
Chapter 5
Prey Capture and Processing in Fur Seals,
Sea Lions and the Walrus

David P. Hocking, Travis Park, James P. Rule, and Felix G. Marx

Abstract Otarioids (fur seals, sea lions and the walrus, Odobenus rosmarus) are an
ancient group of marine mammals that have adapted to feeding in water in a variety
of ways. Fur seals and sea lions (otariids) primarily feed on fish and cephalopods, but
opportunistically target a wide range of prey types and sizes, including sharks,
penguins, and even their own kind. Like their terrestrial carnivoran relatives, otariids
primarily rely on their teeth to catch and process their food. Suction—the ability to
lower the pressure inside the oral cavity to draw in water and prey—also plays an
important role, however, especially when ingested items are small. Osteological
adaptations for suction are seemingly absent, but the behavior is nonetheless facil-
itated by the shape of the soft tissues surrounding the mouth. Walruses are suction
specialists, as reflected in their robust skull, muscular lips and strong throat muscles.
They primarily feed on benthic bivalves, gastropods and annelids, but sometimes
also target larger prey, including birds and other pinnipeds. Their foraging activities
affect vast areas of the (sub)Arctic seafloor, affecting the structure of benthic
communities and leading to major increases in nutrient flux. These large-scale
effects, plus a voracious appetite, make walruses a major ecosystem engineer.
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5.1 Introduction

5.1.1 Challenges of Feeding in Water

All animals must consume enough food to support both their growth and reproduc-
tion. For predators, this means having the anatomical tools and behavioral repertoire
required to find, capture and consume other animals. Often, such adaptations are
variations on a theme, suited to broad environmental contexts that remain stable for
millions of years. Occasionally, however, profound transitions between different
environmental realms (e.g. from land to water) require a major evolutionary
‘rethink’. The emergence of pinnipeds is one such example.

Like all marine mammals, pinnipeds had to master the challenge of adapting to
life in water after more than 250 million years of evolution on land. Pinnipeds are
carnivorans, and thus share a common origin with cats, dogs, wolves, and bears
(Arnason et al. 2006). Most of these predators live in a largely two-dimensional
world, with the ground beneath their feet guiding both their movements and that of
their quarry. In this setting, sharp claws and teeth (including a set of specialised
slicing teeth known as ‘carnassials’) have emerged as the primary means to catch,
kill and dismember prey.

Pinnipeds have inherited much of the basic anatomy of their terrestrial cousins,
yet face a set of fundamentally different challenges. Their world is three-
dimensional, without the limitations and support of terra firma. With prey poten-
tially escaping in any direction, considerable speed and agility are essential for a
successful hunt. Even once dead, prey suspended in water can still float away,
complicating its manipulation and processing (Taylor 1987).

Perhaps the most fundamental challenges, however, are posed by the water itself.
Like all mammals, pinnipeds must hold their breath when diving, thus limiting the
amount of time available for hunting. As they swim, the body creates a bow wave
that inadvertently pushes prey away from the mouth, making it yet more difficult to
catch (Motta and Wilga 2001; Werth 2000). When the prey is finally caught, water
enters the mouth along with it, and must be expelled prior to swallowing. Finally,
prey processing is also restricted by the need to breathe, and furthermore affected by
the greater resistance of water relative to air.

5.1.2 Origin and Structure of Otarioid Feeding Anatomy

The oldest uncontroversial pinniped, occurring as early as 30 million years ago, is
Enaliarctos (Berta 1991; Berta et al. 2018; Paterson et al. 2020). Despite its
considerable age, Enaliarctos already showed clear adaptations for swimming,
including broad, paddle-like hind limbs likely used to generate underwater propul-
sion (Bebej 2009; Berta et al. 1989, 2018). Its feeding apparatus, on the other hand,
was rather archaic. Like terrestrial carnivorans, its jaws bore carnassial teeth capable
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of cutting and slicing (Mitchell and Tedford 1973). Likewise, the forelimb retained
strong claws and flexible digits, which would have enabled it to grasp prey during
processing even while floating in water. A similar behavior occurs in living phocine
seals, which can hold large food items between their clawed paws while ripping off
smaller pieces for swallowing (Hocking et al. 2018).

