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Abstract

There have been efforts around the globe to track individuals of many marine species and assess their
movements and distribution with the putative goal of supporting their conservation and
management. Determining whether, and how, tracking data have been successfully applied to address
real-world conservation issues is however difficult. Here, we compile a broad range of case studies
from diverse marine taxa to show how tracking data have helped inform conservation policy and
management, including reductions in fisheries bycatch and vessel strikes, and the design and
administration of marine protected areas and important habitats. Using these examples, we highlight
pathways through which the past and future investment in collecting animal tracking data might be
better used to achieve tangible conservation benefits.

Tracking data and conservation policy
The advent of reliable technology to track individual animals long-term (often > 1 year), throughout
marine and terrestrial environments, has produced a golden era for animal tracking studies [1,2]. In
marine systems, long-term tracking is now routine for fish (e.g. bony fish, sharks, rays), birds (e.g.
penguins, albatrosses and shearwaters), mammals (e.g. seals, sirenians, dolphins, and whales) and
reptiles (e.g. sea turtles). One driver behind growth in marine animal tracking studies is the need for
distribution and movement data to inform conservation policy and management. In a recent literature
review of 13,349 “movement ecology” papers published between 1990 and 2014, 35% (n = 4,672
papers) mentioned “conservation” [3]. However, the value of tracking data to inform policy is often
presented as a ‘given’, yet not explicitly demonstrated [4]. For example, a review of the conservation
impact of sea turtle tracking studies highlighted that of 369 papers published between 1982-2014
(supported by a questionnaire-based survey of 171 sea turtle researchers), there were only 12 instances
where tracking findings led to clearly identifiable real-world changes in conservation practice, even
though >120 papers identified conservation as a rationale for the work [5]. This suggests that either
tracking and distribution data are not considered to be relevant or barriers exist which prevent their
uptake by policy-makers and managers, to the detriment of evidence-based conservation [4,6,7,8].
There can be many reasons for this apparent disjunct between tracking effort and implementation into
conservation policy. It might be that policy outcomes arise only after a formal research paper has been
published, and hence the direct connection between science and policy might not be clear; end users
might not be aware of or have access to data published in the scientific literature; results from tracking
studies might not be delivered to management and policy arenas in a “useable” format [9]; or policy
makers or managers might not have been involved in the initial study design and so their needs were
not addressed [4]. However, animal tracking is often the only way to determine species overlap with
threats and thus to assess potential impacts of those threats for species that range widely in the oceans
[10,11]. So there is great potential for animal tracking data to inform marine management.

Here we draw on the accumulated experiences of scientists in the diverse field of marine animal
tracking [6,12] to show how movement and distribution data have informed conservation actions. To



illustrate the breadth of studies, we highlight examples from various taxa and regions, with movement
data collected using a range of techniques. We present case studies that operate at different spatial
scales, from local levels to entire ocean basins. We illuminate pathways and also identify obstacles for
successful uptake of tracking data into policy and management and our hope is that this review will
provide direction to help researchers translate their animal tracking data into more effective
conservation practice.

Identifying case studies
We identified leading experts in the field of marine animal tracking and asked them to identify case

studies where information they had published on animal movements or distribution led to policy change
or management action. Experts were selected from the list of previous co-authors on two recent papers
that involved tracking data from across multiple taxa [6,12] or had contributed data to two ongoing
international collaborative projects, the Marine Megafauna Movement Analytical Program (MMMAP;
mmmap.wordpress.com) and Migratory Connectivity in the Oceans (MiCO; mico.eco), that are

synthesising tracking data across multiple taxa and developing tools to provide policy makers and
managers with greater access to usable results from tracking studies. Additional experts were also
solicited based on their publications and experience.

Results
We identified examples where marine animal tracking data have helped conservation outcomes to be
achieved across the world’s oceans (Figure 1).

Seabirds

An exemplar for the conservation value of tracking data is the development of bycatch mitigation
measures for albatrosses in South Georgia waters (example 1 in Figure 1) (Figure 2). Additional tracking
of multiple penguin species (macaroni: Eudyptes chrysolophus; king: Aptenodytes patagonicus; gentoo:
Pygoscelis papua), other flying birds (northern and southern giant petrels: Macronectes halli and M.
giganteus; white-chinned petrels: Procellaria aequinoctialis; South Georgia shags: Leucocarbo [atriceps]
georgianus), and also mammals (Antarctic fur seals: Arctocephalus gazella) [13] were key to the
establishment in 2012 of the South Georgia and South Sandwich Islands Marine Protected Area (MPA,
see Glossary) (example 2). This MPA is now completely closed to all fishing for Antarctic krill during the
summer breeding season of krill-dependent predators, and all fishing at South Georgia is restricted to
areas >30 km from shore in the winter, with a suite of similar protection measures at the South
Sandwich Islands. Other provisions are also included in the MPA that reduce bycatch, limit impacts on
harvested stocks and limit interactions with marine benthos [13]. Protection is provided by a fisheries
patrol vessel, ensuring lllegal, Unregulated and Unreported (IUU) fishing has been eliminated. The
fisheries in South Georgia waters are certified by the Marine Stewardship Council (www.msc.org),
providing evidence of the careful management.

