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Studying shark movement ecology is vital for understanding their ecological roles and supporting sustainable
management and conservation strategies. However, such information remains scarce for deep-sea sharks. We
used biotelemetry to investigate the spatial behaviour and movements of two endangered deep-sea predators, the
kitefin (Dalatias licha) and bluntnose sixgill (Hexanchus griseus) sharks, in the Azores, northern Mid-Atlantic
Ridge. We tagged a total of 21 kitefin sharks with acoustic transmitters (some including depth sensors) and
seven sixgill sharks with different tag configurations: three were fitted exclusively with acoustic transmitters, two
were double-tagged with both acoustic transmitters and pop-up satellite archival tags (PSATs), and two were
tagged exclusively with PSATs deployed via a speargun-equipped submersible. Both species exhibited diel ver-
tical migrations and unexpected high site fidelity (up to 4 years), using habitats that inter-connect seamounts,
slopes, and island shelves. Sixgill sharks exhibited more extensive and diverse individual home ranges and
vertical diel activity patterns than kitefin sharks. Sexual segregation was evident in kitefin sharks, with males and
females displaying distinct differences in depth distribution and habitat use, supporting earlier hypotheses based
on fisheries data. These behavioural patterns suggest that sixgill sharks function as wide-ranging, deep-sea
opportunistic foragers and predators, traversing interconnected habitats in search of prey — including kitefin
sharks, which occupy a more slope-associated mesopredator niche. Our novel findings support ecological theory
suggesting that deep-sea sharks exhibit far more contrasting spatial ecologies than previously thought, driven by
their life histories. These differences may have implications for their high vulnerability to fisheries and climate
change-induced habitat degradation.

1. Introduction

The deep sea is Earth’s vastest ecosystem and holds vital ecological
significance. It encompasses multiple ecological zones, each with its
own distinct biodiversity. The bathypelagic zone is one of the largest
biomes and spans depths from 1000 m down to 4000 m (Armstrong
et al., 2012; Ramirez-Llodra et al., 2010). This zone extends from the
continental shelf edge to the upper boundary of the abyssal zone and is
characterised by the complete absence of sunlight. Above it lies the
mesopelagic zone (approximately 200-1000 m), where partial sunlight
penetration creates a transitional “twilight zone” between the epipelagic
and bathypelagic zones. The twilight zone alone accounts for up to 20 %
of the global ocean volume and covers over 60 % of the Earth’s surface
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(Proud et al., 2017).

Despite the lack of sunlight, low temperatures and extreme pres-
sures, these deep-sea biomes sustain extraordinary biodiversity
(Ramirez-Llodra et al., 2010). They play a pivotal role in nutrient and
carbon cycling and profoundly influence global marine ecosystems and
climate. Although estimates vary, recent studies suggest that the global
meso- and bathypelagic fish biomass may significantly exceed earlier
projections (Braun et al., 2022; Hernandez-Leon et al., 2020), poten-
tially constituting a substantial portion of the world’s total fish biomass
(Irigoien et al., 2014). Consequently, these biomes serve as critical
habitat for a diverse array of marine predators, including pelagic and
demersal sharks and fishes, sea turtles and marine mammals, which
drive bentho-pelagic coupling and biochemical flow through the water
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column (Braun et al., 2022; Naito et al., 2013).

However, the biology of many species inhabiting these remote
realms remains poorly understood. Deep-sea exploration is an ongoing
and evolving endeavour requiring advanced technologies and interdis-
ciplinary collaborations. Recent advances in marine telemetry and bio-
logging have begun to reveal insights into the movement and behaviour
of deep-sea species (Edwards et al., 2019), but substantial knowledge
gaps persist (Braun et al.,, 2022). With marine ecosystems facing
increasing threats from climate change, pollution, habitat loss and
overexploitation, understanding key deep-sea species and habitats has
become an urgent priority. Shark populations, in particular, are
declining rapidly worldwide, necessitating effective, knowledge-based
management strategies (Pacoureau et al, 2021). This includes
addressing the overexploitation of threatened deep-water shark (DWS)
species, driven by demand for liver oil and bycatch in deep-water fish-
eries (Finucci et al., 2024).

The kitefin shark, Dalatias licha (Bonnaterre, 1788), and the blunt-
nose sixgill shark, Hexanchus griseus (Bonnaterre, 1788), are cosmopol-
itan DWS predators inhabiting tropical and temperate oceans. Both
species primarily dwell on continental and insular shelves, upper slopes
and seamounts, typically in close association with the seafloor (Carey
and Clark, 1995; Comfort and Weng, 2015; Compagno, 1984). The
kitefin is a medium-sized squaliform shark usually found at depths of
200-600 m. Females can reach 1.8 m, and males grow to 1.2 m in length
(Mallefet et al., 2021). It is ovoviviparous, producing litters of 10-20
pups (Compagno, 1984). Although fisheries data suggest high levels of
sexual segregation in certain habitats (e.g., Silva, 1987), its pupping
grounds and juvenile habitats remain unknown. Dietary studies suggest
it is a mesopredator, consuming a variety of prey including benthic and
demersal fishes, crustaceans, cephalopods and polychaetes (Capapé
et al., 2008; Dunn et al., 2010; Navarro et al., 2014). In the Mediterra-
nean, stomach contents and stable isotope analyses revealed a high
prevalence of small demersal sharks in its diet (Navarro et al., 2014).
However, little is known about the trophic ecology of kitefin shark
populations inhabiting offshore deep-sea habitats, such as those in the
Azores Archipelago on the Mid-Atlantic Ridge. In these and other re-
gions, the species was heavily targeted for liver oil extraction between
the 1970s and the 90s, leading to a drastic stock depletion (Perrotta,
2004). Due to its vulnerability to overexploitation and its k-strategy life
history traits, the species is now listed as “Vulnerable” globally (Finucci
etal., 2018b) and “Endangered” in European waters (Walls and Guallart,
2015) by the IUCN Red List.

