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Abstract. This paper reviews the use of acoustic telemetry as a tool for addressing issues in
fisheries management, and serves as the lead to the special Feature Issue of Ecological Applica-
tions titled Acoustic Telemetry and Fisheries Management. Specifically, we provide an overview
of the ways in which acoustic telemetry can be used to inform issues central to the ecology,
conservation, and management of exploited and/or imperiled fish species. Despite great strides
in this area in recent years, there are comparatively few examples where data have been applied
directly to influence fisheries management and policy. We review the literature on this issue,
identify the strengths and weaknesses of work done to date, and highlight knowledge gaps and
difficulties in applying empirical fish telemetry studies to fisheries policy and practice. We then
highlight the key areas of management and policy addressed, as well as the challenges that
needed to be overcome to do this. We conclude with a set of recommendations about how
researchers can, in consultation with stock assessment scientists and managers, formulate tes-
table scientific questions to address and design future studies to generate data that can be used
in a meaningful way by fisheries management and conservation practitioners. We also urge the
involvement of relevant stakeholders (managers, fishers, conservation societies, etc.) early on in
the process (i.e., in the co-creation of research projects), so that all priority questions and issues
can be addressed effectively.

Key words: acoustic telemetry; applied science; conservation; fish tracking; fisheries biology; policy;
resource management.

INTRODUCTION

The development of electronic animal tagging tech-
nologies (i.e., biologging, telemetry) over 60 yr ago (see
Hockersmith and Beeman 2012) was awatershed moment
for the study of aquatic animal behavior, and continued
advances and miniaturization of electronic tags have
allowed researchers to quantify previously unobserved
processes important to population dynamics, reproduc-
tive performance, and fitness in a wide range of taxa
(reviewed in Lucas and Baras 2000, Arnold and Dewar

2001, Cooke et al. 2004, Rutz and Hays 2009, Crossin
et al. 2014, Hussey et al. 2015). In particular, the study of
fish biology has benefited immensely over the past 20 yr
with a near exponential increase in the number of pub-
lished studies utilizing electronic tagging technology
(Hussey et al. 2015). A key development that has enabled
this is the passive acoustic array (Heupel and Webber
2012, Donaldson et al. 2014) and that acoustic tags often
now can be equipped with sensors (e.g., pressure, temper-
ature, acceleration) increasing the range of behaviors that
can be studied (Cooke et al. 2004, 2016a).
Electronic tracking of fish is now in a golden age of

sorts, with countless insights into fundamental processes
related to biology (e.g., life-history variation in timing of
migrations, variations in reproductive investment and
spawning behavior, factors determining survival; DeCelles
and Zemeckis 2013). However, it can be argued that elec-
tronic tracking has its greatest potential impact in the
applied realm, as our ability to predict individual and
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population-level responses to environmental change is an
essential component of conservation and management
planning. Characterizing the high-resolution, spatiotem-
poral movements, physiological states, and environmental
surroundings of individuals, and of interactions among
individuals is indeed central to these efforts (Cooke et al.
2016b). Acoustic telemetry, especially when combined
with other techniques, can reveal the mechanisms that
both shape and disrupt fish populations and communities.
In doing so, telemetry can serve as a tool to better under-
stand, and potentially mitigate, the numerous conserva-
tion crises impacting fish populations around the world
(Cooke 2008, Metcalfe et al. 2012, Hussey et al. 2015).
The goal of traditional fisheries management is to reg-

ulate fishing mortality on a given stock in a way that
produces near-maximum sustainable yields (O’Farrell
and Botsford 2006, Punt et al. 2014). To do so, there is a
need to better understand a population’s spatial ecology,
as well as a means to track individual behavior over time
to better understand difficult-to-estimate parameters
such as catchability, natural mortality, and by-catch and
release mortality (Donaldson et al. 2011, Benaka et al.
2014). The key spatial parameter in traditional manage-
ment efforts is the stock unit, defined theoretically as all
fish in an area that are part of the same reproductive
process, with no immigration or emigration to or from
the stock. However, often these data are unavailable and
stock divisions are commonly assigned based on man-
agement convenience (Stephenson 1999, Smedbol and
Stephenson 2001). There is growing awareness that this
data gap can affect our ability to accurately assess stock
status and interest in developing spatially explicit stock
analysis models (Goethel et al. 2011, 2014). Electronic
tracking is ideal for assessing the behaviors underlying
stock structure, such as migratory pathways, home
ranges, and core habitat utilizations, and it is being used
to help fill this knowledge gap in highly migratory spe-
cies such as tunas (Block et al. 2005) and sharks (Bonfil
et al. 2005, Skomal et al. 2009). The use of coded trans-
mitters, coupled with sensors that measure biotic vari-
ables (e.g., acceleration, tail-beat frequency, heart-rate,
etc.) and abiotic variables (pressure/depth, salinity, tem-
perature, etc.), can provide a wealth of information
about behavior that can explain individual and popula-
tion level variations in movement (see Payne et al. 2014).
Additionally, there is a drive to place the stock concept
within the broader context of ecosystems through an
“ecosystem approach” to fisheries management (Garcia
and Cochrane 2005). By an ecosystem approach, we
mean to consider the impacts of anthropogenic develop-
ment and degradation, interactions among different
native fish species, identification of essential habitats,
and the effects of introduced and invasive species. This
approach allows management to extend far beyond tra-
ditional measures of harvest control, and embrace the
more recent concepts of marine spatial planning and
networked aquatic protected areas (Douvere 2008, Hal-
pern et al. 2010, Foley et al. 2013).

We review the literature surrounding these issues,
identify the strengths and weaknesses of work done to
date, and highlight knowledge gaps and difficulties in
applying data emanating from fish telemetry studies to
fisheries policy. We then highlight the key areas of man-
agement and policy addressed, as well as the challenges
that needed to be overcome to do this. Our specific aim
was to provide case-examples where acoustic telemetry
has led directly to management and/or conservation
action (i.e., bridging the knowledge–action divide; Cook
et al. 2013), as opposed to examples in which the poten-
tial exists. We review the science of acoustic telemetry in
fisheries management, and then address the following
management applications: habitat and protected areas
management, invasive species monitoring and control,
fisheries interactions and fisheries planning, and stock
assessment. We conclude with recommendations as to
how acoustic telemetry can be further integrated into
fisheries management and conservation decisions.

WHYACOUSTIC TELEMETRY?

As noted above, there are many electronic tracking
tools available for the study of wild fish (reviewed in
Lucas and Baras 2000, Cooke et al. 2004). Here we focus
on acoustic telemetry due to its relative affordability, abil-
ity to operate in both freshwater and marine environ-
ments, cross-compatible technology, versatility (Heupel
and Webber 2012), and widespread use (Hussey et al.
2015). Acoustic transmitters emit a sonic pulse that can
be detected and logged by hydrophones and receivers (see
Stasko and Pincock 1977, Voegeli and Pincock 1996, for
reviews of the conceptual basis and physics of acoustic
telemetry, and Donaldson et al. 2014 for recent technical
developments). Tracking can occur manually using a ves-
sel to follow or locate a tag (Stasko and Pincock 1977), or
by positioning autonomous receivers at known, fixed
locations (e.g., Klimley et al. 1998). Fixed stations can be
deployed in a variety of configurations (arrays, gates, cur-
tains, etc.; see Heupel et al. 2006) and if detection zones
overlap it is possible to position fish in two dimensions
using hyperbolic navigation (Niezgoda et al. 2002, Espi-
noza et al. 2011b). Acoustic tags are most often surgically
implanted, especially for longer term deployments (Wag-
ner et al. 2011), but external attachment or gastric inser-
tion (down the throat into stomach) are also common
(Bridger and Booth 1999, Jepsen et al. 2014). Individual
tags can be coded so that individual IDs are transmitted
to facilitate tracking movement of individuals within a
group. Acoustic tags can also be equipped with sensors
that transmit environmental data (e.g., temperature,
depth), or changes in individual behavioral or physiologi-
cal state (e.g., acceleration, heart rate, etc.; see Cooke
et al. [2004, 2016a] for reviews of sensor options). Acous-
tic telemetry systems are generally more affordable than
high resolution satellite tags and global positioning sys-
tems and provide the high positional resolution needed
to accurately assess the use of patchy habitat, such as
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proximity to oil rigs. However, back-end processing costs
can be substantial due to accumulation of massive data
sets. Acoustic tags can also be very small, weighing as lit-
tle as 0.3 g, which facilitates the study of very small spe-
cies and juvenile fishes (McMichael et al. 2010).
Beyond the operational benefits of acoustic telemetry

lay the tremendous networking potential via well-estab-
lished global and regional research organizations like
the Ocean Tracking Network (OTN; Cooke et al. 2011),
the Great Lakes Acoustic Telemetry Observation Sys-
tem, the Atlantic Cooperative Telemetry Network and
Florida Acoustic Telemetry network , and the Integrated
Marine Observing System, with more recent additions
including the Southern California Acoustic telemetry
tracking network, and the Integrated Tracking of Aqua-
tic Animals in the Gulf of Mexico. All of these networks
use acoustic telemetry as the principal means for track-
ing aquatic animals. The OTN has been instrumental in
helping such networks grow. For example, OTN loaned
telemetry equipment to iTAG to help increased the
spatial coverage of monitoring. The importance of such
networks lies in the connectivity of researchers from dif-
ferent organizations and jurisdictions using compatible
technology such that a transmitter affixed to a fish in
one locale can be detected by receivers deployed by a dif-
ferent researcher in another locale. Through informal
and formal data sharing, researchers are able to extend
the reach of their study beyond what could be logistically
or financially possible. Receiver arrays and individual
listening stations now extend along the Australian,
South African, and North American coast lines, around
many islands in the Caribbean, throughout the Arctic,
Europe, and several other regions. They also extend
inland up many major watersheds, including the St.
Lawrence, Mekong, and Amazon rivers. The geographic
scope of these networks enables researchers to address
large-scale questions relevant to ocean and/or watershed
management and governance (Heupel et al. 2015). For
example, the iTAG network is bringing together
researchers from multiple states to develop the acoustic
telemetry infrastructure needed to address migrations
and residency at the large marine ecosystem scale and
integrate this data into ecosystem based models. To put
the power of such integrated network collaborations into
context, see the work of Jorgensen et al. (2009), which
pooled the acoustic data from several independent
research groups to describe the Pacific migrations of
white sharks (Carcharadon carcharius).
With this in mind, the remainder of this article will

review key issues facing contemporary fisheries manage-
ment, with a focus on the past and present applications
of acoustic telemetry to management objectives.

APPLICATIONS

Habitat management

Fish habitat is the foundation for fish production in
aquatic ecosystems (Hayes et al. 1996, Lapointe et al.

2014). It is therefore not surprising that great efforts
are devoted to habitat management in freshwater, estu-
arine and marine environments. Habitat management
can include habitat protection (i.e., managing the ways
in which human activities and development interact
directly and indirectly with fish habitat; See Goodchild
2004) and various forms of enhancement, creation and
restoration (See Hobbs and Harris 2001). Underpin-
ning any habitat management effort is a science-based
understanding of how fish are distributed in space and
time relative to physical features (Langton et al. 1996,
Naiman and Latterell 2005, note that environmental
conditions are also a component of “habitat”). More
specifically, fishery habitat managers often devote
significant effort to identifying critical (also termed
essential) habitat requirements (e.g., spawning sites,
rearing sites, overwintering sites; Schmitten 1999,
Rosenfeld and Hatfield 2006) and developing policy
instruments to ensure that such habitat units, and the
connections between them, are protected (e.g., Minns
2001, Goodchild 2004).
Acoustic telemetry is increasingly recognized as a use-

ful tool for supporting habitat management because it
can provide information on how fish interact with differ-
ent habitats at both the micro and macro scale. Indeed,
most fish telemetry studies have an explicit objective
related to characterizing habitat use or preference of
exploited and imperiled species (e.g., Donaldson et al.
2014, Hussey et al. 2015). For example, at a broad scale,
DeCelles and Cadrin (2010) used acoustic telemetry to
characterize the seasonal distribution of winter flounder
(Pseudopleuronectes americanus) in the southern Gulf of
Maine. Similarly, Simpfendorfer et al. (2010) studied the
distribution of the critically endangered juvenile small-
tooth sawfish (Pristis pectinata) to generate short and
long-term data on habitat use, to identify specific habitat
types (i.e., shallow mud and sand banks, mangrove
shorelines) that need protection (or enhancement) for
population persistence and recovery. Some researchers
have also used data from acoustic telemetry studies to
identify construction windows for in-water works to mit-
igate consequences of development activities on fish
populations (Rous et al. 2017). Cote et al. (1998) char-
acterized how juvenile Atlantic cod (Gadus morhua) used
nearshore nursery habitats by combining high precision
(<1 m) monitoring of fish position with detailed habitat
mapping. Such fine-scale studies (where fish are typically
positioned in two dimensions using overlapping detec-
tion zones and hyperbolic navigation; see Niezgoda
et al. 2002) are becoming more common and have the
potential to dramatically advance our understanding of
micro habitat use and habitat-specific behaviors. For
example, fine-scale observations of spatial distribution
and mortality provided insights to potential mechanisms
of habitat preferences of juvenile Chinook salmon
(Oncorhyncus tshawytscha; Semmens 2008). Data ema-
nating from studies like these can be used to develop
sophisticated habitat models that can feed into efforts to
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characterize productive capacity of habitats, often in the
context of ecosystem management (Boisclair 2001).
Beyond identifying habitats that are used by fish, it is

also possible to use data generated by acoustic telemetry
to identify opportunities for habitat enhancement, cre-
ation, and restoration, and monitoring the success of
those activities. However, only recently has acoustic
telemetry been applied in that manner (reviewed in
Lapointe et al. 2013). In one of the first examples, Espi-
noza et al. (2011a) examined the extent to which gray
smooth-hound sharks were using a newly restored estu-
ary in California. Acoustic telemetry data, combined
with population monitoring, revealed the restored habi-
tat provided a suitable seasonal environment for feeding
and growth. Veilleux (2014) used fine-scale acoustic
telemetry to compare fish use of two enhanced and two
non-enhanced boat slips along the urban waterfront of
Toronto, Canada. That work revealed a surprising lack
of use of restored habitats, but monitoring was focused
solely on adult fish so it was possible that enhanced
habitats were being used by other life stages. Indeed,
where possible, acoustic telemetry data should be com-
bined with more traditional fisheries independent moni-
toring (e.g., netting, electrofishing, hydroacoustics) to
assess the effectiveness of habitat restoration. In the
future, improved knowledge of the spatial ecology of fish
(at various spatial and temporal scales) should help to
ensure that critical habitats are better protected and
degraded habitats are more effectively restored. Conser-
vation planning for imperiled species often focuses on
habitat restoration efforts, so acoustic telemetry holds
particular promise for helping to guide those efforts a
priori (through better understanding of fish habitat
needs) and in evaluating the effectiveness of restoration
activities a posteriori.

