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Abstract The Southern elephant seal (Mirounga leonina)

is a major consumer from the Southern Ocean. This species

is highly sexually dimorphic and frequently exhibits

resource partitioning according to sex and/or age classes.

This study analysed the feeding habits of the M. leonina

population from Isla 25 de mayo (King George Island) in

the spring/summer seasons of 1995/1996–2002/2003. A

total of 232 individuals from different sex-age groups were

stomach lavaged. The analysis of stomach samples showed

that cephalopods were the main prey followed by fish, their

frequency of occurrence being 98.1 and 17.9 % respec-

tively. Cephalopods were dominated by the Antarctic gla-

cial squid, Psychroteuthis glacialis, which occurred in

83 % of samples, constituting 57.2 % in numbers and

61.3 % in mass. Octopods were of lesser relevance,

occurring in 18 % of samples, but became more important

in the diet of male individuals. Juvenile seals fed on a

lower variety of cephalopod prey than older ones. This

would coincide with the diving pattern characteristic of the

different sex-age categories of seals. The predominance of

P. glacialis might be associated with the more southerly

location of the foraging areas of this population compared

to others. Fish were largely represented by the myctophid

Gymnoscopelus nicholsi, which occurred in 81.3 % of

samples containing otoliths and constituted 76.4 % in

numbers and 66.4 % in mass. However, while myctophids

may be the dominant fish prey of elephant seals in areas

close to the South Shetlands, they would be probably

replaced by P. antarcticum as seals migrate towards higher

latitudes.
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Introduction

Knowledge of diet is fundamental to studies of the ecology

of pinnipeds and to the understanding of their role as

consumers in marine ecosystems. The Southern elephant

seal, Mirounga leonina, is an important apex predator that

is widely distributed in the Southern Ocean. The main

breeding concentrations of this phocid are located on

subantarctic Islands, e.g., Souh Georgia, Heard, Kerguelen

and Macquarie Islands. In contrast, the colony at Penı́nsula

Valdés, Argentina, is the only continental breeding site

(Campagna and Lewis 1992; Reeves et al. 1992; McMahon

et al. 2005; Authier et al. 2011). The total world population

of M. leonina in the 1990s decade was estimated at over

660,000 individuals, with the breeding population at South

Georgia producing almost 55 % of the annual world pup

production (Laws 1994; Boyd et al. 1996). This stock

includes subpopulations at South Georgia Island, Islas

Malvinas/Falkland Islands, South Orkney Islands, South

Shetland Islands, South Sandwich Islands, Gough and
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Bouvet (McMahon et al. 2005; Carlini et al. 2006). The

subpopulation of South Georgia has remained relatively

stable since the 1950s. However the Isla 25 de Mayo/King

George Island breeding population, has been declining

since the 1990s to the present (SCAR 2006; Mennucci et al.

2012).

Food availability in the ocean has been suggested as a

proximate cause in the changes in population numbers of

different Southern elephant seal colonies (Green and Bur-

ton 1993; Hindell et al. 1994; McMahon et al. 2005, among

others). Moreover, mass and energy reserves of seals

coming ashore to breed, pup weaning mass, duration of

foraging trips and juvenile survival may be linked to their

dietary intake, which in turn depends on the temporal and

spatial variation in the availability of food resources

(Bester 1988; Slip 1995; Carlini et al. 1999; Piatkowski

et al. 2002).

An assessment of the impact of elephant seals on prey

resources in the Scotia Sea indicated that they account for

nearly 75 % of the 3.7 9 106 tonnes of cephalopods and

45 % of the 2 9 106 tonnes of fish caught by seabirds and

seals (Croxall et al. 1985). More recently, and specifically

for the female component of the population of M. leonina

from I. 25 de Mayo/KGI, Carlini et al. (2005) estimated, on

a basis of 450 females, that the total biomass of fish and

squid consumed by the breeding group, assuming a diet

composed of 75 % cephalopods and 25 % fish, was 521 t

and 174 t respectively during the post-breeding aquatic

phase of the 1995/96 season.

The information on the feeding habits of this phocid

species has markedly increased during the last decades. In

general, studies come from South Georgia (Laws 1956;

Rodhouse et al. 1992; Brown et al. 1999), South Orkney

Islands (Clarke and MacLeod 1982), Prydz Bay (Green and

Williams 1986), Heard and Macquarie Islands (Green and

Burton 1993; Slip 1995; Bradshaw et al. 2003; Field et al.

2007; Newland et al. 2009, 2011, Walters et al. 2014),

Browning Peninsula and Peterson Island (Van den Hoff

et al. 2003) and Kerguelen Islands (Cherel et al. 2008;

Chaigne et al. 2013). Specifically for the I. 25 de Mayo/KGI

population, few mainly preliminary studies were performed

(Daneri et al. 2000; Daneri and Carlini 2002; Piatkowski

et al. 2002; Daneri et al. 2005). These studies have indicated

that cephalopods and fish are common in the diet of M.

leonina, the occurrence of crustaceans being occasional and

of lesser importance. Furthermore, cephalopods and fish

prey species identified to date were almost exclusively

distributed to the south of the Antarctic Polar Front.

Thus, the aims of the present study were to examine the

diet of the M. leonina colony from Stranger Point, 25 de

Mayo/KGI, and to assess whether or not differences existed

between the different components (sex-age categories) of

the population.

