then
classified into evaluative, socio-organizational, and individ-
ual-level strengths, the core themes of Young et al. (2018)’s
framework used as the basis of our qualitative analysis. For
open-ended questions, the percentage of respondents cit-
ing a particular theme was calculated rather than the total
number of times interviewees cited a theme. For closed-
ended, Likert-type questions, the percentage of respondents
selecting a particular Likert-type option was used. Percent-
ages were calculated out of 50 total respondents, except (1)
where explicitly noted or (2) where results are summarized
by vocation type (Table 2). Our qualitative inductive analy-
sis allowed for themes to emerge. The qualitative analysis
was used to understand patterns or recurrences in experience
and thinking of individuals in order to map the landscape of
participant’s thoughts on topics of interest (Maxwell 2004).

3 Results

We organize the results into three sections. In the first sec-
tion, we summarize the broad contours of the interview-
ees’ viewpoints regarding their previous involvement with
biotelemetry and their views on whether its role should be
expanded in the Great Lakes. In the second section, percent-
ages of interviewees who cited various benefits and limita-
tions of biotelemetry are presented. While the first two sec-
tions of the results report both open-ended and closed-ended

S https://transcribe.wreally.com/.
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interview questions specific to the use of biotelemetry in
the Great Lakes Basin, the final section reports solely open-
ended data to illustrate perceived barriers to the adoption
of new scientific evidence by the respondents, providing
context for understanding the barriers to science transfer in
this system.

3.1 Understanding interviewee background
experiences and perceptions on the role
of biotelemetry

Most interviewees (84% of 50) had direct experience with
biotelemetry through current or previous involvement in
research (not necessarily as the one conducting the research,
but as a collaborator, funder, or user). Only 16% of inter-
viewees indicated they had not been directly or indirectly
involved with biotelemetry research, suggesting that most
of the sample population provided a good cross section of
experiences with, and exposures to, biotelemetry (Table 3).
The majority of interviewees (>50%) thought that the role of
biotelemetry in the Great Lakes fishery management should
be expanded (Table 4). Only two out of 27 managers and one
out of 11 assessment biologists disagreed with the statement.

3.2 What science transfer benefits and limitations
does biotelemetry generate?

In analyzing the interviewee responses, we identified 16
types of strengths of biotelemetry data (Table 5) and 18
types of limitations (Table 6) through our coding of open-
ended questions. The majority of strengths (14 of 16) and
weaknesses (16 of 18) fell into the evaluative category, with
individual-level strengths and weaknesses of biotelemetry
cited by the fewest interviewees.

3.2.1 Evaluative strengths and limitations: epistemological

Within the evaluative category, interviewees cited episte-
mological benefits most often (Table 5). Respondents fre-
quently cited biotelemetry’s ability to generate evidence use-
ful for understanding several questions related to species
biology, including species movement (mentioned by 78% of
interviewees), life history and ecology (32%), habitat data
(30%), and behavior (28%). Epistemological-type strengths
of biotelemetry data also cited were for understanding envi-
ronmental stressors (22%) and population ecology (24%).
Examples of positive responses demonstrating evaluative
value of biotelemetry information are illustrated below:

“It gives you an absolute understanding of where
the fish go and when, and the route that they took to
get there much more so than the traditional tagging
method” (Interview #5, Manager).

“They [biotelemetry researchers] are doing migration
[studies], spawning fidelity, doing a mix stock analysis,
life history events, temperature preferences. There’s
a lot to be learned by it.” (Interview #37, Manager).

Aside from the types of questions biotelemetry can help
answer, several interviewees (34%) noted that biotelemetry
yields high-quality data. For example, we illustrate a positive
comment on data quality here:

“You get a more continuous data set you can’t get in
other ways. For instance, you can get the temperature
of where the fish is at every 15 s. That is way more con-
tinuous than the point you get with a gill net at a spot
at a certain time. You get a better dataset with much
more continuous data.” (Interview #47, Manager).

The epistemological limitations cited most were that bio-
telemetry data often rely on a small sample size, potentially
limiting confidence in results (26%), and that it produces
data more relevant for understanding individual fish behav-
ior rather than population-level behavior (14%) (Table 6). A
smaller proportion of interviewees expressed concern that
biotelemetry can produce skewed evidence with respect to
age distribution (6%) and abundance (4%). We illustrate the
more negative sentiments about the limitations on sample
size and population-level assessments below:

“The sample sizes can be low and that’s also another sta-
tistical problem. Fifty fish may not actually tell you every-
thing you need to know about a whole population. I see
those as very strong limitations.” (Interview #5, Manager).

“When you are thinking about management at a popu-
lation scale as large as the Great Lakes, if you have a
population of 50 million walleye and you got 400 tags
out there, what do you really know about the popula-
tion? Extrapolating from your frame of reference is a
pretty big leap that I think both researchers and man-
agers just really need to be cognizant about as they
talk about what insights they’re making coming from
various research projects.” (Interview #8, Manager).