Protected areas management

Area protection or closure has become a popular
management tool. In aquatic systems, this typically takes
the form of zones closed to fishing activities to help
maintain populations within the protected area and
allow spillover of individuals to adjacent areas (e.g., Hal-
pern 2003, Russ et al. 2015). Defining the amount of
time individuals spend within protected areas is crucial
to closure design and efficacy. Acoustic telemetry pro-
vides an ideal tool to define animal movement in focused
regions such as protected areas (e.g., O’Dor et al. 2001,
Heupel and Simpfendorfer 2005, Heupel et al. 2006,
Moland et al. 2013, Lea et al. 2016). However, many
protected areas are designated with little or no informa-
tion about the movement patterns of species they are
designated to protect (Halpern 2003). Current research
suggests protected areas are likely to be highly effective
for site-attached species with home ranges that are
restricted to the closed area, but may be less effective for
large, mobile species (McCook et al. 2010, Currey et al.
2014, Heupel et al. 2015, McLaren et al. 2015). Clearly,

information on spatial ecology is crucial to determining
the success of protected areas (Lea et al. 2016).
Determining the efficacy of protected areas for more

mobile species is a challenging task. Thus, application of
acoustic telemetry to questions about the use of pro-
tected areas is gaining popularity as it is one of the few
tools that can resolve whether protected areas are large
enough to adequately shelter mobile species from fishing
and other pressures (Chapman et al. 2005, Ketchum
et al. 2014, Espinoza et al. 2015a, b). Coral reefs are a
common focus of protected area management and, as
such, several telemetry studies have explored the efficacy
of reef closures (Meyer et al. 2007a, Marshall et al.
2010, Pittman et al. 2014, Garcia et al. 2015, Matley
et al. 2015, Lea et al. 2016). For example, Chateau and
Wantiez (2009) used acoustic telemetry to examine the
movement of four commercially exploited reef fish and
concluded that the closed areas were not large enough to
adequately protect fished species based on evidence of
extensive movements outside the protected area. Meyer
et al. (2007b) reported similar broad scale movement for
green jobfish (Aprion virescens) in Hawaiian waters.
However, acoustic telemetry has shown that some large
predators use small areas and have high site fidelity over
year-long periods, suggesting that protected area man-
agement can be effective for these species (e.g., Topping
et al. 2006, Bellquist et al. 2008, Currey et al. 2014,
L�ed�ee et al. 2015, Matley et al. 2015).
As the examples above indicate, coral reefs have bene-

fited greatly from closed area management. However,
this tactic can benefit species in other habitats and
ecosystems. For example, Moland et al. (2011) con-
cluded that limited movements of European lobster
within a marine reserve in Norway led to protection of
up to 95% of tagged individuals based on acoustic track-
ing data. In one of the most detailed analyses, but in
tropical coastal areas, not in a coral reef environment,
Knip et al. (2012) used acoustic telemetry to examine
the amount of time two species of coastal shark spent
within a protected area. Despite similar sizes, the two
shark species used the habitat differently and spent only
20–30% of their time within the protected area making
numerous excursions into unprotected areas. These stud-
ies reveal that the size and scale of protected areas need
to be species-specific and demonstrate the power of
acoustic telemetry to define these metrics to improve
management. Although acoustic telemetry provides dis-
crete data for defining protected area use and efficacy,
future challenges involve defining how localized studies
can and should be applied to the broader population. It
is also important to acknowledge that marine protected
areas may not be capable of protecting the entire range
of large, mobile predator species, and so protected area
design must identify areas of critical habitat, for exam-
ple, those most important to reproduction.
Perhaps equally important as identifying habitat use

and level of residency within protected areas is why fish
select those habitats and how they are important to life-
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history and population processes. Acoustic telemetry
revealed the importance of Hawaiian and Caribbean
atolls to the seasonal movements and spawning of giant
trevally Caranx ignobilis, and Nassau grouper Epinephe-
lus striatus, respectively, both of which aided marine pro-
tected area planning (Meyer et al. 2007a, Starr et al.
2007). These examples show the utility of acoustic
telemetry in identifying basic aspects of a species life his-
tory, while also providing valuable information for their
conservation and management.
Although acoustic telemetry is a powerful means for

understanding fish movements within and around pro-
tected areas, delineating protected areas first requires
longitudinal studies to measure seasonal patterns of
home range size, habitat selection and utilization, and
breeding/non-breeding behaviors, which may take sev-
eral years to attain. The ability to more rapidly predict
fish movements, and use these to predict important habi-
tats, would be very valuable. Resource managers might
therefore benefit from the development of predictive,
mechanistic home-range models of the sort presently
used in some terrestrial systems (B€orger et al. 2008, Van
Moorter et al. 2009). While certainly complicated and
requiring some initial investment of time for a given fish
species, once a mechanistic home-range model is devel-
oped it might be easily adapted to other related species
and habitats (e.g., coral reef fish assemblages).

Invasive species monitoring and control

Invasive species are a principal threat to aquatic biodi-
versity and economies that depend on stable ecosystems.
Invasions have increased concurrently with globaliza-
tion, prompting governments to develop programs to
detect, prevent, and manage invasions by nonnative spe-
cies (Simberloff et al. 2013). Unlike native fishes, under-
standing the movements and dynamics of invasive fishes
can be more challenging because basic information
about their life history and ecology are often lacking in
the new environments that they have colonized (Sim-
berloff 2003, Grubich and Odenkirk 2014). While
attempts to eradicate some invasive fish populations
have been successful (Genovesi 2005), such achievements
are rare. Acoustic telemetry, however, has been used to
predict and detect invasions, seek and destroy invaders,
assess population structure, and evaluate harvest control
rules (reviewed in Lennox et al. 2016). Furthermore, the
management of most invasive populations typically
involves long-term monitoring (Ruzycki et al. 2003),
which can be achieved with acoustic telemetry.
Brute-force mechanical or chemical eradication of inva-

sive species may be important for stemming the effects of
early invaders (Smith and Tibbles 1980, Simberloff 2003),
and acoustic telemetry has been instrumental to such
efforts. For populations that aggregate, acoustic telemetry
can facilitate direct removal by tracking tagged individu-
als to aggregations (i.e., Judas technique). Bajer et al.
(2011) used acoustic and radio telemetry to track invasive

common carp, Cyprinus carpio, to conspecific aggrega-
tions, which facilitated the removal of 52–94% of popula-
tions with seine nets. Acoustic telemetry has also been
used to map the spawning locations of lake trout (Salveli-
nus namaycush) in Yellowstone Lake as a first step toward
their eradication (Jason Romine, personal communication)
and the recovery of devastated native populations of cut-
throat trout (Oncorhynchus clarkii; Ruzycki et al. 2003).
Due to their high spawning site fidelity, known spawning
locations can be targeted year after year, thus increasing
the likelihood of successful eradication (Binder et al.
2016). This is preferable to other means of eradication,
like whole-lake poisoning or other control methods,
which can have collateral effects on non-target species
and on the environment (Bajer et al. 2011).
Acoustic telemetry has been used to directly assess the

effects of invasive fishes on native populations. Karam
et al. (2008) used acoustic telemetry and visual observa-
tion by SCUBA diving to show that mortality of native
razorback sucker, Xyrauchen texanus, in Lake Mohave,
USA, was higher than previously known and attributed
losses to nonnative striped bass, Morone saxatilis.
Romine et al. (2014) tracked acoustic-tagged native
juvenile salmonids (Oncorhynchus tshawytscha and
O. mykiss) and nonnative predators (Morone saxatilis,
Micropterus dolomieu, and M. punctulatus) in the Sacra-
mento River, USA, to identify when, where, and which
salmonids were consumed.
Control strategies for invasive populations, including

migration barriers, exclusion devices, and removal strate-
gies, can be informed by acoustic telemetry data. Romine
et al. (2015) showed that a water cannon could displace
invasive bighead carp (Hypophthalmichthys nobilis) and
silver carp (H. molitrix), but that more work is needed
before water guns might be used to block their move-
ment. Holbrook et al. (2014) used acoustic telemetry to
show that a lock and dam in a tributary to Lake Huron,
USA, blocked movement of invasive sea lamprey
(Petromyzon marinus), suggesting that populations in
inland lakes farther upstream were landlocked (Johnson
et al. 2016). Holbrook et al. (2016, this issue) further
showed that sea lamprey abundance may have been
underestimated in the St. Mary’s River, suggesting that
traps and sterilization were less successful at population
control than previously assumed. Bacheler et al. (2015)
used acoustic telemetry to show that Indo-Pacific lionfish
(Pterois volitans) on the continental shelf off North Caro-
lina, USA remained in small areas (<400 m in diameter)
for up to six months, suggesting that localized control
efforts might be effective until new colonization occurs.
The latter example is one of few where acoustic telemetry
has been used to study an invasive species in the marine
environment, likely a result of the scale of monitoring.
Given the spatial scale of species introductions and inva-
sions and the growing importance of effective control
programs, network collaborations may be essential for
supporting the scales of monitoring needed before eradi-
cations and restoration efforts can move forward.
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Defining management units

Fisheries management is based on the unit stock, typi-
cally considered as the individuals within a geographic
region where the population is self-sustaining (Gulland
1983). Assignment of catch rates and allowable catches
for fisheries requires an accurate understanding of the
size of a given population or stock (Hilborn and Walters
2003). Fisheries planning is rooted in knowledge of
where various life-stages (juvenile, sub-adult, and mature
fish) of a species occur, animal abundance, and the loca-
tion and timing of spawning. Important in sustainable
harvesting is the need to define the distribution of the
population in space and time.
Historically, the spatial distribution of commercially

exploited species was described through a combination
of mark–recapture data, acquired fishers’ knowledge,
and fisheries surveys. While these approaches have suc-
cessfully quantified the post spawning movement rates
of walleye in a lake-chain system (Herbst et al. 2015)
and allowed a reassessment of the spatial stock structure
of pollock (Pollachius virens) in Canadian Atlantic
waters (Neilson et al. 2006), these data typically lack the
resolution to describe movement patterns beyond a
coarse level of detail. Telemetry data are actively chal-
lenging existing knowledge about animal movements
that was based on traditional approaches (fisheries sur-
veys, etc.). For example, mark–recapture of Greenland
halibut in the Canadian Arctic suggested a sink popula-
tion within a coastal Sound and led to the establishment
of a management line dividing a community based win-
ter fishery from the offshore fisheries allocation (Treble
2003). In contrast, recent telemetry tracking of this spe-
cies revealed a seasonal migration of the proposed sink
population within the entire Sound, resulting in different
fisheries harvesting the same stock (Hussey et al. 2017,
this issue). These data led to the conditional relocation
of the fisheries management line with resultant benefits
for the local aboriginal community. Telemetry has also
revealed large-scale migration patterns of walleye (San-
der vitreus), where fish were found to use most of the
U.S. nearshore waters of Lake Huron (Hayden et al.
2014). These tracking data revealed connectivity
between Saginaw Bay and Lake Huron populations,
indicating a need for stock-specific spatial management.
While acoustic telemetry is limited to detecting fish

that are within range of a receiver, the use of gliders,
autonomous vehicles, mobile receivers attached to plat-
forms of opportunity (for example oceanographic moor-
ings, fish aggregating devices [FADs], and even larger
animals; Holland et al. 2009, Lidgard et al. 2012,
Govinden et al. 2013, Hayes et al. 2013, Haulsee et al.
2015) in conjunction with fixed arrays, provide opportu-
nities to monitor fish at the scales required for fisheries
planning. The option to incorporate strategic “wander-
ing” receivers, whereby receivers are randomly placed
within a management area for short time periods and
repositioned on multiple occasions will provide spatial

detection data over a much larger range than a fixed
array alone. Powerful statistical models that incorporate
detection uncertainty coupled with habitat and environ-
mental data could then be used to create predictive spa-
tial maps of occurrence outside of the fixed array.
In the context of an ecosystem management approach,

telemetry can describe the distribution and movements of
bycatch species of concern in addition to those of com-
mercial interest (Huff et al. 2011). Ecosystem manage-
ment requires detailed knowledge on a species’ trans-
boundary movements (Heenan et al. 2015). Fisheries
boundaries are often framed around jurisdictional bor-
ders (Haliday and Pinhorn 1990) that have no relation to
the population structure of exploited species and that
neglect the connectivity of aquatic environments. Teleme-
try data could be used to inform a hierarchy of fisheries
boundaries that account for fisheries impacts on target
and non-target species (e.g., Heupel et al. 2015).
Incorporating genetic or genomic approaches to

telemetry studies will provide managers with the sorts of
data that can bolster the delineation of management
boundaries and preserve genetic diversity (Christiansen
et al. 2015, Stewart et al. 2016), while chemical tracers
like stable isotopes and trace elements can provide a
means for determining site fidelities to areas critical to
different life-history stages (juvenile rearing, reproduc-
tion, etc.; Bergstad et al. 2008, Honda et al. 2012,
Matich and Heithaus 2014, Papastamatiou et al. 2015).
Linking traditional tag recapture data sets with teleme-
try will improve our understanding of species move-
ments relative to management areas (Holbrook et al.
2014, Raabe et al. 2014), while also allowing estimation
of population demographics such as survivorship and
population size (Dudgeon et al. 2015).
Recognizing the dynamic nature of aquatic animal

behavior and movements with respect to the effects of
climate change and ocean acidification, approaches that
embrace resilience are among the next step for fisheries
planning. With the growth of big data available on a
diverse range of species, telemetry will be key to develop-
ing flexible management approaches that account for
(and predict) shifting distributions of species over time.
Global and regional networks such as those listed above
will be critical for strategically placing and coordinating
infrastructure and tagging efforts to generate the
required data to feed in to this management approach.