Materials and methods

The sampling site is located along a coastal zone that

stretches approximately 5 km from Potter Cove to Stranger

Point, near the Argentine scientific station ‘‘Carlini’’ within

the Antarctic Special Protected Area (ASPA) no. 132

(62�150S, 58�390W) (Fig. 1). Throughout eight consecutive

spring-summer seasons (1995/1996–2002/2003), a total of

232 Southern elephant seals were chemically immobilised

by an intramuscular injection of either a combination of

ketamine hydrochloride (50 mg/ml, estimated dose range:

3–6 mg/kg) and xylazine hydrochloride (20 mg/ml, esti-

mated dose range: 0.1–0.3 mg/kg) or a mixture of 250 mg

tiletamine and 250 mg zolazepam (dose range 0.8–1.2 mg/kg).

Daily checks were made along the beaches for recently

hauled out seals of each sex-age category at the beginning

of the molting season. Once anaesthetised, individuals

were subjected to stomach lavage. When the duration of

immobilisation of a given specimen allowed it, up to three

lavages were performed. The diluted stomach contents

were then sieved (1.0 mm mesh) and the different prey taxa

sorted. Furthermore, specimens were measured (standard

length, with the animal in ventral recumbency, and axillary

girth) and their weights were estimated (to calculate the

actual dose given) using a published regression equation

(Vergani and Spairani 1980).

Following the criteria of Laws (1956), Arnbom et al.

(1992) and Rodhouse et al. (1992), i.e. a combination of

standard length measurement and morphological features

of the individuals studied, these were classified in four sex-

age categories:

(A) Juveniles regardless of sex B2 years old.

(B) Sub- adult males of *3 to 6 years old.

(C) Mature females C3 years old.

(D) Adult males C7 years old.

Individuals belonging to category A were not discrimi-

nated by sex since a number of studies have indicated that

gender differences in foraging and/or diving behavior start,

in general, from the second year of life onwards in both

species of the genus Mirounga (Le Boeuf et al. 1996; Irvine

et al. 2000; Field et al. 2005, among others).

Cephalopod lower beaks were identified by consulting

the appropriate literature (Okutani and Clarke 1985; Clarke

1986; Xavier and Cherel 2009) and by comparison with

reference collections housed at the Instituto Antártico Ar-

gentino and at the Museo Argentino de Ciencias Naturales

‘‘Bernardino Rivadavia’’. Lower rostral length (LRL) and

lower hood length (LHL) of beaks were measured with

vernier callipers to the nearest 0.01 mm for squid and

octopus specimens respectively. Allometric equations used

to estimate whole wet body mass and dorsal mantle length

were taken from previous published literature (Clarke
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1986; Rodhouse et al. 1990; 1992; Groger et al. 2000;

Xavier and Cherel 2009).

Fish sagittal otoliths were identified by comparison with

reference collections and consultation of appropriate guides

(Hecht 1987; Williams and McEldowney 1990; Reid 1996).

Otoliths were assigned to three categories according to their

level of erosion, and a correction factor was applied to

compensate for this erosion, following Reid (1995). Fish

length and mass were estimated from the corrected mea-

surements of otolith length using regression equations

(Williams and McEldowney 1990). Each fish has a pair of

sagittal otoliths, and so, the fish mass estimated from the

otoliths representing each species was divided by two, fol-

lowing North (1996). Otoliths markedly eroded or broken

were not considered for identification and/or measurement.

The relative importance of each prey taxon was evaluated

(for cephalopods and fish separately) in terms of frequency

of occurrence, numerical abundance and reconstituted mass.

Also the index of relative importance (IRI) was estimated

following Pinkas et al. (1971) but in a modified version

where the original term by volume was replaced by per-

centage by wet weight (Reid 1995). In order to make the

interpretation of the IRI easier, this index was expressed on a

percent basis (%IRI) following Cortés (1997).

The relationship between seal body length and the mean

estimated mantle length of cephalopod prey in each

stomach was examined by regression analysis. Addition-

ally, a factorial correspondence analysis was performed in

order to detect differential feeding patterns on cephalopod

prey among the four sex-age categories of seals analysed.

Finally, and exclusively for individuals of age C3 years

old, a log linear frequency test was performed in order to

detect significant differences between sexes and seasons in

the cephalopod diet composition.

Results

Overall diet

During the whole study period a total of 232 Southern

elephant seals were sampled. Of these, 69.8 % (n = 162)

presented prey remains, whereas the remainder 30.2 %

(n = 70) did not. Cephalopods occurred in 98.1 % of

stomachs containing food remains followed by fish

(17.9 %) and crustaceans (12.1 %) (Table 1).

Cephalopods

This taxon was represented by a total of 3,225 beaks (1,486

upper; 1,739 lower) and in minor proportions by eye len-

ses, pens and only two buccal masses. Regarding exclu-

sively those stomachs containing cephalopod remains

(n = 159), the average number of lower beaks was 11

(range 1–214). The total number of species in any stomach

ranged from 1 to 7 (mean = 2). Eleven cephalopod taxa

were identified. Of these, eight species corresponded to

teuthoids. Octopods instead were represented by two spe-

cies and one species group.

