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Southern elephant seals at King Penguin Bay, Marion Island. Photo — G. Hofmeyr
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“ ‘He comes out, into the wave-worn caves, and lies him down to rest: while drove upon
drove of his seals, bred from the saltwater by an ocean-nymph, forsake the grey brine

and sleep too around him, bitter-scenting the place because their breathing holds the

bitterness of the salt abysses of the sea.” ”

Homer — The Odyssey
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Individual history of movement and the dispersal of southern elephant seals
by

Gordon John Gregory Hofmeyr

Supervisor:  Prof. M.N. Bester

Department: Zoology and Entomology

Degree: Doctor of Philosophy (Zoology)

ABSTRACT

While studies of dispersal note significant fidelity to natal site and to the site of first
reproduction, few consider fidelity to other sites, and none have done so systematically.
This study examined fidelity to all terrestrial sites within the study area during the
course of its life, by a migratory marine predator, the southern elephant seal, Mirounga
leonina. 1t also attempted to assess the role played by the winter haulout in terms of site
fidelity. Finally it examined the influence of possible deterioration in spatial memory
over time on site fidelity. The data used in this study were generated by a long-term

mark-recapture programme conducted at subantarctic Marion Island.

Although immature elephant seals of both sexes return to the vicinity of their natal sites,
they appear to avoid popular breeding beaches, returning closest to the site previously
used. At the first reproductive haulout, however, females return closer to their natal site
than any other site, while males, although hauling out in the vicinity of their natal site,
haul out closest to sites used in the year prior to the first breeding haulout.
Subsequently, adults of both sexes breed closest to the breeding haulout of the previous
year and moult closest to the moult haulout of the previous year. While males show

greater site fidelity during the breeding season, there is no difference in site fidelity

\%
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during the moult. Primiparous females show greater levels of site fidelity if recorded in
the study site as an immature animal during either the winter or the moult haulouts.
Also in female elephant seals, lower site fidelity is associated with an increase in the

duration of period of absence from a site, and a lower number of visits to a site.

Various factors related to site familiarity, social factors and anthropogenic disturbance
may be responsible for the lack of strict site fidelity that is evident. Dispersal patterns

may differ between the sexes due to differences in their life history. While purpose of
the winter haulout by immature seals may be to increase familiarity with haulout sites,

and thus site fidelity, the moult haulout also plays a role.

Keywords: dispersal, site fidelity, philopatry, movement, habitat selection, spatial

memory, southern elephant seals, Mirounga leonina, Subantarctic
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FOREWORD

This study examines dispersal and site fidelity of southern elephant seals and attempts
to assess what periods, if any, of the seals history of terrestrial site use influence their
later site selection. It consists of six chapters. Chapter 1 introduces the study of
dispersal, the study animal and the study area. It then summarises the current state of
knowledge of dispersal in pinnipeds concentrating on those species in which it has most
been examined. This is followed by the questions that I have attempted to answer.
Finally, it addresses the necessary assumptions made in completing the thesis. Chapters
2 — 5 provide the main course and each is presented as a complete paper. Chapter 2
examines the dispersal of female elephant seals in relation to their history of terrestrial
site use within the study area. Chapter 3 does the same for male seals, and compares
the results to those of females. Chapter 4 looks at the winter haulout period, attempting
to assess its purpose in light patterns of dispersal shown. And Chapter 5 attempts to
assess patterns of dispersal and site fidelity in relation to the cognitive abilities of the
seals, especially in terms of memory. Chapter 6 attempts to draw a conclusion from
results and proposes further avenues of research. All terms specific to this field of study
or this thesis are defined when first used. These definitions are repeated in a glossary in
the appendices. Other appendices give examples of haulout records of female and male
elephant seals, list the haulout sites at Marion Island, list all possible haulout events, and
the numbers of animals participating in them, and finally repeat an early description of
elephant seals. This study is condensed in a brief abstract at the beginning and a longer,

point-form summary at the end.
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CHAPTER 1
INTRODUCTION

Dispersal and the history of movement

Site selection

One of the most important behaviours shown by an animal, in terms of its survival and
reproductive success, is the selection or attempted selection of the site or sites that it
will occupy during the various stages of its life (Caughley 1977; Manley et al. 1993).
Accessibility to sites varies among species; many animals have a relatively limited
ability to select sites and must rely on chance to place them and their offspring or
propagules in a favourable habitat (Matthiopoulos 2003). Other animals, however, have
remarkable abilities of movement. This group includes some of the larger vertebrates.
Furthermore, some animals among this group are able to travel relatively efficiently for
long periods and through media that provide few barriers (Schmidt-Nielsen 1972; Boyd
2002; Gleiss et al. 2011). Notable examples here are some species of birds and some
species of marine vertebrates, such as various fish, turtles, cetaceans and pinnipeds
(Boyd 2002; Gleiss et al. 2011). These animals frequently undertake long migrations
between distant sites during the course of their lives. These animals are potentially able
to move among a variety of habitats and to select those suitable or most suitable (Dingle
1996; Clobert et al. 2001). The ability to move among habitats is beneficial, because (1)
animals change during the course of their lives, with concurrent changes in resource

requirements, and (2) accessible environments change, with concurrent changes in the
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types and levels of resources available. The selection of a site will depend on a number
of factors (Figure 1.1). Among these are the accessibility of that site, the knowledge of
its existence, location, and characteristics, and an ability to assess the characteristics of
newly encountered sites (Greenwood & Harvey 1982; Manley et al. 1993;
Matthiopoulos 2003). Therefore, in addition to an ability to move among sites, in order
to survive in its environment, an animal will need to be able to assess the quality of a
site, remember the quality of that site, remember the features of the site that will enable
it to exploit resources at that site efficiently, and remember features in the vicinity of
that site that will aid in locating that site. During the course of its existence an animal
may have built up a body of knowledge of previously visited sites that could aid it in the
selection of a site. This knowledge may be modified by information gained concerning
the current state of a site in terms of resources and perceived dangers, and the social

environment present (Greenwood & Harvey 1982; Manley et al. 1993).

Definitions

The term dispersal has been used in a variety of ways (see Baker 1978; Dingle 1996;
Clobert et al. 2001). I follow a common biological usage (for example Howard 1960;
Greenwood 1980; Shields 1987) in defining it as the movement of individual animals
from one location to another, where reproduction is attempted. Reproduction, in this
case, being either mating or parturition. Natal dispersal is movement in relation to the
natal site, whereas breeding dispersal is movement in relation to a site used for
reproduction. Another important definition is philopatry, which is defined as a return by
an animal to its natal site to reproduce. A more broadly defined term is site fidelity,

which is the return of an animal to any previously used site for any purpose. These

4
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Animal exists in:

1. a current behavioural status and

2. current physical condition.

v

Needs a suitable or optimal environment:

1. exploit resources available and

2. avoid potential dangers present.

v

Locates the environment based on accessibility and:

Alters physical condition

1. prior knowledge and/or
2. exploring and finding by chance and/or

3. an informed search

v

Then assesses the suitability of the site by:

1. prior knowledge and/or
2. current assessment and/or

3. public information

v

Selects a site

v

Completes behavioural process and enters into a new

behavioural state with new physical condition.

Process starts again.

Figure 1.1 Schematic diagram showing postulated factors associated with site

selection by an animal.
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definitions broadly follow Howard (1960), Greenwood (1980) and Shields (1987).
Finally, history of movement describes the record of the interseasonal movements of an
animal that result in a pattern of displacements between seasonally used sites over the
course of its life. History of movement does not refer to finer scale movements of

animals on a day-to-day basis, or even within a season (for example Munyai 2006).

Consequences of site fidelity and dispersal

The fidelity of individual animals to a particular site or population and their dispersal to
other sites or populations is important for a number of reasons, and on a number of
levels. Firstly, it affects the distribution and size of populations through the colonisation
of potential habitat and the rescue of small unviable populations (Matthiopoulos et al.
2005). Secondly, levels of dispersal lead to the movement of genetic material and thus
influence the establishment of population genetic structure (Caughley 1977; Gaines &
McClenaghan 1980; Lidicker & Caldwell 1982; Matthiopoulos et al. 2005). Thirdly,
dispersal may influence individual survival through the levels of resource availability at
a particular site and the disease, injury and mortality risks of a particular site (Caughley
1977; Gaines & McClenaghan 1980; Moore & Ali 1984). Finally, it may influence the
reproductive success of individuals through the availability of potential mates and
resources, and the risks of mortality faced by offspring and the potential resources

available to those offspring (Caughley 1977; Beletsky & Orians 1991; Pirt 1994).

Patterns of dispersal
Patterns of dispersal shown by animals vary among species, and within species among

populations, and among age and sex classes (Greenwood 1980; Dobson 1982; Pirt

6
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1991). These patterns of dispersal have been related to life history characteristics and to
characteristics of the environment, including resource availability and distribution
(Greenwood 1980; Dobson 1982). Immature animals typically disperse farther than
adults for a number of possible reasons: 1. their lack of familiarity with their
environment, 2. a need to assess their environment through exploration, and 3. they may
be unable to compete with older animals (Greenwood 1980; Greenwood & Harvey
1982). Adult animals frequently show an increase in site fidelity as they age

(Greenwood & Harvey 1982; Pirt 1995).

Patterns of sex bias in dispersal have been related to social structure and life history
adaptations to the environment (Greenwood 1980; Dobson 1982; Greenwood & Harvey
1982). It has been noted that females are the predominant dispersing sex in
monogamous species, or species showing resource defence polygyny, whereas males
are the predominant dispersers in species showing mate defence polygyny. Accepted
theory in explanation is that, where males defend resources to which females are
attracted, males gain the most from philopatry since familiarity with an area would
favour their chances of obtaining and keeping a territory. Females therefore disperse to
avoid the deleterious effects of inbreeding. Conversely, in systems where males defend
access to mates and associated reproductive opportunities, dispersal would be male
biased as their reproductive success would not be linked to knowledge of an area.
However, females would invest more in protecting resources, which would require a
better knowledge of an area (Greenwood 1980; Dobson 1982; Greenwood & Harvey

1982).
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Most studies of dispersal, however, have concentrated on animals that are largely
sedentary. However, the problems facing migratory animals, in terms of the selection of
suitable breeding sites or home ranges, are very different. While non-migratory animals
expend energy and time in attempting to find suitable habitat when moving away from
their natal site, and therefore face the costs of dispersal, migratory animals incur costs in
attempting to return to a previously used suitable site (Morton 1992; Pért 1995). In this
regard Pirt (1995) stated that the accuracy with which a migratory animal returns to a
previously used site is a compromise between the benefits attained from the use of that

site, and the costs in energy and time spent finding and returning to it.

The study animal — southern elephant seals

Two species of elephant seals are extant; the southern elephant seal, Mirounga leonina,
which is the subject of this study, and the closely related northern elephant seal, M.
angustirostris (King 1983). Both undergo an annual double migration between foraging
grounds and isolated haulout sites, at which they are born, breed and moult
(Bartholomew & Hubbs 1960; Carrick et al. 1962b; Hindell & Burton 1988; Wilkinson
1992; Stewart et al. 1994). The mating system is polygynous, with mate-defence rather
than territorial-defence. Breeding seasons are highly synchronised. (Laws 1956; Carrick
et al. 1962b; McCann 1981; Bonner 1989; Wilkinson & van Aarde 1999). Speciation is
thought to have occurred approximately one million years ago (Hoelzel et al. 1993).
Despite this the two species share many similarities in appearance and behaviour. They
differ primarily in their range and in the timing of their terrestrial periods ashore
(Bonner 1989; Ling & Bryden 1992). Northern elephant seals forage in the north-west

Pacific ocean (DeLong et al. 1992; Stewart & DelL.ong 1992), and come ashore to breed

8

© University of Pretoria



P
si UNIVERSITEIT VAN PRETORIA
"/ UNIVERSITY OF PRETORIA

Que# YUNIBESITHI YA PRETORIA

Hofmeyr = 2013 = Elephant seal dispersal Introduction

in the boreal late winter and to moult in the boreal spring and early summer on islands
and a few mainland sites along the coast of California and Baja California
(Bartholomew & Hubbs 1960; Stewart et al. 1994). Southern elephant seals haul out on
islands of the Southern Ocean. They breed in the austral spring and moult in the austral

summer (Laws 1954).

Description

The southern elephant seal is the largest species of pinniped; with adult males reaching
masses of two to four tons and lengths of up to 4.5 metres. This species shows
considerable sexual dimorphism, with adult females being considerably smaller and
only reaching masses of 400 to 900 kilograms and lengths of up to 2.8 metres (Figure
1.2). Newborn pups weigh between 40 and 46 kilograms but reach masses of 100 to 160
kilograms by weaning three weeks later (Figure 1.3) (Laws 1993). Females first haul
out to pup at ages of three to six years, and males typically breed for the first time at
seven to ten years of age (Laws 1956; Carrick et al. 1962a; Jones 1981; McCann 1981).
At the study site, however, the onset of breeding is typically younger in males, from six

to eight years (Bester & Wilkinson 1994; Pistorius et al. 2001; Kirkman et al. 2004).

Life history

Southern elephant seals are predominantly marine. Adult females spending some 85 %

of each year at sea while adult males spend between 70 and 85 % (Carrick et al. 1962a;
Hindell & Burton 1988; Wilkinson 1992; Mclntyre et al. 2010). Their foraging grounds

may be located over 3 000 kilometres from terrestrial haulout sites
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Figure 1.2 Adult male southern elephant seals Mirounga leonina with adult females

on Marion Island. Photo: G. Hofmeyr
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Figure 1.3 Adult female southern elephant seals Mirounga leonina on Marion Island

suckling a neonate with a weaned pup lying in the foreground. Photo: G. Hofmeyr
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(Bester & Pansegrouw 1992; Jonker & Bester 1998). Four types of terrestrial periods
are experienced over the course of their lives: the breeding, moult and winter haulouts,

and the natal terrestrial period.

The breeding haulout is highly synchronized and takes place from late August to late
November. Adult females spend approximately a month ashore during the breeding
season, while adult males may spend one to three months ashore. During this time adult
females will haul out in large aggregations known as “harems” (Carrick et al. 1962a;
Bonner 1989). While these may contain as many as a thousand females (Bonner 1989)
those at the study site (Figure 1.4), and for the duration of the study, seldom contained
more than 40 adult females (Wilkinson 1992, MRI unpublished data). Some two to
three days after females come ashore they give birth to a single pup, which they will
suckle for some three weeks. Mating takes place shortly before the pup is weaned and
the adult female returns to the sea a few days later. Breeding aggregations are
ephemeral, and do not last beyond the breeding season. Access to all females in one
breeding aggregation is defended by a dominant adult male, who is known as a
“beachmaster”. Where harems are large enough, the dominant adult male is unable to
prevent other adult males from gaining access to portions of the harem, and mating with
cows. These sub-dominant males are known as “assistant-beachmasters”. Also
associated with breeding aggregations are subordinate males, known as “bachelors”.
These usually lie close to harems, and occasionally attempting to mate with females
arriving at or leaving the beach. Where bachelors attempt to take over control of a
harem they are known as ‘“challengers” (Laws 1956; Carrick et al. 1962a; McCann

1981; Wilkinson & van Aarde 1999). Both assistant-beachmasters and challengers were

11

© University of Pretoria



Hofmeyr = 2013 = Elephant seal dispersal Introduction

Figure 1.4 A breeding aggregation of southern elephant seals Mirounga leonina
among king penguins Aptenodytes patagonicus at Funk Bay, Marion Island. Associated
with many of the adult females are their small, dark pups. The arrow on the left
indicates the beachmaster, while the arrow on the right indicates a bachelor male. Photo:

G. Hofmeyr

Figure 1.5 An aggregation of moulting southern elephant seals Mirounga leonina on

Marion Island. Photo: G. Hofmeyr
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recorded very seldom during the study (Wilkinson 1992, MRI unpublished data).