Tracking data from Pygoscelis penguins have revealed predictable feeding areas and highlighted
areas of potential competition with the regional fishery for Antarctic krill (Euphausia superba) at the
Antarctic Peninsula and at nearby archipelagoes [14,15]. The data from Adélie penguins (Pygoscelis
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adeliae) were used to help create the South Orkney Islands southern shelf MPA, the first MPA
designated entirely within internationally managed waters (with approximately 94,000 km?), which was
made a no-take MPA by CCAMLR in 2009 (example 3).

Tracking of seabirds (and seals) was used to identify the most important areas for these species
in the waters around the Falkland Islands [16]. The analyses were conducted by BirdLife International in
collaboration with the South Atlantic Environmental Research Institute (Falkland Government). The
results of this study informed both the establishment of a Marine Spatial Plan for the Falkland waters
[16] and the Assessment of Fishing Closure Areas as sites for wider marine management in the Falkland
Islands [17] (example 4). Information on at-sea distributions of albatrosses and large petrels, mainly
from tracking studies, has also been used at a global scale by the multilateral Agreement on the
Conservation of Albatrosses and Petrels (ACAP) in a framework for assessing and prioritising the
bycatch risk from different fisheries [18].

Marine Mammals

As with seabirds, tracking data have helped in the designation of protected zones for marine mammals.
For example, insights from satellite tracking the movements of Galapagos sea lions (Zalophus
wollebaeki) [19] encouraged the redesign of the Galapagos Marine Reserve zonation (example 5). New
conservation zones took effect in 2017 and prohibited any type of fishing activity. In addition, tracking
data were incorporated into new regulations to define “sustainable use zones”, where fisheries are
managed to minimise impacts on sea lions.

Tracking data have been used to help define stocks of bottlenose dolphins (Tursiops truncatus)
in south-eastern US waters (example 6), an important process for determining how the US Marine
Mammal Protection Act (MMPA) should be applied. Historically, quotas for live-capture removals for
public display, research, and the military, were established for large regions of coastal waters based on
where commercial collectors operated, rather than on the ecology of the animals [20]. Repeated visual
observations of tagged dolphins in and around Sarasota Bay, Florida, combined with radio-telemetry,
allowed the home range of a resident community of bottlenose dolphins to be defined for the first time
[21]. Consequently, the U.S. National Marine Fisheries Service (NMFS) accepted that bottlenose
dolphins inhabiting many of the bays, sounds, and other estuaries adjacent to the Gulf of Mexico form
discrete communities that under the MMPA need to be maintained [22].

In northern Australia, tracking data have been used to improve management of dugongs
(Dugong dugon) (example 7). Since the 1980s, aerial surveys over tens of thousands of square
kilometres have identified the distribution and abundance of dugongs in the Great Barrier Reef World
Heritage Area (GBRWHA) and Torres Strait. Major improvements in the method to correct for availability
bias were based on data from satellite-tracked dugongs fitted with time-depth recorders, thus enabling
estimation of the time a dugong spends in the experimentally-determined detection zone for various
survey conditions [23]. These corrections make a substantive difference to the dugong population
estimate from Torres Strait where most animals feed in deeper water, and have added to the evidence
that the dugong harvest in Torres Strait is sustainable [23]. This information is being used to brief local
communities in Torres Strait, the Regional Authority (TSRA), Commonwealth and Queensland Ministers



for the Environmental (Australia) and their advisors. Within the GBRWHA, data from the dugong aerial
surveys and satellite tracking [24] have been used to: (1) design dugong protection areas in which
commercial gill netting is managed [25], and (2) inform the rezoning of the Great Barrier Reef Marine
Park to protect dugongs [26].

In eastern Canadian waters, satellite tags fitted to beluga whales (Delphinapterus leucas) from
the Eastern Hudson Bay stock filled gaps in traditional knowledge and helped to better define stocks
(example 8). Data revealed that beluga whales seasonally migrate along the coasts of Hudson Bay and
Hudson Strait, and that the distribution of stocks differed seasonally [27,28]. Such improved
understanding of stock structure allowed allocation of subsistence harvests to the appropriate stock and
allowed more robust estimation of population size and sustainable harvest levels [29].