Five of the nine Likert-type opinion questions (Fig. 3)
investigated epistemological perceptions of biotelemetry
data. Two of these Likert items generated agreement among
vocations in support of the reliability of knowledge gener-
ated by biotelemetry: Interviewees noted that knowledge
generated about fish behavior was reliable and that the fish
handling process (i.e., catching and tagging the fish) did not
impair data reliability (Fig. 3). The other three epistemologi-
cally focused Likert-type questions revealed disagreement
both within and across vocation types. Although most inter-
viewees agreed that biotelemetry contributes reliable infor-
mation on fish behavior, we found variability in the opinions
of its reliability in generating ecosystem-level knowledge

@ Springer
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Table 2 Affiliation of

o . Great Lakes Fishery Commission Committee ~ Vocation Total (n=50)
participants by committee
membership and vocation Manager Researcher  Assessment
(n=27) (n=12) Biologist
(n=11)
Lake Ontario 2 0 0 2
Lake Ontario Technical 2 1 5 8
Lake Erie 4 0 0 4
Lake Erie Technical 1 1 0 2
Lake Huron 0 0 0 0
Lake Huron Technical 3 3 1 7
Lake Michigan 3 0 0 3
Lake Michigan Technical 5 3 0 8
Lake Superior 4 0 0 4
Lake Superior Technical 2 2 5 9
Council of Great Lakes Agencies 1 0 0 1
Not on a committee 0 2 0 2
Table 3 Responses (in . Experience with biotelemetry Percentage of
percentage) to thg question respondents
‘Have you used biotelemetry in (n=50)
your own work?’
Direct involvement
Currently working on several projects involving biotelemetry 24
Currently involved in some projects 28
Have used biotelemetry in the past but does not currently use 26
Indirect involvement
Via funding oversight 6
No previous involvement
Have not been involved in projects involving telemetry 16
Tgble 4 Exp a.nding the role of Biotelemetry should play a more standard role ~Strongly Agree Neither agree Disagree  Strongly
blotélemetry in the Great Lakes in fishery management than it currently does agree nor disagree disagree
Basin (in percentage)
Manager (n=27) 4 52 33 7 0
Researcher (n=12) 0 67 33 0 0
Assessment biologist (n=11) 9 45 27 9 0

(Fig. 3). The perspective of managers was the best example
of this contrast: While 100% of managers agreed that bio-
telemetry was useful for fish behavior, 52% indicated they
were not convinced that biotelemetry was a reliable source
of ecosystem data. Researchers and assessment biologists
were much more positive on the ability of biotelemetry to
help understand ecological factors. On whether ‘bioteleme-
try information should be taken with a grain of salt’ (Fig. 3),
assessment biologists demonstrated more skepticism rela-
tive to the other vocation types. Despite some disagree-
ments among researchers and assessment biologists about
using biotelemetry data only after peer review, overall, these
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vocation types considered this approach acceptable. Manag-
ers, however, noted the strongest disagreement, indicating
that using non-peer reviewed biotelemetry data in some cir-
cumstances was acceptable (48% of 27 managers disagreed
or strongly disagreed with this statement (Fig. 3).
Managers and researchers offered more positive com-
ments about the epistemic value of biotelemetry than other
vocation types, with 56% of managers and 42% of research-
ers offering positive-only comments (Table 7), while only
36% of assessment biologist provided positive-only com-
ments. None of the vocation types cited negative-only epis-
temological attributes of biotelemetry, but each vocation
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Table 5 Positive or supportive comments (and percentage of respondents) about biotelemetry cited in open-ended questioning

Young et al. 2018 framework classification Code Percentage of
respondents
(n=50)

Positive or supportive comments about biotelemetry

Socio-organizational strengths Communicative strengths Fosters collaboration 2

Evaluative strengths Epistemological value Movement (distance, migration) 78
Produces high-quality data 34
Life history and ecology 32
Habitat data 30
Behavior 28
Population ecology 24
Environmental stressors 22
Mortality and survival 18
Individual-level data 14
Invasive species management 14
Novel information 10
Animal physiology 6

Practical value Low human resource demands 12
High volumes of data 10
Perceived fit or departure from cur-  Fosters scientific inquiry 6
rent practices
Don’t know 2

Table 6 Negative or less supportive comments (and percentage of respondents) about biotelemetry cited in open-ended questioning

Young et al. 2018 framework classification Code Percent-
age
(n=50)

Limitations of biotelemetry

Socio-organizational challenges Communicative limitations Coordination and communication 4

Individual-level challenges Skills, communication, familiarity ~Lack of necessary expertise or capacity 6

Evaluative limitations Epistemological limitations Small sample sizes 26
Produces information at individual level not population level 14
Receiver accuracy 10
Study design flaws 6
Lacks mortality data 6
Can produce skewed/unrepresentative age data 6
Can produce skewed/unrepresentative abundance data 4
Data robustness 4
Lacks physiological data 2

Practical limitations Cost is too high 38
Collecting and processing data 28
Limited receiver availability 20
Recovering receivers 6
Depth limitations of receivers 6
Battery life 4
High human resource demands 2
Perceived fit or departure from Doesn’t replace current practices, tools, or approaches 4
current practices
Not aware of any limitations 6
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Manager
Researcher 8%
Assessment biologist

Manager
Researcher
Assessment biologist

Manager 11%
Researcher
Assessment biologist

Manager 44%
Researcher 8% 92%
Assessment biologist 18%
Manager 19%
Researcher 50%

Assessment biologist

Manager 15%
Researcher
Assessment biologist

Manager
Researcher
Assessment biologist

Manager
Researcher
Assessment biologist

Biotelemetry data on fish movements and behaviour should be
freely available to anyone who wants it

42% 33%

Biotelemetry provides reliable information about fish behaviours in the Great Lakes