While only adult seals participate in the breeding haulout, animals of all age classes
must haul out once a year to moult (Figure 1.5). This takes place from November to
March. Adult seals usually spend two months at sea between the breeding and moulting
season, and one month ashore during the moult. The third period ashore is the winter
haulout. This takes place from mid-January to mid-September, with the majority of
haulouts between March and August (Kirkman 1999; Kirkman et al. 2001a). Each
haulout may last for a few days to several weeks. The great majority of animals ashore
during this period are immatures, but a small number of adults also take part (Kirkman

et al. 2001a).

In addition to the three types of haulouts, elephant seals spend a fourth period ashore,
which is known as the natal period. This includes both the three weeks new born pups
spend suckling and gaining weight, and a period of 4-6 weeks after weaning during
which time they lie in groups known as “weaner pods” (Lenglart & Bester 1982;

Wilkinson & Bester 1990).

Elephant seals therefore have a regular pattern of lifetime haulouts, separated by long
periods spent foraging at sea: as a pup they will spend a few weeks ashore after birth
and weaning. As an immature they will alternate between an annual moult and winter
haulouts. While not all immatures haul out every winter, approximately 10 % undertake
two winter haulouts in a year, and some even undertake a third winter haulout. As adults

elephant seals alternate between breeding and a moult haulouts. Many adult females
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skip breeding haulouts at Marion Island (de Bruyn et al. 2011) and a very small number

will come ashore during the winter (Mammal Research Institute unpublished data).

Distribution

While most haulout sites for southern elephant seals are on Subantarctic and Antarctic
islands (Figure 1.6), a number haul out regularly at sites on the coasts of South America
(Campagna & Lewis 1992) and Antarctica (Murray 1981; Bester 1988). They forage at
sea between about 40°S and the Antarctic Continent. Occasional vagrants have been
recorded on the coasts of Southern Africa (Oosthuizen ef al. 1988), Tasmania and New

Zealand (Taylor & Taylor 1989).

The global population of southern elephant seals is estimated at 750 000 individuals
(McCann 1985; SCAR-EGS 2011). Four metapopulations or stocks are extant (Table
1.1). A further four populations have become extinct in historical times, each of which
was possibly a separate metapopulation: St. Helena Island, Tristan da Cunha, Islas Juan
Fernandez and the Bass Straits (Carrick & Ingham 1962a; Wace & Holdgate 1976;
Bester 1980). Stoddart (1972) also provides evidence that southern elephant seals
regularly visited islands of the temperate Indian Ocean during historical times, though it
is unknown where such animals would have originated. Relatively little movement of
individuals takes place between extant metapopulations and consequently there is a
degree of genetic isolation among them (Gales et al. 1989; Hoelzel et al. 1993). Further
hierarchical population structuring may occur (Table 1.2) with stocks being separated
into archipelagos, individual islands, isolated beaches and breeding aggregations. For

example, the Kerguelen stock includes four archipelagos (iles Kerguelen, Heard and
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Figure 1.6 Distribution of southern elephant seal Mirounga leonina breeding
haulouts. The closed orange circles indicate relative pup production at each island or
island group. The orange lines enclose islands that form part of a metapopulation or
stock. Solid lines enclose extant metapopulations, while dotted lines enclose
populations that have become extinct in historical times. The arrow indicates the

location of the study site.
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Estimated pup production of island populations of southern elephant seals, Mirounga leonina. Data adapted from SCAR EGS (2011)
Meta-population  Island/Island group Estimated pup Year of Trends in Period Reference
production estimate abundance
South Georgia South Georgia Is. 113 444 1995 Stable 1985-1995 Boyd et al. 1996
South Orkney Is. <100 1985 Uncertain McCann 1985
Bouvetgya 89 1998 Uncertain Kirkman et al. 2001b
Gough Is. 18 1998 Declining 1975-1998 Bester et al. 2001
King George Is. 290-400 2003 Fluctuating 1999-2003 Carlini (pers. comm.) in SCAR-
(S. Shetland Is.) EGS 201
Duthoit Point, Nelson Is. 50-135 2003 Fluctuating Carlini (pers.comm.) in SCAR-
(S. Shetland Is.) EGS 2011
Cape Shireff, Livingston 3-84 2003 Fluctuating 1998-2005 Goebel (pers. comm.) in SCAR-
Island (S. Shetland Is.) EGS 2011
Peninsula Valdés Peninsula Valdés 14 510 2001 Increasing 1982-2001 Lewis (pers. comm.) in SCAR-
EGS 2011
Falkland Is. Approx. 1000 1960 Uncertain Laws 1960
Sea Lion Is. (Falklands) 532 2007 Stable 1989-2007 Galimberti (pers.comm.) in
SCAR-EGS 2011
16
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Period Reference

Trends in

Estimated pup production of island populations of southern elephant seals, Mirounga leonina. Data adapted from SCAR EGS

McMahon et al. 2009

Table 1.1 (completed)
(2011).
Meta-population  Island/Island group Estimated pup Year of
production estimates abundance
Kerguelen Marion Is. 516 2007 Increasing? 2005-2007
Prince Edward Is. 130 2004 Declined 1977-2004 Bester & Hofmeyr 2005
Heard Is. 17 000 — 18 000 1992 Increasing? 1982-1992 Slip & Burton 1999
Courbet Peninsula >40 000 2009 Stable 1987-2009 Guinet ef al. 1999, Authier et al
(fles Kerguelen) 2011(Authier et al. 2011)
fle de la Possession 570 1997 Stable 1990-1997 Guinet et al. 1999
(fles Crozet)
Macquarie Macquarie Is. 20 374 2004 Stable to 1997-2004 Van den Hoff et al. 2007
increasing
Campbell Is. 5 1986 Declining 1947-1986 Taylor & Taylor 1989
Antipodes Is. 113 1978 Uncertain Taylor & Taylor 1989
17
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Table 1.2 Putative hierarchical population structure of southern elephant seals,

Mirounga leonina.

Population unit Example

Global Population ~  cemmeeemeeeeee southern elephant seals
Metapopulation (or stock) ~ --------—--- South Indian Ocean
Archipelago  cemeee- Prince Edward Islands
Island e Marion Island

Beach (or site) - Goney Bay

Breeding aggregation (or harem) -- Goney Bay West
Individual - RR 632 @

McDonald Islands, Tles Crozet and the Prince Edward Islands), which are all separated
by distances of several hundred or thousand kilometres. Some degree of movement
takes place within this stock (Bester 1989; Oosthuizen et al. 2011). While the Prince
Edward Islands Archipelago (PEIA) contains two islands, only separated by 19
kilometres, the distances separating the islands of other archipelagos may be up to 100
kilometres (Guinet et al. 1992). Marion Island, within the PEIA, has some 40 beaches
on which elephant seals regularly haul out and some 25 on which they regularly breed.
These beaches are separated by distances of up to 5 kilometres from their nearest
neighbours. The larger beaches may support more than one breeding aggregation, which

may be separated from one another by distances of up to 100 metres.
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Study site
Location

The Prince Edward Island Archipelago consists of two islands: Prince Edward Island
itself and the study site, Marion Island (Figure 1.7). This remote archipelago (46°54'S,
37°45' E) is located in the subantarctic zone of the Southern Ocean, some 2 180
kilometres south of southern Africa and 2 300 kilometres north of Antarctica (Figure
1.6). The nearest other islands are the isolated fles Crozet, some 950 kilometres to the
East (PEIMPWG 1996). The two islands of the archipelago are separated by 19
kilometres and are therefore similar in topography and climate, and support similar
indigenous biota (Verwoerd 1971; Gremmen 1981; Smith 1987). Differences in their
history, especially over the last 50 years, are responsible for Marion Island supporting a
far larger number of exotic species (Gremmen 1981; Smith 1987). Marion Island is also
the larger of the two islands with an area of 290 kilometres® and a circumference of
approximately 87 kilometres, while Prince Edward Island has an area of only 45

kilometres” (PEIMPWG 1996).

Topography

The islands are of volcanic origin and are considered to be some 500 000 years old.
Two periods of volcanic activity and a dividing glacial period are responsible for the
islands topography. Marion Island rises from a vegetated coastal plane to a rough
mountainous interior, with the highest peak reaching 1 230 metres (Verwoerd 1971).
The coastline is irregular but only indented by a few small bays. Cliffs of between 15
and several hundred metres in height form the majority of the coastline. These are

broken in a number of places by beaches, especially where rivers flow out to the sea.
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Figure 1.7 Map of Marion Island showing the distribution of southern elephant seals
Mirounga leonina. The areas of the circles are directly proportional to the mean annual
number of elephant seals hauling out at each site. The north and east sections of the
coastline between locations marked SP and KD and at locations marked WT and GH
form the study area. Reproduced from African Journal of Marine Science (2012) 34(3):
373-382 with permission © NISC (Pty) Ltd.
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Most beaches are found on the leeward northern and eastern coasts. A number of
beaches are also found on other coasts, those at Watertunnel and Goodhope Bay East
being of greatest importance to elephant seals (Figure 1.7). Only one sandy and one
shingle beach are found, the substrate of the other beaches being pebbles and boulders.
These beaches vary in profile, some beaches, or parts of beaches, being far more level
than others. Many of the beaches, especially those at which rivers flow out, are backed
by vegetated areas of tussock grass and muddy pools and wallows. The beaches are
relatively small (5 — 200 m sea front) and isolated from one another. Elephant seals
must therefore enter the sea to move from one beach to another. On very rare occasions
individuals have moved between adjacent beaches overland during the moult (pers.
obs.). Elephant seals are most commonly found on the pebble, boulder, shingle or sand
beaches during the breeding season and winter haulout, and in the vegetated areas

during the moult (Condy 1979; Mulaudzi et al. 2008).

Climate

Latitude and isolation are the two most important factors determining the climate at the
Prince Edward Islands. The archipelago lies some 230 kilometres north of the Antarctic
Polar Front in the “Roaring Forties” of the Southern Ocean and is distant from the
influence of continental landmasses. The climate is therefore subantarctic and oceanic.
It varies little both seasonally and diurnally. The main features are (1) a low mean
annual temperature (approximately 6°C), (2) little diurnal or seasonal variation in
temperature, (3) high mean annual precipitation (approximately 2 000 millimetres)
falling as either rain, sleet, snow or graupel depending on the season and altitude, (4)
strong sustained westerly winds with regular gales, (5) high humidity, and (6) a high

degree of cloud cover (annual sunshine being only 30 % of the maximum possible)
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(Schulze 1971). The islands are subject to global climate change (Smith & Steenkamp
1990; Le Roux 2008) with the mean sea surface temperature increasing by 1.4°C over
the last half century (Mélice et al. 2003) and total annual precipitation decreasing from
approximately 3 000 millimetres to 2 000 millimetres between 1960 and 2000 (Le Roux

& McGeoch 2008).

The study of movement in pinnipeds

Information on the patterns of movement shown by pinnipeds comes from a number of
sources. These include records of vagrants, repeat observations of animals with
naturally distinguishing marks and anthropogenically marked animals, movements of
animals carrying VHF transmitters, movements of animals carrying Geolocation Time
Depth Recorders (GLTDRs) or satellite linked Platform Transmitter Terminals (PTTs),
and genetic studies. The type of information generated by these sources is generally

very different but often complementary (Boyd 2002).

The dispersal of pinnipeds has been the subject of two reviews and one brief summary.
Baker (1978) used early sources of information to compare the dispersal of 12 species
of seals. For only three of these were data generated by individually marked individuals.
Patterns of dispersal were inferred for the others from sightings of vagrants, seasonal
movements and the appearance of incipient colonies. Reidman (1990) summarised data
on the movement of pinnipeds in a table that dealt primarily with migration. She noted
that five showed evidence of substantial philopatry and that another showed some

degree of philopatry.
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Boyd (2002), however, considered the dispersal of both pinnipeds and seabirds, but
rather than examining the patterns of dispersal of individual species, he attempted to
draw broad conclusions and relate these to characteristics of life history and habitat. He
noted that many studies show that, while there is a high degree of philopatry among
pinnipeds, considerable dispersal takes place. These studies also indicate the importance
of dispersal in terms of population dynamics, potentially leading to the colonisation of
new rookeries or the recolonisation of extinct rookeries. Boyd (2002) also noted that the
degree of site fidelity and other characteristics of dispersal among pinnipeds varies from
species to species, and with different conditions, such as disturbance, predation and the
level of environmental stability. He further stated that there is evidence to suggest that
seals and seabirds that travelled short distances in the pursuit of prey tended to disperse
farther than long-distance migrants, possibly because dispersal by the latter was less
likely to result in changes in access to prey. Finally, he noted the difficulties that the
study of dispersal of pinnipeds presented and suggested that detailed patterns of

dispersal were unlikely to be revealed.

A search of the literature indicates that, while data on dispersal have been generated for
many species of pinnipeds, seven species have come to the fore in terms of the details of
patterns of dispersal shown: Northern fur seals Callorhinus ursinus, Antarctic fur seals
Arctocephalus gazella, grey seals Halichoerus grypus, Weddell seals Leptonychotes
weddellii, harbour seals Phoca vitulina and northern and southern elephant seals. Since
the patterns of dispersal vary widely among species and groups of species, I discuss the
evidence for dispersal for each of these under separate headings. In addition, while
information on fidelity to marine foraging grounds by some of these species has also

recently become available (for example Bradshaw et al. 2004), this aspect of pinniped
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movement is outside of the ambit of this review, which concentrates on fidelity to, and

dispersal between terrestrial haulout sites.

Northern fur seals and Antarctic fur seals

Early studies of dispersal in otariids have mostly concerned Northern fur seals and
Antarctic fur seals. These two species of otariids have very similar life histories and
show similar patterns of dispersal, characterised by accuracy of return to previous
breeding sites (Lunn & Boyd 1991; Baker et al. 1995). Individual northern fur seals
move among existing major breeding haulouts (Kenyon 1960; Peterson et al. 1968;
Griben 1979; Aschepkov & Kuzin 1986, 1987). However, the majority of these animals
do so only when immature (Baker ef al. 1995) and the extent to which they do so is
readily affected by prevailing weather conditions (Lea et al. 2009). It was initially
assumed that the number of these animals that bred at the site to which they transferred
was very limited (Peterson et al. 1968), but genetic evidence indicates that as many as
85 % of individuals at small rookeries are born elsewhere (Pinsky et al. 2010). This
species therefore exists in a single panmictic population with high levels of genetic
diversity and low population structuring (Pinsky et al. 2010), and has established new
colonies during the last half-century (Peterson ef al. 1968). Despite this, low levels of
natal dispersal characterise the behaviour of females at large northern fur seal rookeries
(Baker et al. 1995). Furthermore, adult females show very high levels of breeding site
fidelity, frequently hauling out within metres of the sites at which they had pupped in
previous years (Kenyon 1960; Baker et al. 1995). This species shows sex bias in site
fidelity; while males also show both natal and breeding site fidelity (Gentry 1998;

Kiyota 2005), they disperse farther than adult females (Baker ez al. 1995). This may be,
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at least partially, due to the occupation of progressively higher quality territories with

each successive breeding season (Kiyota 2005).