Fisheries interactions

The unintentional fishing-induced mortality (e.g.,
juveniles, or other individuals outside of pre-established
fish size or seasonal restrictions) of a commercially
important target species can impede the sustainability of
fisheries (e.g., Broadhurst et al. 2006, 2008). Further-
more, bycatch mortalities can create conservation crises
in non-exploited species (e.g., Lewison et al. 2004).
Many notable conservation problems have arisen from
the latter, which often involve charismatic megafauna
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with K-selected life histories (e.g., seabirds, marine mam-
mals, sea turtles, elasmobranchs, etc.) and low tolerance
to fisheries capture stress (Gales et al. 1998, Dulvy et al.
2008). Reducing or managing this problem can be
achieved by avoiding non-target species through spatial
or temporal changes to fishing effort or by decreasing
rates at which they are landed (i.e., through increased
selectivity of the fishing gear). Alternatively, changes to
fishing gear that minimize immediate or delayed mortal-
ity can be made. There are two ways in which acoustic
telemetry has been used to inform efforts to employ
these tactics: (1) identify places or times to avoid fishing
in order to reduce encounter rates (James et al. 2005)
and (2) provide estimates of post-release mortality (Bet-
toli and Osborne 1998). Explicit examples of the former
are uncommon because the same information can often
be gleaned from existing data sets generated by at-sea
observers (Watson et al. 2009). However, there are some
ways in which telemetry data could provide a unique
contribution. For example, tracking both commercially
fished tunas and bycatch species including silky sharks
(Carcharhinus falciformis), oceanic triggerfish (Canthi-
dermis maculata), and rainbow runner (Elagatis bipinnu-
lata) at drifting FADs in the western Indian Ocean
revealed distinct diel association patterns (Forget et al.
2015). Similarly, data on vertical movements of non-tar-
get species could be used to direct fisheries away from
the depths/times at which aggregations of those species
occur without causing those fisheries to have to relocate
(i.e., relocate in the vertical/temporal dimensions rather
than the horizontal dimension; Hussey et al. 2015, Berg-
stedt et al. 2016). The use of acoustic telemetry to pro-
vide estimates of post-release mortality can be done in
such a way that identifies ways of reducing mortality,
such as through altered fishing or release techniques
(e.g., Bettinger et al. 2005). Post-release mortality esti-
mates can also be incorporated into management models
to better account for the total mortality caused by fish-
ing (Raby et al. 2015a).
The method most commonly used to assess post-

release mortality, especially in commercial fisheries, has
been through confinement, where fish are held in tanks
or net pens for some period after exposure to a capture-
stressor. Confinement (i.e., net pen studies) has its
strengths as a method for monitoring mortality, one of
which is that the fate of each animal can be verified.
However, it can be argued that recovery and survival in
confinement may be very different from that in the natu-
ral environment (Donaldson et al. 2008). A small num-
ber of published studies exist in which the recovery and
survival of post-captured marine fishes were compared
in confinement (e.g., holding pens) vs. in the wild (using
acoustic telemetry; Yergey et al. 2012, Raby et al. 2015b,
this issue). Yergey et al. (2012) estimated the post-release
survival rate for summer flounder released from a com-
mercial trawl fishery, concluding that post-release sur-
vival rates decreased with decreasing at-release vitality,
and that the total (on board + post-release) mortality

rate (81%) was similar to a previous estimate based on
net pen confinement (79%). They also concluded that
most mortality occurred after release and would there-
fore be otherwise unseen. Raby et al. (2015b, this issue)
used externally attached acoustic transmitters to moni-
tor coho salmon after release from a commercial purse
seine, and found that time-specific mortality was lower
in acoustically tracked fish released back to the wild
than in fish held simultaneously in a net pen. In such
species (i.e., those where confinement stress causes prob-
lems; e.g., Pacific salmon) telemetry-tracking should be
capable of yielding more accurate mortality estimates
(Donaldson et al. 2011, Raby et al. 2015b, this issue).
Acoustic telemetry has occasionally been used to pro-

vide information about catch-and-release recreational
angling that can be directly used by managers. For exam-
ple, Lee and Bergersen (1996) manually tracked lake trout
(Salvelinus namaycush) equipped with depth-sensing
acoustic transmitters to determine that post-release mor-
tality was exceedingly high (88%) in a recreational fishery
in late summer when oxygen and temperature profiles of
the lake were prohibitive of physiological recovery. That
finding led to the suggestion that the (then current) man-
agement regime of enforcing slot limits (i.e., regulations
that require release of fish outside a size range) would
likely lead to high levels of unaccounted mortality, com-
promising the effectiveness of that management tactic.
This has also been suggested for deepwater reef fish that
are caught by hook and line, experience barotrauma, and
then are released (Lowe et al. 2009). Because of the need
to return these fish to depth, they are often vented or
released with a descending device, but it can be difficult
to determine survivorship.
Even with the decreasing size of acoustic transmitters

and reducing costs, challenges remain to using acoustic
telemetry to assess post-release mortality in the open
marine environment, particularly with commercial fish-
eries. One means for effectively monitoring the post-
release survival of acoustically tagged fishes is through
the use of a large-scale grid receiver array at the point of
release (Donaldson et al. 2012). For instance, Capizzano
et al. (2016) assessed post-release survival in recreation-
ally caught Atlantic cod (Gadus morhua) by rapidly
attaching external depth-sensing transmitters to fish
prior to releasing them into a grid of acoustic receivers.
In some rare cases, it may even be possible to catch-and-
release animals that are already acoustically tagged and
at liberty in an area with an acoustic receiver array (Fer-
ter et al. 2015). However, the approach of releasing fish
into a grid array of receivers may not be suitable in areas
where benthic fisheries occur (e.g., bottom trawls, otter
trawls, etc.), as various gear types could disrupt of dam-
age fixed array moorings. Alternatively manual tracking
may provide an alternate approach in such situations,
although this can at times limit the number of fishes that
can feasibly be tracked, as well as the duration of moni-
toring periods (e.g., <24 h; Pepperell and Davis 1999,
Sackett et al. 2008).
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Ultimately, the ability to effectively assess post-release
survival and inform management actions will likely
require the use of additional sensors in combination with
standard acoustic telemetry. For example, in some cases it
may not be possible to determine whether the post-release
movements of a fish are its own movements or those of a
predator that ate the tagged fish and now carry it in its
stomach (Yergey et al. 2012, but see Romine et al. 2014).
Adding depth or acceleration sensors to acoustic trans-
mitters makes it vastly easier to differentiate between
these scenarios (Donaldson et al. 2008), while statistical
approaches are also being successfully developed to
address this point (Romine et al. 2014). Additional sen-
sors add cost however, which may be why so few post-
release survival assessments have used this approach.
Nonetheless, this is a common practice in assessing the
survival of released deepwater reef fish (Curtis et al.
2015). In addition, we should be clear that in some cases
there are better or more efficient alternatives to acoustic
telemetry for informing efforts to mitigate fisheries inter-
actions. For instance, satellite telemetry can be a superior
method for monitoring post-release survival when avail-
able (e.g., Stokesbury et al. 2011) because it enables moni-
toring of movements at a large spatial scale without the
requirement of an underwater network of receivers. How-
ever, the use of satellite telemetry has heretofore been lim-
ited primarily to marine megafauna (sharks, tunas,
marine mammals, etc.). Acoustic telemetry may remain a
better option for some studies, especially of small species
as acoustic tags are very small and can be as low as 1 g,
and in studies where tag retention is important, as in
long-term, longitudinal studies. Surgical implantation
also allows tags to be retained indefinitely, whereas exter-
nally mounted satellite tags are often lost in weeks to
months after attachment.

Stock assessment: mortality, timing,
environmental correlates

Stock assessment models are used to estimate stock size
and biological reference points, with model output pro-
viding scientific advice to management (Cadrin and
Dickey-Collas 2014, Punt et al. 2015). Life history data
used in traditional stock assessment models includes (1)
information on population structure to define the stock
unit; (2) an estimate of reproductive potential, with
spawning stock biomass (SSB) commonly used as a
proxy, estimated using the population sex ratio, propor-
tion mature-at-age, mean mass at age, and population
abundance; and (3) natural mortality estimates. Other
assessment inputs may include estimates of fisheries selec-
tivity and catchability used as indices to tune the abun-
dance estimates based on landings. Traditionally, age-
based stock assessment models have assumed all SSB is
equally productive, i.e., no significant demographic effects
or interactions with other species. However, there has
been substantial progress in the field of fisheries stock
assessment, increased awareness of a need for better

spatial assessments (Quinn 2003), and management strat-
egy evaluations used to assess a range of complex ecologi-
cal processes and how they may affect our ability to
effectively manage fish stocks (Punt et al. 2015).
Data sources for stock assessments are typically based

on landings, capture-based sampling, and conventional
tag–recapture studies. However, acoustic telemetry is
increasingly being used to estimate stock assessment
parameters (Sippel et al. 2015). Stock structure has been
studied with acoustic telemetry in many species, but
especially those which are diadromous. For example,
striped bass (Morone saxatilis) have been shown to occur
seasonally in Massachusetts coastal waters as part of the
coastal migratory stock originating from the Chesapeake
Bay, Delaware River, and Hudson River spawning
stocks (Kneebone et al. 2014). Similarly, Roanoke River
striped bass exhibit spawning site fidelity, but outside of
the spawning season migrate >1000 km along the eastern
Atlantic coast where they are targeted by a mixed-stock
fishery (Callihan et al. 2015). Acoustic telemetry can
also be used to evaluate stock structure, and is changing
theory about the commonality of open populations in
marine fishes (Cowen and Sponaugle 2009). Atlantic
cod provide a good example, where acoustic telemetry
has identified spawning site fidelities and presumed natal
homing (Green and Wroblewski 2000, Robichaud and
Rose 2001, Sved€ang et al. 2007, Zemeckis et al. 2014).
Similarly, the common snook (Centropomus undecimalis)
has also been shown to exhibit strong spawning site fide-
lity (Lowerre-Barbieri et al. 2014, Young et al. 2014).
Acoustic telemetry studies are also helping to inform

both traditional measures of reproductive potential,
such as SSB and fecundity, and emerging measures, such
as spawning site selection and reproductive timing
(Maunder and Deriso 2013). Sexual maturation data are
needed to estimate SSB and the parameter most closely
tied to fitness (Stearns 1992). Maturation is typically
associated with ontogenetic habitat use shifts, which
may affect our ability to estimate it (Gillanders et al.
2003). Lowerre-Barbieri et al. (2016, this issue) show
that when telemetry is used in conjunction with biologi-
cal sampling to assess reproductive state, location may
be a better indicator of fish that are functionally mature
(i.e., are part of the spawning population) than size. Sim-
ilarly, an estimate of the population sex ratio is needed
to calculate female spawning biomass and acoustic
telemetry studies can help us understand sexual differ-
ences in movements during the reproductive period and
how these movements affect our ability to generate a
representative sample of sex ratios using fisheries sur-
veys. Sex-specific behavior on the spawning grounds and
individual turnover in spawning aggregations have been
documented using telemetry in spotted seatrout (Cynos-
cion nebulosus; Callihan et al. 2013, Lowerre-Barbieri
et al. 2013), shoemaker spinefoot (Siganus sutor; Bijoux
et al. 2013), common snook (Lowerre-Barbieri et al.
2014, Young et al. 2014), and Gulf sturgeon (Acipenser
oxyrinchus desotoi; Fox et al. 2000). These patterns have
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important implications for estimates of annual fecundity
in marine species with indeterminate fecundity. Spawn-
ing fractions are used to estimate spawning frequency in
these species (Hunter and Macewicz 1985) and annual
fecundity is the product of spawning frequency and
batch fecundity. Spawning fractions are estimated at the
population scale (Hunter and Macewicz 1985, Lowerre-
Barbieri et al. 2011, Uriarte et al. 2012), with the
assumption of no immigration or emigration from the
sampled areas (Hunter and Macewicz 1985). If spawning
aggregations are constant, but there is high individual
turn-over within the aggregation, traditional methods to
estimate this important parameter will result in overesti-
mated annual fecundity (Lowerre-Barbieri et al. 2013).
Similarly, acoustic telemetry can be used to assess if indi-
viduals in a population move to the spawning grounds
each year, i.e., spawn annually, which is a common
assumption, or if there is skip spawning such as seen in
striped bass (Gahagan et al. 2015) and common snook
(Trotter et al. 2012). Reproductive behavior and move-
ment patterns also affect fisheries selectivity and acous-
tic telemetry is helping decouple patterns seen in
captured fish vs. natural behavior that impacts catch-
ablity (Nielsen and Berg 2014, Villegas-R�ıos et al. 2014),
and productivity (Goethel et al. 2011, 2014). When con-
sidering the reproductive and movement patterns of fish
populations relative to exploitation and protected area
designation, it is also important to understand and doc-
ument the extent of partial migration within a popula-
tion (Secor 1999), e.g., the proportion of a population
that remains resident vs. migratory). The conservation
value of understanding this phenomenon in fish has
been discussed (Chapman et al. 2012a, b, Gahagan et al.
2015), and several studies have characterized the factors
that differentiate migrants from residents (of which
reproduction is one factor [see references in Chapman
et al. 2012b, Papastamatiou et al. 2013]). Acoustic
telemetry has the potential to identify the relative pro-
portion of a fish stock that remain resident vs. migrate,
and provide clues as to why it might do so (e.g., Espi-
noza et al. 2016). When attempting to manage popula-
tions that undertake cross-jurisdictional movements, it is
important to know timing of these events, and the spa-
tial scales over which they occur.
Natural mortality estimates play a foundational role

in stock assessment models. However, this parameter is
especially difficult to assess in fish, given that it is typi-
cally unobservable (Quinn and Deriso 1999). Through
acoustic tracking, there is a metric to identify dead indi-
viduals and this method has been used successfully in
multiple species and systems (e.g., Hightower et al.
2001, Heupel and Simpfendorfer 2002, Bacheler et al.
2009, Friedl et al. 2013). It is apparent that acoustic
telemetry is beginning to be a trusted tool in the stock
assessment toolbox (Cooke et al. 2016b) and will
undoubtedly become even more common as resource
management agencies begin to incorporate acoustic
telemetry into their routine stock assessments.

