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ABSTRACT 
 

This study represents the first comprehensive survey of the New Zealand sea lion, Phocarctos 

hookeri populations at Campbell Island, the first surveys in nearly 30 years at The Snares and 

the continuation of a monitoring program in the Catlins. The results from each of these study 

locations, increases the understanding of the population dynamics of the species. Photo-

identification and mark recapture techniques were used to obtain a population estimate for 

male sea lions in the Catlins. There are approximately 63 males, and at least two females. 

Over the eighteen-month period of this study, July 1997 – January 1999, only five new 

identifications were made. The population in the Catlins continues to increase, but it appears 

it will remain a predominantly male non-breeding colony, in the short term at least. Photo-

identification and mark recapture techniques were used to study the abundance and 

demography of sea lions at North East Island, The Snares during autumn 1997 and autumn 

1998. In total 118 male sea lions were identified, with 63% of identifiable sea lions from 1997 

being resighted in 1998. The population estimates for male sea lions were 234 (95% CI 187 to 

293) males in 1997 and 255 (95% CI 187 to 348) males in 1998. The minimum estimate for 

females was 2 in 1997 and 7 in 1998. A single pup was recorded in 1997, but none in 1998. 

The Snares, despite records of occasional breeding spread over nearly 100 years, remains a 

non-breeding colony. Campbell Island is the only major breeding site for sea lions outside of 

the Auckland Islands. Minimum pup production was estimated at 78 for the 1997/98 breeding 

season, compared with the only previous estimate of 122 from 1991/92, and represents less 

than 5% of the total pup production for the species. Sea lions at Campbell Island have a 

widespread distribution, clumped at the coast with low densities inland. Local concentrations 

of sea lions were seen at Davis Point, Sandy Bay and both Northeast and Southeast Harbours. 

Isolated individuals were found up to 1.5km inland and at altitudes >250 m. Breeding females 

at Campbell Island are generally solitary and give birth inland, in contrast to the highly 

gregarious colonial rookeries seen on the coasts of the Auckland Islands. This study also 

presents the confirmation of an annual return migration by adult male sea lions based in Otago 

to the breeding colonies at the Auckland Islands. 
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Chapter 1: General Introduction 
 

The New Zealand sea lion Phocarctos hookeri, is New Zealand’s only endemic pinniped 

(Gales 1995). The species is currently classified as “vulnerable” (IUCN 2000), largely 

due to its very small number of breeding sites. The breeding population is centered at 

Auckland Islands, where over 95% of pup production occurs (Gales and Fletcher 1999). 

Campbell Island is the only other significant breeding population (McNally et al. 2001). 

Predominantly male non-breeding colonies occur at The Snares (Crawley and Cameron 

1972), Stewart Island (Wilson 1979) and Otago (McConkey 1997, Heinrich 1998) with 

occasional records of breeding at these locations (Childerhouse and Gales 1998). A small 

number of males are regularly seen at Macquarie Island (Robinson et al. 1999). 

 

General biology and ecology of the species 

The New Zealand sea lion belongs to the suborder Pinnipedia, which is divided into three 

families (Phocidae, true seals, 19 species; Otariidae, eared seals, 14 species and 

Odobenidae, walrus, one species), (Bonner 1999). Otariids comprise the fur seals (nine 

species) and the sea lions (five species) (Bonner 1999).  

 

There is little published information on the basic life history parameters of the New 

Zealand sea lion. Most of the available information is anecdotal, or based on small 

sample sizes. Females are thought to become sexually mature at between three to five 

years (Dickie 1999) and give birth, at the earliest, at four years (Cawthorn et al. 1985, 

Dickie 1999). Males are thought to be sexual maturity between five and nine years 

(Dickie 1999) and reach social maturity (reach breeding status) by about eight years 

(Cawthorn et al. 1985). Maximum recorded ages are 23 years for males (Cawthorn pers. 

comm., in Dickie 1999) and 18 years for females (Dickie 1999).  

 

Sexual dimorphism is exhibited from birth (Gales 1995), with male pups generally having 

a darker coat (pelage) than females (Cawthorn et al. 1985). Adult females have a silver 

gray dorsal surface and are creamy white ventrally surface (Reijnders et al. 1993) and 

darker pigmentation around their muzzle and flippers (Walker and Ling 1990).  
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Figure 1.1: Current distribution of the New Zealand sea lion. Present breeding (dark  

        grey) and regular haul-outs or non-breeding colonies (light grey). 

 

 



Chapter 1: General Introduction  3 
 
 
Females measure up to 200cm and weigh 160kg (Reijnders et al. 1993). Juvenile males 

often have similar colouration and body shape to that of adult females and caution is 

needed when sexing juveniles. Adult males measure up to 300cm and weigh 450kg 

(Cawthorn et al. 1985), with a dark body and generally lighter colored mane. 

 

Largely because of the proximity of a major trawl fishery for arrow squid, Nototodarus 

sloanii, this food source is thought to be important for lactating females at the Auckland 

Islands (Cawthorn et al. 1985). Quantitative studies of diet, however, have occurred only 

recently (e.g. Lalas 1997, McMahon et al. 1999). Diet is thought to be site specific (Gales 

and Mattlin 1997), with variation in diet possibly reflecting local prey availability 

(McMahon et al. 1999). At Otago Peninsula, Lalas (1997) found distinct seasonal 

variation in diet, which he attributed to reflect patterns of prey availability. No such 

pattern was found at Macquarie Island (McMahon et al. 1999), which is more oceanic 

than coastal in its oceanography. New Zealand sea lions are known to occasionally prey 

on warm-blooded prey such as elephant seal pups, penguins and fur seal pups 

(Arctocephalus spp.) (Cawthorn et al. 1985). Predation on fur seal pups has recently been 

reported at Otago Peninsula (Bradshaw et al.1998) and Macquarie Island (Robinson et al. 

1999) and Wilkinson et al. (2000) recorded cannibalism of pups by sub-adult and adult 

males. Yellow-eyed penguins have been recorded as being preyed upon at Campbell 

Island (Moore and Moffat 1992) and also at Otago Peninsula (Darby and Schweigman 

1998). 

 

New Zealand sea lion population: past and present 

The most recent population estimate is 12,500 (95% CI 11,100 to 14,000 excluding pups) 

for the 1995/96 breeding season (Gales and Fletcher 1999). The pristine population size is 

unknown, but presumably larger than the current population (Childerhouse and Gales 

1998). Sea lion remains from coastal dunes and middens indicate that the pre-human 

range extended around mainland New Zealand and the Chatham Islands (Smith 1989). 

Pup remains have been found at Delaware Bay, Nelson (Worthy 1994) and beaches at 

North Cape (Gill 1998). Subsistence hunting by Maori and Moriori is believed to be the 

main reason for the reduction in the range of New Zealand sea lions. The extent of the 

pre-historic breeding range is uncertain, partly due to the porous nature of pup bones, 
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which decreases the likelihood of their preservation; therefore a lack of pup bones does 

not necessarily indicate a lack of breeding (Worthy 1994).  

 

There is little evidence to suggest that their distribution has greatly changed since 

European settlement (Gales 1995). The extent of exploitation by commercial sealers is 

unknown (Gales and Fletcher 1999). Sea lion pelts were not as valuable as those of fur 

seals, Arctocephalus spp. but they were often taken, especially for oil. The sealing 

industry which began in the late 1700s, had dramatically declined by the 1830s (Kerr 

1976). New Zealand sea lions have been legally protected since 1894 (Childerhouse and 

Gales 1998). 

 

Conservation status 

The species current classification of “vulnerable” (IUCN 2000) has lead to the 

preparation of a management plan, the stated aim of which is to move the species out of 

that threatened classification within the next twenty years (Mainly and Walshe 1999). For 

this to happen, the species will need to establish viable breeding colonies away from the 

Auckland and Campbell Islands (Maunder et al. 2000).  

 

A number of factors might impede such an expansion. The most obvious is bycatch in 

squid trawling operations on the Auckland Islands shelf. Between 1987 and 1997 an 

average of 78 sea lions a year were caught incidentally in this area (Manly & Walshe 

1999). While apparently insubstantial compared to population levels, such bycatch may 

slow or prevent expansion (Maunder et al. 2000). Bycatch is currently managed via a 

limit (Maximum Allowable Level of Fishing Related Mortality; MALFIRM) beyond 

which the fishery is closed (Manly and Walshe 1999). The system is based on that used to 

manage bycatch in the U.S. (for details see Wade, 1998), and the limit is set so that 

bycatch should not impede recovery. 

 

Bycatch is not the only impact on this species. During this study in the summer of 

1997/1998 a mortality event of unknown origin occurred (Baker 1999). At the time about 

60% of the pups died. Approximately 18% of females showed signs of disease, but 

dispersal of animals away from the breeding colonies makes estimation of death rates 
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impossible (Gales and Childerhouse 1999). Some tagged individuals that showed 

symptoms of disease have returned healthy in later seasons (Childerhouse, pers. comm). 

The impact of this event on the population is unclear, but it underscores the vulnerability 

of any species whose breeding range is so limited.  

 

It is possible that the foraging ecology of this species is a limiting factor effecting their 

expansion. Recent studies of lactating females at the Auckland Islands show they have the 

longest and deepest recorded dives of any otariid yet (maximum depth 474m, mean 

123m), (Gales and Mattlin 1997), with the highest blood volume to be the recorded for 

any otariid (Costa et al 1998). According to Gales and Mattlin (1997) New Zealand sea 

lions forage near their physiological limits at the Auckland Islands (Gales and Mattlin 

1997, Costa and Gales 2000) 

 

Population monitoring of the New Zealand sea lion 

Monitoring of the sea lion population based at the Auckland Islands has been ongoing 

since 1972 (Gales and Fletcher 1999). The colony at Sandy Bay, Enderby Island has the 

most continuous record of sea lion observations, with Dundas Island and Figure of Eight 

Island surveyed on a semi-regular basis. Annual flipper tagging of New Zealand sea lions 

pups at Auckland Islands began in the 1979-1980 breeding season by Cawthorn (1993), at 

Enderby Island (Auckland Islands) and double flipper tagging began during the 1991-

1992 breeding season (Lalas and McConkey 1994). Pup production at the Sandy Bay and 

Dundas Island colonies is thought to have been stable since 1972 (Gales and Fletcher 

1999).  

 

Outside of the Auckland Islands sea lion population monitoring has been largely 

opportunistic. Sea lions at The Snares have been sporadically surveyed since the late 

1960s. The only published account is from Crawley and Cameron (1972), who derived 

from strip transects a maximum count of 47 sea lions. Cawthorn et al. (1985) estimated 

that fewer than ten pups were born annually at the Snares.  

Although Campbell Island is the only significant breeding location outside of the 

Auckland Islands (Gales 1995), no comprehensive monitoring of sea lions have been 

undertaken there. Most of the information gathered has been opportunistic, incidental or 
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derived from one off direct counts. Although direct-counts of seals can provide an index 

of numbers of animals hauling out, multiple counts are needed before any meaningful 

pattern can be obtained (Bradshaw et al. 1999). Pups were flipper-tagged at Campbell 

Island during the 1991/1992 breeding season. Cawthorn (1993) estimated pup production 

at 150 for 1992/1993 breeding season based on the 1991/1992 study.  

 

The number of New Zealand sea lions on the southeast coast of the South Island has 

slowly increased since the 1970s, with most based at two locations in Otago (McConkey 

1997). The population is comprised mainly of males (Wilson 1979, Grobe 1985, Hawke 

1986, Beentjes 1989, Hawke 1993, Lalas and McConkey 1994, McConkey 1997, 

Heinrich 1998). In 1994 photographic identification of individually identifiable sea lions  

was developed by (McConkey 1999) for his surveys of Otago Peninsula and the Catlins. 

This survey technique was refined and has since been used to study aspects of population 

dynamics and behaviour. (McConkey 1994, McNally 1996, McConkey 1997 and 

Heinrich 1998). At Otago Peninsula there has been a total of four live pups born from 

1993 to 1998 (three females, one male). These births are the first recorded births on the 

South Island in the twentieth century and represent the beginnings of the recolonisation of 

this area (Childerhouse and Gales 1998). 

 

Why was this study needed? 

My research has focused on population dynamics of New Zealand sea lions away from 

the Auckland Islands. The main reason for this is to redress the lack of information in 

these areas. Additionally, since restricted breeding range is the main reason why the 

species is considered “vulnerable”, there is considerable interest in other populations that 

may be breeding at low rates, or have potential to become breeding populations in future. 

The main focus was to assess population size, demographic structure, breeding status for 

each location, and document movement of sea lions between locations.  

 

The surveys conducted in the Catlins are part of an ongoing project (McConkey 1994, 

McConkey 1997, Heinrich 1998) monitoring population trends at the start of what 

appears to be recolonisation of the NZ mainland. The Snares has had records of 

occasional births spread through nearly a century (Waite 1907, Crawley and Cameron 
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1972, Gales and Fletcher 1999). Campbell Island has had records of breeding since the 30 

pups reported by Taylor (1984), and of females being present for over 50 years 

(Childerhouse and Gales 1998). Information gathered on sea lion demographics from 

these two locations, which are intermediate between the mainland and the Auckland 

Islands both geographically and in breeding status, may provide insights into the 

colonisation of South Island. The last aim of the research was to document movements 

between study sites, and explore the implications of this for population recovery on the 

mainland 

 

General thesis outline 

Chapter 2  

The number of New Zealand sea lions on the South Island has steadily increased over the 

past twenty years. This Chapter is a continuation of an ongoing monitoring program, 

investigating aspects of sea lion population dynamics in the Catlins. I also suggest a 

method for analysis of mark-recapture data gained through photographic identification at 

this location. 

 

Chapter 3 

There have been no published studies about the sea lion population at The Snares since 

the early 1970s. This chapter aims to obtain a robust population estimate for The Snares 

and assess how the islands breeding status. 

 

Chapter 4 

The aim of this chapter was to investigate abundance, distribution and breeding status of 

New Zealand sea lions at Campbell Island. This was done through a combination of strip 

transects, direct counts and mark-recapture techniques. This chapter has been published in 

the form presented in this thesis. The research was part of a Department of Conservation 

contract, and I was the senior author for the publication. 