Overall, the dominant and most frequent cephalopod

prey species was the Antarctic glacial squid, Psychroteu-

this glacialis, followed by Slosarczykovia circumantarcti-

ca. These two taxa contributed together over 90 % to the

total Index of Relative Importance (Table 2).

Fig. 1 Study area and its

geographical location (modified

from Carlini et al. 2006)
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However, the taxonomical composition of the cephalo-

pod prey of seals varied somewhat when these were dis-

criminated by sex-age categories (Tables 3, 4, 5).

The estimated size (mantle length) of the different

cephalopod prey taxa taken by M. leonina discriminated by

sex-age categories is given in Online Resource 1. The

relationship between the lower rostral length of cephalo-

pods taken and seal body length was examined for each

prey taxon. A slightly positive (r = 0.27) but significant

(p \ 0.01) correlation was only found between P. glacialis

size and elephant seal size.

On the other hand, the exploratory results obtained from

the factorial correspondence analysis showed different

patterns of relations between the cephalopod prey taxa and

the different sex-age categories of seals (Fig. 2).

The first two axes accounted for almost 90 % of the total

inertia. The biplot of coordinates on these two axes

showed:

1. A relation between adult male elephant seals (category

D) and octopod prey.

2. A wide variety of cephalopod prey taxa, mainly

teuthids, in relation to mature females (category C).

3. Immature juveniles (category A) and sub-adult males

(category B) with a relatively similar pattern of

relations with cephalopod prey, representing an inter-

mediate diet between categories C and D.

Finally, and regarding seals of both sexes of age C3, the

log linear frequency analysis showed significant differ-

ences between the sexes and seasons in the cephalopod diet

of seals (Online Resource 2).

Fish

This prey taxon was present in 17.9 % (n = 29) of stom-

achs containing food remains (Table 1). These corre-

sponded to two juveniles (category A), three subadult

males (category B), 20 females (category C) and four adult

males (category D). However, only 55 % of these stomachs

contained otoliths; the remainder presented a few eye

lenses and/or bones. A total of 232 otoliths (198 sagittal, 34

lapillus) were removed, representing ten fish taxa of which

seven were determined to the species level. The mean

number of saggital otoliths removed from a given stomach

was 12.4 ± 25.2 (range 1–105), whereas the minimum and

maximum number of fish taxa found were one and three,

respectively. The stomach that contained the maximum

number of otoliths (n = 105) corresponded to an adult

female with an estimated body weight of 703.9 kg. Of

these otoliths, 102 belonged to Gymnoscopelus nicholsi

and the remaining 3 to Electrona antarctica, representing

Table 1 Percentage frequency of occurrence (% F) of remains found

in stomach contents of M. leonina at Isla 25 de Mayo/King George

Island

Taxon % F

Cephalopods 98.1

Octopods 17.9

Teuthoids 92.0

Fish 17.9

Gastropods 1.2

Bivalves 2.5

Crustaceans 12.3

Briozoans 1.9

Ascidians 1.2

Polychaetes 0.6

Nematodes 100.0

Acantocephales 1.2

Algae 9.3

No. of stomachs with prey remains 162

Table 2 Taxonomical

composition of the cephalopod

prey of M. leonina, (all sex-age

groups combined), expressed in

terms of frequency of

occurrence (F, %F), numerical

abundance (N, %N), biomass

(M grams, %M) and index of

relative importance (IRI, %IRI)

PREY taxon F % F N % N M % M IRI % IRI

Psychroteuthis glacialis 132 83.0 994 57.2 85764.9 61.3 9836.8 82.0

Gonatus antarcticus 13 8.2 28 1.6 4800.1 3.4 41.2 0.3

Moroteuthis knipovitchi 5 3.1 8 0.5 2926.6 2.1 8.0 0.1

Kondakovia longimana 13 8.2 28 1.6 12769.1 9.1 87.8 0.7

Alluroteuthis antarcticus 32 20.1 67 3.9 22865.6 16.4 406.6 3.4

Chiroteuthis veranyi 1 0.6 1 0.1 114.9 0.1 0.1 0.0

Slosarczykovia circumantarctica 72 45.3 541 31.1 3737.3 2.7 1529.8 12.7

Galiteuthis glacialis 11 6.9 20 1.2 1181.7 0.8 13.8 0.1

Papillated Pareledone spp. group 18 11.3 23 1.3 2990.7 2.1 39.2 0.3

Pareledone turqueti 17 10.7 27 1.6 2596.0 1.9 36.4 0.3

Adelieledone polymorpha 2 1.3 2 0.1 97.5 0.1 0.2 0.0

Total 159 1739 100 139844.3 100 12000.0 100
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an estimated biomass of 1722.2 and 31.6 g, respectively.

The predominant fish prey species was the myctophid G.

nicholsi, which presented the greatest % IRI (over 90 %).

In terms of occurrence and numbers, the nototheniid Ple-

uragramma antarcticum was second in importance,

whereas Gobionotothen gibberiffrons was the second

contributor in mass (13.1 %) (Table 6).

However, the taxonomical composition of the fish prey

discriminated by gender indicated a lower presence of G.

nicholsi coupled with a proportionally greater contribution

of G. gibberifrons in the diet of males. Furthermore G.

nicholsi had a higher %IRI in the diet of females in com-

parison to that of males (94.8 vs. 55.9 %) (Table 6).