The bluntnose sixgill (hereinafter referred to as sixgill) shark is a
Hexanchiform and one of the largest extant sharks, growing up to 5.5 m.
It is believed to have one of the longest life spans of any vertebrate
(Dunbrack and Zielinski, 2003). Its bathymetric distribution ranges from
0 to 2500 m, though it is typically captured below 100 m (Ebert, 1994).
Juveniles are found inshore in shallower waters (King and Surry, 2017),
and females and sub-adults occasionally occur in these areas (Dunbrack
and Zielinski, 2003; Griffing et al., 2014; King and Surry, 2017). It is
viviparous and produces large litters of up to 108 pups (Ebert, 1986),
with sexual maturity reached at approximately 3.1 m in males and 4.2 m
in females (Ebert, 2002). It feeds on a wide range of species at a higher
trophic level than the kitefin shark, including other sharks and rays,
bony fishes, cephalopods, crustaceans, and the carcasses of marine
mammals and other large animals (Ebert, 1994; Reum et al., 2020).
Despite multiple attempts to reduce deep-water shark mortality in
demersal fisheries, sixgill sharks are still commonly caught as bycatch
throughout their range, including by bottom longline fisheries, bottom
and mid-water trawlers, and trammel nets (Fauconnet et al., 2019; Nuez
et al.,, 2023). Due to its slow growth and late maturity, it is highly
vulnerable to overharvesting and is classified as “Near Threatened” by
the IUCN (Finucci et al., 2020).

Despite their ecological importance and vulnerability (e.g., Finucci
et al., 2024), ecological studies on these species remain scarce and
geographically biased. Knowledge of their spatial behaviour and
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movement ecology is fragmented across population segments, with
rudimentary (sixgill) or absent (kitefin) data on interannual patterns and
limited outside the Pacific and Mediterranean regions (e.g., Andrews
et al., 2009; Celona et al., 2005; Coffey et al., 2020; Comfort and Weng,
2015; Dunbrack and Zielinski, 2003; Griffing et al., 2014; King and
Surry, 2017; Nakamura et al., 2015). For example, only two immature
sixgill sharks were tracked for 2-4 days off Bermuda in the Northwest
Atlantic (Carey and Clark, 1995). This knowledge gap hampers the
development of effective conservation strategies, including marine
protected areas (MPAs) to safeguard essential habitats and migration
corridors for these keystone species. Addressing this gap aligns with
global commitments to marine biodiversity conservation, including the
UN Sustainable Development Goal 14 and the 30x30 marine protection
target.

Here, we present the first electronic tracking study of kitefin and
sixgill sharks in the Atlantic Ocean, aimed at investigating: (I) long-term
residencies and site attachment to essential habitats, (II) vertical
movement patterns to identify critical habitat envelopes, and (III) intra
and interspecific interactions to contextualize their movement ecology
within their contrasting ecological roles.

2. Materials and methods
2.1. Study area

This study was conducted in the Azores, a remote Portuguese ar-
chipelago located on the northern Mid-Atlantic Ridge. The archipelago
comprises nine volcanic islands spanning over 600 km with an Exclusive
Economic Zone (EEZ) of approximately one million km? (Das et al.,
2022). The region is characterised by very narrow continental shelves,
steep slopes, and a highly complex, deep seafloor with numerous sea-
mounts and ridges. This diverse seascape hosts Vulnerable Marine
Ecosystems, including hydrothermal vent fields, cold-water and meso-
photic black coral gardens, and deep-sea sponge aggregations (Abecasis
et al., 2015; Das and Afonso, 2017). It also contains one of the largest
marine protected area networks in the Atlantic, covering coastal,
oceanic and deep-sea habitats (Afonso et al., 2020).

The waters surrounding the Azores form an ecological transitional
zone (ecotone), lying between the southern boundary of cold-water
species and the northern boundary of tropical and subtropical species.
The southern branch of the warm Gulf Stream and its eddies and fila-
ments, influence the warm-temperate region with a dynamic subtropical
effect (Afonso et al., 2020; Santos et al., 1995). This transition zone is
particularly important for many elasmobranch species, as it may serve as
a migratory corridor or provide feeding, mating, pupping and resting
grounds (Afonso et al., 2020).

This study focused on the shelves and slope habitats of Faial and Pico
islands, and the surrounding seamounts (Fig. 1). The islands are sepa-
rated by a shallow channel up to 250 m deep and 8 km wide, and are
surrounded by a narrow island shelf ranging from 1 to 3 km in width,
which descends steeply to depths of 1200 m. The substrates are a mix of
sedimentary (biogenic and lithogenic) bottoms and basaltic rocky reefs,
resulting from volcanic activity and the erosion of the steep shores
(Afonso et al., 2022).

2.2. Acoustic array

The acoustic telemetry array consisted of a total 83 listening stations
equipped with acoustic receivers (models VR2W, VR2AR, VR2Tx and
VR4UWM, Innovasea, CA), forming part of the Azorean Acoustic Telem-
etry Network (www.vliz.be/en/imis?module=dataset&dasid=5884). Re-
ceivers were deployed from July 2009 to November 2023 and grouped
into three habitat categories: coastal shallow (<40 m deep; n = 28), deep
slope (>40 m; n = 38), and seamount (88-724 m; n = 19). All receivers
were suspended 3-5 m above the seabed using cable moorings with floats,
except for a subset of shallow, diver-retrievable stations positioned up to
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Fig. 1. Bathymetric map of the study area surrounding Faial and Pico islands (Azores, Portugal, North Atlantic Ocean) showing locations of acoustic monitoring
stations comprising the listening array. Receiver stations are denoted by spherical markers: black markers indicate stations with no detections; coloured markers
represent stations with detections (colour-coded by habitat type/site), with marker area scaled proportionally to the mean relative detection frequency (i.e., the mean
across all individuals of each shark’s detection proportion at that station). To enhance visualisation of spatial patterns, mean relative detection frequencies exceeding
30 % were truncated at this threshold, preventing disproportionate representation of the most frequently detected stations. The white arrow indicates the tagging
location. Inset shows the geographic context of the Azores archipelago in the North Atlantic Ocean. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)

20 m above the seafloor. Deeper stations were equipped with acoustic
transponding releases (integrated VR2AR or independent devices such as
AR50/60, Sub Sea Sonics, US; and PORT-MFE, EdgeTech, US) for surface
retrieval. Receivers were serviced every 6-12 months for maintenance
(cleaning, data offloading and battery replacement).

2.3. Shark tagging

Shark tagging was conducted during multiple campaigns targeting
deep-sea sharks, with captures occurring in the channel between Faial
and Pico Islands. A total of 21 kitefin sharks (102-158 cm total length;
10 females, 11 males) and 5 sixgill sharks (319-420 cm; 4 females, 1
male) were captured and tagged in a canyon southeast of the channel
from November 2010 to July 2013 and August 2015 to October 2017,
respectively. Sharks were captured at night using handlines baited with
tuna at ca. 200-250 m depth and slowly hauled (approximately 0.2 m/s)
to the surface to avoid barotrauma and decompression-related injuries.
Only those individuals showing normal behaviour upon visual inspec-
tion (regular ventilation, horizontal positioning, and normal swimming)
were tagged and released. Once at the surface, sharks were brought
alongside the boat and turned upside down to induce tonic immobility.
Following established protocols (e.g., Afonso et al., 2022), acoustic
transmitters were surgically implanted into their peritoneal cavity via a
3-4 cm ventral incision, which was subsequently closed using absorb-
able sutures. Of the 26 tags deployed, 17 were continuous ID trans-
mitters (VEMCO V16-4H/6H) and 9 were equipped with depth sensors
(VEMCO V16P-4H). These transmitters had expected battery lives
ranging from 351 to 2538 days (Table 1). Range tests conducted in these
and similar environments demonstrated that V16 transmitters achieved
a 50 % detection probability within a radius of approximately 800 m
(Afonso et al., 2012).