 

Chapter 5 

This chapter describes the annual return migration of tagged New Zealand sea lions to the 

breeding colonies at the Auckland Islands. 
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General Discussion 

The final chapter is a brief summary of the finding from the three study locations and 

their implications for the management of the species.  
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Chapter 2: Abundance of New Zealand sea lions in the Catlins,  

                  South Otago 

 

2.1: INTRODUCTION 

The New Zealand sea lion Phocarctos hookeri, is New Zealand’s only endemic pinniped 

(Gales 1995). The total population was estimated at 12,500 (95% CI 11,100 to 14,000) 

animals for the 1995/96 breeding season (Gales and Fletcher 1999). The species is 

currently classified as Vulnerable (IUCN 2000), largely due to its very small number of 

breeding sites. The breeding population is centered at the subantarctic Auckland Islands, 

where over 95% of pup production occurs (Gales and Fletcher 1999), with Campbell 

Island being the only other significant breeding population (McNally et al. 2001). 

Predominantly male non-breeding colonies occur at The Snares (Crawley and Cameron 

1972), Stewart Island (Wilson 1979) and Otago (McConkey 1997, Heinrich 1998). There 

are only occasional records of breeding at these locations (Childerhouse and Gales 1998). 

A small number of males are regularly seen at Macquarie Island (Robinson et al. 1999). 

Juveniles and sub-adult males tend to disperse further within the species range than the 

other age classes (Childerhouse and Gales 1998).  

 

The earliest twentieth century record of sea lions on the South Island is from Fleming et 

al. (1953). The number of New Zealand sea lions on the southeast coast of the South 

Island of New Zealand has been slowly increasing over the past two decades (Wilson 

1979, Grobe 1985, Hawke 1986, Beentjes 1989, Hawke 1993, Lalas and McConkey 

1994, McConkey 1997, Heinrich 1998). Immature males (juveniles and subadults) are 

present year round and adult males generally absent or in much lower numbers during the 

summer months or breeding season (Wilson 1979, Grobe 1985, Hawke 1986, Beentjes 

1989, Hawke 1993, Lalas and McConkey 1994, McConkey 1997, Heinrich 1998). Hawke 

(1986) believed that sea lions at Papanui Beach in 1984-85 were itinerant, but Beentjes 

(1989) concluded that nine out of fourteen identifiable sea lions at Papanui Beach in 

1985-87 were residents. On the Otago Peninsula four live pups have been born between 

1993 and 1998 (three female, one male) all descended from an original female. These 

births are the first recorded births on the mainland and represent the beginnings of the 

recolonisation of this area (Childerhouse and Gales 1998). 
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In 1994 surveys using photo-identification of identifiable individual sea lions was 

developed in Otago, with the research based mainly on the Otago Peninsula (McConkey 

1994). This survey technique was refined and has since been used to study various 

aspects of population dynamics and sea lion behaviour. (McConkey 1994, McNally 1996, 

McConkey 1997 and Heinrich 1998). McConkey 1994 using closed mark-recapture 

methods, estimated that between 6-24 sea lions were present in the Catlins in winter 

1994; McNally (1996) estimated at least 50 sea lions for the winter of 1996. Heinrich 

(1997) used the Jolly-Seber population estimator and her average estimates ranged from 

about 35 to 50 sea lions each season in the Catlins from summer 1995/1996 and 

1996/1997. There are no records of sea lion breeding in the Catlins in the twentieth 

century. 

 

Individual identification of pinnipeds 

The ability to recognize individual animals is a desirable feature in both population 

and behavioural studies. Traditionally, individual recognition has relied on 

artificial tags in the study of pinnipeds, with a wide variety of cattle ear tags 

punched into hind flipper of phocids and front flipper of otariids (Testa and 

Rothery 1992). Hot branding has also been used but has been abandoned due to 

ethical concerns. The tags previously used have had two main problems, tag loss 

and tag illegibility over time (Lalas and McConkey 1994). Annual tagging of the 

right flipper of New Zealand sea lions pups was initiated in the 1979-80 season by 

Cawthorn (1993) at Enderby Island (Auckland Islands), with double tagging 

beginning in 1991-92 season (Lalas and McConkey 1994).  

 

In the past few years a few pinniped studies have shifted towards the use of natural 

markings or features. These studies have produced relatively good quality data for capture 

recapture population analysis in cetacean studies (Hammond 1986). There are both 

advantages and disadvantages in the use of natural features over artificial tags. 

Advantages are that disturbance of animals is minimal as they are not captured or tagged 

in the traditional sense and the features do not fall off or affect behaviour (Hammond 

1986). Disadvantages of this technique include the time needed to learn to recognise 

features (Hammond 1986) and the errors associated with observer experience (Agler 
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1992). Another disadvantage is that features may change over time and new markings can 

be gained (Hammond 1986, Childerhouse et al. 1996). It is also assumed that no 

individuals share the same or similar features (Hammond 1986). 

 

This part of my study in the Catlins had two main aims. The first is a continuation of the 

population monitoring initiated by previous studies; the second to refine the mark-

recapture both to get a more robust estimate of abundance and to aid in the detection of 

population trends.  

 

2.2: METHODS 

Over an eighteen-month period from July 1997 to January 1999 a total of 40 field days 

were spent in the Catlins, South Otago. The survey area comprised of four beaches:- 

Hay’s Gap, Roaring Bay, Cannibal Bay and Surat Bay (Figure 2.1). In this study a “non -

breeding colony” (also known as a haul-out) was defined as a site where groups of sea 

lions congregate ashore to rest and socialise, but not breed. The beaches used by sea lions 

in South Otago were all non-breeding colonies. 

 

Beaches surveyed 

Hays Gap (46°26'S, 169°48'E) is an eastward facing beach approximately 500m long. It 

extends from a rocky knoll at the southern end to a small creek at the northern end. The 

Nuggets Road runs along the back of a narrow strip of dunes.  

 

Roaring Bay (46°26'S, 169°50E) is a southward facing bay approximately 150m long and 

has a pebble foreshore with a 50m strip of sand exposed at low tide. The cobbled 

platform is grassy with patches of bracken (Pteridium esculentum), shrubs (mainly 

Coprosma propinqua) and a few flax bushes (Phormium tenax). The bay is surrounded by 

steep hillsides covered mainly with fuchsia (Fuchsia exorticata).  
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Figure 2.1: Beaches surveyed at the Catlins, 1997 – 1999. 
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Cannibal Bay (46°26'S, 169°44E) is an eastward facing sandy beach approximately 1km 

long. It is bounded by sand dunes covered with marram grass (Ammophila arenaria) and 

tree lupins (Lupinus arborus). The dunes are divided by a creek midway along the beach. 

The more extensive section of dunes is at the southern end, where they extend 

approximately 250m inland, with a track over an isthmus leading to Surat Bay. Public 

access is from a car park at the northern end of beach or from Surat Bay at the southern 

end. 

 

Surat Bay (46°28'S, 169°45'E) is a southward facing sandy beach approximately 2.5km 

long. The eastern end is bounded by cliffs and dunes, with a walking track leading to 

Cannibal Bay. The Catlins estuary forms a boundary at the western end. The southern end 

of the dunes is covered with lupin (Lupinus arborus) and totara (Podocarpus totara). 

 

Field methodology 

The beaches were surveyed on foot, with each survey day generally starting late morning 

to early afternoon, and finished at dusk. Surat Bay and Cannibal Bay were usually 

surveyed first with the survey beginning from the Cannibal Bay car park and walked to 

the western end of Surat Bay. I followed the first fresh sea lion tracks leading from the 

beach into the dunes in order to find sea lions inland. The dunes were then searched in a 

zig-zag pattern. 

 

Two cameras were used during this study in the Catlins, initially a manual focus Nikon 

FG-20 with a Sigma 70-210 zoom lens from June 1997 to August 1997 and thereafter an 

autofocus Nikon F50 with data-back and a Nikon 35-80 zoom lens. Kodak Gold III (200 

ASA) print film was the film generally used. I used a fill-in flash in low light conditions 

or to remove shadows. 

 

Each sea lion encountered was aged and sexed. Photographs were taken of distinctive 

features if present. Features used in this study to identify sea lions included rips, scallops, 

scarring to both the fore and hind flippers, condition of teeth and scarring to nose or chin 

(McConkey 1999 and Figure 2.2). Sea lions were classified into five sex and age 

categories: adult male, sub adult male, juvenile males (McConkey 1997) and females. 
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Individuals that could not be sexed accurately (genitalia not observed) were classed as 

“unsexed”. These are always juveniles, as it is often difficult to distinguish between sexes 

until secondary sexual characteristics develop. 

 

Photo-Identification Catalogue 

McConkey (1997) and Heinrich (1998) compiled photo-identification catalogues of 

identifiable individuals during their previous studies in the Catlins. These catalogues and 

the naming system devised by McConkey (1997), were used and added to during this 

study. Previously identified individuals that acquired new features or whose features 

changed had their photographs updated. A sea lion was considered as a new identification 

if photographed twice on different days and once if it had a legible tag. Subtle and/or 

temporary features were used only to differentiate between two animals with other, fairly 

similar yet distinctive features. I aimed to gain a set of photographs of the four limbs 

(flippers), the body, and any other distinguishing features for each new animal in the 

catalogue.  

 

Any sea lion which could not be photographed (e.g. due to aggressiveness or being in a 

large group) or for which photographs were of poor quality (e.g. poorly focused), was 

considered unavailable for identification and omitted from use in the mark recapture 

analysis. This was necessary in order to avoid bias in population estimates (Slooten et al. 

1992, Friday et al. 2000). These animals were included in the direct counts. 

 

Analysis and Population Estimation 

A cumulative discovery curve of identifiable individuals was used as an indication of 

population closure (Williams et al. 1993). Leslie's test for equal catchabilty was used 

(Krebs 1999) to test for capture heterogeneity within the identifiable segment of the 

population. This was done because as male sea lions become older, they would be 

expected to accumulate distinctive features and therefore be more likely to be identifiable 

than younger animals. 
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Figure 2.2: Examples of features used for individual identification 

 2.2a: Hole in flipper  2.2b: Split in big toe 
 2.2c: Split in thumb   
 2.2d: Highly distinctive facial features (blind eye, scaring to nose,        
          scraped chin, large canines) 
 2.2e: Artificial marking (flipper-tag) 
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Population estimates were calculated for male sea lions only. These were calculated by 

pooling the capture histories from the survey days as described by Pollock et al. (1990) 

for use in the “robust design”. The pooling of capture sessions is thought to reduce the 

effects of unequal catchabilty and therefore increase the precision of the estimate (Pollock 

et al. 1990). The robust design itself uses both primary and secondary sampling periods. 

The secondary periods are the individual survey sessions and these are pooled to create 

the primary sampling periods. When the secondary periods are pooled, multiple captures 

of the same individual are considered as a single capture. What constitutes a primary 

sampling period is somewhat arbitrary and varies depending on the question being asked: 

for example, if the observer wants to know about trends over years, the primary period 

could be a year, and the secondary periods the monthly samples within a year. The 

capture histories obtained for the survey days completed in 1997 and 1998 were pooled 

into months and seasons (summer = December - February, autumn = March - May, winter 

= June - August and spring = September - November). 

 

The sea lion population at Catlins is considered to be “open” throughout the year, so the 

Jolly-Seber population estimator (Seber 1982) was used to calculate seasonal estimates. 

Three population estimators were used for monthly estimates. Firstly the Jolly-Seber 

estimator and also Bailey’s and Chapman’s (Seber 1982) modifications of the Lincoln -

Petersen estimator (Hammond 1986) was used for comparison and to see which would 

best suited for long term monitoring. Both Bailey’s and Chapman’s estimators are for use 

in closed populations and are presented to show the effect of choosing closed models 

when an open model may better suit the population biology of the species. The interval 

between surveys each month was relatively short, therefore the population assumed to be 

closed each month.  

 

The Jolly-Seber estimator was used to calculate Ñ, the number of identifiable sea lions in 

the population, for both monthly and seasonal estimates (variance calculated as 

recommended by Manly, 1984). The Bailey and Chapman estimators were used also to 

calculate Ñ, the number of identifiable sea lions in the population for each month 

(variance calculated as recommended by Williams et al., 1993). The estimate of Ñ was 

scaled up by the proportion of unidentified sea lions seen in total giving a total population 
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estimate, N (Williams et al. 1993). Variance of N was calculated as recommended by 

Williams et al. (1993) and used to calculate log-normal 95% confidence intervals 

(Buckland et al. 1993).  

 

Female abundance 

No abundance estimate was calculated for female sea lions due to the low numbers 

encountered. Instead a minimum estimate was made from direct counts. This equaled the 

maximum number of individual females seen on one survey day for each season or 

month. 

 

2.3: RESULTS 

Between June 1997 and January 1999 a total of 40 survey days were completed at the 

four study beaches at the Catlins, South Otago. September 1998 was the only month 

beaches were not surveyed at least once during this period. The majority of sea lion 

sightings were at Surat Bay, with a few individuals seen regularly at Cannibal Bay. Hay’s 

Gap was used intermittently by three individuals. Roaring Bay had a single sea lion 

present on two out of forty visits. In summer 1997/1998, midway through this study the 

sea lion population based at the Auckland and Campbell Islands suffered from a mortality 

event of unknown origin (Baker 1999). 

