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Abstract 

New Zealand sea lions, Phocarctos hookeri, are one of the least abundant pinniped 

species and practically all breeding is restricted to the Auckland Islands and Campbell 

Island. They were extirpated from the New Zealand mainland by hunting following 

human colonisation. The philopatric nature of sea lions restricts their capacity to 

colonise new areas. New Zealand sea lions were declared a threatened species in 

1997. The primary aim of the population management plan is to achieve non

threatened status within 20 years, which is contingent on new breeding locations (>35 

mature females exhibiting breeding philopatry) being established outside the 

subantarctic population base. Otago, southeast South Island, is the only location north 

of the Auckland Islands with sustained annual breeding. Breeding was initiated at 

Otago by a solitary migrant female in the 1993/1994 season. 

Otago beaches were surveyed from December 2003 to June 2004 and during the 

2004/2005, 2005/2006 and 2006/2007 breeding seasons. Individuals were identifiable 

by flipper tags and diagnostic natural body features. A total of 28-29 pups were born 

at Otago Peninsula (all in the lineage of the founding female) from 1993/1994 to the 

2005/2006 breeding season. Results from this study indicate the initiation of colonial 

breeding since all breeding females and their pups were based at the same sites for the 

13 years since breeding began and all Otago-born juvenile females remained in 

contact with mothers and pups. Two pups were born in the Catlins in the 2005/2006 

and 2006/2007 seasons to a new resident immigrant female indicating potential for a 

new breeding location to develop. 

Results from a Leslie matrix model predicted the Otago population will reach >35 

breeding females between 2018-2034: 21-37 years from 1997, at rates of annual 

increase of 6-15%. The average age of primiparity was earlier at Otago than at the 

Auckland Islands. At stable population demography in the model, four year old 

females at Otago made up 13-17% of the breeding population compared to 1% for 

four year olds at the Auckland Islands. Survival of Otago born pups to one year was 

high (86% to 93% ). Mothers at Otago had shorter attendance pattern and foraging 

cycle durations than mothers at the Auckland Islands indicating that Otago is a more 

favourable foraging environment. The combination of these findings leads to the 

conclusion that Otago represents a superior breeding location for New Zealand sea 

lions compared to the Auckland Islands in terms of environmental conditions. 
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Chapter 1: General introduction 

The New Zealand sea lion, Phocarctos hookeri, is one of the least abundant pinniped 

species at 11 855 (95% CI 10 259 to 13 625) individuals (Campbell et al. 2006) and 

has a highly restricted breeding distribution around subantarctic islands south of New 

Zealand (Campbell et al. 2006). It was extirpated from the New Zealand mainland 

following human colonisation and subsequent subsistence and commercial hunting 

(Gales & Fletcher 1999). A trawl fishery for arrow squid (Nototodarus sloanii) 

around the Auckland Islands has led to incidental fishing-related mortalities that are 

perceived as inhibiting population increase and subsequent emigration of sea lions 

and the creation of new breeding locations (Maunder et al. 2000, McConkey et al. 

2002c, Wilkinson et al. 2003, DOC 2006). New Zealand sea lions are classified as 

vulnerable due to their breeding locations numbering less than five and are capable of 

becoming critically endangered in a short period (IUCN 2006). The establishment of 

new breeding colonies away from the subantarctic islands is essential for the recovery 

of this species however, the philopatric nature of New Zealand sea lions restricts their 

capacity to colonise new areas (McConkey et al. 2002c). Breeding was established at 

Otago in the 1993/1994 season by a solitary immigrant female (McConkey et al. 

2002c). Her surviving pups have remained at Otago and her eldest two daughters 

began breeding (McConkey et al. 2002c). Although immigrant females have been 

present at Otago none have been recorded as breeding (McConkey et al. 2002c). 

Continued monitoring of the population is necessary to determine whether or not this 

represents a sustained spread in breeding distribution. The successful colonisation of 

Otago could be critical for the viability of the species. 

Classification 

Seals, from the order Carnivora suborder Pinnipedia are commonly called pinnipeds, 

from the Latin meaning "wing-footed". Pinnipeds comprise three families, Phocidae 

(phocids, true seals), Otariidae ( otariids, fur seals and sea lions) and Odobenidae 

(odobenids, walruses) (Bonner 1994). The three families can be distinguished based 

on various morphological, behavioural and reproductive differences. The most 

obvious feature that differentiates otariids is the presence of external ears (pinnae), 

which are lacking in phocids and odobenids. In addition, movement on land and in the 
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water is strikingly different between the three groups. Unlike phocids, otariids and 

odobenids can turn their hind flippers inwards under the body in order to walk on 

land. To propel themselves through the water otariids and odobenids use vertical 

sweeps of the front flippers whereas phocids use lateral sweeps of the hind flippers 

and lower body. Lactation in phocids generally lasts from four days to several weeks 

and females typically remain ashore with their pup and fast during this time. 

Conversely, odobenids exhibit prolonged lactation lasting two or more years and 

females do not fast. Lactation in otariids falls between these two extremes lasting 

from several months to three years during which time the females feed (Riedman 

1990). 

The otariids are split into two subfamilies; the Arctocephalinae (fur seals) with nine 

species, and the Otariinae (sea lions) with five species, including one subspecies. Sea 

lions are generally larger than fur seals and have a short and coarse pelage and 

rounded muzzles whereas fur seals have thick coats and pointed snouts (Riedman 

1990). Sea lions are more diverse than the closely related fur seals (two genera) with 

each species in a monospecific genus and three of the five species are allopatric 

(Riedman 1990, Bonner 1994). The California sea lion has been divided into three 

subspecies: Zalophus californianus, which is found primarily around the Californian 

coast and also along the Pacific coast of North America and numbers 75,000 

individuals; Z. californianus wollebaeki (the Galapagos sea lion), which is found on 

the Galapagos Islands and is geographically distinct and genetically isolated from the 

California sea lion and numbers 40,000 individuals; and Z. japonicus (the Japanese 

sea lion), which is considered to be extinct (Bonner 1994). The Steller sea lion, 

Eumetopias jubatus, inhabits the rim of the North Pacific Ocean and Bering Sea from 

Japan to California, overlapping with California sea lion distribution (Bonner 1994). 

Numbers have declined throughout most of their range, most dramatically through the 

Aleutian Islands and Gulf of Alaska (Trites & Larkin 1996). The Australian sea lion, 

Neophoca cinera, is restricted to the south and south-western coastlines of Australia 

and has a small but stable population numbering around 9,900-12,500 individuals 

(Shaughnessy 1999, Shaughnessy et al. 2005). The Southern sea lion, Otaria 

flavescens, has a relatively wide distribution around the South American mainland 

and Falkland Islands. The Falkland Island population declined dramatically between 
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the 1930s (380,000 individuals) and 1960s (6,000 individuals but there was a gradual 

and sustained increase between 1990 and 2003 (Thompson et al. 2005). 

Distribution and abundance 

The New Zealand sea lion is one of the least abundant pinnipeds in the world with a 

highly localised distribution limited to latitudes between 45°-55° South in the New 

Zealand region (Childerhouse & Gales 1998, Gales & Fletcher 1999, Campbell et al. 

2006). This encompasses the New Zealand subantarctic islands and Macquarie Island 

(where only males are present) as well as Stewart Island and the south east coast of 

South Island, New Zealand (Figure 1.1) (Gales & Fletcher 1999, Campbell et al. 

2006). The most recent estimate of total population size is 11 855 (95% CI 10 259 to 

13 625) individuals for the 2004/2005 austral summer (Campbell et al. 2006). Eighty

six percent of all pup production for the New Zealand sea lion occurs at three 

locations within the Auckland Island group; these are Dundas Island (64%) and 

Enderby Island ( 19%), within a 10 km radius and Figure of Eight Island (3%) (Figure 

1.2). The majority of the remainder occurs on Campbell Island (14%) (Chilvers et al. 

2007). Occasional births have been recorded at the Snares (McNally 2001) and 

Stewart Island (Childerhouse & Gales 1998, McConnell 2001) but breeding at these 

locations has been transient or restricted to fewer than ten breeding females 

(McConnell 2001, MeN ally 2001). A solitary migrant female initiated breeding at 

Otago in the 1993/1994 breeding season (McConkey et al. 2002c). Her eldest two 

daughters have remained at Otago and have also started breeding (McConkey et al. 

2002c). 

Prior to the arrival of humans, sea lions were widespread around the three main 

islands of New Zealand ranging from Stewart Island to the north of the North Island 

(Figure 1.1). This has been made evident by the discoveries of remains predating 

European settlers from 47 sites around New Zealand. Many of the sites were Maori 

middens indicating that sea lions were used for food (Childerhouse & Gales 1998). 

Sealing at the Auckland Islands began in the early 19th century initially targeting fur 

seals (Childerhouse & Gales 1998). Sea lions were killed in larger numbers once fur 

seal stocks were severely depleted and records from sealing expeditions indicate that 

the sea lion population had declined to such low numbers that by about 1826 the 

sealing trade had become defunct (Childerhouse & Gales 1998). No realistic estimates 
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are possible for pristine population size (Gales & Fletcher 1999). Pup remains in 

archaeological records provide evidence for breeding near the northern tips of the 

South Island (Worthy 1994) and the North Island (Smith 1989, Gill 1998). Otago 

Peninsula now marks the northern limit of breeding by New Zealand sea lions 

(McConkey et al. 2002c). 

The first twentieth century record of New Zealand sea lions at South Island was by 

Fleming (1953) and at Otago by Gaskin (1972) although no dates were given. Wilson 

(1979) reports seeing male New Zealand sea lions at Cape Saunders, Otago Peninsula 

in 1972 and one male at the Catlins, south Otago in 1973. Additionally, subadult and 

adult males were seen at Port Pegasus, Stewart Island in 1974 (Wilson 1979). 

Beentjes (1989) identified 14 male sea lions (juvenile to adult) at Papanui Beach, 

Otago Peninsula between November 1985 and November 1987 of which nine were 

residents. McConkey et al. (2002a) report Papanui Beach as the only Otago Peninsula 

site with continual presence of New Zealand sea lions for the ten years 1984 - 1993, 

after which time animals began to spread to other peninsula beaches. In 1999 the 

number of immigrant males at South Island was 108 individuals, almost triple the 40 

individuals in 1994 (McConkey et al. 2002a) with 50-70 of these males resident at 

Otago Peninsula (Lalas et al. 2007). 

The first record of a female New Zealand sea lion at Otago in the twentieth century 

was in 1987 by Hawke (1993). In contrast to males the number of immigrant females 

at Otago remained low at only six identified individuals from 1991-2001 (McConkey 

et al. 2002a). This may be partially explained by the fact that weaned juvenile females 

are accepted into the breeding population whereas juvenile males are driven off by 

breeding males and leave the breeding colonies (McConkey et al. 2002a). This 

movement away from one spatial unit to another is termed removal migration and is 

not followed by a return (Baker 1978). Alternatively, such disparity could be due to 

the fact that females are capable of having their first pup at four years of age, suckle 

for up to a year and potentially pup annually, which means that most females are 

constrained by the needs of their offspring and remain in the vicinity of their breeding 

location (Cawthorn et al. 1985). All females at Otago remain throughout the year 

whereas some adult males are known to migrate to the Auckland Islands during the 

breeding season usually returning by March (McNally 2001, McConkey et al. 2002c, 

Robertson et al. 2006). 
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Figure 1.1: Map of New Zealand and subantarctic islands showing important sites for 

the New Zealand sea lion. 
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Figure 1.2: Map of the Auckland Islands showing main breeding areas for the New 

Zealand sea lion; Sandy Bay, Enderby Island, Dundas Island and Figure of Eight 

Island. 
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Conservation status and current threats to the species 

The New Zealand sea lion has been classified as 'Vulnerable' by the International 

Union for the Conservation of Nature (IUCN) Seal Specialist Group. The 'D2' 

classification on the IUCN red list is based on the fact that the number of breeding 

locations for this species numbers less than five and does not include population size 

(IUCN 2006). In 1997 New Zealand sea lions were designated as threatened under 

provisions in the New Zealand Marine Mammals Protection Act 1978. New Zealand 

legislation requires that threatened species of marine mammals must be managed to 

reduce human induced mortality and achieve non-threatened status within 20 years 

(Wilkinson et al. 2003). To achieve this status the Department of Conservation (DOC) 

is developing a population management plan to establish new and viable breeding 

colonies in areas away from the principle breeding grounds (Maunder et al. 2000). 

The highly localised and prehistorically reduced distribution of New Zealand sea lions 

makes this species vulnerable to population decline. At present the only predator 

reported for New Zealand sea lions is the great white shark (Carcharodon carcharias) 

although it appears to be fairly insignificant in terms of population loss (Riedman 

1990). During the 1970s a trawl fishery for arrow squid began operating over the 

continental shelf around the Auckland Islands (Figure 1.2) (Chilvers et al. 2005b). 

The fishery currently operates annually from February to early May, coinciding with 

the early part of lactation of the New Zealand sea lion (Maunder et al. 2000). With sea 

lions and trawlers both targeting squid, mortalities occur at low but consistent levels 

(Maunder et al. 2000, Doonan 2001). Woodley and Lavigne (1993) suggested that 

these incidental kills contributed to a decline in the New Zealand sea lion population. 

In 1982 the Minister of Fisheries established a 12 nautical mile fishing exclusion zone 

around the Auckland Islands (Wilkinson et al. 2003). In 1992 this zone was declared a 

marine mammal sanctuary, with the objective of protecting the New Zealand sea lion 

while maintaining a viable fishery. Since 1989 government observers have been 

placed on some fishing vessels in an effort to establish the numbers and locations of 

sea lions caught (Wilkinson et al. 2003). Since 1992, an operational plan has been 

developed by the New Zealand Government in consultation with stakeholders and 

government officials, to define the management regime for each fishing year 
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(Wilkinson et al. 2003). The primary management tool used was to implement a 

Maximum Allowable Fishing-Related Mortality (MALFIRM), a designated 

maximum annual kill rate by fisheries that ensures the fishery is closed if MALFIRM 

is exceeded (Maunder et al. 2000). The aim of the management plan is to reduce 

incidental mortalities in the squid fishery so that bycatch does not affect population 

increase at the Auckland Islands (DOC 2006). The assumption is that the population 

will have the ability to reach carrying capacity and concurrent density dependant 

factors will lead to emigration of sea lions away from the Auckland Island population 

base (Maunder et al. 2000). 

The Auckland Island breeding population is nearing carrying capacity (McConkey et 

al. 2002c, Breen et al. 2003, Wilkinson et al. 2003) and Breen et al. (2003) provided 

alternative control strategies for the squid fishery by evaluating management 

procedures. A Bayesian model was used to produce 100 year simulations with 

different harvest control rules under different sets of environmental conditions. It was 

found that fishery bycatch represents little risk to the sea lion population in the 

absence of catastrophes and only small marginal risks when catastrophes were 

included (Breen et al. 2003). Both MALFIRM and adaptive rules (where the 

constraint on bycatch is adjusted according to population parameters such as annual 

pup production) mitigate the effects of fishing on future population size (Breen et al. 

2003). However, MALFIRM does not minimise the marginal risk of extinction and is 

costly to the industry resulting in one-third loss of effort that translates to millions of 

dollars in lost economic return (Breen et al. 2003). 

To further mitigate bycatch DOC commissioned the development of the Marine 

Mammal Exclusion Device (MMED) in 1995, an apparatus designed to eject sea lions 

from trawl nets (Wilkinson et al. 2003). Trials were undertaken to examine the 

efficiency of such devices and in 2001 observers reported an ejection rate of 91%. 

The probability of ejection survival, based on surviving animals, was however much 

lower at 36% (Wilkinson et al. 2003). An autopsy report indicated that more than half 

of the sea lions caught had suffered severe internal trauma sufficient to lead to death 

had they been successfully ejected (Wilkinson et al. 2003). 
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Given the IUCN vulnerable classification and the localised distribution of New 

Zealand sea lions, the population is prone to the effects of stochastic events such as 

disease outbreak and is capable of becoming critically endangered (IUCN 2006). 

During January and February of 1998 an epizootic hit sea lions on Enderby and 

Dundas Islands resulting in approximately 60% pup mortality over a 30-day period 

(Baker 1999). The impact of this disease outbreak on the non-pup component of the 

population is less clear however, between 20 January and 8 February 1998, 74 adults 

died (Baker 1999). Pathological tests revealed that the cause of death in most animals 

was bacterial septicaemia possibly caused by a Campylobacter type bacteria that may 

occur as a commensal in healthy animals and the environment (Wilkinson et al. 

2003). Salmonella serotypes were also recovered from post mortem samples, although 

these isolates are not thought to have caused the mass mortality they may have been a 

result of infections in animals with decreased immunity (Fenwick et al. 2001). 

Feeding ecology 

Pinnipeds are carnivorous and have taken advantage of the diverse array of food 

resources available in the ocean (Riedman 1990). New Zealand sea lions are 

generalist feeders utilising a wide variety of pelagic and benthic species including 

fish, cephalopods and crustaceans (Lalas 1997, Childerhouse et al. 2001, Lalas et al. 

2007). Arrow squid has been identified as a prey species for breeding New Zealand 

sea lions at the Auckland Islands (Childerhouse et al. 2001) and sea lion feeding range 

overlaps with the commercial fishery (Maunder et al. 2000, Doonan 2001). The 

seasonal variation in squid as a prey species however, has yet to be quantified 

(Childerhouse et al. 2001). Arrow squid represented only a small proportion of the 

diet at Otago (Lalas 1997). Although not a significant component of the New Zealand 

sea lion diet, yellow-eyed penguins (Megadyptes antipodes) have been identified as 

prey items at Otago Peninsula (Childerhouse et al. 2001, Lalas et al. 2007), as well as 

New Zealand fur seals (Arctocephalus forsteri) (Bradshaw et al. 1998, Lalas et al. 

2007). Through 14 years, from 1991 to 2005, no yellow-eyed penguins were found in 

prey remains of male New Zealand sea lions. However, female sea lions ate at least 

ten during five months from August to December 2003 (Lalas et al. 2007). 

Gales and Mattlin (1997) suggested that lactating New Zealand sea lions feed on or 

near the sea floor as they exhibit the longest dive time for any otariid. In two separate 
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studies the majority of recorded dives exceeded the mean theoretical aerobic dive 

limit indicating that New Zealand sea lions at the Auckland Islands may be occupying 

a marginal environment in which diving behaviour is close to physiological limits 

(Gales & Mattlin 1997, Chilvers et al. 2006b). New Zealand sea lions at the Auckland 

Islands target different prey species to those at Otago. Sea lions at Otago 

predominately forage over the continental shelf with only one deepwater prey species 

identified (Lalas 1997) whereas at the Auckland Islands more deepwater prey species 

were identified (Childerhouse et al. 2001). 

Breeding 

Pinnipeds include the most sexually dimorphic mammals. Male Southern elephant 

seals can weigh almost ten times more than females (Bonner 1994). Such dimorphism 

is not limited to phocids however; otariids also exhibit sexual dimorphism and display 

extreme polygyny whereby a few males dominate the majority of matings (Le Boeuf 

1991 , Cassini 1999). The phocid mating system by contrast has been characterised as 

slight polygyny, with the exception of Northern elephant seals (Mirounga 

angustirostris), Southern elephant seals (M. leonina) and the Grey seal (Halichoerus 

grypus) (Cassini 1999). A phocid male can mate with two to five females during a 

season (Le Boeuf 1991) and females are sparsely distributed rearing pups in isolation 

or small groups (Cassini 1999). During the breeding season otariid females are 

predominantly gregarious, clumping together in large groups ashore (Cassini 1999, 

Cappozzo 2002). Epigamic characters (traits that attract mates) such as large size and 

aggressiveness give otariid males the ability to dominate and defend exclusive 

territories, which in turn allows them to mate (Bonner 1994). Sexual selection in 

otariids therefore favours large, more competitive individuals (Atkinson 1997, 

Cappozzo 2002). Males lacking such characters are excluded from a position among 

the breeding females (Bonner 1994). However, an alternative mating strategy has 

been suggested for male New Zealand sea lions that disperse between breeding 

colonies at the Auckland Islands within a single breeding season. Robertson et al. 

(2006) resighted 32% of adult males in the sample at other breeding colonies. Almost 

40% of dispersing males improved their status in the new colony with 28% entering 

the colony's harem and improving their reproductive potential (Robertson et al. 

2006). 
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The disparity between gregarious otariids and generally solitary phocids could be due 

to the distribution of satisfactory breeding sites (Cassini 1999, Cappozzo 2002). 

Otariids are land breeders and suitable terrain can be patchily distributed. The 

distribution of females is therefore expected to match the heterogenous distribution of 

resources (Cassini 1999). Many phocids breed on pack ice and are capable of mating 

in the water therefore, suitable breeding sites are abundant and homogeneously 

distributed favouring an even distribution of females (Cassini 1999, Cappozzo 2002). 

The gregarious nature of otariids cannot be entirely attributable to the distribution of 

breeding sites however, since it is common to find empty shorelines with similar 

characteristics to breeding sites (Cassini 1999). 

Other hypotheses propose that female clustering ensures that the sexes are reunited 

for breeding after being widely dispersed while feeding at sea and aids in the 

reduction of male harassment (Riedman 1990, Bonner 1994, Cassini 1999). The 

territorial male will offer protection from other males to a group of females allowing 

them to breed safely (Riedman 1990). However, the reproductive success of an 

individual, and hence productivity at population level, can be jeopardised due to 

colonial breeding. Increased risks of density dependant pup mortality where pups are 

separated from their mothers and are consequently starved or crushed in fights 

between territorial males as well as increased energy costs to females eliciting 

avoidance behaviours can have effects on the population (Bonner 1994, Cassini 1999, 

Chilvers et al. 2005a). It appears that a trade off exists. Campagna et al. (1992) 

demonstrated increased survival of Southern sea lion pups born to gregarious females 

by comparing mortality between pups born in the colony, 0.7%, and those born to 

solitary mating pairs, 60%. The main cause of pup mortality in solitary pairs was male 

harassment (Campagna et al. 1992). This pressure to breed in the crowd makes the 

establishment of new colonies very difficult (Bonner 1994). Male harassment at 

Sandy Bay (the second largest breeding colony of New Zealand sea lions) was 

responsible for approximately 3% annual pup mortality and resulted in 0.5% breeding 

female mortality per annum (Chilvers et al. 2005a). Despite the risks, colonial 

breeding appears to confer greater reproductive success than solitary breeding. 
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New Zealand sea lions breed during the austral summer, mid-November to mid

January (mean pupping date late December) (Cawthorn et al. 1985, Gales & Fletcher 

1999, Chilvers et al. 2006a). Male sea lions arrive at breeding colonies during 

November and establish territories while female sea lions arrive in early December, 

usually just days before parturition (Cawthorn et al. 1985). Pinnipeds, with the 

exception of the Australian sea lion, (Gales & Costa 1997) are annual seasonal 

breeders and their oestrous cycles are synchronised by parturition (Atkinson 1997). 