Two of the 5 acoustically tagged sixgill sharks were double-tagged
with pop-up satellite archival tags (PSATs) (MiniPAT, Wildlife Com-
puters, US) implanted in the dorsal fin musculature using titanium darts
and further secured using a keeper strap (Fig. S1). The PSATs were
programmed for deployment periods of 130 and 150 days (Table 2),
with sensor data recorded at 3-s intervals. They were also equipped with
a programmed mortality release, triggering detachment if the tag

remained at a constant depth (+3 m) for 48h. Two additional sixgill
sharks were tagged with PSATs in June 2021 using a speargun-equipped
submersible at ca. 250 m depth during a research expedition on the R/V
OceanXplorer. These PSATs were programmed for 270-day deployments
with a 3-s sampling rate, and a mortality release mechanism set to
detach if constant depth (+3 m) was maintained for 72h. Of all the
PSATs deployed, only the latter two were configured to collect accel-
erometry data, which was stored internally and accessible only upon tag
recovery.

2.4. Data analyses

2.4.1. Site fidelity and horizontal habitat-use

Data processing and statistical analyses were conducted using the R
programming environment (R Core Team, 2023). Before statistical an-
alyses, potential spurious detections were identified and removed. False
detections arise when signals from different transmitters collide within
the range of the same receiver (Heupel et al., 2006). Detections were
deemed spurious if they occurred in isolation within a 24-h window,
with no preceding or subsequent detections from the same transmitter
recorded during that period.

To assess site fidelity and overall detection patterns, time series for
each individual were plotted across the monitoring period (“abacus
plots™), and aggregated by day and hour to highlight seasonal and diel
variations in the number of individuals detected throughout the study.
Diel phase (day vs. night) was assigned to each detection based on daily
sunrise and sunset times estimated for the study area using the “map-
tools” package (Bivand, 2023). Two residency indices were calculated:
RIp, defined as the number of days the animal was detected divided by
the detection interval, i.e., the number of days between release and last
detection (days at liberty); and Rlg, calculated as the number of days the
animal was detected divided by the study interval, i.e., the total number
of days between release and the tag expiration date. RIj represents a
maximum residency estimate, considering only the period when the
animal was known to be alive and the tag was operational, whereas RIp
provides a minimum residency estimate, assuming the animal was alive
and detectable throughout the entire study period (Kraft et al., 2023).
Additionally, we calculated the quotient RIg/Rl,, as suggested by Appert



Table 1

Summary data for tagged kitefin shark (Dalatias licha) and bluntnose sixgill shark (Hexanchus griseus). TL — total length; TP — total period of detection (days between first and last detection); DD — days with detections; RI —
residency index based on the number of days the animal was detected divided by the detection interval (from release to last detection); RIg - residency index based on the number of days the animal was detected divided by
the study interval (from release to tag expiration date). Mean values + SD are displayed below each species.

ID Transmitter TL (cm) Sex Transm. Tag Duration PSAT Tagging Last N°© N° TP DD RIp Rlg RIg/RIp
Code Model (@ Date Detection Detections Receivers

Dalatias licha

#KO01 200 112 male V16P-4H 351 - 10/11/ 18/12/2011 7245 2 404 77 0.19 0.22 1.00
2010
#K02 53737 109 male V16-4H 1472 - 10/11/ 10/05/2014 4801 7 1278 214 0.17 0.15 0.87
2010
#K03 201 110 male V16P-4H 351 - 27/04/ 26/05/2012 1074 4 396 21 0.05 0.06 1.00
2011
#K04 53735 112 male V16-4H 1472 - 27/04/ 20/11/2014 3236 5 1304 185 0.14 0.13 0.89
2011
#KO05 53736 137 female  V16-4H 1472 - 21/06/ 23/10/2012 411 3 491 29 0.06 0.02 0.33
2011
#K06 55987 147 female  V16-4H 1472 - 21/06/ 28/11/2011 78 1 161 5 0.03 0.00 0.11
2011
#K07 210 | 33768 105 male V16P-4H 822 - 06/06/ 08/07/2014 2419 4 398 50 0.13 0.06 0.48
2013
#KO08 212 | 33770 102 male V16P-4H 822 - 07/06/ 27/07/2013 337 2 51 12 0.24 0.01 0.06
2013
#K09 32930 109 male V16-4H 1593 - 08/06/ 29/07/2017 2220 4 1513 111 0.07 0.07 0.95
2013
#K10 32931 116 male V16-4H 1593 - 08/06/ 02/10/2017 2692 10 1578 193 0.12 0.12 0.99
2013
#K11 32932 110 male V16-4H 1593 - 08/06/ 19/09/2017 1265 6 1565 56 0.04 0.04 0.98
2013
#K12 32933 121 male V16-4H 1593 - 08/06/ 14/08/2013 3132 1 68 55 0.81 0.03 0.04
2013
#K13 32934 117 male V16-4H 1593 - 08/06/ 21/04/2017 406 6 1414 44 0.03 0.03 0.89
2013
#K14 213 | 33771 127 female  V16P-4H 822 - 10/07/ 08/07/2015 10522 4 729 267 0.37 0.32 0.89
2013
#K15 211 | 33769 158 female  V16P-4H 822 - 11/07/ 14/05/2014 793 1 308 158 0.51 0.19 0.37
2013
#K16 32938 150 female  V16-4H 1593 - 11/07/ 25/04/2014 266 2 289 88 0.30 0.06 0.18
2013
#K17 32939 150 female  V16-4H 1593 - 11/07/ 14/05/2014 334 2 308 80 0.26 0.05 0.19
2013
#K18 59472 140 female  V16-4H 1625 - 11/07/ - - - - - - - -
2013
#K19 32935 144 female  V16-4H 1593 - 16/07/ 24/12/2017 502 5 1623 123 0.08 0.08 1.00
2013
#K20 32936 147 female  V16-4H 1593 - 16/07/ 07/08/2014 1279 3 388 78 0.20 0.05 0.24
2013
#K21 32937 141 female  V16-4H 1593 - 16/07/ - - - - - - - -
2013
Females - 1444+8 - - 1418 + 302 - - - 1773 + 3+1 537 £ 104 + 0.23 + 0.10 &+ 0.41 +
Avg 3325 440 76 0.16 0.10 0.32
Males Avg - 111 +£5 . - 1205 + 491 - - - 2621 + 5+2 906 + 93+69 018+ 0.08 + 0.74 +
1938 604 0.21 0.06 0.35
Total Avg - 127 + - - 1306 + 425 - - - 2264 + 4+2 751 £ 97 £72 0.20 £ 0.09 + 0.60 +
18 2647 571 0.19 0.08 0.38