From these early beginnings arose true seals (Phocidae) and otarioids: fur seals
and sea lions (Otariidae) and walruses (Odobenidae) (Fig. 5.1). Unlike Enaliarctos,
otariids propel themselves with their forelimbs, which makes them exceptionally
agile and fast. Their postcanine teeth are simplified, though sharp, with no carnas-
sials and no differences between the molars and premolars (Hocking et al. 2017b;
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Fig. 5.1 Overview of otarioid feeding anatomy. (a) Skull of a typical terrestrial carnivoran, the
Australian dingo (Canis lupus, NMV C218); note the well-developed carnassial teeth. (b) Skull of
an Australian sea lion (Neophoca cinerea, NMV C1996), characterised by equally-sized postcanine
teeth and no carnassials. (c) Skull of the walrus (Odobenus rosmarus rosmarus, NHMUK
1926.12.2.6) with simplified, peg-like teeth and enlarged vertical tusks. (d, e) Sea lions and the
walrus in the flesh. Photos of live animals by Robert Harcourt
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Repenning 1976). Their paws have turned into streamlined flippers, with virtually
immobile fingers and—crucially—no claws (English 1976; Kuhn and Frey 2012).

Otariids first appear around 17–15 Ma, in the form of small-bodied species
(Eotaria spp.) with an archaic but already simplified dentition incapable of effec-
tively slicing flesh (Boessenecker and Churchill 2015; Vélez-Juarbe 2017). Nothing
is known about the postcranial skeleton of these early forms, but the rocks in which
they are found suggest that they mostly lived offshore, perhaps feeding on evasive
shoaling prey, as do living fur seals (Arnould and Costa 2006; Kohno 2004).
Forelimb propulsion and homodonty, both implying essentially modern foraging
behavior, became established by the late Miocene (Deméré and Berta 2005;
Repenning and Tedford 1977).

The story is more complex for odobenids, whose sole living survivor, the present-
day walrus (Odobenus rosmarus), neither reflects the former diversity or ecology of
the clade. Modern walruses are large-bodied, restricted to the Arctic region, and
stand out for their distinctive anatomy, including elongated tusks, well-developed
lips and vibrissae, peg-like teeth, and a strongly vaulted palate (Kastelein and Gerrits
1990; Kastelein et al. 1991). They are specialist benthic feeders, and use suction to
uncover and extract molluscs buried in the sea floor (Levermann et al. 2003).

By contrast, extinct odobenids (first appearing around 17–16 Ma) were far more
diverse, more widely distributed, variably sized, and often lacked tusks (Kohno et al.
1995a; Magallanes et al. 2018). Well-developed cuspate teeth may suggest a fish-
based diet for several of these early species (Boessenecker and Churchill 2013).
Nevertheless, like otariids, odobenids lost their carnassials early during their evolu-
tion, and thus also the ability to cut large prey into swallowable pieces (Deméré and
Berta 2001). Long-tusked walruses with vaulted palates and simplified or reduced
teeth first appear around the Miocene-Pliocene boundary, and likely mark the
emergence of suction feeding and a mollusc-based diet (Berta et al. 2018; Kohno
et al. 1995b; Biewer et al. 2020).

5.2 The Feeding Cycle

Feeding in mammals, as in all tetrapods, involves prey capture, processing, and
swallowing: the main stages of the feeding cycle (Hiiemae and Crompton 1985;
Schwenk 2000; Schwenk and Rubega 2005). Aquatic species like otarioids, how-
ever, face an additional challenge: as they catch prey in their jaws, they are also
forced to ingest the (usually salty) water surrounding it. Simply swallowing the latter
would put a burden on their excretory system, and likely affect both speed and
feeding performance. Instead, water is thus normally expelled from the mouth prior
to deglutition.

Overall, the feeding cycle of aquatic mammals thus comprises four stages
(Fig. 5.2). (I), prey is captured via movements of the jaws or the entire body. This
stage is further subdivided into an approach phase, during which the prey is chased
or otherwise brought close to the mouth; and a prehension phase, during the which
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the prey is seized. (II), prey is manipulated, transported, and—if necessary—
processed into swallowable pieces. Prey transport and processing often occur in an
alternating fashion, and mostly inside the oral cavity. (III), water ingested with the
food is expelled from the oral cavity. Finally, (IV), the prey is swallowed (Hocking
et al. 2017c, d).