With utility to a variety of end users, tracking data can provide a myriad of conservation
benefits. For example, for the West Indian manatee (Trichechus manatus), previously considered an
occasional visitor in areas west of Florida waters, satellite telemetry and opportunistic sighting data
indicated extensive use of northern Gulf of Mexico habitats [30,31] (example 9). This information on
manatee distribution has been used by a range of end users to minimize impacts of waterway bridge
building, as part of management planning for habitat protection, to determine endangered species
classification, and for improving the design of boating corridors to minimize boat strikes on manatees.
End users included the US Fish & Wildlife Service, Alabama Division of Wildlife and Freshwater Fisheries,
Alabama Department of Transportation, US Army Corps of Engineers, NOAA Marine Debris program,
Weeks Bay National Estuarine Research Reserve, the US Coast Guard, and environmental consulting
firms or NGOs. In Florida, tracking data have also been used to assess the effectiveness of recovery
efforts for manatees and other species across decades following rehabilitation [32]. In some cases
photo-ID, rather than transmitters, have provided information on marine mammal movements that has
helped conservation (Box 1).

Fish

Fish tracking data have informed international conservation efforts (e.g., of basking sharks, Cetorhinus
maximus; Figure 3), influenced MPA design at multiple spatial scales (Box 2), and contributed to stock
management (e.g. Atlantic cod; Gadus morhua). In the North Sea and United Kingdom (UK) waters,
Atlantic cod has been a popular target for the European fishing industry for over a century. Quota
management for this species in European Union (EU) waters is discussed each year within the EU
Fisheries Council, informed by scientific advice given by the International Council for Exploration of the
Sea (ICES). Cod tracking data [e.g. 33] have been used to inform EU stock management policy since 2005
and were used in ICES triennial benchmarking reports in 2009, 2012 and 2015 (example 10). In general,
evidence from tracking has been used to support existing stock definitions. For example, ‘North Sea cod’
is defined as the stocks within the eastern English Channel north to the Shetland Islands and the
southern Norwegian coastline between 50°N to 62°N. The tracking data provide confidence that this
stock definition is appropriate. A more recent application of tracking tools is to assess post-release
mortality rates of fish following interactions with fishing gear, with these data being directly integrated
into fisheries stock assessments to estimate sustainable fishing levels [34,35].



Fish tracking data can also be used to identify essential fish habitat (EFH). NMFS is required to
identify and describe EFH, minimize to the extent practicable the adverse effects of fishing on EFH, and
identify other actions to encourage the conservation and enhancement of EFH [36]. In 2015, NMFS
completed a 5-year EFH review of species including billfish, tunas and sharks (example 11). Using fish
tracking data, NMFS established new EFH boundaries across the entire US Exclusive Economic Zone
(NOAA 2015), including for bull (Carcharhinus leucas), tiger (Galeocerdo cuvier) and great hammerhead
(Sphyrna mokarran) sharks.

Acoustic tracking of juvenile blacktip sharks (Carcharhinus limbatus) in a coastal nursery area in
Florida over four years was used to estimate mortality rates (example 12). Sharks were tracked within a
passive acoustic receiver array which ensured continuous detection of individuals throughout their
residency within the bay. Based on the fate of tracked individuals (apparent mortality, removal by
fishermen, survival, and exit from the study site) estimated mortality rates for neonate and juvenile
sharks were 61-91% [37]. At the time, the blacktip shark was the second most commonly caught species
in commercial shark fisheries in the southeast USA but mortality rate was poorly defined. NMFS
incorporated these new mortality values into stock assessments used to determine annual fishery
quotas [38]. There is the potential for more widespread use of tracking data in stock assessment models.

In Australia, acoustic tagging of the blue groper (Achoerodus viridis) revealed an extremely high
level of site fidelity and complete lack of dispersal of adult fish, leading to the suggestion that
conservation networks of small MPAs might prove highly effective [39] (example 13). At the time there
was considerable pressure from local recreational fishermen to remove the no-take areas. The results of
the tracking study were widely promulgated on television, in local media and by the state government,
and presented at stakeholder meetings over a period of 12 months. Based on the tracking results, a
network of small reserves in the Sydney metropolitan area was reconfirmed.

Sea turtles

In July and August 2012, a mass-stranding of 786 loggerhead sea turtles (Caretta caretta) along the
Pacific coast of Baja California, Mexico, was coupled with a report of substantial sea turtle bycatch in the
gillnet fishery of Baja California Sur. These events prompted NMFS to formally identify that Mexico
lacked an effective regulatory program to end or reduce North Pacific loggerhead turtle bycatch in the
gillnet fishery operating in the Gulf of Ulloa, an important loggerhead habitat in the coastal ocean [40],
pursuant to the High Seas Driftnet Fishing Moratorium Protection Act. As indicated in this Act, Mexico
had two years beginning in January 2013 to develop a regulatory program to reduce or eliminate this
bycatch, or risk losing access to US markets for fisheries exports [41]. In April 2015, Mexico provided the
USA with its regulatory measures, which included the implementation of a mortality cap of 90
loggerhead turtles per season, establishment of an observer program including vessel monitoring and
video surveillance, and development of a spatially tiered reserve system in part of the area where
loggerhead bycatch was known to occur (example 14). In the development of the reserve design,
Mexico’s Ministry of the Environment and Natural Resources [42] considered satellite telemetry data
from 43 loggerhead turtles [43] as well as loggerhead aerial survey data [44]. The new loggerhead-
focused Fishery Reserve encompassed 8848 km?, limiting fishing access to a highly productive area for