Hexanchus griseus

(continued on next page)

‘D 32 DIPUDD W

Z8££01 (S20Z) 69 12WaSDUDJ[ [DISDO) PUD UDIIQ



M. Gandra et al.

Table 1 (continued)

DD RIa Rlp RIp/RIp

TP

N°

Tagging Last

Date

PSAT

Tag Duration

Transm.
(d)

Model

Sex

TL (cm)

Transmitter

Code

D

Receivers

Detections

Detection

0.05 0.05 0.99

81

1528

1132

23/10/2019

18/08/
2015

1540

V16P-4H

female

214 | 32282

#S01

984 10 682 93 0.14 0.06 0.44

1540 18/08/ 29/06/2017
2015

female  V16P-4H

420

215 | 32283

#502

12 514 114 0.22 0.07 0.33

2516

12/01/2017

18/08/
2015

1540

385 female  V16P-4H

216 | 32284

#S03

128 0.31 0.05 0.16

409

4196

30/06/2018

18/05/
2017

11P0127

2538

17182 319 male V16-6H

#S04

238 0.15 0.09 0.61

16 1536

4521

24/12/2021

11/10/
2017

11P0136

2538

V16-6H

female

410

17180

#S05

06/06/
2021

20P1578

female

400

#5S06

08/06/
2021

20P1571

female

400

#507

0.51 +
0.28

0.06 +
0.02

934 + 131 + 0.17 +
56 0.09

496

12+3

2670 +
1482

1939 + 489

383 +
35

Total Avg
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et al. (2023), to quantify the extent of the gap between the last detection
and the end of the monitoring period.

Detections were pooled into 30-min bins, and centre of activity
(COA) positions were estimated independently for each fish by
weighting mean receivers coordinates by detection frequency, over each
time bin (Simpfendorfer et al., 2002). These positions were converted
into bivariate kernel utilisation distributions (KUDs; Worton, 1989)
using the “adehabitatHR” package (Calenge, 2006). Core activity and
home range areas were defined by the 50 % and 95 % KUDs contours,
respectively. Distances travelled were estimated using a least-cost dis-
tance approach avoiding land intersections (Dijkstra’s algorithm,
"gdistance" package; van Etten, 2017). The rate of movement (ROM) and
linearity index (LI) were also estimated to quantify individual variability
in movement patterns. ROM was derived from distances interpolated
between successive positions, while LI was calculated by dividing the
distance between the first and last positions by the total travelled dis-
tance. LI values range from O (high site attachment) to 1 (strong direc-
tional movement) (Rechisky and Wetherbee, 2003; Villegas-Rios et al.,
2013). All statistical differences between species and sexes were
assessed using a non-parametric Wilcoxon rank-sum test to account for
skewed data and the limited sample sizes.

No geolocation based on the sixgill PSATs data was performed in the
present study. However, movement tracks for two double-tagged sharks
with acoustic transmitters were reconstructed in a separate study
(Arostegui et al., 2024) by integrating depth-based bottom-contour
constraints, acoustic detections, and three-dimensional temperature
profiles within a Hidden Markov Model framework.

2.4.2. Temporal patterns and vertical movements

To investigate temporal shifts in behaviour using acoustic telemetry
data, we averaged the number of detections and presences (i.e., binary
values indicating each shark’s presence or absence within each time
interval) by month and hour, then generated colour-coded contour plots
(i.e. heat maps) to visualise the patterns. Finer-scale rhythmicity in
movement (detection) patterns was investigated using a Fast Fourier
Transform (FFT) of hourly detections (individuals with >60 logged
days) across the entire array. This algorithm decomposes data series into
the frequency domain, enabling the identification of dominant spectral
peaks that may indicate rhythmic patterns in habitat use, such as tidal
(6-12 h) or diel (24 h) cycles (Afonso et al., 2009).

We used high-resolution data from PSATSs to generate contour plots
for sixgill sharks, visually summarising the depth and temperature time-
series. Individual profiles were inspected by plotting depth and tem-
perature time-series over the deployment period and calculating the
percentage of time each shark spent in distinct depth and temperature
intervals, separately for day and night. Depth data were pooled into 50
m bins, and temperature data into 1 °C bins. Depth and temperature data
were obtained either from the archival time series of recovered tags or
from subsampled data (provided at 300- or 450-s intervals) transmitted
via Argos for tags that could not be retrieved. For the two recovered tags
(#S04 and #8S07), vertical displacement rates (i.e., vertical speeds) were
calculated by determining the depth differences between consecutive
measurements in the depth time-series. These differences were con-
verted to metres per minute and then averaged over 5-min windows to
provide a smoothed representation of vertical movement patterns. To
quantify activity levels for the single sixgill shark for which accel-
erometery data was available (#S07), we quantified the magnitude of
acceleration (MA) as the square root of the sum of squares of each ac-
celeration axis (MA = vX? + Y2 + Z? ). Following methods from Wright
etal. (2021) and Gandra et al. (2024), we identified high-activity events
(i.e., the upper 5 %) using the 95th percentile of MA values. The hourly
frequency of these high-activity events was visualised and statistically
tested with pairwise Wilcoxon signed-rank tests, with p-values adjusted
using Bonferroni correction to reduce Type I errors. Significance
groupings, represented by lowercase letters, indicate pairwise
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Summary data for bluntnose sixgill shark (Hexanchus griseus) tagged with satellite transmitters (PSATs). IDs with an asterisk indicate tags that were physically
recovered. Mean temperature and depth values are reported with standard deviations (mean + SD).