Biotelemetry provides reliable information about

ecosystems in the Great Lakes
41% 30% 4%

The handling involved with inserting or attaching telemetry transmitters onto
fish make the data generated by biotelemetry unreliable

55%

Biotelemetry findings should be taken with a grain of salt
41% 22% 4%

Biotelemetry data and findings should only be used by managers after being
subject to a peer-review process

33% 30% 15%
33% 58%
36% 45%

Biotelemetry research is cost -effective

Biotelemetry provides us with information we wouldn’t otherwise have from

Integrating new knowledge emanating from biotelemetry into
management is difficult

Manager 4% 41% 30% 4%
Researcher 58% 33% 8%
Assessment biologist 82%
Strongly disagree Disagree Agree Strongly Agree

22% 41% 22%
27% 64%

44% 56%
42% 58%
45% 55%

8% 42% 8%
9% 3%

33% 8%
9% 45% 9%

4% 52% 15%
67% 17%
9% 3% 9%

other sources or studies
26% 74%
33% 58%
9% 73% 9%

Fig.3 Responses to Likert-type opinion statements by vocation type. We only include answers provided that contain a degree of polarity (i.e.,
agree or disagree) and omit neutral answers (including ‘neither agree nor disagree’ and ‘I don’t know’)

type provided mixed positive and negative comments
about biotelemetry, including 44% of managers (n=27),
50% of researchers (n=12), and 6% (n=11) of assessment
biologists.

3.2.2 Evaluative strengths and limitations: practical

Overall, all vocations held negative views of the practical
attributes of biotelemetry with 51% of managers (n=27),
67% of researchers (n=12), and 92% of assessment biolo-
gists (n=11) citing at least one practical drawback of biote-
lemetry without citing any practical benefits (Table 7).
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Interviewees cited practical limitations of biotelemetry
most often but named fewer types of practical limitations
relative to epistemological concerns, which may suggest
common thoughts about biotelemetry’s practical limitations.
Thirty-eight percent of all interviewees noted that the cost
to conduct biotelemetry research was a barrier to use and
uptake of biotelemetry data (i.e., science transfer), while
28% of interviewees noted that collecting and processing the
volume of data yielded by biotelemetry created significant
practical challenges. Twenty percent identified that receiver
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Table 7 Perceptions of the
evaluative strengths and

limitations (by percentage)
of biotelemetry by polarity of
answer and across vocation

types

Vocation Positive only Mixed Negative only Not mentioned
Manager (n=27)
Epistemic value 56 44 0 0
Practical value 4 26 51 19
Fit 7 0 4 89
Researcher (n=12)
Epistemic value 42 50 0 8
Practical value 0 67 25
Fit 8 0 0 92
Assessment biologist (n=11)
Epistemic value 36 64 0
Practical value 0 0 92 9
Fit 9 0 0 91

Epistemic value refers to the perceived as either flawed, irrelevant, and limited value, or novel, credible,
and reliable with high value. Practical value refers to ease of use of information (e.g., cost, time lags,
access, spatial coverage), and Fit refers to perceived fit or departure from current practices. These defini-
tions follow the Young et al. (2018) framework

availability was limited. An example of a comment related
to cost as a barrier is shown below:

“[Biotelemetry research] is very expensive, and in a
large lake, I think a smaller barebones study required
150 receivers, which is a lot of money. And then it
takes a lot of resources to get those set.” (Interview
#34, Manager).

Not many practical benefits of biotelemetry were noted
compared to practical limitations, with 12% of interview-
ees noting that biotelemetry requires low human resource
demands and 10% of interviewees citing the high volume
of data produced by biotelemetry as an important benefit
(Table 5).

Among the Likert-type question examining the practi-
cality of biotelemetry, we found positive consensus among
all vocation types on the statement ‘biotelemetry research
is cost-effective.” Interestingly, this differs from the prac-
tical issue that biotelemetry cost is too high in the open-
ended questioning. Further, high agreement occurred among
respondents that biotelemetry produces data that cannot be
produced through other methods (Fig. 3).

3.2.3 Evaluative strengths and limitations: perceived fit
with existing structures and practices

The third type of evaluative strength/limitation from
Young et al. (2018)’s framework is the perceived fit of new
knowledge into existing management structures and prac-
tices, which was not mentioned often among interviewees
(Table 8). Results did not produce a clear signal around
this characteristic: Though 6% of interviewees suggested
that biotelemetry worked within existing structures to pro-
mote scientific inquiry, 4% noted that biotelemetry does not

replace current practices, tools, or approaches (Table 6).
We asked interviewees to indicate whether they agreed or
disagreed with the statement ‘Integrating new knowledge
emanating from biotelemetry into management is difficult’
(Fig. 3), and found assessment biologists unanimously
felt integrating biotelemetry data was not difficult, while
researchers and managers differed, with mixed agreement
and disagreement on this statement.

3.2.4 Socio-organizational strengths and limitations

Interviewees cited socio-organizational strengths and weak-
nesses related to biotelemetry far less frequently than evalu-
ative characteristics. One interviewee noted that biotelem-
etry research fostered collaboration, while two interviewees
suggested that the usefulness of biotelemetry was limited by
complications arising from collaboration. We included one
Likert-type question aimed at understanding socio-organi-
zational characteristics, which was ‘Biotelemetry data on
fish movements and behavior should be freely available to
anyone who wants it’ (Fig. 3), to understand perspectives
about data sharing. The majority of managers (63%, n=27)
and assessment biologists (64%, n=11) ‘agreed’ or ‘strongly
agreed’ with the statement, while a minority of researchers
(33%, n=12) agreed with this statement (Fig. 3).

