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Editorial on the Research Topic

Tracking marine megafauna for conservation and marine
spatial planning
1 Introduction

Marine megafauna are an important component of marine ecosystems providing a range

of cultural, regulating and provisioning ecosystem services to humans (Dunn et al., 2019;

Hammerschlag et al., 2019). They transport energy, nutrients, and other materials vertically

and horizontally through the oceans (Roman et al., 2014; Kiszka et al., 2015; Estes et al., 2016;

Hammerschlag et al., 2019), and through their large size and often high mobility, influence

other species through consumption and risk avoidance behaviour. Marine megafauna also

include important focal species (Zacharias and Roff, 2001) in marine conservation and

management, given their role as sentinel species or ecological indicators (Hazen et al., 2019).

Despite their important role in ecosystems, the widespread and increasing threats faced by

many marine megafauna taxa has led to a poor conservation status of many species (e.g., Rees

et al., 2016; Dias et al., 2019; Nelms et al., 2021; Jorgensen et al., 2022). Understanding and

mitigating the threats faced bymarine megafauna is challenging (Lascelles et al., 2014; Reisinger

et al., 2022) because both the threats and the marine environment are highly dynamic in space

and time, and animals’ occurrences vary with shifts in environmental and oceanographic

conditions at different scales. Additionally, these animals are often highly mobile, making it

difficult to pinpoint the occurrences of different individuals in specific locations.

There are several definitions for the term ‘marine megafauna’. For example, Estes

et al. (2016) define marine megafauna as species with maximum reported mass >45 kg,
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including 338 extant species of cetaceans, pinnipeds, sirenians,

the sea otter (Enhyrda lutris), the polar bear (Ursus maritimus),

the emperor penguin (Aptenodytes forsteri), marine reptiles,

bony and cartilaginous fishes, cephalopods, and the giant clam

(Tridacna gigas). Here, we take the view of Authier et al. (2017),

who do not impose a strict body mass threshold, but consider

marine megafauna to be a coherent group based on their

ecological similarities (at or near the top of food webs, with no

or few predators) and that share conservation issues.

This Research Topic covers a broad taxonomic representation,

spanning seabirds, cetaceans, sea turtles, pinnipeds, elasmobranchs,

teleosts, a sirenian, the polar bear, and a large crustacean, the red

king crab (Paralithodes camtschaticus). Articles submitted address

how biologging is being used to understand the movement

behaviour and distribution of marine megafauna, and how this

information can play a key role to prioritise conservation goals. The

resulting 34 articles illustrate how biologging is informing

conservation of marine megafauna, and in light of these studies,

we discuss challenges, methodological implications and future

directions for biologging in conservation.
2 Patterns and processes

A massive increase in the use of biologging, including

miniaturised animal-attached tags for logging or relaying data

about animal movements, behaviour, physiology, or environment

(Rutz andHays, 2009; Williams et al., 2020), has been instrumental
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in providing this otherwise hard to come by information (Hussey

et al., 2015). Due to technological limitations (e.g., tag weight),

funding or other resource limitations, remoteness, difficulty of

capture, and handling or tagging, the movements and distributions

of many species, populations or life stages remain poorly

understood (Pereira et al., 2022). Many studies in this Research

Topic provide baseline information important for conservation

(e.g., Laidre et al., Schorr et al., Figure 1). For example, Setyawan

et al. used a combination of methods to document the movements

of juvenile reef manta rays (Mobula alfredi) in Indonesia and found

that individuals are largely resident within the Wayag lagoon,

emphasising the need for area-based protection. Biologging studies

also enable an understanding of the patterns and processes driving

range shifts (Cloyed et al.). For instance, Aune et al. tagged invasive

red king crabs to better understand their habitat requirements and

environmental conditions facilitating their invasion into new fjords

in Norway.

Biologging also provides the opportunity to explore habitat

requirements and quantify the environmental drivers of species

distribution. Studies in this Research Topic demonstrate that

bottom depth (Dehnhard et al.), topography (Wyles et al.),

marine productivity (Thiebot et al.) and sea ice cover (Harcourt

et al., Fortune et al.), among other factors, influence the movement

and foraging decisions of marine megafauna (Figure 1). However,

their importance differs between populations or species,

highlighting the need for species-and population-specific studies

(Carter et al., O’Hanlon et al.). Moreover, some studies have failed

to find effects of environmental features on foraging decisions,
FIGURE 1

Biologging data provide a range of useful information to address management questions, including essential ecological data that allow assessing
species distributions, movement patterns, and the processes that drive their behaviour, as well as identifying overlap or interactions with threats.
The percentage and number of studies in each category is shown by a yellow box. Studies can contribute to one or more categories, so the
percentages do not sum to 100. The majority (53%) of studies in this Research Topic provide essential ecological information (e.g., pattern and
process), whereas much fewer (18%) provide a direct policy recommendation or assess the efficacy of conservation measures. Photo credit:
Macaronesian shearwater (Puffinus baroli) with a geolocator by Luıś Ferreira (www.luis-ferreira.com).
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likely because wide-ranging species (such as seabirds) may have

weak or broad preferences for available habitats (Halpin et al.,

Morten et al.). Biologging studies also enable an understanding of

individual-level patterns and processes driving movement or

foraging strategies. For example, foraging strategies of

individuals can vary according to sub-colony (Morinay et al.)

and be related to colony size (Rebstock et al.) and individual-level

specialisation independent of these factors (Descamps et al.). In

most habitat modelling studies, environmental variables are

commonly assumed to be surrogates of the distribution and

abundance of lower trophic level prey, but very few incorporate

data on prey abundance (Chambault et al.). Proud et al. showed

that incorporating 3-dimensional prey distributions from active

acoustics can improve predictions of the foraging distributions of

king penguins (Aptenodytes patagonicus).