commercially relevant finfish species, and fundamentally changing management in a region that had for
generations operated with minimal bycatch reduction standards. The Fishery Reserve, initially set to last
two years was declared permanent in May 2018, and expanded to encompass the entire Gulf of Ulloa.

In Gabon, Central Africa, satellite tracking of sea turtles has been integral to the extension of a
MPA network to encompass 27% of the nation’s Exclusive Economic Zone (example 15). Tracking data
from leatherback (Dermochelys coriacea) and olive ridley turtles (Lepidochelys olivacea) were used to
help determine critical habitats and overlap with human activities [45-48]. These data were key
elements of the expansion of two MPAs: (i) Mayumba National Park, expanded to the limit of the EEZ
encompassing the habitat of leatherback turtles at sea in Gabon, as well as the inter-nesting habitat of
olive ridley turtles in Gabonese waters, and (ii) Pongara National Park expanded from a largely terrestrial
protected area to incorporate a large portion of the marine and estuarine habitat offshore [47].
Similarly, in 2013, the Mexican federal government requested a technical evaluation of the relevance of
existing protected areas off the northeast coast of the Yucatan Peninsula, the Isla Contoy Sea Turtle and
the Ria Lagartos sanctuaries. Satellite tracking data from 39 hawksbill (Eretmochelys imbricata), green
(Chelonia mydas) and loggerhead turtles were used to show the importance of these protected areas to
federal authorities who, as a result, endorsed both sea turtle sanctuaries [49,50] (example 16). In the
course of one year, there was a shift from a scenario in which the two sea turtle sanctuaries would
potentially be abolished, to one in which the tracking data contributed to their maintenance. Likewise,
tracking data on within-season movements by nesting leatherback turtles at Jamursba-Medi, Indonesia,
were used to enact legislation to extend protection and include waters adjacent to the nesting beaches
[51] (example 17).

Tracking data have also paved the way for new ecosystem-based management approaches
like dynamic ocean management that combines habitat use derived from tracking data with real-time
oceanographic data to adaptively protect species (e.g. by reducing bycatch or ship strike risk), while
maximizing sustainable use of the ocean [52]. An example of this flexible management is TurtleWatch
(pifsc.noaa.gov/eod/turtlewatch.php), a tool created in 2008 by NMFS scientists in Hawaii to reduce
bycatch of loggerhead turtles in shallow-set longlines [53] (example 18). Fisheries and tag-derived turtle
temperature preferences are plotted and disseminated daily to inform fishers where to avoid areas of
high bycatch risk. The tool has subsequently been extended to include leatherback turtle movement
data and is used regularly by a portion of the fishing community even though there are no regulatory
requirements [54,55]. Similarly, leatherback tracking data are incorporated within the “EcoCast” model
to highlight areas of high bycatch risk relative to target catch in the California drift gilnet fishery for
swordfish (Xiphias gladius) [56] (example 19). This model has been shared with both fishers and regional
managers and is part of the regulatory process for exempted fishery permit applications that test new
gear or methods in the pelagic leatherback turtle conservation area.

In northern Australia, the approval process for oil and gas projects and activities, such as the
development of oil and gas extraction and processing facilities, drilling, oil spill preparedness, seismic
surveys, and laying of pipelines, often uses sea turtle tracking data to inform the proponent and the
regulator of potential risks to turtles (example 20). For example, the ConocoPhillips’ Offshore Project
Proposal in northern Australia used existing olive ridley turtle tracking data to ensure a gas pipeline did
not negatively impact nearby inter-nesting habitat [57]. Clear policy changes are reflected in the Marine



Recovery Plan for Marine Turtles in Australia, where tracking studies have helped identify important
areas for sea turtles including inter-nesting buffer distances around rookeries [58].