CHALLENGES WITH OPERATIONALIZING TELEMETRY DATA

TO INFORM MANAGEMENT AND CONSERVATION

Emerging from the papers published in this special
issue along with our collective experience with acoustic
telemetry for the study of wild fish, we identify and dis-
cuss three challenges to using acoustic telemetry data to
inform management and conservation. We acknowledge
that some of these challenges may be interconnected,
and that none are wholly unique to acoustic telemetry
but still presents a significant challenge to enhancing the
use of telemetry in fisheries management. Moreover, this
list is not exhaustive in that other unique, location-speci-
fic challenges can exist, often related to differences in
governance structures, institutional capacities (for
research and management), and stakeholder dynamics.

Challenges associated with the limitations of
the science and technology of telemetry

Failure to be relevant (scale, research questions, data).—
If science is to be relevant to fisheries managers, care-
fully tailored hypotheses, with testable predictions that
address management questions, must be formulated
(Cumming et al. 2006, Reed et al. 2014). Special consid-
eration should also be given to sample sizes, for the real-
ity is that project budgets, animal care permissions, and/
or accessibility to study sites will often limit the number
of fish that are tagged. In addition, the battery life of an
acoustic tag can dictate the longevity of the animal
track, which may reduce its relevance at the management
scale. These limitations question the relevance of results,
as low statistical power and/or limited temporal and spa-
tial coverage make extrapolation to population- or spe-
cies-level processes complicated (Hebblewhite and
Haydon 2010). A lack of standardization across teleme-
try studies also makes it difficult for managers to gener-
alize among species and across spatiotemporal scales.
However, many new analytical and statistical techniques
have and are being developed for the analysis of move-
ment data, and these hold great promise (e.g., state-
space models, network analysis). Such tools, for exam-
ple, combined with large tag–recapture data sets and
fisheries survey data will be useful for making popula-
tion level predictions from relatively small numbers of
tagged animals (e.g., stochastic models).

Failure to address biases and recognize the limitations.—
Study biases introduced because of the limitations of sci-
entific and technological capabilities can be challenging
to address, which may increase uncertainty and question
the reliability of telemetry data and associated findings
(Payne et al. 2010, Kessel et al. 2013). For instance, indi-
vidual animals need to be captured, handled, and
implanted (external or internally) with an electronic
transmitter, which raises the question of tagging effects
and selection bias based on capture methods (Cooke
et al. 2013). Do individuals fitted with an electronic tag
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behave the same as those that have not been “tampered”
with (Brown et al. 2011)? Also important is the fact that
detection of tagged fish depends on receiver location, as
well as detection range and efficiency. In circumstances of
reduced range as a result of environmental or anthro-
pogenic influence, a tagged animal may be in proximity of
a receiver but not detected and variable range can occur
over daily, monthly, and annual cycles (Udyawer et al.
2013). Failure to understand the detection range of recei-
vers can compromise application and interpretation of
movement and behavior of tagged animals (Kessel et al.
2013). Furthermore, array design dictates the detections
of animals and the resolution of the collected data (Heu-
pel et al. 2006). When animals are not detected, it is
uncertain where the animal is and what it is doing, poten-
tially creating biases and uncertainties in the data and
findings, which may lead to delays or inertia in applying
telemetry data to management frameworks. As such, the
nuances of telemetry are sometimes poorly understood by
managers and/or not fully disclosed by researchers,
undermining the uptake of telemetry findings.

Failure to be transparent about complexity and biases in
acoustic telemetry studies.—Alluded to above, acoustic
telemetry research can be complex from its design to its
data generation and data interpretation; thus, it is critical
for researchers to be honest and transparent about the
entire process when working with management. For
example, errors can occur during the transmission of
acoustic signals and false-positive records can be
recorded when ambient noise or transmissions from mul-
tiple fish collide to produce either an unknown ID code
or result in a known ID code of a tagged fish in the sys-
tem (Simpfendorfer et al. 2010). This may introduce erro-
neous detections and lead to inaccurate conclusions if not
recognized. Other protocols to ensure transparency and
validity of results include assessment of detection effi-
ciency and receiver performance, validation of tag reten-
tion and reliability, and using appropriate capture and
attachment methods. Furthermore, some acoustic tags
can be heard by certain predators (e.g., seals); in these
cases the acoustic signals’ interaction with its environ-
ment can cause problems and heighten the skepticism of
its use (Stansbury et al. 2015). Lastly, as in any scientific
endeavor, researchers using acoustic telemetry should to
strive for clarity and complete transparency in their pro-
cessing, analyses, and interpretation of data, such as the
calculation of the fate of fish, and accuracy and precision
of animal positioning algorithms.

Challenges associated with institutions

Na€ıve knowledge receptor community.—Telemetry data
may reveal novel insights that do not fit into traditional
management frameworks and may appear incompatible
with existing data. The hurdles to incorporating this
novel information vary across institutions and may
include bureaucracy, logistical constraints, institutional

inflexibility, and/or inertia, and lack of capacity and
knowledge to incorporate such data (Roux et al. 2006,
Cvitanovic et al. 2015, Young et al. 2016a). Because
acoustic telemetry is still considered an emerging tech-
nology, few fisheries managers are trained to understand
and use telemetry as a tool and/or as a source of infor-
mation. This problem will inevitably decrease over time.
However, in the meantime, the reality of a relatively
na€ıve knowledge–receptor community presents a chal-
lenge in using telemetry data in management and conser-
vation, and is evidence for a greater need of meaningful
knowledge exchange between telemetry researchers and
managers related to the use of acoustic telemetry in fish-
eries management (Reed et al. 2014).

Established institutional structures and cultures.—When
institutional structures and cultures are developed and
established, individuals carry similar values and atti-
tudes, limiting change and often leading to institutional
inertia, which may present a barrier for new innovations
or new knowledge (Hannan and Freeman 1984, Scheffer
et al. 2003, Young et al. 2013). Homogeneous institu-
tions and cultures with strong peer control often remain
locked in inaction until problems with urgency arise, and
when the collective opinion starts shifting (Scheffer et al.
2003). In the context of fisheries management, long-
established management protocols and strategies (e.g.,
stock assessment) will often remain unchanged if there is
institutional inertia and tendencies of “path dependence”
(i.e., inability to change paths because of an attachment
to historical ways), in spite of new, up-to-date, and con-
tradictory evidence (e.g., Munck af Rosensch€old et al.
2014). The lack of formal policies and mechanisms in
current management systems to incorporate new science,
coupled with the incentive structures for research scien-
tists (e.g., the “publish or perish” paradigm), contributes
to the status quo, and presents a challenge for engaging
scientists and managers.
Although these challenges are not specific to telemetry,

they exist and present significant challenges, particularly
when new knowledge or updated knowledge is presented.
These areas of concern all point toward a need, and a
growing tendency, of biologists and fisheries managers to
collaborate with researchers from other disciplines (e.g.,
social sciences, psychology, economics, etc.) in order to
provide the broader socioeconomic context that is so
often needed when drafting new policies and/or laws
regarding fish conservation and management.

Challenges associated with social constructs
and the human dimension

Game theory: motivation of players involved.—For scien-
tific findings to be integrated into management, there
has to be motivation to do so (Brown and Reingen 1987,
Cleaver 2000). The motives of the different “players”
involved in the adoption of telemetry data into manage-
ment actions play a large role in how influential
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telemetry data can be. Here, the players can include:
telemetry researchers, and whether they are motivated to
seek collaborations and push for their findings to be
used; managers and decision-makers, and whether they
are motivated to take time and effort to learn about
telemetry, incorporate new knowledge, or potentially
“rock the boat”; stakeholder, user, and interest groups,
and what their motivations are relative to information
revealed by telemetry and how it aligns with their values
and interests. Game theory has been used to illustrate
cooperation or resistance among individual players, and
how conflicting interests and/or motivations may play
out (Acheson 1975, Alxelrod 1984, Ostrom et al. 1994,
Honneland 1999). The challenge is navigating the moti-
vations and interests of all players involved and affected
by the management issue, which might be mitigated by
building trust and relationships. Unfortunately, when
there is lack of motivation from the players involved in
the operationalization of telemetry to integrate data into
management actions, a barrier to its application is built.

Failure to invest in relationships and collaborations.—
Similar to the promotion of public involvement and par-
ticipation in governance processes, the same idea and
concept can be applied to the research process, with the
idea that active participants feel accountable with some
ownership of the outcomes (Bouwen and Tailleiu 2004,
Phillipson et al. 2012). Involving managers and other
interested parties in the development of the objectives,
research questions, and design of telemetry studies can go
a long way (Reed et al. 2014). It not only ensures that the
research is relevant and applicable to management, but
also legitimizes findings by empowering everyone
involved and potentially influencing individual motiva-
tions from being disinterested in new knowledge to being
partly responsible for the knowledge generated. Know-
ledge produced that is relevant to a user will be judged
for its legitimacy, credibility, and/or reliability, because it
will affect stakeholders (Cook et al. 2013, Young et al.
2016a). Thus, investing in relationships, trust, and reci-
procity among participants can foster cooperation and
positive collaborations, and reduce skepticism (Ostrom
1998, 2003). Fisheries management and other aquatic
conservation issues are often interdisciplinary in nature
and require the exchange of different perspectives and
knowledge (Dick et al. 2016). Failure to address complex-
ity and knowledge gaps by failing to collaborate and
exchange knowledge is a challenge to gaining meaningful
impacts from telemetry research (Reed et al. 2014). Build-
ing relationships also facilitates a network into which
telemetry knowledge can enter (Phelps et al. 2012). Deci-
sion makers and managers often rely on their individual
experiences and are unaware of the full breadth of exist-
ing science that are potentially relevant to inform their
decision making (Cvitanovic et al. 2014). Telemetry scien-
tists that invest in building a social network of both scien-
tists and non-scientists are more likely to have their work
discussed (i.e., word of mouth), increase their reputation

and become a go-to source when expertise is required (re-
gardless of the level of their expertise relative to peers);
which ultimately may result in their research findings
being sought out and used by the knowledge receptor
community (Brown and Reingen 1987, Decker and Krue-
ger 1999, Cvitanovic et al. 2015, Young et al. 2016b).
Failure to recognize the value of relationships and their
connection to the transfer of knowledge can hinder or
delay the operationalization of telemetry knowledge in
fisheries management and conservation.

Fear of sharing.—Sharing of acoustic telemetry detec-
tion data among research groups operating in connected
aquatic environments can help answer complex ecologi-
cal and management questions because of what effec-
tively becomes a spatially receiver network (Cooke et al.
2011, Hussey et al. 2015, Stewart et al. 2016). However,
fear and concerns of sharing telemetry data among the
scientific community exist (Nelson 2009) that can range
from: potential violation of property or ownership
rights, sharing authorship, fear of loss of control over
unpublished data, lack of recognition of effort and the
time required to collect the data and make it available,
or misinterpretation or exploitation of the data (Janssen
et al. 2012). The technical complexities related to acous-
tic telemetry, such as detection efficiency, missing indi-
viduals, and array design (mentioned above) are
potentially factors that can also drive reluctance of
telemetry researchers to share their data. As a result,
researchers may miss opportunities to contribute to
answering management questions and to potentially
address management needs.

THE SPECIAL ISSUE AND FUTURE DIRECTIONS

We have assembled six case studies in this special issue
to illustrate the increasing utility of acoustic telemetry in
the refinement of fisheries management. Espinoza et al.
(2015a, b) discerned the movement and connectivity pat-
terns of sharks among multiple protected areas within a
coral reef ecosystem and applied their findings via net-
work analyses to the design of effective marine protected
area planning. On a broader scale, Hussey et al. (2017,
this issue) used acoustic telemetry in a deep-water polar
environment in conjunction with Inuit community fish-
eries data to refine the management boundaries encom-
passing stocks of seasonally migrating Greenland halibut
in the Canadian Arctic. Holbrook et al. (2016, this issue)
tracked the movements of invasive sea lamprey in the
Great Lakes ecosystem, which are responsible for the
extirpation of many native fishes, and evaluated the per-
formance of lamprey traps as a means for their eventual
removal and ecological mitigation. Raby et al. (2015b)
applied an experimental approach to examine the effect
of fisheries bycatch on the behavior and survival of
migrating coho salmon. Their results show that while net-
pen holding can allow researchers to assess the mortality
rates of bycatch, it is difficult to disentangle this from the
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stress of confinement; salmon captured and released with
acoustic tags without being held in net-pens had higher
survival. In a study of juvenile salmon, Clark et al. (2016,
this issue) reveal natural patterns of variation in the sur-
vival of migrating sockeye salmon smolts, which is useful
for informing population models at this critical life-his-
tory stage when mortality is naturally high. Finally, Low-
erre-Barbieri et al. (2016, this issue) used acoustic
telemetry coupled with biological sampling and aerial sur-
veys to assess how reproductive behavior affects stock
structure, specifically assessing spawning site selection,
fidelity, and natal homing.
Acoustic telemetry is proving itself as a powerful means

for guiding fisheries planning and management, and its
integration with other disciplines and approaches will
continue to inform our knowledge about the complexities
of fish population dynamics, interactions, and responses
to anthropogenic and natural stressors. Although this is a
rapidly advancing field, challenges exist, which is unsur-
prising given that many acoustic telemetry studies are
attempting to monitor the movements of individuals and
populations across ever-increasing temporal, life history,
and spatial scales (movements of anadromous fishes;
ocean-basin-wide migrations, etc.). Ultimately, the shar-
ing of acoustic detection data among research teams, and
close partnerships with resource managers and stakehold-
ers (throughout the research process), are likely to be two
keys to maximizing the potential for acoustic telemetry to
address management and conservation problems. Thus
far, the few instances in which acoustic telemetry has been
used to directly address fisheries management questions
have involved case-specific acoustic arrays designed to
address one or two locally important questions. However,
this is poised to change with acoustic telemetry becoming
an important component of the assessment-management
cycle. Centralizing these efforts through a network
approach, where infrastructure maintenance, data ware-
housing, and data sharing maximize collaborative links
and cost-effectiveness, is an important step forward
(Cooke et al. 2011). Examples of this can be found in
international initiatives like the Ocean Tracking Network
and the Great Lakes Acoustic Telemetry Observation
System, which foster multi-agency collaborations and
emphasize the importance of making acoustic telemetry
research relevant to fisheries management.