D Deploy Pop- Programmed Deployment Release Tagging Pop-up Temp Temp Mean  Depth Depth Mean
Date up Deployment Duration (d) Type Location Location Range (°C) Q) Range (m) (m)
Date (d)
#S04* 18/05/ 25/ 130 130 Interval 38.596°N, 40.150°N, 8.9-17.9 125+ 1.7 56-807 445 + 184
2017 09/ 28.533°W 28.700°W
2017
#S05 12/10/ 11/ 150 151 Interval 38.596°N, 38.482°N, 6.1-15.8 11.7 £ 1.9 125-1348 538 + 245
2017 03/ 28.533°W 28.200°W
2018
#S06 06/06/ 26/ 270 148 Premature 38.486°N, 38.592°N, 8.8-16.7 131 +1.8 102-846 427 + 204
2021 10/ 28.542°W 28.215°W
2021
#S07* 07/06/ 24/ 270 230 Floater 38.485°N, 38.583°N, 6.4-22.5 14.4 £ 25 7.5-1156 314 £+ 225
2021 01/ 28.542°W 28.402°W
2022
comparisons where groups sharing the same letter are not significantly 3. Results

different at p < 0.05.

2.4.3. Individual interactions

To evaluate potential interactions among tagged sharks, we con-
ducted two complementary analyses: (1) a spatiotemporal overlap
assessment to detect associations or segregation in space and time, and
(2) a spatial segregation test to explicitly examine habitat partitioning
independent of temporal overlap.

For the spatiotemporal assessment, we estimated co-occurrences
from detection data (using a 30-min bin interval) and constructed so-
cial networks. For each shark pair, we calculated a spatiotemporal
overlap index analogous to the simple ratio association metric, repre-
senting the proportion of time two sharks were detected at the same
receiver within the same time bin (ranging from 0 % for no overlap to
100 % for complete overlap). The index was calculated as x/(x + ya + ys
+ yaB), where x denotes the number of time bins where a pair was
detected at the same station, ys and yp the number of time bins where
only one individual of the pair was detected, and yap the number of time
bins where both were detected at different receivers. Following Gandra
et al. (2020), we restricted pairwise comparisons to shared monitoring
periods (from latest release to earliest last detection of each pair) to
prevent biases due to transmitter failure or premature mortality. We
assessed the statistical significance of the spatiotemporal overlaps using
null model randomization tests. Simulated datasets were generated by
randomly rearranging individual detections across time bins while
preserving the total detections per shark and their distribution among
receivers (pre-network permutation). To account for diel and seasonal
patterns, permutations were restricted to time bins within the same diel
phase and day (Castro-Arellano et al., 2010). For each shark, we
generated 10,000 simulated datasets and tested for non-random asso-
ciations by comparing observed overlap values to the randomized data.
Empirical p-values were calculated as the proportion of randomized
values greater or smaller than the observed mean overlap for each
network.

To explicitly investigate spatial segregation, we employed a permu-
tational multivariate analysis of variance (PERMANOVA; Anderson,
2001) through the “vegan” R package (Oksanen et al., 2025). This
approach tested whether species, and for kitefin sharks, sexes, exhibited
significant differences in their use of monitored areas, independently of
detection periods. We constructed a Bray-Curtis dissimilarity matrix
based on the proportion of detections at each site per individual, ac-
counting for variation in detection frequencies. PERMANOVA then
evaluated differences in spatial use, potentially reflecting niche parti-
tioning or sex-specific habitat preferences (Murray et al., 2024).

Nineteen out of 21 acoustically tagged kitefin sharks and all five
tagged sixgill sharks were successfully detected within the array. A total
of 56,361 detections were recorded and validated during the study
period, with an average of 2264 detections per kitefin and 2670 de-
tections per sixgill shark (Table 1). Individual detection spans ranged
from 51 to 1623 days for kitefin sharks (mean: 751 days or ~2.1 years)
and 409 to 1536 days for sixgill sharks (mean: 934 days or ~2.6 years).
Kitefin sharks exhibited lower average detection rates than sixgill sharks
and were detected by significantly fewer receivers (range: 1-10 vs 8-16;
W = 1.5, p = 0.001).

All four PSATs deployed on sixgill sharks either transmitted sum-
mary data through the Argos satellite system (two tags) or provided a
full archive after successful recovery (two additional tags, yielding >10
million temperature and depth readings). Two tags remained attached
for the entire programmed deployment (130 and 150 days), while the
other two detached prematurely after 148 and 230 days instead of the
programmed 270 days (Table 2). Deployments averaged 165 days,
ranging from 130 to 230 days (~4.3-7.6 months).

3.1. Horizontal movements

Most detections occurred at the deep slope stations around Faial and
Pico islands (Figs. 1 and 2; S2, S3), though female kitefin sharks were
more frequently detected at shallow coastal stations (Figs. S2 and S3).
Four of the five tagged sixgill sharks were detected at the neighbouring
Condor - S. Mateus seamount line, while only three out of the 21 tagged
kitefins were eventually detected at neighbouring seamounts (Fig. 3;
S3). None of the tagged sharks were detected at the more distant stations
in the regional acoustic network, including the Princess Alice seamount
(ca. 85 km SE of Faial), the ridge seamounts (Gigante and 127, ca. 110
km W/NW of Faial) and the Formigas bank (ca. 370 km SE of Faial).

Both species exhibited relatively low average residency indices
within the array. Kitefin sharks displayed slightly higher average resi-
dency indices compared to sixgill sharks (RIg = 0.09 vs. 0.06), with
individual values ranging from 0.00 to 0.32 for kitefin sharks and 0.05 to
0.09 for sixgill sharks (Table 1). Despite these low average residency
values, many individuals were intermittently detected over long periods,
as indicated by the average RIg/RIp quotient for kitefin (0.60) and sixgill
sharks (0.51), indicating sporadic but repeated presence in the moni-
tored area (Table 1). The more vagile behaviour of sixgill sharks was
evident in their larger home range areas — over twice those of kitefin
sharks — and their frequent movements across the contiguous Faial-Pico
shelf, with occasional excursions to nearby seamounts (Table S1; Fig. 3).
Sixgill sharks also exhibited lower linearity indices (0.03 vs. 0.40),
indicative of minimal directional persistence and more tortuous paths,
contrasting with the more oriented and spatially restricted movements
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Fig. 2. Abacus plot of the monitored kitefin shark Dalatias licha and bluntnose sixgill shark Hexanchus griseus throughout the study duration (A). Detections are
colour-coded by site; shaded areas illustrate different seasons; stars (*) depict release dates and cross marks (x) indicate the estimated lifetime of the tags. Number of
kitefin (B) and sixgill (C) sharks detected per hour and day, colour-coded by site. Dashed lines indicate sunrise and sunset periods for the study region, illustrating the
annual variation of daylight time. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Home-ranges (kernel utilisation distributions) and acoustic detections of monitored kitefin shark (Dalatias licha) and bluntnose sixgill shark (Hexanchus
griseus). Least cost trajectory paths are indicated by dotted lines. Acoustic detections are coloured from white to red, respectively from the oldest (first position) to the
most recent (latest) location. The monitoring period and the n° of days between first and last detection of each individual are indicated at the bottom of each plot.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

of kitefin sharks.