The estimated size of the fish ingested (regarding all fish

taxa identified) ranged from 73.5 mm (E. antarctica) to

292.1 mm (Chionodraco myersi). The estimated mean

Table 3 Taxonomical compositión of the cephalopod prey of M.

leonina expressed in terms of percent frequency of occurrence

Prey taxon Sex-age class

Juv SA F M

Psychroteuthis glacialis 63.2 78.4 88.2 75.0

Gonatus antarcticus 5.3 5.4 10.8 0.0

Moroteuthis knipovitchi 0.0 2.7 3.2 8.3

Kondakovia longimana 0.0 2.7 11.8 8.3

Alluroteuthis antarcticus 0.0 18.9 20.4 8.3

Chiroteuthis veranyi 0.0 0.0 1.1 0.0

Slosarczykovia circumantarctica 47.4 27.0 52.7 8.3

Galiteuthis glacialis 0.0 8.1 8.6 8.3

Papillated Pareledone spp. group 15.8 21.6 5.4 25.0

Pareledone turqueti 5.3 16.2 7.5 33.3

Adelieledone polymorpha 0.0 2.7 0.0 8.3

Juv Juveniles regardless of sex B2 years old; SA sub-adult males *3

to 6 years old; F mature females C3 years old; M adult males

C7 years old

Table 4 Taxonomical composition of the cephalopod prey of M.

leonina expressed as a percentage of the total number of beaks

Prey taxon Sex-age class

Juv SA F M

Psychroteuthis glacialis 57.7 59.8 56.9 50.0

Gonatus antarcticus 3.8 1.7 1.6 0.0

Moroteuthis knipovitchi 0.0 0.9 0.4 2.5

Kondakovia longimana 0.0 0.4 1.8 2.5

Alluroteuthis antarcticus 0.0 5.7 3.7 2.5

Chiroteuthis veranyi 0.0 0.0 0.1 0.0

Slosarczykovia circumantarctica 30.8 19.2 33.4 20.0

Galiteuthis glacialis 0.0 1.7 1.1 2.5

Papillated Pareledone spp. group 5.8 4.8 0.4 7.5

Pareledone turqueti 1.9 5.2 0.7 10.0

Adelieledone polymorpha 0.0 0.4 0.0 2.5

Total no. of lower beaks 52 229 1,418 40

Juv Juveniles regardless of sex B2 years old; SA sub-adult males *3

to 6 years old; F mature females C3 years old; M adult males

C7 years old

Table 5 Taxonomical composition of the cephalopod prey of M.

leonina expressed as a percentage of the total estimated biomass

Prey taxon Sex-age class

Juv SA F M

Psychroteuthis glacialis 72.5 55.5 64.0 39.1

Gonatus antarcticus 10.1 2.5 3.8 0.0

Moroteuthis knipovitchi 0.0 2.6 1.9 4.4

Kondakovia longimana 0.0 0.3 9.1 35.3

Alluroteuthis antarcticus 0.0 25.5 15.8 2.8

Chiroteuthis veranyi 0.0 0.0 0.1 0.0

Slosarczykovia

circumantarctica

4.9 1.4 3.0 0.6

Galiteuthis glacialis 0.0 1.1 0.8 0.7

Papillated Pareledone spp.

group

5.1 7.8 0.3 10.1

Pareledone turqueti 7.3 3.0 1.2 6.5

Adelieledone polymorpha 0.0 0.3 0.0 0.3

Total (kg) 2059.2 21604.0 108010.9 8170.2

Juv Juveniles regardless of sex B2 years; SA sub-adult males *3 to

6 years old; F mature females C3 years old; M Adult males C7 years

old
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Fig. 2 Two-dimensional plot of the row and column coordinates

showing the spatial distribution of the different sex-age categories of

seals and their cephalopod prey taxa. Filled square box Prey taxon,

Plus sex-age category. Sloz: Slozarksikovia circumantarctica, Psyc:

Psychroteuthis glacialis, Gona: Gonatus antarcticus, Gali: Galiteu-

this glacialis, Allu: Alluroteuthis antarcticus, Kond: Kondakovia

longimana, Moro: Moroteuthis knipovitchi Chiro: Chiroteuthis ver-

anyi, Octo: octopodid spp.
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standard length of G. nicholsi was 139.3 mm ± 12.2

(range 95.3–168.8 mm) corresponding to specimens of

9.7–59.1 g wet mass. On the other hand, the estimated

mean standard length of P. antarcticum was

132.7 mm ± 44.3 (range 90.7–226.2 mm) representing

specimens of 5.0–92.8 g wet mass. The size frequency

distributions of these two fish taxa indicated that the modal

length class of G. nicholsi (150–155 mm) was remarkably

higher than that of P. antarcticum (100–110 mm) although

the latter presents a second smaller peak between 170 and

180 mm (Fig. 3).

Crustaceans

These were present in 12.4 % (n = 22) of the 162 stom-

achs containing food remains (Table 1). Most of them were

represented by exoskeletal and appendage fragments. Their

identification indicated that amphipods occurred in all

stomachs containing crustacean remains; isopods and

decapods (Natantia) occurred in one stomach each and

euphausids in two.

