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Editorial on the Research Topic

Integrating Emerging Technologies into Marine Megafauna Conservation Management

Many recent and emerging technological innovations hold great potential to transform the
“best-available science” for marine megafauna conservation management, such as remote sensing,
telemetry, molecular technologies, unmanned aerial vehicles, bio-acoustics, and animal-borne
imaging (O’Brien, 2015; Nowacek et al., 2016; Hays and Hawkes, 2018; Harcourt et al., 2019).
This includes both the use of these technologies to address key knowledge gaps in species’
biology required for management decisions (e.g., critical habitat use, demographic vital rates,
and population connectivity), as well as their application to identify and mitigate human impacts
(e.g., distinguishing impact hotspots and forecasting interactions). These technologies are being
increasingly employed across a broad diversity of wildlife research contexts; however, there has
been highly variable efficacy integrating these new tools into conservation science and translating
results into successful management practices and policies (Berger-Tal and Lahoz-Monfort, 2018).

In this special Research Topic, researchers submitted articles addressing how recent and
emerging technological innovations are being used to answer the key outstanding biological
questions for marine megafauna. The resulting 17 articles illustrate how novel information from
different technological applications is informing marine megafauna conservation and discuss
challenges, future directions and remaining technological gaps.

BIO-ACOUSTICS

The collection of passive acoustic data is a rapidly evolving field that is helping to enhance the ability
to accurately estimate abundance and determine distribution of marine mammals, particularly
for rare or elusive species (Marques et al., 2013). The case study presented by Hildebrand et al.
illustrates how passive acoustic monitoring can be applied to detect and analyze signals from two
different species of sperm whales (Kogia spp.) to obtain estimates of population density in the Gulf
of Mexico (GOM).

GENETIC AND OTHER MOLECULAR ANALYSES

Collecting non-invasive samples for genetic analysis to identify species, subspecies, or stocks of
marine megafauna at sea remains challenging. Baker et al. demonstrate how eDNAmethods can be
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used to detect specific communities of killer whales, and validate
a method that will be useful for collecting DNA from the wake
of whales.

Meekan et al. describe an invertebrate DNA (iDNA) approach
whereby DNA from whale sharks (Rhincodon typus) was
obtained from skin attached to copepods they removed to study
population structure in elasmobranchs. McInnes et al. used
DNA metabarcoding of black-browed albatross (Thalassarche
melanophris) scats as a non-invasive method to identify the
variety of fish species found in the diet of seabirds, and discuss
uses of this approach to evaluate the extent of scavenging
interaction with fishery discards.

The use of stable isotopes has become a valuable technique
to understand the biogeography and foraging habits of marine
species, while hormone analyses provide a means to assess
reproduction, nutrition, stress, and health of individuals and
in populations. Fleming et al. explore how combining these
two approaches can better inform future marine megafauna
conservation and management efforts. They identify four broad
areas of research that will require methodological developments.

Lysiak et al. combined stable isotope analysis with analyses
of steroid and thyroid hormones on samples from a drowned
North Atlantic right whale (Eubalaena glacialis) to illustrate how
key physiological indicators traced from baleen can be used to
identify the recent anthropogenic impacts on these threatened
whale populations.

Meyer et al. evaluated the use of lipid and fatty acid analyses
onwhite sharks,Carcharodon carcharias, for gaining insights into
the trophic ecology of marine elasmobranchs.

AUTONOMOUS UNDERWATER VEHICLES

(AUVs)

Technological advances in autonomous underwater vehicles
(AUVs) enable direct observation of underwater behaviors and
habitats of marine megafauna.

Dodge et al. describe a “smart” AUV that allows direct
observation of free-swimming marine animals by concurrently
recording video, localization, depth, and environmental
data. They use this technology to characterize the diving
behavior, foraging ecology, and habitat use of leatherback
turtles (Dermochelys coriacea) in a coastal habitat impacted
by anthropogenic hazards to inform conservation and
management planning.

UNMANNED AERIAL VEHICLES (UAVs) OR

SYSTEMS (UASs)

Drones, UAVs, or UASs have great potential for overcoming
challenges of collecting samples from animals in the wild. Pirotta
et al. developed customized UAVs to sample “whale blow,” from
free-swimming humpback whales (Megaptera novaeangliae), to
carry out a population health assessment based on microbiota
composition determined to be present in respiratory tracts using
genetic sequencing. This study describes a promising new tool for

monitoring health in marine megafauna, however the potential
disturbance of these systems onmarine megafauna are unknown.

Ramos et al. assessed the responses of bottlenose dolphins
(Tursiops truncatus) and manatees (Trichechus manatus
manatus) to UAS surveillance flight and discuss guidelines that
could be developed to minimize animal disturbance.

SATELLITE TELEMETRY

Dewar et al. Provide new insights on movements, behaviors and
habitat use by basking sharks (Cetorhinus maximus) off the coast
of California, by analyzing data from pop-off satellite archival
transmitting (PSAT) and oceanographic data. They discuss how
shifts in vertical and horizontal movement patterns likely reflect
changes in prey availability and oceanographic conditions. In
order to overcome limitations of using light-based geolocation
technology on basking sharks that spend most of their time in
deep waters below the photic zone, Braun et al. analyzed depth-
temperature profile data recorded by PSAT tags in combination
with high resolution models of in situ oceanographic data
to determine movement patterns in the NW Atlantic. Both
basking shark studies found evidence of long-range movement
that illustrates the importance of international cooperation for
effective conservation strategies for this threatened species.

Horton et al. provide an extensive analysis of satellite
telemetry movement data across vast geographic ranges
that shows a fidelity with respect to migratory routes that
is associated with gravitational and magnetic coordinates
for marine megafauna, including great white sharks (C.
carcharias), northern elephant seals (Mirounga angustirostris),
and humpback whales (M. novaeangliae).

OCEAN NOISE MODELING TOOLS

Underwater vessel-generated noise can interfere with the ability
of marine mammals to communicate and detect prey. Gabriele
et al. examined the ability of harbor seals and humpback whales
to communicate with conspecifics under various ambient noise
scenarios as a step toward developing tools to assess and mitigate
anthropogenic noise.

SPECIES DISTRIBUTION AND HABITAT

MODELING

Determining the spatial and temporal distributions of marine
megafauna species is an important challenge in marine
megafauna research and conservation. Brodie et al. highlight
the utility of including dynamic subsurface variables to improve
performance of species distribution models to characterize
habitat use of pelagic predators, including blue sharks (Prionace
glauca), shortfin mako sharks (Isurus oxyrinchus), common
thresher sharks (Alopias vulpinus), and swordfish (Xiphias
gladius), in the California Current.

Horton et al. present results of thermographic research
that illustrates the potential of infrared videography
with various post-processing analytical approaches of
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thermographic data to create automated platforms for whale
detection. They discuss how advances in these technologies
provide a non-invasive approach to identify species, collect
information for monitoring distributions of cetaceans in
remote marine habitats, and reduce ship-strikes in high
traffic areas.

Finally, Lewison et al. discuss several emerging technologies
that incorporate approaches that account for complexity of ocean
systems to address fisheries bycatch and highlight opportunities
for advancing marine megafauna research and conservation.

Collectively the studies in this Special Topic illustrate
advances in the application of some technologies to marine
megafauna conservation. These, and additional emerging
technologies will continue to evolve and provide opportunities
for further innovation.
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