The New Zealand sea lion enters oestrus 7-8 days after parturition (Cawthorn et al. 

1985). After fertilisation many pinnipeds experience embryonic diapause where the 

embryo is arrested during the blastocyst stage of development, prolonging the 

gestation period (Atkinson 1997, Evans & Stirling 2002). This delayed implantation 

allows female pinnipeds to convene on land only once annually within predictable 

time frames (York & Scheffer 1997). During gestation female New Zealand sea lions 

alternate between foraging trips to sea (2-3 days) and caring for their young ashore (4 

days) (Gales & Mattlin 1997). 

A solitary immigrant female initiated breeding at Otago in the 1993/1994 breeding 

season. She has remained at Otago (McConkey et al. 2002c), showing site fidelity 

(repeated return to a non-natal site through time (Gentry 1998)). Her surviving 

offspring have also remained at Otago Peninsula and the first three daughters have 

begun breeding, demonstrating regional philopatry (McConkey et al. 2002c). 

Philopatry is return to a natal site and its precision can be variable (Gentry 1998). The 

regional philopatry demonstrated by Otago females refers to breeding by individuals 

at Otago within distances of 50 km (McConkey et al. 2002c). Despite distances 

between birth sites, mothers and pups at Otago were located at the same beaches, post 

partum (McConkey et al. 2002c). This association of females with pups at Otago may 

represent the initial stages of colonial breeding (McConkey et al. 2002c). A group of 

females with pups is likely to attract new females into the group and may enhance the 

recruitment of immigrant females at a new site (Gentry 1998). 

Maternal strategies 

The processes involved in extracting energy from the environment and converting it 

into pup growth are referred to as the maternal strategy (Gentry 1998). Female 

otariids are central place foragers (foragers with dependant offspring that must return 
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to a fixed central place) (Orians & Pearson 1979), regularly travelling between marine 

feeding and terrestrial nursing locations to meet the energy demands of lactation 

(Gentry 1998). Their lactation period is prolonged and they produce milk with a lower 

lipid content than phocids (Gales & Costa 1997). The phocid lactation strategy is 

quite different and is referred to as the fasting strategy. After parturition mothers stay 

with their pups, delivering a continuous supply of energy rich milk fuelled by stored 

blubber (Gales & Costa 1997, Boyd 1998). Pups gain weight rapidly and weaning is 

abrupt (Gales & Costa 1997). The total amount of energy invested into otariid pups 

compared to phocid pups is much greater relative to body mass, which allows the 

young to be nutritionally independent at greater relative body masses. Gradual 

weaning enhances the opportunity for otariid pups to learn how to survive on their 

own, which may confer greater juvenile survival (Costa 1991). These different tactics 

rn,ay be different solutions to the trade off between foraging on abundant prey at 

distance (phocid strategy) and using scarce prey within a restricted range (otariid 

- strategy) (Boyd 1998). 

The continual alteration by female otariids between time spent on shore with the pup 

and time spent at sea foraging is referred to as the maternal attendance pattern (Trites 

& Porter 2002). There are various consequences of this pattern for lactating sea lions. 

Foraging range is constrained by the need to regularly return to land to suckle pups 

(Gales & Mattlin 1997) and increases in time spent at sea must be compensated with 

increases in milk production to prevent adverse effects on pup growth (Hood & Ono 

1997). Further, such foraging trips increase the exposure of both mother to predation 

at sea and the pup to harassment ashore (Costa 1991). New Zealand sea lions make 

their first post partum trip to sea within two weeks of giving birth (Gales & Mattlin 

1997). Attendance patterns of female Northern fur seals (Callorhinus ursinus) varied 

with the local foraging environment where increases in fish biomass led to decreases 

in foraging trip length (Gentry 1998). Conversely, during a year of low food 

availability, female Antarctic fur seals (A. gazella) increased the duration of foraging 

trips and produced less milk than during a year of normal food availability (Arnould 

1997). 

Pinnipeds produce milk with very high fat content compared to land mammals. 

Otariid milk contains approximately 20-35% fat and phocid milk, approximately 40-

13 



50% fat (Riedman 1990). Pinniped milk also has a relatively high protein content (5-

15%), which facilitates rapid tissue growth (Riedman 1990). Milk composition varies 

with attendance patterns (Costa & Gentry 1986, Georges et al. 2001). Milk produced 

by Subantarctic fur seals (A. tropicalis) during the first two days ashore after a 

foraging trip had higher levels of lipids, protein and gross energy than milk produced 

later during the same visit (Georges et al. 2001). Similarly, during the first seven days 

postpartum when female northern fur seals were fasting and suckling their pups, milk 

fat content declined (Costa & Gentry 1986). The amount of milk transferred to the 

young is significantly correlated to the duration of suckling bouts (Trillmich & 

Lechner 1986). Otariid pups are mostly dependant on the milk supplied by their 

mother and must attain sufficient body weight and energy reserves prior to weaning to 

survive on their own (Trites & Porter 2002). Therefore pup fitness depends on both 

the quality of milk and the duration of suckling, which are related to the frequency of 

mothers ashore (milk quality decreases with time ashore whereas suckling duration 

increases). New Zealand sea lion pups begin to suckle soon after birth, usually within 

30 minutes postpartum (Marlow 1975). Lactation in New Zealand sea lions generally 

occurs for 12 months but can last longer if the female does not get pregnant the 

following year (McConkey et al. 2002c). 

Marlow (1975) was the first to report fostering behaviour (the act of suckling non

filial pups) for New Zealand sea lions. It has since become apparent that this 

behaviour is relatively uncommon, with a mean frequency of 6% of females nursing 

two or more pups simultaneously (Childerhouse & Gales 2001). Twinning has never 

been observed in New Zealand sea lions thus Childerhouse and Gales (2001) 

concluded that a female suckling more than one pup is nursing at least one non-filial 

pup. Trillmich (1986) reported a pregnant Galapagos fur seal (A. galapagoensis) 

suckling her yearling and a three year old simultaneously. Female New Zealand sea 

lions suckling two or more pups simultaneously spent significantly more time 

nursing, which could represent an increase in the cost of lactation (Childerhouse & 

Gales 2001). However, it is unknown if fostering impacts the survival of the filial pup 

or alters reproductive success of the female in any way (Childerhouse & Gales 2001). 
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Objectives 

In light of the initiation of breeding at Otago by New Zealand sea lions, this study 

aims to: 

(i) document breeding at Otago through four breeding seasons 2002/2003 to 

2005/2006 and to compare birth dates among Otago mothers and between 

Otago and the Auckland Islands and examine change in birth dates for the 

founder female (Chapter 2); 

(ii) model female population growth at a new location and estimate duration 

required to achieve the status of a new breeding location (;:: 35 breeding 

females) and document age of first birth at Otago and make comparisons 

with Auckland Island females (Chapter 3); 

(iii) determine attendance pattern durations for Otago females and make 

comparisons among Otago females, seasonally and to Auckland Island 

females (Chapter 4); 

(iv) document duration of lactation by Otago females and suckling behaviour 

of pups (Chapter 5). 
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Chapter 2: Female New Zealand sea lions at southeast South Island 

2.1 Introduction 

The present breeding distribution for New Zealand sea lions is highly localised and 

centred on the New Zealand subantarctic region. Eighty six percent of pupping occurs 

at the Auckland Islands with practically all of the remainder of the breeding 

population at Campbell Island (Chilvers et al. 2007). Breeding elsewhere has been 

either ephemeral with a few individuals breeding at Stewart Island and The Snares 

( Childerhouse & Gales 1998, McConkey et al. 2002c) or continual with small 

numbers at Otago Peninsula (McConkey et al. 2002c, Lalas & Bradshaw 2003). 

Before the arrival of humans to New Zealand sea lions were more widespread. The 

pristine breeding range extended further northward to include northern tips of the 

South Island and the North Island (Childerhouse & Gales 1998, McConkey et al. 

2002c). Subsistence hunting by Maori followed by commercial killing by Europeans 

reduced their abundance and distribution making the endemic New Zealand sea lion 

one of the rarest pinnipeds in the world (Woodley & Lavigne 1993, Childerhouse & 

Gales 1998). The most recent population estimate is 11 855 (95% CI 10 259 to 13 

625) individuals for the 2004/2005 austral summer (Campbell et al. 2006). 

Otago, southeast South Island, now marks the northern limit of continual presence of 

New Zealand sea lions with an immigrant population estimated at 108 males and three 

females in 1999 (McConkey et al. 2002a). The first record of a female sea lion on the 

mainland in the twentieth century was in 1987 at Otago Peninsula (Hawke 1993). 

Through 11 years, 1991 - 2001, six immigrant females were identified there 

(McConkey et al. 2002c). Breeding at Otago was initiated in the 1993/1994 breeding 

season by a solitary immigrant female, tagged at the Auckland Islands as a pup in the 

1986/1987 breeding season (McConkey et al. 2002c). This represented the first 

evidence of recolonisation on the mainland since extirpation by humans 150 years 

ago. She was first identified at Otago in 1991 (Lalas 1997) and is referred to as 

"Mum". To the end of the 2001/2002 breeding season she had given birth to seven 

pups and has remained resident at Otago (Lalas & Bradshaw 2003). Mum's surviving 

offspring have all remained at Otago (S. McConkey pers. comm.). Her first three 

daughters produced an additional five pups to the end of the 2001/2002 breeding 
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season. These five pups were born approximately 50 km north of their natal site, 

Taieri Mouth (McConkey et al. 2002c). To the end of the 2005/2006 season, Mum's 

eldest three granddaughters had begun breeding and a total of 28-29 pups had been 

born at Otago (Lalas et al. 2007). All mothers typically used Victory Beach as a site 

for nurturing pups. Mum moved each of her surviving pups from Taieri Mouth to 

Victory Beach within three months of parturition. In 1998, Mum's eldest daughter 

Katya moved her first pup from Papanui Beach to Victory Beach at around the same 

time as Mum moved her pup from Taieri Mouth (McConkey et al. 2002c). 

Under definitions in the draft population management plan for New Zealand sea lions, 

a population is considered to be established when a group has equal to or greater than 

35 mature female sea lions exhibiting breeding philopatry (DOC 2006). The 

recolonisation of New Zealand fur seals in New Zealand represents an unusual 

opportunity for research and provides information that is useful for the management 

of other species in similar situations (Lalas & Bradshaw 2001). The expansion of 

other pinniped breeding ranges has been documented solely as numerical increase 

with no information regarding individual life histories (McConkey et al. 2002c). The 

known lineage at Otago documented from the first birth will be important in 

understanding how a population of females at a new location change from being 

solitary breeders to colonial breeders. 

New Zealand sea lions at the Auckland Islands demonstrate a highly synchronised 

breeding cycle where large numbers of individuals congregate to breed annually 

(Gales & Fletcher 1999). Parturition occurs between early December to mid January 

and females come into oestrus and mate 7-8 days later (Cawthorn et al. 1985). 

Solitary breeding behaviour is uncommon but occurs at Campbell Island and the 

Otago Peninsula where fewer individuals are present (McNally et al. 2001, Chilvers et 

al. 2007). Pinnipeds demonstrate delayed maturity and produce few intensively 

nurtured offspring (Riedman 1990), limiting the capacity for population growth. New 

Zealand sea lion pups are typically suckled for 12 months but some continue to be 

suckled for over 24 months, depending on when the next pup is born (McConkey et 

al. 2002c). Female New Zealand sea lions reach sexual maturity at three years of age 

and are capable of having their first pup at four years and thereafter they can produce 

one pup annually (Cawthorn et al. 1985). After the birth of the first pup, females are 

17 



constrained by the need to suckle their offspring and remain in the region of their 

breeding location (Gales & Mattlin 1997). This restriction on females four years of 

age and older may partially explain the paucity of females in the Otago population 

(McConkey et al. 2002c). The source of immigrant females necessary to create a new 

breeding location is dependant on juvenile females (McConkey et al. 2002c). 

The highly localised distribution of New Zealand sea lions leaves this species 

vulnerable to population decline (IUCN 2006). Conservation managers have 

designated the recovery of this species as being contingent on the establishment of 

new and viable breeding colonies in areas outside the principle breeding locations 

(Maunder et al. 2000, Wilkinson et al. 2003). Hawke (1993) highlighted the 

importance of continual monitoring of a species at several locations to aid future 

understanding of recolonisation dynamics and population increase. Due to the recent 

history of breeding at Otago there is potential for this area to develop into a new 

breeding location (which would require ~ 35 mature females exhibiting breeding 

philopatry) emphasising the importance of sustained monitoring. 

The aims of this chapter are to: 

(i) provide documentation of breeding at Otago to the end of 2006, 

McConkey et al. (2002c) document breeding to the end of 2001, Lalas and 

Bradshaw (2003) updated breeding at Otago to the end of 2002 and Lalas 

et al. (2007) updated number of births to include the 2005/2006 season; 

(ii) compare birth dates and behaviour of post parturient females between 

breeding seasons within the Otago region; 

(iii) compare Otago birth dates to peak pupping dates at the Auckland Islands; 

(iv) examine change in birth dates through time for the founder female; 

(v) examine the behaviour of non-breeding females resident at Otago and 

discuss implications in the context of the initiation of coloniality; 

(vi) include observations of other females at South Island. 
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2.2 Methods 

Study sites 

Fieldwork targeted sandy beaches at Otago from Otago Peninsula to Taieri Mouth, 

where female sea lions have been previously observed. Effort was concentrated at 

beaches most frequented by female sea lions. 

The main study site was Victory Beach (4S050'S, 170°44'E), an east-facing beach, 

3.4 km long from north to south (Figure 2.1). At the northern end the beach is 

bounded by cliffs and at the southern end by the mouth of Papanui Inlet. It is a sandy 

beach abutted by vegetated dunes extending 10-50 m inland covered in tree lupin 

(Lupinus arboreus), marram grass (Ammophila arenaria), flax (Phormium tenax). A 

stand of introduced pine trees (Pinus radiata) abut the vegetated dunes at the southern 

end and extend 400 m along the beach and 150 m inland. The dunes and forest are 

part of Okia Reserve (area 240 ha) (D. McFarlane pers. comm.) that is jointly owned 

by the Dunedin City Council and the Yellow-eyed Penguin Trust. Te Runanga Otakou 

and the Department of Conservation (DOC) assist in the management of the reserve. 

Public admittance is permitted and the beach is accessible by way of a sign posted 

walking track and via Papanui Inlet. Dogs are prohibited from entering the reserve but 

may access the beach by way of Papanui Inlet. A fence running along the inland 

perimeter of the pine forest, which borders grazed farmland, limits access further 

inland by sea lions. 

Papanui Beach (45°52'S, 170°44'E) is an east-facing sandy beach, 350 m long 

(Figure 2.1). At either end the beach is bounded by steep, rocky banks that continue 

into steep bluffs. Two small streams flow across each end of the beach. Marram grass 

covers abutting dunes that extend 10 m inland. Fences border grazed farmland, 

restricting access further inland (Beentjes 1989). Access to the beach is privately 

owned and public admittance only occurs under the supervision of a tour guide from 

Elm Wildlife Tours. 

Sandfly Bay (4S053'S, 170°38'E) is a south-facing beach, 1 km in length that is 

bounded by steep cliffs at both ends (Figure 2.1). The abutting dune system extends 

approximately 1 km inland. It is a DOC scenic reserve, which means dogs are 
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prohibited. The reserve is heavily visited by people; 20,000 people visit annually, 

13,400 of whom visit during the summer months (November to March) (Nelson et al. 

2004). 

Supplementary visits to other beaches where sea lions were known to come ashore 

were made throughout the study. These included Allans, Alfred and Cicely, and 

Millers to the south of Victory Beach and Penguin, Reids, Pipikaretu and Ryans to the 

north (Figure 2.1). All of these beaches are bordered by grazed farmland. 

Smaills Beach (4S055'S, 170°35'E) is a south-facing beach 750 m in length. 

Tomahawk Beach (4S055'S, 170°34'E) adjoins Smaills Beach to the west and is 1.3 

km long (Figure 2.2). These beaches are approximately 6 km and 5 km, respectively, 

from the centre of Dunedin city and are located in a suburban area. The associated 

dunes are predominantly covered by marram grass and tree lupins. Both beaches are 

accessible to the public, the latter not only to foot traffic but to horses and vehicles. 

StClair Beach and St Kilda Beach (4S055'S, 170°30'E) are contiguous south facing 

beaches, 3.5 km in total length (Figure 2.2). Road and urban development (mostly 

housing) runs parallel along their entire length. There are no sand dunes at St Clair 

Beach in the west, which is abutted by a sea wall and urban development. St Clair 

Beach is a popular surfing beach. The marram covered dunes that lie adjacent to St 

Kilda Beach in the east are bordered inland by John Wilson Ocean Drive. These 

beaches are the main public beaches of Dunedin, located 4 km from Dunedin city 

centre. 

Taieri Mouth (46°04'S, 170°13'E) is approximately 50 km south of Otago Peninsula 

(Figure 2.2). The ocean beach is bounded by Taieri River Mouth at the southern end 

where there is a stand of pine trees extending 15 m inland. There is a residential 

property bordering the beach to the south of the pine trees and grazed farmland and a 

house behind the pine trees to the north. The sandy beach continues north up the coast 

for 20 km and is bordered by marram covered dunes. 
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Figure 2.2: Dunedin urban beaches and beaches south of Otago Peninsula. 
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Survey procedure 

During December 2003 Victory Beach was visited at least twice weekly. Tomahawk 

Beach and Smaills Beach were visited infrequently during December. The frequency 

of surveys increased to at least one per day in January 2004, generally alternating 

between Victory Beach, Tomahawk Beach and Smaills Beach. Surveys of Dunedin 

urban beaches ceased mid February 2004 but Victory Beach was still visited on 

alternate days until the third week of March 2004, after which time intensive foraging 

cycle surveys began (detailed in Chapter 4). In the periods between intensive surveys 

Victory Beach was visited every few days. From a total of 144 survey days, 113 were 

spent at Victory Beach and 31 at Smaills Beach and Tomahawk Beach. 

Results for the 2002/2003 breeding season are a collation of data from surveys carried 

out by S. McConkey and C. Lalas. During the 2004/2005, 2005/2006 and 2006/2007 

seasons data were collected opportunistically. 

Other field workers carrying out pinniped and penguin research provided 

supplementary data for the 2003/2004 breeding season. S. Williams regularly visited 

Papanui Beach (44 survey days) and Sandfly Bay (33 survey days) from 30 October 

2003 to 25 March 2004 and checked for females. He also checked Millers Beach 

weekly. S. McConkey surveyed both Victory Beach and Papanui Beach once a month 

during the sampling period. H. Ratz provided all data from Pipikaretu Beach, Ryans 

Beach and Reids Beach, visiting each beach 2-3 times weekly from 1 December 2003 

to 7 May 2004 making up a total of 66 survey days. C. Lalas supplied data through 

January and February 2004 while carrying out a census of New Zealand fur seals. 

G. Mcintosh, a resident at Taieri Mouth, checked the local beach daily during the 

breeding season. He recorded the arrival of Mum, the subsequent birth and 

movements of mother and pup thereafter. I was notified immediately of such events 

and visited the site. 

During each survey, beach and adjoining dunes were searched thoroughly for sea 

lions. Observation of sea lion tracks provided information on the direction of travel. 

Sand is pushed up behind the animal as it walks forwards (Figure 2.3). Fresh tracks 

heading along the beach or into the dunes were followed. At Victory Beach the pine 
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forest was systematically searched and special attention was paid to areas where 

female sea lions had been seen previously. All sea lions encountered were sexed 

following McConkey (1997) and their locations were recorded using a hand held 

Garmin e-trex Global Positioning System (GPS). Group size and habitat (beach, 

dunes or forest) were noted. Male sea lions were categorised by age class using 

criteria defined by McConkey et al. (2002b ): juvenile 1-3 years, subadult 4-5 years 

and adult 6 years and older. All times presented are New Zealand Standard Time 

(NZST). 
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Figure 2.3: Sea lion tracks at Victory Beach (19 March 2004) . The direction of 

movement was from the dunes (background) across the beach. 
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Identification of individuals 

Where possible individual males were identified using photographic identification 

(McConkey 1999) or tag number. Diagnostic natural body features include body 

scars, flipper damage, and dental and pigmentation anomalies. This was also 

necessary for tagged individuals as numbers on tags become illegible with time and 

tag loss was a common occurrence. Additionally, 45 adult and subadult male sea lions 

were bleach marked, from 30 October 2003 to 17 January 2004, with an alpha

numeric code by S. Williams. The bleach dyed the pelage of the animal, which meant 

that this method of identification was useful only until the moult that in adults 

normally begins in March (McConkey et al. 2002b). 

At the end of 2002, the Otago Peninsula sea lion population comprised seven females 

including pups (Lalas & Bradshaw 2003). Each female was distinguishable by 

different combinations of natural body features and tags. As a consequence of tag loss 

and for clarity in communication among researchers the founder female was referred 

to as Mum and each pup born at Otago has been assigned a name. These names are 

used for the remainder of this thesis. 
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2.3 Results 

Individual identification of females 

The founder female, named Mum, and her eldest three daughters, Katya, Leone and 

Suzie were all of breeding age in the 2003/2004 season. Katya's first daughter 

Victoria attained breeding age ( 4 y) in the 2004/2005 season. Lorelie and Teyah, the 

first daughters of Leone and Suzie respectively, attained breeding age (4 y) in the 

2005/2006 season. All other females were juveniles at the end of 2005. Diagnostic 

features used to individually identify these females are shown in Table 2.1. 

Births at Otago during the 2002/2003 season 

There were four females of breeding age (~ 4 y) resident at Otago during the 

2002/2003 breeding season thus a maximum of four births were to be expected. Births 

for three females were confirmed (Figure 2.4). 