Antarctic fur seals also show remarkable feats of site fidelity, with females hauling out
only metres from sites where they have pupped previously (Lunn & Boyd 1991).
Antarctic fur seal males, however, also show high levels of site fidelity, higher levels, in
fact, than those of adult females (Hoffman er al. 2006). Identification of individuals by
genetic means has indicated that almost half of males occupy breeding territories within
a body length, and some 80 % within six metres of the site held the previous year
(Hoffman et al. 2006). These males also disperse little within a breeding season
(Hoffman et al. 2006). Unfortunately this study could only examine breeding site

fidelity and not natal site fidelity.

Other otariids

While early studies of dispersal in otariids mostly concerned Northern fur seals and
Antarctic fur seals, some degree of site fidelity was recorded for other species, including
Cape fur seals A. pusillus (Rand 1959; Oosthuizen 1991), New Zealand fur seals A.
forsteri (Stirling 1971), South American fur seals A. australis (Harcourt 1992),
Australian sea lions Neophoca cinerea (Higgins & Gass 1993), Hooker’s sea lions
Phocarctos hookeri (Beentjes 1989) and California sea lions Zalophus californianus
(Ridgway & Robison 1985). Recent studies have revealed greater detail of the dispersal
of some of these otariids. These indicate high levels of site fidelity for Hooker’s sea
lions, with male biased dispersal (Robertson et al. 2006; Chilvers & Wilkinson 2008).
California sea lions also show male biased dispersal, with males dispersing 6.75 times

more often than females (Gonzalez —Suérez et al. 2009). Galapagos sea lions Zalophus
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wollebaeki also show high levels of site fidelity, but equal levels for both males and
females (Wolf & Trillmich 2007). These animals frequently breed within metres of
previously visited sites but show less site fidelity during non-breeding haulouts (Wolf &

Trillmich 2007).

Grey seals

Among phocids, site fidelity has been examined most extensively in grey seals. The
most important studies are those concerning both large and small scale movements, and
site selection, at the island of North Rona and the Isle of May, Scotland. At these sites,
adult females seldom change their pupping locations between years, although one
individual was recorded to give birth 160 kilometres from her previous pupping site
(Pomeroy et al. 1994). The majority of adult female grey seals that pupped at their prior
haulout beach did so within 50 metres of their prior pupping site (Pomeroy et al. 1994).
A number of females moved several times before settling at a specific pupping site
(Anderson et al. 1975; Pomeroy et al. 1994). Adult females also showed substantial, but
lower levels of natal site fidelity (Pomeroy et al. 2000b). Analysis of genetic evidence
supports these conclusions, indicating higher levels of relatedness within rookeries than

among rookeries (Poland et al. 2008).

Male seals also showed high site fidelity, breeding half the randomly generated
expected distance from their previous breeding site. The levels of site fidelity for males
were not related to social and life history factors, such as dominance level, reproductive
success, or timing of the breeding haulout (Twiss ef al. 1994). Site fidelity is greater at
North Rona than at the Isle of May, possibly because topography constrains seals to a

limited number of locations at North Rona but not at the latter island (Pomeroy et al.
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2000a; Pomeroy et al. 2000b). Other topographical features are also important, with
adult females choosing to breed near pools, most likely for thermoregulatory purposes
(Redman et al. 2001; Twiss et al. 2002). In addition to site fidelity, genetic work has
also indicated that adult female grey seals choose both to associate with other known
adult females (Pomeroy et al. 2005) and show fidelity to mates (Amos et al. 1995;

Twiss et al. 2006).

Studies of grey seals at other sites have shown that while most young seals haul out
within 100 kilometres of their natal site, many dispersed farther, some as far as 1000
kilometres (Bjgrge & McConnell 1986; Wiig & @ien 1987; Bjorge et al. 2002). Baker
(1978) assumed that the majority of these animals returned to their natal population,
although the establishment of new rookeries indicates that some animals must breed
away from their natal rookery (T'Hart et al. 1988). Considering the movement of older
animals, Boness & James (1979) noted an average dispersal distance of 18 m between
successive breeding seasons for adult females at Sable Island, Canada. Vincent et al.
(2005) also examined breeding site fidelity of grey seals, and showed an inter-annual

fidelity of between 70 and 95 % at the Molene Archipelago, France.

Weddell seals

Large numbers of Weddell seals have been tagged in the Ross Sea and at Signy Island,
Antarctica (Stirling 1969; Croxall & Hiby 1983; Testa 1987a). Females of both of these
populations show relatively low natal site fidelity (Croxall & Hiby 1983; Testa 1987b,
a; Cameron et al. 2007) but much higher breeding site fidelity (Stirling 1969, 1974;
Croxall & Hiby 1983; Testa 1987a; Cameron et al. 2007). The majority of dispersing

individuals were immature animals and young adult females (Stirling 1974; Croxall &
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Hiby 1983; Testa 1987b) and site fidelity increased with age (Cameron et al. 2007).
While dispersal among rookeries takes place (Stirling 1969; Croxall & Hiby 1983;
Testa 1987a), a considerable portion is temporary (Cameron & Siniff 2004). Evidence
indicates that emigration is linked to prevailing sea-ice conditions with greater levels in
years when the extent of sea-ice is less and therefore putative preferred haulout areas
not available (Cameron & Siniff 2004). Most adult females returned to breed in the area
in which they had pupped in the previous year, or the neighbouring site (Stirling 1974;
Croxall & Hiby 1983; Testa 1987b). The degree of site fidelity by females, however,
was linked to reproductive success (Cameron et al. 2007). Although the dispersal of
male Weddell seals has been examined less often than that of females, that which has
been done indicates no difference in breeding site fidelity between the sexes (Cameron
et al. 2007). High site fidelity of males is also likely at other sites around Antarctica
(Terhune et al. 2008). Low breeding dispersal of this sex is postulated to confer
advantages in terms of reproductive success due to greater familiarity with a particular
site (Harcourt et al. 2007). Familiarity will allows males to defend tidal cracks in fast
ice, which provide access to breeding areas and the location of which remains relatively
consistent between years (Harcourt ef al. 2007). In addition, familiarity with predictable
foraging hotspots (Hindell ef al. 2002) may increase the reproductive success of this

species since mating is aquatic (Harcourt et al. 2007).

Harbour seals

Foraging harbour seals Phoca vitulina seldom move farther than 100 kilometres from
their tagging site (Bonner & Witthames 1974; Thompson & Miller 1990; Thompson e?
al. 1994a; Thompson et al. 1994b; Lesage et al. 2004; Cunningham et al. 2009) and

dispersal distances are also generally shorter than for other species of seals (Bonner &
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Witthames 1974; Thompson et al. 1994a). Those few animals that do move substantial
distances are primarily immature animals (Thompson 1989). There is, however, little
evidence of permanent emigration (Bonner & Witthames 1974). On a finer scale,
fidelity is to specific rookeries, but not to locations within a rookery (Schaeff et al.
1999). Evidence indicates that haulout site selection is influenced by various aspects of
habitat quality including anthropogenic disturbance (Cunningham et al. 2009; Becker et

al. 2011; Blundell et al. 2011).

Other phocids

Interannual breeding site fidelity has been recorded for ringed seals Phoca hispida
(Kelly et al. 2010), and bearded seals Erignathus barbatus (Van Parijs & Clark 2006).
Many studies have indicated that the predominant dispersers are immature animals in
hooded seals Cystophora cristata (Hammill 1993) and leopard seals Hydrurga leptonyx
(Jessopp et al. 2004; Forcada & Robinson 2006). For hooded seals there is little
evidence of permanent emigration (Hammill 1993). Among ringed seals, dispersal is

linked to sea-ice conditions (Kelly et al. 2010).

Elephant seals

The dispersal capabilities and patterns of dispersal of elephant seals have been both
noted frequently and anecdotally and have been the subject of several studies. Vagrant
elephant seals are frequently recorded (Kettlewell & Rand 1955; Ingham 1957; Ross
1969; Best 1971; Mills et al. 1977; Murray 1981; Heimark & Heimark 1986;
Oosthuizen et al. 1988; Taylor & Taylor 1989; Alava & Carvajal 2005; De Moura et al.
2010). The maximum distances that vagrants have travelled from the closest possible

sites of origin are 11 000 kilometres for the northern species (Kiyota et al. 1992), and
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9 000 kilometres for the southern species (Johnson 1990). The majority of vagrants are,
however, not tagged and their locations of origin are therefore not known. While these
animals indicate that elephant seals are capable of moving vast distances, only tagged
individuals, or genetic analysis, are able to indicate potential movement among different
populations and metapopulations. The movement of marked vagrants, and the
movement of marked animals among populations, are therefore more interesting and a
number of such movements have been recorded (Vaughan 1967; Burton 1985; Bester
1988, 1989; Guinet et al. 1992; Hindell & McMahon 2000; Van den Hoff 2001;
Reisinger & Bester 2010; Oosthuizen et al. 2011). The furthest recorded distance
moved by a marked animal is 5 200 kilometres, for a seal that moved between its natal
site on Macquarie Island and Peter I @y (Hindell & McMahon 2000). Further important
records are those where females have given birth outside of their normal range on the
coast of South Africa (Vaughan 1967; Oosthuizen et al. 1988), Amsterdam Island
(Carrick & Ingham 1962a), Australia and New Zealand (Taylor & Taylor 1989), and
Antarctica (McMahon & Campbell 2000). These records are significant, not only
because they indicate the potential for the movement of genetic material among
populations and metapopulations, but also because they indicate the potential for
changes in geographical distribution. That such changes are possible can be seen from
the re-establishment of historical breeding sites by the congeneric northern elephant
seals following the cessation of intensive exploitation (Le Boeuf & Laws 1994). The
range of the southern elephant seal has also changed, both in historical and prehistoric
times. Palaecontological evidence indicates that breeding haulouts were found on the
Antarctic continent between 7 500 and 1 000 years ago (Hall et al. 2006; de Bruyn et al.
2009). It is possible that current anthropogenic climate change may cause future

expansion or contraction of the range of this species.
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Characteristics of dispersal for northern elephant seals have been noted by a number of
authors. Huber ef al. (1991) indicated that 15 % of female seals at the South Farallon
Islands, California, moved to a different location to pup for the first time but that no
females pupped at a different site subsequently. Further support for dispersal being
primarily by primiparous females is indicated by the immigration to the South Farallon
Islands and Isla Afio Nuevo from adjacent island groups by young females (Reiter et al.
1981; Huber et al. 1991). Le Boeuf et al. (1974) and Huber et al. (1991) also noted that
the numbers of immigrants to the South Farallon Islands from other islands was
inversely proportional to the distances to those islands. Stewart (1989) also indicated

that it was the younger females that tended to move away from large harems.

Conducting the first in-depth study of southern elephant seal behaviour, Laws (1956)
noted that adult male elephant seals hauled out at the same site during successive
breeding seasons at the island of South Georgia. He identified these animals based on
natural markings. Apart from this observation he did not follow these animals any
further. Dispersal of this species has been examined in greater detail at a number of
sites. At Macquarie Island, the resighting of branded seals over a number of years has
yielded considerable data. This indicates that adult females show limited natal dispersal,
frequently breeding close to or at their natal site (Carrick & Ingham 1962b). Comparing
the sexes, males show less site fidelity than females, but this concerns breeding
dispersal alone (Carrick & Ingham 1962a; Nichols 1970). Natal site fidelity was not
evident during moult and winter haulouts, except in young adult females (Nichols
1970). Elephant seals at Macquarie Island also showed long-term site fidelity, with
females of over 20 years of age hauling out close to the natal sites (Hindell & Little

1988).
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The movements of under-yearlings has been examined at the fles Kerguelen where
Lenglart & Bester (1982) found no significant differences between males and females of
this age class. They noted, furthermore, that movements were largely dependent on
prevailing inshore wave and wind direction. Among adults, females showed significant
natal site fidelity during the breeding season (Bester & van Niekerk 1984). The location
of moult haulouts, however, was influenced by the location of habitat type (Setsaas et

al. 2008). Many animals moved among sites during a single moult haulout, primarily to
sites farther from their natal site (Setsaas et al. 2008). During this season immature
animals dispersed farther than adults. Although no difference in site fidelity during the
moult was found between the sexes, males moved farther than females during the

breeding season (Bester & van Niekerk 1984).

The elephant seal population at Peninsula Valdés is more spread out than other
populations, which has some influence on the patterns of dispersal. Although some
individuals breed or moult farther than 100 kilometres from their natal site, or the site at
which they were marked as an adult (Campagna & Lewis 1992), most do so far closer
(Lewis et al. 1996). Although animals from this population have been recorded
moulting among the elephant seal population at the Falkland Islands, none have been
recorded breeding there (Lewis et al. 1996; Galimberti & Sanvito 1999). Fabiani et al.
(2006) examined site fidelity at the Falklands Island population itself and noted high
levels of site fidelity, but significantly male biased dispersal. They also noted that
dispersal by females was not related to the size of breeding aggregations.

Southern elephant seals haul out to moult on the coast of Antarctica at the Vestfold Hills
(Tierney 1977; Burton 1985; Bester 1988) and Windmill Islands (Van den Hoff et al.

2003) despite being born over 2500 kilometres distant on fles Kerguelen, Heard Island

32
© University of Pretoria



P
si UNIVERSITEIT VAN PRETORIA
"/ UNIVERSITY OF PRETORIA

Que# YUNIBESITHI YA PRETORIA

Hofmeyr = 2013 = Elephant seal dispersal Introduction

and Macquarie Island. Some 40 % of tagged seals moulting at the Vestfold Hills return
in subsequent seasons, thus showing fidelity to a moult site distant from their natal site
(Gales & Burton 1989). While these animals are primarily subadult and adult males,

adult females have been seen and occasional pupping has been recorded (McMahon &

Campbell 2000).

Various aspects of site fidelity have been examined at Marion Island. Mulaudzi et al.
(2008) noted that elephant seals prefer certain locations as haulout sites, while avoiding
others. Sites selected depended on age and sex class, and type of haulout. Post weaning
movements of pups were examined by Panagis (1981) and Wilkinson & Bester (1990).
They found that few pups moved away from their natal site between weaning and their
first extended marine period. For those that did move away, the distance displaced
increased with time after weaning. Wilkinson & Bester (1990) noted that males were the

predominant and furthest dispersers.

Examination of site fidelity of older animals was made possible by a long-term mark-
recapture programme for the population on Marion Island itself. Movements to
neighbouring Prince Edward Island (Oosthuizen et al. 2009) and other archipelagos
(Oosthuizen et al. 2011) were necessarily ignored in this analysis because of the low
levels of resolution provided by the relatively few data collected at these sites. All
interpretations must bear this in mind (Hofmeyr 2000). Hofmeyr (2000) assessed the
movements of 12 cohorts of animals using these data and found that all age and sex
classes showed greater fidelity than expected to their natal site during winter, moult and
breeding haulouts. Adult animals, however, showed greater fidelity to their first

breeding haulout site than to their natal site, when they returned to breed or to moult. A
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sex bias in dispersal was further evident for breeding haulouts, with males showing
greater philopatry than females. This is unusual for mate defence polygynous mammals.
While genetic evidence indicates male biased dispersal (Fabiani et al. 2003; Chauke
2009), this is for movements among island groups rather than at a single island. While
the sex bias in dispersal at Marion Island itself may be related to the nature of the
relatively even distribution of resources during the breeding season, and therefore the
lack of advantage gained by females from philopatry, Hofmeyr (2000) ascribed it to the
greater mobility of males during this season. They are not limited to the first or second
site that they visit after a winter at sea, whereas females are, since they give birth to a
relatively immobile pup within days of arrival. Males are therefore able to move among
sites during the breeding season, and they frequently do so (Munyai 2006) which allows
them to be more site selective. Sex bias in site fidelity was not evident during winter
and moult haulouts, however (Hofmeyr 2000). Natal site fidelity was also significantly
greater during the breeding haulout than either the winter or moult haulout, but no
difference in natal site fidelity was apparent between the latter two seasons, despite a

difference in habitat used (Hofmeyr 2000).