3.2.5 Individual-level strengths and limitations
No individual-level benefits were cited by interviewees,
while 6% of interviewees noted only one type of individual-

level barriers, a lack of expertise, as complicating the use
and uptake of information generated by biotelemetry.
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Table 8 Perceived barriers (by percentage) to using new scientific knowledge in fishery management

Young et al. (2018) framework Code Mngrs Res (n=11) Biol (n=10) Overall
(n=26) percentage
(n=47)
Barriers to mobilizing new evidence into policy
Socio-organizational chal- Organizational inflexibility — Institutional inertia 15 18 0 13
lenges
Legal context 4 0 0 2
Management metrics 0 9 0 2
Timeliness of evidence 4 0 0 2
Absorptive capacity Integration challenges 4 9 0 4
Political considerations Acceptance by stakeholders 22 10 14
Communicative limitations =~ Communication between 19 27 10 19
researcher and manager
Communication with the 12 0 0 6
general public
Communication of complex- 0 9 0 2
ity
Individual-level challenges Skills, education, familiarity ~Finding out about new 12 9 20 13
evidence
Access to journals 4 0 0
Access to unpublished data 4 0 0
Inability to process complex 0 0 10
data
Personal constraints 1 0 0 0
Experiences and preferences Prior experiences of key 8 36 30 19
individuals
Evaluative limitations Epistemological limitations  Confidence in evidence 12 0 10 9
Relevance of evidence 4 9 0 4
Limitations of evidence 4 0 0 2
Knowledge complexity 4 0 0 2
Practical limitations Cost (unspecified) 15 36 10 19
Time constraints (unspeci- 12 0 20 11
fied)
Labor availability 0 9 10 4
Gear and supplies 0 9 10 2
Travel restrictions 4 0 0 2
Perceived fit or departure Fit with historical norms 4 9 0 4
from current practices
Not aware of any limitations 4 0 0 2

Results are shown as a proportion of respondents citing the relevant barrier by vocation type and by proportion of complete interview set. Con-
ceptual framework employed is based on that designed by Young et al. (2018). Mngrs managers, Res researchers, Biol assessment biologists

3.3 Barriers to the adoption of new scientific
knowledge into management and policy

The final section of our results addresses how interviewees per-
ceived barriers limiting the adoption, or uptake, of scientific
data (generally) into use by managers and resource manage-
ment institutions. While the data presented in Sect. 3.2 focused
on strengths and benefits of the data produced by biotelemetry,
here we provide an examination of barriers that can complicate
or preclude uptake of new knowledge more generally.
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3.3.1 Evaluative barriers

Ten types of evaluative limitations were cited, and as afore-
mentioned, interviewees most commonly identified prac-
tical limitations as barriers to the mobilization of knowl-
edge produced by biotelemetry (Table 6). Similarly, the
interviewees also perceived practical limitations to be core
barriers to the uptake and implementation of new evidence
into policy (Table 8). The perceived cost to integrating new
evidence was cited by 19% of all interviewees (n=47), with
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researchers citing it most often (36% of 11; Table 8). Time
constraints were the second most cited practical limitation,
noted by 11% of interviewees (n=47). Interviewees did not
specify cost and time constraints and spoke about these con-
cepts more generally.

Similar to results from biotelemetry uptake, epistemo-
logical factors were not predominantly cited as barriers to
the uptake of new knowledge and evidence. The most com-
monly noted epistemological barrier was ‘confidence in
evidence,” with only 9% of all interviewees (n=47) citing
this barrier. The results of this category are perhaps most
interesting when viewed as a function of vocation type—0%
of researchers (n=11) noted this evaluative limitation, while
12% of managers (n=26) cited confidence as a barrier.

3.3.2 Socio-organizational barriers

Eight types of socio-organizational barriers to the uptake
of new knowledge were cited by interviewees. Communi-
cative limitations were the most often cited socio-organi-
zational barrier, with 19% of interviewees (n=47) noting
that communication between researchers and managers
was a key limitation. This limitation was cited more fre-
quently by researchers (27%, n=11) than managers (19%,
n=26). Other socio-organizational barriers cited by inter-
viewees included institutional inertia (13%, n=47) and the
acceptance of new evidence by stakeholders (11% of all
respondents (n=47) cited this barrier, and 15% of manag-
ers (n=26)). Interestingly, socio-organizational challenges
associated with the public and stakeholders were most fre-
quently cited by managers and rarely or never by researchers
and assessment biologists (Table 7).

3.3.3 Individual-level barriers

Individual-level barriers featured more prominently in
respondents’ answers about mobilizing new evidence than
individual-level benefits/limitations with biotelemetry (no
individual-level strengths cited and 6% cited as a challenge;
Table 6). Within this category, finding out about new evi-
dence was cited most frequently (13% overall vocations,
n=47; Table 8), of which 20% (of 47) assessment biolo-
gists made up the respondents in this category. Second, prior
experiences of key individuals (often termed as path depend-
ence in the literature) were cited as a barrier by 19% of
respondents consisting primarily of researchers and assess-
ment biologists citing this barrier. Other individual-level
barriers (only cited by about 2% of respondents) included
access to journals, access to unpublished data, inability to
process complex data, and (unspecified) personal constraints
(Table 8).

