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ABSTRACT

To understand the role of killer whales in marine ecosystems, descriptions of their diet are
vital, yet this aspect is poorly known in Subantarctic killer whales. During 823 sightings of
killer whales at Subantarctic Marion Island (2006 — 2009) we recorded 48 predation events;
in only 10 cases could prey be identified. Killer whales fed on fur seals, elephant seals and
penguins. Constant effort (dedicated) observations (259 hours, 2008 - 2009) showed that
killer whale abundance, which peaked in September - December with a secondary peak in

April - May, is linked to the abundance of seals and penguins.
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INTRODUCTION

Killer whales (Orcinus orca) exhibit wide variation in foraging ecology throughout their range
(and even locally), with distinct populations specializing on certain prey types (reviewed by
Baird 2000). They are apex predators and their documented prey include a variety of taxa
including cephalopods, bony and cartilaginous fishes, reptiles, birds, and mammals (Hoyt
1990, Jefferson et al. 1991). As such, killer whales can have important top-down effects on
marine ecosystems (Bowen 1997; see also Springer et al. 2003) and the diversity of their
prey means they can potentially influence ecosystem structure and function at various

levels (Ford and Ellis 2006).

In the southern Indian and Atlantic oceans, killer whales have been poorly studied. At the
Crozet Islands killer whales were observed feeding on seals, penguins, fish and large
cetaceans (Guinet 1992) and at Punta Norte, Argentina, killer whales are frequently
observed attacking seals, but also to some extent feed on penguins and fish (Lopez and
Lopez 1985, Hoelzel 1991, Ifiguez et al. 2002). At Marion Island (MI), opportunistic studies
have investigated killer whale population structure, local movements and social structure
(Condy et al. 1978, Keith et al. 2001, Pistorius et al. 2002, Tosh et al. 2008). A population
size of 42 animals was recently estimated using mark-recapture methods and 37 individuals
were photographically identified (Reisinger et al. in review). As at the Crozet Islands and
Punta Norte (situated at similar latitudes), killer whales are sighted year-round at Ml, but
their abundance peaks in the austral summer, arguably as a function of the seasonal haul-
out of elephant seals (Mirounga leonina) and certain penguin species (Condy 1978, Keith et
al. 2001). Seasonal co-occurrence with potential prey species is speculative and has not
been verified using dedicated observational sampling techniques. Opportunistic
observations of killer whale predation at Ml (Condy et al. 1978, Keith et al. 2001) suggest

that they include a combination of seals and penguins in their diet.

MI supports increasing populations of both Subantarctic (Arctocephalus tropicalis) and
Antarctic fur seals (A. gazella) with total pup productions of 16 045 and 759, respectively, in
2004 (Hofmeyr et al. 2006). The elephant seal population appears to be increasing and

current pup production is approximately 520 (de Bruyn 2009, McMahon et al. 2009). King
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penguins (Aptenodytes patagonicus) numbered 65 000 breeding pairs in 2008; gentoo
penguins (Pygoscelis papua), macaroni penguins (Eudyptes chrysolophus) and eastern
rockhopper penguins (E. chrysocome filholi) numbered 1 100, 290 000 and 42 000 breeding
pairs, respectively, in 2008 (Crawford et al. 2009). Clearly, these large populations provide

substantial potential prey for top-predators such as killer whales.

This study aims to describe the diet of killer whales at Ml, based on direct observation, and
to investigate their seasonal abundance at the island in relation to known prey species that

occur in this region.

METHODS

Study site

Subantarctic MI (46°54'S, 37°45'E, Figure 1) is the larger (296 km?) of a pair of islands
comprising the Prince Edward Islands (PEls) group. It is situated in the southern Indian
Ocean with the nearest landmass being the Crozet Islands (950 km to the east) in practically
the same latitude. The interplay between the Antarctic Circumpolar Current and the
prominent bottom topography of the South West Indian Ridge results in productive
turbulent water masses around the PEls (Ansorge and Lutjeharms 2005), sustaining the

numerous mammal and bird species that breed there.