3 Overlap and interaction with
anthropogenic stressors

By pinpointing where, why and how marine megafauna

overlap, interact and respond to anthropogenic activities,

biologging can highlight areas for protection and contribute to

a more sustainable exploitation of marine resources (Hays et al.,

2019; Grémillet et al., 2022). In this Research Topic, we focus on

the ways in which biologging has extended our ability to measure

the exposure of marine megafauna to anthropogenic threats

(Figure 1) such as fisheries, shipping, and offshore platforms and

seismic surveys.
3.1 Fisheries

Fisheries have impacted marine megafauna worldwide,

either directly as target catch, bycatch (Lewison et al., 2004),

or through indirect interactions such as competition for food

resources (Grémillet et al., 2018). Biologging has provided

crucial information on the extent to which species overlap

with and are exposed to fishing activity (e.g. Clay et al., 2019;

Queiroz et al., 2019). For example, by comparing the

distributions of satellite-tagged white sharks (Carcharodon

carcharias) and fishing effort, Kock et al. showed that sharks

overlapped with longline and gillnet fisheries within 25% of

South Africa’s Exclusive Economic Zone (EEZ). High-precision

tracking of individual animals and fishing vessels can also reveal

the extent to which marine taxa interact with fishing vessels

(Weimerskirch et al., 2020, Morten et al., Reisinger et al.).
3.2 Shipping

Shipping is increasing globally, presenting a growing threat to

marine megafauna (Pirotta et al., 2019) and biologging may

provide valuable information regarding where and when marine
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species are exposed to vessel strikes, which are often undetected

and unreported (Womersley et al., 2022). Pasanisi et al. mapped

for the first time the oceanic areas of high exposure between

loggerhead turtles (Caretta caretta) and shipping traffic in the

western Mediterranean, while Thiebot et al. showed that key

habitats of four Arctic seabirds are not fully covered by a

designated shipping avoidance area, recommending a northward

extension that better affords protection. By incorporating high-

resolution data on vertical movements, both Fonseca et al. and

Oliveira et al. show that fin (Balaenoptera physalus) and sperm

whales (Physeter macrocephalus) may be more vulnerable to

collision on the sea surface at night, or when conducting fast

dive ascents, respectively.
3.3 Offshore platforms and seismic
surveys

Increasing global energy demands have led to the expansion of

both petrochemical and renewable platforms, which may pose

significant threats to marine biodiversity (Venegas-Li et al., 2019;

Harwood and King, 2022). Yet, few studies have attempted to

quantify the extent to which animals interact with these structures.

Collins et al. showed that foraging Leach’s Storm-Petrels

(Hydrobates leucorhous) flew within the surroundings of an oil

platform in 17.5% of the trips, though birds rarely approached

them at night. Rebstock et al. also showed that Magellanic

penguins (Spheniscus magellanicus) from multiple colonies off

the east coast of Argentina extensively overlapped with a large area

permitted for hydrocarbon exploration and where seismic surveys

are regularly carried out.
4 Establishment and monitoring of
area-based conservation measures

There is an increasing global push towards setting aside large

swathes of the ocean as marine protected areas (MPA), however,

their efficacy in protecting marine megafauna habitats remains

unclear, particularly for species with vast home ranges.

Biologging data play an increasingly important role in MPA

design, implementation and management (Hays et al., 2019) and

multispecies studies have shed light into the degree to which

wide-ranging species are protected by MPAs throughout key

life-history stages (Handley et al., 2020; Hindell et al., 2020;

Baylis et al., 2021).

Several studies showed that MPAs in their current form allow

some protection (Harcourt et al., Kock et al., Patrıćio et al.); for

instance, the Ross Sea MPA off Antarctica encompassed all

Weddell seal (Leptonychotes weddellii) habitat given their largely

coastal distribution (Harcourt et al.), while green turtles (Chelonia

mydas) inWest Africa spent 78% of their time within five sites in a
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regional MPA network, which are mostly no-take zones (Patrıćio

et al.). In contrast, other studies found that current MPA

boundaries present gaps in protection (Carter et al., Conners

et al.). In the United Kingdom, the distribution of grey seals

(Halichoerus grypus) does not match the distribution of Special

Areas for Conservation (SACs), which were legally designated for

their protection (Carter et al.) Conners et al. compiled biologging

data from 36 species to compare space use in relation to the size

and location of global MPAs, and found them too small to

encompass the complete home ranges of most species (MPAs

covered <5% of core areas). It is suggested that MPAs focus on

targeting seasonal aggregations and critical life history stages, and

be enacted alongside other management measures such as

bycatch mitigation.
5 Megafauna as ecosystem
indicators

While this Research Topic has largely focused on how

biologging can inform the conservation of studied species, it is

widely recognised that marine megafauna can act as sentinels

indicating the state of ecosystems, habitats or other species (e.g.,

prey distributions) that are more challenging to monitor directly

(Hazen et al., 2019; Jelicich et al., 2022). Two complementary

studies present the use of seabirds as indicators of humpback

whale (Megaptera novaeangliae) abundance in US waters;