 

A total of 785 sea lion encounters were logged over the 40 survey days, of these 

encounters 646 (82%) were used for population estimation (sea lion was assessed for 

features: either identifiable or no features present). Of these 646 encounters 554 (86%) 

were of identified individuals. Practically all encounters were with males (97.7%; females 

= 1.7%; unsexed = 0.6%). The average number of sea lions seen ashore varied between 9 

to 37 for each month (Figure 2.3a) and 15 to 23 for each season (Figure 2.3b). The 

highest direct count was 51 in September 1997 (Table 2.1a and Table 2.1b) and the 

lowest was one in July 1997. The mean number of male sea lions seen ashore varied each 

month (Figure 2.4a) and seasonally (Figure 2.4b).  
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Figure 2.3a: Mean monthly direct count, ranges indicate minimum/maximum 
                      count (see Table 2.1a for number of survey days)
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Figure 2.3b: Mean seasonal direct counts, ranges indicate minimum/maximum  
                      count (see Table 2.1b for number of survey days)
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Table 2.1a: Number of counts, mean number of individuals per count and age structure of NZ sea lion 
                    each month, the Catlins

Mean number of sea lions counted by class
Number of Mean Adult Sub-adult Juvenile 

Month survey days  Direct Count Range SD male male male Female Unsexed

June 1997 3 15.0 15 - 15 0.00 2 3 9 1 <1
July 1997 3 9.0 1 - 17 8.00 1 3 4 0 <1

August 1997 3 21.7 15 - 28 6.51 7 6 8 <1 0
September 1997 3 36.7 29 - 51 12.42 7 11 18 <1 <1

October 1997 1 15.0 - - 5 3 10 0 0
November 1997 3 11.0 6 - 18 6.24 2 3 6 0 0
December 1997 3 14.7 11 - 18 3.51 3 3 9 0 0

January 1998 1 22.0 - - 5 9 8 0 0
February 1998 1 26.0 - - 4 12 7 2 0
March 1998 2 25.0 17 - 33 11.31 6 10 8 1 1
April 1998 1 21.0 - - 4 8 9 0 0
May 1998 3 14.3 10 - 17 3.79 3 5 6 1 0
June 1998 3 26.0 22 - 29 3.61 7 13 6 <1 0
July 1998 2 14.0 13 - 15 1.41 3 6 6 1 0

August 1998 3 24.7 23 - 27 2.08 7 10 8 0 0
September 1998 0 - - - - - - - -

October 1998 2 21.5 15 - 25 4.95 8 8 6 0 0
November 1998 2 19.5 14 - 24 6.36 6 7 7 0 0
December 1998 0 - - - - - - - -

January 1999 1 23.0 - - 7 11 5 0 0

Table 2.1b: Number of counts, mean number of individuals per count and age structure of NZ sea lion 
                             each season

Mean number of sea lions counted by class
Number of Mean Adult Sub-adult Juvenile 

Season survey days  Direct Count Range SD male male male Female Unsexed

Winter 1997 9 15.2 1 -28 7.53 3 4 7 <1 <1
Sprin 1997 7 22.6 6 - 51 15.50 4 6 11 <1 <1

Summer 1997/1998 5 18.4 11- 26 5.86 3 6 8 <1 0
Autumn 1998 6 19.0 10 - 33 7.72 4 7 7 1 <1
Winter 1998 8 22.5 13 - 29 5.76 6 10 7 <1 0
Spring 1998 4 20.5 15 - 27 4.80 7 8 6 0 0

Summer 1998/1999 1 23.0 - - 7 11 5 0 0
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Figure 2.4a: Mean  monthly direct counts of male sea lions in each age 
                      category, Catlins, June 1997 to January 1999.
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Figure 2.4b: Mean seasonal direct counts of male sea lions, in each age 
                      category, Catlins, June 1997 to January 1999.
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Photo-identification of individuals 

A total of 71 sea lions were considered as identifiable in the Catlins at the end of this 

study. Only five new identifications were made during this study: four juvenile males and 

one adult female tagged as a pup at the Auckland Islands. Five previously identified male 

sea lions from the Otago Peninsula were recorded for the first time at the Catlins. Of the 

62 male sea lions identified prior to this study, 54 (87%) were seen during this study a 

long with two of the three females previously identified. Animals previously tagged as 

pups at the Auckland Islands and first seen with a legible tag comprised of eight males 

and the one female. A plateau in the cumulative discovery curve of identified individuals 

(Figure 2.5) indicated that the identifiable segment sea lion population at the Catlins was 

essentially closed to new recruits during this study (but individuals may have left and 

later re-entered the study area eg. on foraging trips). Two sea lion deaths were recorded 

during this study, one identifiable male and an unidentified juvenile male. 

 

The proportion of identified individuals encountered on average each survey day was 

86% (range 57% to 100%). Each identified individual was seen on average 7.8 times (s.d. 

= 6.3, n = 40 days), (Figure 2.6 and Figure 2.7). The null hypothesis of equal catchabilty 

within the identified segment of the population was not rejected by Leslie’s test for equal 

catchabilty (p = 0.97, 14d) indicating that capture heterogeneity is not a problem in this 

data set. 
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Figure 2.5:  Culmulative discovery curve of newly identified male sea lions
the Catlins, June 1997 to January 1999. This graph includes the 61 previous
identifications from the Catlins, but not males previously identified from
Otago Peninsula. 
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Figure 2.6: Frequency of sightings of identifiable sea lions through 40 survey 
                    days, June 1997 - January 1999
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Figure 2.7: Individual sightings of identifiable New Zealand sea lions, the Catlins, June  

            1997 – January 1999. 

ID Number Jun '97 Jul '97 Aug '97 Sept '97 Oct '97 Nov '97 Dec '97 Jan '98 Feb '98 Mar '98 Apr '98 May '98 Jun '98 Jul '98 Aug '98 Oct '98 Nov '98 Jan '99 Total

CN00058 2 2 4
CN00059 1 1 1 2 1 1 1 8
CN00060 2 1 1 1 1 1 2 9
CN00061 1 3 1 2 3 1 1 1 1 14
CN00001 1 1 2 1 2 1 1 1 2 1 3 2 18
CN00002 1 1 3 1 1 1 1 1 3 2 1 2 18
CN00003 2 1 1 1 1 1 1 2 3 13
CN00004 2 1 1 1 1 2 3 2 2 1 2 1 1 20
CN00005 1 1 2
CN00006 1 1
CN00007 1 1 2
CN00008 1 1 2 1 1 2 1 2 11
CN00009 1 1
CN00010 1 1 2 1 1 2 1 1 1 11
CN00011 1 1
CN00012 2 1 1 3 1 1 2 1 2 1 2 1 18
CN00013 2 3 1 2 1 2 11
CN00014 1 3 1 1 2 2 2 1 2 1 1 17
CN00015 2 3 2 1 8
CN00016 2 2 1 1 1 1 1 2 2 2 2 1 18
CN00017 1 2 2 1 2 2 1 11
CN00018 1 2 2 Dead 5
CN00019 1 1
CN00020 1 1 2 1 2 1 2 2 3 1 1 1 18
CN00021 1 1 1 1 4
CN00022 2 3 2 3 1 1 1 1 3 1 2 1 1 22
CN00023 1 3 2 1 2 9
CN00024 1 1 3 1 1 1 2 2 12
CN00025 1 1
CN00026 1 3 2 1 1 1 9
CN00027 1 2 2 1 1 1 1 1 1 2 1 14
CN00028 2 1 2 1 2 1 1 1 3 1 1 1 1 18
CN00029 2 1 1 2 1 1 1 9
CN00030 1 1 2 1 1 1 7
CN00031 1 1 2
CN00032 1 1 2
CN00033 1 2 3 1 1 2 2 1 13
CN00034 3 2 1 2 2 10
CN00035 2 2
CN00036 2 1 3 3 2 1 1 2 2 1 18
CN00037 1 2 1 4
CN00038 2 2 3 1 1 1 1 2 1 2 16
CN00039 1 2 1 1 1 1 7
CN00040 2 1 2 2 1 8
CN00041 2 1 2 2 1 2 1 2 13
CN00042 3 2 1 6
CN00043 1 1
CN00044 1 1 1 2 1 1 1 1 2 11
CN00045 1 3 1 1 6
CN00046 3 1 1 2 1 8
CN00047 1 2 3 1 1 1 1 2 1 1 14
CN00048 1 3 2 1 1 2 10
CN00049 1 1 1 1 4
CN00050 1 1
CN00051 1 1
CN00052 1 1
CN00053 2 1 1 4
CN00054 1 2 1 1 1 1 1 3 11
CN00055 1 1 1 1 1 5
CN00056 1 1 1 1 2 1 7
CN00057 2 2 1 2 1 1 1 1 11
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Population size and demography 

The input statistics used with the Jolly-Seber population estimator to calculate the total 

population (N) size are shown in Table 2.2a for the monthly estimates and Table 2.3a for 

seasonal estimates. The capture probabilities (pi) calculated for each season are relatively 

high (>0.50, Table 2.3a) therefore it is unlikely that the estimate of Ñ will be biased low 

(Pollock et al. 1990). Due to smaller sample size, the monthly capture probabilities 

(Table 2.2a) are variable, so there is the potential for some monthly estimates to be biased 

low. However, both the seasonal and monthly coefficient of the variation (CVs for the 

estimate Ñ and N (Tables 2.2b, 2.2c and 2.3b, 2.3c) are all <0.20 therefore the precision 

for Ñ and N (or mean estimates) is acceptable (Krebs 1999). When the capture 

probabilities obtained from the monthly and seasonal estimates are plotted against the 

number of survey days pooled within a period, it appears that at least four survey days 

need to be pooled to obtain a capture probability (pi) >0.5 (Figure 2.8). 
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Figure 2.9: Monthly Jolly-Seber estimates of total population size (N) 
                    with log-normal 95% CI, for the Catlins
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                      with log-normal 95% CI, for the Catlins
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Table 2.2a: Monthly input statistics for Jolly-Seber calculations

Month ni mi Ri ri zi Mi pi

June 1997 17 17 17 16 36 55.12 0.31
July 1997 20 20 20 19 32 53.60 0.37

August 1997 35 32 35 34 19 51.54 0.62
September 1997 41 40 41 36 13 54.76 0.73
October 1997 10 10 10 9 39 52.90 0.19

November 1997 20 19 20 20 29 48.00 0.40
December 1997 20 19 20 18 30 52.16 0.36
January 1998 12 12 12 12 36 48.00 0.25

February 1998 11 11 11 10 37 51.36 0.21
March 1998 20 20 20 20 27 47.00 0.43
April 1998 14 13 14 14 34 47.00 0.28
May 1998 19 19 19 18 29 49.53 0.38
June 1998 30 30 30 28 17 48.17 0.62
July 1998 15 15 15 13 30 49.29 0.30

August 1998 32 32 32 21 11 48.50 0.66
October 1998 25 23 25 15 9 37.63 0.61

November 1998 20 20 20 8 4 29.33 0.68
January 1999 12 12 12 - - - -

Table 2.2b: Jolly-Seber parameters estimated for Ñ, the estimated number of identifiable 
                    sea lions at the Catlins each month

Variance (Ñi)        Log Normal 95% CI
Month Ñi (from Mainly 1984) L U CV (Ñ)

June 1997 55 6.87 50 60 0.05
July 1997 54 4.29 50 58 0.04

August 1997 56 4.02 52 60 0.04
September 1997 56 3.26 53 60 0.03
October 1997 53 20.63 45 63 0.09

November 1997 50 3.65 47 54 0.04
December 1997 55 14.26 48 63 0.07
January 1998 48 0.00 48 48 0.00

February 1998 51 15.71 44 60 0.08
March 1998 47 0.00 47 47 0.00
April 1998 50 8.72 45 56 0.06
May 1998 50 3.98 46 54 0.04
June 1998 48 1.95 46 51 0.03
July 1998 49 15.09 42 58 0.08

August 1998 49 12.13 42 56 0.07
October 1998 41 18.30 33 50 0.10

November 1998 29 17.38 22 39 0.14
January 1999 - - - - -

Table 2.2c: Monthly estimates for N, total number of male sea lions at the Catlins
       Log Normal 95% CI

Month N Variance (N) L U CV (N)

June 1997 68 43.59 56 82 0.10
July 1997 56 10.34 50 63 0.06

August 1997 59 7.41 54 65 0.05
September 1997 65 11.84 59 72 0.05
October 1997 63 83.51 47 83 0.15

November 1997 54 12.33 48 62 0.06
December 1997 61 27.22 51 72 0.09
January 1998 60 60.00 47 77 0.13

February 1998 73 161.38 52 102 0.17
March 1998 65 39.85 54 78 0.10
April 1998 54 21.94 45 64 0.09
May 1998 58 22.57 49 68 0.08
June 1998 58 13.37 51 66 0.06
July 1998 57 59.46 44 74 0.14

August 1998 56 24.60 47 67 0.09
October 1998 47 32.34 37 59 0.12

November 1998 34 28.34 25 46 0.16
January 1999 - - - - -
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Table 2.3a:   Seasonal input statistics for Jolly-Seber calculations

Season ni mi Ri ri zi Mi pi

Winter 1997 43 40 43 41 13 53.62 0.75
Sprin 1997 44 42 44 38 12 55.85 0.75

Summer 1997/1998 28 27 28 24 23 53.68 0.50
Autumn 1998 34 33 34 33 14 47.41 0.70
Winter 1998 43 43 42 27 4 49.14 0.88
Spring 1998 33 31 33 - - - -

Table 2.3b:   Jolly-Seber parameters estimated for Ñ, the estimated number  
                     of identifiable sea lions at the Catlins each season

Variance (Ñi)    Log Normal 95% CI
Season Ñi (from Mainly 1984) L U CV (Ñ)

Winter 1997 58 2.35 55 61 0.03
Sprin 1997 58 3.86 55 62 0.03

Summer 1997/1998 56 10.51 50 62 0.06
Autumn 1998 49 1.23 47 51 0.02
Winter 1998 49 3.69 46 53 0.04
Spring 1998 - - - - -

Table 2.3c:   Seasonal estimates for N, total number of male sea lions at the Catlins
   Log Normal 95% CI

Season N Variance (N ) L U CV (N )

Winter 1997 63 5.97 58 68 0.04
Sprin 1997 67 9.92 61 73 0.05

Summer 1997/1998 67 26.98 57 78 0.08
Autumn 1998 60 11.23 54 67 0.06
Winter 1998 59 9.85 53 65 0.05
Spring 1998 - - - - -
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Table 2.4a: Monthly Baileys and Chapman estimates of Ñ,the estimated number of identifiable sea lions 
                    at the catlins