ACKNOWLEDGMENTS

We thank the authors who contributed papers for the special
issues in acoustic telemetry as well as the editorial team from
Ecological Applications and the many referees that evaluated the
contributions. Crossin, Hussey, Nguyen, and Cooke are sup-
ported by the Ocean Tracking Network via funding from the
Natural Sciences and Engineering Research Council of Canada.

LITERATURE CITED

Acheson, J. M. 1975. Fisheries management and social context;
the case of the Maine lobster fishery. Transactions of the
American Fisheries Society 4:653–668.

Alxelrod, R. 1984. The evolution of cooperation. Basic Books,
New York, New York, USA.

Arnold, G., and H. Dewar. 2001. Electronic tags in marine
fisheries research: a 30-year perspective. Pages 7–64 in J. R.
Sibert, and J. L. Nielsen, editors. Electronic tagging and
tracking in marine fisheries. Kluwer Academic Press, Dor-
drecht, Netherlands.

Bacheler, N. M., J. A. Buckel, J. E. Hightower, L. M. Paramore,
and K. H. Pollock. 2009. A combined telemetry – tag return
approach to estimate fishing and natural mortality rates of an
estuarine fish. Canadian Journal of Fisheries and Aquatic
Sciences 66:1230–1244.

Bacheler, N. M., P. E. Whitfield, R. C. Mu~noz, B. B. Harrison,
C. A. Harms, and C. A. Buckel. 2015. Movement of invasive
adult lionfish Pterois volitans using telemetry: importance of
controls to estimate and explain variable detection probabili-
ties. Marine Ecology Progress Series 527:205–220.

Bajer, P. G., C. J. Chizinski, and P. W. Sorensen. 2011. Using the
Judas technique to locate and remove wintertime aggrega-
tions of invasive common carp. Fisheries Management and
Ecology 18:497–505.

Bellquist, L. F., C. G. Lowe, and J. E. Caselle. 2008. Fine-scale
movement patterns, site fidelity, and habitat selection of
ocean whitefish (Caulolatilus princeps). Fisheries Research
91:325–335.

Benaka, L. R., L. Sharpe, L. Anderson, K. Brennan, J. E.
Budrick, C. Lunsford, E. Meredith, M. S. Mohr, and C. Vil-
lafana. 2014. Fisheries release mortality: identifying, priori-
tizing, and resolving data gaps. NOAA Technical
Memorandum NMFS- F/SPO-142. U.S. Department of
Commerce, NOAA, Silver Springs, MD.

Bergstad, O. A., T. Jørgensen, J. A. Knutsen, and J. A. Berge.
2008. Site fidelity of Atlantic cod Gadus morhua L. as
deduced from telemetry and stable isotope studies. Journal of
Fish Biology 72:131–142.

Bergstedt, R. A., R. L. Argyle, W. W. Taylor, and C. C. Krueger.
2016. Seasonal and diel bathythermal distributions of lake
whitefish in Lake Huron: potential implications for lake trout
bycatch in commercial fisheries. North American Journal of
Fisheries Management 36:705–719.

Bettinger, J. M., J. R. Tomasso, and J. J. Isely. 2005. Hooking
mortality and physiological responses of striped bass angled
in freshwater and held in live-release tubes. North American
Journal of Fisheries Management 25:1273–1280.

Bettoli, P. W., and R. S. Osborne. 1998. Hooking mortality and
behavior of striped bass following catch and release angling.
North American Journal of Fisheries Management 18:
609–615.

Bijoux, J. P., L. Dagorn, G. Berke, P. D. Cowley, M. Soria, J.-C.
Gaertner, and J. Robinson. 2013. Temporal dynamics, resi-
dency and site fidelity of spawning aggregations of a herbivo-
rous tropical reef fish Siganus sutor. Marine Ecology Progress
Series 475:233–247.

Binder, T. R., S. C. Riley, C. M. Holbrook, M. J. Hansen, R. A.
Bergstedt, C. R. Bronte, J. He, and C. C. Krueger. 2016.
Spawning site fidelity of wild and hatchery lake trout (Salveli-
nus namaycush) in northern Lake Huron. Canadian Journal
of Fisheries and Aquatic Sciences 73:1–17.

Block, B. A., S. L. H. Teo, A. Walli, A. Boustany, M. J. W.
Stokesbury, C. J. Farwell, K. C. Weng, H. Dewar, and T. D.
Williams. 2005. Electronic tagging and population structure
of Atlantic bluefin tuna. Nature 434:1121–1127.

Boisclair, D. 2001. Fish habitat modeling: from conceptual
framework to functional tools. Canadian Journal of Fisheries
and Aquatic Sciences 58:1–9.

Bonfil, R., M. Me€yer, M. C. Scholl, R. Johnson, S. O’Brien,
H. Oosthuizen, S. Swanson, D. Kotze, and M. Paterson.

12 GLENN T. CROSSIN ET AL.
Ecological Applications

Vol. 0, No. 0



2005. Transoceanic migration, spatial dynamics, and popula-
tion linkages of white sharks. Science 310:100–103.

B€orger, L., B. D. Dalziel, and J. M. Fryxell. 2008. Are there
general mechanisms of animal home range behaviour? A
review and prospects for future research. Ecology Letters
11:637–650.

Bouwen, R., and T. Tailleiu. 2004. Multi-party collaboration
social learning for interdependence: developing relational
knowing for sustainable natural resource management. Journal
of Community and Applied Social Psychology 14:137–153.

Bridger, C. J., and R. K. Booth. 1999. The effects of biotelemetry
transmitter presence and attachment procedures on fish physi-
ology and behavior. Reviews in Fisheries Science 11:13–34.

Broadhurst, M. K., P. Suuronen, and A. Hulme. 2006. Estimat-
ing collateral mortality from towed fishing gear. Fish and
Fisheries 7:180–218.

Broadhurst, M. K., R. B. Millar, C. P. Brand, and S. S. Uhl-
mann. 2008. Mortality of discards from southeastern
Australian beach seines and gillnets. Diseases of Aquatic
Organisms 80:51–61.

Brown, J. J., and P. H. Reingen. 1987. Social ties and word-of-
mouth referral behavior. Journal of Consumer Research
14:350–362.

Brown, R. S., M. B. Eppard, K. J. Murchie, J. L. Nielsen, and S.
J. Cooke. 2011. An introduction to the practical and ethical
perspectives on the need to advance and standardize the
intracoelomic surgical implantation of electronic tags in fish.
Reviews in Fish Biology and Fisheries 21:1–9.

Cadrin, S. X., and M. Dickey-Collas. 2014. Stock assessment
methods for sustainable fisheries. ICES Journal of Marine
Science 72:1–6.

Callihan, J. L., J. H. Cowan, and M. D. Harbison. 2013. Sex dif-
ferences in residency of adult spotted seatrout in a Louisiana
Estuary. Marine and Coastal Fisheries 5:79–92.

Callihan, J. L., J. E. Harris, and J. E. Hightower. 2015. Coastal
migration and homing of Roanoke River striped bass. Marine
and Coastal Fisheries 7:301–315.

Capizzano, C. W., et al. 2016. Estimating and mitigating the
discard mortality of Atlantic cod (Gadus morhua) in the Gulf
of Maine recreational rod-and-reel fishery. ICES Journal of
Marine Science 73:2342–2355.

Chapman, D. D., E. K. Pikitch, F. Babcockm, and M. S. Shiv-
jim. 2005. Marine reserve design and evaluation using auto-
mated acoustic telemetry: a case study involving coral reef-
associated sharks in the Mesoamerican Caribbean. Marine
Technology Society Journal 39:42–55.

Chapman, B. B., K. Hulth�en, J. Brodersen, P. A. Nilsson,
C. Skov, L. A. Hansson, and C. Bronmark. 2012a. Partial
migration in fishes: causes and consequences. Journal of Fish
Biology 81:456–478.

Chapman, B. B., C. Skov, K. Hulth�en, J. Brodersen, P. A. Nils-
son, L. A. Hansson, and C. Bronmark. 2012b. Partial migra-
tion in fishes: definitions, methodologies, and taxonomic
distribution. Journal of Fish Biology 81:479–499.

Chateau, O., and L. Wantiez. 2009. Movement patterns of four
coral reef fish species in a fragmented habitat in New Caledo-
nia: implications for the design of marine protected area net-
works. ICES Journal of Marine Science 66:50–55.

Christiansen, H. M., A. T. Fisk, and N. E. Hussey. 2015. Incor-
porating stable isotopes into a multidisciplinary framework
to improve data inference and their conservation and man-
agement application. African Journal of Marine Science
37:189–197.

Clark, T. D., N. B., Furey, E. L. Rechisky, M. K. Gale, K. M.
Jeffries, A. D. Porter, M. T. Casselman, A. G. Lotto, D. A.
Patterson, S. J. Cooke, A. P. Farrell, D. W. Welch, and S. G.
Hinch. 2016. Tracking wild sockeye salmon smolts to the

ocean reveals distinct regions of nocturnal movement and
high mortality. Ecological Applications 26:959–978.

Cleaver, F. 2000. Moral ecological rationality, institutions and
the management of common property resources. Develop-
ment and Change 3:361–383.

Cook, C. N., M. B. Mascia, M. W. Schwartz, H. P. Possingham,
and R. A. Fuller. 2013. Achieving conservation science that
bridges the knowledge–action boundary. Conservation Biol-
ogy 27:669–678.

Cooke, S. J. 2008. Biotelemetry and biologging in endangered
species research and animal conservation: relevance to regio-
nal, national, and IUCN Red List threat assessments. Endan-
gered Species Research 4:165–185.

Cooke, S. J., S. G. Hinch, M. Wikelski, R. D. Andrews, T. G.
Wolcott, and P. J. Butler. 2004. Biotelemetry: a mechanistic
approach to ecology. Trends in Ecology and Evolution
19:334–343.

Cooke, S. J., S. J. Iverson, M. J. Stokesbury, S. G. Hinch, A. T.
Fisk, D. L. VanderZwaag, R. Apostle, and F. Whoriskey.
2011. Ocean tracking network Canada: a network approach
to addressing critical issues in fisheries and resource manage-
ment with implications for ocean governance. Fisheries
36:583–592.

Cooke, S. J., V. M. Nguyen, K. J. Murchie, J. D. Thiem, M. R.
Donaldson, S. G. Hinch, R. S. Brown, and A. Fisk. 2013. To
tag or not to tag: animal welfare, conservation and stake-
holder considerations in fish tracking studies that use elec-
tronic tags. Journal of International Wildlife Law & Policy
16:352–374.

Cooke, S. J., J. W. Brownscombe, G. D. Raby, F. Broell, S. G.
Hinch, T. D. Clark, and J. M. Semmens. 2016a. Remote
bioenergetics measurements in wild fish: opportunities and
challenges. Comparative Biochemistry and Physiology A
202:23–27.

Cooke, S. J., et al. 2016b. A moving target—incorporating
knowledge of the spatial ecology of fish into the assessment
and management of freshwater fish populations. Environ-
mental Monitoring and Assessment 188:239.

Cote, D., D. A. Scruton, G. H. Niezgoda, and R. S. McKinley.
1998. A coded acoustic telemetry system for high precision
monitoring of fish location and movement: application to
the study of nearshore nursery habitat of juvenile Atlantic
cod (Gadus morhua). Marine Technology Society Journal
32:54.

Cowen, R. K., and S. Sponaugle. 2009. Larval dispersal and
marine population connectivity. Annual Reviews in Marine
Science 1:443–466.

Crossin, G. T., S. J. Cooke, J. A. Goldbogen, and R. A. Phillips.
2014. Tracking fitness in marine vertebrates: current knowl-
edge and opportunities for future research. Marine Ecology
Progress Series 496:1–17.

Cumming, G. S., D. H. Cumming, and C. L. Redman. 2006.
Scale mismatches in social ecological systems: causes, conse-
quences, and solutions. Ecology and Society 11:14.

Currey, L. M., M. R. Heupel, C. A. Simpfendorfer, and A. J.
Williams. 2014. Sedentary or mobile? Variability in space and
depth use of an exploited coral reef fish. Marine Biology
161:2155–2166.

Curtis, J. M., M. W. Johnson, S. L. Diamond, and G. W. Stunz.
2015. Quantifying delayed mortality from barotrauma
impairment in discarded red snapper using acoustic telemetry.
Marine and Coastal Fisheries 7:434–449.

Cvitanovic, C., C. J. Fulton, S. K. Wilson, L. van Kerkhoff,
I. L. Cripps, and N. Muthiga. 2014. Utility of primary scien-
tific literature to environmental managers an international
case study on coral-dominated marine protected areas. Ocean
and Coastal Management 102:72–78.

Xxxxx 2017 ACOUSTIC TELEMETRY IN FISHERIES MANAGEMENT 13



Cvitanovic, C., A. J. Hobday, L. van Kerkhoff, S. K. Wilson,
K. Dobbs, and N. A. Marshall. 2015. Improving knowledge
exchange among scientists and decision-makers to facilitate
the adaptive governance of marine resources: a review of
knowledge and research needs. Ocean & Coastal Manage-
ment 112:25–35.

DeCelles, G. R., and S. X. Cadrin. 2010. Movement patterns of
winter flounder (Pseudopleuronectes americanus) in the south-
ern Gulf of Maine: observations with the use of passive
acoustic telemetry. Fishery Bulletin 108:408–419.

DeCelles, G., and D. Zemeckis. 2013. Acoustic and radio
telemetry. Pages 397–428 in S. X. Cadrin, L. A. Kerr, and
S. Mariani, editors. Stock identification methods: applica-
tions in fishery science. Second edition. Elsevier, Amsterdam,
The Netherlands.

Decker, D. J., and C. C. Krueger. 1999. Communication for
effective fisheries management. Pages 61–81 in C. Kohler and
W. Hubert, editors. Inland fisheries management in North
America. American Fisheries Society, Bethesda, Maryland,
USA.