Discussion

The relative importance of the two main components found

in the diet of M. leonina, i.e. cephalopods and fish, is

influenced by two important factors:

1. The distance between foraging grounds and their

breeding and/or moulting sites. Both male and

female elephant seals may travel great distances,

e.g. over 3,000 km, from land to foraging areas

(McConnell and Fedak 1996; Jonker and Bester

1998; Biuw et al. 2007; Dragon et al. 2012).

Specifically for Isla 25 de Mayo/King George Island

elephant seals, Bornemann et al. (2000) and Tosh

et al. (2009) reported feeding trips of over 1,500 km

for both juveniles and adults of both sexes and that a

considerable number of the tracked individuals had

focussed their foraging activities in areas located

along the west and east shelf margin of the Antarctic

Peninsula, also reaching the South Orkneys and

South Georgia.

2. The relative contributions of cephalopods and fish to

the diet of seals are influenced by the rate of passage

of digesta through their alimentary tract. Bigg and

Fawcett (1985) concluded that hard parts of squid

such as chitinous beaks are resistant to digestion and

may be retained in the stomach rugae or the pyloric

sphincter of the otariid Callorhinus ursinus as a

result of their irregular shape, while fish bones and

otoliths are readily digested and pass more rapidly

into the intestine. In support of this, Harvey and

Antonelis (1994) reported that beaks often remained

in the stomachs of captive northern elephant seals

after repeated lavages, some of which were recov-

ered up to 9 days after ingestion. In contrast,

relatively undigested otoliths were collected only if

lavage samples were performed within 24 h of

feeding. Moreover, Tollit et al. (1997), based on

experimental feeding trials with captive specimens

of Phoca vitulina, reported that hard remains, such

as cephalopod beaks, could be recovered up to

Table 6 Taxonomical composition of the fish prey of Southern elephant seals at Isla 25 de Mayo/King George Island, in terms of frequency of

occurrence (% F), numbers (% N), biomass (% M) and index of relative importance (% IRI)

Taxon Sexes combined Females Males

% F % N % M % IRI % F % N % M % IRI % F % N % M % IRI

Myctophidae

Gymnoscopelus nicholsi 81.3 74.2 66.4 93.0 90.9 78.8 76.8 95.1 60.0 31.6 19.1 55.9

Electrona antarctica 25.0 4.5 1.1 1.1 27.3 3.4 0.9 0.8 20.0 15.8 2.2 6.6

Indet. Myctophidae 18.8 4.0 – – 18.2 3.4 – – 9.1 10.5 – –

Nototheniidae

Pleuragramma antarcticum 25.0 9.0 5.5 2.9 27.3 8.4 5.3 2.5 9.1 10.5 6.4 2.8

Gobionotothen gibberifrons 12.5 3.0 13.1 1.6 18.2 31.6 72.3 34.7

Indet. Nototheniidae 18.2 1.0 – – 18.2 1.1 – – – – – –

Channichthyidae

Chionodraco rastrospinosus 12.5 1.5 5.8 0.7 18.2 1.7 7.0 1.1 – – – –

Chionodraco myersi 6.3 1.5 7.3 0.4 9.1 1.7 8.9 0.6 – – – –

Dacodraco hunteri 6.3 0.5 0.9 0.1 9.1 0.6 1.1 0.1 – – – –

Indet. Channichthyidae 6.3 1.0 – – 9.1 1.1 – – – – – –

Total number of otoliths 198
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7 days after ingestion. Taking into consideration all

these potential biases inherent to the stomach lavage

method, we assumed for M. leonina

(a) a similar retention time of hard remains in stomachs

to those reported for P. vitulina and M. angustirostris.

(b) a mean speed of displacement at sea of 50 km/day

according to data reported from satellite tracked

elephant seal individuals from Stranger Point

(Bornemann et al. 2000; Tosh et al. 2009).

Thus, the different prey taxa recovered from stomach

lavages in this study might well have represented cepha-

lopod and fish prey ingested at distances of ca. 350 and

50 km,respectively, from the sampling site.

Cephalopods

Overall, the cephalopod portion of the diet of M. leonina,

regarding all sex-age categories of seals combined, was

largely represented by the Antarctic glacial squid, P. gla-

cialis (Table 2). Moreover, this same squid species was

dominant in each one of the seal categories considered

(Tables 3, 4, 5).

In terms of frequency of occurrence, only four cepha-

lopod taxa (excluding P. glacialis) were present in at least

10 % of elephant seals sampled: the teuthoids S. circu-

mantarctica and A. antarcticus and the octopods P. tur-

queti and the papillated Pareledone species group.

It is worth emphasizing at this point that, until recently,

all papillated octopod specimens of Pareledone from the

Antarctic Peninsula area were ascribed to the species

Pareledone charcoti. However, a re-examination of the

papillated-type material of Pareledone has led to the

identification of eight new species of papillated Pareledone

from the Antarctic Peninsula region (Allcock 2005; All-

cock et al. 2007). These are distinguished by subtle taxo-

nomic characters, such as the morphology and placement

of their papillae, whereas traditional features such as beak

morphology fail to separate them as they all show a strong

resemblance to P. charcoti (Allcock 2005; Daneri et al.

2012).

The clear dominance of P. glacialis as a cephalopod

prey of elephant seals from Stranger Point constituted a

distinctive feature in comparison with previous dietary

reports of M. leonina, based on stomach content analyses,

at other localities of the Southern Ocean (Table 7). The

only exception was a study performed at Vincennes Bay,

East Antarctica, where P. glacialis was also a dominant

prey of mostly subadult male seals (Van den Hoff et al.