Horizontal movements also differed significantly between male and
female kitefin sharks. Males primarily used deeper slope stations, while
females preferred shallow coastal stations (Fig. S3). Males showed
significantly higher mobility than females, with average rates of
movement nearly four times higher (W = 1, p = 0.001), and maximum

rates over four times higher (W = 4, p = 0.002). They also had broader
activity areas and lower linearity indices than females (Table S1).

3.2. Vertical movements

Acoustic transmitters with pressure sensors recorded depths of
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116-690 m for sixgill sharks and 33-684 m for kitefin sharks. Both
species exhibited patterns consistent with diel vertical migration (DVM),
though the magnitude of depth shifts differed. Although high-resolution
depth time series were unavailable for kitefin sharks, detection patterns
and transmitter-derived depth data indicated modest DVM, with in-
dividuals occupying deeper waters during daylight hours (Fig. 4).
However, significantly less depth transmissions - originated from
acoustic tags with integrated pressure sensors — occurred during daytime
period, reflecting the significantly higher nocturnal detection rates
across most individuals (Fig. 4; W = 82, p < 0.001). Spectral analysis of
detection frequencies via Fast Fourier Transform (FFT) reinforced these
diel patterns, revealing distinct 24-h periodicity in sixgill sharks and
male kitefin sharks, but not in most females (Fig. S4). Female kitefin
sharks deviated from this trend, maintaining consistent detectability at
coastal receivers both day and night for extended periods (up to one
year; Fig. S2). Their depth distributions showed limited diel variation,
averaging ~200 m during daytime and ~150 m at night (Fig. 4). In
contrast, males exhibited stronger DVM, with nighttime detections
clustered at 200-400 m and a few daytime records >500 m. This sexual
segregation resulted in nearly non-overlapping depth distributions,
though the sample size of individuals with depth-sensing transmitters
was limited (females: n = 2; males: n = 4). Notably, one female (#K14)
that migrated to a seamount displayed deeper occupancy (~450-550
m), suggesting a stronger depth shift associated with dispersal or sea-
sonal movements rather than those associated with DVMs.

Ocean and Coastal Management 269 (2025) 107782

PSAT data from sixgill sharks revealed particularly robust DVM
patterns. Maximum recorded depths ranged from 807 m to 1348 m
(Table 2), with minimum depths typically between 56 m and 102 m,
except for shark #S07, which often ventured closer to the surface,
reaching depths as shallow as 8 m (Fig. 5). More than 85 % of daytime
records occurred between 350 and 800 m, with distributions shifting
markedly shallower at night (45-350 m; Fig. 6A; S5). High-resolution
data from the two recovered tags (#S04, #S07) showed peak vertical
displacement rates during crepuscular periods, with maximum ascent
rates at dusk and descent rates at dawn (Fig. 6C). Shark #S07 exhibited
especially pronounced high-activity peaks around sunset during the
ascent phase (Fig. 6D).

For PSAT-tagged sixgill, temperature patterns closely followed depth
distributions: daytime temperatures at 350-800 m ranged from 6.5 °C to
14.0 °C, while nighttime temperatures at 45-350 m ranged from 13.0 °C
to 18.0 °C (Fig. 6B; S5). An exception was shark #S07, which ascended
into unusually warm surface waters (22.5 °C) during dusk in August
2021 (Fig. 5; Table 2). Across all PSAT deployments, recorded temper-
atures ranged from 6.1 °C to 17.9 °C, with #S07 being the only indi-
vidual experiencing temperatures above 18 °C (Table 2).

3.3. Individual associations

A total of 449 localized shark co-occurrence events were recorded
during the entire monitoring period (Fig. S3). Nearly all of these
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involved intraspecific associations among kitefin sharks, with one sixgill
intraspecific co-occurrence and two interspecific co-occurrences. Most
co-occurrences occurred at receivers off southwest Pico, within the
tagging area, at shallow (ca. 25 m) and deep (ca. 270 m) stations. The
average spatiotemporal overlap (mean edge weight) was 0.91 % among
kitefin sharks (n = 119 pairs), 0.02 % among sixgill sharks (n = 7 pairs),
and 0.07 % among interspecific dyads (n = 20 pairs; Table 3). Only the
average overlap within kitefin sharks was found to be significantly
different from the random values generated by the null model simula-
tions, indicating no significant associations in the other networks.
Further analysis of intraspecific kitefin associations revealed an average
spatiotemporal overlap of 3.21 % among females (n = 16 dyads), 1.23 %
among males (n = 41 dyads), and 0.10 % between sharks of opposite
sexes (n = 62 dyads; Fig. 7; Table 3). Female kitefin sharks exhibited
significantly higher spatiotemporal overlap than expected by chance
(3.21 %; null model: p < 0.001), while all other associations (male-male:
1.23 %; intersex: 0.10 %) were non-significant (Fig. 7). PERMANOVA
confirmed significant habitat partitioning between male and female
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kitefin sharks (p < 0.05; Table S2).

4. Discussion

This study provides novel insights into the movement ecology and
behaviour of two sympatric deep-sea predators, utilising over a decade
of combined satellite and acoustic telemetry data collected across
overlapping and distinct deployment periods. Few studies have inves-
tigated the long-term residency and movement patterns of deep-sea
sharks, making this research a valuable contribution to understanding
these elusive and threatened species. By integrating biologging tech-
niques across multiple scales, we identified behavioural patterns with
important implications for the ecological theory and conservation of
deep-sea sharks in the north Atlantic and beyond.

4.1. Site fidelity and the use of essential habitat

Deep-sea sharks have traditionally been considered wide-ranging
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Table 3
Social network statistics for acoustically tagged kitefin (Dalatias licha) and bluntnose sixgill sharks (Hexanchus griseus), as well as interspecific pairs. Number of dyads,

mean shared monitoring period (days) and mean overlap for each network, together with summary results for the null model test (+SD) and significance. Significance
codes: ***p < 0.001, **p < 0.01, *p < 0.05.