Except for swallowing, all of these stages may involve a variety of individual
foraging behaviors. For example, prey can be captured with the teeth, or else be
sucked directly into the oral cavity. Food can be processed via chewing, but also be
violently thrown about to cause it to tear. Further, several behaviors can be combined
as part of a single feeding event. For example, small fish may first be drawn close to
the mouth via suction, but then be captured with a bite.

Together, all of the behaviors involved in the capture and ultimate consumption
of a prey item cluster into a feeding strategy (Hocking et al. 2017c). Otarioids
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Fig. 5.2 Overview of the aquatic mammal feeding cycle. Each stage (I–IV) may involve a range of
different foraging behaviors, which together combine into a feeding strategy. Adapted from
Hocking et al. (2017c, d)
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primarily employ just two strategies, namely, raptorial feeding, which involves
capturing prey with the teeth and consuming it underwater; and suction feeding,
during which prey is sucked directly into the mouth and then swallowed whole.
Sometimes, however, prey is also captured on land (terrestrial feeding) or consumed
while floating at the surface (semi-aquatic feeding).

Definitions of what constitutes a strategy are somewhat arbitrary, and not always
consistent (e.g. Adam and Berta 2002; Hocking et al. 2017c, d; Kienle et al. 2017).
Nevertheless, they provide a useful shorthand to describe a broad continuum of
feeding modes suited to different environments and prey types. Importantly, a
species need not be restricted to a single strategy only. Instead, many otarioids can
switch between two or more strategies, depending on the foraging scenario (Hocking
et al. 2014, 2016).

5.3 Feeding in Otariids

5.3.1 Diet

Otariids target a variety of prey types and sizes, depending on the habitat and
species. Most important are bony fishes, cephalopods and, in some areas, crusta-
ceans (Arnould and Costa 2006; Bonner 1968; Deagle et al. 2009; Emami-Khoyi
et al. 2016; Peters et al. 2015). In addition, several species have been observed to
attack birds, rays, sharks, and even other pinnipeds (Bradshaw et al. 1998; Fallows
et al. 2015; Harcourt 1993; Kernaléguen et al. 2016; Mathews and Adkison 2010;
Visser et al. 2008; Womble and Conlon 2010).

The full range of prey species taken by otariids has long been difficult to establish,
as studies had to rely on scats, regurgitates and gut contents (Aurioles-Gamboa and
Camacho-Ríos 2007; Dellinger and Trillmich 1999; George-Nascimento et al. 1985;
Harcourt et al. 2002; McIntosh et al. 2006; Reisinger et al. 2018). The latter provide
a reasonable overview of prey with hard parts (e.g. fish otoliths and squid beaks), but
often fail to record cartilaginous (e.g. rays and sharks) and soft-bodied species. More
recent techniques have employed analyses of faecal DNA to gain a more complete
picture of otariid feeding habits (Deagle et al. 2009; Emami-Khoyi et al. 2016; Peters
et al. 2015).

Their generalist diet affords otariids a fair amount of ecological flexibility, but is
not without risk. Some of their prey are well-defended, and can seriously wound or
even kill their would-be predators. One striking example is provided by a subadult
New Zealand fur seal (Arctocephalus forsteri), which washed up in south-eastern
Australia with numerous chimaera fin spines and stingaree barbs embedded in its
face (Fig. 5.3) (Hocking et al. 2020).

106 D. P. Hocking et al.



5.3.2 Semi-Aquatic and Raptorial Feeding

Raptorial and semi-aquatic feeding both involve the capture of prey underwater
using teeth and/or claws (Hocking et al. 2017c). With claws absent in living otariids,
they must rely on their teeth alone to pierce and trap prey (Fig. 5.4). This style of
feeding is what most people associate with fur seals and sea lions, and indeed it
seems to be their preferred strategy. When captive Australian (Arctocephalus
pusillus doriferus) and subantarctic (A. tropicalis) fur seals were fed 144 whole
prey items as part of a behavioral experiment, they caught 134 by biting them with
their teeth (Hocking et al. 2016).

