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Abstract

Attaching cameras to marine mammals allows for first-hand observation of underwater behaviours that may otherwise
go unseen. While studying the foraging behaviour of 26 lactating Weddell seals (Leptonychotes weddellii) in Erebus Bay
during the austral spring of 2018 and 2019, we witnessed three adults and one pup investigating the cavities of Rossel-
lidae glass sponges, with one seal visibly chewing when she removed her head from the sponge. To our knowledge, this is
the first report of such behaviour. While the prey item was not identifiable, some Trematomus fish (a known Weddell seal
prey) use glass sponges for shelter and in which to lay their eggs. Three of the four sponge foraging observations occurred
around 13:00 (NZDT). Two of the three sponge foraging adults had higher-than-average reproductive rates, and the greatest
number of previous pups of any seal in our study population, each having ten pups in 12 years. This is far higher than the
study population average of three previous pups (+2.6 SD). This novel foraging strategy may have evolved in response to
changes in prey availability, and could offer an evolutionary advantage to some individuals that exploit prey resources that
others may not. Our observations offer new insight into the foraging behaviours of one of the world’s most studied marine
mammals. Further research on the social aspects of Weddell seal behaviour may increase our understanding of the extent
and mechanisms of behavioural transfer between conspecifics. Research into the specific foraging behaviour of especially
successful or experienced breeders is also warranted.
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Introduction

Studying the foraging of marine mammals is inherently
difficult as much of it occurs underwater (Wilmers et al.
2015). The development of animal-borne video record-
ers (ABVRs) has made the observation of the forag-
ing behaviours of diving animals possible (Davis et al.
1992; Marshall 1998; Moll et al. 2007). ABVRs have
provided important insight into the hidden behaviours
of marine fauna, and have been deployed on a variety of
species, from sea turtles (Chelonioidea, Hounslow et al.
2021), tiger sharks (Galeocerdo cuvier, Heithaus et al.
2002), and Adélie penguins (Pygoscelis adeliae, Thie-
bot et al. 2016), to northern elephant seals (Mirounga
angustirostris, Yoshino et al. 2020, Adachi et al. 2021),
humpback (Megaptera novaeangliae, Akiyama et al. 2019,
Iwata et al. 2021) and blue whales (Balaenoptera muscu-
lus, Calambokidis et al. 2008).

One of the first deployments of an ABVR in Antarc-
tica reported the first observations of Weddell seals (Lep-
tonychotes weddellii) blowing bubbles underneath the ice
to flush out Trematomus borchgrevinki from the platelet
ice (Davis et al. 1999). ABVRs and still cameras have
since been deployed on Weddell seals on numerous occa-
sions. Observations have included interaction between
mother—pup pairs (Sato et al. 2003), the distinction
between dive types (Davis et al. 2003, 2013; Fuiman et al.
2007; Madden et al. 2008), prey abundance and distribu-
tion (Watanabe et al. 2003; Mori et al. 2005), habitat use
by invertebrate fauna (Watanabe et al. 2006), prey acquisi-
tion tactics (Davis et al. 1999; Sato et al. 2002), and prey
species targeted (Davis et al. 1999, 2004; Fuiman et al.
2002; Foster-Dyer et al. in review).

Understanding the foraging ecology of a species is
critical to understanding its role in an ecosystem and the
possible challenges it may face. Weddell seals are general-
ist predators, known to feed on a range of prey including
fishes, cephalopods, and crustaceans (Burns et al. 1998;
Goetz et al. 2017). Notably, during the pup-rearing period,
female Weddell seals are central place foragers, bound to
forage within a limited area due to the presence of their
pup (LaRue et al. 2019). Such a restriction can lead to
the development of ‘foraging halos’ or areas beneath the
ice with reduced prey availability (Ashmole 1963; Elliott
et al. 2009). For example, Testa et al. (1985) found there
was a decrease in Antarctic silverfish (Pleuragramma
antarcticum) and Antarctic toothfish (Dissostichus maw-
soni) in the vicinity of Weddell seal breeding colonies in
Erebus Bay. Ainley et al. (2021) also suggested Weddell
seal abundance may impact the toothfish scientific catch-
per-unit-effort, with fewer fish being caught during Wed-
dell seal population peaks. The prey targeted by Weddell
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seals also varies across location, season, and age-groups
(Lindsay 1937; Burns et al. 1998; Rumolo et al. 2020), and
research suggests they may show behavioural plasticity in
prey selection, being able to adapt prey targeted to what is
available (Foster-Dyer et al. in review).