Mum gave birth to a female pup, Honey, at Taieri Mouth overnight on 9-10 January 

2003. Mum left Taieri Mouth with her pup on 29 January 2003, they were seen at 

Allans Beach on 5 February 2003 and first seen at Victory Beach on 24 February 

2003. 

Katya gave birth to a male pup, Paul, at Victory Beach during January 2003. The 

exact date is unknown. 

Leone gave birth to a male pup at Victory Beach in January 2003 (exact date is 

unknown), which was last seen alive on 29 January 2003. This pup was not seen 

during a search by S. McConkey on 14 March 2003 and was found at an advanced 

stage of decomposition (only skin and skeleton remaining) on 26 April 2003 in the 

pine forest at Victory Beach (4SO 50.404'S, 170° 43.758'E) by C. Lalas. The cause of 

death was not ascertained. 

C. Lalas saw Suzie with her yearling pup during December 2002 and January 2003 at 

Victory Beach thus verifying that she did not give birth. 

All breeding females and their youngest pups were based together at Victory Beach 

during 2003. 
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Table 2.1: Identification of Otago Peninsula female sea lions~ 1 year old at the end of 

2005. R =right hand side, L =left hand side,*= died January 2005. 

Individual 

Mum 

Katya 

Leone 

Suzie* 

Victoria 

Lorelie 

Teyah 

Honey 

Aurora 

Waimarie 

Nerissa 

Zoe 

Age at end of 2005 Identifying features in 2005 

19 Tag loss hole R fore flipper, cataract R eye, flat tip 
1st R toe 

12 Circular white button tag (0350) L fore flipper, tag 
loss rip R fore flipper 

10 Crescent shaped scar R shoulder, short 5th L toe 

8 Tag loss rips R and L fore flippers, short 3rd L toe 

5 Tag loss holes Rand L fore flippers, short 4th L toe 

4 Pink coffin tag (2579) L fore flipper, tag loss hole R 
fore flipper. short 2nd L toe 

4 Tag loss holes Rand L fore flippers, short 2nd R 
toe. short 5th L toe 

3 Tag loss Rand L fore flippers (no scars), short 2nd 
Ltoe 

2 Pink coffin tag (2584) L fore flipper, tag loss rip R 
fore flipper. short 4th R toe 

2 Pink coffin tag (2585) R fore flipper, tag loss rip L 
fore flipper. short 2nd L toe 

Pink coffin tag (2587) R and L fore flippers, short 5th 
R toe 

Pink coffin tag (2588) Rand L fore flippers, short 
3rd L toe 
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I 
Katya (F12) 1993/94 

Taieri Mouth 

George (M8) 
1997/98 

P'P'""'"Th 

Possible 
Birth 

1999/00 

Victoria (F5) 
2000/01 

Victory Beach 

Paul (M3) 2002fl3 
Victory Beact 

Oscar (M1) 
2004/05 

Aurora (F2) 
2003/04 

Victory Beach 

Leone (F1 0) 1995/96 
rieri Mouth 

Victor (M5) 
2000/01 

Victory Beach 

Loralie (F4) 
2001/02 

Smaills Beach 

Nerissa (F1 
2004/05 

Victory Beac 

(M) t 2002/03 
Victory Beach 

Waimarie (F2) 
2003/04 

Victory Beach 

Zoe (F1) 
2004/05 

Victory Beac 

Mum (F19) 1986/87 
Auckland Islands 

Suzie (F7) t 1997/98 
Taieri Mouth 

Bill (M7) 1998/99 
Taieri Mouth 

Pup 6 (F) t 1999/00 
Taieri Mouth 

Teyah (F4) 
2001/02 

Victory Beach 

Pani (F) t 2004/05 
Kuri Bush 

Pup 7 (M) t 2000/01 
Blackhead Beach 

Tag 2579 (M4) 2001/02 
Taieri Mouth 

Honey (F3) 2002/03 
Taieri Mouth 

Bruno (M2) 2003/04 
Taieri Mouth 

Emma (F) 2005/06 Gem (F) 2005/06 Caleb (M) 2005/06 Dylan (M) Mia (F) 2005/06 Wovoka (M) 2005/06 
Taieri Mouth Ryans Beach Papanui Beach Victory Beach 2005/06 Victory Beach 

Victory Beach 

Figure 2.4: Genealogy of breeding New Zealand sea lion population at Otago to the beginning of the 2005/2006 breeding season. Sex (F = 

female, M =male) and age (y) in 2006 shown and in brackets. Years and location represent season and site of birth respectively (Lalas and 

Bradshaw, 2003). Updated to include data from 2002/2003 to 2005/2006. t 
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Births at Otago during the 2003/2004 season 

There were four females of breeding age resident at Otago during the 2003/2004 breeding 

season thus a maximum of four births were to be expected. Births for three females were 

confirmed (Figure 2.4). 

Mum came ashore at Taieri Mouth five days prior to giving birth on 6 January 2004 

(Table 2.2). Parturition of a male pup (named Bruno and later tagged, number 2583) 

occurred at the high tide mark on the northern side of Taieri River, beneath a tree (Figure 

2.5). Prior to her first departure Mum stayed in close contact with her pup moving him 

only a few metres to the shelter of marram grass covered dunes during a rainy period. 

Mum's first postpartum trip to sea was overnight on 13-14 January 2004, seven days 

after giving birth; she was seen at Taieri Mouth during the day on 13 January 2004 but 

was absent at 0900 h the following morning (G. Mcintosh pers. comm.). I saw her at 

1100 h on 14 January 2004, at Sandfly Bay (37 km away) where she was interacting with 

a juvenile male. This juvenile was estimated to be 3-4 years of age and no other animals 

were present on the beach (Figure 2.6). He was aggressive and did not allow me to 

approach. As a result photographic identification of the male was not obtained. Mum 

returned to Taieri Mouth at 1815 h on 14 January 2004 (G. Mcintosh pers. comm.) 

meaning she spent a period of approximately 24 hours away. Mum and Bruno remained 

based at Taieri Mouth for another 17 days (Table 2.2) during which time they remained 

within 20 m of the birth site. A subadult male was observed visiting Taieri Mouth (on 4 

occasions) during this period, interacting with both mother and pup (G. Mcintosh pers. 

comm.). On 20 January 2004 I visited Taieri Mouth to observe the subadult male. Marks 

from saliva on the pelage of Mum's neck indicated he had bitten her, however I observed 

no aggression between the two. Bruno was very curious and was pushed around gently by 

him. Mum was within a few metres and did not seem to mind the close contact between 

the male and pup. On 8 February 2004 Mum and Bruno were first seen at Allans Beach 

(D. Nelson pers. comm.) On 12 February 2004 at Allans Beach I found Bruno alone in 

the dunes and saw Mum come ashore at 1000 h. The first time I saw them at Victory 

beach in the pine forest was 16 February 2004, 41 days after parturition (Figure 2.7). 
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Figure 2.5: Mum and Bruno at Taieri Mouth, (i) at parturition site on 7 January 2004, (ii) 

on 17 January 2004 approximately 20 m from parturition site, which can be seen in the 

background (arrow). 
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Figure 2.6: Mum (left) and juvenile male (right) at Sandfly Bay, on 14 January 2004. 
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Table 2.2: Dates and locations of prepartum and postpartum events for Mum. Taieri 

Mouth records: G. Mcintosh (pers. comm.); Allans Beach records from 8-11 February 

2004: D. Nelson (pers. comm.). 

Date Beach Event 
1 Jan 2004 Taieri Mouth Came ashore 2030 h 

6 Jan 2004 Taieri Mouth Birth of a male pup (Bruno) 1330 h 

13-14 Jan 2004 Taieri Mouth Left beach during the night 

14 Jan 2004 Sandfly Bay Arrived before 1100 h, interacted with juvenile male 

14 Jan 2004 Taieri Mouth Returned 1815 h 

16 Jan 2004 Taieri Mouth Left beach 2130 h 

17 Jan 2004 Taieri Mouth Returned by 1115 h, moved pup 20 m up beach 

20 Jan 2004 Taieri Mouth Subadult male arrived, interacted with Mum and pup 

20-21 Jan 2004 Taieri Mouth Left beach during the night 

22 Jan 2004 Taieri Mouth Returned from sea 

31 Jan 2004 Taieri Mouth Last sighting of Mum and Bruno here 

08 Feb 2004 Allans Beach First sighting of both Mum and Bruno here 

12 Feb 2004 Allans Beach Arrived ashore 1000 h, Bruno in dunes 

16 Feb 2004 Victory Beach First sighting of both Mum and Bruno in forest 
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· lOkm 

Victory Beach 

(iii) 

Figure 2.7: Mum and Bruno's movements north to Otago Peninsula, January-February 

2004. 0 =Mum, f)= Mum and Bruno, (i) Mum's trip to Sandfly Bay (13-14 January) 

and back to Taieri Mouth (14 January) (ii) Mum and Bruno travelling together to Allans 

Beach (8 February) (iii) and then to Victory Beach (16 February). 
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Prior to parturition Katya was seen twice at Tomahawk Beach in mid December 2003 

(Table 2.3). After this time she was not seen again until 7 January 2004 at Victory Beach, 

where she had given birth to a female pup (named Aurora and later tagged, number 2584) 

in the pine forest as indicated by the presence of a fresh placenta. A subadult male, 

identified as Bill (Katya's brother, born in the 1998/1999 season) came into the pine 

forest two days after parturition and joined mother and pup. He sat up on our arrival and 

stayed close to the pair. No aggression was observed towards the mother or pup or to me 

as an observer, even when we got close to the pup in order to sex it. He remained with 

them for six days with Katya seemingly indifferent to him. On 16 January 2004, nine 

days after giving birth, Katya was on the sandy foreshore at the inlet side of Victory 

Beach with an adult male (bleach mark A2). This was the first time she left her pup. He 

was very defensive of her and would not let any other male sea lions approach them. On 

16 January 2004 Aurora remained in the forest but had wandered 10 m from her birth 

site. 

The exact date and location of birth were not ascertained for Leone. She was seen 

regularly at Tomahawk Beach from 17 December 2003 to 2 January 2004 (Table 2.4). 

She was next seen on 11 February 2004 at Victory Beach without a pup. Seven days later 

however, she was seen suckling a female pup (named Waimarie and later tagged, number 

2585) on Victory Beach. 

Suzie was seen regularly through the breeding season period making it possible to 

confirm that she did not give birth in 2003/2004 (Table 2.5). This was the second 

consecutive year that Suzie did not have a pup. 

35 



Table 2.3: Dates and locations of prepartum and postpartum events for Katya. 

Date Beach Event 
11 Dec 2003 Tomahawk Beach With Suzie 
15 Dec 2003 Tomahawk Beach With Suzie 
07 Jan 2004 Victory Beach Birth of a female pup (Aurora) in pine forest 
09 Jan 2004 Victory Beach Subadult male joins Katya and Aurora 
11 Jan 2004 Victory Beach Subadult male remained 
12 Jan 2004 Victory Beach Subadult male remained 
14 Jan 2004 Victory Beach Subadult male remained 
16 Jan 2004 Victory Beach Katya on inlet side of beach with adult male, 

Aurora remained in forest 
20 Jan 2004 Victory Beach Aurora alone in forest 

Table 2.4: Dates and locations of prepartum and postpartum events for Leone. 

Date Beach Event 
17 Dec 2003 Tomahawk Beach Alone 
18 Dec 2003 Tomahawk Beach Alone 
31 Dec 2003 Tomahawk Beach Alone 
02 Jan 2004 Tomahawk Beach Alone 
11 Feb 2004 Victory Beach Alone 
18 Feb 2004 Victory Beach First sighting with her pup, a female (Waimarie), 

both on beach 
19 Feb 2004 Victory Beach Leone on beach, Waimarie in forest 

Table 2.5: Sightings of Suzie from December 2003 to February 2004. 

Date Beach Accompanied By 
11 Dec 2003 Tomahawk Beach Katya 
02 Jan 2004 Smaills Beach Alone 
08 Jan 2004 Millers Beach Alone 
18 Jan 2004 Victory Beach Alone 
10 Feb 2003 PapanuiBeach Alone 
11 Feb 2004 PapanuiBeach Alone 
16 Feb 2004 PapanuiBeach Alone 
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Births at Otago during the 2004/2005 season 

Katya's first daughter, Victoria, born in the 2000/2001 season attained the minimum 

birthing age of four years this season. There were five females of breeding age resident at 

Otago during the 2004/2005 breeding season thus a maximum of five births were to be 

expected. Births for four females were confirmed (Figure 2.4). 

Mum was not seen at Taieri Mouth over the 2004/2005 breeding season (G. Mcintosh, 

pers. comm.). She was seen at Victory Beach on the 14 and 22 February 2005 and 6 April 

2005 without a pup. The combination of these data indicated that Mum did not give birth 

this season. 

Katya gave birth to a female pup on 12 January 2005 at the north end of the pine forest at 

Victory Beach. They remained at the site of parturition for at least 2 weeks before 

moving further south in the pines. From this point on the pup was seen regularly in this 

section of the forest. The pup was tagged (number 2587) and named Nerissa. 

Leone was seen without a pup at Victory Beach on 14 February 2005. On 7 March 2005 a 

second female pup was discovered in the pine forest at Victory Beach. Subsequent visits 

confirmed that she belonged to Leone when the pup was observed suckling. The pup was 

tagged (number 2588) and named Zoe. 

Suzie gave birth to a female pup on 26 December 2004 at Kuri Bush (Figure 2.2). Suzie 

was seen at Papanui Beach without her pup on 9 January 2005 and was being mated by 

several males (B. Templeton pers. comm.). The group of males became quite aggressive 

with her, biting her head and neck and drawing blood (B. Templeton pers. comm.). Suzie 

was found dead at Sandfly Bay two days later on 11 January 2005 (S. McConkey pers. 

comm.). The exact cause of death remains unknown as no necropsy was carried out 

because her body was washed out to sea by the high tide overnight. The pup was last seen 

with her mother on 4 January 2005 (S. McConkey pers. comm.) and was recovered from 

Kuri Bush on 11 January 2005. She was diagnosed as dehydrated by a veterinarian, T. 

Dunnett. Two days later she was flown to Massey University at Palmerston North, where 
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facilities exist to care for wild animals. She was tagged (number 2644) and named Pani. 

She was returned to Otago Peninsula on 9 March 2005, in an attempt to hand rear her in 

the wild at Victory Beach. To keep track of Pani a radio transmitter was attached to one 

of her flipper tags and an enclosure for her to stay in was built in the pine forest at the 

south end of Victory Beach. A group of volunteers coordinated to ensure Pani was fed 

every day. Each feeding day, approximately five hours were spent with Pani to allow for 

separate morning and afternoon feeding periods. This routine was continued until 26 

April 2005 when Pani was found exhibiting spasm and gagging behaviours. She was 

immediately taken to St Kilda Veterinary Clinic and after preliminary treatment was 

returned to Massey, where she died overnight. The exact cause of death was 

hyponatremia (sodium deficiency). 

Victoria was first seen with a pup at Pipikaretu Beach on 9 February 2005 (H. Ratz pers. 

comm.). They had left the beach by the afternoon of 10 February 2005 and there was no 

placenta or blood found that would be indicative of a recent birth (C. Lalas pers. comm.). 

They were first seen at Victory Beach on 22 February 2005 when it was ascertained that 

the pup was male. He was tagged (number 2589) and named Oscar. 

Births at Otago during the 2005/2006 season 

Lorelie and Teyah, the first female pups of Leone and Suzie and both born in the 

2001/2002 season, attained the minimum birthing age of four years this season. There 

were six females of breeding age resident at Otago during the 2005/2006 breeding season 

thus a maximum of six births were to be expected. Births for all six females were 

confirmed (Figure 2.4). 

Mum gave birth to a male pup at Taieri Mouth on 2 January 2006. The pup was tagged 

(number 2595) and named Wovoka. Katya gave birth to a female pup at Papanui Beach 

during January 2006. The pup was tagged (number 2594) and named Gem. Leone gave 

birth to a male pup at Victory Beach during January 2006. The pup was tagged (number 

2590) and named Dylan. Victoria gave birth to a female pup at Ryans Beach on 30 

December 2005. The pup was tagged (number 2593) and named Emma. Lorelie gave 

birth to a male pup at Victory Beach during January 2006. The pup was tagged (number 
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2592) and named Caleb. Teyah gave birth to a female pup at Victory Beach during 

January 2006. The pup was tagged (number 2591) and named Mia. 

The six breeding-age females born at Otago have exhibited regional philopatry by 

remaining at Otago Peninsula to breed: the largest distance between birth site and 

parturition site being approximately 50 km. 

Birth dates 

All verified birth dates at Otago occurred between 26 December and 24 January (Table 

2.6). Mum gave birth to 11 pups up to and including the 2006/2007 breeding season. 

Birth dates were known for the ten pups born at Taieri Mouth. Mum's birth date for the 

2006/2007 breeding season was 2 January 2007 (G. Mcintosh, pers. comm.). 

Birth dates for Mum became later over time until she was 16 years of age, after which 

time birth dates began to get earlier (Figure 2.8). Trends indicated by the lines of best fit 

indicated that from 7-16 years of age birth date increased at 1.2 days for each consecutive 

year of age, but then from 16-20 years of age birth date decreased at 2 days per year. 

Mum gave birth biennially for her first two pups and thereafter gave birth annually except 

for a two-year gap between her ninth and tenth pups (Table 2.6). 
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Table 2.6: Birth dates for Otago females by breeding season (C. Lalas, S. McConkey and G. Mcintosh pers. comm.). Shaded cells= 

female not yet born,*= birth of female,-= no birth that season, t =death of a female. 

Season of Birth Dates for Females 
Birth Mum 

1993/94 31 Dec 93 
1994/95 
1995/96 30 Dec 95 
1996/97 
1997/98 02 Jan 98 16 Jan 98 
1998/99 02 Jan 99 
1999/00 02 Jan 00 
2000/01 Jan 01 - Jan 01 
2001/02 09 Jan 02 Jan 02 24 Jan 02 Jan 02 * * 
2002/03 10 Jan 03 Jan 03 Jan 03 
2003/04 06 Jan 04 07 Jan 04 Jan 04 
2004/05 - 12 Jan 05 Jan 05 26 Dec 04 Jan 05 
2005/06 02 Jan 06 Jan 06 Jan 06 t 30 Dec 05 Jan 06 Jan 06 
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Figure 2.8: Relationship between pup birth dates and age of the founder female (Mum). 

Solid lines are linear regressions, bounded by inner paired lines delineating the 95% 

confidence interval and outer paired lines delineating the 95% prediction interval. The 

positively correlated line shows pup birth date for Mum's age from 7-16 years (n = 7, r2 = 
0.793, p < 0.01). The negatively correlated line shows pup birth date for Mum's age from 

16-20 years (n = 4, r = 0.909, p < 0.05). 
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Sightings of females at Otago Peninsula and Dunedin urban beaches 

The following tables show sightings of female sea lions resident at Otago Peninsula at the 

Dunedin urban beaches (Smaills and Tomahawk) and Otago Peninsula beaches (Sandfly, 

Papanui, Millers, Ryans and Pipikaretu and Victory). Females were sighted more 

frequently at Tomahawk Beach than Smaills Beach (Table 2.7 and Table 2.8). Of the 

females who gave birth in the 2003/2004 season, Katya was present at Tomahawk Beach 

on two survey days during December and Leone was present on four surveys days during 

December and early January (Table 2.8). After this time they were not seen again on 

urban beach surveys. Females at these beaches were usually alone. 

Three different females were recorded at Sandfly Bay on separate occasions through the 

months January to March (Table 2.9). Lorelie, a 2-year old female, was seen on a third of 

all surveys (17 out of 52) at Papanui Beach. Suzie and Teyah (mother and 2-year old pup 

at time of survey) were also observed at Papanui Beach from January to June 2004 but 

were not seen in contact with one another (Table 2.10). These two were also seen at 

Millers Beach on separate occasions (Table 2.11). K~tya and Paul (mother and 1-year old 

pup at time of survey) were sighted on two separate occasions at Papanui Beach in June 

2004 and May 2004, respectively (Table 2.10). Regular monitoring was not conducted at 

Sandfly Bay or Millers Beach so the frequency of visits by females could not be 

ascertained. Females at these three beaches also tended to be alone. 

Mum or Katya were observed at Ryans Beach on five separate days during April 2004. 

Female sea lions that were unable to be identified were seen on another two days; once at 

Ryans Beach and once at Pipikaretu Beach (Table 2.12). 
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Table 2.7: Number of survey days per month and number of sightings of Otago Peninsula female sea lions ;;::1 y at Smaills Beach (S) 

or Tomahawk Beach (T) from 3 October 2003 to 9 February 2004. Age of female shown in brackets. 

Month Number of Number of Sightings of 

(2003-04) Survey Days Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 
(17) (1 0) (8) (6) (3) (2) (2) ( 1) 

October 1 1T 0 0 0 0 0 0 0 

November 0 

December 10 0 2T 3T 3T 0 0 2S 0 

January 17 0 0 1T 1S 1T 0 0 0 

February 3 0 0 0 0 0 0 0 0 
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Table 2.8: Number of survey days per month and number of sightings of Otago Peninsula female sea lions ;;::1 y at Sandfly Bay from 

20 October 2003 to 15 June 2004 (C. Lalas, S. McConkey and S. Williams pers. comm.). Age of female shown in brackets. 

Month Number of Number of Sightings of 

(2003-04) Survey Days Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 
(17) (1 0) (8) (6) (3) (2) (2) ( 1) 

October 0 

November 9 0 0 0 0 0 0 0 0 

December 10 0 0 0 0 0 0 0 0 

January 9 1 0 0 0 1 0 0 0 

February 4 0 0 0 0 0 0 0 0 

March 1 0 0 0 0 0 0 1 0 
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Table 2.9: Number of survey days per month and number of sightings of Otago Peninsula female sea lions ~1 y at Papanui Beach from 

20 October 2003 to 15 June 2004 (C. Lalas, S. McConkey and S. Williams pers. comm.). Age of female shown in brackets. 

Month Number of Number of Sightings of 

(2003-04) Survey Days Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 
(17) (1 0) (8) (6) (3) (2) (2) (1) 

October 3 0 0 0 0 0 1 0 0 

November 13 0 0 0 0 0 2 0 0 

December 13 0 0 0 0 0 4 0 0 

January 10 0 0 0 0 0 6 1 0 

February 6 0 0 0 3 0 3 1 0 

March 4 0 0 0 1 0 1 0 0 

April 1 0 0 0 0 0 0 1 0 

May 1 0 0 0 0 0 0 0 0 

June 2 0 1 0 1 0 0 0 0 
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Table 2.10: Number of survey days per month and number of sightings of Otago Peninsula female sea lions ~1 y at Millers Beach 

from 20 October 2003 to 15 June 2004 (C. Lalas, S. McConkey and S. Williams pers. comm.). Age of female shown in brackets. 