For raptorial feeding to work, the jaws of the predator must first overtake the prey.
Otariids achieve this either by actively pursuing the prey with their entire body, or by
striking at it with the head only. The latter is made possible by the highly flexible
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Fig. 5.3 Dangers of targeting well-defended prey. (a) Head of a wild New Zealand fur seal
(Arctocephalus forsteri, NMV C38315) with numerous injuries caused by elephant fish (b) and
stingray (c) spines. Adapted from Hocking et al. (2020)
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Fig. 5.4 Example of raptorial biting in otariids. (a) Skull and teeth of an Australian fur seal
(Arctocephalus pusillus doriferus, NMV C5717). (b) Captive Australian fur seal approaching and
biting a fish. (c) Captive New Zealand fur seal (Arctocephalus forsteri) capturing a fish by biting
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neck, which is held curved during swimming. As the seal approaches its prey, the
neck is rapidly straightened, thereby accelerating the head forward (Fig. 5.5). Head
strikes are common, and detection of this behavior via animal-mounted accelerom-
eters may be a useful indicator of prey capture in wild individuals (Skinner et al.
2009; Viviant et al. 2010; Volpov et al. 2015). Beyond increasing the forward reach
of the feeding apparatus, a flexible neck also increases the ability of the head to move
from side to side to capture highly evasive prey.

Movements of the head and body create a compressive bow wave that may alert
prey and/or push it away from the mouth. To compensate, many otariids use suction
alongside biting to draw prey within range of the teeth (Hocking et al. 2014, 2016).
Suction is generated via retraction of the tongue, which expands the oral cavity and
draws in water through the mouth just like a piston would in a syringe. Pursing of the
lips further enhances this process by creating a small, circular mouth opening which
helps to direct and strengthen the suction forces (Werth 2006).

Compared to most other carnivorans, otariids target relatively small prey—
around 16 cm long on average (Etnier and Fowler 2010)—that can be swallowed
whole. Long but narrow prey can also be swallowed this way, albeit in more than one
go. When the body depth of the prey exceeds a certain limit, however, it must be
processed into swallowable chunks (Hocking et al. 2016). Terrestrial carnivorans
achieve this by slicing or tearing with their sharp teeth, claws, and mobile paws.
Similar behaviors are also employed by certain true seals and the Australian sea lion
Neophoca cinerea, which can hold prey between their paws while tearing at it with
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Fig. 5.5 Australian fur seal (Arctocephalus pusillus doriferus) performing a head strike. (a)
Captive individual striking at fish floating in the water. (b) Same movement replicated using the
skull and neck vertebrae of a museum specimen (NHMUK 1887.5.6.1)
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their teeth (Fig. 5.6) (Hocking et al. 2017a, 2018). Overall, however, the stiff,
clawless flippers of otariids make this approach rather ineffective. Instead, large
prey is often grasped between the teeth and then violently thrashed about via
movements of the head and neck, until it eventually rips apart (Hocking et al.
2016, 2017a; Visser et al. 2008; Womble and Conlon 2010). Prior to shaking, the
prey is commonly chewed to create weak points that facilitate tearing and/or make it
easier to swallow (Hocking et al. 2017a).

Prey processing in general can occur either underwater or in air at the surface.
Processing at the surface is the primary behaviour distinguishing raptorial from
semi-aquatic feeding, and brings with it several advantages: it allows the animal to
keep breathing during lengthy processing bouts, facilitates the shaking and tearing of
prey thanks to the lower resistance of air, and allows excess water to drain away from
the prey (Hocking et al. 2017c). There is also a danger, however, that the associated

Fig. 5.6 Otariids processing large prey items. (a–c) Captive Australian sea lion (Neophoca
cinerea) tearing a fish between its jaws and flippers. (d–g) Wild Australian fur seal (Arctocephalus
pusillus doriferus) thrashing about and tearing an angelshark. Photos of wild fur seal by Robert
Harcourt
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splashing will attract predators or competitors, potentially facilitating
kleptoparasitism (Hocking et al. 2016).

Once prey or suitable sized prey chunks are finally captured in the jaws, they may
need to be reoriented or transported backwards to aid swallowing. Such transport can
occur via direct manipulation with the tongue and jaws, and/or be aided again by
suction (Werth 2000). As the prey moves towards the throat, the tongue is pushed
against the palate to force excess water out of the mouth. This water expulsion is
often visible as a cloud of small bubbles squirting from both sides of the mouth
(Hocking et al. 2014; Marshall et al. 2015), while the prey itself remains trapped by
the tongue and the ‘cage’ created by the jaws and teeth (Norris and Møhl 1983).