The Weddell seal population in Erebus Bay is among
the world’s most well-studied marine mammal populations,
being censused every year since the late 1960s (Siniff et al.
1977; Rotella 2018). While studying the foraging behaviours
of lactating Weddell seals in Erebus Bay, we opportunisti-
cally observed four seals searching for prey within the cavi-
ties of glass sponges (Rossellidae: Rossella cf. racovitzae).
Here we qualitatively describe the observations and postu-
late hypotheses surrounding the ethological and ecological
advantage conferred by the novel behaviour exhibited and
suggest how and why this behaviour may have arisen.

Methods

Our methods have been outlined in detail in Foster-Dyer
et al. (in review). Briefly, we instrumented 26 lactating
female Weddell seals in November and December of 2018
(n=18) and 2019 (n=38) at six sites in Erebus Bay in the
southern Ross Sea (—77.62°: —77.87°S, 166.3°:167.0°E,
Fig. 1). Seals were immobilised using techniques described
in Mellish et al. (2010), and work was covered by full ethi-
cal approval (see “Ethics approval” section for details).
While anesthetised, we fitted each seal with a video cam-
era (Little Leonardo DVL1300M130-VD3GT-2R) with
red light-emitting diodes (LEDs) either on the top of the
head (n=23) or cheek (n=3), a time-depth recorder (TDR)
with acceleration and magnetism sensors (Little Leonardo
ORI1300-3MPD3GT OR W1000L-3MPD3GT) to the upper
back, and for the seals instrumented in 2018, an accelerom-
eter (Little Leonardo ORI1300-D3GT OR ORI2000-D3GT)
was attached under the jaw (for tag details and image of
instrumented seal see Supplementary material S1-S3). Due
to the limited battery life and memory capacity of the instru-
ments, we recaptured each seal after approximately five days
(mean=4.6+ 1.1 SD) and retrieved all equipment.

The maximum weight of the bio-logging equipment
attached to each seal weighed no more than 1% of their body
mass (Supplementary material S3). Due to the great depths
the seals travel to, infrared (IR) light (Amax =850 nm) is
used on the video equipment to allow observations to be
made in complete darkness. IR light is believed to be invis-
ible to Weddell seals and their prey due to their short-wave-
length sensitive rod opsins, which are sensitive to blue-green
light (A\max =495-499 nm; Lythgoe & Dartnall 1970; Neal-
son 1981; Levenson et al. 2006, Supplementary material
S4).
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Fig. 1 Erebus Bay, Antarctica (—77.62°:—77.87°S, 166.3°:167.0°E).
a Map of the study area where 26 lactating female Weddell seals were
fitted with time-depth recorders and animal-borne video recorders in
November and December of 2018 and 2019. Red stars indicate loca-
tions at which seals were observed interacting with glass sponges.

We analysed video footage using behavioural analysis soft-
ware BORIS (Friard & Gamba 2016). TDR data were analysed
using diveMove (version 1.5.3; Luque 2007) in R statistical
software (version 4.0.4, R Core Team 2021). We then com-
bined the TDR-derived depth data and camera-derived prey
encounter data to identify the depths at which each encounter
occurred. Data on seal ages and breeding histories were pro-
vided by Drs. J. Rotella and R. Garrott (see further information
under “Funding” below). The sponges investigated by the seals
were identified from the videos based on their visible mor-
phological characteristics as described by Federwisch et al.
(2020).