Hofmeyr (2000) showed that a number of other factors influence site fidelity at Marion
Island. Age was one of these. Amongst first-time breeding females, older animals
hauled out farther from their natal site than younger animals. When hauling out for the
winter or moult, however, older animals showed greater natal site fidelity. Site isolation
also affected site fidelity with animals from the more isolated beaches dispersing
farther. Anthropogenic disturbance was a further significant influence. While breeding
animals from more disturbed sites hauled out farther from their natal site than those

from less disturbed sites, as expected, animals hauling out during the winter or to moult
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actually hauled out closer to the more anthropogenically disturbed sites. It is possible
that immature seals engaged in these haulouts do so, so as to avoid sites that are more
disturbed by breeding elephant seals. Finally, dispersal is also influenced by natal harem
size, with animals born in smaller harems dispersing farther. This is possibly because
site popularity is an indication of site quality, or simply because large groups are more

attractive. Seals may therefore tend to select larger harems.

Aims of the study

Overview

While the studies noted above consider various aspects of dispersal, site fidelity and site
selection by southern elephant seals, they do so only in relation to the animal’s natal or
first reproductive haulout site. These studies therefore ignore the influence of the many
other sites that seals may have visited over the course of their lives. In this study I aim
to provide a more complete picture by attempting to identify patterns of dispersal by
individual southern elephant seals at Marion Island in relation to all past haulout sites
used by those individuals. I attempt to answer a number of questions related to the
selection of a terrestrial site. Firstly, what aspect, if any, of a southern elephant seal’s
history of haulouts at Marion Island determine the sites that they choose as their next
haulout? Are they merely hauling out at random at any site on Marion Island, or are the
sites that they choose related to any previous sites? Are they attempting to return to any
particular site? If so, which previous site? Previously, I indicated that natal sites are
important, that is, that they are returning closer to their natal site than could be expected

by chance alone (Hofmeyr 2000). It seems that they are making an effort to return to
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their natal site. However, are any other sites that they have visited of equal or greater

importance?

Secondly, I ask what makes a site important. What characteristics of a haulout event
does a seal remember when it subsequently returns to Marion Island and chooses to haul
out at, or close to that site? The characteristics referred to here are those related to the
age of the animal and the haulout type, and not to the topographic characteristics and
popularity of the sites themselves (as examined by Mulaudzi 2005; Mulaudzi et al.
2008). Therefore I ask if the fact that a seal visited a site at a particular age, or for a
particular type of haulout, or a particular type of haulout at a particular age, is important
in its return to, or to the vicinity of that site. For example, is the site that it visited as a
yearling important in determining where it subsequently hauls out, or is the site that it

moulted at important, or is the site that it moulted at as a yearling important?

This leads to a third question: are the present age and sex of the seal, and the present
type of haulout important in determining which of its past experiences are relevant? Do
past haulouts of a particular type at a particular age only influence present haulouts of a
particular age and type for animals of a particular sex? For example, for a hypothetical
female elephant seal, was the site which it visited to moult at as a yearling important in
determining where it hauled out as an immature animal, but was its natal site important
in determining where it hauled out to breed for the first time as a four-year-old?
Furthermore, was the first site at which it hauled out to breed important in determining
where it hauled out to breed subsequently, but its previous moult site important in

determining where it hauled out to moult subsequently?
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A fourth question concerns the purpose of the winter haulout. While it is obvious why
elephant seals haul out during the breeding season and the moult, the reasons for winter
haulouts undertaken by immature individuals are unknown. Various explanations have
been advanced (reviewed in Burton 1985; Pistorius et al. 2002). Here I test one of these;
that these haulouts assist elephant seals in maintaining familiarity with their natal site. I
also test whether other haulouts undertaken as an immature assist in maintaining site

familiarity.

Finally, I further question site familiarity and site fidelity. I examine deterioration in
spatial memory over time by examining the effects of duration between visits to a site,

and the number of visits to that site.

Further fascinating questions which are beyond the scope of this study, and therefore
which are not addressed here, include the effect on site fidelity of characteristics of a
haulout event or haulout site. Among these are the following questions. 1. Are pup
mortality, site popularity, site isolation, anthropogenic disturbance and section of the
coastline important in determining whether a seal will subsequently attempt to return to
a particular site? For example, will the behaviour of a female elephant seal from Marion
Island follow the pattern described above unless she hauls out to breed at a site that is
subject to high pup mortality, or at a site which is not popular, or at a site which
experiences high anthropogenic disturbance? 2. Is any site good enough as a haulout
site? Or is any site good enough as a moult or winter haulout site, but not as a breeding
haulout site? Or is any site that meets a number of basic requirements good enough to

be a haulout site? For example, one that is flat, popular and not exposed to high seas.
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Therefore, should a seal haul out at such a site, it will remain at that site irrespective of

where it has hauled out before, or where it has been born.

Key questions
I attempt to answer the broad questions noted above by asking the following key
questions, each of which is addressed in a separate chapter:

1. Does the history of terrestrial site use by female southern elephant seals from
Marion Island influence their choice of haulout sites? That is, do they show
fidelity to any previous haulout sites other than their natal site and site of first
reproductive haulout? (Chapter 2)

2. Does the history of terrestrial site use by male southern elephant seals from
Marion Island influence their choice of haulout sites? That is, do they show
fidelity to any previous haulout sites other than their natal site and site of first
reproductive haulout? Does the pattern of fidelity shown differ from that of
females? (Chapter 3)

3. Does participation in a winter haulout by female southern elephant seals serve to
maintain fidelity to their natal site? (Chapter 4)

4. Does the duration of the period between visits to a site and the number of visits

to a site affect fidelity to that site? (Chapter 5)

Null hypotheses
To answer the key questions the hypotheses below are tested:
1. Female southern elephant seals of the Marion Island population do not show

significant fidelity to any previous haulout site other than their natal site and first
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reproductive haulout site. The various previous haulout sites relevant to each
current haulout site are listed in Table 1.3.

2. Male southern elephant seals of the Marion Island population do not show
significant fidelity to any previous haulout site other than their natal site and first
reproductive haulout site. The various previous haulout sites relevant to each
current haulout site are listed in Table 1.4.

3. Participation in the winter haulout as an immature animal does not serve to
maintain fidelity to the natal site.

4. The length of the duration between visits to a particular site and the number of

visits to that site do not affect fidelity to that site.

Assumptions associated with this study

This study is subject to a number of assumptions.

1. These analyses only describe the site fidelity of elephant seals in the study area and
do not take into account movement to neighbouring Prince Edward Island, which is
also a haulout site for southern elephant seals, including those tagged at the study
site (Bester 1989; Bester & Hofmeyr 2005; Oosthuizen et al. 2009) or to other
locations farther a field. This assumption was specifically noted by Hofmeyr (2000)
who stated “missing haulout events indicate that animals must use other sites,
especially for the moult, which is an annual necessity”, the term “sites” being used
in this quote to refer to other islands. Furthermore, the presence of tagged seals from
the Tles Crozet on Marion Island (Bester 1989; Oosthuizen et al. 2011), and genetic
evidence (Chauke 2009) indicates that movement to and from locations outside of

the archipelago takes place. It is possible that the patterns of dispersal of animals
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Table 1.3 Prior haulout sites against which assessment of current haulout site is

tested for fidelity by female southern elephant seals Mirounga leonina at Marion Island.
Abbreviations of types of terrestrial periods are as follows: N — natal period, W — winter
haulout, M — moult haulout, B — breeding haulout, RHN1 — first reproductive haulout.
These abbreviations are modified as follows to represent different haulout events: Pr —

previous year’s haulout, 0, 1, etc. — haulout events as underyearlings, yearlings, etc.
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born on Marion Island, but that haul out on Prince Edward Island and elsewhere, are
different to those of animals that are philopatric, but assessing this is beyond the
scope of this study. Ultimately, the proportion of seals that transfer from the study
site is unknown (Oosthuizen ef al. 2011) since resight programmes exist at those
sites. Since Prince Edward Island is managed as a Protected Zone with limited entry
(PEIMPWG 1996), it is not possible to assess movement among the islands with a
suitable degree of resolution to adequately examine patterns of intra-archipelago
dispersal (Oosthuizen et al. 2009).

2. The number of seals hauling out on Marion Island outside of the 40 beaches of the
study area is assumed to be negligible and to have no impact on the study. This is a
reasonable assumption since these sites are unsuited to elephant seals due to their
rough topography and windward aspect. Although these sites are generally not
visited regularly (Iess than once per month) very few seals are noted on them. Over
the 21 years of the study (1983 — 2004) only 267 haulouts have been recorded at
these sites. This is 0.34 % of all records collected. Most on these (103) are from the
main beach at Cape Davis which is the only one relatively suited to elephant seals
and the only one visited regularly (monthly).

3. Missing seals due to their movement between sites during the course of a census,
which takes place over 2 — 5 days, is assumed to be negligible. Munyai (2006)
indicated that movements between sites during a haulout is negligible. For most
haulout types, and age and sex classes, the number of moves between sites was less
than 0.4. The exception was adult males ashore for the breeding season, which
nevertheless only moved an average of 1.01 during a haulout.

4. Tag loss was assumed to be minimal and removed relatively few animals from the

population. Oosthuizen et al. (2010) noted that the loss of both tags during the first
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five years of age was less than 1 % for the majority of animals (see comment on
differences between cohorts below). They also estimated that 98 % of female seals
and 96 % of male seals would retain at least one tag up to age eight.

5. Cohort is assumed to have no effect on the results and data for separate cohorts were
pooled. This is a reasonable assumption since Hofmeyr (2000) found little evidence
for differences in natal or first breeding site fidelity among cohorts of elephant seals
at the study site. Furthermore, de Bruyn (2009) stated that “We found no significant
differences in resight probability among cohorts of adult female southern elephant
seals at Marion Island and hence conclude that all seals had the same chance of
being resighted during the study”. While Oosthuizen et al. (2010) described
increased cohort dependent tag-loss rates for the Marion Island elephant seal
population in the last four cohorts used in this study, these are only responsible for
11 % of all data analysed and 0.02 % of the data analysed for adults.

6. Resight effort is assumed to remain constant for the duration of the study and unaffected
by changes in observers among years or by changes in observer experience and
motivation within years. Some differences are possible, however, since prior to 1989 tag
resights were limited to the period August to May. However, relatively few seals haul
out at the study site during the excluded months. Possible factors affecting resight effort
and sightability are discussed in detail in de Bruyn (2009).

7. Itis assumed that age and sex class did not influence resight probability. This is
unlikely. Oosthuizen et al. (2010) showed sex dependent differences in tag loss
probability with adult males being more likely to have lost tags than adult females. In
addition, the tags of males and adult animals are frequently more difficult to read
because of the larger size of their hind flippers and differences in behaviour (pers. obs.).

It is possible, however, that this did not significantly impact on the data since the
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10.

11.

12.

frequency of resight sessions allowed for animals to be resighted several times during a
haulout event.

The resight probability of animals during the different haulouts is assumed to be
identical. This is unlikely since the behaviour of animals during the breeding season
makes reading tags at this time more difficult than during the winter and the moult
haulouts. However, resight frequency was increased by a third during the breeding
season, and considerably longer periods were spent trying to read tags, all of which
would mitigate against a seasonal bias. It is also possible that some seals were missed
during the moult due to their propensity to move inland at this time of the year. This
was also mitigated against by searches of likely inland moult areas.

The observers are assumed to have read tags numbers and identified tag colours
correctly. The database does contain obviously incorrect records, for example, a single
record of an individual as a female with pup amongst the lifetime of records of a seal
that was otherwise consistently recorded as a male, but these are few. Where possible,
erroneous records were identified and excluded. The opportunity to check records by
comparing the size of animals bearing tags of a particular colour to others of that cohort,
and to identify sex, acted as mechanisms for maintaining the quality of tag resights.
The topography of sites is assumed not to have biased resight probability. Although it is
possible that some seals escaped observation at sites with more complex topography
(especially at sites that extend inland), a thorough knowledge of all sites learnt by
observers prior to the onset of the breeding season and the use of standard search
patterns should have prevented seals from escaping observation.

Each haulout is assumed to be independent of all others and therefore haulouts by the
same individual were treated as unrelated and were grouped in a sample.

Since animals were frequently recorded more than once during a haulout event (an

average of 2.00 times), and sometimes at different sites, a representative record had to

44
© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Que# YUNIBESITHI YA PRETORIA

Hofmeyr = 2013 = Elephant seal dispersal Introduction

be selected. It is assumed that the criteria used to select representative records was able

to identify the most important site.
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Chapter 2 = History of movement and the

dispersal of female southern elephant seals

Does the history of terrestrial haulout site use by female southern elephant seals from

Marion Island influence their choice of haulout sites?

© University of Pretoria



Adult female southern elephant seal, Duiker’s Point, Marion Island. Photo — G. Hofmeyr
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“By the next afternoon the worst of the gale was over and we were able to get out and
restock the larder. I went along the beach after skuas, as usual, and among a bunch of
seal I spotted one about eighteen months old that had a brand mark on the back of its
neck, a roman numeral. We had branded several hundred weaner pups the year before,
hoping to find out whether the seal came back to their home beaches — this was the first

that I had seen or heard of, and his number showed that he had come back to a beach at

least in his own division.”

L. Harrison Matthews (1952)
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CHAPTER 2

HISTORY OF MOVEMENT AND THE DISPERSAL OF

FEMALE SOUTHERN ELEPHANT SEALS

Abstract

Dispersal of animals has typically been related to natal site and the site of the first
reproductive event (RH1), with animals showing significant fidelity to both of these
sites. Where fidelity to other sites has been examined, it has seldom been compared to
fidelity to the natal site or RH1 site, and never systematically. We examined the site
fidelity of females of a migratory marine predator, the southern elephant seal Mirounga
leonina to previous sites by systematically comparing fidelity to all sites visited during
all four types of terrestrial periods experienced (natal, winter, moult and breeding) at
different ages. This was made possible by a long-term mark-recapture programme that
recorded the terrestrial behaviour of a number of cohorts of seals over the course of
their lives. We found that female elephant seals showed significant fidelity to sites other
than their natal site or RH1 site. Yearlings hauled out closest to their natal site, but older
immature animals hauled out significantly closer to recently visited sites than to their
natal site. At the first breeding event, however, seals hauled out closest to their natal
site, but not significantly closer to this site than to a number of recently visited sites.
Subsequently, as adults, they hauled out closest to the site at which the prior haulout
event of the same type had taken place. Fidelity to sites other than the natal site possibly

occurs during non breeding haulouts because of different requirements related to the
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physical and social environment of breeding and non-breeding sites. This is, however,
not the case for the breeding haulout. It is possible that the temporal hiatus between
birth and first breeding reduces the accuracy of return to the natal site, ensuring that
animals return with greater fidelity to prior breeding sites, which are more familiar.
Although one would expect elephant seals to show more fidelity to sites recently visited
than to their natal site, because of greater familiarity to those sites, this is not always the
case. Furthermore, the age at which breeding haulouts take place is also important, with
older diparous and multiparous animals breeding significantly farther from their natal
site. Familiarity with haulout sites is possibly only one of several cues used by seals in
selecting a terrestrial haulout site, others including past experience at a site, the ease of
navigation to a site and public information. This study is the first to systematically
examine dispersal in relation to all sites used during one phase of an animal’s life
history over the course of its life.