5.3.3 Suction Feeding

In addition to biting, otariids can capture and consume prey purely via suction. The
process starts with the pursing of the lips to create a round, pipette-like mouth
opening framed by the canines and incisors (Fig. 5.7). Piston-like movements of
the tongue and hyoid then draw water into the mouth, carrying along any prey
swimming or floating within it. Once inside the oral cavity, the prey is held with the
tongue or trapped behind the teeth and jaws, while the surrounding water is expelled.
Finally, the prey is swallowed whole, without any processing.

Unlike biting or grasping, suction relies on the inherent properties of water (i.e. its
greater density relative to air), making it a truly ‘aquatic’ feeding strategy (Hocking
et al. 2017d). Instead of being actively overtaken, prey is transported towards the
predator, which can be located some distance away (e.g. in the water column, or
above the ocean floor). Nevertheless, suction is normally preceded by chasing and/or
other prey approach behaviors, such as head strikes (Hocking et al. 2016).

Suction feeding independently evolved in a variety of marine mammals, includ-
ing whales, dolphins and phocid seals (Hocking et al. 2017d; Johnston and Berta
2011). In the most specialized species, it correlates with a variety of osteological
adaptations, such as a blunt snout to improve water flow, a vaulted roof of the mouth
to increase the size of the oral cavity, robust pterygoid hamuli to reinforce the soft
palate, or an enlarged hyoid apparatus for the attachment of well-developed gular
muscles (Adam and Berta 2002; Bloodworth and Marshall 2007; Kastelein and
Gerrits 1990; Reidenberg and Laitman 1994; Werth 2006; Werth 2007).

Except in the southern sea lion Otaria byronia, suction in otariids has not led to
obvious adaptations of the skeleton (Adam and Berta 2002). Instead, it is mostly
facilitated by soft tissue structures, such as an expandable oral cavity and flesh lobes
beside the tooth rows helping to close off the lateral gape (Fig. 5.7). Nevertheless,
suction is widespread, and appears to be used by all species tested so far except the
northern fur seal Callorhinus ursinus (Hocking et al. 2014, 2016; Marshall et al.
2015).

When suction feeding is used depends on the foraging scenario. Australian and
subantarctic fur seals primarily employ it to capture small prey that can be swallowed
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whole (Hocking et al. 2016). This pattern makes sense, as such prey may be too
small to be bitten effectively. It also reflects a constraint, however, in that only prey
that fits into the oral cavity can realistically be captured through suction alone.
Larger items need to be held between the jaws and teeth, and often require
processing before they can be swallowed.

Suction also comes into play when prey is hidden or difficult to reach. In a series
of behavioral experiments, Australian fur seals and Steller sea lions (Eumetopias
jubatus) were able to suck small fish out of elongate tubes, giving them access to
food sources that could not have been captured by biting (Fig. 5.8) (Hocking et al.
2014; Marshall et al. 2015). In the wild, this ability may allow otariids to extract prey
from small spaces created by rocks or man-made structures, such as aquaculture
facilities and various types of artificial reef (Arnould et al. 2015; Kemper et al.

Fig. 5.7 Anatomical adaptations for suction feeding in otariids. (a) The small rounded mouth
opening is framed by the incisors and canines in the skull of an Australian fur seal (Arctocephalus
pusillus doriferus, NMVC5717). (b, c) During feeding, the sides of the mouth are occluded by the
well-developed lips and fleshy lobes running along the outside of the toothrows, as shown here in
(d, e) an Australian sea lion (Neophoca cinerea), (f, g), a New Zealand fur seal (Arctocephalus
forsteri) and (h, i) a California sea lion (Zalophus californianus)
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2003). In theory, suction might also allow them to capture prey buried in the
seafloor. This scenario is unlikely to occur in practice, however, given that otariids
generally lack the extreme abrasive tooth wear typical of benthic suction feeders.