Cimino et al. tracked western gulls (Larus occidentalis) in the

California Current over a 7-year period and found that gulls

often feed in association with whales, while Silva et al. found

tagged great shearwaters (Ardenna gravis) in the Stellwagen

Bank National Marine Sanctuary overlapped with whale

distributions. Both studies suggest that seabirds could be used

as indicators of whales and their prey (e.g., krill), given the

relative ease and low cost of tagging seabirds relative to

other species.
1 Note the recent emergence of non-rigid biologgers, like the pliable

“Marine Skin” logger, represents a huge improvement in respecting the

hydrodynamics of marine organisms (Shaikh et al., 2019).
6 Methodological implications
and the future of biologging
for conservation

While biologging has provided a wealth of knowledge on the

distribution and behaviour of megafauna, it should be viewed as

a complement to other methods, providing information where

traditional tools cannot. In this Research Topic, we also included

several studies that examine species distributions through

alternative means. For example, passive acoustic monitoring of

humpback whales, which have characteristic calls, established

their occurrence between the coast of South Africa and the

Antarctic shelf across a multi-year period (Shabangu and

Kowarski). Bottom-mounted acoustic hydrophones revealed
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socia l interact ions of North Pacific minke whales

(Balaenoptera acutorostrata) (Martin et al.). Active acoustic

tracking combines concepts of acoustic monitoring (networks

of receivers) and biologging (animal-mounted acoustic devices

emitting data) to assess key aspects of the movement ecology of

marine megafauna (Alexandri and Diamant). Besides acoustic

technologies, the combination of animal-mounted biologging

data with - non exhaustively - data from autonomous

underwater vehicles, buoys, or ship-based observations

(Cimino et al., Silva et al.) could be used to improve the

conservation of marine megafauna, especially those species

which inhabit cryptic ecosystems, such as underneath the sea ice.

Studies based on a single colony or year often may not be

representative of the space use of a population or species across

time (e.g., Dehnhard et al., Morinay et al.). This highlights the

need for large datasets to improve our ability to provide useful

information to policy makers and conservation bodies. A recent

example is MegaMove (www.megamove.org), a global consortium

endorsed by the UN Ocean Decade (https://www.oceandecade.

org/), of hundreds of researchers from around the world focused

on advancing conservation of marinemegafauna through strategic

mitigation of threats guided by an innovative global science effort.

Refinements of habitat modelling approaches to better predict the

foraging distributions of animals from untracked populations

(Ronconi et al.) is another way to address fundamental

questions at large scale. Improving the performance of species

distribution models (Goetz et al.) is, however, of the utmost

importance, as low performance models make real-time

management challenging (Halpin et al.).

There is no doubt that technological advances will continue to

bring progress to the biologging field and enhance our knowledge

of the ecology of marine megafauna. In parallel with the

improvement in the miniaturisation of devices, their autonomy

and hydrodynamic design1, the use of new sensors and biologging

approaches will help tackle conservation issues. This is already

illustrated by seabird-borne devices that monitor the Automated

Identification Systems (AIS) of fishing vessels (Weimerskirch

et al., 2020). Animal-borne oceanographic devices may include

new biochemical and physical sensors, increasing our ability to

monitor the oceans and understand the interactions between

marine megafauna and their environment.

The increasing availability of biologging data with new levels

of complexity also brings a new challenge associated with the

efficient and effective analyses of those datasets. Analyses of large

and complex datasets require substantial computational capacity

and a high degree of analytical proficiency (Joo et al., 2020;

Grémillet et al., 2022). Multidisciplinary collaborations will be

key to develop new ways to analyse data and investigate the new
frontiersin.org
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complexities that arise from merging multiple datasets. Making

the resources available online in the form of open data and

codes, which has facilitated the reproducibility of results among

the scientific community (Sequeira et al., 2019; Williams et al.,

2020) has been encouraged. Yet, practical examples where these

studies have led to clearly identifiable real-world changes in

conservation or marine spatial planning efforts are scarce. This is

demonstrated in this Research Topic whereby the majority (n =

18, 53%) of studies were largely focused on describing spatial

and behavioural patterns of marine megafauna populations, with

few (n = 6, 18%) directly assessing the efficacy of management

measures (Figure 1). Future studies should therefore be designed

to address specific conservation goals and promote early

engagement among scientists and stakeholders in the decision-

making processes, in order to maximise the use of ecological

information into effective conservation measures (Hays

et al., 2019).
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