Keywords: dispersal, site fidelity, habitat selection, southern elephant seal, Mirounga

leonina

Introduction

Dispersal of animals has been related primarily to natal site and first breeding site
(Greenwood 1980; Dobson 1982; Shields 1987; Clobert et al. 2001). These studies have
shown that, while animals typically show fidelity to both of these sites, fidelity to the
first breeding site is often greater (Greenwood 1980; Dobson 1982; Shields 1987).
Fidelity to other sites has been considered far less often. Assessment of fidelity to non
breeding sites, however, has included fidelity to moulting, winter and staging sites by

migratory waterfowl (Anderson & Sterling 1974; Raveling 1979; Hestbeck et al. 1991;
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Wilson et al. 1991; Bowman & Brown 1992; Warren et al. 1992; Bollinger & Derksen
1996; Reed et al. 1998; Robertson & Cooke 1999; Flint et al. 2000) and other species of
migratory birds (Herzog & Keppie 1980; Harrington et al. 1988; Cantos & Telleria
1994; Merom et al. 2000; Wunderle & Latta 2000; Latta & Faaborg 2001; Cuandrado et
al. 2008). Fidelity to foraging and winter areas has been shown for some species of
marine mammals (Martin et al. 1984; Craig & Herman 1997; Salden et al. 1999;
Goerlitz et al. 2003; Bradshaw et al. 2004; Acevedo et al. 2006; Valenzuela et al. 2009;
Foote et al. 2010). None of these studies, however, has treated the dispersal of animals
over the course of their lives in a systematic way and none has compared fidelity to

natal, breeding and non breeding sites.

Here we report on a study that uses data provided by a long-term mark-recapture
programme to systematically examining the dispersal of females of a migratory marine
predator, the southern elephant seal Mirounga leonina, over the course of their lives
within a prescribed study area. This has allowed us to determine which sites play a

significant role in determining the choice of haulout site during subsequent haulouts.

Southern elephant seals are the largest of all pinnipeds (Laws 1993). They are primarily
pelagic, inhabiting the waters of the Southern Ocean (Carrick & Ingham 1962; Ling &
Bryden 1992; Wilkinson 1992). They undertake an annual double migration of
thousands of kilometres between marine foraging grounds and isolated subantarctic
islands, on which they haul out for brief terrestrial periods (Carrick et al. 1962a; Hindell
& Burton 1988; Bester & Pansegrouw 1992; Wilkinson 1992; Jonker & Bester 1998).
Over the course of their lives they may come ashore for four types of terrestrial periods.

They are born ashore and spend some six-eight weeks ashore before and after weaning
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during the natal period. Throughout the course of their lives all elephant seals undertake
an annual moult haulout. As an immature animal many elephant seals will undertake up
to three winter haulouts per year. And finally, as an adult, they usually haul out annually
during the breeding season (Laws 1956; Carrick et al. 1962a; Hindell & Burton 1988;
Wilkinson 1992; Le Boeuf & Laws 1994), though individual animals skip occasional
seasons (de Bruyn et al. 2011). These haulout periods are undertaken at specific times
of the year by specific age classes (Carrick et al. 1962b; Condy 1979; Kirkman et al.
2003; Kirkman et al. 2004) and can be regarded as discrete events. Adult males reach
maturity at an older age than females; at the study site 99 % are first recorded to breed
from ages 6 — 9 (Mammal Research Institute unpublished data), while for females 97 %

are first recorded to breed from ages 3 — 6 (de Bruyn 2009).

Like many other animals, southern elephant seals are philopatric, generally returning to
their natal island during terrestrial haulouts (Carrick et al. 1962b; Carrick & Ingham
1962; Hindell & Little 1988; Campagna & Lewis 1992; Van den Hoff 2001; Fabiani et
al. 2006). They do, however, infrequently move among islands within archipelago
(Oosthuizen et al. 2009) and further a field (Vaughan 1967; Burton 1985; Bester 1988,
1989; Guinet et al. 1992; Hindell & McMahon 2000; Van den Hoff 2001; Reisinger &
Bester 2010; Oosthuizen et al. 2011). Elephant seals also show significant fidelity to
specific locations on their natal island or peninsula (Nichols 1970; Campagna & Lewis
1992; Hofmeyr 2000; Van den Hoff 2001; Fabiani et al. 2006). While they show
fidelity to their natal site, they show greater fidelity to the site of their first reproductive
haulout (RH1). Generally they show less fidelity to their natal site or their RH1 site

when returning to moult or for the winter haulout than they do when returning to breed
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(Hofmeyr 2000). Their fidelity to sites, within a prescribed study area, other than their

natal and first reproductive haulout sites have not been examined systematically.

We examined the influence of history of haulouts on site selection by female southern
elephant seals at Marion Island, Southern Ocean (46° 54' S., 37°45'E.). We asked the
following questions:

1. Do female southern elephant seals show fidelity to sites other than their natal or

RHI1 site?

2. Is this pattern the same for breeding, moult and winter haulouts?

3. Does the pattern of site fidelity change during the course of the animals’ lives?
We applied this question to the most common pattern of life history among females, i.e.
animals that are primiparous at the age of four. To account for a diversity of life
histories we further asked:

4. Is this pattern affected by the age at which breeding events take place? That is, is

it affected by the age of breeding onset and the age at which females return to

breed?

Methods

Definition
For the purposes of this study we defined a site as a specific beach on an island, usually
being less than one kilometre in length. Islands and island groups were noted as such

and not as sites.
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Figure 2.1 Map of Marion Island showing the distribution of southern elephant seals

Mirounga leonina. The areas of the circles are directly proportional to the mean annual
number of elephant seals hauling out at each site. The north and east sections of the
coastline between locations marked SP and KD and at locations marked WT and GH
form the study area. Reproduced from African Journal of Marine Science (2012) 34(3):

373-382 with permission © NISC (Pty) Ltd.
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Study location

Marion Island is one of two islands in the Prince Edward Islands Archipelago. The
island supports a population of approximately 2 100 elephant seals with some 500 pups
born annually (Pistorius et al. 2004; Pistorius et al. 2011). These animals haul out in the
Extended Study Area (ESA) on the north-east and east coasts, and part of the south
coast of the island with some locations more popular than others (Figure 2.1). Southern
elephant seals seldom come ashore outside of this area (Mulaudzi et al. 2008). All but
two of the 40 beaches frequented by elephant seals in the ESA are separated from others
by cliffs or other terrain generally impassable to elephant seals. Seals are therefore

required to swim among most sites and the sites can be regarded as discrete entities.

Fieldwork

Data were collected from 1983 to 2003 as part of a long term monitoring programme.
For this 9 963 southern elephant seals, representing all but a few of those born at the
study site during the study period, were tagged at their natal site within days of
weaning. Jumbo Rototags ® (produced by Dalton, Henley-on-Thames, UK) were
applied to the interdigital webbing of both hind flippers of each seal. All seals received
unique tags with a colour combination denoting cohort and a number denoting a specific

individual within that cohort.

Tagged seals were resighted in the Extended Study Area. Systematic searches of this
area for tagged seals took place at approximately regular intervals four times a month
during the breeding season (mid August — late November) and three times a month
outside of the breeding season. The greater number of searches during the breeding

season allowed for an increased effort during that portion of the year when observing
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tags was perceived to be more difficult. The pattern of resights was further conducted as
recorded in Table 2.1. During searches for elephant seals, tag colour and number was
recorded in addition to location, behaviour and moult status. If possible, sex was
checked to confirm that determined at tagging. Seals were assumed to age by one year
on the 15" of October unless they had hauled out to breed, for which they were aged by

a year from the beginning of the breeding season.

Table 2.1 The pattern of resight effort for tagged southern elephant seals Mirounga

leonina in the Extended Study Area at Marion Island.

Month & Year Sites and frequency of visits by observers
(inclusive)

North-East & East Coast South Coast
(sites MMOST - MMO20)  gj(ec MMO025 & MM026)

Nov 1983 — May 1989 Every seven or ten days Monthly
from Sep — May from Sep — May

Aug 1989 — Aug 1992  Every seven or ten days Monthly

throughout the year throughout the year
Sep 1992 — Nov 2003  Every seven or ten days Every seven or ten days
throughout the year throughout the year

Data editing
The data for all cohorts were combined. Of the elephant seals tagged on Marion Island,
5023 were female. A total of 43 029 records of these animals were collected and were

edited as follows:
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1. Obvious errors were identified and either corrected or removed if they could not be
corrected. This resulted in a database of 38 917 records. Obvious errors consisted of
impossible data associations, for example female seals recorded as beachmasters, or
recorded behaviour incompatible with a season, for example moulting animals
recorded during the breeding season.

2. A single record was selected to represent each haulout event in each year by each seal
and duplicates removed. The selected records were the first record at the location
where the animal was sighted the most often during a particular haulout event. The
following provisos were added: in the case of the breeding season, that the record
selected be of a female accompanied by a pup, and during the annual moult, that the
record be of a female actually moulting. Only for haulouts where the female was not
recorded to be accompanied by a pup or where the seals was not actually moulting
were other records considered. Where the number of records of sighting was equal for
different locations, then the first record of the first location was selected. Records of
additional winter haulouts during a year were also excluded since only 12.9 % of
immature females returned for a second winter haulout. The resulting database
consisted of 18 936 records.

3. Due to a reduced survival of seals with increasing age (Pistorius et al. 1999), the
sample sizes of older animals participating in haulouts was relatively small. The
database was therefore limited to animals of eight years or younger. This left 18 176
records for analysis.

4. Primiparous breeding females were selected as those being ashore for their first
recorded breeding season aged 3 - 7 years inclusive (1127 records). Diparous
breeding females had all been recorded ashore previously during a single breeding

season and had began breeding before the age of seven (681 records). Multiparous

82

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(@

Hofmeyr = 2013 = Elephant seal dispersal Dispersal & history of movement of females

females had all been recorded ashore during two breeding seasons and had first bred

before the age of seven (1079 records). Primiparity is assumed.

Splitting breeding animals into 3 groups (primiparous, diparous, multiparous) allowed
us to look at the effect both of the location of RH1 site, and the location of other
breeding sites. I.e. for diparous animals, we could compare fidelity to natal and RH1
sites, but for multiparous animals could compare fidelity to natal, RH1 site and prior
breeding site. For multiparous animals this avoids having sites that are both RHI sites

and previous breeding sites.

Distances amongst all recorded haulouts for each seal were added to the database. These
were determined as the shortest distance along the coastline from the centre of one site

to another. Indentations along the coastline were ignored.

Due to the age limitation, a maximum possible total of 21 haulout or terrestrial events
were noted for each individual: the natal period (N), winter haulouts from age zero to
age two (W0 — W2), moult haulouts to age eight (M1 — M8), breeding haulouts from
age three to age eight (B3 — BS8), the previous breeding (PrB) and previous moult
haulouts (PrM) and the haulouts of the first reproductive event (RH1). Few, if any of the

seals were recorded during all of these haulout events.

Statistical Approach
The structure of the data for comparing two distances D, and D, (e.g. “Distance from

current haulout to natal site” and “Distance from current haulout to first winter site”,

respectively) was schematically represented thus:
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D, D,
Xy 0y
X=10, X,
Xy Xy

where Xl.j 2 (n; X1) is a column vector of distances for n;; individuals and Oii 3(”17 X1)

empty data vectors with no observations, with (i=1,2,3; j=12) . [Note: ny = n32].

We considered different tests for comparing D, to D, e.g. a mixture of t-tests (paired and
two-sample) or a mixture of nonparametric tests (e.g. Wilcoxon Signed Rank and

Wilcoxon Rank Sum tests), because the data consists of both paired (X, and X,, ) and

independent (X, and X,, ) data sets. However, because of difficulties in weighting of
the components of these mixtures and complications in estimating the standard error, we
decided to use the Jackknife approximation (Efron & Tibshirani 1998). This was done
because the Jackknife can be considered as a near nonparametric test with the
characteristic that it is an unbiased estimator of the arithmetic mean, and because the
Jackknife, as proposed here, includes all available observations for a specific subset of
the data e.g. Case III below.

The test statistic constructed for the general case isT = a,, X, +a,,X,, +a;, X5, + a5, X, ,
where Xj equals the arithmetic mean of the n; observations from X . The weights
a, form a contrast such that a,,+a,, +a;, +a,, =0. Due to incomplete data from a

survey and that it was not gained by an experimental design, we identified the following

cases (I to V) by which two distances D, and D, could be compared, namely:
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Casel: n,,n,,n,,n, >0, with a,,=-a,, = a;, =—a,, =1
Casell: n,,n,, >0,n, =n, =0, with a,=-a, =1, a;; =a,=0

Case IlI: n,, n, =n,, >0,n, =0, with 2a,,=2a,,=-a,, =1, a, =0
CaselV: n,,n, =ny, >0,n,=0,with -2a,,=a,,=-2a,,=1, a,=0

CaseV: n,, =n, >0, n,=n,=0,with a,=-a,,=1, a,=a, =0

Depending on the data structure (Cases I to V), Jackknife estimates

Ty = (auXu +a,,X,, +a, X5, +a, X, )(i) Ji=1..,n

were obtained with the Jackknife estimator of

0=

T given by YTJK = iZTJK(i) and SE, = {HT_IZ(TJKU) _TJK )2}
i=1

i=1

where T, , is the estimator based on the complete dataset with observation i left out.

To construct Cls (confidence intervals) and hypothesis testing e.g. 4, =, the

assumption was made that ¢, =T, /SE , can be approximated by a ¢ distribution with

(n—1)degrees of freedom.