Month Number of Number of Sightings of 

(2003-04) Survey Days 
Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 
(17) (1 0) (8) (6) (3) (2) (2) ( 1) 

October 0 

November 3 0 0 0 0 0 0 0 0 

December 3 0 0 0 0 0 0 0 0 

January 3 0 0 0 2 0 0 1 0 

February 1 0 0 0 0 0 0 0 0 

March 1 0 0 0 1 0 0 0 0 
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Table 2.11: Number of survey days per month and number of sightings of Otago Peninsula female sea lions ~1 y at Pipikaretu Beach 

(P) or Ryans Beach (R) from 2 October 2003 to 7 May 2004 (H. Ratz pers. comm.). Age of female shown in brackets. 

Month Number of Number of Sightings of 

(2003-04) Survey Days Mum Katya Leone Suzie Victoria Lore lie Teyah Honey Unidentified 
(17) (1 0) (8) (6) (3) (2) (2) (1) 

October 9 0 0 0 0 0 0 0 0 0 

November 18 0 0 0 0 0 0 0 0 0 

December 9 0 0 0 0 0 0 0 0 0 

January 11 0 0 0 0 0 0 0 0 0 

February 15 0 0 0 0 0 0 0 0 1P 

March 14 0 0 0 0 0 0 0 0 0 

April 14 2R 3R 0 0 0 0 0 0 0 

May 3 0 0 0 0 0 0 0 0 1R 
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Sightings of all females at Victory Beach increased in February 2004. No females aged 

::::: 2 years were sighted at Victory Beach during November and December 2004. Of the 

females with pups in the 2003/2004 season, Mum and Katya were observed on a total of 

44 and 46 occasions, respectively, between 8 October 2003 and 26 June 2004 (Table 

2.13) even though Katya was present at Victory Beach over one month prior to Mum's 

arrival on 16 February 2004 (Table 2.2 and Table 2.3). Leone was observed on a total of 

35 occasions (Table 2.13). There was a decrease in the number of times Mum and Leone 

were recorded at Victory Beach in May and June 2004. Sightings of Leone more than 

halved during these months (Table 2.13). Of the juvenile females (in the 2003/2004 

season), Teyah was recorded least often at Victory Beach. She was sighted on 6 of 114 

surveys, compared with 27, 20 and 26 for Victoria, Lorelie and Honey, respectively 

(Table 2.13). All females (except Teyah) were recorded at Victory Beach during 

February, March and April 2004 (Teyah was only recorded in February), indicating 

communication between individuals. 

Juvenile females born at Otago (Victoria, Lorelie, Teyah and Honey) remained in contact 

with relatives (other Otago-born sea lions and Mum) (Table 2.14). These sightings only 

include direct contact (within 5 m) between individuals, there were other occasions when 

individuals were on the same beach but not in contact. All were sighted at Victory Beach 

between October 2003 and June 2004. Of the four juvenile females, Victoria (the eldest) 

had the most contact with relatives. Of 27 sightings she was seen with Waimarie (her 

cousin) on six occasions and Katya (her mother) and Leone (her aunt) on five occasions. 

Of 26 sightings Honey was seen with, Mum (her mother), Bruno (her brother) and 

Waimarie (her niece) on three occasions each. Teyah was seen in contact with four 

relatives (two cousins and two aunts) out of six sightings (Table 2.14). 
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Table 2.12: Number of survey days per month and number of sightings of Otago Peninsula females s;l y at Victory Beach from 8 

October 2003 to 26 June 2004. Age of female shown in brackets. 

Month Number of Number of SifijhtinfiJS of 

(2003-04) Survey Days 
Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 
(17) (1 0) (8) (6) (3) (2) (2) ( 1) 

October 1 1 0 0 0 0 0 0 1 

November 4 0 0 0 0 0 0 0 1 

December 10 0 0 0 0 0 0 0 3 

January 15 0 7 0 1 0 0 1 2 

February 15 6 10 8 4 4 2 3 5 

March 18 12 10 12 9 7 4 0 3 

April 17 11 6 10 3 4 4 0 3 

May 16 8 6 1 1 8 2 1 3 

June 17 6 7 4 0 4 8 1 5 
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Table 2.13: Number of sightings of juvenile female sea lions ashore at Victory Beach 

in contact (within 5 m) with relatives (sea lions in Mum's lineage) from October 2003 

to June 2004. * = Sightings of Bill are under represented because he was not identified 

through all surveys. 

Category Names of Age in Sample Juvenile Females 
relatives years Size Victoria Lorelie Teyah Honey 

(!) (/) Victoria 3 27 1 1 1 
=(!) 

Lorelie 2 20 0 0 c-
(!) C'il 
> E Teyah 2 6 0 ::::l (!) 
""")[L Honey 1 26 0 1 

(/) Mum 17 45 2 0 3 
!.... 
(!) Katya 10 48 5 2 0 2 "0 
(!) 

Leone 8 35 5 1 1 1 (!) 
!.... 

co Suzie 6 18 0 2 0 0 

(/) Bill* 5 30 3 0 0 (!) 

Cii 
Paul 1 45 3 2 0 2 ~ 

(/) Bruno <1 66 3 1 0 3 
Q. Aurora <1 63 1 0 0 2 ::::l 

0... Waimarie <1 46 6 1 1 3 
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Other females at southeast South Island 

On 28 March 2005 an immigrant female with blue coffin tags (number 4302) was 

seen at the northern end of Victory Beach. Blue tags were used to tag pups at the 

Auckland Islands during the 2002/2003 breeding season (J. Fyfe, pers. comm.) 

indicating that this female was three years of age in 2005. She was subsequently seen 

on four more occasions, 6 April 2005, 4 May 2005, 4 December 2005 and again on 7 

December 2005 at Victory Beach (S. McConkey, pers. comm. and J. Fyfe, pers. 

comm.). 

Two female sea lions were recorded at Porpoise Bay (46°40'S, 169°06'E) in the 

Catlins and seen regularly from December 2003 to February 2004 by local DOC 

honorary ranger N. Gee (pers. comm.). I saw one of these females on 18 January 

2004. This female sea lion had very obvious damage to her right fore flipper (Figure 

2.9) and I estimated her to be three years of age. 

From September 2003 to April 2004 three different females were seen at the Catlins, 

one in November 2003, one during February and April 2004 and one (pink tag 1872) 

during March and April 2004 (S. McConkey pers. comm.). No evidence of breeding 

was seen at this time in this region. A female known as 'double slash' has been 

resident at the Catlins for more than 10 years. She was first seen on 16 February 1995 

(S. McConkey pers. comm.) and most recently seen on 17 February 2007 (C. Lalas 

pers. comm.). She has never been seen with a pup (S. McConkey and C. Lalas pers. 

comm.). 

An untagged female gave birth at Surat Bay in the Catlins to a male pup in the 

2005/2006 season. It is possible that this female is the pink tag (1872) female seen in 

early 2004 at Surat Bay and that she has since lost her tags, given the approximate age 

of the mother but this remains unconfirmed. Mother and pup were first observed on 

10 March 2006 (Figure 2.10). The pup was tagged (number 2596) and named Kupe. 

This was the first record of breeding in the Catlins. The pup is known to have 

survived to one year; he was seen on 27 March 2007 (K. Widdowson pers. comm.). 

This same female gave birth again in the 2006/2007 breeding season at the same 
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location to a female pup. None of these females are Otago Peninsula females. They 

are all immigrants (none were born at Otago). 

Figure 2.9: Female sea lion seen at Porpoise Bay 18 January 2004. Severe damage to 

her right fore flipper made her easily identifiable. 
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Figure 2.10: Mother and pup (Kupe) in the dunes at Surat Bay, the Catlins on 10 

March 2006 . 
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2.4 Discussion 

New Zealand sea lions are classified as threatened because they are range restricted 

(less than five breeding locations) (Wilkinson et al. 2003). Their recovery is 

contingent on the establishment of new breeding locations outside the main 

population base at the Auckland Islands (Maunder et al. 2000, Wilkinson et al. 2003). 

Otago, southeast South Island, currently represents the northern limit of continual 

presence of New Zealand sea lions and the only mainland location where breeding 

occurs consistently (McConkey et al. 2002c). Breeding at Otago was initiated in the 

1993/1994 season and to the 2005/2006 season a total of 28-29 pups have been born, 

all in the lineage of the founding female. Katya appeared pregnant in December 1999 

but was without a pup when seen again in January 2000 (McConkey et al. 2002c). It 

is unclear whether or not she had a pup in the 1999/2000 season, which accounts for 

the uncertainty in total number of pups born. Of the 28-29 pups born to the end of the 

2005/2006 breeding season, 24 survived to one year old and all remained at Otago. 

Affinity to particular sites is common among otariids and exists to varying degrees. 

Northern fur seals of all age and sex classes showed a tendency to return to their natal 

site (philopatry) (Baker et al. 1995). Observations of marked individual Antarctic fur 

seals over successive years showed that females display a high degree of fidelity to 

particular sites on a beach for parturition (Lunn & Boyd 1991). In both cases, age and 

reproductive status increased the expression of site fidelity (Lunn & Boyd 1991, 

Baker et al. 1995). At Otago the term site fidelity is used to describe females giving 

birth at the same beach each year. Mum has demonstrated a high degree of site 

fidelity; of her 10 pups, nine were born at Taieri Mouth. The anomaly occurred in the 

2000/2001 breeding season when Mum gave birth at Blackhead Beach, approximately 

20 km from Taieri Mouth (Figure 2.2) (McConkey et al. 2002c). A function of site 

fidelity is to facilitate mother pup recognition (Lunn & Boyd 1991). However, on a 

fine scale, South American fur seal (A. australis) mothers that consistently returned to 

particular sites within a breeding colony were no more successful at reuniting with 

their pups than those that did not (Phillips 2003). Of the breeding-age females born at 

Taieri Mouth (Katya, Leone and Suzie), none have given birth there. Instead they 

have exhibited regional philopatry by remaining at Otago Peninsula (within 50 km of 

Taieri Mouth) to breed. Of their 14 births, 10 occurred at Victory Beach, their nurture 
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site (where they were suckled through their first year). The remaining four births 

occurred at Papanui Beach (Katya on two occasions), Smaills Beach (Leone) and Kuri 

Bush (Suzie). 

Birth location is not necessarily the site of nurture for Otago females. All breeding 

females and their pups of the year were based at Victory Beach during the three 

seasons from 2002/2003 to 2004/2005. Mum moved each of her pups from Taieri 

Mouth to Victory Beach (approximately 50 km north) within three months of birth. In 

both the 2002/2003 and 2003/2004 seasons she left Taieri Mouth with her pups about 

one month after their birth, arriving at Allans Beach early February and at Victory 

Beach mid February. Similarly, Auckland Island mothers move pups at an early age 

(one to two months old) from Sandy Bay and Dundas Island colonies to the mainland 

approximately 10 km away (S. Childerhouse pers. comm.). 

Female otariids show extreme gregariousness during the annual breeding season 

(Cassini 1999) yet there are a number of disadvantages to coloniality. Disease 

transmission (Wilkinson et al. 2003) and pup mortality through crushing or starvation 

following separation from their mothers (Campagna et al. 1992, Chilvers et al. 2005a) 

are associated with colonial living. However, there must be some benefits to 

individuals as female gregariousness persists. Coloniality may allow individuals that 

disperse widely to feed at sea to find mates in limited and predictable time frames 

(Cassini 1999) and offer protection to females mid pups from subordinate male 

harassment (Campagna et al. 1992, Chilvers et al. 2005a). The fact that breeding 

females and their pups at Otago have been based at the same sites since breeding 

began indicates the initiation of colonial breeding typical of otariids. During June 

2001 both Katya and Leone moved their pups to Sandfly Bay at around the same time 

as Mum began to visit this beach (McConkey et al. 2002c). Victory Beach is the site 

most regularly used by mothers and pups: each year a pup has been born, mothers and 

pups have been recorded there. The selection of Victory Beach by females may be 

due to the pine forest abutting the dunes, which offers protection to mothers and pups 

from male harassment. Although males were present on the beach they were seldom 

seen in the forest (McConkey et al. 2002c). Male harassment at the Auckland Islands 

resulted in behavioural responses of female sea lions. Females would depart the beach 

at high water or in groups in avoidance of male aggression (Chilvers et al. 2005a). 
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All Otago-born juvenile females have remained at Otago and in addition to breeding 

females and pups, sightings of juvenile females at Victory Beach also increased from 

February 2004. This is indicative of communication between related individuals 

although there did not appear to be any association preferences shown by juvenile 

females in time spent with mothers, brothers/sisters, aunts, cousins or nephews/nieces. 

Whether these animals are associating with each other because they are related or 

because they were nurtured at the same site remains unknown. This cannot be 

resolved until an unrelated female begins breeding on Otago Peninsula. Although 

Victory Beach remained the nurture site during 2004, breeding females also visited 

other beaches. Mum and Katya were sighted alone at Ryans Beach on five separate 

occasions during April. They were deliberately spending time away from their pups 

indicating that time ashore does not equate to time spent with pup which is relevant 

for Chapter 4. 

Cawthorn et al. (1985) reported the mean pupping date at the Auckland Islands as 17-

20 December. Mean birth dates for three Auckland Island locations in the1994/1995 

season were 27 December, 28 December and 22 December for Sandy Bay, Dundas 

Island and Pebble Point respectively (Gales & Fletcher 1999). Similarly, median 

birth dates at Sandy Bay, Enderby Island were 26 December in 2001/2002 and 

2002/2003 and 27 December in 2003/2004 (Chilvers et al. 2006a). There is difficulty 

in comparing birth dates between Otago females because one individual, Mum, 

accounts for 10 of 16 accurate records. However, all recorded births at Otago 

occurred between, 26 December and 24 January, later than the median dates for 

Auckland Island females. 

Mum has given birth to 11 pups since 1993/1994, birth dates for 10 pups were 

confirmed. Birth dates for Mum became later over time until she was 16 years old, 

after which time birth dates began to get earlier. There is no comparable data 

available for individual Auckland Island females however, this pattern could indicate 

that females at Pebble Point could have a different age structure than females at either 

Sandy Bay or Dundas Island given that the average birth date at Pebble Point was a 

week earlier. The finding that birth dates became later for Mum from 7-16 years old is 

contrary to findings that implantation of the blastocyst occurs earlier in older and 
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larger Northern fur seal females resulting in births by older mothers occurring earlier 

in the season compared to young mothers (York & Scheffer 1997). It has been 

suggested that natural selection determines the timing of births for Steller sea lions by 

selecting for times when climatic conditions and prey availability favour pup survival 

(Pitcher et al. 2001). Food availability has also been shown to have a more proximate 

effect on the timing of births for Southern sea lions with births occurring later in the 

season after El Nino years of low food abundance (Soto et al. 2004). If this were true 

for Mum, then food availability would have become progressively worse from 1994 

to 2003 and then progressively better from 2003 to 2007. Known birth dates of other 

Otago females were both earlier and later than Mums suggesting that Mum's pattern 

cannot be taken as indicative of what her daughters are doing. 

The· numbers of female sea lions at Otago have remained lower than the number of 

males. In the five years from 1994 to 1999 the number of immigrant males at Otago 

increased from 40-108 individuals (McConkey et al. 2002a). Juvenile males, as 

opposed to females, are the predominant dispersers of most polygynous mammalian 

species (Dobson 1982). This could be a limiting factor to species recovery as 

immigration has been postulated to be an important source of population growth 

during the establishment of new breeding locations by seals (Taylor et al. 1995, 

Hanski 1999, Bradshaw et al. 2000). It is impossible to estimate the probability of 

recruitment of immigrant females into the breeding population at Otago since none 

have been recruited through the 11 years (1994-2005) since breeding began. The 

births of two pups in the Catlins in the 2005/2006 and 2006/2007 seasons, to a new 

resident immigrant female are an exciting development. However, these births were 

not included with the Otago Peninsula females since they are separated by a distance 

of 100 km. Enderby Island and Dundas Island to the north and Figure of Eight Island 

to the south of the Auckland Island group are only separated by approximately 40 km 

and they are categorised as separate breeding locations (DOC 2006). Hence, there is 

potential for the Catlins region to develop into a new breeding location. Among 

otariids, recruitment may be enhanced by the presence of other breeding individuals 

that may act to indicate the suitability of a site (Baker 1978, Dan chin & Wagner 1997, 

Gentry 1998). There is no indication of this happening at Otago given that a female 

has arrived and established at the Catlins and that other migrant females sighted at the 

Catlins and Porpoise Bay have not continued northward to Otago Peninsula. 
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The sustained increase and regional philopatry of females born at Otago brings this 

mainland population closer to fulfilling the prerequisites necessary to achieve a 

breeding location (;:: 35 mature females exhibiting breeding philopatry), especially 

with the recruitment of three of Mum's granddaughters, Victoria, Lorelie and Teyah 

to the breeding population. Recolonisation is a dynamic process and continued 

monitoring of the Otago population in the future is essential. Effective population 

management strategies can be planned effectively, both on large and local population 

scales, with population dynamics information (Cortes et al. 1998). Continued 

monitoring will be necessary to establish whether immigrant females remain at Otago 

and join the breeding population and to determine whether new breeding locations are 

established (as may be happening in the Catlins). It is possible for a solitary 

immigrant female to found a new breeding location: if the Catlins region does not 

develop into a breeding location further investigation would be warranted. 

Additionally, monitoring would be necessary to follow further progress of females at 

Otago to see if they become colonial as their numbers increase, like females at the 

Auckland Islands. There is no indication that this is happening yet since females are 

not giving birth at the same beaches, which could indicate male harassment avoidance 

behaviour by low numbers of females. However, it is important to note that the 

Auckland Island females are moving pups away from the colonies after parturition, 

whereas Otago females are moving pups together. 
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Chapter 3: Female New Zealand sea lion population growth 

following the initiation of breeding at a new location 

3.1 Introduction 

Human exploitation reduced population sizes of most pinnipeds and reduced the 

distributions of some species (Bonner 1994). Most otariids have exhibited increases in 

numbers following the cessation of hunting (e.g., New Zealand fur seals -Bradshaw 

et al. 2000, Lalas & Bradshaw 2001, Eastern stock of Steller sea lions - Angliss & 

Lodge 2003, Southern sea lions- Dans et al. 2004, Thompson et al. 2005). The New 

Zealand sea lion (Gales & Fletcher 1999, Campbell et al. 2006), the Australian sea 

lion (Campbell et al. 2006) and the Western Stock of Steller sea lions (Trites & 

Donnelly 2003) have not shown increase in numbers. Prior to the arrival of humans, 

New Zealand sea lion breeding distribution extended around the three main islands of 

New Zealand (McConkey et al. 2002c). The present breeding distribution is 

dramatically reduced with 86% of pupping occurring at the Auckland Islands and 

practically all of the remainder at Campbell Island (Chilvers et al. 2007). Breeding 

was initiated in the 1993/1994 breeding season at Otago by a solitary immigrant 

female (McConkey et al. 2002c) and up to and including the 2005/2006 breeding 

season a total of 28-29 pups were born at or near Otago Peninsula (Lalas et al. 2007). 

Management plans for species that have experienced considerable reductions in 

population size often focus on the establishment of populations within set temporal 

limits. New Zealand sea lions were designated as a threatened species in 1997, under 

provisions in the Marine Mammals Protection Act 1978. This legislation requires that 

threatened species must be managed to achieve a non-threatened status within 20 

years (Wilkinson et al. 2003). New Zealand sea lions are currently restricted to three 

breeding locations under definitions in the draft population management plan (DOC 

2006): Northern Auckland Islands (Dundas Island and Enderby Island), southern 

Auckland Islands (Figure of Eight Island) and Campbell Island. It states that to 

achieve non-threatened status, New Zealand sea lion breeding populations must occur 

in ;;:: 5 locations and considers a new breeding location to be one where ;;:: 35 mature 

females are exhibiting breeding philopatry (DOC 2006). They do not however, 

examine the likelihood of establishment of new breeding locations. 
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Numerical models can be effective in estimating the duration required for a 

recolonising species to develop into a breeding population at a new location and 

hence are useful in examining the viability of conservation management goals (Gerber 

& VanBlaricom 2001, Thomas et al. 2005). However, the values for demographic 

parameters are often not known resulting in unreliability in outputs from the model 

(Thomas et al. 2005) and may limit the application of the model in conservation 

decisions (Gerber & VanBlaricom 2001). Estimates for unknown values of 

parameters are based on guess-work or estimations based on data for other species 

(e.g., Thompson et al. 2005). Gales and Fletcher (1999) estimated survival and 

fecundity for New Zealand sea lions based on values reported for other otariids in 

order to generate estimates of population size from annual pup production. This 

model is still being applied, most recently to generate an estimate of 11 855 (95% CI 

10 259 to 13 625) individuals in 2004/2005 (Campbell et al. 2006). 

Documenting the early stages of recolonisation in terms of numerical increase and 

geographical spread is essential for understanding the recovery process of a species. 

The number of females at Otago is low, but this group studied constituted the entire 

population, with all individuals identifiable. Although population size and time 

elapsed since the initiation of breeding are too small to generate definitive values, 

data for the 13 years that have elapsed since breeding began allowed realistic 

estimates to be made for demographic parameters. 

Survival, fecundity and maximum age of Otago females are deduced and applied in a 

deterministic Leslie matrix model. Maximum most likely and minimum most likely 

scenarios for female population growth following the initiation of breeding at a new 

location are presented as updates of Lalas and Bradshaw (2003) and Lalas et al. 

(2007). The implications are discussed in relation to the draft population management 

plan (DOC 2006). 

The aims of this chapter are to: 

(i) estimate the duration required for female population growth at a new 

location derived from one immigrant female to reach ::::: 35 breeding 

females; 
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(ii) document age of first birth for Otago females and compare the 

demography of breeding females between Otago and the Auckland 

Islands. 
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3.2 Methods 

Breeding at Otago 

Females and pups were monitored to 2007 as described in Chapter 2. 