4 Discussion

Overall, our results shed light on the challenges of integrat-
ing biotelemetry findings into Great Lakes fishery manage-
ment by revealing how individuals possessing three vocation
types perceived benefits and limitations of biotelemetry of
three vocation types. First, we discuss biotelemetry-specific
perceptions within the Young et al. (2018) framework. Sec-
ond, we discuss the role of vocations and the continued sci-
ence—practice divide, and lastly, we compare the barriers
facing the uptake of biotelemetry evidence relative to the
mobilization of new knowledge more generally.

We interviewed nearly 50% of our total target popula-
tion, which consisted of fisheries professionals associated
with the GLFC. Given this level of coverage, it is unlikely
that any major thematic codes were missed at the population
level (Guest et al. 2006, Francis et al., 2010). The fact that
the GLFC established and sponsors GLATOS could mean
that our sample population may be biased toward individu-
als already familiar and supportive of biotelemetry research
and its application. Their familiarity with the information
that biotelemetry provides may explain the more positive
perceptions of biotelemetry’s epistemological value than
expressed by individuals or groups outside of the Great
Lakes as documented in the Fraser River case (Young et al.
2013, 2018) where skepticism was recorded. In the Great
Lakes Basin, the GLATOS network has played a crucial
role in promoting knowledge sharing and exchange among
fisheries professionals and in demonstrating the value and
impacts of biotelemetry research (see e.g., Krueger et al.
2018, Fielder et al. 2020 for management impacts). Given
that most of our sample population were generally positive,
aware and supportive of biotelemetry research may signal
that science transfer activities (i.e., annual meetings, com-
mittee presentations, relationship development, developing
research-practitioner network) within the Great Lakes Basin
are working. Other cases around North America examin-
ing the science transfer of biotelemetry have noted similar
activities promoted the translation of findings into fishery
management action, including integrating managers and
stakeholders into the research, having applied research fund-
ing and objectives, having established relationships among
researchers and practitioners, and presenting preliminary
data in a timely manner (e.g., Brownscombe et al. 2019,
Brooks et al. 2019).

4.1 Evaluative challenges: biotelemetry
is perceived to offer high epistemological value
but with practical limitations

We found that information and knowledge derived
from biotelemetry research is highly regarded for its
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epistemological value, as noted in other Great Lakes-based
GLATOS research (e.g., Hayden et al. 2014, Fielder et al.
2020) and elsewhere, particularly for understanding fish
movement (distance, migration) and applying this infor-
mation to management. The fact that interviewees also
mentioned the value of biotelemetry in generating environ-
mental and ecological information suggested that they felt
biotelemetry data were useful for pursuing and answering
a range of scientific questions (not only on fish) and for
informing management. Young et al. (2018) conducted
similar research on Pacific salmon fishery management in
Fraser River, British Columbia, and interviewed govern-
ment employees including fishery managers, assessment
biologists, and researchers (from Department of Fisheries
and Oceans Canada) as well as stakeholders affiliated with
the co-management of the salmon fishery (e.g., industry,
First Nation organizations, consultants, and environmental
non-governmental organizations). As with study partici-
pants in the Great Lakes, government employees involved
in the management of the Fraser River demonstrated
general support for expanding the role of biotelemetry
in salmon management (72% of 16 respondents). Despite
the more heterogeneous interviewees in the Fraser River
salmon case study, we found similar areas of agreement
and disagreement on the Likert-type opinion statements
of biotelemetry. For example, both studies showed strong
agreement that biotelemetry provides reliable information
on fish behavior as well as offering information that was
unattainable from other methods or sources (Young et al.
2018). Although high agreement occurred on reliability
of information on fish behavior, mixed opinions existed
about reliability of biotelemetry research on ecosystem-
level information by both studies. Similar sentiments were
found in the open-ended questioning of strengths of bio-
telemetry for both Great Lakes and Fraser River studies.
Participants identified information on movement (timing,
distance, and migration), fish behavior, and high-quality
or original data among the epistemological strengths of
biotelemetry. Overall, a fairly strong endorsement of the
scientific knowledge output of biotelemetry technology
occurred. However, our findings highlight the remaining
question of whether individuals feel that the epistemo-
logical value of biotelemetry is worth the cost and other
practical limitations that were cited.

4.2 Cost-effective and cost-prohibitive: a paradox
of new technology

The finding that cost remained the most notable to greater
deployment and uptake of biotelemetry in the Great Lakes
contrasts with the results of other studies. Globally, a sur-
vey of just over 200 international fish telemetry research-
ers found that researchers perceived the challenges facing
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the uptake of biotelemetry findings to be limitations of the
technology itself and its resulting data (Nguyen et al. 2018a)
more so than cost. As with Fraser River managers (Young
et al. 2018), GLFC fisheries professionals noted that the
cost (of transmitters) and resource burden (labor capacity
requirements for field work and data processing) associated
with biotelemetry complicates the use of the technology.
Interestingly, though interviewees cited cost as a major limi-
tation to its integration in fishery management, the results
of open-ended questioning showed that all vocation types
nonetheless consider the technology to be cost-effective for
research (especially once capital costs are amortized over
time). Perhaps, this result was because of the perceived reli-
ability of the data, the volume of the data produced, and
perceptions about the variety of scientific questions the data
can help answer.