Field methods

Land-based, opportunistic sightings of killer whales at M| were recorded between April 2006
and April 2009. For each sighting, location, group size and age- and sex-class composition of
the group, as well as direction of movement was recorded. Sex was determined based on
size and shape of the dorsal fin, relative body size and close association with calves (adult
females). Distance from shore was recorded following Condy et al. (1978): zone 1: within 5
m of shore; zone 2: 5-100 m from shore, usually extending to the first kelp belt (Macrocystis
sp.); zone 3: 100-500 m from shore, usually extending to the second kelp belt; zone 4:
beyond 500 m from shore. As many individuals as possible were photographed at each
sighting and notes were made regarding the animals’ behaviour. Predation events were

noted when killer whales were seen with prey in their jaws, or when prey remains were
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visible at the sea surface immediately following killer whale observation (usually giant

petrels [Macronectes spp.] fed on these).

Additionally, land-based “dedicated observation sessions” were performed between May
2008 and April 2009, during which one of two trained observers remained at set
observation points and visually searched for killer whales for a pre-determined length of
time. The same data were recorded as for opportunistic sightings, as well as Beaufort sea
state. Figure 1 shows the distribution and relative population sizes of fur seals (Hofmeyr et
al. 2006), southern elephant seals (de Bruyn 2009), king penguins (Crawford et al. 2003a)
and macaroni penguins (Crawford et al. 2003b) at dedicated observation sites. Rockhopper
penguins are distributed relatively evenly along Ml’s coast (Crawford et al. 2003c) and
gentoo penguins nest in small colonies (on average, less than 40 pairs) at few locations
(Crawford et al. 2003d). Observation locations were thus sited at certain breeding colonies
of all seal and penguin species. Short-term (one day) observations of the inshore
movements of killer whales at Ml (Pistorius et al. 2002) suggest that groups of killer whales
patrol large sections of the coast, and that they are active at all (daylight) hours (Keith et al.

2001), increasing the likelihood of sighting animals from single observation points.

Observation sessions were of two types:

1) In order to investigate the seasonal abundance of killer whales, between May 2008
and April 2009, 93 short (2-3 hours) observation sessions were performed from the
same point at Rockhopper Bay, Ml (Figure 1), totalling 249 hours (approximately the
same effort monthly, except for April 2009; Figure 2). Observation sessions were
performed at regular intervals throughout each month, and at approximately the
same time of day. Because the probability of sighting killer whales far from shore
was potentially influenced by sea state, we limited our analysis to sightings of groups
within 100 m from shore (zones 1 and 2). We considered the probability of sighting
groups at this distance not to be influenced by sea state. Repeat sightings of a group
during a session were also eliminated. These were identified by the group size and

composition, and direction of movement.
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2) 46 long (10 hours - uninterrupted) observation sessions were performed at various
points (Figure 1) around the island more than once a week between August 2008

and April 2009, totalling 460 hours.

RESULTS

Predation

Between April 2006 and April 2009, a total of 823 killer whale sightings were made during
opportunistic and dedicated observations. Forty eight predation events were recorded. For
38 events the prey could not be identified, but in 10 instances the prey was unequivocally
identified from photographs. Penguins (unknown sp.) were killed by killer whales on three
occasions, a king penguin was killed and eaten on one occasion and a macaroni penguin on
one occasion. Elephant seals were killed twice (one a subadult, the other a subadult or
adult female; Figure 3) and Subantarctic fur seals were killed on three occasions (all pups).
Killer whales unsuccessfully pursued a subadult elephant seal as well as an adult female
Subantarctic fur seal. While killer whales were not directly observed predating on Antarctic
fur seals, unknown prey was consumed at Watertunnel Beach (Figure 1), the site of the
largest Antarctic fur seal breeding colony on the island, on more than one occasion. Three
observations were made of killer whales interacting with large cetaceans (a southern right
whale, humpback whales and a group of unidentified whales): on each occasion the killer
whales moved towards the whales and swam alongside or around them, but did not make

observable physical contact with the whales.