2,000
1 ]

The remaining locations (black dots) are where seals were tagged, but
no sponge foraging was observed. b Overall view of Ross Island in
the southern Ross Sea, extent of image a indicated by red square. ¢
Overall view of Antarctica, with extent of image b indicated by red
square. Map made using Quantarctica (Matsuoka et al. 2021)

Results

We observed a new foraging behaviour displayed by three
lactating female seals and one tagged seal’s pup: search-
ing the cavities of glass sponges (identified as Rossella cf.
racovitzae, Fig. 2), presumably looking for prey. These
encounters occurred at a mean depth of 154.5 m (+56.0
SD) and were identified on six separate occasions (once
by WS18-13 and WS19-39, three times by WS18-17, and
once by WS18-16’s pup; summarised in Supplementary
file S5, videos available in Supplementary files S6-S8).
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Fig.2 Example images of glass sponges (Rossellidae: Rossella raco-
vitzae), highlighting a sample of marine fauna that can be associated
with glass sponges in Antarctica. Images were taken using ROVs
in the Weddell Sea between 261 and 300 m. a Rossella racovitzae
with feather stars (order Comatulida) visible on the rim and sides of
the sponge, distance of lasers: 5 cm. Image copyright © Lundilv &

Richter (2019), https://doi.org/10.1594/PANGAEA.897581. b Ros-
sella racovitzae with the cavity visible at the top of the sponge and a
shrimp (class Decapoda) on the rim of the sponge cavity. Image cop-
yright © Federwisch et al. (2019), https://doi.org/10.1594/PANGA
EA.897590

Table 1 Demographic and physiological data gathered for each of the four sponge foraging Weddell seals tagged in Erebus Bay, Antarctica

Seal ID Flipper-tag number Location Mass (kg) Maternal age Pup age Previous
(days) pups
WS18-13 8827C Big Razorback 305 16 years (estimated minimum) 24 9
WS18-16* 8763C (Pup tag 8370C) Big Razorback 263 9 years (estimated minimum) 29 2
WS18-17 1043C North Base 287 16 years (estimated minimum) 26 9
WS19-39 0400C Pram Point 290 9 years (known age) 29 2

Seal ID is the number we assigned to each seal tagged in our study. Flipper-tag number refers to the identifier used in the long-term Weddell seal
demographic study that provided the data on seal ages and breeding histories (Rotella 2018). Maternal age was unknown for three of the four
seals and minimum age was estimated based on breeding history, year of first observation, and average age of first reproduction for Weddell seals

in Erebus Bay (~7 years, Hadley et al. 2006)

*Indicates seal whose pup was observed interacting with the sponge

The flipper-tags of all sponge foraging adult females and
their pups, and the data gathered for the study population
are provided (Table 1, Supplementary files S9 and S10).
Here we qualitatively describe each encounter.

WS18-13 (flipper-tag #8827C)

Instrumented at Big Razorback in 2018, this unknown age
seal (marked as an adult in 2007 for the first time) was
accompanied by her 24-day-old pup. She had nine previ-
ously recorded pups, which when combined with informa-
tion on minimal ages for first reproduction, suggests that she
is at least 16 years old. The sponge foraging event occurred
on 21 November 2018 at 13:07 (NZDT). The Weddell seal
was on a foraging dive, swimming rapidly just above the
seafloor, with the seafloor in sight. She slowed her swim
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speed as she came upon a large glass sponge at 239.2 m
deep (Fig. 3). Several crinoids (order Comatulida) and a
large starfish (class Asteroidea) were visible on the outside
of the sponge. As she approached, the seal circled around
the sponge before putting her head into the cavity, where
it remained for six seconds. During this time, half of the
video image went black due to the camera being pressed
into the sponge wall. The seal then removed her head and
ascended into the water column, resurfacing 10 min later.
The dive lasted 20 min, and the seal reached a maximum
depth of 240.7 m, with the sponge encounter occurring
near the very bottom of the dive. This was the only forag-
ing attempt observed within that dive. However, on the dive
prior, the seal was observed eating three Antarctic silverfish.
The sponge targeted by WS18-13 had a wide, easily acces-
sible cavity, with the seal appearing to be able to investigate
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Fig.3 Images taken from video captured using an animal-borne
video recorder at Big Razorback in Erebus Bay on 21 November
2018 at 13:07 (NZDT), showing Weddell seal WS18-13 presumably
searching for prey within the cavity of a large glass sponge (Rossel-
lidae: Rossella cf. racovitzae) at 239.2 m deep. The first image shows
the large opening of the sponge and the second shows the seal’s head

deeply within the sponge cavity. An arm of a large starfish can be
seen at the top of the image (white arrows), the seal’s snout is vis-
ible at the bottom of the image (blue arrows) and the sponge cavity
is indicated by the black arrows. The image appears red due to LED
light on camera