Demographic parameters 

For all simulations only the female component of the population was considered since 

sea lions are polygynous breeders and pup production is related to female 

demographic parameters. Females reach sexual maturity at three years of age and are 

capable of having their first pup (age of primiparity) at four years; thereafter they can 

produce one pup annually (Cawthorn et al. 1985). In the model, females are 

designated as breeding once they reach four years of age since the Draft Population 

Management Plan (DOC 2006) defines new breeding locations in terms of breeding 

females. 

Two values for annual probability of survival were used: survival of pups to one year 

and survival of females ~ 1 year. There is no indication towards a sex bias for pup 

survival (Chilvers et al. 2006a) so both male and females pups were included in the 

analyses in order to derive estimates from a larger sample size than females alone. 

Annual fecundity was defined differently for each, four year old females and females 

~ 5 years old. Annual fecundity was defined as the annual average number of pups 

born per female. Sex ratio at birth was assumed to be 1:1 following Gales and 

Fletcher (1999) and so in the model the actual number of female pups born is half the 

fecundity. Maximum female lifespan was given upper and lower values of 25 and 30, 

following Childerhouse (2007). 

Deterministic Leslie matrix model 

Deterministic Leslie matrix model spreadsheets created in Microsoft Excel were run 

under different scenarios making adjustments for survival, fecundity and maximum 

age to extrapolate female population size through time. Matrices were projected with 

dimensions of 101 rows, where the sequence of rows represented consecutive years 

(0 - 100) and 25 or 30 columns, where the sequence of columns represented 

consecutive year classes of female sea lions from 0 to the maximum designated 
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lifespan of 25 or 30 years. Formulae used in calculations follow Lalas and Bradshaw 

(2003). In particular if a breeding female died then her pup from the calendar year of 

her death is omitted from entries of number of pups born in that year. The first 14 

rows of the model included known information about breeding and survival to one 

year at Otago (1994 to 2007). The model was applied using minimum most likely and 

maximum most likely scenarios to simulate change in female c~ 4 years old) 

population size following the initiation of breeding by a solitary migrant female. 

Demography of breeding females at Otago and at Auckland Islands 

At a stable demography in the model for Otago females, the proportion of females 

breeding in each age class was calculated. This was done separately for the minimum 

most likely scenario (0-25 years) and the maximum most likely scenario (0-30 years). 

Stable demography was reached at 41 years for both scenarios. The demography of 

breeding females at Auckland Islands was taken from Table 3 in Breen (2006) from 

three consecutive years for 822 breeding females at Sandy Bay. Contributions by each 

age class to the total breeding population were calculated as proportions for Auckland 

Islands and for Otago. The median age of breeding females was calculated using 

·cumulative proportions. The number of female pups born, per female of median age, 

that survive to breeding age was calculated for Otago by multiplying fecundity by the 

survivorship to the median age, following Stearns (1992). 
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3.4 Results 

Breeding at Otago 

Detailed records for breeding at Otago are described in Chapter 2. A total of 28-29 

pups were born up to and including the 2005/2006 breeding season all in the lineage 

of Mum. In 2007 the female population included seven potential breeders (~ 4 years 

of age). 

Values for parameters 

Survival of pups to one year of age 

Five different scenarios for pup survival to one year were calculated (Table 3.1). 

Twenty nine or 28 pups were born at Otago to the end of the 2005/2006 breeding 

season and their survival to one year (to 2007) was known. The minimum, 0.86 (28 

births, four deaths: Scenario 2) and maximum, 0.93 (27 births, two deaths: Scenario 

5) estimates for pup survival to one year were included in the model (Table 3.1). The 

dependence of pups < 1 year of age on their lactating mothers implies that the 

survival rates of pups cannot exceed the survival rate of adult females. Therefore, 

Pani (pup B: Scenario 2) was excluded from the model since she died as a result of 

her mother dying. Additionally, since the model is focused on natural rates of 

population growth, the death of pup 7 (pup D: Scenario 5) that was attributable to 

anthropogenic causes (McConkey et al. 2002c) was omitted (Table 3.1). 

Annual survival of females > 1 year of age 

Twelve of the 13 Otago females that have reached~ 1 year of age were alive at the 

beginning of 2007. Insufficient time has elapsed to give an accurate estimate for 

annual survival but this value must be high (~ 0.90). McConkey et al. (2002a) 

reported that annual retention rates for immigrant males at Otago Peninsula fluctuated 

between 0.82 and 0.99. Annual retention rate cannot be higher than annual survival so 

the minimum most likely survival for females ~ 1 year of age was set at 0.90. The 

maximum most likely survival scenario was set at 0.95, following Lalas and 

Bradshaw (2003). 
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Fecundity 

The average value for fecundity of four year olds was 0.71: five of seven locally-born 

Otago females began breeding at four years of age (Table 3.2). However, since the 

sample size is so low the minimum most likely value for fecundity of four year olds 

was set at 0.60 and the maximum most likely value was set at 0.75. Average fecundity 

of~ 5 year olds was calculated for Otago females (Table 3.2). Four scenarios were 

created from combinations that included or excluded Mum's births and included or 

excluded Katya's possible birth in 1999/2000. Mum's births were excluded from two 

scenarios since she is not a locally born female but included in two scenarios in order 

to increase the sample size. The minimum and maximum probabilities for~ 5 year old 

fecundity were 0.64 and 0.71, respectively (Table 3.2). As the overall sample size for 

individuals was small, probabilities above and below were taken to best encompass 

the range in fecundity. For the minimum most likely scenario, fecundity of~ 5 year 

olds was set at 0.60 and for the maximum scenario it was set at 0.75 (Table 3.3). 

Maximum Age 

From age estimates based on growth layer groups in teeth of New Zealand sea lions, 

the oldest recorded female was 28 years old and the maximum age at last pup was 26 

years old (Childerhouse 2007). In the model the minimum most likely estimate for 

maximum age at last pup was set at 25 following Lalas and Bradshaw (2003) and the 

maximum most likely estimate for maximum age at last pup was set at 30 to 

encompass the range of possibilities. 

Deterministic population growth 

Maximum most likely and minimum most likely scenarios for breeding female (~ 4 

years old) population growth are presented (Figure 3.1). A population derived from a 

single immigrant female is predicted to reach 35 breeding females between the years 

2018 (maximum most likely) and 2034 (minimum most likely) (Figure 3.1). 

Application of minimum values for parameters generated a population growth rate of 

6% and for maximum values this increased to 15%. 
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Table 3.1: Range of possible scenarios for pup survival to one year based on Otago 

data to the beginning of 2007. Pups (season of birth): A = Katya's possible birth 

(1999/00), B = Pani (2004/05), C = Pup 6 (1999/00), D = Pup 7 (2000/01), E = 

Leone's male pup (2002/03). * = assumes pup survived since disappearance due to 

anthropogenic causes. 

Scenario 
Number of Number of 

Includes pups Excludes pups Pup survival 
births deaths 

29 5 A, B, C, D & E none 0.83 

2 28 4 A, C, D & E B 0.86 

3 27 3 C, D& E A&B 0.89 

4 26 2 C&E A, B&D 0.92 

5 27 2 C, D* & E A&B 0.93 
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Table 3.2: Season of birth and number of pups born to Otago females. 1 =pup born, 0 =no pup born,?= possible birth, t =death of female,-= 

had not begun breeding. Maximum and minimum scenarios presented for average probability of fecundity for::::: 5 year olds. Age of primiparity 

in brackets. 

Scenario Year 
Mum Katya Leone Suzie Victoria Lore lie Teyah Honey 

Total 
Average 

(7) (4) (5) (4) (4) (4) (4) (?) proportion 

1993/94 1 
1994/95 0 
1995/96 1 
1996/97 0 
1997/98 1 
1998/99 1 0 
1999/00 1 ? 
2000/01 1 0 1 
2001/02 1 1 1 1 
2002/03 1 1 1 0 
2003/04 1 1 1 0 
2004/05 0 1 1 1 1 
2005/06 1 1 1 t 1 1 1 
2006/07 1 1 0 t 0 0 1 0 

Years elapsed 9 6 3 2 1 1 0 22 
Minimum since 1st birth 0.64 

Number of pups 6 5 1 1 0 1 0 14 

Years elapsed 13 9 6 3 2 1 1 0 35 
Maximum since 1st birth 0.71 

Number of pups 10 7 5 1 1 0 1 0 25 
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Table 3.3: Values for parameters for two scenarios for population growth at Otago. 
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Figure 3.1: Deterministic population growth curves for breeding females (~ 4 years 

old) at Otago. Recorded numbers (closed circles) are plotted from 1990 to 2007 and 

then extrapolated to reach > 35 females. Solid lines show the most likely range of 

scenarios from model simulations of number of breeding females from values for 

demographic parameters in Table 3.3. Dashed lines show the years in which 35 

females are reached. 
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Demography of breeding females at Otago and at Auckland Islands 

No females three years of age or younger were recorded as breeding at either Otago or 

at Sandy Bay, Auckland Islands (Breen & Kim 2006). Based on data from Breen and 

Kim (2006), four year old females make up only 1% of the breeding population at 

Auckland Islands compared to, from 13% (minimum most likely scenario) to 17% 

(maximum most likely scenario) for four year olds at Otago (Table 3.4). The median 

age of breeding females at Otago was between 6.7 years (maximum most likely 

scenario) and 7.1 years (minimum most likely scenario). At the Auckland Islands the 

median age of breeding females was 8.5 years (Table 3.4). At Otago the number of 

female pups born per female of median age that survive to breeding age was from 0.7 

(minimum most likely scenario) to 1.0 (maximum most likely scenario). 
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Table 3.4: Proportion of females breeding in different age classes at Sandy Bay, 

Auckland Islands (data from Table 3 in Breen and Kim, 2006) and at a stable 

demography at Otago. For Otago, minimum most likely and maximum most likely 

scenarios are presented. 

Number of 
Proportion 

Proportion of breeding population at a stable demography at Otago 

Age breeding Cumulative Minimum most likely Maximum most likely 
(y) females at 

of breeding 
proportion Proportion of Cumulative Proportion of Cumulative 

Sandy Bay 
population 

breeding population proportion breeding population proportion 

0 0 0 0.00 0 0.00 0 0.00 
0 0 0.00 0 0.00 0 0.00 

2 0 0 0.00 0 0.00 0 0.00 
3 0 0 0.00 0 0.00 0 0.00 
4 12 0.01 0.01 0.15 0.15 0.17 0.17 
5 44 0.05 0.07 0.13 0.28 0.14 0.32 
6 72 0.09 0.16 0.11 0.39 0.12 0.43 
7 107 0.13 0.29 0.09 0.49 0.10 0.53 
8 135 0.16 0.45 0.08 0.57 0.08 0.61 
9 128 0.16 0.61 0.07 0.63 0.07 0.68 
10 104 0.13 0.73 0.06 0.69 0.06 0.74 
11 73 0.09 0.82 0.05 0.74 0.05 0.78 
12 46 0.06 0.88 0.04 0.78 0.04 0.82 
13 38 0.05 0.92 0.04 0.82 0.03 0.85 
14 21 0.03 0.95 0.03 0.85 0.03 0.88 
15 17 0.02 0.97 0.03 0.88 0.02 0.90 
16 12 0.01 0.98 0.02 0.90 0.02 0.92 
17 7 0.01 0.99 0.02 0.92 0.01 0.93 
18 4 0.00 1.00 0.02 0.94 0.01 0.95 
19 2 0.00 1.00 0.01 0.95 0.01 0.96 
20 0.01 0.96 0.01 0.97 
21 0.01 0.97 0.01 0.97 
22 0.01 0.98 0.01 0.98 
23 0.01 0.99 0.00 
24 0.01 0.99 0.00 
25 0.01 1.00 0.00 
26 0.00 0.00 
27 0.00 0.00 
28 0.00 0.00 
29 0.00 0.00 
30 0.00 0.00 
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3.4 Discussion 

Values for parameters used in the model were in the range of estimates described for 

other otariids (Wickens & York 1997, Gerber & VanBlaricom 2001, Thompson et al. 

2005). However, many demographic parameters for otariids are poorly understood. 

Estimates for the probability of survival for pups and females;:::: 1 year of age can vary 

among species and intraspecifically with region and population density (Wickens & 

York 1997). Most data for pup survival are only available for the first few months of 

life (Wickens & York 1997, Chilvers et al. 2006a). However, first year survival was 

recorded accurately at Otago, where annual survival (based on 28-29 pups) had a 

minimum value of 86% (4 deaths out of 28 births) and a maximum value of 93% (2 

deaths out of 27 births); higher than the minimum, 58% and maximum, 78% range 

designated by Gales and Fletcher ( 1999). Maximum lifespan was designated between 

25 and 30 years to best encompass the possible range: based on growth layer groups 

in female New Zealand sea lion teeth. Childerhouse (2007) reported the oldest 

breeding female as 26 years old and the oldest female as 28 years old. Insufficient 

time has elapsed to calculate annual survival for females ;:::: 1 year. 

Numerical models are useful tools for estimating population growth. After heavy 

exploitation Southern sea lions experienced dramatic reductions in population size 

that were followed by gradual increases. The northern Patagonian population steadily 

increased at a rate of 5.7% annually between 1983 and 2002 (Dans et al. 2004). 

Similarly, Southern sea lions at the Falkland Islands have experienced a sustained 

gradual increase. The rate of increase declined from 8.5% annually between 1990 and 

1995 to 3.8% annually between 1995 and 2003 (Thompson et al. 2005). These rates of 

increase are within the range modelled for the Otago population of New Zealand sea 

lions. 

To simulate a range of population growth for a population derived from one 

immigrant female at a new location, minimum most likely and maximum most likely 

values for parameters were applied in the model. Both of these scenarios generated 

positive population growth, at rates of annual increase of 6%-15%. The model 

predicted a population of 2:: 35 breeding females would be reached between 2018 -

2034 (11-27 years from 2007). 
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Primiparity (age at first birth) may be a significant factor affecting the rate of 

population increase in pinnipeds. Grey seals displayed concomitant declines in the 

rate of population increase (from 13% to 7%) and a reduced probability of primiparity 

at age four (16 times less likely) (Bowen et al. 2007). An order of magnitude 

separated four year old females as proportions of the breeding populations at Otago 

and the Auckland Islands. In the model at a stable demography at Otago, four year 

olds accounted for 13%-17% of the breeding population compared to only 1% of four 

year olds at the Auckland Islands, indicating that the average age of primiparity must 

be later at the Auckland Islands. Age at first birth of northern Elephant seals was 

delayed for cohorts affected by El Nino Southern Oscillation (ENSO) (Sydeman & 

Nur 1994) and in humans early age at first birth has been related to good nutrition 

(Frisch 1978). This could be indicative of better prey availability at Otago compared 

to the Auckland Islands. 

Generation time is the median age of a female in the breeding population (Stearns 

1992). Breeding females in the model at a stable demography at Otago are on average 

one and half years younger than breeding females at the Auckland Islands, 6.7-7.1 

years compared to 8.5 years, respectively. The shorter generation time at Otago means 

that females are replacing themselves faster than females at the Auckland Islands, 

which contributes to a faster population growth rate. 

Values for parameters in the model were similar to most likely values for Otago used 

by Lalas and Bradshaw (2003). However, Lalas and Bradshaw (2003) estimated 

parameters based on data for other otariids whereas values for pup survival to one 

year and fecundity (including age at primiparity) in this model were calculated from 

data collected from the initiation of breeding at Otago 13 years ago. Chilvers et al. 

(2006a) reported pup survival to 60 days of 68-88% at the Auckland Islands. Pup 

survival to one year at Otago is comparatively high. Although there has only been one 

death of a locally-born female;::: 1 year old at Otago, annual survival for females;::: 1 

year old remains unknown but must be high (<:: 90%). An extended duration is 

required to calculate accurate survival rates for long-lived species such as the New 

Zealand sea lion. In models used to simulate change in population growth of short

lived species fecundity was reported to have a larger effect on population growth than 
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adult survival. For long-lived species adult survival was more important than 

fecundity (Crouse et al. 1987, Hitchcock & Gratto-Tervor 1997). Therefore, 

continued monitoring of the Otago population will be imperative to enable calculation 

of accurate adult survival rates for use in future population models. 

Future growth of the breeding population at Otago could potentially be inhibited by a 

mass mortality event such as that recorded for New Zealand sea lions at the Auckland 

Islands in 1998 (Baker 1999), and in 2002 and 2003 (Wilkinson et al. 2006). Perhaps 

more important, females on the Otago Peninsula are easily accessible to the public 

and so there is potential for further deliberate killings by humans or attacks from dogs 

as have been reported in the past (McConkey et al. 2002c). 

The goal of the population management plan (DOC 2006) is to increase the number of 

breeding locations to 2!:: 5 so that a single detrimental impact does not affect the whole 

species. Under definitions in this plan breeding locations are sites where 2!:: 35 mature 

females are exhibiting breeding philopatry. The time frame required to achieve this 

goal is within 20 years of the declaration of threatened species status in 1997. Results 

from the model indicate that Otago cannot attain this category of a breeding location 

within the specified 20-year time frame. Projections based on most likely scenarios at 

Otago indicate that a new breeding population at Otago Peninsula derived from one 

immigrant female will achieve the status of a breeding location in 21-37 years from 

1997. 

This study demonstrated that the establishment of a solitary breeding female is 

sufficient to create a new breeding location in 24-40 years from the initiation of 

breeding. Previously, Campagna et al. (1992) found that breeding grounds of 

Southern sea lions could develop from a solitary female, although a time frame was 

not suggested. Immigration of females has been postulated to be an important source 

of population growth for establishing breeding colonies of New Zealand fur seals 

(Bradshaw et al. 2000, Lalas & Bradshaw 2001) and recruitment is more likely if the 

destination already supports a breeding colony (Baker 1978, Gentry 1998). Although, 

a female recently established breeding in the Catlins region (Chapter 2). Under the 

concept that the Catlins is a separate breeding location this study only modelled 

intrinsic population growth (without immigrants). It is much too early to be able to 
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say what will happen in the Catlins in the future but the two births and survival of the 

first pup to one year is a promising start. 

In order to plan effective long-term conservation strategies an understanding of local 

population dynamics is very important (Cortes et al. 1998). The probability of annual 

pup survival at Otago is high and a high proportion of females are giving birth at the 

youngest possible age of four years indicating that Otago will develop into a new 

breeding location under definitions in the population management plan. 
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Chapter 4: Attendance patterns of females at Victory Beach 

4.1 Introduction 

The amphibious nature of pinnipeds has required adaptations to both aquatic and 

terrestrial life. Pinnipeds are the only mammals to combine offshore marine feeding 

and terrestrial parturition (Cappozzo 2002). The alternate cycle of foraging at sea and 

suckling pups ashore is referred to as the maternal attendance pattern (Gentry & 

Kooyman 1986, Trites & Porter 2002, Milette & Trites 2003). For otariids, it 

comprises the perinatal period (the time between birth of the pup and the mother's 

first trip to sea), followed by regular foraging trips to sea and intervals suckling the 

pup ashore (Croxall et al. 1988, Milette & Trites 2003). 

The level of maternal investment in otariids is high among mammals and the bond 

between mother and pup can be maintained for over a year (Bonner 1994). Otariid 

pups are dependant on their mother for nutrition throughout most of the lactation 

period, although towards the time of weaning they begin to become independent by 

supplementing with solid food (Trillmich 1986). No male otariids are known to help 

care for the young by feeding or imparting knowledge when foraging in groups 

(Cappozzo 2002). In New Zealand sea lions, lactation generally occurs for 12 months 

but can last for 24 months if the female does not get pregnant or loses her pup in the 

following year (McConkey et al. 2002c ). 

Lactation is one of the most energy expensive events during mammalian reproduction 

(Gittleman & Thompson 1988) and breeding otariid females need to bear the cost of 

delivering energy-rich milk to their young while maintaining their own metabolism 

(Thompson et al. 1998). During lactation female otariids, including New Zealand sea 

lions, continue to forage, making their first postpartum trip to sea within two weeks of 

giving birth (Gales & Mattlin 1997). Phocids by contrast, do not forage throughout 

lactation and instead draw upon body reserves, consequently weaning pups at 7 to 75 

days (Bonner 1984). 

Otariid foraging behaviour is restricted both temporally and spatially. As central place 

foragers (Orians & Pearson 1979) lactating female sea lions are constrained by the 

need to regularly return to land to fulfil the requirements of the growing pup, limiting 
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their foraging range (Thompson et al. 1998, Guinet et al. 2001). Abundance and 

distribution of food resources can also determine foraging patterns (Francis & Boness 

1998, Harcourt et al. 2002) since individuals are limited by their swimming and 

diving ability (Guinet et al. 2001, Beauplet et al. 2004). Female New Zealand sea 

lions have the deepest and longest duration dives recorded for any otariid (Chilvers et 

al. 2006b). The extreme foraging behaviours of lactating New Zealand sea lions at the 

Auckland Islands include foraging long distances from their breeding sites and over 

large areas (Gales & Mattlin 1997, Chilvers et al. 2005b, Chilvers et al. 2006b). This 

is thought to reflect a marginal foraging environment where diving behaviour is close 

to its maximum physiological capacity (Gales & Mattlin 1997, Chilvers et al. 2006b ). 

New Zealand sea lions are generalist feeders utilising a diverse array of prey, 

including fish, cephalopods and crustaceans (Lalas 1997, Childerhouse et al. 2001, 

Lalas et al. 2007). Otariids that feed on a variety of prey may demonstrate alternative 

foraging patterns depending on the particular prey species targeted (Harcourt et al. 

2002). At Otago there appears to be a seasonal shift in foraging zones with individuals 

(predominantly males in this study) foraging farther offshore in summer and autumn 

(Lalas 1997). Similarly, sympatric female New Zealand fur seals at Otago foraged on 

or near the continental slope in summer and beyond the continental slope in autumn 

(Harcourt et al. 2002). In neither case did the shift reflect unavailability of prey (Lalas 

1997, Harcourt et al. 2002). Seasonal changes in foraging behaviour for a generalist 

predator may reflect changes in prey selection as opposed to providing an index for 

local prey abundance and distribution (Harcourt et al. 2002) as it does for specialist 

predators (Lunn et al. 1993, Boyd et al. 1994, Arnauld & Hindell 2001, Trites & 

Porter 2002, Milette & Trites 2003, Beauplet et al. 2004). The ability to switch 

between prey species as they become more or less available within the foraging range 

from the breeding colony allows generalist predators to meet the energetic 

requirements of maintenance and reproduction (Harcourt et al. 2002). 