Chapman's estimator Log Normal 95% CI Bailey's estimator Log Normal 95% CI
Month Ñi vari(Ñi) L U Ñi vari(Ñi) L U

June 1997 21 11.00 15 29 22 22.00 15 33
July 1997 37 123.75 20 65 35 147.00 18 68

August 1997 40 11.24 34 47 40 25.32 31 51
September 1997 41 2.86 38 44 41 14.32 34 49

October 1997 31 66.15 18 51 30 75.86 17 52
November 1997 - - - - - - - -
December 1997 21 1.99 19 24 21 4.85 17 26
January 1998 - - - - - - - -
February 1998 - - - - - - - -

March 1998 22 3.75 18 26 21 5.64 17 27
April 1998 - - - - - - - -
May 1998 26 32.64 17 40 26 40.96 16 41
June 1998 30 0.00 30 30 30 0.00 30 30
July 1998 29 105.00 15 57 27 124.44 12 59

August 1998 36 10.65 30 43 36 19.20 28 46
October 1998 30 13.44 23 38 29 40.56 19 44

November 1998 25 12.75 18 33 23 32.14 15 37
January 1999 - - - - - - - -

Table 2.4b: Monthly Baileys and Chapman estimates for  N, the total number of male sea lions at the Catlins

Chapman's estimator Log Normal 95% CI Bailey's estimator Log Normal 95% CI
Month N vari N L U N vari N L U

June 1997 26 16.67 19 35 27 33.33 18 41
July 1997 38 134.76 21 68 37 160.07 19 71

August 1997 42 12.43 36 50 42 28.01 32 53
September 1997 47 3.87 44 51 47 19.36 39 57

October 1997 36 92.42 22 60 35 105.98 20 62
November 1997 - - - - - - - -
December 1997 23 2.45 21 27 23 5.95 19 29
January 1998 - - - - - - - -
February 1998 - - - - - - - -

March 1998 30 7.14 25 35 29 10.74 24 37
April 1998 - - - - - - - -
May 1998 31 44.87 20 47 30 56.31 19 49
June 1998 36 0.00 36 36 36 0.00 36 36
July 1998 37 171.45 19 73 34 203.20 16 75

August 1998 42 14.26 35 50 42 25.70 33 53
October 1998 34 17.69 27 43 33 53.38 21 50

November 1998 28 16.82 21 37 27 42.38 17 43
January 1999 - - - - - - - -
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The seasonal and monthly Jolly-Seber estimates for total population size (N) are also 

shown in Figures 2.9 and Figure 2.10. Both the Bailey’s and Chapman’s population 

estimators produced similar results for Ñ and N (Table 2.4a and Table 2.4b). The mean 

estimates for N from both the Bailey’s and Chapman’s estimators were also plotted 

against the mean monthly direct-counts for comparison (Figure 2.11).  

 

 

2.4: DISCUSSION 

This study is the third population study undertaken in the Catlins, South Otago, as part of 

an ongoing sea lion monitoring program on the New Zealand mainland. The lack of 

breeding females in south Otago at present makes the study beaches, in particular Surat 

and Cannibal Bay, a predominantly male non-breeding location, with a total population of 

about 63 sea lions. Over the eighteen-month period of this study, July 1997 – January 

1999, only five new identifications were made. Four of these were juvenile males, plus 

one adult female previously tagged as a pup at the Auckland Islands. This rate of 

recruitment was lower than that reported by Heinrich (1998) who had 18 new 

identifications over a fourteen-month study. This low level of recruitment was seen 
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through 1997 and 1998 so it is unlikely that the mortality event at the Auckland Islands 

(Baker 1999) had an impact on recruitment during this study.  

 

The number of female sea lions seen in the Catlins during this study was low, averaging 

<1 female each month, with three individual females recorded. Observations of female 

sea lions were sporadic and they did not appear to be resident on the survey beaches. The 

tagged female has since been seen suckling a pup at the Auckland Islands. An implication 

of this for the recolonisation of the mainland is that some females are coming to the 

mainland, but are not always staying. The question then what will make them stay? 

Possibly the presence of other females will encourage them to stay and unless things 

change shortly the Otago Peninsula will remain the best location for the formation of a 

new, viable breeding colony because of the resident females there. 

 

Despite the lack of females at the survey beaches between three to seven adult males were 

present on average in the Catlins over the summer months. This compared to Heinrich 

(1998) who noted only one adult present for each of her two summer field seasons. This 

may indicate the presence of females away from the survey beaches but in the Catlins 

area. Opportunistic sea lion sightings on the Otago Peninsula during the summers of 

1999/2000 and 2000/2001 indicated that at least three adult males present throughout the 

summer months (pers. obs). A possible reason being the year round presence of females 

of breeding age at the Otago Peninsula. 

 

It is recommended that future studies use the Jolly-Seber estimator for seasonal estimates 

as described for this study. This method gives statistically robust results and will allow 

trends in population size to be monitored. For monthly population estimates, closed 

population estimators perform well, though if recruitment increases this may not be so. 

Although the results appear to reflect the mean number of sea lions seen ashore each 

month, it is unclear if this is an artifact of sampling or a real relationship. Minimum 

survey effort varies between seasonal and monthly estimates. For seasonal (or monthly) 

estimates using pooled data and the Jolly-Seber estimator, at least four survey days are 

needed to get a capture probability >0.5, which decreases the chances of the population 

estimates being biased low. It may be best if surveys are random and not conducted on 
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consecutive days. This would minimise any potential bias potentially created by 

individual foraging and rest patterns. 

 

At least in the short term, the sea lion population in the Catlins appears likely to remain a 

non-breeding colony with the re-colonisation hot spot for the New Zealand mainland 

being the Otago Peninsula, where limited breeding is underway. The two beaches most 

frequented by sea lions at the Catlins are easily accessible which makes them ideal for 

future survey work. However public access is also easy, therefore the potential for 

disturbance is greater than that seen at the beaches on the Otago Peninsula, where beach 

access is limited to walkways, with no vehicle access and/or the beaches are privately 

owned. One anecdotal report during the time of this study, was a tourist operator who 

drove his bus down Cannibal Bay, so his passengers could just step out to obtain photos 

of sea lions. Therefore future research should include the continuation of population 

monitoring and also accessing the impact caused by increasing visitor numbers to Surat 

and Cannibal Bay. 
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Chapter 3: Abundance and demography of New Zealand  

         sea lion Phocarctos hookeri, at North East  

         Island, The Snares 
 

3.1: Introduction 

The breeding population of the New Zealand sea lion, Phocarctos hookeri, is centred at 

Auckland Islands, 465 km south of mainland New Zealand, where over 95% of pup 

production occurs (Gales and Fletcher 1999). Campbell Island is the only other breeding 

location of any significance (Gales 1995, McNally et al. 2001). The species is currently 

classified as vulnerable because of its restricted breeding range (IUCN 2000). The main aim 

of the New Zealand sea lion population management plan is to allow the species to move out 

of this classification within the next 20 years, through the establishment of breeding colonies 

away from the Auckland and Campbell Islands (Mainly and Walshe 1999). Outside of the two 

main breeding colonies (Dundas Island and Sandy Bay, Enderby Island; Gales and Fletcher 

1999) at the Auckland Islands, records of breeding are few, generally incomplete and based on 

previous estimations, or rough counts. Outside of the Auckland and Campbell Islands, 

occasional pup births have been reported at The Snares (Crawley & Cameron 1972), Stewart 

Island (Childerhouse and Gales 1998) and Otago, southeast South Island (McConkey 1997, 

Heinrich 1998).  

 

The Snares (48°01’S, 166°36’E) is the closest of New Zealand’s subantarctic island groups to 

the mainland, situated 209km to the south of Bluff and 100km south east from Stewart Island 

(Figure 3.1). The island group is comprised of the main, or North East Island (280ha), 

Broughton Island (48ha), the outlying Western Chain and several other islets and stacks 

(Anon 1984). The island is a raised muscovite granite platform, generally sloping to the 

northeast. Much of the coastline is steep with the south and western coasts flanked by cliffs 

that are inaccessible to sea lions. The most accessible area of the island is on the eastern side 

adjacent to Boat Harbour. Vegetation at the Snares is of three main types: Olearia lyallii 

dominated forest, Hebe elliptica scrubland and Poa (P. tennantiana and P. astonii) tussock 

grassland (Anon 1984), with sea lions found in all these plant communities. North East Island 

is covered by 80% forest, with the canopy ranging from two to seven metres.  
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Figure3.1: Map of the study area (shaded  dark grey), North East Island, The  

                          Snares 
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Polynesian occupation of The Snares is probable as a stone adze was found in the peat in 1961 

(Anon 1984). The island group was discovered by Europeans on the 23 of November 1791, by 

Vancouver in the Discovery and Broughton shortly after in the Chatham (Anon 1984). 

Because of the commercial sensitivity surrounding the sealing trade, records of the activities 

of sealers are few and often incomplete and therefore little is known about pristine fur seal or 

sea lion numbers at The Snares. Between 1810 and 1817, a group of four men were marooned 

at The Snares. They took 1300 “seal” skins (McNab 1907), which were most li kely fur seals 

(Arctocephalus spp.), but sea lions may well have been taken also. Morrell (1832) visited in 

1830 and saw no fur seals, though it is unclear if he landed. The Currency Lass left a gang of 

ten men at The Snares in 1831 (Carrick 1903). Two of this gang were killed when their boat 

overturned after entering a cave one of whom was mauled to death by a sea lion (Carrick 

1903). “Herds of hair seals” (sea lions?) were said to frequent rocky shelves around the Boat 

Harbour (Carrick 1903, page 153). 

 

Waite (1907) reported sea lions to be numerous in “certain seasons” at The Snares and also 

noted the presence of a pup in February 1907. Sea lion gastroliths collected at The Snares 

during the Cape Expedition (1941 to 1945, Fraser 1986) contained basalt originating at the 

Auckland Islands (Fleming et al. 1953). Falla (1948, pages 136-137) who visited The Snares 

during the Cape Expedition estimated the sea lion population at “a few score, predominantly 

male with a handful of females present” and thought that breeding was possible. Richdale 

(1948) estimated that there were fewer than 100 sea lions present in 1948, predominantly 

males ranging widely in age. 

 

The University of Canterbury sent expeditions to The Snares from the 1961 to 1987. Data 

collected on sea lions during these trips was generally opportunistic. Of these observations the 

most robust was the study published by Crawley and Cameron (1972), which was based on a 

series of line transects set at varying distances from the coastline. These surveys indicated a 

mainly male population, with few females and occasional pups recorded. Since the 1970s, the 

sea lion population at The Snares has been sporadically surveyed by several expeditions using 

Crawley and Cameron’s (1972) methods. These surveys were oppor tunistic and largely 

unpublished.  
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Cawthorn et al. (1985) estimated that fewer than 10 pups were born annually at the Snares, 

with the number fluctuating and generally low. Gales (1995) estimated annual pup production 

at several pups, usually fewer than five. Gales and Fletcher (1999) initially estimated a few 

births (<10), but in the same paper they later revise this to none in recent years. With an aim 

of the population management (Mainly and Walshe 1999, Maunder et al. 2000) plan being to 

move the New Zealand sea lion out of the “vulnerable” category with establishment of new 

breeding colonies, The Snares would seem to be a suitable candidate as a potential breeding 

site. The lack of up to date observations underscored the need for a thorough, updated study. 

 

3.2: Methods 

North East Island, The Snares was visited on two occasions from April 3 to May 20 1997 and 

February 24 to March 12 1998. Over these two field seasons 13 surveys of the areas 

frequented by sea lions were completed, each one over a two or three day period for a total 36 

field days. The study area was around Boat Harbour, extending to Punui Bay in the north and 

to Ho Ho Bay at its southern end. This area included areas of coastline and extended varying 

distances into the Olearia forest (Figure 3.1).  

 

The surveys conducted encompassed the area used for transects by Crawley and Cameron 

(1972). The survey area was confirmed after preliminary surveys on arrival to The Snares and 

it included all the areas that were regularly frequented by sea lions. This was achieved by 

looking for sea lions or signs of sea lion activity, such as scats and trampled vegetation. 

Surveys were conducted on foot. The goal during each survey was to cover as much ground as 

and encounter as many sea lions, as possible. This was achieved by zig-zagging through 

sections of the forest and checking landing sites along the coast.  

 

Each sea lion encountered was aged and sexed. Photographs were taken of distinctive features 

if present. Features used in this study to identify sea lions included rips, scallops, scaring to 

both the fore and hind flippers, condition of teeth, scarring to nose or chin as described by 

McConkey (1999). Sea lions were classified into five age and sex categories: adult male, sub 

adult male, and juvenile male (McConkey 1997), females and pups. Pups were identified by 

their distinctive natal pelage (Walker and Ling 1981). Individuals that could not be sexed 
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accurately (genitalia not observed) were classed as “unsexed”. These are always juveniles, as 

it is often difficult to distinguish between sexes until secondary sexual characteristics develop. 

 

Photo Identification Catalogue 

High quality photos of identifiable individual sea lions were compiled into a catalogue. A sea 

lion was considered identified (or marked) if photographed twice during the survey sessions, 

or opportunistically and once if it had a legible tag. Subtle and/or temporary features were 

used only to differentiate between two animals who shared similar yet distinctive features. 

The objective was to obtain a set of photographs of the four limbs (flippers), the body, and 

any other distinguishing features for each animal in the catalogue. Because more sea lions 

were encountered than expected, identification photographs were only taken of individuals 

with highly visible, distinctive features.  

 

Any sea lion which could not be photographed (e.g. due to aggressiveness or being in a large 

group) or for which photographs were of poor quality (e.g. poorly focused), was considered 

unavailable for identification and omitted from use in the mark recapture analysis. This was 

necessary in order to avoid bias in population estimates (Slooten et al. 1992, Friday et al. 

2000). These animals were included in the direct counts. 