2003). Unlike our findings, the relatively few trophic

studies of M. leonina based on stable isotope techniques

(Cherel et al. 2008; Ducatez et al. 2008; Newland et al.

2011; Walters et al. 2014) or fatty acid signature analysis

(Brown et al. 1999; Newland et al. 2009) at different

localities of the Southern Ocean have not shown P. gla-

cialis (not even teuthids) to be an important prey (or

potential prey) of Southern elephant seals.

Another distinctive feature observed in the present study

was the minor diversity of squid prey taxa at this colony in

comparison with those located at lower latitudes of the

Southern Ocean (e.g. Heard, Macquarie, Kerguelen, South

Georgia). Moreover, coinciding with Van den Hoff et al.’s

(2003) observation, it may be stated that the farther south

the colony of elephant seals is located, the less the diversity

of squid prey species observed in their diet (Fig. 4). This

might be explained, at least partially, because the more

northerly Southern elephant seal colonies are located at the

latitude of (or proximate to) the Antarctic Polar Front. This

oceanic area represents a natural barrier between distinct

biological communities. Although this front is mobile and

rich in eddies and loops that span a zone as wide as

150 km, it has a fairly constant mean position from year to
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Fig. 3 The estimated standard length frequency distribution of a G.

nicholsi and b P. antarcticum preyed upon by M. leonina from Isla 25

de Mayo/King George Island
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year located at ca. 55�S (Fischer and Hureau 1988; Moore

et al. 1999). Thus, the more northern M. leonina colonies

(e.g. South Georgia, Macquarie, Heard, Kerguelen, Mar-

ion) may have access to a wider diversity of prey taxa (i.e.

sub-Antarctic/Antarctic taxa), which occur either to the

north or south of this front. This is reinforced by infor-

mation obtained from studies on the foraging ecology of M.

leonina, which indicated that the movements at sea and

potential feeding grounds of individuals from the more

northerly breeding colonies are not confined to the south of

the Antarctic Polar front, but are also within its bounds and

to the north of it (Slip et al. 1994; McConnell and Fedak

1996; Field et al. 2001, 2005; Biuw et al. 2007; Cherel

et al. 2008; Ducatez et al. 2008; McIntyre et al. 2011).

Specifically for the colony of M. leonina from Isla 25 de

mayo/King George, Bornemann et al. (2000) tracked 13

post-moult adult females and 7 weaned pups fitted with

satellite transmitters.

Some females stayed in a localised area between the

South Shetlands and the South Orkneys, while others

showed remarkably similar tracks along the shelf margin

west of the Antarctic Peninsula, moving as far as 90�W up

to the Bellinghausen Sea. In contrast, juveniles moved

south-westward into the Pacific sector of the Southern

Ocean and centred their foraging activities in ice-free

waters west of the De Gerlache Seamounts. For this same

colony, Tosh et al. (2009) instrumented 15 adult males with

satellite-linked depth recorders before initiating their post-

moulting aquatic phase. Some males remained within 500

km of the island focussing movements in the Bransfield

Strait and around the Antarctic Peninsula. Interestingly,

three males moved along the shelf margin east of the

Peninsula, reaching their southernmost positions in the

interior pack ice of the Weddell Sea as far as 75�S.

In brief, the aforementioned studies indicated that ele-

phant seal individuals of different sex-age classes from the

colony of Stranger Point focussed their foraging activities

in areas located definitively to the south of the Antarctic

Polar Front. Coincidentally, these are also areas where the

squid P. glacialis is highly abundant.

A comparative analysis of the size of the different

cephalopod prey taxa ingested by seals and the maximum

size that individuals from each of these taxa may reach in

the wild indicates that M. leonina preyed upon relatively

small or medium representatives of their respective species

(Online Resource 3). Similar findings were reported in

previous dietary studies performed at South Georgia and

Heard Island (Rodhouse et al. 1992; Slip 1995).

When analysing specifically the cephalopod diet of

elephant seals from Stranger Point, some distinctive fea-

tures can be observed: (1) a lesser diversity of prey species

in the diet of juvenile seals in comparison with older

individuals, (2) the occurrence of large muscular pelagic

teuthid species (e.g. M. knipovitchi, K. longimana) in the

diet of seals of age C3 years old, and (c) a greater con-

tribution of octopods to the diet of males, which gradually

increases from subadults to adults (Tables 3, 4, 5; Fig. 2).

The minor diversity of prey species caught by immature

seals (\3 years old) might be explained by a lesser diving

ability than older ones. In fact, previous studies on the diving

behaviour of Weddell seals, Leptonychotes weddellii, and

Northern elephant seals, Mirounga angustirostris, have indi-

cated that juveniles perform shorter and shallower dives than

Table 7 The differential contribution of the Antarctic glacial squid Psychroteuthis glacialis to the diet of M. leonina at different localities of the

Southern Ocean expressed in terms of frequency of occurrence (% F), numbers (% N) and biomass (% M)

25 de Mayo/King

George (1)

South Orkneys

(2)

South Georgia

(3)

Heard

(4)

Macquarie

(4)

Heard

(5)

Macquarie

(6)

Vincennes

Bay (7)

% F 83.0 54.5 80.0 30.5 9.2 39.0 34.5 75.0

% N 57.2 26.0 33.7 12.8 0.8 21.0 2.9 81.8

% M 61.4 8.7 15.4 7.7 0.7 5.2 – 21.1

(1) Present study, (2) Clarke and MacLeod (1982), (3) Rodhouse et al. (1992), (4) Green and Burton (1993), (5) Slip (1995), (6) Field et al.