Type N° dyads Mean shared period (d) Mean overlap (%) Mean null distribution (%) p-value
Dalatias licha 119 386 0.91 + 2.03 0.71 + 0.04 <0.001 il
Females - Females 16 326 3.21 £1.95 2.05 £ 0.03 <0.001 bl
Males - Males 41 445 1.23 +2.73 1.12 +£0.11 0.315
Females - Males 62 362 0.10 + 0.20 0.09 + 0.02 0.596
Hexanchus griseus 7 452 0.02 + 0.05 0.07 + 0.03 0.137
Interspecific 20 513 0.07 + 0.25 0.04 £ 0.02 0.231

species due to their broad geographic and bathymetric ranges and the
presumed scarcity of deep-sea food resources (Bird et al., 2018; Zeppilli
et al., 2016). However, recent biotelemetry studies challenge this
assumption, revealing long-term site fidelity and attachment to essential
habitats. For example, Daley et al. (2015), documented resident
behaviour in female southern dogfish sharks (Centrophorus zeehaani),
and seasonal site fidelity was also observed in prickly sharks (Echino-
rhinus cooke; Dawson and Starr, 2009) and Greenland sharks (Somniosus
microcephalus; Edwards et al., 2022) over multiple years. Our findings
support this hypothesis, with kitefin and sixgill sharks exhibiting
recurrent detections within a relatively small area for up to 4 years. Most
individuals remained near the central component of the acoustic array
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for over 9 months, with absences likely reflecting short-range move-
ments to unmonitored areas or depths rather than large-range
migrations.

Kitefin sharks displayed smaller home-range areas and were much
less transient than sixgill sharks, with over 80 % of kitefin detections
recorded off the southwest coast of Pico, near their release site. In
contrast, sixgill sharks used broader areas across more diverse habitats,
including the Mid-Atlantic Ridge near the Azores, as supported by
bathymetric and temperature data and reconstructed tracks (Arostegui
et al., 2024). This interspecific contrast likely reflects differences in their
ecological roles and physiological adaptations. Adult kitefin sharks,
being more benthic and occupying shallower depths (Das et al., 2022),
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have limited suitable habitat and slower movement rates (Pinte et al.,
2020). Sixgill sharks, as apex predators, exploit a wider range of habitats
and prey types, including mesopelagic and epipelagic species (Ebert,
1994; Reum et al., 2020). These behaviours suggest sixgill sharks are
more mobile apex predators, while kitefin sharks are intermediate-level,
site-attached predators.

Seasonal movement patterns were also evident. Sixgill sharks per-
formed pendular movements between island slopes and seamount hab-
itats, often disappearing from the array during winter months. For
example, sixgill shark #S01 alternated between habitats over four years,
suggesting recurring seasonal use (Fig. 2). Kitefin sharks exhibited less
distinct seasonal patterns but still showed intervals of absence, such as
kitefin #02, which remained around Faial and Pico for 3.5 years but
went undetected during winter and spring periods (Fig. 2). Such
movement patterns, may influence genetic structure and population
dynamics, as suggested by the high genetic differentiation observed in
sixgill sharks (Vella and Vella, 2017).

4.2. Diel vertical movements

Vertical movements are fundamental for deep-sea organisms, con-
necting shallow productivity with meso- and bathypelagic habitats
(Bianchi et al., 2013; Kelly et al., 2019). Our study provides evidence of
diel vertical migration (DVM) in both kitefin and sixgill sharks, though
the strength of evidence differs between species, and, in the case of
kitefin sharks, between sexes.

Sixgill sharks exhibited pronounced DVM, with high-resolution PSAT
data revealing consistent shifts from daytime depths of 350-800 m
(6.5-14.0 °C) to shallower nighttime ranges (45-350 m; 13.0-18.0 °C).
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This behaviour aligns with previous studies in the Pacific (Andrews
et al., 2009; Coffey et al., 2020; King and Surry, 2017). Notably, one
individual (#S07) entered surface waters reaching 22.5 °C, exceeding
the previously recorded maximum of 20.6 °C in Hawaii (Comfort and
Weng, 2015), highlighting their thermal tolerance. Their large body
mass likely provides considerable thermal inertia, allowing them to
foray into colder or warmer waters for short periods while maintaining
relatively stable intramuscular temperatures (Coffey et al., 2020).

Kitefin sharks tagged with depth-sensing acoustic transmitters
exhibited more restricted vertical shifts (typically under 150 m day—-
night difference), though these findings should be interpreted cautiously
due to methodological constraints. Acoustic detection ranges may vary
with environmental noise, and depth-transmitted data were sparse.
However, the consistent patterns of (1) higher nighttime detection rates
(when acoustic range is typically reduced; Afonso et al., 2012), (2)
sequential detections across depth-stratified receivers, and (3) depth
transmitter records collectively provide the first empirical evidence of
circadian-linked movements in this species (cf. Pinte et al., 2020),
marking an important addition to the existing knowledge on their
ecological traits.

Although both species exhibited diel vertical migration (DVM)
behaviour, their orientation to the seabed differed markedly. Depth-
sensing acoustic tags and estimated seafloor depths revealed that DVM
in sixgill shark is not solely driven by following bottom contours.
Consistent with evidence from animal-borne cameras (Nakamura et al.,
2015), active tracking (Carey and Clark, 1995), and fisheries data
(Forster et al., 1970), our results suggest sixgill sharks remain closely
associated with the seabed during the day but adopt more pelagic
behaviour during crepuscular and nighttime hours. In contrast, kitefin
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sharks showed a stronger correlation between measured animal depth
and estimated bottom depth (Fig. S6), indicating a persistent association
with the seabed. This observation aligns with indirect evidence from
underwater baited cameras and ROV footage, which consistently
recorded kitefin sharks near the seafloor rather than in the water column
(e.g., Morato et al., 2019; Morato et al., 2020).

Previous studies have suggested that sixgill sharks may be positively
buoyant. Nakamura et al. (2015), using high-frequency tri-axial accel-
erometers, observed faster ascent rates and higher acceleration ampli-
tudes during descents, consistent with the increased tailbeat effort
required to counteract buoyancy. Similarly, Coffey et al. (2020) reported
elevated overall dynamic body acceleration (ODBA) during dawn de-
scents compared to dusk ascents, further supporting these findings. In
our study, acceleration data were obtained from only a single individual
(#S07) over a limited timeframe. As such, caution is warranted when
extrapolating these findings to the broader population. Nevertheless, the
significant peak in high-activity events during dusk ascents suggests that
these sharks may exploit positive buoyancy as a stealth-based foraging
strategy, gliding upward passively before initiating burst swimming to
ambush prey, which is consistent with the hypothesis proposed by
Nakamura et al. (2015). Stomach content analyses further support this
behaviour, with prey items such as swordfish and marlin - species
capable of high-speed swimming — likely representing predation events.
However, opportunistic feeding on fishery deadfall cannot be ruled out
(Celona et al., 2005; Compagno, 1984).