 

Analysis and Population Estimation 

A cumulative discovery curve of identified individuals was used as an indication of 

population closure (Williams et al. 1993). Leslie's test for equal catchabilty was used (Krebs 

1999) to test for capture heterogeneity within the identifiable segment of the population. This 

was done because as male sea lions become older, they are expected to be more likely to have 

obtained distinctive features than younger animals. 

 

Males 

Population estimates were calculated for male sea lions only. These were calculated by 

pooling the capture histories from the survey sessions as described by Pollock et al. (1990) for 

use in the “robust design”. The pooling of capture sessions is thought to reduce the effects of 

unequal catchabilty and therefore increase the precision of the estimate (Pollock et al. 1990). 

The robust design itself uses both primary and secondary sampling periods. The secondary 
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periods are the individual survey sessions, which are pooled to create the primary sampling 

periods. When the secondary periods are pooled, multiple captures of the same individual are 

considered as a single capture.  

 

What constitutes a primary sampling period is somewhat arbatory and varies, an example 

could be years with the secondary periods being monthly samples. The capture histories 

obtained from the nine surveys sessions completed between 4th April to 9th May in 1997, 

therefore equated to nine secondary periods (periods i to iv), that were then pooled into three 

primary periods (periods 1 to 3, the minimum number of samples for Jolly-Seber estimates). 

The four survey sessions completed between 27th February to 10th March in 1998 equated to 

four secondary periods (periods x to xiii), which were then pooled into two primary periods 

(periods 4 and 5).  

 

The sea lion population at The Snares was considered to be “open” therefore the Jolly -Seber 

population estimator (Seber 1982) was used, estimates were only calculated for the primary 

periods in an attempt to maximise the precision of the estimates. The Jolly-Seber estimator 

(Seber 1982) calculates Ñ, the number of identifiable sea lions in the population, at time (i). 

This estimate (Ñ), was scaled up by the proportion of unidentified sea lions seen in total 

giving a total population estimate (Williams et al. 1993). The variance of Ñ was calculated as 

recommended by Manly (1984) for Ñ and for N, the total number of animals in the population 

as recommended by Williams et al. (1993). The variance of Ñ was also calculated as 

recommended by Pollock et al. (1990) and Seber (1982) for comparison but there was little 

difference with Manly’s variance estimates. Log -normal 95% confidence limits were then 

calculated, as recommended by Buckland et al. (1993). Log-normal confidence intervals are 

used because their asymmetric nature better represents the uncertainty associated with 

abundance estimates (Buckland et al. 1993).  
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The low number of females and pups encountered made it inappropriate to calculate 

population estimates using mark recapture methodology. Instead, I deduced minimum 

estimates as simply the maximum number of individuals seen on any given survey session for 

each year. 

 

3.3: RESULTS 

Terrestrial distribution 

The sea lion population was concentrated at Boat Harbour, and extended from there out to Ho 

Ho Bay and Punui Bay. The highest concentrations of sea lions recorded were in the area of 

Seal Point and a large tidal rock pool adjacent to it. The distance traveled inland varied from 

the intertidal zone to about 300m from the coast. Sea lions were rarely encountered outside 

the survey area shown in Figure 1, but sea lion scats were found at Penguin Slope and on 

South Promontory, a site where pups have been recorded previously (Anon 1985). Regularly 

used sea lion paths through the forest quickly turn the peat into quagmires in some locations. 

A good example of sea lion impacts on the terrestrial habitat is seen on the tussock (Poa 

astonii) slope leading up the stream at Arm 3, Ho Ho Bay (Figure 3.2). 

 

Photo-identification of individuals 

A total of 1271 sea lion encounters were logged during the 13 survey sessions. This total 

included 355 (35%) encounters with "identified" individuals. The majority of encounters were 

with males of various age classes 1244 (97.6%) and very few with females 27 (2.1%). Only 

one sea lion encountered was classed as unsexed. From the direct counts an average of 68% 

(range 38% to 78% per survey, n=13 surveys) of all sea lions encountered each survey were 

considered for use in population estimation (either identifiable or no features present). The 

average number and range of sea lions encountered each survey session is shown in Table 3.1, 

together with a summary of previous counts. A total of 118 individual males were identified 

during this study. In total 97 male sea lions were considered as identifiable in 1997, with an 

additional 21 identifiable  
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Figure 3.3:  Individual sighting records for the 118 male identified male sea lions at The Snares, 
Age in 1997 1998

ID Number 1997 i ii iii iv v vi vii viii ix x xi xii xiii Total

SN9700001 6+ 1 1 1 1 4
SN9700002 6 1 1 1 1 1 1 1 1 8
SN9700003 4 1 1 2
SN9700004 6+ 1 1 1 1 1 5
SN9700005 5 1 1 1 3
SN9700006 4 1 1 1 1 1 1 1 1 1 1 10
SN9700007 6+ 1 1 1 1 4
SN9700008 5 1 1 1 3
SN9700009 1 1 1 1 3
SN9700010 6+ 1 1 1 1 1 5
SN9700011 6+ 1 1 1 1 1 1 6
SN9700012 6+ 1 1 1 1 1 1 1 7
SN9700013 1 1 1 1 3
SN9700014 6+ 1 1 1 1 1 5
SN9700015 6+ 1 1 2
SN9700016 4 1 1 2
SN9700017 5 1 1 1 1 4
SN9700018 6+ 1 1 1 1 1 5
SN9700019 4 1 1 1 3
SN9700020 6+ 1 1 1 1 4
SN9700021 5 1 1 1 3
SN9700022 5 1 1 1 1 1 5
SN9700023 2 1 1 1 1 4
SN9700024 6+ 1 1 1 3
SN9700025 5 1 1 2
SN9700026 6+ 1 1 1 1 4
SN9700027 5 1 1 1 1 1 5
SN9700028 6+ 1 1 1 1 4
SN9700029 6+ 1 1 1 3
SN9700030 6+ 1 1 2
SN9700031 3 1 1 1 3
SN9700032 3 1 1 2
SN9700033 3 1 1 1 1 4
SN9700034 5 1 1 1 1 1 1 6
SN9700035 5 1 1 1 1 4
SN9700036 4 1 1 1 1 1 1 1 7
SN9700037 6+ 1 1 1 3
SN9700038 3 1 1 2
SN9700039 2 1 1 1 3
SN9700040 2 1 1 2
SN9700041 5 1 1 1 1 1 5
SN9700042 6+ 1 1 1 3
SN9700043 4 1 1 1 3
SN9700044 6+ 1 1 1 3
SN9700045 2 1 1 1 1 4
SN9700046 6+ 1 1 2
SN9700047 4 1 1 2
SN9700048 4 1 1
SN9700049 4 1 1 1 1 4
SN9700050 4 1 1 1 1 1 1 6
SN9700051 4 1 1 2
SN9700052 5 1 1 2
SN9700053 5 1 1 1 1 4
SN9700054 6+ 1 1 2
SN9700055 6 1 1 1 1 1 5
SN9700056 3 1 1 1 1 1 5
SN9700057 6+ 1 1 1 3
SN9700058 5 1 1 1 1 4
SN9700059 6 1 1 1 1 1 5
SN9700060 3 1 1 1 1 4
SN9700061 4 1 1 1 1 1 1 6
SN9700062 4 1 1 1 3
SN9700063 5 1 1 1 3
SN9700064 3 1 1 2
SN9700065 4 1 1
SN9700066 5 1 1 2
SN9700067 5 1 1 2
SN9700068 2 1 1 1 3
SN9700069 4 1 1 2
SN9700070 4 1 1 1 3
SN9700071 5 1 1 2
SN9700072 6+ 1 1 1 1 4
SN9700073 3 1 1 1 1 4
SN9700074 3 1 1 1 1 4
SN9700075 4 1 1 2
SN9700076 4 1 1 2
SN9700077 4 1 1
SN9700078 4 1 1
SN9700079 3 1 1 2
SN9700080 5 1 1 2
SN9700081 4 1 1 2
SN9700082 4 1 1 2
SN9700083 4 1 1 1 3
SN9700084 6+ 1 1 1 3
SN9700085 4 1 1
SN9700086 4 1 1 2
SN9700087 6 1 1 1 1 4
SN9700088 6 1 1 2
SN9700089 2 1 1 1 3
SN9700090 4 1 1 2
SN9700091 4 1 1 2
SN9700092 4 1 1 1 3
SN9700093 3 1 1
SN9700094 5 1 1 2
SN9700095 6 1 1 1 3
SN9700096 3 1 1 1 3
SN9700097 4 1 1
SN9800001 4 1 1
SN9800002 6+ 1 1 1 3
SN9800003 2 1 1 2
SN9800004 6+ 1 1 2
SN9800005 6+ 1 1 2
SN9800006 6+ 1 1 2
SN9800007 6+ 1 1 2
SN9800008 2 1 1 2
SN9800009 2 1 1 2
SN9800010 4 1 1
SN9800011 4 1 1
SN9800012 6+ 1 1 2
SN9800013 6+ 1 1 2
SN9800014 6+ 1 1 1 3
SN9800015 6+ 1 1 2
SN9800016 3 1 1
SN9800017 6+ 1 1 2
SN9800018 4to5 1 1 2
SN9800019 3 1 1
SN9800020 4 1 1
SN9800021 4 1 1
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males in 1998 (Figure 3.3). Over the two years, a total 174 individuals possessing distinctive 

features and/or legible tags were seen at least once. Of the sea lions identified from 1997, 61 

(63%) individuals were resighted in 1998. Animals previously tagged as pups at the Auckland 

Islands comprised of 40 males and two females. The cumulative discovery curve of identified 

individuals (Figure 3.4) indicated that sea lions at The Snares were part of an open population, 

as the curve does not have a distinct plateau. 

 

The proportion of identified individuals (from sea lions used for the mark-recapture analysis) 

encountered each survey session ranged from 23% to 55% (mean = 42%) for the nine survey 

sessions in 1997 and from 34% to 50% (mean = 43%) for the four surveys sessions in 1998. 

Each identified individual was seen on average three times (range 1 to 10, s.d. = 1.59, n = 13 

surveys) over the two field seasons. In 1997 identified sea lions were seen on average twice 

(range = 1 to 9, s.d. = 1.39) and in 1998 they were seen on average, once (range = 1 to 4, s.d. 

= 0.94). The null hypothesis of equal catchabilty within the identified segment of the 

population was not rejected by Leslie’s test for equal catchabilty (p = 0.97, 14df) indicating 

that capture heterogeneity is not a problem in this data set. 

 

Table 3.1: Average (and range) of direct counts from current study and previous direct 
                   counts and surveys of sea lions, NE Island the Snares

Year Females Males Unsexed Pups             Source
1948 "few" "few score" "possible" Falla, 1948
1948 ? <100 Richdale 1948

1969/70 ? (1) ? 1 Crawley and Cameron, 1972
1970/71 8 (4-11) 31 1 Crawley and Cameron, 1972
1976/77 ? 1 P. Sagar unpublished data
1982/83 ? 1 C.Miskelly, unpublished data
1983/84 5 (2-8) 38 1 1 (0-2) P.Carey, unpublished data

1984 "few" 50-100 "likely" Anon 1984
1984/85 ? 0(1*) C.Miskelly, unpublished data
1985/86 ? 0 A. Tennyson, unpublished data

1986 50-100 Fraser 1986
1986/87 ? 1(0-1) A. Tennyson, unpublished data
1987/88 1 (?-2) 47 ? B.Rance unpublished data

1992 1*(0-1) 51 1 (0-1) ? A. Tennyson, unpublished data
1997 2 (0-2) 89 1(0-1) This study, mean of direct headcounts
1998 4 (1-7) 104 1 0 This study, mean of direct headcounts

* heard pup or female calling
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Population size and demography 

The input statistics used with the Jolly-Seber population estimator to calculate total 

population size (N), are shown in Table 3.2. The capture probabilities calculated are relatively 

high (>0.50, Table 3.3a) therefore it is unlikely that the estimate of Ñ will be biased low 

(Pollock et al. 1990). The CVs for the estimates Ñ were all <0.20 therefore the precision for Ñ 

(or mean estimate) is acceptable (Krebs 1999). The total population size (N) was estimated at 

Table 3.2: Input statistics for Jolly-Seber calcculations

Period* ni mi Ri ri zi Mi pi

1 43 43 42 0
2 58 26 58 50 16 44.51 0.58
3 69 47 69 41 19 78.67 0.60
4 60 44 60 22 16 86.43 0.51
5 43 38 43

*Note: "Period" is the pooled sample sessions, see table 3.3a for dates

Table 3.3a: Jolly-Seber parameters estimated for Ñ, the estimated number of marked 
                    sea lions in the population

From: Manly 84'        Log Normal 95% CI

Dates Period Ñi vari(Ñi) Lower Upper CV(Ñ)

   4 April - 13 April 1997 1
  14 April - 29 April 1997 2 97 94.00 80 118 0.10
   30April - 9 May 1997 3 115 98.10 97 136 0.09
  27 February - 3 March 1998 4 117 253.66 90 153 0.14
    4 March - 10 Narch 1998 5

Table 3.3b: Estimates for N, total number male sea lion and 95% CI
       Log Normal 95% CI

Period N vari N Lower Upper CV(N)

1
2 263 1214.26 203 340 0.13
3 234 720.33 187 293 0.11
4 255 1657.56 187 348 0.16
5
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234 (95% CI 187 to 293) animals in 1997 and 255 (95% CI 187 to 348) animals in 1998 

(Table 3.3b). 

For the surveys conducted in 1997 the encounters were mainly with juveniles and sub adult 

sea lions with generally a slightly lower number of adult males encountered. However in 1998 

the number of adult males encountered increased and the numbers of juveniles encountered 

decreased significantly (Figure 3.5). The demography of the male population was significantly 

different between the two survey years (3x2 log-likelihood ratio test, p = 0.002, 2df). 