Seasonal abundance

During 93 dedicated observation sessions at Rockhopper Bay (April 2008 — May 2009), killer
whales were sighted 49 times (repeat sightings per session excluded; zone 1 only). The
maximum number of sightings per month was 12 (November 2008) and no killer whales
were sighted in July 2008 and January, February and March 2009. Maximum sighting
frequency was 0.57 groups.hour™, during May and November 2008 (Figure 2) and mean
monthly sighting frequency was 0.21 groups.hour™. Overall, monthly sighting frequencies
differed significantly (Kruskal-Wallis test, p < 0.01) Killer whale sighting frequency showed a

clear peak in May 2008 and between September and December 2008; Mann-Whitney pair-
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wise comparisons are shown in Table 1. For all sightings from April 2006 — April 2009, group
size ranged from 1-13 individuals with a modal group size of 3. Group size frequency
distribution of killer whales sighted in the summer peak of sighting frequency (September-
December), autumn peak (April-May) and the rest of the year (January-March and June-
August) is shown in Figure 4. A Kruskal-Wallis test showed slight significant (p = 0.03)
difference between the frequency distribution of the three periods (Figure 4). Two-sample
tests for equality of proportion showed significant (p < 0.05) differences in four of the 39
pair-wise period-group size frequency comparisons (Figure 4), but only highly significant
differences (p < 0.01) between the sighting frequency of one individual in the summer and

autumn peaks and between the summer peak and the rest of the year.

DISCUSSION

Predation

Killer whales were observed preying on two of the three seal species occurring at Ml and
two of the four penguin species and these observations are similar to data for “transient”
killer whales in the eastern North Pacific and seemingly similar to populations at the Crozet
Islands and Punta Norte. It is unknown whether killer whales at Ml include fish and

cetaceans in their diet.

In the eastern North Pacific foraging observations and stomach content analyses show that
“transient” killer whales feed primarily on harbour seals (Phoca vitulina) but include a
variety of other pinnipeds, cetaceans (including large whales) and seabirds in their diet (Ford
et al. 1998). Iiiguez et al. (2002) reported that killer whales in Northern Patagonia feed
mainly on southern sea lions (Otaria flavescens) (85.7%) but also on elephant seals (3.9%),
Magellanic penguins (Spheniscus magellanicus) (3.9%) and fish (6.1%). In southern Africa
the 26 stomachs of killer whales examined (mainly from animals taken during whaling
operations) contained primarily marine mammal remains (84.6% of stomachs) followed by
fish (23.1%), squid (3.8%) and seabirds (3.8%; Best 2010). While seabirds may not represent
an important food source in the eastern North Pacific or South African waters (Williams et
al. 1990, Ford et al. 1998), penguin populations in the Southern Ocean - often locally

numbering several hundred thousand birds — may be more important for killer whales at
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these localities. Antarctic “Type B” killer whales apparently feed mainly on seals but also

take penguins (Pitman and Ensor 2003, Pitman and Durban 2010).

Killer whales in the vicinity of Ml (i.e., outside the fisheries exclusion zone of 8-12 nm
around the PEls [de Villiers and Cooper 2008]) are frequently observed depredating
Patagonian toothfish (Dissostichus eleginoides) during demersal longlining operations (Kock
et al. 2006, Williams et al. 2009) and further photo-ID investigation should be directed at
determining whether these individuals also feed on seals and penguins close inshore.
Equivocal interactions were observed with large cetaceans and it is unclear whether killer
whales prey on large cetaceans at Ml as they do at the adjacent (950 km) Crozet Islands,

directly to the east of Marion Island (Guinet 1992, Guinet et al. 2000).

Unfortunately, describing the diet of killer whales based on observations of predation
events has important limitations: such observations are relatively rare, observations include
mainly larger prey consumed at or near the surface, reflect dietary habits only in the area
where observations are made (in this study, near inshore), it may be difficult to distinguish
prey killed and consumed from prey killed and left, and the dietary habits observed may be

short term (Ford et al. 1998, Krahn et al. 2008).