Finally, suction allows the capture of multiple, closely-spaced food items in quick
succession—up to three per second in Australian and subantarctic fur seals (Hocking
et al. 2016). Wild Antarctic fur seals (Arctocephalus gazella) also repeatedly open
their mouth during the bottom phase of a dive, suggesting the capture of multiple
prey items (Iwata et al. 2012). This behavior may correlate with their dietary
preference for krill (Bonner 1968), and has sometimes been considered a type of
filter feeding (Riedman 1990). However, Antarctic fur seals only feed on krill
throughout the South Atlantic part of their range, with fish dominating their diet in
the Indian Ocean (Green et al. 1989; Reisinger et al. 2018; Robinson et al. 2003).
They also lack the specialized tooth morphology shown by the filter-feeding leopard
(Hydrurga leptonyx) and crabeater (Lobodon carcinophaga) seals (Hocking et al.
2013; King 1961), and instead have postcanines that are even more simplified than in
other otariids. In California sea lions (Zalophus californianus) unaccustomed to
extremely small prey, similarly unspecialized postcanines perform poorly in
retaining small food items inside the oral cavity (Hocking et al. 2013). This may
suggest that otariids primarily rely on behavioral (e.g. movements of the tongue),
rather than anatomical adaptations, when retaining small prey inside the mouth
during feeding.

Fig. 5.8 Otariid suction feeding. Captive California sea lion (Zalophus californianus) sucking
small fish out of a tube. Arrow points to the cloud of water being expelled from the mouth following
suction
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5.4 Feeding in Walruses

5.4.1 Diet

The walrus has traditionally been thought of as a bivalve specialist, but its’ diet is in
fact surprisingly varied and, besides clams, also heavily draws on snails, polychaetes
and, to a lesser extent, crustaceans, sea cucumbers, squid and jellyfish (Fay 1982;
Sheffield and Grebmeier 2009). Additionally, some individuals have been observed
to feed on larger vertebrate prey, including birds and other marine mammals (Fay
1982; Gjertz 2009; Lowry and Fay 1984; Mallory et al. 2004). Opportunistic
consumption of large prey is also supported by stable isotope data (Seymour et al.
2014a, b), but it is possible that at least some of the reported attacks instead reflect
social play behavior (Giljov et al. 2017).

5.4.2 Suction Feeding

Unlike most otariids, the walrus is a specialized suction feeder with a short rostrum,
notably arched palate, and robust pterygoid hamuli (Adam and Berta 2002; Kastelein
and Gerrits 1990). Except for the elongate tusks, its teeth are reduced to simple pegs,
and grind, rather than shear, against each other when the jaw is closed (Cobb 1933).
The snout is muscular and covered in a dense mat of highly mobile, tactile vibrissae,
which appear to function during food identification, excavation, manipulation, and
processing (Fay 1982; Kastelein et al. 1991).

Walruses primarily use suction to capture bivalves buried in the seafloor (Vibe
1950). When feeding, they position themselves face down at an angle of 10–90
degrees, while bracing their flippers against the seafloor (Fay 1982; Kastelein and
Mosterd 1989; Levermann et al. 2003). Once in position, they slowly swim for-
wards, dragging their elongate tusks along the bottom like a sledge (Fig. 5.9)
(Levermann et al. 2003). As they move, they scan for prey using their eyes and
tactile vibrissae. This can create problems, as sediment stirred up by their move-
ments tends to reduce visibility. In response, wild walruses have been observed to
create water currents using one of their flippers, which helps to clear the area in front
of the head (Levermann et al. 2003).

To excavate the bivalves, walruses either root around the bottom with their
muzzle, or use their flipper to fan away the surrounding sediment. Like humans,
and indeed some other marine mammals (Karenina et al. 2016; MacNeilage 2014),
they appear to be right-biased, with the right flipper being both somewhat larger and
used preferentially during feeding (Levermann et al. 2003). In addition, walruses can
use their strong gular musculature to create a targeted jet of water, which may be
strong enough to expose buried prey. Indeed, hydraulic jetting was the main
excavation technique observed in an early captive study (Kastelein and Mosterd
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1989), but appears to be less common in the wild—possibly because of differences
in sediment coarseness and/or depth (Levermann et al. 2003).

Once excavated, the bivalves are manipulated with the stiff vibrissae and posi-
tioned between the lips. The latter are pursed into a small circular opening and tightly
grip the shell, while piston-like movements of the tongue decrease the pressure
inside the oral cavity by as much as �1.188 Bar (108 kPa). This pressure difference
results in a strong suction force that draws out the soft tissue of the prey, leaving
behind the shells (Fay 1982; Kastelein et al. 1991, 1994; Oliver et al. 1983).