Pathways to wider use of tracking data

From the collective experience portrayed in the examples we included here, it was evident that early
engagement between the data collectors and the stakeholders involved in policy development and
implementation was often extremely important to help translate tracking data into conservation
outcomes. Early engagement can help ensure that tracking programs provide the data and products
(maps, analyses, etc.) needed for management rather than simply fulfilling a research agenda [4,59,60].
Furthermore, direct communication with managers and policy makers is important because academic
publications are often inaccessible to policy makers [61,62]. Tracking data alone is insufficient to
estimate the threats that species face in different areas, so synergistic use of tracking along with threat
and resource maps might help drive the use of tracking data to gain conservation benefits [10]. Our
collective case studies illustrate that tracking data can take various pathways into policy and
management, and sometimes engagement with stakeholders is not established by the original data
collectors (Box 3). In certain cases, progress depended on access to the original tracking data and
metadata. In other cases, the accumulated knowledge from many projects (e.g. buffer zones around sea
turtle rookeries) was required to shift policy. Data sharing and availability are likely to become
increasingly important for fast and successful translation of tracking data into policy. Data sharing is
especially important because migratory marine animals often travel vast distances through many
geopolitical boundaries, requiring international coordination of conservation efforts to cover their
complete distributions [63,64]. While the knowledge of species movements increases with the sample
size of tracked animals, sometimes relatively small sample sizes (e.g. <10 basking sharks tracked in
example 25), can be sufficient to drive important conservation actions.

In addition to the more direct pathways between tracking data collection and policy change
illustrated here, there are many indirect pathways that are difficult to quantify. Tracking data can often
make a contribution to decisions via what is termed the ‘web of influence’ [65]. For example, tracking
data can increase public awareness and understanding of animal movements, which in turn can change
government actions. Often tracks are displayed on widely viewed websites or through other media
which helps broaden dissemination and impact. Through effective science communication [66], the
results of conservation-related tracking studies are being integrated into the consciousness of
stakeholders, whose opinions can influence policy [9,67]. Tracking data are often a small but integral
component of a larger suite of tools that are implemented in policy and management such as MPA
design [68]. Tracking data can also provide unexpected information which is used later to guide
management. For example, illegal fishing of sharks within a shark sanctuary was uncovered when
satellite tags affixed to sharks transmitting from a boat indicated illegal capture, at-sea transfer, and
transport to port [69]. Animal tracking information is also used for a number of purposes not directly
linked to conservation, such as observing the physical structure of the World’s oceans using sensors
incorporated into tags [e.g. 70].



Concluding Remarks

While our compilation of case studies is far from exhaustive, it is heartening to find documentable global
examples among diverse marine taxa where tracking data influenced conservation policy and
management. The clear message that emerges from this compilation is that regardless of taxa or
geographic areas, there are many precedents providing guidance on the means of applying tracking data
to better safeguard marine taxa at local to regional scales. We suspect that a large number of existing
datasets — published and unpublished — could better contribute to conservation. Tracking data can
provide a conservation legacy long after the original study has finished, with conservation benefits
sometimes emerging years later, highlighting the value of tracking data being available in perpetuity. We
hope that these success stories will encourage wider data sharing and collaboration among researchers
and policy makers for the conservation benefit of the species they study.
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Figure 1. Widespread use of marine animal tracking data for conservation policy or management.

Tracking data are used in many ways to help species conservation, including being used to help
designate protected area boundaries, to reduce bycatch, minimise vessel strikes, assess abundance and
quantify demographic parameters such as mortality rates. Pictured are examples of this breadth of
recent research showing the general location of some of our case studies, including data on seabirds
(e.g., penguins, albatrosses and shearwaters), marine mammals (e.g., whales, manatees, dugongs,
dolphins and seals), reptiles (sea turtles), and fish (bony fish and sharks). Examples were selected to
illustrate the geographical and taxonomic breath of where tracking data has driven policy, rather than to
objectively identify regional or taxonomic biases in where data have been used in this way. Numbers
refer to the examples mentioned within each case study in the main text. In some examples several taxa
were tracked but only one icon is shown for clarity.
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Figure 2. Reducing bycatch of seabirds. A black-browed albatross (Thalassarche melanophris). Seabirds
are among the most threatened of all birds [71] and, for the medium-sized to large species, a major
threat is incidental mortality (bycatch) in commercial fisheries [16]. Some of the earliest deployments of