Fig.4 Images taken from video captured using an animal-borne
video recorder at Big Razorback on 28 November 2018 at 13:22
(NZDT), showing Weddell seal WS18-16 interacting with her 29-day
old female pup while it searched within a glass sponge cavity at
47.6 m deep. Camera is attached to tagged seal’s cheek in this obser-
vation, and the side of the tagged seals face is visible in the left por-

within the sponge cavity while causing little to no apparent
damage to the sponge (Fig. 3, Supplementary file S6).

WS18-16 (flipper-tag #8763C, pup flipper-tag
#8370C)

On 28 November 2018 at 13:22 (NZDT), we documented
this seal interacting with her 29-day-old female pup while
the pup investigated a sponge cavity (Fig. 4, Supplementary
file S7). WS18-16 was tagged at Big Razorback with the
camera attached to her cheek rather than the top of her head.
She was of unknown age but had two previous recorded
pups. She was first observed as an adult with a pup in 2015
and was estimated to be at least eight years old at the time

tion of the image, it appears red due to the LED light on camera. The
large Rossella sponge can be seen in the bottom right corner (blue
arrows), and the tagged seal’s pup is visible with her head inside the
sponge (white arrows). The blue portion of the image is the underside
of the ice above

of our study. The observation occurred during an approx-
imately 50-min period when the tagged seal and her pup
had been performing repeated synchronous shallow dives
(>50 m). During this period, the adult female would depart
from the breathing hole shortly after her pup and descend
to the seafloor, where she would locate her pup, often nos-
ing around the benthos. They would then interact near the
seafloor for a period and swim back to the surface together.

On the final dive of this 50-min period, the tagged seal
descended from the breathing hole, reaching the seafloor
after approximately one minute, where she located her pup
with its head inside a large Rossella sponge at 47.6 m deep.
She nudged her pup once with her snout, then appeared to
settle on the seafloor beside the sponge, where she remained

@ Springer
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for 10 s. The seal then continued descending with her pup,
following the seafloor to a maximum depth of 77.6 m, before
ascending to the surface 4.5 min after the sponge interaction.
The entire dive lasted approximately 6.1 min. Due to the
camera angle, the pup was not always visible. Still, she fre-
quently appeared in the camera view, suggesting they were
together for most, if not all, of the dive.

WS18-17 (flipper-tag #1043C)

This seal was tagged at North Base and her pup was 26 days
old. She was of unknown age but had at least nine previous
pups and was flipper-tagged as an adult with a pup in 2007
when she was observed for the first time. Given her sighting
history, she was estimated to be a minimum of 16 years old.
The sponge interactions occurred on 29 November 2018,
beginning at 13:15 (NZDT). This seal inspected the cavities
of three glass sponges (all identified as R. cf. racovitzae),
travelling to each consecutively within a 2-min period at
a mean depth of 159.7 m (+4.75 SD, Fig. 5).The foraging
dive lasted 16 min, reaching a maximum depth of 183.8 m.

Initially, the seal descended steeply from the surface for
2.2 min, first sighting the seafloor at approximately 164 m.
She followed the seafloor downward, reaching the bottom
of the dive approximately 30 s later. The seal then began
swimming directly above the benthos, appearing to search
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Fig.5 A three-dimensional dive profile indicating the swim speed
and route travelled by Weddell seal WS18-17 under the ice at North
Base in Erebus Bay on 29 November 2018, beginning at 13:15
(NZDT), showing the seal searching for prey within three different
glass sponges at a mean depth of 159.7 m (+4.75 SD; green dots);
inset images are taken during the sponge encounters from the video
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for prey between rocks and crevices and briefly inspecting
one R. racovitzae sponge without putting her head in it. Two
minutes after the reaching the bottom of the dive, the seal
approached another large Rossella sponge, pressing her head
through the small opening into the sponge cavity for four
seconds. The seal removed her head from the sponge and
continued swimming along the seafloor, encountering the
next sponge 25 s later. After having her head within that
sponge for seven seconds, she continued travelling along the
seafloor, swimming directly above two more glass sponges
without stopping.