Walrus suction feeding is highly efficient, with single individuals ingesting up
6–9 clams per minute, and up to 36 kg and thousands of individual prey items per
day (Kastelein et al. 1994; Oliver et al. 1983; Ray et al. 2006). This voracious
appetite makes walruses a major consumer, accounting, for example, for roughly 3%
of the total yearly biomass turnover in the Bering Sea (Ray et al. 2006). The resulting
disturbance of vast areas of seafloor (estimated at 3000–5000 km2 in Beringia alone)
furthermore affects benthic community structure, and increases nutrient flux from
the sediment to water column by as much as two order of magnitude (Oliver et al.
1983, 1985; Ray et al. 2006). Together these large-scale effects make walruses a
major ecosystem engineer.

Fig. 5.9 Suction feeding in walruses (Odobenus rosmarus). (a) Schematic drawing of a walrus
excavating bivalves buried in the seafloor via a jet of water from its mouth. (b) Photo a wild walrus
feeding on the seafloor. (c–e) Walrus feeding patch littered with empty shells. (a) modified from
Kastelein and Mosterd (1989); (b–e) copied from Levermann et al. (2003) under a Creative
Commons Attribution Licence 4.0

114 D. P. Hocking et al.



5.4.3 Feeding on Large Prey

Walruses occasionally target larger prey in a variety of ways and settings. Birds often
appear to be approached underwater, following which they are rapidly grasped with
the teeth, stabbed with the tusks, or perhaps even sucked below the surface (Fox et al.
2010; Giljov et al. 2017; Gjertz 2009; Mallory et al. 2004). The carcass is then
dismembered either underwater, or with the help of the flippers while the walrus
floats at the surface (Fox et al. 2010; Mallory et al. 2004).

Reports of direct attacks on other seals are rarer, although Fay (1960) relayed
traditional Inuit lore describing a rare case of ‘rogue’ bulls feeding primarily on
vertebrates. They were described as:

relatively lean and slender, with shoulders and forelimbs appearing unusually large and
powerfully developed; the chin, neck, and breast are impregnated with oil from frequent
contact with seal blubber, and the oxidized oil imparts an amber colour to these regions and
to the tusks (cf. Brooks 1954, p. 57). The tusks are exceptionally long, slender, and sharp-
pointed, and their labial surfaces are covered with scratches. (Fay 1960: p. 112)

Despite relatively frequent finds of seal remains in walrus stomachs, active predation
remained unconfirmed until the publication of accounts describing fresh prey
remains indicative of recent kills (Fay et al. 1990; Lowry and Fay 1984). These
reports were coincident with an apparent rise in the incidence of ‘carnivorous’
behavior, perhaps in response to an increasing walrus population or a trend towards
a more generalist diet (Lowry and Fay 1984; Seymour et al. 2014a). Both direct
observations and stable isotope analyses have since shown that seal-eating is not
confined to bulls, and appears to be equally common across both sexes (Lowry and
Fay 1984; Seymour et al. 2014b).

From what little is known, at least some attacks by walruses seem to target seals
resting on ice floes. Rising from the water beside the floe, the walrus seems to use its
tusks to stab or strike its victim. Once dead, the prey is held down by the flipper,
opened with the tusks, eviscerated via suction, and finally torn into swallowable
chunks (Fig. 5.10) (Lowry and Fay 1984).

5.5 Conclusions

Over the course of their evolutionary history, otarioids have adapted to feeding in
water in a variety of ways. Despite resembling their terrestrial ancestors far more
than other marine mammals like cetaceans, fur seals and sea lions are agile marine
predators targeting everything from fishes, to molluscs, crustaceans, birds and even
other mammals. They are adept at both biting and suction, employing either or both
behaviors depending on the foraging scenario. Walruses are more specialized in their
anatomy, yet also capable of feeding on a surprisingly broad range of prey. Their
large size, voracious appetite and invasive benthic foraging strategy all conspire to
make them an engineer and keystone species of the Arctic marine ecosystem.
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Overall, otarioids provide a remarkable example of adaptation, having successfully
met the challenges posed by the marine realm. From humble terrestrial beginnings,
they evolved into some of the most versatile predators of the modern ocean, with the
tools and skills to exploit its remarkable range of ecological opportunities.
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