satellite-transmitters on seabirds were made on wandering albatrosses (Diomedea exulans) in South
Georgia [72] and have continued to recent years (example 1, Figure 1). Overlap of bird movements and
haul locations of longline vessels targeting Patagonian toothfish (Dissostichus eleginoides) indicated that
bycatch risk for wandering albatrosses was greatest during the brood-guard period, leading to a
recommendation that fishing should cease from the end of February to mid-May [73]. As a direct
consequence, in 1998 CCAMLR implemented a closed fishing season for toothfish, which resulted in a
near tenfold reduction in seabird bycatch rates. This fishery remains an exemplar of effective
ecosystem-based approach to management [74] with further bycatch mitigation measures being
adopted as subsequent tracking results have emerged [16]. Photo credit: Richard Phillips.
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Box 1. Photo-ID as a tool to record marine mammal movements for conservation benefit. In some
cases the movements and distribution of marine animals are assessed through repeated documentation
of scars and natural markings [75], including through photographic identification (photo-ID) studies with
multiple resightings of individuals used in the same way as tracking data (i.e. visual telemetry; [76]). For
example, photo-ID of humpback whales (Megaptera novaeangliae) and North Atlantic right whales
(Eubalaena glacialis) revealed they returned each year to the Gulf of Maine, and these data contributed,
in 1992, to the declaration of the Stellwagen Bank National Marine Sanctuary in the US [77]. The value
of photo-ID as tracking data to inform management became clear with the growing awareness of the
threat of ship strike which was impacting the endangered North Atlantic right whale as well as
humpback and fin whales (Balaenoptera physalus). Working with the International Maritime
Organisation, various US government offices including branches of NOAA and researchers working with
the Stellwagen Bank National Marine Sanctuary largely used whale watching data to determine and
mandate the best routing and hull speed for ships to decrease the probability of hitting whales [78,79]
(example 21, Figure 1).

Similar scenarios using photo-ID and sometimes acoustic data to track whales and dolphins have
been employed elsewhere around the world. Among those that have led to policy implementation are:
(i) southern right whales (Eubalaena australis) off Patagonia, Argentina (example 22), where photo-ID
led to management regulations for whale watching and creation of a nursery area off limits to tourist
activities; (ii) gray whales (Eschrichtius robustus) from Mexico to Alaska (example 23) where observer
counts tracked the whales and led to expansion of whale watching and initiatives in Mexico and
California in particular to manage whale watching and protect the species; (iii) killer whales (Orcinus
orca) in British Columbia and Washington State waters (example 24) where photo-ID and acoustic
tracking led to cessation of killer whale captures for aquariums and multiple conservation initiatives
from US and Canadian governments to address the declining numbers (e.g., critical habitat identification
by the Canadian Department of Fisheries and Oceans and NOAA, and the Vancouver harbor low noise
directive to reduce noise pollution impacts).
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Figure 3. Tracking data driving the international conservation status of marine animals. In 2001,
basking shark (Cetorhinus maximus) (pictured panel A) migration was studied for the first time using
pop-off satellite-linked archival transmitters (PSAT tags) (pictured in panel B) (example 25, Figure 1).
Sharks were shown to be highly migratory, travelling thousands of kilometres in a few weeks, but at the
same time remaining faithful to rich feeding areas on the continental shelf and shelf-edges (panel
C)(redrawn from [80]); square markers on tracks denote sharks tagged in 2001; triangles, 2002. This
research informed a key re-interpretation of the basking shark catch declines seen worldwide during the
20" century by revealing that area-focused fisheries could potentially overexploit a population. The UK
Government through their Department for Environment, Food and Rural Affairs (DEFRA) Global Wildlife
Division incorporated the new results and interpretations into its 2002 proposal to attain listing of
basking sharks on Appendix Il of the Convention on International Trade in Endangered Species of Fauna
and Flora (CITES). Appendix Il requires that international trade of these species is monitored through a
licensing system to ensure that trade can be sustained without detriment to wild populations. Previous
attempts to list the basking shark on CITES had failed, including in the year 2000 prior to the tracking
research being undertaken. However, in November 2002 at the CITES Conference of Parties meeting in
Santiago, Chile, the UK Government-led proposal for basking shark Appendix Il listing was passed,
effective from February 2003. This was a landmark for CITES in that it addressed commercially exploited
marine fish for the first time. Further tracking data showed that basking sharks moved regularly across
many national boundaries before coming back to ‘home’ areas [81] (Southall et al. 2006). This research
underpinned the successful UK-led proposal in November 2005 to list basking sharks on Appendix Il of
the Convention for the Conservation of Migratory Species of Wild Animals (CMS; the Bonn Convention)
(see Glossary). Listing under the Convention means that nation states with basking shark populations
must work with adjacent member states to introduce strict legislation to prevent capture and landing of
the shark. The listing of basking shark on CITES and CMS also played a key role in putting in place an
outright ban on EU vessels catching, keeping on board, or landing basking sharks inside and outside
European waters from 2007 (Article 5.6, European Commission Regulation No. 41/2007) [82]. The
research has contributed to the basking shark becoming one of the most protected species of shark.
Photo credits: Jeremy Stafford-Deitsch (A), David Sims (B), Nuno Queiroz (C).
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Box 2. Using tracking data to inform conservation at different spatial scales. Tracking data have been
used to effect policy change over scales of a few km up to massive ocean areas. For example, around the
Seychelles island of D’Arros and atoll of St Joseph, a detailed understanding of shark and turtle spatial
ecology is being used to greatly extend the boundary of a no-take MPA [83] (example 26, Figure 1).
Using acoustic tags relaying data to an array of passive acoustic receivers, 116 sharks of five different
species and 25 hawksbill turtles were tracked during 2012-2015. Based on these movement data,
increasing the size of the MPA from 42.3 km? to 64.9 km? was justified. Initial results were shared in
meetings with the Ministry of Environment, Energy and Climate Change, which contributed to the
government of Seychelles adopting the larger MPA [85] and continuing to use the acoustic tracking data
in ongoing MPA refinements. Similarly, acoustic tracking of juvenile bull sharks (Carcharhinus leucas)
and smalltooth sawfish (Pristis pectinata) in the Caloosahatchee River, Florida, revealed direct responses
of individuals to changes in river flow rates which were altered through the opening and closing of a lock
on the river [85,86] (example 27). The observed redistribution of fish based on the water flow regime
resulted in the Southwest Florida Water Management District changing their practices to release water
from the lake more slowly rather than large pulse events, reducing physiological stress in bull sharks and
sawfish. At a much larger scale, tracking data for several seabird species along with sea turtles, sharks
and marine mammals showed that the original boundaries of two large-scale MPAs,
Papahanaumokuakea and the Pacific Remote Islands Marine National Monuments, were not capturing
the entire habitat of these species and were key components of the scientific justification for the
expansion of these MPAs [87-89]. In 2016, Papahanaumokuakea was extended to 1.5 million km?, which
is three times its original size, and the Pacific Remote Islands increased to 1.27 million km?, six times its
original size (example 28).
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Box 3. Pathways for uptake of tracking data into policy and management are varied and often follow
efforts to identify ‘important areas’. Often a key step in the implementation of conservation policy
from tracking data has been the objective identification of key areas (e.g. high use by animals or where
threats are high) by international conservation bodies. For example, the BirdLife International database
(seabirdtracking.org) has been used to identify marine Important Bird and Biodiversity Areas (IBAs; see
Glossary) worldwide [90,91]. These areas have been used to inform marine policy processes at national,