The seal stopped at the final sponge 32 s after the pre-
vious encounter. This sponge appeared to have several sea
cucumbers (class Holothuroidea) sitting at the edge of its
opening, some of which were moved around by the seal.
In this encounter, the seal had her head inside the sponge
cavity for seven seconds. When she removed her head, she
appeared to be chewing, as determined through clear head
and snout movement. We could not identify what the seal
was chewing as it was already inside her mouth when she
removed her head from the sponge. However, she was vis-
ibly chewing for at least 15 s, suggesting the prey may have
been large or difficult to swallow. After the final sponge
encounter, the seal continued travelling along the seafloor
for a further nine minutes before ascending to the surface.
Notably, the sponge openings appeared much smaller than

Speed ms™

Dive path
Sponge

captured using a seal-mounted camera, a and b the first and second
sponges investigated by the seal; ¢ the final sponge investigated by the
seal with a number of sea cucumbers (class Holothuroidea) visible
around the opening on the sponge (white arrows).) The seal’s snout
and fur is visible at the bottom of each image. The images appear red
due to the LED light on camera
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in the previous observation. WS18-17 appeared to forcibly
press her head into a very small opening, possibly damaging
the sponge (Supplementary file S8).

WS19-39 (flipper-tag #0400C)

This female was tagged at Pram Point; she had a 29-day old
pup, was known age (nine years old), and had two previ-
ous pups. The sponge foraging observation occurred on 4
December 2019 at 22:10 (NZDT). The foraging dive lasted
32 min, reaching a maximum depth of 272.5 m and included
many prey items, including crustaceans and Channichthyi-
dae fish species. The seal rapidly travelled along the sea-
floor, after preying upon a shrimp-like crustacean, when she
swam above a large R. cf. racovitzae sponge at 161.3 m. She
slowed down, circled back, and nudged the sponge surface,
before rapidly swimming off, possibly in pursuit of prey.
However, this was unable to be determined due to image
quality. The seal then ascended to the surface. This inter-
action was less invasive than the other observations. Still,
the seal made an obvious effort to inspect the sponge and
appeared to pursue prey immediately after.

Discussion

We report the first evidence of Weddell seals searching for
prey within the cavities of glass sponges. Similar to the first
report of Weddell seals using bubbles to remove fish from
the underside of the ice (Davis et al. 1999), our sponge
foraging observations highlight one of the key benefits of
utilising ABVRs to observe otherwise unseen underwater
behaviours displayed by this species.

Flexible and opportunistic foraging strategies, such
as sponge foraging, may allow some seals to have higher
reproductive rates. Two of the females observed searching
sponges, WS18-13 and WS18-17, have unusually productive
breeding histories. These two seals had the greatest number
of pups of the seals in our study population (n=26)—each
having a minimum of nine pups since first being observed in
2007 (Table 1, Supplementary file S9). Given their breeding
history, year of first observation and the average age of first
reproduction for Weddell seals in Erebus Bay (—7 years,
Hadley et al. 2006), these females are at least 16 years old,
making them among the oldest seals in our study popula-
tion. It is possible sponge foraging arises as a function of
age and experience. On average, Weddell seals that pup
one year are typically less likely to pup the following year
(Siniff 1981; Hadley et al. 2007). However, WS18-13 and
WS18-17 each pupped in 10 out of the 12 years prior to
2019 (Supplementary file S9), giving them a higher-than-
average reproductive rate for the species. While we are not
suggesting looking for prey within a sponge cavity makes

one a better mother, it could be that these seals show creative
plasticity in their foraging tactics and that may allow them
to exploit prey resources that others do not. We postulate
that these individuals may display behavioural differences
that allow them to be more reproductively successful than
others in the population. The specific foraging behaviour of
especially successful or experienced breeders is an area that
would benefit from further research.