Seasonal abundance

Structured dedicated observation sessions (this study) confirm the previously shown peak in
killer whale occurrence at M| between September and December (Condy et al. 1978, Keith
et al. 2001), and link it to the breeding timing of seals and penguins at the island (Figure 2).
Our dedicated observations confirm a secondary peak during April — May, linked to the
occurrence of fur seal pups in inshore waters, and without the potential effects of observer
effort bias present in previous studies. The occurrence and distribution of killer whales has
been linked to the abundance of prey resources before (e.g., Nichol and Shackleton 1996,
Simild et al. 1996) and to seasonal breeding in seals (Hoelzel 1991, Iiiguez 2001, Bolt et al.
2009).

Elephant seals have a median haulout date of 15 October (Kirkman et al. 2004) at Ml and

give birth within a week after arrival (Laws 1956). Pups wean at an age of 21 days and swim
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close to shore before dispersing in November and December (Wilkinson and Bester 1990).
Weaned elephant seal pups are presumably profitable prey for killer whales as they would
be relatively easy to catch and safe to handle, with up to 25% of weaned pups taken off a
particular beach at Possession Island, Crozet Islands (Guinet et al. 1992). The median arrival
date of king penguin adults at colonies is in November (du Plessis et al. 1994), macaroni
penguin median arrival is in mid-October (Crawford et al. 2003b), rockhopper penguin
arrival in early November (Crawford et al. 2003c) and gentoo penguin in late June (Crawford
et al 2003d). The first three species breed in large numbers (Crawford et al. 2003) and their
densities in inshore waters are high as they arrive to breed at MI. Their timing of breeding
coincides with the peak occurrence of killer whales. Gentoo penguins are present in
relatively small numbers (Crawford et al. 2003), and likely do not represent an important
prey source for killer whales at this site. Antarctic fur seals and Subantarctic fur seals have
median parturition dates of 6 and 18 December, respectively (Hofmeyr et al. 2007) and thus
prior to this, large numbers of fur seals arrive to breed, providing prey for killer whales.
Antarctic fur seal pups wean at an age of 112 days and Subantarctic fur seal pups at
approximately 300 days (i.e., in March and October of the following year, respectively;
Kerley 1985), whereafter they disperse. Pups of both species start swimming close to shore
especially in February (Kerley 1983). The availability of large numbers of fur seal pups

inshore likely explains the secondary peak in occurrence of killer whales in April — May.

The observed group sizes (Figure 4) of killer whales at MI are consistent with earlier
observations for the island (Condy et al. 1978, Keith et al. 2001, Tosh et al. 2008), as well as
for populations of pinniped-eating killer whales elsewhere. This is likely an optimal group
size for maximizing energy intake in such populations (Baird and Dill 1996). The modal
group size observed (3 individuals) is comparable to average group sizes of 4.2 (Condy et al.
1978), 3.6 (Keith et al. 2001) and 3.4 (Tosh et al. 2008) reported previously at Ml, and 3.2
(modal group size of 2) at Punta Norte (Lopez and Lopez 1985) and modal group size of 3 at
Vancouver Island, British Columbia (Baird and Dill 1996). Larger group sizes are reported for
piscivorous populations (e.g., Bigg et al. 1990, Pitman and Ensor 2003, Dahlheim et al. 2008)
and Burdin et al. (2007) showed significant differences between group sizes of mammal-
and fish-eating killer whales in the Russian Far East. The largest groups observed at Ml

included identified individuals which were mostly observed separately on other occasions
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(Mammal Research Institute, unpubl. data), indicating temporary interactions of smaller
groups, likely for socializing and perhaps cooperative hunting (Baird and Dill 1996). This
illustrates that, albeit for killer whales in different habitats and aquatic ecosystems, a stable
group size occurs in predominantly pinniped-eating populations, governed by the energetic
limitations of foraging on marine mammal prey (Baird and Dill 1996). The highly significant
differences between sighting frequencies of single individuals during the summer sighting
peak, autumn peak and the rest of the year, are likely related to the social role of “roving”
males as identified in British Columbia (Baird and Whitehead 2000). Such males disperse
from their maternal pod and appear to spend some of their time alone, occasionally
associating with groups that contain potentially reproductively receptive females. Such
associations may be more common at certain times of the year in the MI population,

explaining the change in sighting frequency of solitary killer whales.