 

Females and pup 

Maximum numbers of individual females seen in a single survey were 2 in 1997 (mean per 

survey = 1.22, range 0 to 2) and 7 in 1998 (mean per survey = 4, range 1 to 7). A single pup 

was recorded in 1997, but none in 1998 (Table 1). In 1997 most females were encountered at 

sites away from the main concentration of males around Seal Point and Boat Harbour and 

generally encountered deeper into the forest. The pup was initially found by following a 

female calling for her pup, up the small stream at Arm 3, Ho Ho Bay. The pup when found 

was in the company of another cow. The group was not disturbed by my presence and I was 

able to sex the pup as female. The second sighting of a pup was in the mouth of Ho Ho Creek, 

also a female and possibly the same as seen previously. In 1998 females were seen throughout 

the survey area and regularly around Seal Point and Station Point, where none were recorded 

in 1997. A young female (about one year old) was resident at the research station in 1998 and 

could have been the pup seen in 1997. The two tagged females seen in 1998, have been 

recorded pupping at the Auckland Islands (I. Wilkinson pers.com.). 

 

3.4: DISCUSSION 

The results of this study shows that The Snares remain a predominantly male sea lion haul-out 

location and the largest concentration of New Zealand sea lions away from the Auckland 

Islands and Campbell Island. The mark-recapture estimates show the sea lions at The Snares 

number about 250 males of various age categories and there were fewer than ten females 

present, with only one pup recorded over the two years.  

 

In addition to the mark-recapture estimates, I also summarised the direct counts in order to 

make comparisons with earlier studies. Direct counts of pinnipeds are subject to several 
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biases. They are usually highly variable (Bradshaw et al. 1999) and because some individuals 

are at sea, they always underestimate the number of animals present. However, if treated as an 

index of abundance, they indicate that the population has increased since the surveys by 

Crawley and Cameron (1972) and the unpublished surveys based on their methodology. The 

increase in numbers of males at The Snares is consistent with current growth in the Otago 

population (McConkey 1997, Heinrich 1998). The number of females has remained 

consistently low, and is reflected by low numbers of pupping records. 

 

The population estimates obtained from the Jolly-Seber estimator during this study are 

statistically robust. However they should still be treated with caution because use of non-

breeding colonies by New Zealand sea lions varies seasonally and this study relates to only 

part of the year. Ideally the estimates would be used to monitor population trends. However it 

is unlikely surveys of this type will be conducted again, as the Department of Conservation is 

keeping research at The Snares to a minimum. The sea lion population at The Snares is likely 

to be subject to both temporary movements of animals into and out of the study area (pers. 

obs, see also Chapter Five). This is a potential source of bias in the population estimate 

(Pollock et al. 1990) and accounting for this source of bias is difficult, especially in pinniped 

populations. 

 

The number of females present differed between the two years surveyed, with the numbers 

seen similar to those previously recorded. There has been no dramatic change in the 30 years 

since 1970. In 1998 more female sea lions were seen on average during the surveys and in 

areas where females were not recorded in 1997. At Campbell Island site use by females and 

the formation of breeding colonies are sporadic (McNally et al. 2001), so the appearance of 

females at different sites is not surprising.  

 

Pup production during this study comprised of a single female pup found in 1997. Given the 

number of females present this is not a surprising find. Recent published estimates of pup 

production at The Snares appear to be invalid and are somewhat optimistic in the light of 

available data. However, the important question is why has colonial breeding not been 

established at The Snares? Any answer to this is speculative and may involve several factors. 

One possible factor is that the New Zealand sea lion population has not reached a “critical 
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threshold” where spillover of breeding animals into new sites could occur. Female sea lions at 

the Auckland Islands are foraging at their physiological limits (Gales and Mattlin 1997, Costa 

and Gales 2000).  

 

Pup production at the two main Auckland Island colonies appears to have been relatively 

stable since 1972 (Gales and Fletcher 1999). This indicates that food could be the limiting 

factor and the population will not reach this “critical threshold” to facilitate spill over of 

females in the foreseeable future. The Snares lacks sandy beaches, which are thought to be the 

preferred terrestrial habitat (King 1990), so sea lions haul-out on rock platforms, tussock 

swards and often venture into the forest. Females tend to go deeper into the forest and may be 

trying to escape from male harassment, as they lack a “critical mass” of females for colony 

formation (McNally et al. 2001). 

 

The goal of the New Zealand sea lion population management plan is to allow the species to 

move out of their current “vulnerable” IUCN classification within the next 20 years (Mainly 

and Walshe 1999, Maunder et al. 2000). New Zealand sea lions are considered threatened 

principally because of their very restricted breeding area. Therefore the only way they can 

move from a threatened category is by the establishment of breeding away from Auckland 

Island and Campbell Island breeding sites. The Snares would seem a logical location for the 

establishment of a new breeding colony(s), because of its geographical position and previous 

records of breeding. Records of breeding at The Snares are spread through nearly a century 

but have not culminated in an increase in the number of females or the establishment of 

colonial breeding. 
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Chapter 4: Distribution and breeding of New Zealand sea lions  

Phocarctos hookeri on Campbell Island 
 

4.1: INTRODUCTION 

The breeding distribution of the New Zealand sea lion, Phocarctos hookeri, is centred on the 

New Zealand Subantarctic Islands. Over 95% of pups are born at four colonies in the 

Auckland Islands (Gales & Fletcher 1999), with the only other significant breeding population 

on Campbell Island (Gales 1995). Occasional births have been recorded at the Snares 

(Crawley & Cameron 1972), Stewart Island (Childerhouse & Gales 1998) and Otago 

Peninsula (McConkey 1997; Heinrich 1998). There are regular haul-out sites on the Snares 

(Crawley & Cameron 1972), Stewart Island (Wilson 1979), South Otago (Heinrich 1998; 

McConkey 1997), Otago Peninsula (McConkey 1997) and to a lesser extent Macquarie Island 

(Gales 1995). The total population was estimated at 12,500 (95% C.I. 11,000 to 14,000) 

individuals for the 1995/96 austral summer (Gales & Fletcher 1999).  

 

In the decade 1987 to 1997 an average of 78 individuals a year have been caught incidentally 

in the squid trawl fishery established on the Auckland Island shelf in the 1970’s (Manly & 

Walshe 1999). The impacts of this bycatch on the New Zealand sea lion population are 

unknown, due to a lack of knowledge of their basic life history parameters. This bycatch is 

presently managed using a catch limit of sea lions called a Maximum Allowable Level of 

Fishing Related Mortality (MALFIRM) which restricts bycatch to a theoretically sustainable 

level, and requires closure of the Auckland Island squid fishery should the MALFIRM trigger 

point be reached (Manly & Walshe 1999). 
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Figure 4.1: Campbell Island showing locations of transects and approximate locations pups  

        found. 
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The Campbell Island group (52°33 S, 169°09 E) is situated 660km south of the New Zealand 

mainland (Figure 4.1) and is comprised of one large main island and several smaller islands, 

with a total land area estimated at 11,331 hectares (Anon 1983). Campbell Island is covered 

with dense vegetation forming distinct plant communities (Meurk et al 1994), which include 

tussock meadows (Poa spp.), dwarf forest (Dracophyllum spp. and Coprosma spp.) and herb 

fields. The terrain is steep and much of the coastline is inaccessible due to sheer cliffs. 

 

Historic records of sea lions at Campbell Island 

The pristine population size of sea lions at Campbell Island is unknown (Gales 1995). After 

Campbell Island was discovered in 1810, fur seals and sea lions were hunted to very low 

numbers, mainly for their skins (McNab 1907; Thomson 1912; Warneke 1982). Few records 

of the early sealing period at Campbell Island remain, but the industry as a whole, which was 

based primarily on fur seals, had declined to an unprofitable level by the 1830s (Kerr 1976).  

 

During Musgrave’s visit to Campbell Island in 1863, "sea lions, or other species of the 

phocidae were exceedingly rare", with only five sea lions caught during a one month period 

(Musgrave 1866; Raynal 1885). However numerous sealing, whaling, scientific and 

government expeditions visited Campbell island from the 1870s to early 1900s, and reported 

that sea lions were numerous and widely distributed over the island (Filhol 1885; Reischek 

1889; Joyce 1894; Waite 1909; Thomson 1912). Possible breeding groups were sighted at 

Northeast Harbour, Perseverance Harbour and Northwest Bay (Filhol 1885). From 1909 to 

1916 a whaling station was based at Northwest Bay, where sea lions were regularly used for 

dog food (Timms 1978). When the whalers first arrived, Sandy Bay was "alive with sea 

lions", but few were left by the time of their departure (Timms 1978). 

 

Since the 1940s estimates of the number of sea lions at Campbell Island have varied from 

"many hundred" male sea lions in 1947 (Bailey & Sorensen 1962), to 78 from a single count 

in 1975 (Russ 1980) and between 120 and 200 in 1987/88 (Moore & Moffat 1990). Females 

were always fewer than males, but seem to have increased from “less t han 20” in 1947 (Bailey 

& Sorensen 1962) and 50 in 1979 (Falla et al 1979), to between 70 and 150 in 1997/88 

(Moore & Moffat 1990). Male sea lions, particularly immature males, make up the majority of 

reported sightings. Bailey & Sorensen (1962) noted that between 1941 and 1958 the main sea 
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lion concentrations were in Northwest Bay and Northeast Harbour, but animals were also 

regularly seen in Perseverance Harbour and haul-outs around the coast. During the 1970s and 

1980s the largest concentrations of male sea lions were recorded at Northwest Bay (Russ 

1980; Taylor & Sadleir 1985; Moore & Moffat 1990). Northeast Harbour and Southeast 

Harbour were also regularly used haul-out locations (Russ 1980; Moore & Moffat 1990). 

 

Taylor & Sadleir (1985) reported that about 30 pups were born on Campbell Island during the 

1984/85 breeding season. Moore & Moffat (1990) reported a minimum of 56 pups for 

1987/88 mainly in Capstan Cove, Northwest Bay, and Tucker Cove (see Fig 1). During the 

1991/92 breeding season, 98 pups were tagged on Campbell Island and 24 dead untagged 

pups were counted to give and overall estimate of pup production of 122 (M. Fraser 

pers.comm). Fraser's study was undertaken on an opportunistic basis, and pups were tagged 

and encountered all across the island. Cawthorn (1993) estimated the total pup production at 

Campbell Island to be 150 for the 1992/93 breeding season. In May 1981 (B. Graham 

per.comm tp M. Cawthorn in Moore and Moffat 1990) three pups tagged at the Auckland 

Islands were seen in a group of 36 pups, the extent of this type of input on the Campbell 

Island sea lion population is uncertain. 

 

The aim of our study was to investigate the abundance, distribution and pup production of 

New Zealand sea lions on Campbell Island during the 1997/98 breeding season. Strip 

transects and direct counts were used to assess the distribution of adult animals. Pup 

production, distribution and mortality were assessed using strip transects, mark recapture 

techniques and direct counts. 

 

4.2: METHODS 

This study was carried out at Campbell Island between 5 January and 17 February 1998. 

Before arriving on the island, we conducted a literature review and interviews with people 

who had spent time on Campbell Island. From this research, locations reportedly used by sea 

lions were identified and ranked by the number seen in each location. Surveys were then 

conducted in these locations, in sequence from the highest to the lowest sea lion abundance. 

Work on the survey was prematurely halted on the 29 January because of health concerns 

raised by an unexpected mass mortality event of New Zealand sea lions (Baker 1998). At this 
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point, the work program was modified to collect information on the impact of the mass 

mortality event on the Campbell Island sea lion population. As a result the planned survey 

coverage of the island was not completed. 

 

Assessment of density and distribution 

Strip transect methodology was trialed to estimate sea lion density and distribution across the 

island (Buckland et al 1993). Direct counts were utilised at specific locations on the coast 

(listed in Table 1) where sea lions were known to haul out. Incidental sea lion encounters were 

also recorded. Sea lions were classified into five sex and age categories: adult, sub adult, and 

juvenile males (McConkey 1997), adult females and pups. Individuals that could not be 

accurately sexed (genitalia not observed) were classed as unsexed. These were mostly young 

adults since it is often difficult to distinguish between sexes until secondary sexual 

characteristics develop. Pups were identified from their distinctive natal pelage (Walker and 

Ling 1981). 

 

For strip transects, both observers followed parallel paths simultaneously while maintaining a 

constant distance between each other. The start point of each transect was selected randomly 

within each site, and the direction was chosen to include altitudinal variation where possible. 

The start and end points of each pair of transects were recorded using a handheld GPS unit 

(Garmin, GPS 38). During these ground searches we tried to cover as much ground as 

possible including a variety of terrain and habitat types. 

 

Pup tagging 

All pups encountered were sexed by direct observation of genitalia and tagged on each front 

flipper using red Allflex button tags (Allflex, Palmerston North, NZ) carrying an individual 

laser etched 5 digit code eg. A0001. Plugs of tissue obtained from the female part of each tag 

were stored individually in vials of 10% alcohol for later genetic analysis. Weight and 

standard length (Scheffer 1967) were measured and recorded. The location of each pup was 

recorded using GPS, and also information about companion animals and characteristics of its 

location. To aid resightings of tagged pups, each pup was marked both on the crown of the 

head and on the back, with stock marker paint (Donaghys Super Sprayline Stock Marker) 
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before release. Pups removed from their mothers or companions were released back with them 

or as close to them as possible.  

 

Pup production and mortality 

Estimates of pup production and mortality were to be obtained from a combination of inland 

strip transects, coastal direct counts, and mark recapture techniques. Two days were spent 

tagging pups at Davis Point and a third day conducting recaptures. Chapman's modification of 

the Lincoln/Petersen estimator (Seber 1982) was used to estimate pup production at Davis 

Point. Incidental encounters of pups around the island were also recorded. Pup mortality was 

assessed by direct counts of bodies found. Dead pups were marked using stock marker to 

avoid recounting. The total estimate for pup production on Campbell Island was calculated by 

adding the number of pups tagged, the number of dead pups, and the minimum number of 

untagged pups seen at different location, including those not captured. 