In the Great Lakes, acoustic telemetry is often conducted
by attaching a transmitter to the fish (either via surgery or
externally) which transmits acoustic signals to a receiver
that can be tens of meters away, or a few kilometers away.
The signals are recognized as a code unique to each fish and
recorded with date and time stamp by receivers (reviewed
in Thorstad et al. 2013; p. 884). Acoustic receivers can be
positioned as in lines or grid patterns and continuously lis-
ten for the movements of tagged fish. The initial investment
for acoustic equipment (receivers, tags, and field work) can
be large, but the equipment can function for several years,
which lowers the cost of this method when amortized over
the device’s life span. Given that acoustic telemetry arrays
are still relatively new to the Great Lakes (~ 10 years or
less), some lingering sentiments of large initial costs and
maintenance may exist. Thus, while biotelemetry can pro-
duce large volumes of trustworthy data capable of answer-
ing important scientific and management questions, funding
this work remained a major challenge in the minds of the
respondents. The fact that biotelemetry was viewed as both
cost-effective and cost-prohibitive may reflect static research
budgets within agencies and research funding organizations.

For the technology to be implemented more expansively
under the scenario of static research budgets, biotelemetry
would have to displace other research and assessment meth-
ods to free-up funds. As such, those looking for their biote-
lemetry research to be used and supported must demonstrate
its impact. McGowan et al. (2016) discusses conservation
return-on-investments from animal tracking (biotelemetry)
data and offers a framework using the value of information
for decision-making to help improve decisions on invest-
ing in more data collection or conservation action or other
activities requiring resource trade-offs. They argue that new
tools to weigh costs and benefits are needed to improve the
return-on-investments of biotelemetry research for conser-
vation decision-making (McGowan et al. 2016; p. 428). So
far, little work has been done investigating the cost—benefits
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of biotelemetry (e.g., investigating cost relative to conven-
tional or alternative methods), which may be a useful route
for further investigation, especially considering our findings
that biotelemetry was viewed as being both cost-effective
and cost-prohibitive.

4.3 Socio-organizational challenge: Mixed views
on data sharing and indication of reluctance
from the research community

Fifty percent of researchers in our study disagreed that bio-
telemetry on fish movements and behavior should be freely
available to anyone, which contrasted to the relatively posi-
tive views on data sharing held by managers and assessment
biologists. This result was somewhat consistent with other
findings concerned with the sharing of biotelemetry data.
Previous work by Nguyen et al. (2017b) found about 39%
of surveyed fish telemetry researchers, globally, were less
agreeable to sharing biotelemetry data. Many concerns were
related to loss of opportunity/ownership over data or misuse
of data (i.e., misinterpretation or inappropriately exploit-
ing animal information). Nguyen et al. (2017b) reported
that individuals who are part of telemetry networks were
2.8 times more likely to share their data. Relevant to our
study, GLATOS data policy reflects these concerns and is
as follows:

GLATOS is a collaborative network for the exchange
of data owned by individual members. Each principal
investigator (member) determines who can access their
project’s detailed biological tagging data and subse-
quent detections of those tagged fish, consistent with
their own agency or funding source policy. To facili-
tate collaboration and planning, receiver locations and
dates of operation are available to all members. (https
://glatos.glos.us/faq; accessed June 16, 2020).

In practice, the GLATOS basin-wide database is used by
aresearcher to search across all existing receivers (receivers
they deployed as well as receivers deployed by others) for
tag detections within the scope of the researcher’s project.
Thus, finding detections of telemetry tags on other research-
ers’ receivers is promoted and considered a form of data
sharing. However, a researcher cannot search for tag detec-
tions that are not a part of their project; thus, data shar-
ing via the GLATOS database has some restrictions. Given
that GLATOS is a network embedded within the GLFC,
we expected greater support for data sharing/collaboration
among researchers. Although we did not explore the rea-
sons for the concerns over data sharing, sociopolitical rea-
sons may exist that explain hesitancies around data sharing.
Further, our questioning did not specify sharing data with
the public vs those within the network, which leaves some
knowledge gaps. For example, telemetry data could be used

to influence harvest or quota regulations among jurisdictions
such as within the Lake Erie walleye sport and commercial
fisheries (Vandergoot et al. 2019). Further, sharing data used
to identify critical habitat of a species at risk may create the
potential for data misuse (as noted in Nguyen et al. 2017b),
as sharing this information could result in potential unin-
tended consequences such as overexploitation of species at
risk (Cooke et al. 2017).

4.4 Individual-level challenges: not a major barrier
in the Great Lakes Basin

Few individual-level challenges were identified, with the
exception of three interviewees describing lack of expertise
and capacity with biotelemetry. This sentiment resembled
those reported by a survey of fish telemetry researchers
around the world noting that large and complex datasets
generated by biotelemetry were a major barrier to integrat-
ing biotelemetry findings into management because of the
lack of expertise to interpret them (Nguyen et al. 2018a).
Nonetheless, as alluded to, the presence of GLATOS and its
science transfer efforts may have played an important role in
overcoming individual-level challenges such as skills, educa-
tion, and familiarity with the technology.