Dick, M., A. M. Rous, V. M. Nguyen, and S. J. Cooke. 2016.
Necessary but challenging: multiple disciplinary approaches
to solving conservation problems. FACETS Journal 1:
67–82.

Donaldson, M. R., R. Arlinghaus, K. C. Hanson, and S. J.
Cooke. 2008. Enhancing catch-and-release science with
biotelemetry. Fish and Fisheries 9:79–105.

Donaldson, M. R., et al. 2011. The consequences of angling,
beach seining, and confinement on the physiology, post-
release behaviour and survival of adult sockeye salmon dur-
ing upriver migration. Fisheries Research 108:133–141.

Donaldson, M. R., S. G. Hinch, G. D. Raby, D. A. Patterson,
A. P. Farrell, and S. J. Cooke. 2012. Population-specific
consequences of fisheries-related stressors on adult sockeye
salmon. Physiological and Biochemical Zoology 85:
729–739.

Donaldson, M. R., S. G. Hinch, C. D. Suski, A. T. Fisk, M. R.
Heupel, and S. J. Cooke. 2014. Making connections in aqua-
tic ecosystems with acoustic telemetry monitoring. Frontiers
in Ecology and Environment 12:565–573.

Douvere, F. 2008. The importance of marine spatial planning in
advancing ecosystem-based sea use management. Marine Pol-
icy 32:762–771.

Dudgeon, C. L., K. H. Pollock, J. M. Braccini, J. M. Semmens,
and A. Barnett. 2015. Integrating acoustic telemetry into
mark-recapture models to improve the precision of apparent
survival and abundance estimates. Oecologia 178:761–772.

Dulvy, N. K., et al. 2008. You can swim but you can’t hide: the
global status and conservation of oceanic pelagic sharks and
rays. Aquatic Conservation: Marine and Freshwater Ecosys-
tems 18:459–482.

Espinoza, M., T. J. Farrugia, and C. G. Lowe. 2011a. Habitat
use, movements and site fidelity of the gray smooth-hound
shark (Mustelus californicus Gill 1863) in a newly restored
southern California estuary. Journal of Experimental Marine
Biology and Ecology 401:63–74.

Espinoza, M., T. J. Farrugia, D. M. Webber, F. Smith, and C. G.
Lowe. 2011b. Testing a new acoustic telemetry technique to
quantify long-term, fine-scale movements of aquatic animals.
Fisheries Research 108:364–371.

Espinoza, M., M. R. Heupel, A. J. Tobin, and C. A.
Simpfendorfer. 2015a. Movement patterns of silvertip sharks
(Carcharhinus albimarginatus) on coral reefs. Coral Reefs
34:807–821.

Espinoza, M., E. J. I. L�ed�ee, C. A. Simpfendorfer, A. J. Tobin,
and M. R. Heupel. 2015b. Contrasting movements and
connectivity of reef-associated sharks using acoustic telemetry:

implications for management. Ecological Applications 25:
2101–2118.

Espinoza, M., M. R. Heupel, A. J. Tobin, and C. A.
Simpfendorfer. 2016. Evidence of partial migration in a large
coastal predator: opportunistic foraging and reproduction as
key drivers? PLoS ONE 11(2):e0147608.

Ferter, K., K. Hartmann, A. R. Kleiven, E. Moland, and E. M.
Olsen. 2015. Catch-and-release of Atlantic cod (Gadus mor-
hua): post-release behaviour of acoustically pretagged fish in
a natural marine environment. Canadian Journal of Fisheries
and Aquatic Sciences 72:252–261.

Foley, M. M., M. H. Armsby, E. E. Prahler, M. R. Caldwell,
A. L. Erickson, J. N. Kittinger, L. B. Crowder, and P. S.
Levin. 2013. Improving ocean management through the use
of ecological principles and integrated ecosystem assessments.
BioScience 63:619–631.

Forget, F. G., M. Capello, J. D. Filmalter, R. Govinden,
M. Soria, P. D. Cowley, and L. Dagorn. 2015. Behaviour and
vulnerability of target and non-target species at drifting fish
aggregating devices (FADs) in the tropical tuna purse seine
fishery determined by acoustic telemetry. Canadian Journal
of Fisheries and Aquatic Sciences 72:1398–1405.

Fox, D. A., J. E. Hightower, and F. M. Parauka. 2000. Gulf
sturgeon spawning migration and habitat in the Chocta-
whatchee river system, Alabama-Florida. Transactions of the
American Fisheries Society 129:811–826.

Friedl, S. E., J. A. Buckel, J. E. Hightower, F. S. Scharf, and
K. H. Pollock. 2013. Telemetry-based mortality estimates of
juvenile spot in two North Carolina estuarine creeks. Trans-
actions of the American Fisheries Society 142:399–415.

Gahagan, B. I., D. A. Fox, and D. H. Secor. 2015. Partial
migration of striped bass: revisiting the contingent hypothe-
sis. Marine Ecology Progress Series 525:185–197.

Gales, R., R. Brothers, and T. Reid. 1998. Seabird mortality in
the Japanese tuna longline fishery around Australia, 1988–
1995. Biological Conservation 86:37–56.

Garcia, S. M., and K. L. Cochrane. 2005. Ecosystem approach
to fisheries: a review of implementation guidelines. ICES
Journal of Marine Science: Journal du Conseil 62:311–318.

Garcia, J., J. Mourier, and P. Lenfant. 2015. Spatial behaviour
of two coral reef fishes within a Caribbean marine protected
area. Marine Environmental Research 109:41–51.

Genovesi, P. 2005. Eradications of invasive alien species in
Europe: a review. Biological Invasions 7:127–133.

Gillanders, B. M., K. W. Able, J. A. Brown, D. B. Eggleston,
and P. F. Sheridan. 2003. Evidence of connectivity between
juvenile and adult habitats for mobile marine fauna: an
important component of nurseries. Marine Ecology Progress
Series 247:281–295.

Goethel, D. R., T. J. Quinn, and S. X. Cadrin. 2011. Incorporat-
ing spatial structure in stock assessment: movement modeling
in marine fish population dynamics. Reviews in Fisheries
Science 19:119–136.

Goethel, D. R., C. M. Legault, and S. X. Cadrin. 2014. Demon-
stration of a spatially explicit, tag-integrated stock assessment
model with application to three interconnected stocks of yel-
lowtail flounder off of New England. ICES Journal of Marine
Science 72:164–177.

Goodchild, G. A. 2004. Fish habitat is everyone’s business,
Canada’s fish habitat management programme. Fisheries
Management and Ecology 11:277–281.

Govinden, R., R. Jauhary, J. Filmalter, F. Forget, M. Soria,
S. Adam, and L. Dagorn. 2013. Movement behavior of skip-
jack (Katsuwonus pelamis) and yellowfin (Thunnus albacares)
tuna at anchored fish aggregating devices (FADs) in the Mal-
dives, investigated by acoustic telemetry. Aquatic Living
Resources 26:69–77.

14 GLENN T. CROSSIN ET AL.
Ecological Applications

Vol. 0, No. 0



Green, J. M., and J. S. Wroblewski. 2000. Movement patterns of
Atlantic cod in Gilbert Bay, Labrador: evidence for bay resi-
dency and spawning site fidelity. Journal of the Marine Bio-
logical Association of the UK 80:1077–1085.

Grubich, J. R., and J. Odenkirk. 2014. Initial observations of
movement patterns in the apex fish predator, the Nile perch
(Lates niloticus), in Lake Nasser, Egypt. Egyptian Journal of
Aquatic Research 40:65–69.

Gulland, J. A. 1983. Fish stock assessment: a manual of basic
methods. Wiley, Chichester, pp. 223.

Haliday, R. G., and A. T. Pinhorn. 1990. The delimitation of
fishing areas in the northwest Atlantic. Journal of Northwest
Fisheries Science 10:1–51.

Halpern, B. S. 2003. The impact of marine reserves: do reserves
work and does reserve size matter? Ecological Applications
13:117–137.

Halpern, B. S., S. E. Lester, and K. L. McLeod. 2010. Placing
marine protected areas onto the ecosystem-based manage-
ment seascape. Proceedings of the National Academy of
Sciences USA 107:18312–18317.

Hannan, M. T., and J. Freeman. 1984. Structural inertia and
organizational change. American Sociological Review 49:
149–164.

Haulsee, D. E., M. W. Breece, D. C. Miller, B. M. Wetherbee,
D. A. Fox, and M. J. Oliver. 2015. Habitat selection of a
coastal shark species estimated from an autonomous under-
water vehicle. Marine Ecology Progress Series 528:277–288.

Hayden, T. A., C. M. Holbrook, D. G. Fielder, C. S. Vander-
goot, R. A. Bergstedt, J. M. Dettmers, C. C. Krueger, and
S. J. Cooke. 2014. Acoustic telemetry reveals large-scale
migration patterns of walleye in Lake Huron. PLoS ONE 9:
e114833.

Hayes, D. B., C. P. Ferreri, and W. W. Taylor. 1996. Linking fish
habitat to their population dynamics. Canadian Journal of
Fisheries and Aquatic Sciences 53(S1):383–390.

Hayes, S. A., et al. 2013. Environmental Biology of Fish
96:189–201.

Hebblewhite, M., and D. T. Haydon. 2010. Distinguishing tech-
nology from biology: a critical review of the use of GPS
telemetry data in ecology. Philosophical Transactions of the
Royal Society B 365:2303–2312.

Heenan, A., et al. 2015. A climate-informed, ecosystem
approach to fisheries management. Marine Policy 57:182–192.

Herbst, S. J., B. S. Stevens, D. B. Hayes, and P. A. Hanchin.
2015. Estimating walleye (Sander vitreus) movement and fish-
eries mortality using state space models: implications for
management of spatially structured populations. Canadian
Journal of Fisheries and Aquatic Sciences 73:1–19.

Heupel, M., and C. Simpfendorfer. 2002. Estimation of mortal-
ity of juvenile blacktip sharks, Carcharhinus limbatus, within
a nursery area using telemetry data. Canadian Journal of
Fisheries and Aquatic Sciences 59:624–632.

Heupel, M. R., and C. A. Simpfendorfer. 2005. Using acoustic
monitoring to evaluate MPAs for shark nursery areas: the
importance of long-term data. Marine Technology Society
Journal 39:10–18.

Heupel, M. R., and D. M. Webber. 2012. Trends in acoustic
tracking: where are the fish going and how will we follow
them. American Fisheries Society Symposium 76:219–231.

Heupel, M. R., J. M. Semmens, and A. J. Hobday. 2006. Auto-
mated acoustic tracking of aquatic animals: scales, design
and deployment of listening station arrays. Marine and
Freshwater Research 57:1–13.

Heupel, M. R., C. A. Simpfendorfer, M. Espinoza,
A. Smoothey, A. J. Tobin, and V. Peddemors. 2015. Conserva-
tion challenges of sharks with continental scale migrations.
Frontiers in Marine Science 2:1–12.

Hightower, J. E., J. R. Jackson, and K. H. Pollock. 2001. Use of
telemetry methods to estimate natural and fishing mortality
of striped bass in Lake Gaston, North Carolina. Transactions
of the American Fisheries Society 130:557–567.

Hilborn, R., and C. J. Walters. 2003. Quantitative fisheries
stock assessment: choice, dynamics and uncertainty. Chap-
man and Hall, New York, New York, USA.

Hobbs, R. J., and J. A. Harris. 2001. Restoration ecology:
repairing the earth’s ecosystems in the new millennium.
Restoration Ecology 9:239–246.

Hockersmith, E. E., and J. W. Beeman. 2012. A history of
telemetry in fisheries research. Pages 7–20 in N. S. Adams,
J. W. Beeman, and J. H. Eiler, editors. Telemetry techniques: a
user guide for fisheries research. American Fisheries Society,
Bethesda, Maryland, USA.

Holbrook, C. M., N. S. Johnson, J. P. Steibel, M. B. Twohey,
T. R. Binder, C. C. Krueger, and M. L. Jones. 2014. Estimat-
ing reach-specific movement probabilities in rivers with a
Bayesian state-space model: application to sea lamprey pas-
sage and capture at dams. Canadian Journal of Fisheries and
Aquatic Sciences 71:1713–1729.

Holbrook, C. M., R. A. Bergstedt, J. Barber, G. A. Bravener,
M. L. Jones, and C. C. Krueger. 2016. Evaluating harvest-
based control of invasive fish with telemetry: performance of
sea lamprey traps in the Great Lakes. Ecological Applications
26:1595–1609.

Holland, K. N., C. G. Meyer, and L. C. Dagorn. 2009. Inter-
animal telemetry: results from first deployment of acoustic
‘business card’ tags. Endangered Species Research 10:287–
293.

Honda, K., T. Arai, S. Kobayashi, Y. Tsuda, and K. Miyashita.
2012. Migratory patterns of exotic brown trout Salmo trutta
in south-western Hokkaido, Japan, on the basis of Otolith Sr:
Ca ratios and acoustic telemetry. Journal of Fish Biology
80:408–426.

Honneland, G. 1999. A model of compliance in fisheries: theo-
retical foundations and practical application. Ocean and
Costal Management 42:699–716.

Huff, D. D., S. T. Lindley, P. S. Rankin, and E. A. Mora. 2011.
Green sturgeon physical habitat use in the coastal Pacific
Ocean. PLoS ONE 6:e25156.

Hunter, J. R., and B. J. Macewicz. 1985. Measurement of
spawning frequency in multiple spawning fishes. An egg pro-
duction method for estimating spawning biomass of pelagic
fish: application to the northern anchovy, Engraulis mordax.
Pages 79–93 in R. Lasker, editor. NOAA Technical Report
36. U.S. Department of Commerce, NOAA, Silver Spring,
Maryland, USA.

Hussey, N. E., et al. 2015. Aquatic animal telemetry: A panora-
mic window into the underwater world. Science 348:6240.

Hussey, N. E., et al. 2017. Movements of a deep-water fish:
Establishing marine fisheries management boundaries in
coastal Arctic fisheries. Ecological Applications 0:1–18, in
press.

James, M. C., C. A. Ottensmeyer, and R. A. Myers. 2005. Iden-
tification of high-use habitat and threats to leatherback sea
turtles in northern waters: New directions for conservation.
Ecology Letters 8:195–201.