Breeding sites are likely to be located in close proximity to foraging areas that are 

optimal for lactating females (Boyd 1998). Maternal attendance patterns are not fixed 

temporally or spatially. Plasticity in foraging behaviour can act as an index to local 

environmental change such as food availability and can be used to compare between 

different breeding locations (Hood & Ono 1997). Several otariids increase the 
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duration of foraging trips during periods of low prey abundance (Croxall et al. 1988, 

Lunn et al. 1993, Boyd et al. 1994, Arnauld & Hindell 2001, Trites & Porter 2002, 

Milette & Trites 2003, Beauplet et al. 2004). Foraging cycle duration may also 

increase with the progression of lactation as pup demand increases (Boyd et al. 1991 , 

McCafferty et al. 1998, Arnauld & Hindell2001, Harcourt et al. 2002, Trites & Porter 

2002, Milette & Trites 2003). Foraging cycle duration for New Zealand fur seals at 

Otago Peninsula increased with pup demand, but duration ashore did not change 

(Harcourt et al. 2002). Similarly, lactating Steller sea lions in Alaska that increased 

foraging trip duration as their pups grew older showed no changes in duration of visits 

ashore in one study (Trites & Porter 2002) and decreased duration ashore in another 

(Milette & Trites 2003). In contrast, Boyd et al. (1991) found that duration of time 

ashore was highly correlated with duration of time at sea for Antarctic fur seals. 

New Zealand sea lions are one of the world's least abundant pinnipeds with a highly 

localised breeding distribution centred on the Auckland Islands (Childerhouse & 

Gales 1998). They are classified as vulnerable by the International Union for the 

Conservation of Nature (IUCN) (IUCN 2006) and are designated as a threatened 

species under provisions in the New Zealand Marine Mammals Protection Act 1978 

(Wilkinson et al. 2003). The investigation of attendance patterns can provide 

information about variation of foraging patterns among individuals, insight into the 

possible causes of this variation and the consequences of this variation for pup growth 

(Boyd et al. 1991). Lunn et al. (1993) found that the mean duration of foraging trips 

was the most significant factor influencing the growth rates of pups; longer foraging 

trips caused by reduced food abundance resulted in slower growth rates of pups. 

Maternal attendance patterns of New Zealand sea lions are compared between the 

colonising population at Otago and the population base at the Auckland Islands. A 

disadvantage of this study is that data were collected at different times of the year 

between these two locations. Additionally, the methods used for collecting data at 

Otago resulted in imprecision in attendance pattern duration as the exact arrival and 

departure times for individuals were not always known, compared to the Auckland 

Islands where females were fitted with time-depth recorders (TDRs) producing exact 

data. However, the advantage of collecting data in this way is that time spent ashore 

77 



with a pup can be differentiated from time spent alone by females at Victory Beach. 

This cannot be achieved using TDRs on mothers only. 

The aims of this chapter are to: 

(i) determine durations of attendance patterns and foraging cycles for females 

based at Victory Beach from March 2004 to June 2004; 

(ii) compare attendance pattern duration between individuals at Otago; 

(iii) determine if attendance pattern durations at Otago vary seasonally; 

(iv) compare maternal attendance patterns at Otago with those at the Auckland 

Islands. 
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4.2 Methods 

Study site 

Fieldwork targeted Victory Beach the location at which pups born in the 2003/2004 

breeding season were nurtured. This study site is described in Chapter 2. 

Definitions for individuals 

Pups were defined as individuals< 1 year old at the time of surveys. Mothers were 

individuals with pups at the time of surveys (n = 3). A female of breeding age (2!: 4 

years) that had previously given birth but did not have a pup in the 2003/2004 season 

was referred to as a breeding female without a pup (n = 1) and juveniles were defined 

as individuals < 4 years old (n = 4). The latter two groups were also defined 

collectively as non-lactating females. 

Survey procedure 

Four sampling durations of 10-16 consecutive days per month were carried out from 

March to June 2004. Blocks consisted of 10 days in March and May, 16 days in April 

and 14 days in June. Tyler Eusdan collected data in April and Amelie Auge collected 

data in May under my direction. Three beach surveys daily at dawn, midday and dusk 

made up a total of 150 surveys over this period. Seasonal change meant the times of 

the dawn and dusk surveys varied over the sampling period. The sample consisted of 

all females and all locally-born males encountered at Victory Beach. 

During each survey the beach, dunes and pine forest were systematically searched. 

Locations of individuals were recorded using a hand held GPS (Garmin e-trex). 

Individuals were identified following methods in Chapter 2. The pups were tagged in 

both fore flippers prior to the start of this study on 16 March 2004, with pink coffin 

tags (Dalton jumbo tags): Bruno- 2583 (Mum's pup), Aurora- 2584 (Katya's pup) 

and Waimarie - 2585 (Leone's pup) (Figure 2.4). Tattooing of both fore and hind 

flippers was also attempted but with no success. Pups retained at least one of their 

tags throughout the study period. Data were recorded on all surveys following 

methods in Chapter 2. 
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It was vital to find each pup in every survey as it was the only way an accurate 

maternal attendance pattern could be deduced. In practice this was near impossible 

because pups sometimes disappeared in dense undergrowth. When pups were not 

located on routine searches other areas of the beach and forest were visited and tracks 

were followed. Mothers were recorded as unaccounted when neither they nor their 

pup could be located on a survey. They were recorded as being away from Victory 

Beach if their pup was found but they were not. It was difficult to place a numerical 

value on distance between individuals as any definitive measure may be misleading 

but females were regarded as attending pups when in line of sight and within 50 m. 

The duration of an attendance pattern for an individual was calculated as the time 

between consecutive arrivals to Victory Beach. Duration ashore was taken as the time 

between arrival and subsequent departure. In instances where a female was not 

observed coming ashore or going to sea, arrival and departure times were calculated 

as halfway between the end of the previous survey where she was accounted for and 

the beginning of the following survey where she was accounted. Precision was 

calculated as the time to or from the mid point between these surveys. 

Analyses of data 

Due to the large variability in the precision (from 0-30 hours) associated with 

recorded attendance patterns at Otago, a weighting scheme was used to analyse data, 

following Seber (1974). The precisions for each attendance pattern were grouped into 

broader categories under four different schemes. The first scheme grouped precision 

into two hour blocks (0-2 hrs, 2-4 hrs etc.), the second used groups of four hour 

blocks (0-4 hrs, 4-8 hrs, etc.), the third used eight hour blocks (0-8 hrs, 8-16 hrs etc.) 

and the fourth used 12 hour blocks (0-12 hrs, 12-24 hrs etc.). Each block was given a 

number, 1, 2, 3 and so on and the inverse of these numbers were used as the weights. 

In the analysis of mean duration of attendance patterns, the data for durations were 

weighted by the maximum error enabling attendance patterns with higher precisions 

to get more weight in the analysis. 

Attendance pattern data for lactating females at the Auckland Islands were taken from 

Table 1 in Chilvers et al. (2005b). Data were for 25 females at Sandy Bay, Enderby 

Island for the period 12 January to 18 February over four years, 2001 to 2004. These 
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data were collected using TDRs and the duration of foraging trips and periods ashore 

were calculated from satellite data that provided accurate arrival and departure times, 

therefore there was no need to apply a weighting scheme to calculate means. 
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4.3 Results 

Attendance patterns for Otago females 

The immigrant founder female and all seven locally-born Otago Peninsula females ~ 

1 year of age were observed at Victory Beach during the study period; three were 

mothers with pups: Mum (17 years old), Katya (10 y) and Leone (8 y); one was a 

breeding female with no pup: Suzie (6 y); and the remaining four were juveniles: 

Victoria (3 y), Lorelie (2 y), Teyah (2 y) and Honey (1 y). Pups were always within 1 

km of the south end of Victory Beach, on the beach, in the abutting dunes or in 

Papanui Inlet. A total of 67 attendance patterns were recorded during the four months 

from March 2004 to June 2004 (Figure 4.1, Table 4.1). Attendance pattern durations 

varied from 0.62 days to 4.59 days for the three mothers and from 0.62 days to 5.59 

days for the five other females. 

A total of 43 attendance patterns were recorded for the three mothers (18 for Mum, 16 

for Katya and 9 for Leone) compared to a total of 24 for non-lactating females (3 for 

Suzie, 7 for Victoria, 8 for Lorelie and 6 for Honey). An attendance pattern was never 

recorded for Teyah and so attendance patterns were recorded for only four of the five 

non- lactating females. Attendance patterns for Suzie were only recorded in March. 

Due to large gaps (> 4.5 days away from Victory Beach) between recorded attendance 

patterns for Honey in April and Lorelie in June it was assumed that these patterns 

were not continuous through these months (Figure 4.1, Table 4.1). 

Mothers did not spend all their time ashore with their pups. Mum was with her pup 

for 61% (47177) of records ashore, Katya for 55% (33/60) and Leone for 44% (23/52). 

Both Mum and Katya were seen accompanying non-filial pups. All juvenile females 

were recorded accompanying pups on at least one occasion. During May, on all 

occasions that Victoria was sighted at Victory Beach she was with pups (Bruno and 

Waimarie) (Figure 4.1 (iii)). 
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Figure 4.1: Attendance patterns for females at Victory Beach for four consecutive 

months, March -June 2004. Each block represents one survey day. Relative day and 

night lengths indicated by width of white and shaded components respectively. Data 

are superimposed onto these blocks with each day split into three survey periods, 

dawn, midday and dusk. Arrow indicates female was ashore overnight. Diagonal slash 

indicates pup unaccounted for. Presence of non maternal pups or juveniles are 

indicated with the appropriate lower case initial: a = Aurora, b = Bruno, w = 

Waimaire, p =Paul, 1 = Lorelie, v = Victoria. Presence of adult females indicated 

with appropriate upper case initial: M =Mum, K = Katya, S =Suzie. 

Key: 

Female ashore not attending pup < 1 year 

Female ashore attending pup < 1 year 

Female absent 
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24 March 25 March 26 March 27 March 28 March 29 March 30 March 31 March 1 April 2 April 

I I I I I I I I I 1- - I 
Mum 

Katya 

Leone 

Suzie 

Victoria 

Lorelie 

T eyah I I I I I I I I - ,- I I 
Honey 

Figure 4.1 (i): Attendance patterns for females at Victory Beach from 24 March 2004 to 2 April 2004. Note: During the dusk survey on 28 

March, Mum was with Aurora and Katya only . 
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15April 16April 17 April 18April 19April 20April 21 April 22April 23April 24April 25April 26April 27 Apri l 28April 29April 30April 

I ~ ~ ~n--~ I ~-=r- I In I I I I I I I 
Mum Vl/ II · lei I I I I II ~ II II ~ I I ~ I, I I !h I ~ II I, vv! ~II I I 

Victoria [ I I I I I I I I I I I I k L~ ~ I' M J I II II I 
Lorelie [ I ll I Ill I --- I, I I I - I I I I I I I I I I 
reyah ~- -~ ~ - --] --n-J --] -----~-~ ---L-J - I I I ~L~ I I I I I 
Honey I n I I fll I I n I I I I I u --- -, 1'1 I I I 

Figure 4.1 (ii): Attendance patterns for females at Victory Beach from 14 April 2004 to 30 April 2004. * =Leone, Waimarie, Bruno, Teyah and 

Victoria all together. + =Mum, Bruno, Leone, Waimarie and Victoria all together. Note: During the dusk survey on 15 April, Katya was with 

Paul and Waimarie only. 
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24 May 25 May 26 May 27 May 28 May 29 May 30 May 31 May 1 June 2 June 

I I I I I I I I I I 
Mum 

Katya ~ 

Leone I I I I I I I I I I I I I VII · I 
Suzie I I I I I I I I I I I 

Victoria ~ 

Loralie I I I I I I II I -~ . . I I 
Teyah I I I I I I I I I I . nl -- I 
Honey 

Figure 4.1 (iii): Attendance patterns for females at Victory Beach from 24 May 2004 to 2 June 2004. Note: On 25 May during the dawn survey 

Katya was with Paul and Waimarie only and during the midday and dusk surveys the group consisted of Katya, Paul, Waimarie and Victoria. 
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14 June 15 June 16 June 17 June 18 June 19 June 20 June 21 June 22 June 23 June 24 June 25 June 26 June 27 June 

Mum 

Katya 

Leone 

Suzie 

Victoria 

Lore lie 

Teyah 

Honey 

I I I I I I I I -- 1- 1 I I I • I ~ • I I 
I I a' VII I Vl1 N I I II 17 VI~_ [7L • I II~_ 
• kl I • I 177 Vl1 II I II Vl1 Vl1 VII Vl1 I 
I M II I I I 17 1// Ill V/1 ~1 I I I I I 
I I I I 1 I I I I I I 1 II I I I 
: I I I I ~ • I I I I I • I I ~ • I I 
I • • I - ~ ~ I I I & I I I I I 
I I I I I : I : : I ~ I II I I I I I I I I I I I 

Figure 4.1 (iv): Attendance patterns for females at Victory Beach from 14 June 2004 to 27 June 2004. 
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Table 4.1 (i): Recorded attendance patterns for the period 24 March 2004 to 2 April 

2004. 

Individual 

Mum 

Katya 

Leone 

Suzie 

Victoria 

Lore lie 

Pattern Arrival Precision Dep~=~re to Precision ~~~~i~n ~~e~i=~~~~: :;~i~~~ Pre(+cihs)ion n~tu~~~~~e Prtf~i=i~~tof 0~=~~~ of Precision for 

number (d:~~~~e) (±h) (date/time) (±h) (days) (±h) (date/time) - (days) ashore (±h) (days) pattern (±h) 

2 

3 

4 

2 

3 

4 

2 

2 

3 

2 

2 

3 

25-Mar-04 
10:07 

26-Mar-04 
01:00 

28-Mar-04 
03:52 

30-Mar-04 
06:33 

25-Mar-04 
01:00 

27-Mar-04 
03:52 

28-Mar-04 
01:02 

31-Mar-04 
10:07 

24-Mar-04 
10:07 

26-Mar-04 
13:00 

30-Mar-04 
01:00 

25-Mar-04 
01:00 

27-Mar-04 
10:07 

30-Mar-04 
10:07 

26-Mar-04 
10:07 

27-Mar-04 
15:52 

29-Mar-04 
01:00 

24-Mar-04 
10:07 

25-Mar-04 
01:00 

26-Mar-04 
10:07 

2 

6 

9 

12 

6 

9 

2 

18 

6 

6 

2 

2 

6 

2 

2 

25-Mar-04 
15:52 

27-Mar-04 
01:00 

29-Mar-04 
18:50 

31-Mar-04 
18:35 

26-Mar-04 
15:52 

27-Mar-04 
19:20 

30-Mar-04 
01:00 

31-Mar-04 
18:35 

25-Mar-04 
15:52 

29-Mar-04 
04:23 

31-Mar-04 
10:07 

27-Mar-04 
01:00 

28-Mar-04 
15:52 

30-Mar-04 
15:52 

27-Mar-04 
01:00 

27-Mar-04 
19:20 

30-Mar-04 
15:52 

24-Mar-04 
15:52 

25-Mar-04 
15:52 

27-Mar-04 
19:20 

2 0.24 

6 1.00 

0 1.62 

1.46 

2 1.62 

0 0.64 

6 2.00 

0 0.35 

2 1.24 

2.64 

1.38 

6 2.00 

2 1.24 

2 0.24 

6 0.62 

0.14 

1.62 

2 0.24 

2 0.62 

0 1.38 

5 

12 

9 

12 

8 

9 

12 

2 

5 

27 

8 

12 

5 

8 

2 

8 

3 

8 

2 

26-Mar-04 
01:00 

28-Mar-04 
03:52 

30-Mar-04 
06:33 

2-Apr-04 
10:07 

27-Mar-04 
03:52 

28-Mar-04 
01:02 

31-Mar-04 
10:07 

1-Apr-04 
10:07 

26-Mar-04 
13:00 

30-Mar-04 
01:00 

1-Apr-04 
03:52 

27-Mar-04 
10:07 

30-Mar-04 
10:07 

2-Apr-04 
10:07 

27-Mar-04 
15:52 

29-Mar-04 
01:00 

2-Apr-04 
01:00 

25-Mar-04 
01:00 

26-Mar-04 
10:07 

28-Mar-04 
01:02 

0.38 8 0.62 8 

9 1.12 14 2.12 14 

12 0.49 12 2.11 20 

2 1.69 2 3.15 14 

9 0.50 11 2.12 14 

6 0.24 6 0.88 14 

1.38 8 3.38 8 

0.65 2 1.00 5 

18 0.88 20 2.12 20 

6 0.86 15 3.50 24 

9 0.74 11 2.12 14 

2 0.38 8 2.38 8 

2 1.76 5 3.00 5 

2.76 5 3.00 5 

2 0.62 8 1.24 5 

6 1.24 6 1.38 8 

6 2.38 8 4.00 12 

6 0.38 8 0.62 8 

2 0.76 5 1.38 

6 0.24 6 1.62 8 
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Table 4.1 (ii): Recorded attendance patterns for the period 15 April 2004 to 30 April 