4.5 The science-practice culture divide persists—
how can it be overcome?

Participants in this study came from three vocation groups
(fishery managers, researchers, and assessment biolo-
gists) within the GLFC’s Lake Committees and Technical
Committees. Interestingly, differences in sentiments were
expressed across vocations on the evaluative strengths and
limitations of biotelemetry. The answers provided by assess-
ment biologists, who were Technical Committee members,
were more negative across all themes than other vocation
types, while managers held the most positive views about
biotelemetry. For example, assessment biologists, unlike
researchers and managers, were more positive about the
ease of integrating biotelemetry-derived knowledge into
management. These differences may be influenced by the
nature of the role and responsibilities of different voca-
tions, as assessment biologists are often on-the-ground and
implementing strategies or integrating different sources of
scientific information into assessment models, and thus may
have greater direct exposure to, and experience with, the
(im)practicalities associated with biotelemetry. Although the
potential role of biotelemetry in stock assessment has been
considered (Cooke et al. 2016), still relatively few exam-
ples exist of where this integration has occurred in practice
within the Great Lakes (Landsman et al. 2011).

Our result was similar to the findings from the Fraser
River salmon case study, where Young et al. (2018) found
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polarized sentiments relating to the epistemic value, practi-
cal value, and fit of biotelemetry and management between
government employees and stakeholders. Stakeholders in
that study were more critical than government employees
about biotelemetry informing fishery management. Fur-
ther, qualitative information from Young et al. (2018) illus-
trated that some managers view biotelemetry as a good tool
for research, but not as useful for management purposes.
Indeed, these inconsistent sentiments among Great Lakes
user groups (i.e., useful for research, not management) of
the value of biotelemetry may lead to disagreement over the
potential role of biotelemetry research in fishery manage-
ment as it did in Fraser River management (Young et al.
2018).

Our findings, when analyzed by vocation, were consist-
ent with patterns of the cultural divide between researchers
and managers previously identified in the literature (e.g.,
Olsson et al. 2004, Sunderland et al. 2009). In our study,
practitioners or managers demonstrated greater political con-
cerns relating to acceptance of evidence by the public and
stakeholders than researchers, whereas no researcher listed
these concerns as potential reasons for barriers to mobiliz-
ing telemetry evidence. Furthermore, managers reported a
greater diversity of socio-organizational challenges than the
other vocations. On the other hand, those in science-oriented
vocations (researchers and assessment biologists) cited the
prior or past experiences of key individuals as a key bar-
rier to the uptake of scientific evidence; almost no manager
acknowledged this issue. These findings were evidence of
the persistence of the science—practice divide.

We speculate that our findings were an indication that
fishery management and policy arenas and outcomes are still
something of a ‘black box’ for researchers to understand.
Thus, researchers need to better understand knowledge users
and integrate manager perspectives into their research. To
meet this need to integrate managers with research studies,
the first four major telemetry studies conducted through the
GLATOS network had fishery managers from agencies with
jurisdictional authority as co-principal investigators (Krue-
ger et al. 2018). Managers helped to ensure that Great Lakes
telemetry research was relevant to their decision-making
needs. A study funded by the GLFC in 2014 concerning cli-
mate change information identified the gap between research
and practice where many opportunities to reconcile data and
information demands of decision-makers with available
future research were missed (Mulvaney et al. 2014). In that
study, the authors identified preferred information channels
that resource managers and policy decision-makers at the
GLFC used to obtain information. E-mail was the most fre-
quently cited medium used, while the preferred medium of
receiving climate information was found to be presentations
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at meetings and conferences. This information is consistent
with anecdotal evidence suggesting that GLFC meetings are
a key activity for science transfer. The GLFC has an estab-
lished form of knowledge exchange through their committee
meetings that consists of an overnight stay with organized
events to facilitate informal interactions and relationship
building among the meeting participants. The emphasis on
the importance of these meetings is a unique feature of the
GLFC and GLATOS and has been identified for its success
in promoting social ties and establishing relationships. These
meetings are thought to increase the effectiveness of man-
agement coordination in the multi-jurisdictional Great Lakes
(Leonard et al. 2011). Although the Joint Strategic Plan and
coordination efforts from the GLFC have been viewed as
an important and successful initiative for improving coor-
dination and communication among management jurisdic-
tions and researchers, room for improvement still exists to
bridge across differences in culture and norms of science
and practice.

Literature outside of fisheries on the science—practice
or science—policy gap has highlighted the use of boundary
organizations as a promising pathway to promoting the inte-
gration of science into practice/policy (Carr and Wilkinson
2005; O’Mahony and Bechky 2008). At present, boundary
organizations are not yet well defined and are not formal-
ized in agencies or other governing bodies. The GLFC and
GLATOS are potential examples of how a boundary organi-
zation associated with multi-jurisdictional fishery manage-
ment agencies can help with science transfer through facili-
tating and promoting awareness of biotelemetry research
and studies, fostering collaboration and communication,
and developing relationships and trust among researchers
and practitioners (Krueger et al. 2018). Our findings high-
light areas that may require reconciling among vocations
including perceptions of challenges to narrowing the sci-
ence—practice gap such as importance of stakeholder accept-
ance, awareness of new evidence, and prior experiences of
key individuals (Table 8). Specific to telemetry, areas that
GLATOS, as a potential boundary organization, could help
address include perceptions of data use before or after peer-
review, data sharing concerns, and reliability of biotelemetry
information (Fig. 3).

4.6 How do the perceived barriers facing
mobilization of biotelemetry data differ
from the mobilization of knowledge more
broadly?