Janssen, M., Y. Charalabidis, and A. Zuiderwijk. 2012. Benefits,
adoption barriers and myths of open data and open govern-
ment. Information Systems Management 29:258–268.

Jepsen, N., K. Aarestrup, and S. J. Cooke. 2014. Tagging fish in
the field: ethical and procedural considerations. A comment
on the recent paper of D. Mulcahy; Legal, ethical and proce-
dural bases for the use of aseptic techniques to implant elec-
tronic devices. Journal of Fish and Wildlife Management
4:211–219.

Xxxxx 2017 ACOUSTIC TELEMETRY IN FISHERIES MANAGEMENT 15



Johnson, N. S., M. B. Twohey, S. M. Miehls, T. A. Cwalinski,
N. A. Godby, A. Lochet, J. W. Slade, A. K. Jubar, and M. J.
Siefkes. 2016. Evidence that sea lampreys (Petromyzon mari-
nus) complete their life cycle within a tributary of the Lauren-
tian Great Lakes by parasitizing fishes in inland lakes.
Journal of Great Lakes Research 42:90–98.

Jorgensen, S. J., C. A. Reeb, T. K. Chapple, S. Anderson,
C. Perle, S. R. Van Sommeran, C. Fritz-Cope, A. C. Brown,
A. P. Klimley, and B. A. Block. 2009. Philopatry and migra-
tion of Pacific white sharks. Proceedings of the Royal Society of
London B. https://doi.org/10.1098/rspb.2009.1155

Karam, A. P., B. R. Kesner, and P. C. Marsh. 2008. Acoustic
telemetry to assess post-stocking dispersal and mortality of
razorback sucker Xyrauchen texanus. Journal of Fish Biology
73:719–727.

Kessel, S. T., S. J. Cooke, M. R. Heupel, N. E. Hussey, C. A.
Simpfendorfer, S. Vagle, and A. T. Fisk. 2013. A review of
detection range testing in aquatic passive acoustic telemetry
studies. Reviews in Fish Biology and Fisheries 24:199–218.

Ketchum, J. T., A. Hearn, A. P. Klimley, C. Penaherrera,
E. Espinoza, S. Bessudo, G. Soler, and R. Arauz. 2014.
Inter-island movements of scalloped hammerhead sharks
(Sphyrna lewini) and seasonal connectivity in a marine
protected area of the eastern tropical Pacific. Marine Biology
161:939–951.

Klimley, A. P., F. Voegeli, S. C. Beavers, and B. J. Le Boeuf.
1998. Automated listening stations for tagged marine fishes.
Marine Technology Society Journal 32:94.

Kneebone, J., W. S. Hoffman, M. J. Dean, D. A. Fox, and M. P.
Armstrong. 2014. Movement patterns and stock composition
of adult Striped Bass tagged in Massachusetts coastal waters.
Transactions of the American Fisheries Society 143:1115–1129.

Knip, D. M., M. R. Heupel, and C. A. Simpfendorfer. 2012.
Evaluating marine protected areas for the conservation of
tropical coastal sharks. Biological Conservation 148:200–209.

Langton, R. W., R. S. Steneck, V. Gotceitas, F. Juanes, and
P. Lawton. 1996. The interface between fisheries research and
habitat management. North American Journal of Fisheries
Management 16:1–7.

Lapointe, N. W. R., J. D. Thiem, S. E. Doka, and S. J. Cooke.
2013. Opportunities for improving aquatic restoration science
and monitoring through the use of animal electronic tagging
technology. BioScience 63:390–396.

Lapointe, N. W. R., et al. 2014. Principles for ensuring healthy
and productive freshwater ecosystems that support sustain-
able fisheries. Environmental Reviews 22:1–25.

Lea, J. S. E., N. E. Humphries, R. G. von Brandis, C. R. Clarke,
and D. W. Sims. 2016. Acoustic telemetry and network analy-
sis reveal the space use of multiple reef predators and enhance
marine protected area design. Proceedings of the Royal Soci-
ety B 283. https://doi.org/10.1098/rspb.2016.0717

L�ed�ee, E. J. I., M. R. Heupel, A. J. Tobin, and C. A.
Simpfendorfer. 2015. Movements and space use of giant trev-
ally in coral reef habitats and the importance of environmen-
tal drivers. Animal Biotelemetry 3:6.

Lee, W. C., and E. P. Bergersen. 1996. Influence of thermal and
oxygen stratification on Lake Trout hooking mortality. North
American Journal of Fisheries Management 16:175–181.

Lennox, R. J., G. Blouin-Demers, A. M. Rous, and S. J. Cooke.
2016. Tracking invasive animals with electronic tags to assess
risks and develop management strategies. Biological Inva-
sions 18:1219–1233.

Lewison, R. L., L. B. Crowder, A. J. Read, and S. A. Freeman.
2004. Understanding impacts of fisheries bycatch on marine
megafauna. Trends in Ecology and Evolution 19:598–604.

Lidgard, D. C., W. D. Bowen, I. D. Jonsen, and S. J. Ivseron.
2012. Animal-borne acoustic transceivers reveal patterns of

at sea associations in an upper trophic level predator. PLoS
ONE 7:e48962.

Lowe, C. G., K. M. Anthony, E. T. Jarvis, and L. F. Bellquist.
2009. Site fidelity and movement patterns of groundfish asso-
ciated with offshore petroleum platforms in the Santa Bar-
bara channel. Marine and Coastal Fisheries: Dynamics,
Management, and Ecosystem Science [online serial] 1:71–89.

Lowerre-Barbieri, S., K. Ganias, F. Saborido-Rey, H. Murua,
and J. Hunter. 2011. Reproductive timing in marine fishes:
variability, temporal scales, and methods. Marine and
Coastal Fisheries: Dynamics, Management, and Ecosystem
Science 3:71–91.

Lowerre-Barbieri, S. K., S. Walters, J. Bickford, W. Cooper, and
R. Muller. 2013. Site fidelity and reproductive timing at a
Spotted Seatrout spawning aggregation site: individual versus
population scale behavior. Marine Ecology Progress Series
481:181–197.

Lowerre-Barbieri, S., D. Villegas-Rios, S. Walters, J. Bickford,
W. Cooper, and R. Muller. 2014. Spawning site selection and
contingent behavior in common Snook, Centropomus undeci-
malis. PLoS ONE 9:e101809.

Lowerre-Barbieri, S. K., S. L. Walters Burnsed, and J. W. Bick-
ford. 2016. Assessing reproductive behavior important to
fisheries management: a case study with red drum, Sciaenops
ocellatus. Ecological Applications 26:979–995.

Lucas, M. C., and E. Baras. 2000. Methods for studying spatial
behaviour of freshwater fishes in the natural environment.
Fish and Fisheries 1:283–316.

Marshall, A., J. S. Mills, K. L. Rhodes, and J. McIlwain. 2010.
Passive acoustic telemetry reveals highly variable home-range
and movement patterns among unicornfish within a marine
reserve. Coral Reefs 30:631–642.

Matich, P., and M. R. Heithaus. 2014. Multi-tissue stable iso-
tope analysis and acoustic telemetry reveal seasonal variabil-
ity in the trophic interactions of juvenile bull sharks in a
coastal estuary. Journal of Animal Ecology 83:199–213.

Matley, J. K., M. R. Heupel, and C. A. Simpfendorfer. 2015.
Depth and space use of leopard coralgrouper (Plectropomus
leopardus) using passive acoustic tracking. Marine Ecology
Progress Series 521:201–216.

Maunder, M. N., and R. B. Deriso. 2013. A stock–recruitment
model for highly fecund species based on temporal and spa-
tial extent of spawning. Fisheries Research 146:96–101.

McCook, L. J., et al. 2010. Adaptive management and monitor-
ing of the Great Barrier Reef marine reserve network: a
globally significant case study in marine conservation. Pro-
ceedings of the National Academy of Sciences USA. https://d
oi.org/10.1073/pnas.0909335107

McLaren, B. W., T. J. Langlois, E. S. Harvey, H. Shortland-
Jones, and R. Stevens. 2015. A small no-take marine sanctu-
ary provides consistent protection for small-bodied by-catch
species, but not for large-bodied, high risk species. Journal of
Experimental Marine Biology and Ecology 471:153–163.

McMichael, G. A., M. B. Eppard, T. J. Carlson, J. A. Carter,
B. D. Ebberts, R. S. Brown, M. Weilanda, G. R. Ploskeya,
R. A. Harnisha, and Z. D. Deng. 2010. The juvenile salmon
acoustic telemetry system: a new tool. Fisheries 35:9–22.

Metcalfe, J. D., W. J. F. Le Quesne, W. W. L. Cheung, and D. A.
Righton. 2012. Conservation physiology for applied manage-
ment of marine fish: perspectives on the role and value of
telemetry. Philosophical Transactions of the Royal Society B
367:1746–1756.

Meyer, C. G., K. N. Holland, and Y. P. Papastamatiou. 2007a.
Seasonal and diel movements of giant trevally Caranx igno-
bilis at remote Hawaiian atolls: implications for the design of
marine protected areas. Marine Ecology Progress Series
333:13–25.

16 GLENN T. CROSSIN ET AL.
Ecological Applications

Vol. 0, No. 0

https://doi.org/10.1098/rspb.2009.1155
https://doi.org/10.1098/rspb.2016.0717
https://doi.org/10.1073/pnas.0909335107
https://doi.org/10.1073/pnas.0909335107


Meyer, C. G., Y. P. Papastamatiou, and K. N. Holland. 2007b.
Seasonal, diel and tidal movements of green jobfish (Aprion
virescens, Lutjanidae) at remote Hawaiian atolls: implications
for marine protected area design. Marine Biology 151:
2133–2143.

Minns, C. K. 2001. Science for freshwater fish habitat manage-
ment in Canada: current status and future prospects. Aquatic
Ecosystem Health & Management 4:423–436.

Moland, E., E. M. Olsen, K. Andvord, J. A. Knutsen, and
N. C. Stenseth. 2011. Home range of European lobster
(Homarus gammarus) in a marine reserve: implications for
future reserve design. Canadian Journal of Fisheries and
Aquatic Science 68:1197–1210.

Moland, E., E. M. Olsen, H. Knutsen, P. Garrigou, S. H. Espe-
land, A. R. Kleiven, C. Andr�e, and J. A. Knutsen. 2013. Lob-
ster and cod benefit from small-scale northern marine
protected areas: inference from an empirical before-after con-
trol-impact study. Proceedings of the Royal Society B 280.
https://doi.org/10.1098/rspb.2012.2679

Munck af Rosensch€old, J., J. G. Rozema, and L. A. Frye-
Levine. 2014. Institutional inertia and climate change: a
review of the new institutionalist literature. Wiley Interdisci-
plinary Reviews: Climate Change 5:639–648.

Naiman, R. J., and J. J. Latterell. 2005. Principles for linking
fish habitat to fisheries management and conservation. Jour-
nal of Fish Biology 67:166–185.

Neilson, J. D., W. T. Stobo, and P. Perley. 2006. Pollock (Pol-
lachius virens) stock structure in the Canadian Maritimes
inferred from mark–recapture studies. ICES Journal of Mar-
ine Science 63:749–765.

Nelson, B. 2009. Data sharing: empty archives. Nature 461:
160–163.

Nielsen, A., and C. W. Berg. 2014. Estimation of time-varying
selectivity in stock assessments using state-space models.
Fisheries Research 158:96–101.

Niezgoda, G., M. Benfield, M. Sisak, and P. Anson. 2002.
Tracking acoustic transmitters by code division multiple
access (CDMA)-based telemetry. Hydrobiologia 483:275–
286.

O’Dor, R. K., J. P. Aitken, S. Bolden, R. C. Babcock, S. Seinto,
D. C. Zeller, and G. Jackson. 2001. Using radio-acoustic posi-
tioning and telemetry (RAPT) to define and assess marine
protected areas (MPAs). Pages 147–166 in J. R. Siebert and
J. R. Nielsen, editors. Electronic tagging and tracking in mar-
ine fisheries. Kluwer Academic Publishers, Dordrecht, The
Netherlands.

O’Farrell, M. R., and L. W. Botsford. 2006. The fisheries man-
agement implications of maternal-age-dependent larval sur-
vival. Canadian Journal of Fisheries and Aquatic Sciences
63:2249–2258.

Ostrom, E. 1998. A behavioral approach to the rational choice
theory of collective action. American Political Science Review
92:1–22.

Ostrom, E. 2003. Toward a behavioral theory linking trust,
reciprocity, and reputation. Pages 19–79 in E. Ostrom and
J. Walker, editors. Trust and reciprocity: interdisciplinary les-
sons from experimental research. Russell Sage Foundation,
New York, New York, USA.

Ostrom, E., R. Gardner, and J. Walker. 1994. Rules, games, and
common-pool resources. University of Michigan Press, Ann
Arbor, Michigan, USA.

Papastamatiou, Y. P., C. G. Meyer, F. Carlvaho, J. J. Dale,
M. Hutchinson, and K. N. Holland. 2013. Telemetry and ran-
dom-walk models reveal complex patterns of partial migra-
tion in a large marine predator. Ecology 94:2595–2606.

Papastamatiou, Y. P., C. G. Meyer, R. K. Kosaki, N. J. Walls-
grove, and B. N. Popp. 2015. Movements and foraging of

predators associated with mesophotic coral reefs and their
potential for linking ecological habitats. Marine Ecology Pro-
gress Series 521:155–170.

Payne, N. L., B. M. Gillanders, D. M. Webber, and J. M. Sem-
mens. 2010. Interpreting diel activity patterns from acoustic
telemetry: the need for controls. Marine Ecology Progress
Series 419:295–301.

Payne, N. L., M. D. Taylor, Y. Y. Watanae, and J. M. Semmens.
2014. From physiology to physics: are we recognizing the flex-
ibility of biologging tools? Journal of Experimental Biology
217:317–322.

Pepperell, J. G., and T. L. O. Davis. 1999. Post-release behaviour
of black marlin, Makaira indica, caught off the Great Barrier
Reef with sportfishing gear. Marine Biology 135:369–380.