2004. Dashed line indicates attendance patterns not continuous. 

Individual 

Mum 

Katya 

Leone 

Victoria 

Lorelie 

Honey 

Arrival Departure to Duration Precision of 
~~~~: ashore Precision sea Precision ashore time ashore 

{date/time) (±h) {date/time) (±h) (days) (±h) 

2 

4 

6 

7 

2 

4 

5 

2 

3 

2 

2 

2 

3 

4 

16-Apr-04 
11:35 

19-Apr-04 
00:45 

20-Apr-04 
01:00 

22-Apr-04 
01:22 

23-Apr-04 
14:47 

26-Apr-04 
10:22 

28-Apr-04 
07:41 

15-Apr-04 
08:37 

17-Apr-04 
00:05 

19-Apr-04 
00:35 

22-Apr-04 
00:40 

24-Apr-04 
10:10 

17-Apr-04 
14:47 

22-Apr-04 
00:35 

26-Apr-04 
14:37 

27-Apr-04 
09:50 

29-Apr-04 
14:40 

16-Apr-04 
10:37 

18-Apr-04 
10:40 

15-Apr-04 
14:35 

17-Apr-04 
00:02 

18-Apr-04 
00:35 

26-Apr-04 
00:30 

0 

7 

8 

8 

2 

2 

0 

0 

8 

7 

7 

22 

3 

7 

2 

2 

2 

3 

3 

7 

8 

18-Apr-04 
00:45 

19-Apr-04 
14:53 

20-Apr-04 
10:25 

23-Apr-04 
10:05 

25-Apr-04 
12:32 

28-Apr-04 
00:20 

30-Apr-04 
00:25 

15-Apr-04 
22:47 

17-Apr-04 
09:57 

19-Apr-04 
14:40 

22-Apr-04 
12:32 

25-Apr-04 
09:55 

20-Apr-04 
22:17 

23-Apr-04 
00:25 

29-Apr-04 
00:25 

29-Apr-04 
00:22 

30-Apr-04 
00:10 

16-Apr-04 
14:02 

18-Apr-04 
15:20 

16-Apr-04 
00:45 

17-Apr-04 
09:58 

19-Apr-04 
00:30 

27-Apr-04 
00:20 

7 1.54 7 

2 0.59 9 

3 0.39 10 

2 1.36 10 

1.91 5 

7 1.58 9 

1.70 

11 0.59 11 

2 0.41 10 

3 0.59 9 

5 0.49 12 

2 0.99 24 

3.31 12 

7 0.99 14 

7 2.41 10 

1.61 9 

0.40 

2 0.14 3 

2 0.19 5 

8 0.42 10 

2 0.42 10 

1.00 14 

0.99 15 

Arrival 
ashore 

{date/time) 

19-Apr-04 
00:45 

20-Apr-04 
01:00 

22-Apr-04 
01:22 

23-Apr-04 
14:47 

26-Apr-04 
10:22 

28-Apr-04 
07:41 

30-Apr-04 
08:15 

17-Apr-04 
00:05 

19-Apr-04 
00:35 

22-Apr-04 
00:40 

24-Apr-04 
10:10 

26-Apr-04 
00:50 

22-Apr-04 
00:35 

26-Apr-04 
14:37 

30-Apr-04 
00:20 

29-Apr-04 
14:40 

30-Apr-04 
14:40 

18-Apr-04 
10:40 

20-Apr-04 
00:35 

17-Apr-04 
00:02 

18-Apr-04 
00:35 

20-Apr-04 
10:42 

28-Apr-04 
00:25 

Prec·,s·lon Duration Precision of Duration of 
Pattern 

Precision for 
(±h) not ashore time not 

(days) ashore (±h) {days) pattern (±h) 

7 1.01 14 2.55 7 

0.42 10 1.01 15 

8 1.62 11 2.02 16 

2 0.20 1.56 10 

2 0.91 4 2.82 4 

0 0.31 1.89 2 

0 0.33 7 2.02 0 

8 1.05 18 1.64 8 

7 1.61 2.02 15 

7 2.42 10 3.00 14 

22 1.90 26 2.40 29 

8 0.62 10 1.61 29 

7 1.05 16 4.37 10 

3.60 9 4.59 9 

1.00 15 3.41 10 

2 0.60 2.20 4 

2 0.60 1.00 4 

3 1.86 5 2.00 4 

7 1.39 9 1.58 10 

7 0.97 15 1.39 10 

0.61 9 1.02 15 

3 1.43 10 2.42 10 

7 1.00 15 2.00 15 
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Table 4.1 (iii): Recorded attendance patterns for the period 24 May 2004 to 2 June 

2004. 

Pattern 
Arrival Precision Departure to Precision Duration Precision of Arrival Precision Duration Precision of 0~=1~~~ of Precision }or Individual number ashore 

(±h) (dat~~~me) (±h) 
ashore time ashore ashore (±h) 

not ashore time not 
(date/time) (days) (±h) (date/time) (days) ashore (±h) (days) pattern (-h) 

25-May-04 25-May-04 27-May-04 
Mum 00:30 17:10 0.69 7 00:30 1.31 2.00 14 

27-May-04 28-May-04 29-May-04 
00:30 7 00:30 1.00 14 00:30 1.00 14 2.00 14 

29-May-04 30-May-04 31-May-04 
3 00:30 0:30 1.00 14 00:30 7 1.00 14 2.00 14 

25-May-04 26-May-04 28-May-04 
Katya 00:30 00:30 1.00 14 00:30 2.00 14 3.00 14 

28-May-04 28-May-04 29-May-04 
2 00:30 7 14:45 0.59 9 14:45 2 1.00 4 1.59 9 

29-May-04 1-Jun-04 2-Jun-04 
14:45 00:30 2.41 9 00:30 1.00 14 3.41 9 

25-May-04 28-May-04 31-May-04 
Victoria 10:15 00:30 2.59 00:30 3.00 14 5.59 

31-May-04 1-Jun-04 2-Jun-04 
2 00:30 00:30 1.00 14 00:30 1.00 14 2.00 14 
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Table 4.1 (iv): Recorded attendance patterns for the period 14 June 2004 to 27 June 

2004. Dashed line indicates attendance patterns not continuous. 

Pattern 
Arrival Precision Departure to Precision Duration Precision of Arrival Precision Duration Precision of D~:t~~~ of Precision}or Individual number ashore (±h) sea (±h) 

ashore time ashore ashore (±h) 
not ashore time not 

(date/time) (date/time) (days) (±h) (date/time) (days) ashore (±h) (days) pattern (_h) 

16-Jun-04 17-Jun-04 18-Jun-04 
Mum 14:30 00:30 7 0.42 14:30 1.58 2.00 2 

18-Jun-04 20-Jun-04 20-Jun-04 
2 14:30 01:45 14 1.47 15 15:40 0.58 14 2.05 

20-Jun-04 21-Jun-04 22-Jun-04 
15:40 0 00:30 0.37 7 10:30 17 1.42 24 1.78 17 

22-Jun-04 24-Jun-04 26-Jun-04 
4 10:30 17 00:30 1.58 24 00:30 7 2.00 14 3.58 24 

15-Jun-04 15-Jun-04 17-Jun-.04 
Katya 02:30 9 14:30 0.50 10 00:30 1.42 8 1.92 16 

17-Jun-04 18-Jun-04 20-Jun-04 
2 00:30 7 14:30 1.58 8 08:30 23 1.75 24 3.33 30 

20-Jun-04 21-Jun-04 24-Jun-04 
08:30 23 22:30 1.58 32 00:30 2.08 16 3.67 30 

24-Jun-04 25-Jun-04 26-Jun-04 
4 00:30 00:30 1.00 14 10:30 1.42 8 2.42 

15-Jun-04 15-Jun-04 16-Jun-04 
Leone 04:30 11 17:00 0.52 11 10:30 0.73 1.25 12 

16-Jun-04 17-Jun-04 18-Jun-04 
2 10:30 00:30 0.58 8 14:30 1.58 2.17 2 

18-Jun-04 19-Jun-04 21-Jun-04 
3 14:30 00:30 0.42 8 12:00 0 2.48 2.90 

15-Jun-04 15-Jun-04 16-Jun-04 
Lorelie 00:30 17:00 0 0.69 08:00 0 0.63 1.31 

16-Jun-04 17-Jun-04 18-Jun-04 
2 08:00 0 00:30 7 0.69 08:00 1.31 2.00 

...................................................................................................... " .................................................................................................................................................................................................................................................................. 

3 24-Jun-04 25-Jun-04 25-Jun-04 
00:30 00:30 1.00 14 10:30 0.42 1.42 8 

19-Jun-04 20-Jun-04 21-Jun-04 
Honey 14:30 00:30 0.42 10:30 1.42 1.83 2 

21-Jun-04 22-Jun-04 23-Jun-04 
10:30 14:30 1.17 13:40 0.97 2.13 
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Weighted means 

The precision for each attendance pattern was grouped under four different schemes 

(Figure 4.2). The fourth scheme was chosen to account for the variability in the 

precision of attendance pattern records since it shows a constant trend. The inverse of 

the weighting categories were used as the weights in the analyses. Attendance pattern 

durations with precisions of 0-12 hours (column 1) were given three times more 

weight than those with precisions beyond 24 hours (column 3) (Figure 4.2). 

Comparison of attendance patterns between females at Otago 

Through the four sample months mean attendance pattern duration for mothers varied 

between 1.85 and 4.12 days with mean duration ashore varying between 0.48 and 2.26 

days. For non-lactating females, through the four months mean attendance pattern 

duration varied between 1.58 and 4.15 days with mean duration ashore varying 

between 0.17 and 1.95 days (Table 4.2). For mothers and non-lactating females; the 

mean attendance pattern durations were 2.44 days (SD ± 0.53) and 2.14 days(± 0.58), 

respectively; the mean durations ashore were 1.14 days (± 0.19) and 0.88 days (± 

0.26), respectively; and the mean durations not ashore were 1.23 days (± 0.29) and 

1.21 days (± 0.32), respectively. There were no statistically significant differences 

between the means for mothers and the means for non-lactating females for 

attendance pattern duration (t = 0.701, df = 5, p > 0.05), mean duration ashore (t = 
1.452, df = 5, p > 0.05) or mean duration not ashore (t = 0.085, df = 5, p > 0.05). The 

lack of statistical difference could have been due to the small sample size so the same 

parameters were tested using number of attendance patterns instead of number of 

females. Combining data for the three mothers to give a total sample size of 43 

attendance patterns and the four non-lactating females to give a total sample size of 

24 attendance patterns changed the results from the small sample sizes. There was no 

statistically significant difference between mothers and non-lactating females for the 

mean duration not ashore (t = 1.250, df = 65, p > 0.05) but there were statistically 

significant differences for mean attendance pattern duration (t = 7.276, df = 65, p < 

0.01) and mean duration ashore (t = 8.687, df = 65, p < 0.01). In both cases mothers 

had longer durations. The mean attendance pattern duration for mothers was 2.33 

days (SD ± 0.11) compared to 2.01 days (± 0.22) for non-lactating females and the 
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mean duration ashore for mothers was 1.1 days (± 0.11) compared to 0.84 days (± 

0.13) for non-lactating females. 

Attendance pattern duration according to season 

Durations of attendance patterns for individuals at Otago did not vary through the four 

sample months (March, April, May, June) (Figure 4.3 and Figure 4.4). Equally, there 

was no relationship between attendance pattern duration and season for either Otago 

mothers or other Otago females (Figure 4 .5). 
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Figure 4.2: Number of attendance pattern records per weighting category for different 

weighting schemes: (i) 2 hour intervals, (ii) 4 hour intervals, (iii) 8 hour intervals and 

(iv) 12 hour intervals. 

94 



(i) 

(ii) 

Table 4.2: Summary of attendance patterns and duration spent ashore and not ashore 

at Victory Beach for individuals for (i) 24 March 2004 to 2 April 2004, (ii) 15 April 

2004 to 30 April 2004, (iii) 24 May 2004 to 2 June 2004 and (iv) 14 June 2004 to 27 

June 2004. Means and standard errors are weighted. Dashes indicate no attendance 

pattern recorded. 

Recorded number Weighted mean Recorded Weighted mean Duration ashore Duration not at Victory 
Individual of attendance duration of attendance number of duration ashore (% of attendance Beach(% of 

patterns pattern (days±SD) trips to sea (days±SD) pattern) attendance pattern) 

Mum 4 1.85 (0.55) 4 1.05 (0.33) 57 43 
Katya 4 1.91 (0.61) 4 1.08 (0.38) 57 43 
Leone 3 2.40 (0.39) 4 1.50 (0.33) 63 38 
Suzie 3 2.79 (0.21) 5 1.06 (0.49) 38 62 

Victoria 3 1.98 (0.82) 4 0.79 (0.44) 40 60 
Lorelie 3 1.21 (0.30) 4 0.75 (0.34) 62 38 
Teyah 0 
Honey 0 

Recorded number Weighted mean Recorded Weighted mean Duration ashore Duration not at Victory 
Individual of attendance duration of attendance number of duration ashore (% of attendance Beach(% of 

patterns pattern (days±SD) trips to sea (days±SD) pattern) attendance pattern) 

Mum 7 2.03 (0.22) 7 1.30 (0.22) 64 36 
Katya 5 1.93 (0.28) 6 0.48 (0.09) 25 75 
Leone 3 4.12 (0.36) 4 2.26 (0.63) 55 45 
Suzie 0 

Victoria 2 1.60 (0.60) 2 1.01 (0.61) 63 37 
Lore lie 2 1.79 (0.21) 4 0.17 (0.03) 9 91 
Teyah 0 
Honey 4 1.71 (0.31) 6 0.65 (0.16) 38 62 

(iii) Recorded number Weighted mean Recorded Weighted mean Duration ashore Duration not at Victory 
Individual of attendance duration of attendance number of duration ashore (% of attendance Beach(% of 

patterns pattern (days±SD) trips to sea (days±SD) pattern) attendance pattern) 

Mum 3 2.00 (0.00) 4 0.87 (0.11) 44 57 
Katya 3 2.63 (0.58) 3 1.38 (0.58) 52 48 
Leone 0 
Suzie 0 

Victoria 2 4.15 (1.76) 2 1.95 (0.78) 47 53 
Lore lie 0 
Teyah 0 
Hone 0 

(iv) 
Recorded number Weighted mean Recorded Weighted mean Duration ashore Duration not at Victory 

Individual of attendance duration of attendance number of duration ashore (% of attendance Beach(% of 
patterns pattern (days±SD) trips to sea (days±SD) pattern) attendance pattern) 

Mum 4 2.14 (0.30) 5 0.77 (0.30) 36 64 
Katya 4 2.59 (0.36) 5 1.09 (0.27) 42 58 
Leone 3 2.21 (0.45) 3 0.51 (0.05) 23 77 
Suzie 0 

Victoria 0 
Lore lie 3 1.58 (0.21) 4 0.77 (0.09) 49 51 
Teyah 0 
Hone;t 2 2.07 (0.06) 3 0.80 (0.38) 39 61 
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Figure 4.3: Relationship between duration of attendance pattern and start date of 

attendance pattern for the three mothers. Error bars indicate precision of the data 

point. (i) Mum (n = 18, r2 = 0.043, p > 0.05), (ii) Katya (n = 16, r2 = 0.208, p > 0.05) 

and (iii) Leone (n = 9, r2 = 0.121, p > 0.05). 
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Figure 4.4: Relationship between duration of attendance pattern and start date of 

attendance pattern for the four non- lactating females for which attendance patterns 

were recorded. Error bars indicate precision of the data point. (i) Suzie (n = 3, r = 

0.645, p > 0.05), (ii) Victoria (n = 7, r2 = 0.119, p > 0.05), (iii) Lorelie (n = 8, r = 

0.079, p > 0.05) and (iv) Honey (n = 6, r = 0.105, p > 0.05). 
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Figure 4.5: Relationship between duration of attendance pattern and start date of 

attendance pattern for Otago females. Large closed circles and solid line indicate 

mothers (n = 43, r2 = 0.009, p > 0 .05). Small open circles and dashed line indicate 

other females (n = 24, r = 0.002, p > 0.05). 
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Comparison of attendance patterns between females at Otago and the Auckland 

Islands 

The mean duration spent ashore and mean duration spent not ashore are not related 

for either Otago females or Auckland Island mothers (Figure 4.6). There was no 

statistically significant difference between Otago mothers and Auckland Island 

mothers for the mean duration ashore (t = 0.089, df = 26, p > 0.05) but there were 

statistically significant differences for mean attendance pattern duration (t = 2.558, df 

= 26, p < 0.05) and mean duration not ashore (t = 2.948, df = 26, p < 0.01). When all 

Otago females were combined to give a sample size of seven, these results did not 

change (t = 0.846, df = 30, p > 0.05; t = 4.277, df = 30, p < 0.01; t = 4.515, df = 30, p 

< 0.01, respectively). 
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Figure 4.6: Relationship between mean duration not ashore and mean duration ashore 

for Otago females: closed circles indicate the three mothers, from left to right, Katya, 

Mum and Leone (n = 3, r2 = 0.479, p > 0.05); closed triangles indicate the four other 

females, from left to right, Lorelie, Honey, Suzie and Victoria (n = 4, r2 = 0.666, p > 

0.05) and Auckland Island mothers: open circles (n = 25, r2 = 0.003, p > 0.05). Otago 

means are weighted. Duration not ashore for Otago females meant time not at Victory 

Beach. Duration not ashore for Auckland Island mothers mean time at sea. 
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4.4 Discussion 

Lactating New Zealand sea lions at Otago were central place foragers (Orians & 

Pearson 1979), returning to Victory Beach to suckle their pups after foraging trips at 

sea. The attendance pattern duration from March to June 2004 for the three mothers at 

Otago varied from 0.6 to 4.6 days and averaged 2.3 days. Females without pups came 

ashore only sporadically so were not true central place foragers but attendance 

patterns were recorded. Attendance pattern duration for the four non-lactating females 

varied from 0.6 to 5.6 days and averaged two days. 

Lactation status must be considered when comparing individual foraging strategies of 

females. Given that mothers are lactating and maintaining their own metabolism it 

could be expected that they spend longer foraging at sea compared to other females. 

However, lactating females are restricted in their foraging range by the demands of 

their pup and must exploit local resources (Guinet et al. 2001). Non-lactating female 

Northern fur seals (Gentry & Holt 1986) and Steller sea lions (Merrick & Loughlin 

1997) spent more time at sea than mothers with dependant offspring. However, at 

Otago there were no apparent differences in the mean duration not ashore between 

lactating and non-lactating females indicating they are spending equal durations of 

time away from Victory Beach. Lactating Galapagos fur seals spent shorter durations 

ashore than non-lactating females suggesting that the cost of suckling pups causes 

mothers to return to sea (Trillmich 1986). Contrarily, Otago mothers had longer 

durations ashore and longer attendance pattern durations compared with other 

females. This finding was also reported for South African fur seals (A. pusillus) 

(David & Rand 1986) and South American fur seals (Trillmich et al. 1986) and could 

be due to the fact that non-lactating females are not true central place foragers (Orians 

& Pearson 1979). 

The foraging cycle duration for many lactating female otariids increases with age of 

the pup (Boness et al. 1985, David & Rand 1986, Gentry & Holt 1986, Boyd et al. 

1991, McCafferty et al. 1998, Arnauld & Hindell 2001, Harcourt et al. 2002, Trites & 

Porter 2002, Milette & Trites 2003). This increase does not necessarily reflect 

availability of prey (Arnauld & Hindell 2001, Harcourt et al. 2002, Trites & Porter 

2002), it may reflect a maternal response to the increased demand of growing pups 
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(David & Rand 1986, Trites & Porter 2002, Milette & Trites 2003). The mean 

duration of attendance patterns for New Zealand fur seals at Otago increased from 6.6 

days in the summer to 9.4 days in the winter (Harcourt et al. 2002). For sea lions at 

Otago, the mean duration of attendance patterns did not change with season. This 

indicated that mothers at Otago were not under pressure; although they experience 

increased demand from growing pups they do not alter their attendance pattern. 

Unlike foraging cycle duration, there are three different patterns for duration spent 

ashore among otariids. Northern fur seals (Gentry & Holt 1986), Australian fur seals 

(A. pusillus doriferus) (Arnauld & Hindell2001) and Steller sea lions (Trites & Porter 

2002) showed no changes in duration ashore with age of the pup. For Antarctic fur 

seals the duration ashore increased (Boyd et al. 1991) and for South African fur seals 

(David & Rand 1986) and Steller sea lions (in a different study) (Milette & Trites 

2003) the duration ashore decreased with age of the pup. Boyd et al. (1991) suggest 

that foraging trips represent differential energy gains for females. If each foraging trip 

represented the same net energy gain, the time required for a mother to pass on energy 

to her pup would remain the same irrespective of foraging trip duration, so it would 

be unlikely that the period of time spent ashore would be related to time spent at sea. 

Decreases in duration ashore could be explained by the increasing needs of the 

growing pup: mothers must return to sea more regularly to meet energetic 

requirements (David & Rand 1986). Such differences in duration ashore suggests that 

visits ashore by mothers are flexible and that changes with pup age are probably 

dependant on environmental conditions such as prey availability (Milette & Trites 

2003). At Otago there was no correlation between duration ashore and duration not 

ashore. The lack of change in duration ashore could reflect increased suckling 

efficiency of growing pups (Arnauld & Hindell2001). 

TDRs or similar instruments are widely used in studies investigating foraging 

behaviour of marine mammals. A distinct advantage to using this technology is the 

ability to record the behaviour of animals at sea: information about swim speeds, dive 

durations and depths and distances travelled can be ascertained (Gales & Mattlin 

1997, Costa & Gales 2000, Harcourt et al. 2002, Staniland et al. 2004, Chilvers et al. 

2005b). However, there are also disadvantages associated with the use of TDRs, such 

as the accuracy of data obtained. Female fur seals fitted with TDRs have been 
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observed exhibiting longer attendance patterns than those without (Walker & Boveng 

1995, Francis & Boness 1998, Bonadonna et al. 2000).1t is not imperative to use such 

instrumentation in the assessment of otariid attendance patterns. In two separate 

studies (similar to this study), maternal attendance patterns of Steller sea lions were 

determined by recording observations of known individuals ashore at regular intervals 

(Trites & Porter 2002, Milette & Trites 2003). The advantage of collecting data in this 

way is that time spent ashore by mothers can be categorised into time spent with their 

pup and time without their pup. 

Duration not ashore or time at sea does not necessarily equate to time spent foraging. 

Both lactating female Northern fur seals (Gentry 1998) and Southern sea lions 

(Thompson et al. 1998) have been observed ashore on beaches other than where their 

pups resided. Harcourt et al. (2002) recorded a lactating female New Zealand fur seal 

ashore 110 km away from the colony. Both Mum and Katya were observed at beaches 

approximately 5 km away from their pups at Victory Beach through the study period 

(see Chapter 2). Thompson et al. (1998) suggest that time ashore at locations other 

than the breeding site is due to the increased risk of predation and energetic costs of 

thermoregulation at sea. However, this does not explain why they are not with their 

pups. Mothers ashore at Victory Beach were not always attending their pups. 

McConkey et al. (2002c) found that Mum spent between 73-93% of her time ashore 

with her pups through three years and Katya spent 35% of her time ashore with her 

pup in one year. In this study, Mum, Katya and Leone were recorded with their pups 

on 61%, 55% and 44% of records ashore, respectively. In both studies it appears that 

females at Otago have spare time. They do not have to be suckling pups ashore or 

foraging at sea; they can take time off, which provides them with a buffer should 

conditions at Otago ever change. 

Attendance pattern duration and duration not ashore were statistically significantly 

longer for Auckland Island mothers compared to Otago mothers. Attendance patterns 

of Otago females were recorded later in the year than Chilvers et al. (2005b) data for 

Auckland Island females: March to June, compared to January to February, 

respectively. Following the expected pattern described earlier for an increasing 

foraging cycle duration with age of pups, it would be expected that mean foraging 

cycle duration at the Auckland Islands should be shorter than at Otago. The fact that 
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maternal attendance pattern duration at the Auckland Islands is significantly longer 

than at Otago indicates that Otago is a more favourable foraging environment than the 

Auckland Islands. Otago females have shorter foraging cycles indicating that they do 

not have to work as hard to find food. 

Two different species, Antarctic and Subantarctic fur seals, breed sympatrically at 

Macquarie Island. The local environmental conditions resulted in similar foraging 

behaviour (distance travelled and foraging trip duration) for both species although the 

same species at different locations can have different foraging behaviours (Robinson 

et al. 2002). Consequently, foraging behaviour is flexible and appears to be influenced 

by local environmental conditions and can vary through the distributions of species 

(Robinson et al. 2002). Female sea lions at the Auckland Islands are foraging over 

larger areas and distances than other otariids suggesting a heterogeneous distribution 

or low abundance of prey in this region (Chilvers et al. 2005b). In contrast, mothers at 

Otago have shorter attendance pattern and foraging cycle durations indicating a 

relatively high abundance of prey. 
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Chapter 5: Durations and patterns of lactation at Otago Peninsula 

5.1 Introduction 

The processes involved in extracting energy from the environment and converting it 

into pup growth are referred to as the maternal strategy (Gentry 1998). In mammals 

the greatest component of maternal care is the provisioning of milk to offspring 

(Schulz & Bowen 2005). The period of milk production is lactation, which is the way 

that mothers provide nutrients and energy to their offspring (Georges et al. 2001) to 

support their basal metabolism, thermoregulation, growth and activity until they 

become independent (Martin 1984, Arnauld 1997). Lactation is the most energy 

expensive event during mammalian reproduction (Gittleman & Thompson 1988). 

Mean daily food requirements of female Steller sea lions nursing pups were about 

70% greater than females of the same age without pups (Winship et al. 2002). In New 

Zealand sea lions, lactation generally occurs for 12 months but can last for 24 months 

if the female does not get pregnant or loses her pup in the following year (McConkey 

et al. 2002c). 

Lactation strategies differ between otariids and phocids. Phocid milk is extremely rich 

in fat and mothers remain with their pups for a short period and fast until pups are 

weaned between four days and six weeks (Riedman 1990). In contrast otariid mothers 

produce milk with a lower fat content, alternate between suckling pups ashore and 

foraging at sea (a process known as the maternal attendance pattern: Chapter 4) and 

wean pups after four months to three years (Riedman 1990). Given that otariids do not 

fast throughout lactation, their condition prior to parturition is of less importance than 

it is for phocids. The cyclic foraging pattern of otariids allows for more flexibility in 

the duration of lactation than for phocids, which may act as a buffer to the survival of 

both mother and pup during periods of low food abundance (Kovacs & Lavinge 

1992). Further, the longer lactation period of otariids allows pups to develop 

swimming and foraging skills before they become independent of their mothers 

(Kovacs & Lavinge 1992). 

Milk composition changes with duration spent ashore by otariid mothers. For 

lactating Subantarctic fur seals, milk produced in the first two days ashore had higher 
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levels of lipids, proteins and gross energy than milk produced later in the same visit 

ashore (Georges et al. 200 1). On a larger scale, milk quality declined during the late 

stages of lactation suggestive of a reallocation of maternal body reserves, from 

lactation to gestation (Georges et al. 2001). Milk yield of Antarctic fur seals decreased 

towards the end of lactation, which may be representative of the weaning process 

whereby milk production declines in response to lower demands from pups as they 

begin to eat solid food (Arnauld 1997) or it may be part of a maternally driven 

weaning process (Martin 1984). 