(2007), (7) Van den Hoff et al. (2003)

Squid prey diversity vs. latitude
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Fig. 4 Comparison of the number of squid prey taxa recovered from

stomachs of M. leonina at different localities of the Southern Ocean,

HI Heard Island (1) Green and Burton (1993) (2) Slip (1995), MI

Macquarie Island (1) Green and Burton (1993) (2) Van den Hoff

(2004) (3) Field et al. (2007), SG South Georgia (Rodhouse et al.

1992), 25 M/KGI Isla 25 de Mayo/King George Island (this study),

VB Vincennes Bay (Van den Hoff et al. 2003)
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adults (Kooyman et al. 1983; Burns 1999). In particular, the

diving skills of juvenile northern elephant seals increased with

time and experience up to 2 years of age when modal diving

performance equaled that of adults (Le Boeuf et al. 1996).

Specifically for M. leonina, Irvine et al. (2000) reported that

juveniles of up to 12 months old at Macquarie Island had less

diving ability with respect to the duration and depth than

adults of the same colony, thus restricting their foraging ability

(e.g. the capability of seals to capture vertically moving prey).

The reduced vertical depth range within which juveniles for-

age could explain the lower diversity of cephalopod prey taxa

found in this study. Reinforcing this hypothesis, ontogenetic

shifts in bathymetric distribution have been reported in many

oceanic squid species (e.g. P. glacialis, G. glacialis, G. ant-

arcticus and A. antarcticus, among others) with juvenile

individuals living at shallow depths and adults found deeper

(Lu and Williams 1994; Filippova and Pakhomov 1994;

Groger et al. 2000; Collins and Rodhouse 2006). This is in line

with our findings that showed a smaller size of squid prey

species captured by immature seals (age B2, category A) in

comparison with those caught by other sex-age classes

(Online Resource 1). Furthermore, the occurrence of octopods

in their diet, though not relevant, might be explained by the

eurybathic distribution of the members of the genus Parele-

done, (from eulittoral to over 1,000 m depth) (Collins and

Rodhouse 2006; Allcock et al. 2011), thus falling within the

relatively restricted vertical foraging range of young seals. On

the other hand, the greater contribution of octopods to the diet

of subadult and adult males (Tables 3, 4 5) might be a con-

sequence of intersexual differences in the diving patterns of

seals. In support of this hypothesis, Hindell et al. (1991) and

Slip et al. (1994) indicated, for Macquarie Island elephant

seals, that there were two characteristic types of dive per-

formed by the specimens studied. Type 1 dives, which were

interpreted as pelagic foraging dives and were mainly

undertaken by females, and type 2 dives, which were con-

sidered as benthic foraging dives and were common in males

but rarely seen in females. If the diving patterns for the Isla 25

de Mayo/King George Island population were similar, it

would be more likely that males would forage on the bottom

and prey on benthic octopods than females.

Fish

This prey taxon was present in 17.9 % of the seal stomachs

containing food remains throughout the whole study period

(range through years 5.6–23.5) (Table 1). The taxonomical

composition of the fish component showed a clear domi-

nance of the Family Myctophidae, mainly represented by

G. nicholsi, which occurred in over 80 % of stomachs

containing otoliths (n = 16) and constituted 75 % in

numbers of fish consumed (Table 6). Most of the back-

ground information on the fish prey of M. leonina is rela-

tively scarce and comes mainly from stomach content

analyses, either from dead or live individuals previously

anaesthesised and then subjected to stomach lavage at

different localities of its distributional range (Laws 1956;

Green and Burton 1993; Slip 1995; Daneri and Carlini

2002; Field et al. 2007). These studies have shown the

differential contribution of myctophids to the fish portion

of the diet of M. leonina, at least in terms of numerical

abundance, at most of the localities studied (Table 8).

More recent studies on the trophic ecology of M. leonina

based on stable isotopes analysis also suggested that

myctophids might constitute an important food resource of

seals at least during certain periods of their aquatic phase

(Cherel et al. 2008; Ducatez et al. 2008; Newland et al.

2011). Additionally, a number of dietary studies of this

phocid species based on fatty acid signature analysis have

drawn similar conclusions (Brown et al. 1999; Bradshaw

et al. 2003; Newland et al. 2009). Moreover, a study on the

foraging ecology of Southern elephant seals equipped with

Time-Depth-Recorders that also included light sensors

suggested that at least one part of bioluminescence events

Table 8 Taxonomical

composition at the family level

of the fish component in the diet

of M. leonina at different

localities of the Southern Ocean

(1) Green and Burton (1993),

(2) Slip (1995), (3) Field et al.