We identified 25 unique barriers for mobilizing general sci-
entific knowledge and found they were distributed evenly
among the limitation category types: We identified nine
unique socio-organizational barriers, six individual-level
barriers, and 10 evaluative barriers (Table 8). Together,
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these results indicated that perceived barriers facing uptake
and mobilization of findings from biotelemetry were fewer
and more specific than barriers that face knowledge mobi-
lization of new evidence. This finding is relevant because
some types of barriers, including those falling into socio-
organizational and individual-level barriers, are more easily
resolved than others. For example, socio-organizational bar-
riers (due to organizational inertia, path dependencies, and
related established interests) are perhaps the type of barrier
category most difficult to circumvent or resolve (Yang and
Maxwell 2011, Nguyen et al. 2018b). Solving these types
of barriers may require normative changes or legal changes
in institutional approaches—fundamental changes that can
be difficult if not impossible to engineer. Similarly, some
individual-level barriers can also be thought of in terms of
path dependency (i.e., past decisions or actions persisting
through time leading to resistance to change). Although
some individual-level barriers (such as access to evidence
and research) can be resolved through minor and incremental
shifts in behavior and policy, this approach is not true of all
individual-level barriers. Specifically, the ‘prior experiences
of key individuals,” the most cited individual-level barrier, is
characterized by a dynamic similar to socio-organizational
barriers. Key individuals can understand problems and solu-
tions in entrenched ways that can overlap with institutional
contexts and prevailing incentive structures. Key individuals
may rise to prominent positions precisely because of their
subscription to a set of ideas and approaches commonly
understood to be within institutional norms. Their perspec-
tives can thus be difficult to change in ways that are profound
or fundamental—types of change which are required to real-
ize the promise of new technologies.

Resolving evaluative limitations, by comparison, is likely
easier than addressing the socio-organizational barriers and
individual-level barriers listed above. Evaluative barriers
can (ideally) be addressed and resolved through continual
refinement of new technology and corresponding increases
in confidence in the accuracy of results. For example, lim-
ited sample size was the most cited evaluative barrier fac-
ing biotelemetry evidence. Resolving this barrier (i.e., by
increasing sample size or demonstrating the sufficiency of
existing sample sizes) would be an incremental change per-
haps complicated by funding availability but is one that can
be resolved if prioritized or enabled by cost decreases. Thus,
evaluative barriers are fundamentally different from those
emanating from legal structures or ideological positions and
should be easier to resolve. Because socio-organizational
and individual-level barriers are perhaps more intractable
and more difficult to overcome than evaluative barriers,
our results suggest that resolving barriers and improving
uptake is likely more achievable for biotelemetry than for
general types of new knowledge. This interpretation also
suggests that the GLFC and GLATOS are well positioned to

promote acceptance of biotelemetry evidence and that bar-
riers to wider adoption of the technology and the evidence
it produces were within our study more related to resource
availability than organizational design.

5 Conclusions

Our study reinforces the epistemological value that bio-
telemetry brings to fishery management as highlighted
by several key studies in this field around the world (e.g.,
Cooke et al. 2013, Thorstad et al. 2013, Mcgowan et al.
2016, Crossin et al. 2017, Lennox et al. 2017, Brownscombe
et al. 2019). Biotelemetry possesses significant potential to
answer questions relevant to both management and scientific
enterprises and their intersection. The major challenge for
biotelemetry to reach its fullest potential in informing fish-
ery management lies within its practical limitations such
as technological limitations, and most of all cost, which,
from our findings, may be relatively more easy to overcome
than challenges in using other types of scientific knowledge.
As with other studies, our results suggested that the cul-
tural divide between managers and scientists may be partly
responsible for challenges to knowledge mobilization. Man-
agers, researchers, and assessment biologists simultaneously
considered the technology as both cost-effective and cost-
prohibitive. This dual perspective can be considered as both
confirmation of the significant potential of biotelemetry to
resolve uncertainties and also a call for additional resources
to collect, process, and disseminate knowledge generated by
this method. Follow-up research to understand the evolving
perceptions of knowledge users of biotelemetry would be
worthwhile to understand the role of time (and implementa-
tion of recommendations to overcoming current barriers) in
mobilizing scientific findings into practice.

The fact that socio-organizational and individual-level
barriers to mobilizing biotelemetry knowledge were not
commonly thought by interviewees as meaningful barriers
was a noteworthy result of our study and was perhaps a func-
tion of an effective governance structure as well as shared
norms and common goals. The mandates and activities, such
as promoting trust, communication, relationship building,
and networking that the GLFC and GLATOS prioritize, are
in line with success stories and recommendations in the lit-
erature on overcoming the science—practice gap. Both organ-
izations act as boundary organizations. To promote greater
uptake of biotelemetry findings, GLATOS, in particular,
should consider prioritizing activities that mitigate evalua-
tive limitations highlighted in our study. Further, focusing on
reconciling the science—practice divide by addressing mis-
alignment in perceptions or understanding of fisheries prior-
itize, and shedding light on the policy or management ‘black
box’ via continued meetings and platforms of networking
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may facilitate greater science transfer. To overcome the bar-
rier of cost, GLATOS and GLFC could offer financial aid
for start-up and maintenance cost of projects and continue
to promote the epistemological value of biotelemetry in fish-
ery management through continuous effective briefings and
communication of research.
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