CONCLUSIONS

Killer whales at Subantarctic Ml predate on elephant seals, fur seals and penguins but it is
unknown whether other prey species, such as cetaceans and fish, may be included. Their
temporal abundance at the island is linked to the near-/onshore temporal abundance of the
observed prey species. Our findings are similar to those for killer whales at the Subantarctic
Crozet Islands and Punta Norte, Argentina. Despite the limitations of the current study, it
provides systematically collected information about the diet of a poorly known population

of killer whales.

For the informed management and conservation of killer whale populations as well as their
prey, attempts to elucidate the diet of killer whales at MI should continue, employing the
current observational methods (which are neither costly nor invasive) as well as methods
such as fatty acid and stable isotope analysis (e.g., Herman et al. 2005). Of particular
interest is the frequency of occurrence of particular prey types and the potential impact of
killer whales on populations of their prey, especially seals. Future research should also be
directed at the large-scale movements of killer whales, using continued photographic
identification at various localities and satellite telemetry (e.g., Andrews et al. 2008), as well

as their stock structure in the region, using genetic methods (e.g., Hoelzel et al. 1998).
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Table 1
Post-hoc Mann-Whitney pair-wise comparisons for significant differences between monthly sighting rates of killer whales at Rockhopper Bay,

Marion Island. p values shown. Grey shading indicates p < 0.05, bold type indicates p < 0.01

May-08 Jun-08 Jul-08 Aug-08 Sep-08 Oct-08 Nov-08 Dec-08 Jan-09 Feb-09 Mar-09

Jun-08 0.0168

Jul-08 0.0024 0.3384

Aug-08 0.0282 0.9383 0.2616

Sep-08 0.5839 0.0056 0.0004 0.0102

Oct-08 0.9344 0.0149 0.0025 0.0346 0.6196

Nov-08 0.8832 0.0082 0.0013 0.0186 0.4099 0.8840

Dec-08 0.8420 0.0185 0.0027 0.0393 0.9594 0.7881 0.5931

Jan-09 0.0116 0.4555 0.3816 0.0026 0.0121 0.0072 0.0126
Feb-09 0.0420 0.5896 0.5271 0.0129 0.0439 0.0298 0.0444
Mar-09 0.0078 0.4214 0.3458 0.0016 0.0080 0.0046 0.0085

Apr-09 0.3810 0.2720 0.0247 0.3485 0.4344 0.4890 0.3696 0.5839 0.0801 0.2059 0.0594
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Figure 1

Map of Marion Island, Southern Indian Ocean, showing the locations (Mixed Pickle Cove,
Cape Davis, Storm Petrel Bay, Pinnacles Beach, Rockhopper Bay, Kildalkey Bay and
Watertunnel Beach) where dedicated killer whale observations were made and the breeding
population sizes of fur seals (@), elephant seals (O), king penguins () and macaroni

penguins (L) at these locations. Symbol sizes represent relative population sizes.
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Figure 2

Monthly sighting frequency of killer whales (black line) and observation effort (grey bars) at
Rockhopper Bay, Marion Island, between May 2008 and April 2009, as well as the
reproductive timing (median adult arrival to median chick creching date for penguins and
median pupping to median weaning date for seals) of gentoo penguins (GP; Crawford et al
2003d), king penguins (KP; du Plessis et al. 1994), macaroni penguins (MP; Crawford et al.
2003b), rockhopper penguins (RP; Crawford et al. 2003c), Subantarctic fur seals (SAFS;
Hofmeyr et al. 2007), Antarctic fur seals (AFS; Hofmeyr et al. 2007) and southern elephant
seals (SES; Kirkman et al. 2004).
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Figure 3

Photograph showing a killer whale predating an elephant seal at Marion Island. Photograph

by RR Reisinger.
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Figure 4

Group size frequency distribution of killer whales at Marion Island between April 2006 and
April 2009. “Rest of year” represents sightings from January-March and June-August,
“Autumn peak” represents sightings from April-May, and “Summer peak” sightings from
September-December. Letters above a bar indicate a significant difference (p < 0.05)
between the group size sighting frequency in that period and the period corresponding to

the letter.
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