 

4.3: RESULTS 

 

Assessment of density and distribution 

A total of 100 strip transects (50 pairs) were completed (Figure 4.1). Sightings of sea lions 

were low along most transects. Altogether, 32 sea lions were sighted along the transects, of 

which four were pups. The majority of sightings were around Northeast Harbour, where 19 

males were recorded. Direct counts and incidental encounters of animals by sex, age and 

location are summarised in Table 4.1. We logged over 1800 sea lion encounters during this 

study, of which only 14 were animals previously tagged as pups at the Auckland Islands. As 

few sea lions were individually identifiable, the total number of encounters may include 

repeated sightings of some individuals. Eight dead adult sea lions (3 females, 4 adult males, 1 

juvenile male) were seen at different locations, but were not included as part of the counts. 
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Table 4.1:  Mean counts of New Zealand sea lions at specific locations, Campbell Island, January 1998.
              Counts Mean number of sea lions counted by class

Area No. Mean no. Range SD Adult Sub-adult Juvenile Cow Pup Unsexed
Counts individuals male male male

Perseverance
Tuckers Cove 10 2 1 - 3 0.7 1 <1 <1 - - -
Camp Cove 4 4 1 - 5 1.9 2 <1 <1 1 <1 -
Met Station 8 8 3 - 16 4.2 3 2 2 2 <1 -
Beeman Hill 3 3 1 - 5 1.7 2 <1 <1 <1 - <1
Garden Cove 3 2 2 - 3 0.6 1 - - 1 - -
Lookout Bay 5 2 1 - 3 0.9 1 <1 <1 <1 - -
Boyack Point 1 2 - - 1 - - 1 - -

North West Bay
Capstan Cove 7 2 1 - 4 1.4 <1 <1 1 <1 - -
Middle Bay 6 5 2 - 11 3.2 3 <1 2 1 - -
Sandy Bay 9 76 19 - 146 46.0 26 32 9 2 <1 -
Menhir 1 4 - - 1 - - 1 2 -
Mount Dumas 1 5 - - - 1 - 2 2 -
Cattle Bay 1 1 - - - - 1 - - -
Blue Lagoon 3 9 6 - 13 3.8 7 2 - - - -
Penguin Bay 1 4 - - 1 - 1 1 1 -

Moulbray
Davis Point 4 25 10 - 41 16.5 2 1 <1 9 13 -
Smoothwater Bay 1 1 - - - - 1 - - -
West of Davis Point 1 3 - - - - - 1 2 -

North East Harbor
Head of Harbour 2 9 5 - 13 5.7 7 1 1 1 - -
North Side 1 27 - - 14 5 6 2 - -
South Side 1 4 - - 2 1 - - - 1

South East Harbor
Beach 3 24 16 - 38 12.2 5 7 8 4 - -
East Side - - - - - - - - - -
West Side 1 6 - - 1 1 3 1 - -
Shag Point 1 1 - - - - - 1 - -
Monument Harbour 1 6 - - 2 2 - 1 - 1  
Sea lions were found up to 1.5km inland altitudes of up to 250 metres. They were found in a 

variety of vegetation and habitat types including tussock meadows, dwarf forest, herbfields 

and coastal sward. In many places around the coastline there were well worn tracks up into the 

bush which appeared to be used regularly by sea lions and penguins. Most male sea lions 

encountered inland were either solitary or in small groups. Females were rarely encountered 

away from Davis Point (n=42) and were generally solitary (45%) or accompanied by either a 

pup (5%), an adult male (12%), pup and adult male (12%) or others (26%). Small groups of 

males were seen along the coast, but these appeared to be very variable in location and 

number. Regular haul-out sites around the island include Tucker Cove, Camp Cove, the 

Meteorological Station, Lookout Bay, Capstan Cove and Middle Bay (Figure 4.1). Unlike the 

main haul-outs these locations did not have an area of sandy beach but were either bedrock 

with a mud layer, cobbles or raised bedrock platforms like Davis Point, with Dracophyllum 

scrub and tussock grasses on the shore. 
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Conditions along many of the transects were inappropriate for strip transect methodology. 

Much of the terrain was rugged and covered in dense vegetation, making sighting distances 

and the transect lengths very variable. Visibility from the transect line (half strip width) varied 

from 20 metres to less than one metre. This, coupled with a very low sea lion encounter rate, 

did not satisfy the assumptions the method, and therefore was an unsuitable method for 

calculating sea lion density on Campbell Island (Buckland et al. 1993). 

 

Pup production and mortality 

A total of 38 pups were tagged with the tag numbers A0001 to A0038 (21 male, 17 female) 

between 10 and 22 January, and an additional 16 untagged pups were sighted. Only four pups 

were located along the transects. Males were significantly heavier (t-test; df=36, p<0.01) and 

longer (t-test; df=36, p<0.001) than females (Table 4.2). Twenty seven pups were tagged at 

Davis Point and 11 were tagged at other locations, which included three sites where two pups 

were found together. Eleven of the 16 untagged pups encountered were in areas surveyed 

before January 29, representing 17% of all live pups seen. 

 

 

Mark-recapture calculations at Davis Point indicated a mean of 30 live pups (95% CI 27-33), 

while the mean estimate derived from direct counts was 16 (95% CI 10-22). The mean of 

direct counts does not accurately reflect pup numbers as there was some movement between 

Davis Point and the scrub behind it where it was difficult to find and count pups. Twenty-four 

dead pups were found when we first arrived at Davis Point, but no subsequent pup mortality 

was observed. The majority of dead pups were found in bog holes, but the causes of death 

could not be determined, as all the carcasses seen were reduced to skin and bone. This count 

suggests a mortality rate of approximately 44% at the Davis Point colony. About 40% of all 

sea lion pups tagged at Davis Point had blisters and/or abrasions on the soles of both front and 

hind flippers. Three of these otherwise healthy looking pups had great difficulties in walking 

on their flippers. A female pup at Davis Point had a compound fracture to its pectoral flipper 

Table 4.2  New Zealand sea lion pup measurements, Campbell Island, January 1998.
               Weight (kg)                  Length (cm)

No. Mean (S.D.) Range Mean (S.D.) Range
Female 17 11.6 (1.7) 9.0 - 14.8 77.8 (5.2) 68.5 - 87.6
Male 21 13.7 (2.4) 9.8 - 20.0 84.6 (4.9) 71.2 - 93.6
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and was not tagged (considered unmarked). No dead pups were seen elsewhere on the island. 

The minimum estimate of pup production for Davis Point is 54 (30 live and 24 dead). 

As for adults, strip transects were an inappropriate technique for estimating pup density and 

abundance. Instead we made a minimum estimate of total pup production on the island of 78 

in the 1997/98 breeding season, comprising 38 tagged pups, 24 dead pups and 16 untagged 

pups seen at different locations around the island. 

 

4.4: DISCUSSION 

Because of the rugged nature of the terrain and the dense vegetation that covers much of 

Campbell Island, strip transect techniques were inappropriate for estimating density and 

abundance of sea lions. This, combined with a low sighting rate, failed to meet the 

assumptions of the method. However, the surveys provided some useful data. Low sighting 

rates of sea lions on the transects indicated that sea lions were scarce inland, with a clumped 

distribution on the coast. Although large tracts of the island were not covered, representative 

parts of most areas previously reported as inland sea lion habitat were surveyed, and very few 

sea lions were found. Cliffs along much of the Campbell Island coastline allow limited access 

inland for sea lions which makes it unlikely that there were many sea lions in the inaccessible 

areas that were not surveyed. Counts at different sites were conducted over a six week period 

and during this time individuals could easily have moved between sites and could have been 

counted more than once, so it is not possible to estimate the total adult population on the 

island. In addition, the proportion of sea lions foraging at sea, and therefore not available for 

counting, was unknown. 

 

The minimum estimate of 78 pups produced in the 1997/98 season is lower than the 122 

reported for Campbell Island from 1991/92 (Gales and Fletcher 1999). The 1991/92 estimate 

was based on opportunistic encounters from March to May, later than the work reported in 

this paper. Although the 1997/98 survey was not completed, the methods used to calculate 

both estimates are similar. However it is still not possible to draw any real conclusion other 

than to say that it is unlikely that there has been a large change (i.e. an order of magnitude) in 

pup numbers over this time. Had our survey work not been halted prematurely due the mass 

mortality event, we would have had increased coverage of the island, and our estimate would 
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probably have been higher. Pups are the only complete portion of the population that are 

accessible and confined to the island. They therefore could be used as an index of population 

size and health on Campbell Island, as is done at the Auckland Islands. It would be very 

difficult to generate a robust estimate of numbers of all other age classes for the island and 

this may not be particularly useful in itself. 

 

Pups were widely dispersed over much of the island. They were found along the coast, inland 

at varying altitudes (sea level to >250m) and in a variety of vegetation types. Due to the low 

sighting distances, dense vegetation and mobility of sea lion pups, it was not surprising to find 

untagged pups in areas thought to have been thoroughly searched. It is unlikely that this 

untagged proportion could ever be eliminated due to the terrain and sea lion behaviour, but 

increased effort could reduce this source of error. We suggest that a better estimate of pup 

production for the island might be obtained by catching and tagging pups later in the year, 

about March or April. At this time, pups born inland come down to the coast, form small 

groups and are more visible (Moore & Moffat 1990). This would still provide a minimum 

estimate as any live or dead pups still located away from the coast would not be included. 

Inland surveys of areas known to be used by pups could still be conducted along with coastal 

surveys to reduce errors from missing pups inland. Caution would be needed with survey later 

in the season in case of an influx of pups from the Auckland Islands, but if it occurs in low 

numbers the effect of this input could be negligible.  

 

All of the dead pups found were at Davis Point. It is likely that most of these pups died by 

being trapped in holes and succumbing to either starvation, exhaustion, suffocation, or a 

combination of these. Similar pup deaths have also been reported from Dundas and Enderby 

Island in the Auckland Islands (Gales 1995). It is also common for sea birds such as Skuas 

(Catharacta spp.) and Giant Petrels (Macronectes spp.), to scavenge dead pups and drag the 

carcasses about making it possible for remains to accumulate in any low points such as holes 

around the colony. The very high mortality rate seen at Davis Point does not appear to be 

representative of general pup mortality on Campbell Island as no dead pups where found 

elsewhere. However, it is much harder to find dead pups in the vegetation. 

 



Chapter 4: Sea lion distribution & breeding, Campbell Is. 56 
 
 

 

It is unclear if the mortality event described from the Auckland Islands (Baker 1998) 

contributed to the pup mortality at Campbell. Adults showing similar symptoms were seen at 

Campbell Island, so it is probable that the causal agent(s), were also present there. In addition, 

sores and abrasions were seen on the flippers of some pups at Davis Point, which were not 

described as symptoms at the Auckland Islands. These could have been caused by the rough 

and contaminated terrain (i.e. raised rock platform covered with peat holes, mud and faeces, 

stagnant pools) on which these pups lived. Although similar conditions are found on Dundas 

Island, such injuries have not been reported previously.  

 

As in previous studies (Bailey & Sorensen 1962; Russ 1980; Moore & Moffat 1990) 

Northwest Bay was the most common haul-out location. Perseverance, Northeast and 

Southeast Harbours also frequently used. Within each of these areas, individuals were often 

aggregated into small groups, but others were spread widely around the coast and into the 

vegetation inland. Of the three sandy beaches at Campbell, Sandy Bay is the most popular 

haul-out location, and similar numbers of sea lions have hauled out there for the last 50 years. 

Males were frequently found around the coast in small groups of mixed aged classes and were 

not encountered inland as regularly as on the coast. Adult males were the most common 

category encountered on Campbell, especially in Sandy Bay. This location is the largest of the 

island's sandy beaches and is relatively sheltered, with grasses extending into scrub inland. 

 

Adult females were seldom encountered, with one exception. Davis Point was the only 

location where pups, cows and bulls were found together constituting a small breeding colony. 

Records in the journal at Moubray Hut nearby indicate that the use of Davis Point as a colony 

is sporadic, varying from year to year. Small sporadic breeding colonies have appeared at 

other locations around the island (P. Moore pers.comm.). It is unclear why the existence of 

breeding colonies, as seen at Davis Point, is sporadic. Possible reasons for this may include 

food limitations, limit of historic breeding range, or lack of space, but there is little 

information to support these ideas. In contrast, breeding at the Auckland Islands is definitely 

colonial, with males and females of all ages congregating at four main sites around the islands 

(Gales & Fletcher 1999). In January 1999, during searches on Enderby Island, 6 solitary 

females with newborn pups were observed away from the main colonies suggesting that they 

had given birth there (S.Childerhouse pers.obs.). Although there have been no systematic 
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searches of the main Auckland Island there appears to be very few females breeding outside 

the colonies. 

 

Breeding on Campbell Island appears to be primarily non colonial, again with the possible 

exception of Davis Point. Campbell Island has a much smaller sea lion population compared 

with the Auckland Islands, but it is not clear why they do not form cohesive colonies, 

preferring to breed away from the coast in small groups. One possible explanation is that as 

there are only small numbers of breeding females present, they suffer from higher levels of 

harassment than colonies with large numbers of females, and as a result, females seek more 

isolated sites to breed to avoid harassment. This is supported by observations of colonies at 

the Auckland Islands, where females in the smaller colonies appear to suffer higher levels of 

harassment than females at the larger colonies. However, colonial breeding in pinnipeds is 

thought to be advantageous (e.g. higher reproductive success) over solitary breeding, as 

females are protected by a dominant male from harassment by peripheral males breeding 

(Bartholomew 1970; Campagna et al 1992). It is possible that the females at Campbell Island 

lack a “critical mass” for forming a colony, at which point they would start to gain some 

advantage from colonial over solitary breeding. A similar pattern is seen with a single female 

at Otago that gives birth away from the predominantly male haul-out sites (McConkey 1997). 

It is also possible that as commercial sealing reduced sea lions to very low numbers on 

Campbell Island, so that the present population stems from ancestors who showed a 

preference for non colonial breeding.  