regional and global scales [91]. In Europe, many IBAs are now part of the network of sites designated as
Special Protection Areas under the Birds Directive [92]. Since 2012, BirdLife International has also been
working in collaboration with the Convention on Biological Diversity (CBD) in the process of describing
Ecologically or Biologically Significant Areas (EBSAs; see Glossary) globally. To date, more than 600
marine IBAs, mostly identified using tracking data, are included in EBSAs. While the description of EBSAs
by the CBD is a technical exercise that has no direct management implications, the information
generated during the EBSA process has been conveyed to the Parties (i.e., countries), the United
Nations, and to regional and sectoral organizations with management competency in areas beyond
national jurisdiction [93]. This can lead to uptake of that information and the development of
conservation management measures, such as MPAs and marine spatial planning. For example, tracking
the year-round movements of streaked shearwaters (Calonectris leucomelas) breeding in Japan using
leg-mounted geolocators [94], identified a key wintering area to the north of northern New Guinea,
which was approved as an EBSA in 2011 (cbd.int/doc/meetings/mar/rwebsa-wspac-01/official/rwebsa-
wspac-01-sbstta-16-inf-06-en.pdfin) and has now been selected as a priority area of conservation
interest by The Government of Papua New Guinea [95] (example 29, Figure 1). Likewise in 2016, a new
tool for the spatial conservation of marine mammals was launched by the International Union for
Conservation of Nature (IUCN): Important Marine Mammal Areas (IMMAs; see Glossary). For example,
presence of fin whale feeding habitat has been identified as the “North West Mediterranean Sea, Slope,
and Canyon System” IMMA (example 30). A recent resolution (Resolution 12.13 adopted in October
2017 by the 12th Conference of Parties to the CMS [96]), made IMMAs a formal part of the CMS
agreement mandate, asking countries to help with the identification and implementation of IMMAs. The
various steps tracking data might pass through before uptake into management measures are depicted
in the figure below (refer to Glossary and main text for definitions).
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Outstanding questions

What is the best way to ensure tracking data uptake for conservation and management? While the
benefits of tracking data to conservation and management are clear after this compilation of examples,
defining the best way to ensure uptake is still unclear. Greater dialogue between management
organisations and research institutions, particularly during the early stages of research planning, should
assist defining clearer pathways for uptake of research results based on tracking data for management
measures. At the same time, novel data showing the importance of specific areas can highlight the lack
of adequate legal instruments to efficiently manage those areas (e.g. in international waters) and hence
can be used to promote the development of such instruments in the first place.

How to best transfer ‘lessons learned’ in one scenario to other cases? Our compilation highlights
examples of how tracking data for various taxa or geographic areas have led to policy changes; however,
how these precedents might be better used to inform and drive policy elsewhere has not been fully
explored, partly due to insufficient communication among specialists on different taxa.