Otariid pups must attain sufficient body weight and energy reserves prior to weaning 

to survive on their own (Trites & Porter 2002). Weaning is traditionally viewed as the 

transition from a state of complete dependence on maternal care to one of 

independence (Martin 1984) and can often lead to the cessation of the mother pup 

relationship (Riedman 1990). In otariids it is difficult to define when weaning has 

occurred as the process is gradual. It involves a progressive reduction in milk transfer 

and concomitant intake of solid food by pups (Martin 1984). Gradual weaning 

enhances the opportunity for otariid pups to learn how to survive on their own, which 

may confer greater juvenile survival (Costa 1991). In many cases maternal care is 

prolonged past the typical weaning time. Suckling by yearlings was first reported for 

New Zealand sea lions by Marlow (1975) and has been observed in ten of the 15 

otariid species (Riedman 1990). 

Suckling of more than one pup has been observed for eight of the 15 species of 

otariids, including four of the six sea lions (Stirling 1972, Marlow 1975, Pitcher & 

Calkins 1981, Trillmich & Majluf 1981, Trillmich 1984, 1986b, Lunn 1992, 

Childerhouse & Gales 2001 , Gemmell 2003, Haase 2007, Maniscalco et al. 2007). 

The incidence of twinning in pinnipeds is extremely rare (Spotte 1982) therefore 

females suckling more than one pup less than one year old are likely to be suckling 

non-filial pups (Childerhouse & Gales 2001). There are two ways in which females 

suckle non-filial pups. The first is milk stealing where pups sneak suckle from 

sleeping females and are driven off upon discovery (Marlow 1975, Pitcher & Calkins 

1981, Lunn 1992, Porter & Trites 2004). The other is fostering where a female 

knowingly suckles a non-filial pup, which is common among phocids (Riedman 

1990) but rare among otariids (Lunn 1992, Porter & Trites 2004). Among otariids, 
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fostering behaviour has been recorded only for New Zealand sea lions (Childerhouse 

& Gales 2001), Steller sea lions (Porter & Trites 2004, Maniscalco et al. 2007), New 

Zealand fur seals (Haase 2007) and Antarctic fur seals (Lunn 1992, Gemmell 2003). 

In other incidences of multiple suckling, females suckle their newborns and yearlings 

concurrently. This has been recorded for New Zealand sea lions (Marlow 1975), 

Steller sea lions (Pitcher & Calkins 1981), Galapagos sea lions (Trillmich, 1986b), 

Australian sea lions (Stirling 1972), Galapagos fur seals (Trillmich 1984, 1986) and 

South American fur seals (Trillmich & Majluf 1981). The costs of suckling additional 

pups are high to the mother in terms of increased foraging effort and are potentially 

high for pups in terms of reduced milk transfer (Gemmell2003). 
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5.2 Methods 

Study site 

Fieldwork targeted Victory Beach the location at which pups born in the 2003/2004 

breeding season were nurtured. This study site is described in Chapter 2. 

Survey procedure 

Observations of nursmg females were made opportunistically during surveys 

conducted from December 2003 to June 2004, which are described in Chapter 2 and 

Chapter 4. All but one of the observations of multiple suckling were made during the 

sampling blocks of consecutive days from March to June 2004, as described in 

Chapter 4. The only time multiple suckling was seen prior to this was on 19 March 

2004, five days before the start of the first block. Females and pups were mainly 

located in the pine forest but could also be found on the beach, in the abutting dunes 

or in Papanui Inlet. When observing an animal or a group of animals, care was taken 

to keep at least 10 m distance in order to mitigate researcher disturbance. Other 

observations were the result of the collaboration of data collected prior to the onset of 

this study by Shaun McConkey and Chris Lalas (pers. comm.). The duration of 

suckling was taken as the last time the pup was seen suckling. 
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5.3 Results 

Age at weaning 

Pups born at Otago, to the end of the 2004/2005 breeding season, were suckled for 

periods of between 1-2.5 years (Table 5.1). Of Mum's nine births, two pups 

(1999/2000 and 2000/2001) did not survive past two months of age. Six were suckled 

up to the birth of the following pup for durations of either one or two years. And one 

pup, Bill, was suckled for two years following the death of the pup in 1999/2000 but 

not up to the birth of the next pup. The longest recorded suckling duration at Otago 

was 2.5 years by Katya's first pup, a male born in the 1997/1998 season. Katya 

appeared pregnant in the 1999/2000 season but no birth was verified (McConkey et 

al. 2002c). Her following pup was a female born in the 2000/2001 season, three years 

after the birth of the first pup. This female pup also continued to suckle past her first 

year: she was recorded suckling in June 2002 (C. Lalas pers. comm.). Leone was the 

only female to give birth every year following primiparity. Her third pup did not 

survive past three months (C. Lalas pers. comm.) and so the pup born in the previous 

season was suckled for 1.5 years. There was a gap of three years between the births of 

Suzie's two pups (Table 5.1). 

Three pups died to the end of the 2004/2005 breeding season. In the two cases when 

mothers lost pups, but had pups from the previous year, they went back to suckling 

these yearlings. Following the death of her pup born in the1999/2000 season, Mum 

went back to suckling Bill for an additional year. When Leone lost a pup in the 

2002/2003 season she continued to suckle Lorelie for an additional six months. 
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Table 5 .1: Durations of suckling periods for pups born at Otago up to and including 

the 2004/2005 breeding season. * indicates pup died, ** indicates mother and pup 

died. Durations were presented to the nearest three months. Data from McConkey et 

al. (2002c), Chapter 2 and C. Lalas (pers. comm.). 

Mother 
Pup 

Pup name Sex Year born 
Duration 

number suckled (y) 

Mum Katya F 1993/94 2 
2 Leone F 1995/96 2 
3 Suzie F 1997/98 1 
4 Bill M 1998/99 2 
5 * F 1999/00 * 
6 * M 2000/01 * 
7 Connor M 2001/02 1 
8 Honey F 2002/03 1 
9 Bruno M 2003/04 1 

Katya 1 George M 1997/98 2.5 
2 Victoria F 2000/01 1.5 
3 Paul M 2002/03 1.5 
4 Aurora F 2003/04 1 
5 Nerissa F 2004/05 1 

Leone Victor M 2000/01 1 
2 Lore lie F 2001/02 1.5 
3 * M 2002/03 * 
4 Waimarie F 2003/04 1 
5 Zoe F 2004/05 1 

Suzie 1 Teyah F 2001/02 1.75 
2 ** F 2004/05 ** 

Victoria 1 Oscar M 2004/05 1 
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Suckling more than one pup 

There were three births recorded at Otago in the 2003/2004 season. All three mothers 

suckled their pups of the year. During 2004 mothers were recorded in attendance of 

non-filial pups (Chapter 4). Mum and Leone were never recorded as suckling more 

than one pup or any other pups other than their pups of the year. However, Katya was 

observed suckling her pup of the year and her yearling pup concomitantly. 

Katya was recorded suckling both Aurora (her pup of the year) and Paul (her 

yearling) while ashore at Victory Beach (Table 5.2). This was recorded for the first 

time on 19 March 2004 (Figure 5 .1). Katya was observed suckling Aurora and Paul 

simultaneously on six occasions through three months: March, May and June. During 

April Katya was never recorded as attending both Aurora and Paul simultaneously 

and was recorded attending and suckling Paul more than Aurora. Through the other 

three months Katya was recorded as attending and suckling Aurora more than Paul. 

At no time was Katya recorded as forcing away either of her pups. On 30 May 2004 

Lorelie (a non-filial, two year old female at time of survey) attempted to nuzzle into 

Katya's belly but was barked at and driven away by Katya. Neither filial pup was 

present at this time. 

The only other recorded case of a mother suckling a yearling past the birth of a new 

pup was by Leone. Victor was observed suckling on 29 January 2002, five days after 

the birth of Lorelie at Smaills Beach, an urban beach of Dunedin (Figure 2.2). Lorelie 

was also present but not suckling. Leone and Lorelie were translocated to Victory 

Beach on 30 January 2002 in order to prevent potential interference by humans at 

such a public site and so were separated from Victor (C. Lalas, pers. comm.). 
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Figure 5.1: Katya suckling her pup of the year, Aurora (foreground), and her yearling, 

Paul, at Victory Beach on 19 March 2004. 
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Table 5.2: Number of surveys per month Katya spent with Aurora (pup of the year) 

and Paul (yearling) when ashore at Victory Beach during surveys in the four months 

from March to June 2004. Time spent by Katya with Aurora includes times that Paul 

was present too and vice versa. 

Number Katya Katya Suckling Katya Suckling Katya with Suckling 
Month of recorded with Aurora with Paul Aurora and Aurora and 

surveys ashore Aurora only Paul only Paul Paul together 

March 31 19 12 3 5 2 2 2 

April 48 14 5 2 8 5 0 0 

May 30 14 6 2 4 2 1 

June 42 14 9 3 5 0 5 3 
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5.4 Discussion 

Extension of the lactation period is common among otariids (Bonner 1994). This 

flexibility in the duration of lactation has been suggested to facilitate pup survival by 

buffering against the effects of low prey abundance (e.g. during El Niiio events) 

(Bowen 1991, Kovacs & Lavinge 1992) and by decreasing the necessity for pups to 

forage thereby reducing the risk of predation by sharks at sea (Trillmich 1984). 

Prolonged lactation also allows pups to develop their swimming and foraging skills 

before they become completely independent (Kovacs & Lavinge 1992). At Otago 

pups were suckled for periods of between 1-2.5 years; almost half of them were 

suckled beyond their first year. 

Pitcher and Calkins(l981) identified four ways in which otariid mother-pup bonds 

could be maintained past the first year: if a female did not give birth the following 

year, if a female lost a pup, if a female rejected her pup or if a female suckled both the 

pup and the yearling. At Otago no pups have been rejected and the other three 

scenarios resulted in extended lactation periods. Of the eight instances of extended 

care at Otago, five were due to mothers not having births in consecutive years. Two 

were due to the loss of the pup born in the following year and one was due to 

concurrent suckling of the pup and the yearling. Similarly, Galapagos sea lions often 

continue to provide milk to their pups if they fail to give birth the following year 

(Trillmich, 1986b) and Cape fur seals (A. pusillus) extended the lactation period if 

they lost a pup the following year (Rand 1955). 

In some instances, pups are suckled beyond their first year even though new pups are 

present. Galapagos fur seals continued to suckle two and three year old pups, which in 

many cases was to the detriment of newborn pups that were out competed by their 

older siblings (Trillmich 1986a). However, only about 15% of Galapagos fur seal 

females with dependant yearlings will give birth compared to the usual annual natality 

rate of 70% (Riedman 1990). Steller sea lions, Australian sea lions and South 

American fur seals have also been observed suckling yearlings and pups 

simultaneously (Stirling 1972, Pitcher & Calkins 1981, Trillmich & Majluf 1981) but 

with no indication of success in terms of pup survival. In New Zealand sea lions, 

Marlow (1975) reported two cases of a yearling and pup of the year suckling 
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simultaneously. In one instance the mother awoke and drove off the yearling and in 

the other the mother drove off both the yearling and the pup. 

At Otago, Katya suckled her yearling and her pup of the year concurrently, which is 

only possible if contact is maintained between mothers and their pups from previous 

years. The cost of suckling an additional pup is expected to be high in terms of 

increased foraging effort by mothers (Gemmell 2003). However, New Zealand fur 

seal mothers that suckled additional non filial pups had shorter foraging cycle 

durations than mothers with single pups but spent longer ashore (Haase 2007). 

Similarly, New Zealand sea lions with additional pups spent more time suckling 

ashore than mothers with single pups (Childerhouse & Gales 2001). The cost of 

suckling additional pups may be highest on the pups themselves; New Zealand fur 

seal pups that shared mothers had lower condition indices (a measure of mass and 

length) compared to other pups (Haase 2007). Although, unlike fostered pups that are 

fully dependant on their foster mother for nutrition (Haase 2007), sporadic suckling of 

yearlings is suggested to be non-nutritive as it occurs after offspring have become 

behaviourally and nutritionally independent (Martin 1984), which may indicate less 

investment by mothers. In the one case where multiple suckling has been documented 

at Otago, there was no evidence to suggest that suckling a yearling and a pup 

concurrently was detrimental to the mother or the pup: Katya gave birth the following 

breeding season in 2004/2005 and both Katya and Aurora were alive in 2007 (Chapter 

3). 

For information about whether yearlings are with their mothers in the first week 

postpartum, birth dates for females must be known. The majority of birth dates for 

Mum are known. However, her birth sites have been away from Otago Peninsula, 

typically at Taieri Mouth 50 km further south and she has not been accompanied by a 

yearling on any of her journeys south (Chapter 2). Whether it is the decision of Mum 

or the pup not to travel to Taieri Mouth remains unknown. Of the females that have 

remained at Otago Peninsula to give birth, five birth dates are known (Chapter 2). Of 

these, in the two instances that pups were born in consecutive years, both females 

(Leone and Katya) continued to suckle yearling pups after the birth of the new pup. 

The sample size is not yet large enough to determine the frequency of this behaviour. 

115 



Based on data on the duration of the lactation period among fur seals, a continuum 

between extremes of latitudinal distribution is apparent. Weaning age can be adjusted 

according to the variability of environmental conditions; high latitude species such as 

Antarctic fur seals and Northern fur seals, are characterised by short and invariable 

periods of pup dependency whereas, low latitude species such as Subantarctic fur 

seals have longer and more variable periods of pup dependency (Doidge et al. 1986, 

Gentry & Kooyman 1986). If this pattern is also representative of sea lions then it 

could indicate that New Zealand sea lions (that characterise low latitude behaviour) 

are more suited to life at Otago (lower latitude) compared to the Auckland Islands 

(higher latitude). 
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Chapter 6: General discussion 

New Zealand sea lions are recolonising the New Zealand mainland following their 

extirpation attributed to human hunting. Monitoring of females at Otago began in 

1991 (Lalas 1997) and continual breeding began with a solitary immigrant female in 

the 1993/1994 breeding season (McConkey et al. 2002c). Now all individuals are 

individually identified and their survival and fecundity are known. Trends in 

population increase, attendance patterns and suckling behaviour of females at Otago 

were assessed in order to understand the development of this nascent breeding 

location. 

Initiation of coloniality 

New Zealand sea lions have a breeding distribution restricted to subantarctic islands 

south of New Zealand and are classified as threatened because their breeding 

locations number less than five (DOC 2006). The current conservation strategy for 

this species is contingent on new breeding locations being established outside the 

subantarctic population base. Otago, southeast South Island, currently represents the 

northern limit of breeding and is the only location with continual breeding away from 

the Auckland Islands and Campbell Island (Chilvers et al. 2007). 

Since the initiation of breeding by a solitary immigrant female, a total of 28-29 pups 

were born at Otago up to the 2005/2006 breeding season. All locally-born females 

have exhibited regional philopatry by remaining in the vicinity of Otago Peninsula to 

breed. Association among females was demonstrated in this study. Breeding females 

and their pups have been based at the same sites through the 13 years since breeding 

began and juvenile females have remained in contact with breeding females and pups. 

In contrast to breeding females at the Auckland Islands that give birth colonially then 

move their pups away from the breeding site, breeding females at Otago give birth at 

different locations then bring their pups together a few weeks after parturition. This 

gregarious nature of females at Otago indicates the initiation of colonial breeding that 

is typical of the species. Colonial breeding has been said to increase the chances of 

pup survival (Campagna et al. 1992). However, pup survival at Otago is already high; 
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it has not decreased due to solitary births at different locations, so the explanation for 

coloniality cannot be to increase pup survival. 

A new resident immigrant female gave birth at Surat Bay in the Catlins in the 

2005/2006 and 2006/2007 breeding seasons, the first records of breeding in this 

region. Single births have been recorded at Stewart Island but none of the females 

remained to breed in subsequent years (Childerhouse & Gales 1998, McConnell 

2001). The fact that the female at the Catlins has given birth in two consecutive years 

at the same location indicates that she may remain there and continue to breed. Given 

the geographical distance separating breeding females at Otago and Surat Bay, the 

Catlins should be considered as a separate breeding location under definitions in the 

population management plan (DOC 2006). Breeding locations can develop from 

solitary breeding females therefore there is great potential for the Catlins to develop 

into a new breeding location. The arrival and establishment of a female in the Catlins 

may mean that there is no evidence to indicate that recruitment of immigrant females 

is enhanced by the presence of other breeding females as was suggested by Gentry 

(1998). Alternatively it is possible that this female has not had the opportunity to 

decide between regions given that she has never been recorded further north at Otago 

Peninsula. 

Importance of trends in population increase 

This study represents the first definitive estimate for annual survival of New Zealand 

sea lion pups. Other data on pup survival for this species are only available for the 

first few months of life (Gales & Fletcher 1999, Chilvers et al. 2006a). Gales and 

Fletcher ( 1999) used demographic parameters based on data for other otariids and this 

remains the model used to generate estimates of population size for New Zealand sea 

lions. With reliable input parameters numerical models are useful tools for estimating 

population growth at new locations. Such models can be effective in estimating the 

duration required for a breeding population to develop at a new location and hence are 

useful in examining the viability of conservation management goals (Gerber & 

VanBlaricom 2001, Thomas et al. 2005). 

Breeding locations are defined by the draft population management plan, as sites 

where ::::: 35 breeding females are exhibiting breeding philopatry (DOC 2006). The 
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establishment of a new breeding location within the 20 year time frame (from 1997) 

designated by this plan is unlikely. Under maximum most likely and minimum most 

likely scenarios in the model, Otago will reach breeding location status between 2018 

and 2034 (21-37 years from 1997). 

The high degree of site fidelity and philopatry of female New Zealand sea lions 

means that females are not prone to dispersal. This could be a limiting factor to 

species recovery as immigration has been postulated to be an important source of 

population growth during the establishment of new breeding locations by seals 

(Taylor et al. 1995, Hanski 1999, Bradshaw et al. 2000). However, it is clear that 

breeding has established at Otago and the model predicts that irrespective of 

immigration this population will continue to increase into the future. The calculated 

intrinsic population growth rate of 6-15% is high among otariids. Population growth 

rate for the northern Patagonian population of Southern sea lions was reported at 

5.7% (Dans et al. 2004) and for Southern sea lions at the Falkland Islands the annual 

rate of population increase declined from 8.5%-3.8% (Thompson et al. 2005). 

This study has highlighted the importance of breeding events by solitary females. At 

Otago a solitary immigrant female has given rise to the initial stages of colonial 

breeding. Colonising populations may face difficulties that are not experienced by 

individuals at the population base such as, finding food at a new location and 

harassment by males, which may discourage migrant females from remaining at new 

locations (McConkey et al. 2002c). However, the rate of population increase for the 

population at Otago is high indicating that such difficulties are not having a negative 

impact. 

Comparisons between Otago and the Auckland Islands 

The Auckland Islands may represent a marginal foraging environment for New 

Zealand sea lions because individuals are diving at their maximum physiological 

capacity (Gales & Mattlin 1997, Chilvers et al. 2006b) and foraging at greater 

distances from their breeding sites than other otariids (Chilvers et al. 2005b). Results 

from this study found that mothers at Otago had shorter attendance pattern and 

foraging cycle durations than mothers at the Auckland Islands. Shorter foraging cycle 

durations indicate that females do not have to work as hard to find food, suggesting a 
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more favourable foraging environment. Additionally, females at Otago were seen to 

have spare time: they spent time ashore away from their pups. Individuals that are not 

operating under physiological stress may be less susceptible to external impacts such 

as natural fluctuations in prey abundance or human induced impacts. 

Part of the rapid population increase modelled for the Otago population is attributable 

to the early age of primiparity. Early age of primiparity has been linked to good 

nutrition (Frisch 1978, Sydeman & Nur 1994) further emphasising the idea that food 

availability at Otago is higher than at the Auckland Islands. At Otago the earlier age 

of primiparity results in a shorter generation time, which means that females at Otago 

are replacing themselves faster than females at the Auckland Islands. Multiple 

suckling raises the fitness of pups and extended suckling of pups past one year must 

increase pup survival. 

Management and future research recommendations 

The northward expansion of breeding distribution of New Zealand sea lions to 

mainland New Zealand is essential for the recovery of this species. Their return to the 

. mainland should be encouraged through protection and management. This can only be 

achieved through ongoing research to monitor progress. In light of the current study 

the following recommendations regarding conservation management can be made for 

New Zealand sea lions on the mainland. 

Regular monitoring of sea lions at Otago began in 1991 and should be continued. In 

order to plan effective long-term conservation strategies an understanding of local 

population dynamics is important (Cortes et al. 1998). Ongoing monitoring of the 

Otago population is necessary to determine: 

(i) whether females at Otago become colonial breeders and start giving birth 

at the same beaches like females at the Auckland Islands; 

(ii) whether immigrant females remain at Otago and join the breeding 

population; 

(iii) whether breeding at new locations is initiated. The two births at the Catlins 

highlight the possibility for other birth events by solitary females to occur 

on the mainland. 
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Without collection of data these specific research questions cannot be addressed. Pups 

should continue to be tagged, sexed and monitored, which will contribute to the 

understanding of demographic parameters. It should be noted that an extended 

duration is required to calculate accurate survival rates for long-lived species such as 

New Zealand sea lions. 

Future growth could be inhibited by mass mortality events such as that recorded for 

sea lions at the Auckland Islands (Baker 1999, Wilkinson et al. 2006). Further, the 

concentration of females at Victory Beach leaves them vulnerable to deliberate 

killings by humans. Males have been deliberately killed elsewhere at Otago and there 

has been a record of a dog attack to a pup (McConkey et al. 2002c). Human 

disturbance to mothers and pups will potentially become a big issue at Otago as the 

sea lion population continues to increase. Adequate protection measures must be 

developed and decided upon now. 

Conclusions 

Results from this study indicate that the initiation of colonial breeding has occurred at 

Otago and that this will develop into a breeding location as defined in the population 

management plan (DOC 2006) but not within the designated 20 year time frame. The 

combination of earlier age of primiparity, high survival rates and shorter durations of 

attendance patterns and foraging cycles leads to the conclusion that Otago represents 

a superior breeding location for New Zealand sea lions compared to the Auckland 

Islands in terms of environmental conditions such as prey availability. 
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