For the data in question, we selected a subset and applied the chosen procedure. All
differences were considered statistically significant on a 5% level of significance.
Descriptive statistics of the raw data were provided to illustrate the results of the

Jackknife. All analyses were completed using SAS (SAS.Institute.Inc. 2004)
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Results

Site fidelity in relation to a history of haulouts — Moult

Moulting yearling female southern elephant seals did not haul out significantly closer to
any one particular previously visited site (Figure 2.2a). Two-year-old moulters,
however, hauled out significantly closer to their previous winter haulout site than to any
other site, including their natal site (Figure 2.2b). Nulliparous three-year-old moulters,
in contrast, hauled out significantly closer to their previous moult site than to any other
site, also including their natal site (Figure 2.2c). Both parous four- and five-year-old
moulters hauled out significantly closer to their previous moult site than to their natal
site, than sites visited when a young immature animal and than all breeding sites. This
site was, however, no closer than non-breeding haulouts visited recently (Figure 2.2d
and 2.2e). Moulting six-year-olds, however, hauled out significantly closer to their
previous moult site than to any other site except for their previous breeding haulout site
(Figure 2.2f). The pattern shown by moulting seven- and eight-year-olds was similar,
with females hauling out closest to their previous moult sites, but not significantly
closer to this site than to other recent moult haulouts or their previous breeding haulout

site. (Figure 2.2g and 2.2h).
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Haulout event
Figure 2.2 Mean distances between moult sites and various prior haulout sites, for

female southern elephant seals Mirounga leonina of various ages at Marion Island. The
ages are as follows: (a) yearling, (b) two-year-old, (c) three-year-old, (d) four-year-old,
(e) five-year-old, (f) six-year-old, (g) seven-year-old, and (h) eight-year-old. Haulout
sites are represented by: N — natal site, WO, W1 — winter haulout site visited as
underyearlings, yearlings, etc respectively; M1, M2, etc — moult sites visited as
yearlings, two-year-olds, etc respectively; RHI1 — first breeding haulout site; PrB —
previous breeding haulout site. Colours of points are coded as follows: red — natal event,
blue — winter haulout, orange — moult haulout, and green — reproductive haulout. The
numbers above the data points indicate sample sizes. Elephant seals have hauled out

significantly closest to sites represented by circled data points.
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Site fidelity in relation to a history of haulouts — Winter

When coming ashore for their winter haulout, yearling female southern elephant seals
hauled out significantly closer to their natal site and previous haulout site (which is also
their previous moult site) than to their previous winter haulout site (Figure 2.3a). At the
age of two years, however, females coming ashore in winter hauled out closest to their
previous winter haulout site, and significantly closer to that site than to any other site

except for their previous moult haulout site (Figure 2.3b).

E
12 1 12 -
é a 415 b

11 1 761 11 1 262
(] [
o 1640 ° °
= 10 - ® 1172 104 611
<
— (] 449
»n 94 9
8 434 ®
= 8 - 8 - ®
0.) 7 L L] 1 7 L L] L] L] 1
= N WO 8l N W0 Ml wi M2

Haulout event
Figure 2.3 Mean distances between winter haulout sites as (a) yearlings or (b) two-

year-olds, and various prior haulout sites, for female southern elephant seals Mirounga
leonina at Marion Island. Haulout sites are represented by: N — natal site, W0, W1 —
winter haulout site visited as underyearlings and yearlings respectively; M1, M2 —
moult sites visited as yearlings and two-year-olds respectively. Colours of points are
coded as follows: red — natal event, blue — winter haulout, and orange — moult haulout.
The numbers above the data points are sample sizes. Elephant seals have hauled out

significantly closest to sites represented by circled data points.

Site fidelity in relation to a history of haulouts — Breeding
Primiparous female southern elephant seals from Marion Island hauled out to breed
closest to their natal site. While they hauled out significantly closer to this site than to

sites visited when a young immature animal, this site was not significantly closer than
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recently visited sites (Figure 2.4a). When returning to breed for a second time, however,
diparous female seals hauled out significantly closer to their RH1 site than to any other
site visited previously except for their previous moult site. (Figure 2.4b). When
returning to breed on subsequent occasions (third and greater reproductive events),
multiparous female seals hauled out significantly closer to their previous breeding site
than to any other site including their natal site, all sites visited as an immature animal,

their previous moult site and their RHI1 site (Figure 2.4c¢).
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Haulout event
Figure 2.4 Mean distances between site of (a) primiparous, (b) diparous or (c)

multiparous reproductive haulout event and various prior haulout sites, for female
southern elephant seals Mirounga leonina at Marion Island. Haulout sites are
represented by: N — natal site, W0, W1, etc — winter haulout site visited as
underyearlings, yearlings, etc respectively; M1, M2, etc — moult sites visited as
yearlings, two-year-olds, etc respectively; RH1 — first reproductive haulout site; PrM,
PrB — moult site and breeding haulout site of the previous year respectively. Colours of
points are coded as follows: red — natal event, blue — winter haulout, orange — moult
haulout, and green — reproductive haulout. The numbers above the data points are
sample sizes. The numbers above the data points are sample sizes. Elephant seals have

hauled out significantly closest to sites represented by circled data points.
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Site fidelity and the age of breeding haulouts — First reproductive
haulout

Younger primiparous female southern elephant seals (three- and four-years-old) hauled
out to breed closest to their natal site, but not significantly closer to this site than winter
and moult sites visited recently (Figure 2.5a). The pattern for older primiparous female
southern elephant seals (five- and six-years-old) was very similar but with the closest

previous site being the previous moult site (Figure 2.5b).
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Figure 2.5 Mean distances between the sites of the first reproductive haulout event

and various prior haulout sites, for (a) three- and four-year-old and (b) five-and six-
year-old female southern elephant seals Mirounga leonina at Marion Island. Haulout
sites are represented by: N — natal site, WO, W1, W2 — winter haulout site visited as
underyearlings, yearlings and two-year-olds respectively; M1, M2, etc — moult sites
visited as yearlings, two-year-olds, etc respectively; PrM — moult site of the previous
year. Colours of points are coded as follows: red — natal event, blue — winter haulout,
and orange — moult haulout. The numbers above the data points are sample sizes.
Elephant seals have hauled out significantly closest to sites represented by circled data

points.
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Site fidelity and the age of breeding haulouts — Second reproductive
haulout

Younger diparous females (four- and five-years-old) hauled out significantly closer to
their RH1 site than to winter and moult haulout sites visited as immature animals, but
hauled out no closer to their RH1 site than to their natal site or previous moult site
(Figure 2.6a). The pattern of dispersal from previous haulout sites is similar for older
diparous females (six- and seven-years-old), except that they hauled out significantly
farther from their natal site than from their RH1 site or previous moult site (Figure

2.6b).
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Figure 2.6 Mean distances between the sites of the second reproductive haulout

event and various prior haulout sites, for (a) four- and five-year-old and (b) for six- and
seven-year-old female southern elephant seals Mirounga leonina at Marion Island.
Haulout sites are represented by: N — natal site, W0, W1, W2 — winter haulout site
visited as underyearlings, yearlings and two-year-olds respectively; M1, M2, etc —
moult sites visited as yearlings, two-year-olds, etc, RH1 — first reproductive haulout
site, and PrM — moult site of the previous year. The numbers above the data points are
sample sizes. Elephant seals have hauled out significantly closest to sites represented by

circled data points.
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Site fidelity and the age of breeding haulouts — Subsequent reproductive
haulouts

Younger multiparous female southern elephant seals (five- and six-years-old) hauled out
to breed significantly closer to their previous breeding site than to all sites visited as an
immature animal and their first breeding site. They hauled out no closer to the previous
breeding site, however, than to their natal site, and to one of their adult moult sites
(Figure 2.7a). Older multiparous females (seven- and eight-years-old), by contrast
hauled out significantly closer to their previous breeding site than to all sites previously

visited, including their natal site (Figure 2.7b).
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Figure 2.7 Mean distances between the sites of the third and greater reproductive
haulout events and various prior haulout sites, for (a) five- and six-year-old and (b) for
seven- and eight-year-old female southern elephant seals Mirounga leonina at Marion
Island. Haulout sites are represented by: N — natal site; WO, W1, W2 — winter haulout
site visited as underyearlings, yearlings and two-year-olds respectively; M1, M2, etc —
moult sites visited as yearlings, two-year-olds, etc respectively; RH1,— first breeding
haulout site and PrM , PrB — breeding haulout site and moult site of the previous year
respectively. The numbers above the data points are sample sizes. Elephant seals have

hauled out significantly closest to sites represented by circled data points.
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Figure 2.8 Mean distances between current haulout site and selected previous
haulout sites by female southern elephant seals Mirounga leonina at Marion Island.
Current haulout sites are represented by: N — natal site; W0, W1, W2 — winter haulout
site visited as underyearlings, yearlings and two-year-olds respectively; M1, M2, etc —
moult sites visited as yearlings, two-year-olds, etc respectively; B4, BS, etc — breeding

sites visited as four-year-olds, five-year-olds, etc, respectively.
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Table 2.2

Summary of effect of history of movement on choice of haulout site by

female southern elephant seals Mirounga leonina at Marion Island. N — natal site, Im —

moult and winter sites visited when immature, PrIm — haulout site visited as an

immature animal on the previous haulout, M — sites visited when moulting, PrM —

moult haulout site of the previous year, AdM - moult sites visited as an adult, RHI —

first breeding haulout site, PrB — breeding haulout site of the previous year.

Current Haulout Event

Previous haulout sites close to the
current haulout site

Previous haulout sites distant
from the current haulout site

M1 N, Im
M2 PrIm N, early Im
O M3 (have not bred) PrM N, early Im
é M4 (have bred) recent Im, PrM N, early Im, RH1
§ M5 (have bred) recent Im, PrM N, early Im, RH1, PrB
= M6 (have bred) PrM, PrB N, Im, AdM, RH1
M7 (have bred) AdM, PrM, PrB N, Im, RH1
MBS (have bred) AdM, PrM, PrB N, Im, RH1
| W1 N, PrtM other Im
E w2 PrIm N, other Im
=
RH1 N, recent Im, PrM early Im
RH2 PrM, RH1 N, Im
RH>2 PrB N, Im, AdM, PrM, RH1
o RHI1 (younger) N, recent Im, PrM early Im
% RHI1 (older) N, recent Im, PrM early Im
RH2 (younger) N, PrM, RH1 Im
RH2 (older) AdM, PrM, RH1 N, Im
RH>2 (younger) N, some AdM, PrB Im, some AdM, PrM, RH1
RH>2 (older) PrB N, Im, AdM, PrM, RH1
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Discussion

In this study, we have described for the first time, the dispersal of an animal in relation
to all previous sites visited, albeit only during one component of its life, the terrestrial
phase. We have systematically compared distances displaced from a current site to all
previous sites visited. The results show that the study animal displays significant fidelity
to certain previously visited sites, in addition to their natal site and RHI site.
Furthermore they indicate that this varies with current behavioural state and age, and the
history of terrestrial habitat use. The results also indicate the relevance of temporal

discontinuity in site selection.

Female southern elephant seals at Marion Island follow a relatively simple pattern of
dispersal in relation to their history of movement (Figure 2.8 and Table 2.2). As
yearlings they haul out closest to their natal site and to their previous haulout site, but as
older immature animals they haul out significantly closer to recent haulout sites only.
This changes when they first haul out to breed; they then select a site closer to their
natal site than to other sites. This site is, however, not significantly closer to their natal
site than to a number of recently visited sites. When returning to breed for the second
time, however, they haul out closer to their first breeding site than to any other site,
though not significantly closer to this site than to their previous moult site. Subsequent
haulouts as an adult follow a pattern of coming ashore closest to the site of the previous
haulout of the same type, i.e. breeding closest to their previous breeding haulout site and
moulting closest to their previous moult site. In the case of breeding haulouts, however,
they haul out closest to the previous breeding site than any other. The level of fidelity

shown by adult moulters is not as great.
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This pattern of dispersal differs from that shown by studies that have only examined
fidelity to natal site and first reproductive haulout site. Various authors have identified
significant fidelity by elephant seals to both these locations (Carrick & Ingham 1962;
Nichols 1970; Hindell & Little 1988; Campagna & Lewis 1992; Fabiani et al. 2006).
This is also true for the population at the study site (Hofmeyr 2000), and for other species
of seals (Testa 1987; Lunn & Boyd 1991; Pomeroy et al. 1994; Baker et al. 1995;
Pomeroy et al. 2000; Karlsen et al. 2005). However, this study indicates that while
female southern elephant seals do show fidelity to natal and RHI1 sites, they show even
greater fidelity to other previously visited sites except in the following situations.
Greatest fidelity to their natal site is shown only when (1) they are yearlings and have
visited very few sites other than their natal site, and (2) they haul out during their first
breeding season. Greatest fidelity to their first breeding site is shown only when
returning to breed as diparous animals. Thereafter they show greatest fidelity to the

previous haulout site of the same type as the current haulout.

While a number of other studies have examined fidelity of southern elephant seals to
previous haulout sites other than their natal or RH1 site (Carrick & Ingham 1962;
Nichols 1970; Lenglart & Bester 1982; Hindell & Little 1988; Campagna & Lewis
1992; Lewis et al. 1996), these are generally of animals marked as adults. Their natal
site and age is therefore unknown and a systematic comparison of changes in patterns of
site fidelity cannot be determined. These animals also show fidelity to previous
breeding sites, but whether these sites are first or later reproductive haulout sites are

unknown.
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Migratory animals are believed to attempt to return to their natal site to breed because
their own survival is an indication that this is a suitable site at which to give birth and
raise offspring to independence and to find mates (Péart 1991; Morton 1992; Paradis et
al. 1998). This factor will not be important when animals return for moult or winter
haulouts and may explain the differences in fidelity seen when considering different
types of haulouts. It is also quite possible that the topography of sites used by seals for
the winter or moult is very different from those used during breeding (Stirling 1969;
Nichols 1970; Huber et al. 1991; Hofmeyr 2000; Mulaudzi et al. 2008). Social
requirements may also be different; the temporal overlap between the adult breeding
season and the moult by immatures (Kirkman et al. 2003; Kirkman et al. 2004), and
potentially high levels of harassment experienced during this time of the year
(Galimberti et al. 2000c, a, b) may lead moulters to select sites away from breeding

sites, and therefore potentially distant from their natal site (Hofmeyr 2000).

Elephant seals show similarities to the life histories of other migratory animals, such as
waterfowl. Migratory waterfowl also show fidelity to breeding sites in addition to moult
and winter sites (Bowman & Brown 1992; Bollinger & Derksen 1996; Reed et al. 1998;
Robertson & Cooke 1999; Béty et al. 2004). An important difference, however, is that
the sites used for different purposes by waterfowl are separated spatially, often by many
thousands of kilometres, whereas those used by elephant seals are usually (but not
always, see Bester 1989; Huber ef al. 1991; Oosthuizen et al. 2009; Oosthuizen et al.
2011) at a single island group or peninsula. This may complicate the assessment of
fidelity to haulout sites used during different seasons, but it also potentially allows seals
to use sites for more than just breeding or moulting. Visiting these sites may also allow

seals to learn and thereby increase familiarity with a site. Southern elephant seals show
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some degree of fidelity to sites visited for purposes other than their current haulout,

indicating that this is possibly a factor.

Part (1991; 1995) and Morton (1992) have both suggested that the temporal
discontinuity between birth and the site of first reproduction may lead to a loss of
familiarity with the natal site. The return of immature animals to their natal site may
therefore assist them in maintaining familiarity with that site. This suggests that animals
will return to sites that they have visited as immatures, rather than their natal site. The
results suggest only a partial loss of familiarity with the natal site since seals hauled out
to breed for the first time closest to their natal site and significantly closest to their natal
site than to the sites visited as a young immature animal. The results also suggest,
however, that the memory of recently visited sites may affect the accuracy of return to
the natal site; they did not breed significantly closer to their natal site than to a number

of recently visited sites.

When the age at which specific breeding haulouts take place is examined, important
trends emerge in relation to the loss of familiarity with prior haulout sites. While seals
showed no significant differences in relation to the age of primiparity, this was not the
case for diparous and multiparous seals. For both categories, although there was no
significant difference in the distance displaced from natal site than from first
reproductive site in younger seals, older diparous and multiparous seals hauled out
significantly closer to their first reproductive haulout site than to their natal site. A
number of studies have indicated that various species of seals show an increase in site
fidelity with age (Stirling 1974; Testa 1987; Huber et al. 1991; Reiter & Le Boeuf 1991;

Baker et al. 1995). These studies have, however, examined the site fidelity of animals
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marked as adults. Should elephant seals at Marion Island show increased fidelity to a
recently visited site with greater age, then it is logical that older animals will show

significantly greater fidelity to these sites than to their natal site.