2007 (4) Daneri and Carlini

(2002), (5) present study

Family Heard

(1)

Heard

(2)

Macquarie

(1)

Macquarie

(3)

25 de Mayo/KGI

(4)

25 de Mayo/KGI

(5)

Myctophidae 59.3 77.7 87.8 93.3 80.4 82.4

Nototheniidae 31.4 22.3 0.0 3.6 17.4 13.1

Channichthyidae 9.3 0.0 0.0 0.0 2.2 4.5

Centrolophidae 0.0 0.0 0.0 1.3 0.0 0.0

Gempylidae 0.0 0.0 0.0 0.3 0.0 0.0

Paralepididae 0.0 0.0 0.0 0.8 0.0 0.0

Phosichthyidae 0.0 0.0 0.0 0.3 0.0 0.0

Psychrolutidae 0.0 0.0 0.0 0.3 0.0 0.0

Bathylagidae 0.0 0.0 12.2 0.3 0.0 0.0

Total 100.0 100.0 100.0 100.0 100.0 100.0
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detected were emitted by myctophid fish (Vacquié-Garcia

et al. 2012).

Although channichthyids were absent in the diet of

males, a previous report on the fish prey of M. leonina from

this same colony showed the occurrence of Chionodraco

sp. and Pagetopsis sp. otoliths in stomach contents of

juvenile males (Daneri and Carlini 2002).

Regarding the habitat and distribution of the main fish

prey taxa identified in this study, G. nicholsi and E. ant-

arctica are two of the most common and abundant myc-

tophids south of the Antarctic Polar Front (Gon and

Heemstra 1990). They occur commonly in epi- and

mesopelagic waters over continental shelves and oceanic

waters of the Southern Ocean (Williams and McEldowney

1990; Barrera-Oro 2002). On the other hand, the most

representative prey species of the Family Nototheniidae

was the Antarctic silverfish P. antarcticum, the only not-

otheniid that leads an entirely pelagic existence. It is usu-

ally abundant over the continental shelf, especially in

higher latitudes. Larvae and juveniles commonly occur in

the upper 100 m of the water column, whereas adults tend

to occur near the bottom over the shelf and oceanic waters

to depths below 400 m (Hubold and Ekau 1987; Williams

and McEldowney 1990). The other nototheniid, G. gib-

berifrons, is a typical benthic species that also occurs over

shelf waters mainly around islands of the Scotia Arc and

northern tip of Antarctic Peninsula (depth range 5–700 m)

(Gon and Heemstra 1990). The channichthyid fish species

identified are benthopelagic and have a circumantarctic

distribution on the continental shelf at depths from close to

the surface (juveniles) to depths nearly 1,000 m (Fischer

and Hureau 1988; Williams and McEldowney 1990). Thus,

the comparative analysis of the fish composition of the diet

of seals between sexes would also indicate an alternation of

benthic and pelagic foraging in males and a predominantly

pelagic foraging pattern in females as suggested by Hindell

et al. (1991) and Slip et al. (1994).

In relation to the fish size classes predated by seals, G.

nicholsi and P. antarcticum attain sexual maturity at

160–180 mm and ca. 140 mm, respectively (Hubold 1984;

Gon and Heemstra 1990). The estimated sizes of these two

species from the corrected otolith lengths indicated that M.

leonina preyed mainly upon immature stages of G. nicholsi

and both immature and mature P. antarcticum (Fig. 3).

Myctophids are widely distributed in the Southern Ocean

and largely widespread from the Antarctic Polar Frontal

Zone to the edge of the Antarctic continental slope, reaching

latitudes of up to 65�S and sometimes even further south

(Kozlov 1995). Moreover, a study of the community struc-

ture of mesopelagic fishes in the slope waters of Isla 25 de

Mayo/King George indicated that the family Myctophidae

was the most important in specific diversity, numerical

abundance and wet weight (Pusch et al. 2004). However, as

was previously stated, foraging areas of the different com-

ponents of this elephant seal population are predominantly

located to the south of the Antarctic Polar Front and over the

Antarctic continental shelf (Bornemann et al. 2000; Tosh

et al. 2009). Therefore, it is highly probable that while

myctophids may be the dominant fish prey of Southern

elephant seals in areas close to Isla 25 de Mayo/King George

Island, these are probably replaced by P. antarcticum, as

seals migrate southward towards higher latitudes.

Interestingly, none of the main fish and cephalopod prey

taxa of M. leonina identified in the present study were the

target of commercial fisheries in the South Atlantic sector

of the Southern Ocean during the study period (CCAMLR

2008). However, the eventual establishment of a com-

mercial fishery for the Antarctic glacial squid P. glacialis, a

species having good-quality flesh that makes it a poten-

tially valuable commercial resource (Fischer and Hureau

1988), may have negative consequences upon the elephant

seal population from Stranger Point since this squid species

apparently constitutes one of its most important food items.

Therefore, monitoring the diet of the different sex-age

categories of elephant seals from this colony for a longer

period of time (preferentially a decade) will be essential to

gain an adequate knowledge of their trophodynamics and,

in turn, of the ecological role of this phocid species as a top

predator of the Antarctic marine ecosystem.
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Nacional del Antártico (Environmental Office), Argentina. This work

is dedicated to the memory of Dr. Alejandro Carlini (‘‘Alex’’).

References

Allcock AL (2005) On the confusion surrounding Pareledone

charcoti (Joubin 1905) (Cephalopoda: Octopodidae): endemic

radiation in the Southern Ocean. Zool J Linn Soc 143:75–108

Allcock AL, Strugnell JM, Prodöhl P, Piatkowski U, Vecchione M
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