4.3. Sexual segregation and individual interactions

Although passive acoustic telemetry has limitations in resolving
animal interactions and overlaps due to uncertainties in the precise
positions of tagged animals (Mourier et al., 2017), network analyses are
increasingly being used to uncover social and spatial dynamics in marine
ecosystems. Coupled with null models hypothesis testing, these frame-
works have proven effective in discerning social structures and resource
utilisation across diverse spatial scales, from high-precision tracking
systems (e.g., Aspillaga et al, 2021) to extensive arrays of
non-overlapping acoustic receivers (e.g., Gandra et al., 2020; Jacoby
etal., 2016). In our study, the large detection range allowed insights into
movements across habitats despite limiting high-resolution positioning
data, yet revealed sexually mediated and interspecific patterns with
ecological significance.

Our findings indicate that adult kitefin sharks exhibit sexual spatial
segregation along a depth gradient. Males were predominantly detected
at deeper, offshore sites during the night, whereas females favoured
shallower coastal areas with limited diel variation — except for two fe-
males that swam to nearby summits, showing increased nighttime de-
tections. The low spatiotemporal overlap (0.10 %) among male-female
pairs, along with significant PERMANOVA results for sex-based space-
use differences, corroborates sexual segregation though habitat parti-
tioning, as observed in both Azores (Perrotta, 2004; Silva, 1987) and
Mediterranean fisheries data (Bottaro et al., 2023). This separation
clearly reflects differences in vertical habitat use and potentially active
habitat selection by one or both sexes. Such segregation could arise from
differences in body size, physiological requirements, environmental
preferences, or social behaviours (Sims, 2005). For instance, females
may avoid males to reduce harassment associated with aggressive
courtship, as hypothesized for other elasmobranchs (Finucci et al.,
2018a; Jacoby et al., 2012).

Interestingly, more than 50 % of female-female kitefin shark pairs
showed spatial overlap, suggesting possible joint habitat use or affili-
ative behaviour. This pattern aligns with observations in other deep-sea
shark species, including the Portuguese dogfish (Centroscymnus coelole-
pis), the leafscale gulper shark (Centrophorus squamosus) and the bird-
beak dogfish (Deania calcea) (Moura et al., 2014). Although kitefin
sharks have traditionally been regarded as mostly solitary (Kiraly et al.,
2003), ROV observations in the Azores have documented female
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aggregations (Morato et al., 2019), possibly driven by specific envi-
ronmental or nutritional requirements, or conditions that may favour
embryonic development, as suggested for other species (Moura et al.,
2014). Growing evidence indicates such social-like spatial associations
may be widespread among deep-sea elasmobranchs and holocephalans
(e.g., Finucci et al., 2018a).

Although sexual segregation in sixgill sharks could not be fully
evaluated, limited observations suggest it may occur. Only one male
individual was captured during multiple fishing events, and no males
were observed during submersible surveys at the tagging site (unpub-
lished data). No significant spatiotemporal overlap was detected among
sixgill females in this study, suggesting limited social interaction.

Interspecific co-occurrences between kitefin and sixgill sharks were
rare, observed on only two occasions, with no significant overlap during
the shared monitoring period. This likely reflects distinct ecological
niches but warrants further investigation. Opportunistic feeding, such as
scavenging on carrion, may explain these occasional interspecific in-
teractions. Predation of kitefin sharks by sixgill sharks in the Azores is
plausible given their differing trophic levels and global reports of
chondrichthyan prey in sixgill shark diets (Ebert, 1994). Notably, one
sixgill shark in this study consumed a hooked kitefin shark, supporting
this potential predatory relationship. The high kitefin shark abundance
(Das et al., 2022) and extensive sympatric habitat overlap in the region
likely facilitate such interactions.

Our findings highlight the limited understanding of elasmobranch
segregation and social networks, particularly in deep-sea species, for
which data remain scarce (Jacoby et al., 2012). Further research is
needed to clarify the drivers and ecological implications of these be-
haviours in the Azores and beyond.

4.4. Implications for the conservation and management of deep-water
sharks

The significant gaps in our understanding of deep-sea species un-
derscore the pressing need for focused research efforts and conservation
measures. Our findings highlight the pivotal role played by oceanic
islands and remote seamounts as biodiversity hotspots (Afonso et al.,
2020), providing essential habitats for various marine organisms,
including deep-sea species. Their complex topography and hydrody-
namics foster higher productivity and biomass, attracting and support-
ing predators across trophic levels. These regions offer extensive
seafloor habitats at optimal depths, aligning with observations that
deep-sea sharks are typically absent beyond 2000 m (Priede et al., 2006)
and that many shelf-dwelling elasmobranchs, including kitefin and
sixgill sharks, likely depend on benthic prey or food falls (Aguzzi et al.,
2018; Pethybridge et al., 2011).

The persistent bycatch in hook-and-line fisheries, particularly in
deepwater regions like the Azores, highlights the urgent need for sus-
tainable management practices tailored to deep-sea shark populations
(Fauconnet et al., 2019, 2023). Our results demonstrate long-term res-
idency and site attachment of deep-sea sharks to specific (essential)
mid-Atlantic ridge habitats, challenging the traditional view of these
species as nomadic and emphasizing their reliance on predictable food
resources. This suggests that even conventional spatial management
measures, including fishery closures and marine protected areas, may
meaningfully benefit their conservation.

Our findings also reveal complex ecological dynamics, including
sexual segregation in kitefin sharks. Understanding such patterns has
critical implications for management and conservation, as differing
spatial distributions or sizes may lead to sex-selective fishing, dispro-
portionately impacting population structure. Addressing these chal-
lenges through spatially managed fisheries is essential to mitigate
differential exploitation.

Advancements in biotelemetry and biologging technologies are
revolutionising ecological research, enabling unprecedented insights
into deep-sea species’ behaviour and habitat use. Collectively, these
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findings highlight the applicability of cutting-edge tools but also un-
derscore the urgency of continued research and conservation efforts to
safeguard these deep-sea predators and their ecosystems. Our experi-
mental design effectively tracked long-term movements of tagged deep-
sea sharks around the Azorean islands and nearby seamounts, identi-
fying key habitats and ecological traits. These results highlight the po-
tential for broader application of such methodologies in monitoring
deep mesopelagic species. Collectively, they reinforce the importance of
sustained long-term research and conservation efforts to protect deep-
sea predators and their ecosystems.
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