Conclusions

Ultimately, the memory of previous sites visited may be only one of a number of factors
that determine which haulout site an animal selects. Factors related to experiences at
past haulouts important, such as level of pup mortality, site popularity (and therefore the
chance of finding suitable mates) or anthropogenic disturbance may also be important.
Studies of other species of animals have shown that those which experience offspring
mortality are more likely to breed at a different site in subsequent years (Bensch &
Hasselquist 1991; Reed & Oring 1993; Aebischer 1995; Nager et al. 1996). Further,
factors related to offshore topographical factors that may affect navigation close to a site
may be important. Do certain features make specific sites easier to locate? Finally,
public information, in the form of conspecific attraction or habitat copying, might also
be important in determining a haulout site (Valone 1989, 2007). Animals sometimes use
socially obtained cues such as the presence of conspecifics to make behavioural
decisions in certain circumstances, including the selection of breeding sites (Podolsky
1990; Smith & Peacock 1990; Podolsky & Kress 1992; Reed & Dobson 1993; Jeffries
& Brunton 2001). Conspecific attraction is known to influence habitat selection by
migratory colonial seabirds (Danchin et al. 1998). It is possible that elephant seals do
the same. Information garnered, by scent, sight or sound, on their approach to location
may influence the haulout decisions of a female southern elephant seal. These questions

are beyond the scope of this study, however, but are important to consider in the future.

99

© University of Pretoria



&

H UNIVERSITEIT VAN PRETORIA
"/ UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA
Hofmeyr = 2013 = Elephant seal dispersal Dispersal & history of movement of females

Boyd (2002) stated that “The difficulties of tracking individuals through long time
periods (on occasions for decades) and across large areas result in profound difficulties
with the measurement of dispersal in marine predators. Consequently, virtually no study
has been able to provide a comprehensive view of dispersal.” Here we have attempted
to give a more comprehensive view of the dispersal of one marine predator, the southern
elephant seal, at least as far as the terrestrial portion of its life is concerned. This has
been made possible by the tracking of individual animals over more than two decades
by the extensive application of plastic tags and great investment in resight effort. We
have shown that female southern elephant seals show fidelity to specific sites dependant
on their behavioural state and age. However, the terrestrial component is only one phase
of their lives. Elephant seals spend the majority of their lives in the marine environment
(MclIntyre et al. 2010) exposed to a very different habitat. While the assessment of
return to previous locations has been the subject of a number of studies (Bradshaw et al.
2004; Bailleul et al. 2007) further research will also be required here before a
comprehensive picture of the site fidelity of this marine predator in both terrestrial and

marine habitats emerges.
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dispersal of male southern elephant seals

Does the history of terrestrial haulout site influence the choice of haulout sites by male
southern elephant seals at Marion Island? Is the pattern shown by males different to

that shown by females?
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Adult male southern elephant seal, Kildalkey Beach, Marion Island. Photo — G. Hofmeyr
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“Fondness for company is one of the sea elephant's marked traits. An animal coming
out of the sea is obviously not contented on a lonesome shore. It wanders about
nervously between brief resting periods and soon returns to the water, perhaps feeling
that it must find someone to quarrel with. A sea elephant when landing crawls slowly up
the strand, stopping to let the waves break over it and taking advantage of every swell
to aid its progress. When it has reached the upper beach it rises to its full height and
reconnoiters; then, proceeding a little further it repeats the action, or if it spies none of
its kind it may take a siesta before continuing the search.”

Robert Cushman Murphy (1914)
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CHAPTER 3

HISTORY OF MOVEMENT AND THE DISPERSAL OF

MALE SOUTHERN ELEPHANT SEALS

Abstract

Studies of dispersal have noted significant fidelity to their natal site and the site of first
reproduction in many species of mammals and birds. Many of these studies have also
noted a sex bias in dispersal and site fidelity. The patterns revealed have been used to
explain why dispersal takes place. Few studies have, however, considered fidelity to
non breeding sites, or sex bias in fidelity to non breeding sites, and none have
investigated the patterns of sex bias in site fidelity shown by animals over the entire
course of their lives, possibly leading to an incomplete view of dispersal. We attempted
to counter this by systematically assessing fidelity to natal, winter, moult and breeding
sites, during the terrestrial phase of their lives, by males of a migratory marine predator.
We then compared the patterns shown to those of females. This study used data
generated by a long term mark-recapture programme of the population of southern
elephant seals Mirounga leonina at Marion Island, Southern Ocean. The patterns of
dispersal shown by male elephant seals changed over the course of their lives,
depending on their age and behavioural state. While they show significant fidelity to
their natal site, they haul out significantly closer to certain other sites visited during the
course of their lives, than to their natal site. As immature animals, they hauled out

closest to their natal site, but no closer to this site than to recently visited sites. Once
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they had reached maturity, however, and including their first breeding event, they
hauled out significantly closer to recently visited sites than to their natal site. This
pattern differs to that of females, which hauled out closer to recently visited sites than to
their natal site as immatures, but show an increase in fidelity to their natal site at their
first breeding event. Differences in the dispersal of male and female pinnipeds is to be
expected in the light of the great intersexual differences in behaviour and life history
showed by this taxon.

Keywords: dispersal, site fidelity, habitat selection, sex bias, southern elephant seal,

Mirounga leonina

Introduction

Sex bias in site fidelity is typical of both birds and mammals (Greenwood 1980; Dobson
1982). Patterns of sex bias have been characterised by reference to life history in an
attempt to explain why animals disperse. Greenwood (1980) suggested that the social
system determines the predominantly dispersing sex. He noted that females are the
dispersing sex in most monogamous species and species showing resource defence
polygyny whereas males are the dispersing sex in most species showing mate defence
polygyny. These patterns have been interpreted in the light of advantages that might
accrue to the sex that defends resources from familiarity with a previously visited site

(Greenwood 1980; Dobson 1982).

Studies of dispersal have generally considered fidelity to the natal site and the site of the
first reproductive event only. Animals typically show significant fidelity to both of these
sites (Greenwood 1980; Dobson 1982; Shields 1987; Clobert et al. 2001), but often

greater fidelity to the site of the first reproductive event (Greenwood 1980; Dobson
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1982; Shields 1987). Studies that have considered fidelity to other sites, primarily
examined the return of migrants to moult, winter and staging sites (Metcalfe & Furness
1985; Hestbeck et al. 1991; Cantos & Telleria 1994; Reed et al. 1998; Robertson &
Cooke 1999; Hamer et al. 2001; Foote et al. 2010). However, none of these studies
compared fidelity to non breeding sites and fidelity to breeding sites (see Chapter 2).
And few studies considered sex bias in fidelity to non breeding sites (Robertson &
Cooke 1999). Ignoring these two aspects may have important behavioural and
demographic consequences (Robertson & Cooke 1999). We attempted to counter this in
this study by a systematic examination of the terrestrial aspects of the dispersal of male
southern elephant seals Mirounga leonina over the course of their lives, as we did for

females (see Chapter 2) and by a comparison of the patterns shown by the two sexes.

Southern elephant seals are the largest of all pinnipeds with adult males reaching masses
of 1.5 — 3 tons (Ling & Bryden 1992). Adult females are considerably smaller, generally
being 350 — 800 kilograms in mass (Fedak et al. 1994). At the study site, adult females
begin breeding at ages three to six (de Bruyn 2009), whereas males begin breeding at
ages six to nine (Mammal Research Institute unpublished data). They inhabit the
Southern Ocean, and are primarily pelagic (MclIntyre et al. 2010a). Southern elephant
seals undertake double annual migrations of several thousand kilometres each between
pelagic foraging areas and terrestrial haulouts on isolated subantarctic islands (Carrick
et al. 1962b; Hindell & Little 1988; Bester & Pansegrouw 1992; Wilkinson 1992;
Jonker & Bester 1998). Terrestrial periods ashore are brief, seasonal and loosely
synchronised (Kirkman et al. 2003; Kirkman et al. 2004). These periods are
characterised by an absence from the sea for all except brief immersions in the shallows

(Condy 1979; Wilkinson & Bester 1990) and rare movements among adjacent sites
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(Munyai 2006) and therefore each can be regarded as a naturally discrete event. Four
types of terrestrial periods are experienced over the course of an elephant seals life: the
natal period, and the winter, moult and breeding haulouts. Elephant seals are born
during the natal period, following which they spend three weeks ashore pre-weaning
and up to five weeks post weaning (Laws 1956; Carrick ef al. 1962b; Condy 1979).
Immature elephant seals are recorded ashore in most years during the autumn and
winter for periods of several weeks (Kirkman et al. 2001; Pistorius et al. 2002). All
elephant seals undertake an annual moult haulout in the spring or summer throughout
their lives (Condy 1979; Kirkman et al. 2003). And finally, during the spring adult
elephant seals haul out during most years to breed (Condy 1979; Kirkman et al. 2004).
Adult females come ashore for a month during this period, during which time they give
birth, suckle their pups to weaning, and mate. Adult males haul out during the breeding
season for periods of several weeks to three months during which they compete for
control of aggregations of females, attempt to defend these aggregations and mate
(Laws 1956; Carrick et al. 1962a; Hindell & Burton 1988; Wilkinson 1992; Le Boeuf &

Laws 1994; Kirkman et al. 2003; Kirkman et al. 2004).

The aims of this study were to answer a number of questions in relation to site fidelity
and past history of movement: (1) Do male southern elephant seals show fidelity to any
sites other than their natal site or site of the first reproductive event? (2) Does this
pattern differ according to the type of haulout? (3) Does the pattern change over the
course of the seals’ lives? We then further asked (4) does the pattern of dispersal shown

by males differ to that described for females?
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Methods
Definition

A site is defined as a specific beach on an island, usually of less than one kilometre in
length. The word “site” is not used in relation to broader geographic locations, such as

islands or island groups.

Study location

Data were collected from the population of southern elephant seals at isolated
subantarctic Marion Island (Figure 3.1). This is one of two islands in the Prince Edward
Islands Archipelago (46° 54'S., 37° 45' E.). Population size is estimated at 2100 seals of
all age classes, with a pup production figure of approximately 500 (Pistorius et al. 2004;
Pistorius et al. 2011). Elephant seals haul out primarily on the north east, east and parts
of the south coast in a section known as the Extended Study Area (ESA). Outside of this
area the terrain is unsuitable for them (Wilkinson 1992) and negligible numbers of seals
are recorded (Mulaudzi et al. 2008). Some of the 40 locations within the ESA are more
popular than others. These sites are separated from each other in all but two instances,
by terrain impassable to elephant seals. Since seals are required to swim before they

move among sites, each can be regarded as a naturally discrete spatial entity.

Fieldwork

An ongoing long-term mark-recapture programme generated the data analysed in this
study. From 1983 to 2003, almost all elephant seal pups of 21 cohorts (9 963 animals)
were marked in the study area. These were tagged at their natal site shortly after

weaning. A Jumbo Rototag ® (Dalton, Henley-on-Thames, UK) was applied to the
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Figure 3.1 Map of Marion Island showing the distribution of southern elephant seals

Mirounga leonina. The areas of the circles are directly proportional to the mean annual
number of elephant seals hauling out at each site. The north and east sections of the
coastline between locations marked SP and KD and at locations marked WT and GH
form the study area. Reproduced from African Journal of Marine Science (2012) 34(3):
373-382 with permission © NISC (Pty) Ltd.
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interdigital webbing of each hind flipper of each seal. The colour of the tags was
specific to a cohort and the number, to an individual within each cohort, rendering each
seal identifiable. Also from 1983 tags were resighted following the pattern detailed in
Table 3.1. Resight events, or censuses, of the ESA were conducted approximately four
time a month between mid August and the end of September (during the breeding
season) and three times per month for the rest of the year. The difference between these
periods was to allow for an increase in search effort during that period of the year when
elephant seal behaviour made the resighting of tags more difficult. The frequency of
haulout meant that most seals were recorded more than once during a particular haulout
event. During each census, systematic searches of the ESA for tagged seals were
conducted by one or two observers who visited each possible elephant seal haulout
sequentially and systematically searched on foot for elephant seals. During censuses the

following information was recorded for each tagged seal: colour and number of tag,

Table 3.1 The pattern of resight effort for tagged southern elephant seals Mirounga
leonina in the Extended Study Area at Marion Island.

Month & Year Sites and frequency of visits by observers
(inclusive)

North-East & East Coast South Coast
(sites MMOST —MMO20)  gj(es MMO025 & MM 026)

Nov 1983 — May 1989 Every seven or ten days Monthly
from Sep — May from Sep — May

Aug 1989 — Aug 1992  Every seven or ten days Monthly

throughout the year throughout the year
Sep 1992 — Nov 2003  Every seven or ten days Every seven or ten days
throughout the year throughout the year
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location, behaviour and moult status. Where possible, the sex of the seal was also

recorded to confirm the determination at tagging.

Data editing

The 35 189 records of male elephant seals collected during the study were edited using
the methods detailed in Chapter 2: (1) obviously incorrect or incomplete records were
corrected or removed from the database (resultant database of 31 620 records), (2) a
single record was chosen to represent each haulout event (15 146 records), and (3)
animals older than eight years were removed due to the small sample sizes of older
animals participating in haulouts (14 984 records), (4) animals were aged by one year
on the 15" of October, unless they had been recorded ashore during a breeding haulout,
in which case they had been aged from the beginning of that haulout. To this database
were added the calculated distances among all possible haulouts for each individual
seal. These distances were determined as the shortest coastline measurements between
the centres of each site, ignoring indentations. For each male seal the following 20
haulout events were possible: natal period (N), winter haulouts from age zero to age
four (WO — W4), moult haulouts to age eight (M1 — M8), breeding haulouts from age
six to age eight (B6 — B8), the previous breeding (PrB) and previous moult haulouts
(PrM) and the haulouts of the first reproductive event (RH1). None of the males was

recorded ashore during all of these possible haulout events.

Statistical Approach
The statistical approach followed the methods used in Chapter 2. The structure of the

data for comparing two distances D, and D, (e.g. “Distance from current haulout to
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natal site” and “Distance from current haulout to first winter site”, respectively) was

schematically represented thus:

D, D,
Xu 0y,
X= 021 Xn
Xu Xp

where X :(n; X1) is a column vector of distances for n;; individuals and O, : (n; X1)

empty data vectors with no observations, with (i=1,2,3; j=12) . [Note: ny = n32].

We considered different tests for comparing D, to D, e.g. a mixture of t-tests (paired and
two-sample) or a mixture of nonparametric tests (e.g. Wilcoxon Signed Rank and

Wilcoxon Rank Sum tests), because the data consists of both paired (X, and X, ) and

independent (X, and X,, ) data sets. However, because of difficulties in weighting of

the components of these mixtures and complications in estimating the standard error, we
decided to use the Jackknife approximation (Efron & Tibshirani 1998). This was done
because the Jackknife can be considered as a near non parametric test with the
characteristic that it is an unbiased estimator of the arithmetic mean, and because the
Jackknife, as proposed here, includes all available observations for a specific subset of

the data e.g. Case III below.