 

Campbell Island is the southern limit of the New Zealand sea lion’s breeding range and 

represents the only significant breeding site outside the Auckland Islands. Until more breeding 

locations are established the New Zealand sea lion will retain it IUCN classification as 

"vulnerable", as it has fewer than five established breeding sites (IUCN 1996). The 1997/98 

mortality event, during which over half the pups born at the Auckland Islands died (Baker 

1998), further underscores the vulnerability this species, and emphasises the importance of 

research on the small outlying populations in the New Zealand sea lion's range.  
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Chapter 5: Movements of tagged New Zealand sea lions  
 

5.1: INTRODUCTION 

The New Zealand sea lion is generally considered to be a non-migratory species with little 

dispersal away from their main breeding sites (Gales 1995). Juveniles and sub-adult males 

tend to disperse further within the species range than the other age classes (Childerhouse and 

Gales 1998). The total population was estimated at 12,500 (95% CI 11,100 to 14,000) animals 

for the 1995/96 breeding season (Gales and Fletcher 1999). The species is currently classified 

as Vulnerable (IUCN 2000), as the breeding population is centered at the subantarctic 

Auckland Islands, where over 95% of pup production occurs (Gales and Fletcher 1999). 

Flipper tagging of sea lions pups took place at the Auckland Islands, mainly at Enderby Island 

from 1980 to 1992 (Gales 1995). Some of these individuals have been recorded at Campbell 

Island (Moore and Moffat 1990), and Otago (McConkey and Lalas 1994), which indicates a 

only one-way dispersal away from the Auckland Island breeding grounds.  

 

Seasonal fluctuations in the numbers of pinnipeds seen ashore have been shown for several 

species (Mate 1975, Aurioles et al. 1983, Stewart and Yochem 1984, Rosas et al. 1993, 

Bradshaw et al. 1999). Dispersal patterns of the Northern fur seal is one of the best 

documented, with information gathered from marking programs since the late 1800's and 

pelagic sealing (Scheffer 1950). These studies have shown that this species migration pattern 

is directional and vary for the different age and sex classes (Bigg 1990). Other pinnipeds such 

as elephant seals have a non-directional dispersal pattern (Bester 1988).  

 

In the Otago region there are approximately 100 migrant male sea lions and fewer than five 

female sea lions. From October through to January adult male sea lions disappear from 

beaches in Otago where they are commonly found at other times of the year (McConkey 1997, 

Heinrich 1998). This seasonal disappearance of adult males from the Otago region coincides 

with the breeding season at the Auckland Islands colonies. It is thought that this may be the 

destination of the adult male sea lions from the Otago area (McConkey 1997). Males resighted 

in late summer have shown injuries consistent with territorial fighting, but this is weak 

evidence for a seasonal migration to breeding grounds. Females are known to disperse to Port 

Ross by February (Best 1975) and around the Auckland Island group outside of the breeding 
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season (Cawthorn et al 1985). Movements between the Otago Peninsula and the Catlins are 

occasionally undertaken a few individuals (Heinrich 1998). 

 

Previous studies of movements in New Zealand sea lions have involved the use of VHF radio 

transmitters for diurnal activity of juvenile males (McConkey 1997), satellite tagging and 

time-depth-recorders (TDRs) on lactating females to record short term movements and dive 

behaviour (Gales and Mattlin 1997). Unfortunately none of these methods were applicable for 

this study. The use of bleach on the pelage of males is simple, cheap low impact marking 

method. It was hoped these markings would allow observations of these animals away from 

the Catlins. The use of bleach is preferred over the use of dyes for pinnipeds with a dark 

coloured pelage (Erikson et al 1993). Diluted hydrogen peroxide has been successfully used 

on elephant seals by researchers (Le Bouef and Peterson 1969). Martin Cawthorn (pers. 

comm) used diluted hydrogen peroxide with a household detergent as a wetting agent to break 

down natural oil in the fur. Best (1975) have successfully bleached New Zealand sea lions 

using this method.  

 

Annual flipper tagging of New Zealand sea lions pups at Auckland Islands began in the 1979-

80 breeding season by Cawthorn (1993) at Enderby Island (Auckland Islands) and double 

flipper tagging began during the 1991-92 breeding season (Lalas and McConkey 1994).  

 

The aim was to bleach as many adult males as possible, to allow ease of identification if 

sighted away from the Otago region during the summer months. Tag sightings were recorded 

as part of regular population survey or on an opportunistic basis. This study is the first attempt 

to monitor the seasonal movements of adult male New Zealand sea lions. With only a handful 

of female sea lions present in Otago is thought that the presence of males in Otago is not for 

reproductive purposes.  
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5.1: METHODS 

Bleach Marking 

Adult male sea lions were bleached during October 1997, before they have begun to disappear 

from Otago beaches. The number of animals to be bleached was determined by the number of 

adult males present in Otago. When the bleach marking occurred in 1997 there was 

approximately 25 adult male sea lions in the Otago region. It was hoped that these marked 

animals would be observed at the Auckland Island rookeries by Department of Conservation 

researchers. The bleaching agent used was 30% diluted hydrogen peroxide combined with a 

small amount of dishwashing detergent. This mixture was applied to the sea lion using by a 

pressurised hand held garden sprayer. 

 

Adult male sea lions were approached on foot during the early afternoon when there is often a 

lull in activity. Dry, sleeping animals were targeted to aid the successful application of the 

bleaching agent and minimise disturbance to the animal. Bleaching was not attempted if the 

animal was disturbed by my approach. Photographs were taken to record the bleach pattern on 

each individuals pelage. This would allow identification of the animal, if seen at the Auckland 

Islands. Any adverse effects or behaviours caused by the application of the bleach were to be 

recorded. 

 

Movement of Tagged Individual sea lions 

The second technique used to observe movements was through observations of tagged sea 

lions. With time flipper tags either become illegible or are lost therefore only individuals that 

retained legible tags were used in this study. Catalogues of photographically identified 

individual sea lions compiled by McConkey (1997) and Heinrich (1998) contained several sea 

lions tagged as pups at the Auckland Islands. In addition McConkey (1997) tagged six 

juvenile males in the Catlins, but only one retained its tag. During this study a new catalogue 

of identifiable individuals was compiled from sea lions at the Snares (see Chapter 3) which 

also contains tagged individuals.  
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5.3 RESULTS 

Bleach Marking 

A total of 12 identifiable adult male sea lions and two unidentified animals were marked using 

bleach. There were no resightings of bleached animals made at the Auckland Islands during 

the 1997/98 breeding season. In March of 1998 two of the identifiable sea lions still retained 

their bleach marks prior to moulting. 

 

 

Movement of tagged male sea lions 

A total of 16 male sea lions with legible tags were present on the Otago coast during this 

study. Of these seven have been recorded at the Auckland Island breeding colonies (Table 5.1) 

Two of these Otago based sea lions (Tag# 2781 and Tag# 3923) were recorded during surveys 

at The Snares (Chapter 3) during autumn and in the Catlins for winter and spring (Table 5.1). 

From the surveys conducted at The Snares 36 tagged males were recorded. This number is 

lower than stated in Chapter 3 as two of the tagged animals are counted as being Catlins 

identifications and an additional two have been disregarded because of a potential tag reading 

error. No movements were recorded between Campbell Island and other areas of this study 

and Auckland Islands.  

 

Movements of tagged female sea lions 

Two tagged females were recorded during the surveys of The Snares (Chapter 3) and one in 

the Catlins, South Otago (Chapter 2). One female from The Snares and the tagged female 

from the Catlins were recorded with pups at Enderby Island, Auckland Island (I. Wikinson 

unpublished data).  

 

  

Table 5.1: Movement of selected tagged sea lions present for part of the year in Otago
              First Identified Autumn Winter Spring Summer Autumn Winter Spring Summer Summer Summer

Tag# Sex Date Location 1997 1997 1997 1997/'98 1998 1998 1998 1998/'99 1999/'00 2000/'01

178 M 24-4-95 CAT OP CAT CAT CAT CAT AI
2642 F 28-3-98 CAT CAT CAT AI
2781 M 5-8-96 CAT SN CAT CAT SN SN CAT AI
3031 M 26-2-95 CAT CAT CAT CAT CAT CAT CAT AI CAT/AI
3625 M 24-8-96 CAT CAT AI
3923 M 16-1-96 CAT SN CAT CAT CAT STI
4506 M 25-6-96 CAT CAT CAT CAT CAT CAT CAT CAT CAT/AI/CAT
4510 M 31-5-94 OP OP CAT AI/OP

Note: CAT = Catlins
OP = Otago Peninsula
SN = The Snares
AI = Auckland Islands

STI = Stewart Island
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5.4: DISSCUSSION 

The information gathered on movements of tagged male New Zealand sea lions indicates that 

some individuals resident on the mainland for most of the year remain part of the breeding 

population. This is achieved by undertaking an annual return migration from the mainland to 

the Auckland Islands some 500km away during the breeding season. One male (Tag#2781) 

has been recorded at the Catlins, The Snares and Auckland Islands. Another individual 

(Tag#3923) has been recorded at the Catlins, Port Peagasus, Stewart Island, March 1999 (H. 

McConnell pers. comm) and The Snares. These sightings suggest that the route taken for the 

annual return migration is not direct, and may involve “island hopping” and resting at 

locations along the route. This movement may follow a pathway delineated by the edge of the 

continental shelf to the south of New Zealand. 

 

The movements of the two, tagged females between the Auckland Islands and The Snares or 

Catlins have implications for recolonisation of the mainland by sea lions. Very few female sea 

lions were present at the Snares (Chapter 3) and no photographically identifiable females 

recorded in 1997 were resighted in 1998. It is possible that lactating females based at the 

Auckland Islands come ashore to rest at The Snares. This behaviour is seen in the southern sea 

lion, Otaria flavescens where females come ashore at locations away from their pups 

(Thompson et al. 1998), possibly to avoid predation, or for thermoregulation (Thompson et al. 

1998). The tagged female seen in the Catlins may be coming ashore for the reasons just 

described. What is certain is that she is not resident at the Catlins survey beaches, and has a 

similar attendance pattern to the other two identifiable females seen occasionally in the 

Catlins (Chapter 2). The presence of transient females in the peripheral areas of the species 

range, two of which are known breed elsewhere decreases the chances of new colonies 

forming. On the mainland it would appear that the Catlins will remain a non-breeding colony 

in the near future, but on the Otago Peninsula females that are present year round, this may 

encourage transient females to stay in an area. 

 

Recent studies into the foraging ecology of female sea lions at the Auckland Islands show that 

they are physiologically adapted to longer, deeper and continuous diving (Costa et al 1998) 

and they are foraging at their physiological limits (Gales and Mattlin 1997, Costa and Gales 

2000). This could indicate that marine resources might be a limiting factor preventing 

population expansion, with the marine environment at carrying capacity for the species at the 
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Auckland Islands. If this is the case, then the males who are resident for most of the year on 

the mainland were they have a wide and variable prey spectrum (Lalas 1997) would have a 

potential fitness advantage over those based year round at the Auckland Islands.  
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General Discussion 
 

The New Zealand sea lion, Phocarctos hookeri has begun to recolonise part of its pristine 

range. Currently the centre of this process is at two locations in the South Island: the Catlins, 

South Otago and Otago Peninsula (McConkey 1997). This study represents the first 

comprehensive survey of sea lions at Campbell Island, the first surveys in nearly 30 years at 

The Snares and the continuation of an ongoing monitoring program in the Catlins. The results 

from each of these study locations increases the understanding of the population dynamics of 

the species.  

 

The sea lion population based at the Catlins continues to increase through the arrival of 

migrants. The majority of these migrants (new identifications) are male, in particular juvenile 

males. Only one new female was identified, an adult female tagged as a pup at the Auckland 

Islands. She has since been resighted at the Auckland Islands (I. Wilkinson unpublished data) 

with a pup. It is not possible to say why she did not stay in the Catlins, harassment by male 

sea lions or human disturbance may be a factor. What is likely is that she could be encouraged 

to stay if other females are present. This hypothesis will be tested with time at the Otago 

Peninsula, because of the year round presence of females at this location. If a critical mass of 

females is needed to stimulate colony formation the Otago Peninsula is the place where it will 

happen. In the short term at least the Catlins will remain a predominantly male non-breeding 

colony. It is uncertain what effects increased visitor number will have on the sea lion 

population. Future research in the Catlins should be the continuation of population monitoring 

and also accessing the impact caused by increasing visitor numbers to Surat and Cannibal 

Bay. 

 

The use of mark-recapture techniques and photographic identification of individuals gave 

robust population estimates. The population estimates obtained from the mark-recapture 

experiment indicate that there is about three times the number of males present than 

previously thought. The number of females remains low and if there has been a change since 

Crawley & Cameron’s (1972) study they have decreased and the island should be considered 

as a non-breeding colony. With breeding records spread through nearly one hundred years, 
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colonial breeding has not been established. Why this has occurred is uncertain, it could be due 

to unsuitable terrestrial habitat or the harassment of solitary females by males. Females tend 

to go deeper into the forest and may be trying to escape from male harassment, as they lack a 

“critical mass” of females for colony formation (McNally et al. 2001).  

 

Campbell Island is the southern limit of the New Zealand sea lion’s breeding range and 

represents the only significant breeding location outside the Auckland Islands. No population 

estimates were obtained as line transects proved inappropriate for estimating sea lion density, 

due to a low encounter rate and poor visibility in dense vegetation. A minimum estimate of 

pup production was obtained and there does not appear to have been a major change in pup 

production over the past decade. Future work could include surveys for pups, which 

aggregate on the coast during March or April, with the researcher on the island from late 

December to March to obtain as much data as possible. As well as breeding and population 

studies, diet and genetic studies could also be undertaken. The genetic studies could show 

how much interchange of sea lions there is between Campbell Island and the Auckland Island 

breeding colonies. 

 

Observations of movements between the study locations and the Auckland Island breeding 

colonies indicate that some individuals are resident on the mainland for most of the year 

remain part of the breeding population. This is achieved by undertaking an annual return 

migration from the mainland to the Auckland Islands. The movement of females between 

study sites and the Auckland Islands has wider implications for the species. These transients 

will not facilitate the establishment of new colonies away from breeding colonies at the 

Auckland Island. The presence of a breeding female and the establishment of a small breeding 

colony on the Otago Peninsula may therefore be a fortuitous chance event. 
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