Phelps, C., R. Heidl, and A. Wadhwa. 2012. Knowledge, net-
works, and knowledge networks: a review and research
agenda. Journal of Management 38:1115.

Phillipson, J., P. Lowe, A. Proctor, and E. Ruto. 2012.
Stakeholder engagement and knowledge exchange in environ-
mental research. Journal of Environmental Management
95:56–65.

Pittman, S. J., M. E. Monaco, A. M. Friedlander, B. Legare,
R. S. Nemeth, M. S. Kendall, M. Poti, R. D. Clark, L. M.
Wedding, and C. Caldow. 2014. Fish with chips: tracking reef
fish movements to evaluate size and connectivity of Carib-
bean marine protected areas. PLoS ONE 9:e96028.

Punt, A. E., T. A’mar, N. A. Bond, D. S. Butterworth, C. L. de
Moor, J. A. A. De Oliveira, M. A. Haltuch, A. B. Hollowed,
and C. Szuwalski. 2014. Fisheries management under climate
and environmental uncertainty: control rules and perfor-
mance simulation. ICES Journal of Marine Science: Journal
du Conseil 71:2208–2220.

Punt, A. E., M. Haddon, and G. N. Tuck. 2015. Which assess-
ment configurations perform best in the face of spatial
heterogeneity in fishing mortality, growth and recruitment? A
case study based on pink ling in Australia. Fisheries Research
168:85–99.

Quinn, T. J. 2003. Ruminations on the development and future
of population dynamics models in fisheries. Natural Resource
Modeling 16:341–392.

Quinn, T. J., and R. B. Deriso. 1999. Quantitative fish dynamics.
Oxford University Press, New York, New York, USA.

Raabe, J. K., B. Gardner, and J. E. Hightower. 2014. A spatial
capture-recapture model to estimate fish survival and loca-
tion from linear continuous monitoring arrays. Canadian
Journal of Fisheries and Aquatic Sciences 71:120–130.

Raby, G. D., et al. 2015a. Fishing for effective conservation:
context and biotic variation are keys to understanding the
survival of pacific salmon after catch-and-release. Integrative
and Comparative Biology 55:554–576.

Raby, G. D., S. G. Hinch, D. A. Patterson, J. A. Hills, L. A.
Thompson, and S. J. Cooke. 2015b. Mechanisms to explain
purse seine bycatch mortality of coho salmon. Ecological
Applications 25:1757–1775.

Reed, M. S., L. C. Stringer, I. Fazey, A. C. Evely, and J. H. J.
Kruijsen. 2014. Five principles for the practice of knowledge
exchange in environmental management. Journal of Environ-
mental Management 146:337–345.

Robichaud, D., and G. Rose. 2001. Multiyear homing of Atlan-
tic cod to a spawning ground. Canadian Journal of Fisheries
and Aquatic Sciences 58:2325–2329.

Romine, J. G., R. W. Perry, S. V. Johnston, C. W. Fitzer, S. W.
Pagliughi, and A. R. Blake. 2014. Identifying when tagged
fishes have been consumed by piscivorous predators: applica-
tion of multivariate mixture models to movement parameters
of telemetered fishes. Animal Biotelemetry 2. https://doi.org/
10.1186/2050-3385-2-3

Xxxxx 2017 ACOUSTIC TELEMETRY IN FISHERIES MANAGEMENT 17

https://doi.org/10.1098/rspb.2012.2679
https://doi.org/10.1186/2050-3385-2-3
https://doi.org/10.1186/2050-3385-2-3


Romine, J. G., N. R. Jensen, M. J. Parsley, R. F. Gaugush, T. J.
Severson, T. W. Hatton, R. F. Adams, and M. P. Gaikowski.
2015. Response of bighead carp and silver carp to repeated
water gun operation in an enclosed shallow pond. North
American Journal of Fisheries Management 35:440–453.

Rosenfeld, J. S., and T. Hatfield. 2006. Information needs for
assessing critical habitat of freshwater fish. Canadian Journal
of Fisheries and Aquatic Sciences 63:683–698.

Rous, A. M., J. D. Midwood, L. F. G. Gutowsky, N. W. R.
Lapointe, R. Portiss, T. Sciscione, M. G. Wells, S. E. Doka,
and S. J. Cooke. 2017. Telemetry-determined habitat use
informs multi-species habitat management in an urban har-
bour. Environmental Management 59:118–128.

Roux, D. J., K. H. Rogers, H. Biggs, P. J. Ashton, and
A. Sergeant. 2006. Bridging the science-management divide:
moving from unidirectional knowledge transfer to knowledge
interfacing and sharing. Ecology and Society 11:4.

Russ, G. R., K. I. Miller, J. R. Rizzari, and A. C. Alcala. 2015.
Long-term no-take marine reserve and benthic habitat effects
on coral reef fishes. Marine Ecology Progress Series 529:
233–248.

Rutz, C., and G. C. Hays. 2009. New frontiers in biologging
science. Biology Letters 5:289–292.

Ruzycki, J. R., D. A. Beauchamp, and D. L. Yule. 2003. Effects
of introduced lake trout on native cutthroat trout in Yellow-
stone Lake. Ecological Applications 13:23–37.

Sackett, D. K., K. W. Able, and T. M. Grothues. 2008. Habitat
dynamics of summer flounder Paralichthys dentatus within a
shallow USA estuary based on multiple approaches using
acoustic telemetry. Marine Ecology Progress Series 364:
199–212.

Scheffer, M., F. Westley, and W. Brock. 2003. Slow response of
societies to new problems: causes and costs. Ecosystems
6:493–502.

Schmitten, R. A. 1999. Essential fish habitat: Opportunities and
challenges for the next millennium. Pages 3–10 in L. R.
Benaka, editor. Fish habitat: essential fish habitat and reha-
bilitation. American Fisheries Society Symposium 22,
Bethesda, Maryland, USA.

Secor, D. 1999. Specifying divergent migrations in the concept of
stock: the contingent hypothesis. Fisheries Research 43:13–34.

Semmens, B. X. 2008. Acoustically derived fine-scale behaviors
of juvenile Chinook salmon (Oncorhyncus tshawytscha) asso-
ciated with intertidal benthic habitats in an estuary. Canadian
Journal of Fisheries and Aquatic Sciences 65:2053–2062.

Simberloff, D. 2003. How much information on population
biology is needed to manage introduced species? Conserva-
tion Biology 17:83–92.

Simberloff, D., et al. 2013. Impacts of biological invasions:
what’s what and the way forward. Trends in Ecology & Evo-
lution 28:58–66.

Simpfendorfer, C. A., T. R. Wiley, and B. G. Yeiser. 2010.
Improving conservation planning for an endangered sawfish
using data from acoustic telemetry. Biological Conservation
143:1460–1469.

Sippel, T., J. Paige Eveson, B. Galuardi, et al. 2015. Using
movement data from electronic tags in fisheries stock assess-
ment: a review of models, technology and experimental
design. Fisheries Research 163:152–160.

Skomal, G. B., S. I. Zeeman, J. H. Chisholm, E. L. Summers,
H. J. Walsh, K. W. McMahon, and S. R. Thorrold. 2009.
Transequatorial migrations by basking sharks in the western
Atlantic Ocean. Current Biology 19:1019–1022.

Smedbol, R. K., and R. Stephenson. 2001. The importance of
managing within-species diversity in cod and herring fisheries
of the north-western Atlantic. Journal of Fish Biology
59:109–128.

Smith, B. R., and J. J. Tibbles. 1980. Sea lamprey (Petromyzon
marinus) in Lakes Huron, Michigan, and Superior: history of
invasion and control, 1936–78. Canadian Journal of Fisheries
and Aquatic Sciences 37:1780–1801.

Stansbury, A., T. G€otz, V. B. Deecke, and V. M. Janik. 2015.
Grey seals use anthropogenic signals from acoustic tags to
locate fish: evidence from a simulated foraging task. Proceed-
ings of the Royal Society B 282(1798). doi: https://doi.org/10.
1098/rspb.2014.1595

Starr, R. M., E. Sala, E. Ballesteros, and M. Zabala. 2007.
Spatial dynamics of the Nassau grouper Epinephelus striatus
in a Caribbean atoll. Marine Ecology Progress Series 343:
239–249.

Stasko, A. B., and D. G. Pincock. 1977. Review of underwater
biotelemetry, with emphasis on ultrasonic techniques. Journal
of the Fisheries Board of Canada 34:1261–1285.

Stearns, S. C. 1992. The evolution of life histories. Oxford
University Press, New York, New York, USA.

Stephenson, R. L. 1999. Stock complexity in fisheries manage-
ment: a perspective of emerging issues related to population
sub-units. Fisheries Research 43:247–249.

Stewart, J. D., C. S. Beale, D. Fernando, A. B. Sianipar, R. S.
Burton, B. X. Semmens, and O. Aburto-Oropeza. 2016. Spa-
tial ecology and conservation of Manta birostris in the Indo-
Pacific. Biological Conservation 200:178–183.

Stokesbury, M. J. W., J. D. Neilson, E. Susko, and S. J. Cooke.
2011. Estimating mortality of Atlantic Bluefin tuna (Thunnus
thynnus) in an experimental catch-and-release fishery. Biologi-
cal Conservation 144:2684–2691.

Sved€ang, H., D. Righton, and P. Jonsson. 2007. Migratory
behaviour of Atlantic cod Gadus morhua: natal homing is the
prime stock-separating mechanism. Marine Ecology Progress
Series 345:1–12.

Topping, D. T., C. G. Lowe, and J. E. Caselle. 2006. Site fidelity
and seasonal movement patterns of adult California sheep-
head, Semicossyphus pulcher (Labridae), ascertained via long-
term acoustic monitoring. Marine Ecology Progress Series
326:257–267.

Treble, M. A. 2003. Results of a Greenland halibut (Rein-
hardtius hippoglossoides) tagging project in Cumberland
Sound, NAFO Division 0B, 1997–2000. Northwest Atlantic
Fisheries Organization, Dartmouth, N.S. SCR Doc. 03/41.

Trotter, A. A., D. A. Blewett, R. G. Taylor, and P. W. Stevens.
2012. Migrations of Common Snook from a tidal river with
implications for skipped spawning. Transactions of the Amer-
ican Fisheries Society 141:1016–1025.

Udyawer, V., A. Chin, D. M. Knip, C. A. Simpfendorfer, and
M. R. Heupel. 2013. Variable response of coastal sharks to
severe tropical storms: environmental cues and changes in
space use. Marine Ecology Progress Series 480:171–183.

Uriarte, A., A. Alday, M. Santos, and L. Motos. 2012. A re-eva-
luation of the spawning fraction estimation procedures for
Bay of Biscay anchovy, a species with short interspawning
intervals. Fisheries Research 117–118:96–111.

Van Moorter, B., D. Visscher, S. Benhamou, L. B€orger, M. S.
Boyce, and J.-M. Gaillard. 2009. Memory keeps you at home:
a mechanistic model for home range emergence. Oikos
118:641–652.

Veilleux, M. A. N. 2014. Spatial ecology of fish in Toronto Har-
bour in response to aquatic habitat enhancement. Thesis.
Carleton University, Ottawa, Ontario.

Villegas-R�ıos, D., J. Al�os, M. Palmer, S. K. Lowerre-Barbieri,
R. Ba~n�on, A. Alonso-Fern�andez, and F. Saborido-Rey. 2014.
Life-history and activity shape catchability in a sedentary
fish. Marine Ecology Progress Series 515:239–250.

Voegeli, F. A., and D. G. Pincock. 1996. Overview of underwa-
ter acoustics as it applies to telemetry. Pages 23–30 in

18 GLENN T. CROSSIN ET AL.
Ecological Applications

Vol. 0, No. 0

https://doi.org/10.1098/rspb.2014.1595
https://doi.org/10.1098/rspb.2014.1595


E. Baras and J. C. Philippart, editors. Underwater bioteleme-
try. University of Liege, Liege, Belgium.

Wagner, G. N., S. J. Cooke, R. S. Brown, and K. A. Deters.
2011. Surgical implantation techniques for electronic tags in
fish. Reviews in Fish Biology and Fisheries 21:71–81.

Watson, J. T., T. E. Essington, C. E. Lennert-Cody, and M. A.
Hall. 2009. Trade-offs in the design of fishery closures: man-
agement of silky shark bycatch in the Eastern Pacific Ocean
Tuna fishery. Conservation Biology 23:626–635.

Yergey, M. E., T. M. Grothues, K. W. Able, C. Crawford, and
K. DeCristofer. 2012. Evaluating discard mortality of sum-
mer flounder (Paralichthys dentatus) in the commercial trawl
fishery: developing acoustic telemetry techniques. Fisheries
Research 115–116:72–81.

Young, N., I. Gingras, V. M. Nguyen, S. J. Cooke, and S. G.
Hinch. 2013. Mobilizing new science into management prac-
tice: the challenge of biotelemetry for fisheries management,
a case study of Canada’s Fraser River. Journal of Interna-
tional Wildlife Law & Policy 16:331–351.

Young, J. M., B. G. Yeiser, and J. A. Whittington. 2014.
Spatiotemporal dynamics of spawning aggregations of
common Snook on the east coast of Florida. Marine Ecology
Progress Series 505:227–240.

Young, N., M. Corriveau, V. M. Nguyen, S. J. Cooke, and S. G.
Hinch. 2016a. How do potential knowledge users evaluate
new claims about a contested resource? Problems of power
and politics in knowledge exchange and mobilization. Journal
of Environmental Management 184:380–388.

Young, N., V. M. Nguyen, M. Corriveau, S. J. Cooke, and S. G.
Hinch. 2016b. Knowledge users’ perspectives and advice on
how to improve knowledge exchange and mobilization in the
case of a co-managed fishery. Environmental Science & Policy
66:170–178.

Zemeckis, D. R., W. S. Hoffman, M. J. Dean, M. P. Armstrong,
and S. X. Cadrin. 2014. Spawning site fidelity by Atlantic cod
(Gadus morhua) in the Gulf of Maine: implications for popu-
lation structure and rebuilding. ICES Journal of Marine
Science: Journal du Conseil 71:1356–1365.

Xxxxx 2017 ACOUSTIC TELEMETRY IN FISHERIES MANAGEMENT 19