The test statistic constructed for the general case isT = g, X, +a,,X,, +a; X;, +a;,

el

327

where )_(,.j equals the arithmetic mean of the n; observations from X . The weights

a, forms a contrast such that a,,+a,, +a,, +a;, =0. Due to incomplete data from a
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survey and that it was not gained by an experimental design, we identified the following

cases (I to V) by which two distances D, and D, could be compared, namely:
Casel: n,,n,,n,,n, >0, with a,,=-a,, = a;, =—a,, =1

Casell: n,,n,, >0,n, =n, =0, with a,=-a, =1, a;;=a,,=0
CaseIlI: n,, n,, =n,, >0,n, =0, with 2a,,=2a,=-a,, =1, a, =0
CaselV: n,,n, =n, >0,n,=0,with -2a,,=a,,=-2a,,=1, a,=0

CaseV: n,, =n, >0, n,=n,=0,with a,=-a,,=1, a,=a, =0

Depending on the data structure (Cases I to V), Jackknife estimates

Ty = (allxll +a,,X,, +a, X, + a32X32) i=1l..,n

M’
were obtained with the Jackknife estimator of
1
. _ n B n _ 2|2
T givenby T, = %ZTH«D and SE,, = {nTIZ(TJK(i) —TJK) }
i=1 i=1

where T, . 1s the estimator based on the complete dataset with observation i left out.

JK (i)

To construct Cls (confidence intervals) and hypothesis testing e.g. 4, =, the

assumption was made that ¢, =T, /SE , can be approximated by a ¢ distribution with

(n—1)degrees of freedom.

For the data in question, we selected a subset and applied the procedure applied. All
differences were considered statistically significant on a 5% level of significance.
Descriptive statistics of the raw data were provided to illustrate the results of the

Jackknife. All analyses were completed using SAS (SAS Institute Inc 2004)
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Results

Moult haulout

Male elephant seals experiencing their first moult haulout, as yearlings, do not haul out
significantly closer to either of the two sites (natal and first winter) that they have
previously experienced (Figure 3.2a). At the age of two, males haul out significantly
closer to their natal site and their prior winter haulout site than any other sites visited
(Figure 3.2b). From the age of three to five years of age, males haul out significantly
closer to their previous moult and winter sites than to any sites visited while a young
immature animal, but no closer to their previous moult or winter sites than to their natal
site or recently visited moult and winter sites (Figures 3.2c — 3.2e). When moulting at
age six, male elephant seals haul out closest to their previous moult site, and
significantly closer to this site than to their natal site, or sites visited before the age of
two Figure 3.2f). Adult males of age seven and eight years, haul out closest to their
moult and breeding sites of the previous year, but not significantly closer to these sites
than to sites visited recently. They haul out significantly closer to sites of the previous

year than to sites visited as a young immature and their natal site (Figures 3.2g — 3.2h).
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Figure 3.2 Mean distances between the moult sites and various prior haulout sites of

male southern elephant seals Mirounga leonina of various ages, at Marion Island.

Haulout sites are represented by: N — natal site, W0, W1, etc — winter haulout site

visited as underyearlings, yearlings, etc respectively; M1, M2, etc — moult sites visited

as yearlings, two-year-olds, etc respectively and RH1, PrB — first breeding haulout site

and previous breeding haulout site respectively. The numbers above the data points are

sample sizes. Elephant seals have hauled out significantly closest to sites represented by

circled data points.
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Winter haulout

Yearling male southern elephant seals come ashore for their winter haulout significantly
closer to their natal site than to any previous haulout site (Figure 3.3a). While older
males also haul out close to their natal site, they do not haul out significantly closer to
this site than to moult and winter sites used in the last year (Figures 3.3b and 3.3c) or in
the last three years (Figure 3.3d). They haul out significantly closer to their previous

moult and winter sites than to less recently visited sites.
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Figure 3.3 Mean distances between the winter haulout sites and various prior

haulout sites for male southern elephant seals Mirounga leonina of various ages at
Marion Island. Haulout sites are represented by: N — natal site, W0, W1, etc — winter
haulout site visited as underyearlings, yearlings, etc respectively; M1, M2, etc — moult
sites visited as yearlings, two-year-olds etc respectively. The numbers above the data
points are sample sizes. Elephant seals have hauled out significantly closest to sites

represented by circled data points.
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Breeding haulout

Male southern elephant seals breeding for the first time haul out significantly closer to
their previous moult site than to most haulout sites visited as an immature. They do not
haul out closer to their previous moult site, however, than to their natal site and to most
moult sites visited as an immature animal (Figure 3.4a). When hauling out to breed for
the second time males haul out no closer to their first breeding site than to their previous
two moult sites and their previous winter haulout site. They do haulout significantly
closer to their first breeding site than to their natal site and all sites visited as an

immature animal (Figure 3.4b). When returning to breed on occasions subsequent to the
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Figure 3.4 Mean distances between the sites of the reproductive haulout events and
various prior haulout sites of male southern elephant seals Mirounga leonina at Marion
Island. Haulout sites are represented by: N — natal site, W0, W1, etc — winter haulout
site visited as underyearlings, yearlings, etc respectively; M1, M2, etc — moult sites
visited as yearlings, two-year-olds, etc respectively; RH1 — first reproductive haulout
site; PrM, PrB — moult site and breeding haulout site of the previous year respectively.
The numbers next to each datum point are sample sizes. Elephant seals have hauled out

significantly closest to sites represented by the circled data points.
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first two, males haul out significantly closer to their previous breeding site except for

the winter site visited as a five-year-old (Figure 3.4c¢).

Table 3.2 Summary of effect of history of movement on choice of haulout site by
male southern elephant seals Mirounga leonina at Marion Island. N — natal site, Im —
moult and winter sites visited when immature, PrIm — haulout site visited as an
immature animal on the previous haulout, M — sites visited when moulting, PrM —
moult haulout site of the previous year, AAM - moult sites visited as an adult, RHI —

first breeding haulout site, PrB — breeding haulout site of the previous year.

Current Haulout Event  Previous haulout sites close to the Previous haulout sites distant

current haulout site from the current haulout site
M1 N, Im
M2 N, Pr other Im
o| M3 N, recent Im early Im
é M4 N, recent Im early Im
8 M5 N, recent Im early Im
= M6 (have not bred) recent Im N, early Im
M7 (have bred) recent Im, PrM, RH1 N, early Im
MS (have bred) Some Im, PrM N, most Im, RH1, PrB
Wi N, Im
é w2 N, recent Im N, other Im
E W3 N, recent Im N, other Im
w4 recent Im N, other Im
o RH1 recent Im, PrM N, early Im
E RH2 PrM, RH1 N, Im
é} RH>2 recent Im, RH1, PrB N, Im, PrM
m
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Figure 3.5 Mean distances between current haulout site and selected previous

haulout sites by male southern elephant seals Mirounga leonina at Marion Island.

Current haulout sites are represented by: N — natal site; W0, W1, W2 — winter haulout
site visited as underyearlings, yearlings and two-year-olds respectively; M1, M2, etc —
moult sites visited as yearlings, two-year-olds, etc respectively; B4, BS, etc — breeding

sites visited as four-year-olds, five-year-olds, etc, respectively.

Discussion

In this study we attempted to define the pattern of site fidelity followed by male
southern elephant seals over the course of their lives. Specifically we asked whether
male elephant seals showed fidelity to any sites other than their natal and first breeding

site, whether fidelity was linked to the purpose of the current haulout, and whether this
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changed over the course of their lives. Furthermore, we asked whether this differed

from the pattern shown by females.

Site fidelity of males

As immature animals, whether hauling out during the winter or to moult, male seals
hauled out significantly closest to their natal site and recently visited sites and distant
from sites visited as young immature animals (Figure 3.5 and Table 3.2). When
returning to moult as adults, however, they hauled out closer to recently visited sites
than to their natal site or sites visited as young immature animals. When they first
hauled out to breed, male seals hauled out closer to recently visited sites, including their
previous moult site, than to their natal site or sites visited early in immaturity. Returning
to breed a second time, they hauled out closest to their first breeding site and their
previous moult site, and distant from sites visited as immature animals. Animals
returning to breed subsequently, hauled out closest to previous breeding and moult site,
and some sites visited as an immature animal, and distant only from their natal site and

a number of sites visited as an immature.

As with female elephant seals at the study site (see Chapter 2), the data reported here
add considerably to the described patterns of dispersal by elephant seals and other
pinnipeds. Elephant seals from a number of populations show fidelity to a previous site
(Carrick & Ingham 1962a, b; Nichols 1970; Bester & van Niekerk 1984; Campagna &
Lewis 1992; Galimberti & Boitani 1999; Van den Hoff 2001) and a number of studies
have indicated that females show fidelity to their natal site and first breeding site
(Carrick & Ingham 1962b; Nichols 1970; Hindell & Little 1988; Huber ef al. 1991).

However, due to their greater age than females at the onset of breeding (Laws 1993) and
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lower survival than females (Pistorius et al 1999), few studies have been able to assess
the natal site fidelity of large groups of male elephant seals. Studies of dispersal in
males have mostly considered site fidelity in animals marked as adults (Carrick &
Ingham 1962a; Nichols 1970; Campagna & Lewis 1992). While these indicate that male
southern elephant seals show fidelity to a previous haulout site, the lack of information
as to the age of the animal when tagged, and the location of the natal site, undermines
the value of these observations and does not allow true comparisons among sexes or age
groups. Hofmeyr (2000) examined site fidelity of elephant seals from the study
population that had only marked at their natal site as pups. While significant fidelity by
both sexes and various age classes was found to their natal site and site of first
reproductive event, and significant difference were found between the patterns of
dispersal of the two sexes, site fidelity in relation to other haulout sites was not
considered. By examining fidelity over the course of their lives, this study gives a more
complete picture of the haulout behaviour of male elephant seals and the possible

choices that they make in selecting a site.

Differences between the sexes

Many species of pinnipeds show considerable differences between the sexes in terms of
morphology (Bininda-Emonds & Gittleman 2000; Lindenfors et al. 2002), foraging
behaviour and diet (Castley ef al. 1991; Beck et al. 2005; Page et al. 2005; Breed et al.
2006; Page et al. 2006; Beck et al. 2007a; Beck et al. 2007b; Meynier et al. 2008;
Staniland & Robinson 2008; Trites & Calkins 2008; Hofmeyr et al. 2010), habitat use
(Page et al. 2006; Staniland & Robinson 2008) and life history (Payne 1977; Lander
1981; Warneke & Shaughnessy 1985; Trillmich 1987; Laws 1993; Butterworth et al.

1995). Elephant seals are an extreme example in this regard, with males weighing up to
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ten times the mass of females (Laws 1993). Males and females differ in their diet,
foraging areas used and dive characteristics (Hindell 1991; McConnell et al. 1992;
Campagna et al. 1995; Campagna et al. 1999; Lewis et al. 2006; Campagna et al. 2007,
Field et al. 2007; Biuw et al. 2010; Mclntyre et al. 2010a; Mclntyre et al. 2010b).
Furthermore, the timing of their haulout events, particularly during the breeding season
is very different (Laws 1956; Carrick & Ingham 1962a; Condy 1979; Kirkman et al.
2003; Kirkman et al. 2004; Mclntyre et al. 2010a). While individual females will spend
a single month ashore during the breeding season, individual males will remain ashore
for a more variable period, and up to three months. And lastly, Mulaudzi et al. (2008)
demonstrated that male and female southern elephant seals preferred, and discriminated
against, overlapping but different suites of haulout sites, which varied according to the
haulout type. Furthermore, they showed that differences between the sexes in site

selection became more apparent with age.

Given the differences between males and females in all of these aspects, substantial
differences in patterns of site selection and site fidelity are expected, and indeed, are
found. While females show significantly greater fidelity to their natal site than to other
sites only when they are yearlings and when they first haul out to breed (see Chapter 2),
males showed preferential fidelity to this site throughout their subadult years, but not as
an adult, including their first breeding haulout. However, both males and females tend
to show greater fidelity to recent haulouts throughout their lives. For females these
haulouts are usually of the same type as the current haulout, whereas for males, these

are both breeding and moult haulouts.
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Although males show greater fidelity to recently visited sites than to their natal site
when they first haul out to breed, and females show significantly greater fidelity to their
natal site than to all other sites visited at their first recorded breeding event, males do
breed significantly closer to their natal site than females during this event. The latter
was explained by Hofmeyr (2000) as possibly due to the differences in the life histories
of the sexes; females give birth within days of their arrival during the breeding season
(Carrick et al. 1962b; Ling & Bryden 1992; Wilkinson 1992) and are unable to move
among sites thereafter since their pup is both dependent and relatively immobile (Condy
1979; Wilkinson 1992), whereas males are able to move among sites throughout the
breeding season. Munyai (2006) showed that this was the case, with males moving
significantly farther than females, and three times as often, during a breeding haulout.
Assessing fidelity to other sites in addition to the natal site, gives a more complete
picture of site selection by male elephant seals. Although most haul out in the vicinity
of their natal site (60 % within five kilometres at the first breeding haulout, and 88 % on
subsequent breeding haulouts — Hofmeyr 2000), it is possible that they have some
degree of familiarity with the various sites in this area by virtue of their spatial memory
of previous visits. Their decision concerning the site to be selected may be based on this
familiarity. The role that spatial memory plays in selecting a site may be mediated to
some degree by social information. A number of species of animals have been shown to
select sites based on the presence or numbers of conspecifics at a site (Danchin &
Wagner 1997; Courchamp et al. 1999; Valone 2007). In addition, many species also
show evidence of being able to assess opponent fighting ability (Freeman 1987;
Johnson & Ackerman 1998; Oliveira et al. 1998; Earley & Dugatkin 2002; Earley et al.

2005) which may play a role in habitat selection. Male elephant seals may therefore
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partially select a site based on the quantity of adult females and the quality of adult

males present.

The process of breeding habitat selection by females is possibly far simpler than that of
males. As noted, due to parturition taking place shortly after arrival at a terrestrial
haulout (Carrick et al. 1962b; Ling & Bryden 1992; Wilkinson 1992), their ability to
select an alternative landfall is compromised. They should therefore navigate more
carefully than males to their first landfall during the breeding haulout. Whether they do
so is unknown. To answer this question, data on the site selection of elephant seals
would have to be collected at a finer temporal resolution than in the current study.
Females may, as is suggested for males, modify their choice of a breeding site based on
social information. The presence of other females may determine whether they stay at
their first landfall or move on. Anderson et al. (1975) suggested that the breeding
locations of female grey seals Halichoerus grypus is determined by those that arrive
early in the season, since they are gregarious animals. They also suggested, however,

that female grey seals moved several times before selecting a pupping site.

An important question is why females do not navigate with greater accuracy to a
previous site than recorded. Female otariids are able to do so, pupping within metres of
previous pupping sites, despite giving birth shortly after arrival (Lunn & Boyd 1991;
Baker et al. 1995). Female grey seals also frequently give birth within metres of a
previous pupping site (Boness & James 1979; Pomeroy et al. 1994). It is quite possible,
however, that in a low density elephant seal population like that at Marion Island, with
a number of relatively small and similarly size harems on suitable beaches (Wilkinson

1992), the differences in reproductive success accruing to females from choice of a
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specific site, are not significant. Since they only give birth to a single pup, any one of a
number of beaches at which female elephant seals can raise their pup to weaning,
should be suitable (Laws 1993). Males, on the other hand, are potentially able to father
many offspring in a single season (McCann 1981; Le Boeuf & Reiter 1988; Fabiani et
al. 2004). Selecting a site based on prior local spatial familiarity and current social

knowledge, may make a great difference to their reproductive success.
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