The time of day that three of the four interactions were
observed, each occurring around 13:00 (NZDT), were simi-
lar. Weddell seals perform deeper dives during the day, pos-
sibly in response to the diel vertical migration patterns uti-
lised by many of their prey (P16tz et al. 2002; Fuiman et al.
2002). When light levels are variable, Antarctic silverfish,
an important prey species for Weddell seals (Burns et al.
1998), use diel vertical migration as an avoidance tactic for
their visually oriented predators, such as penguins and seals
(Pl6tz et al. 2002; Fuiman et al. 2002). Our study occurred
during the late spring and summer when light levels are
relatively constant; thus diel vertical migration of prey is
unlikely. However, in each of the midday sponge foraging
attempts, no other prey were encountered during the dives.
This may be a function of prey movement through vertical
migration, or possibly the ‘foraging halo’ effect discussed
earlier in the text, but either way, we postulate that this novel
foraging behaviour may occur when other prey are scarce.
Opportunistic sponge foraging may arise independently in
response to changes in prey availability and could offer an
evolutionary advantage if some animals have identified the
sponges as a potential location in which to find food in an
otherwise sparse environment.

While it may have been merely young pup curiosity, the
observation of one seal’s pup investigating a sponge raises
some questions regarding how the behaviour may transfer
between individuals. Social learning can occur through a
number of mechanisms, such as imitation or teaching (Caro
& Hauser 1992; Byrne & Russon 1998). Throughout the
lactation period, Weddell seal mothers teach their offspring
behaviours that will benefit them after weaning, such as
diving (Sato et al. 2003). However, teaching is difficult to
identify in wild animals. Caro and Hauser (1992) defined
teaching as an individual modifying its behaviour only in
the presence of a naive observer, involving some cost or
lack of immediate benefit to the teacher, but resulting in the
observer acquiring skills earlier, or more efficiently, than it
may have otherwise. Alternatively, imitation occurs when an
individual incidentally learns a behaviour through observing
a conspecific engaging in normal behaviour (Byrne & Rus-
son 1998). Bandura (1989) determined that to learn a behav-
iour through imitation, an individual must: (1) pay atten-
tion to the behaviour of another individual, (2) remember
what the modeller has done, (3) have the ability or skill to
perform such behaviour, and (4) be motivated and have the
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opportunity to do so. Though the author’s studies focussed
on learning in human children, much of it can be applied to
non-human animals.

Sato et al. (2003) suggested female Weddell seals may
modify their diving behaviour when diving with their pup—
diving to shallower depths and swimming slower than diving
alone. We suggest that some seal mothers may go further
and teach their young where and how to locate and capture
prey. We did not observe the tagged seal directly interact-
ing with the sponge, nor did we observe her demonstrating
the sponge foraging behaviour prior to her pup displaying
it. However, as another adult displayed the sponge foraging
behaviour in the same year and location (Big Razorback in
2018), albeit at depths that exceed a pup’s diving ability
(Weitzner et al. 2021), it’s possible that the pup could have
mimicked the behaviour after observing an adult interacting
with a sponge. Our observation of the mother—pup pair div-
ing to 77.6 m together may also provide new insight into the
depths that mother—pup pairs travel to during the lactation
period. Sato et al. (2003) found the maximum depth reached
by a Weddell seal mother—pup pair was 51.5 m. However,
Weitzner et al. (2021) reported a maximum depth reached
by a Weddell seal pup to be 163.8 m, though the pup’s age,
weaning status, or whether it was accompanied by its mother
was not reported.