How to quantify use of tracking data when uptake occurs indirectly? The influence of tracking results
on the general public through science communication can lead to government actions. As we move
forward, it will be important to ensure that the original data and efforts leading to management actions
are acknowledged.
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Glossary

Agreement on the Conservation of Albatrosses and Petrels (ACAP): treaty (ratified in 2004) that seeks
to conserve albatrosses and petrels by coordinating international activity to mitigate known terrestrial
and marine threats to their populations.

Convention on Biological Diversity (CBD): treaty (effective at the end of 1993) recognizing conservation
of biodiversity (ecosystems, species and genes) as “a common concern of human kind” and aiming at
developing strategies for its conservation and sustainable use. It advocates the use of the precautionary
principle, whereby measures to minimise threats to biodiversity should take place despite lack of full
scientific certainty.

Convention on (or Commission for) the Conservation of Antarctic Marine Living Resources (CCAMLR):
part of the Antarctic Treaty System (established in 1982) aiming at preserving marine life and
environment in, and around, Antarctica. Composed by 24 countries and the European Union as
Members States, the Commission is based in Tasmania, Australia. CCAMLR recently declared the world’s
largest marine park in the Ross Sea.

Convention on International Trade in Endangered Species of Fauna and Flora (CITES): international
agreement, adopted in 1963 and entering into force on 1 July 1975, providing a framework for parties to
protect endangered fauna and flora and ensure that international trade of specimens does not pose a
threat to their survival.

Convention on Migratory Species of Wild Animals (CMS): treaty under the United Nations Environment
Programme aiming at conserving migratory species, their habitats, and migratory paths. The Convention
lays the legal foundation for coordinated conservation measures between parties through which
migratory animals pass, using a range of accords between parties (from Memoranda of Understanding
to legally binding agreements).

Ecologically or Biologically Significant Areas (EBSAs): areas identified as important for the healthy
functioning of the oceans and the services they provide based on the scientific criteria adopted by the
CBD EBSA criteria) to inform marine spatial planning. EBSAs are defined in the CBD as “geographically or
oceanographically discrete areas that provide important services to one or more species and/or
populations of an ecosystem or to the ecosystem as a whole, compared to other surrounding areas or
areas of similar ecological characteristics, or otherwise meet the criteria”.

Essential Fish Habitat (EFH): defined in the Magnuson-Stevens Fishery Conservation and Management
Act as “those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity”. They represent areas where US fishery management councils need to ensure minimal impacts
from fisheries and where actions for conservation are encouraged.

Important Bird and Biodiversity Areas (IBAs): defined by BirdLife International as areas of international
significance for birds and other biodiversity, to be identified through robust, standardised criteria, which
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are amenable to practical conservation actions and can be recognised world-wide as tools to assist
conservation. Together these areas are to form an integrated network for conservation.

Important Marine Mammal Areas (IMMASs): an advisory, expert-based, classification of discrete
habitats that are important for marine mammal species and that have the potential to be delineated
and managed for conservation. IMMAs aim to do for marine mammals and associated biodiversity what
IBAs have done for birds over the past few decades.

International Council for Exploration of the Seas (ICES): intergovernmental, multidisciplinary science
organization with headquarters in Copenhagen, Denmark, focusing on the development of marine
research in the North Atlantic (including the adjacent Baltic Sea and North Sea) and on providing
scientific advice to member nations.

Marine Protected Areas (MPA or MPAs): marine areas where human activities are restricted for
biodiversity conservation and protection of the marine natural resources. Levels of protection vary and
can include reduction or full prohibition of extractive activities (fishing and mining) as in ‘marine
reserves’, or reduction and limitations in development, scientific research and tourism (‘marine parks’).

National Marine Fisheries Service (NMFS): federal agency in the US that manages fisheries sustainability
and is responsible for the marine resources in the US’ exclusive economic zone. NMFS is a division of
NOAA, and is also known as NOAA Fisheries.

National Oceanic and Atmospheric Administration (NOAA): scientific agency formed in the 1970 as part
of the US Department of Commerce to guide the use and protection of the ocean and coastal resources,
monitor the oceanic environment and atmosphere, and do research in the areas of ecosystems, climate,
weather and water, and commerce and transportation.
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Hi

ghlights
The value of animal tracking data to inform policy is illustrated by case studies from around the
world and with a broad range of taxa
Application of tracking data to policy and management can take various pathways, and
engagement with stakeholders might often not be made by the original data collectors
The impact of tracking data on policy and management can be improved if data collection and
analyses target specific needs for management outcomes
Early engagement among the data collectors and the stakeholders involved in policy
development and implementation is important to help translate tracking data into conservation
outcomes
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