It is unclear how widespread the sponge foraging behav-
iour is within the Weddell seal population. We recorded
sponge foraging attempts at three locations: Big Razorback,
Pram Point, and North Base. Pram Point, at the southern-
most region of Ross Island where Scott Base is located, is
approximately 25 km south of Big Razorback Island. North
Base is a further 9 km eastward at the northern edge of the
Erebus Glacier Tongue (Fig. 1). Even so, opportunities exist
for behaviours, such as the sponge foraging technique we
report here, to be shared among conspecifics that breed at
different sites within the Erebus Bay area. While Weddell
seals display a high degree of site fidelity (Cameron et al.
2007), the sighting history for all four seals indicates that
they previously bred at different locations across the Ere-
bus Bay study area (Supplementary file S6). Additionally,
non-breeding females are not tied to the same site they later
breed at (Stirling 1974). As glass sponges, including the
species R. racovitzae, have a circumpolar distribution and
are found across the Ross Sea continental shelf (Janussen &
Downey 2014), we speculate the sponge foraging behaviour
we observed in Erebus Bay is likely displayed elsewhere.

While we lack information on the relatedness of the
sponge foraging individuals, further observations of sponge
foraging within the long-term Weddell seal demographic
study in Erebus Bay may allow for investigation into the
genetic connectivity of the behaviour. In Shark Bay, Aus-
tralia, bottlenose dolphins (Tursiops sp.) have been observed
“sponging”, in which dolphins carry a piece of marine
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sponge on their rostrum while digging through sediment
looking for prey (Kriitzen et al. 2005, 2014). Kriitzen et al.
(2005) found this behaviour to be culturally transmitted,
usually from mother to female offspring and all adults dis-
playing the behaviour were genetically linked to one recent
sponging predecessor. The existence of culture in Weddell
seals has yet to be explored. However, future observations
may allow for investigation into whether the sponge foraging
behaviour transfers between individuals. The sex of the pup
also highlights an additional area that would benefit from
further research; more data would be required to understand,
(a) whether males utilise the sponge foraging technique, (b)
whether mother Weddell seals pass the same traits on to
their female and male offspring, and (c) the general extent
of behavioural transfer between Weddell seal mothers and
their pups.

Finally, a question remains regarding what the seals were
targeting when searching within the sponges. The obvious
chewing movements of WS18-17 (Supplementary file S8)
suggest that the search can prove successful on occasion.
Weddell seals are generalist predators (Burns et al. 1998;
Goetz et al. 2017) and forage throughout the water column,
from just below the ice surface to depths of at least 450 m
(Foster-Dyer et al. in review). Marine sponges provide
food, shelter, and substrate to a variety of Antarctic marine
fauna (Dayton et al. 1974, Fig. 2). Although seals were only
observed investigating large R. cf. racovitzae, it is unlikely
the behaviour is restricted to just this sponge species. Sev-
eral other Rossellidae species grow to similar or larger sizes
(Barthel & Tendal 1994) and may thus likewise harbour
potential prey. Various Trematomus fish species use glass
sponges to shelter from predators and as nesting sites in
which they lay their eggs (Dayton et al. 1974; Moreno 1980;
Konecki & Targett 1989; Barthel 1997; La Mesa et al. 2019).
Moreno (1980) reported that six of the seven glass sponges
observed in South Bay (Doumer Island, Western Antarctic
Peninsula) contained Trematomus eggs and/or adult fish. In
McMurdo Sound, Dayton et al. (1974) also reported unspec-
ified fish species using sponges to avoid predation by seals—
though our observations suggest that some seals may have
adapted to this predator avoidance technique.

Conclusions

We documented the first observations of Weddell seals
searching for prey within the cavities of Rossellidae sponges
in Erebus Bay, Antarctica. While we present the first evi-
dence of such a behaviour, we propose that it may be dis-
played elsewhere around the Antarctic, given the circum-
polar nature of both Rossella sponges and Weddell seals.
Marine fauna use glass sponges as shelter throughout their
distribution and thus may be a reliable refuge for prey. The
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observation of a seal’s pup investigating a sponge cavity sug-
gests the potential for learning. The age, experience levels,
and reproductive rate of WS18-13 and WS18-17 also sug-
gest several areas of further research to better understand the
relationship between foraging strategies and reproductive
success. Further research into the behavioural ecology of
Weddell seals and the extent of the lessons that Weddell seal
pups learn from their mothers is warranted. Our findings
highlight some of the key benefits of utilising animal-borne
video recorders, as well as the exciting unknowns that can
still be discovered for one of the world’s most well-studied
marine mammals.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00300-023-03149-1.
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