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ABSTRACT 

Bycatch of marine mammals occurs in fishing operations worldwide. Substantial 
numbers of New Zealand fur seals (Arctocephalus forsteri) and New Zealand sea lions 
(Phocarctos hookeri) are captured incidentally each year. Lack of information on 
population biology and population size over the duration of the major bycatch fisheries 
means that bycatch impacts cannot be estimated for either species. In an attempt to 
redress this, I studied the population biology and dynamics of New Zealand fur seals 
and New Zealand sea lions. 

Growth and reproductive biology of both species were studied by examining animals 
killed incidentally in fishing gear in New Zealand waters in 1996. Tooth sections were 
used to age the animals, and male and female reproductive organs were examined 
macroscopically and histologically. One hundred and twenty seven New Zealand fur 
seals were examined. The maximum age observed in the sample was 22 years for 
females and 12 years for males. Males were significantly larger than females, but 
growth was similar up to five years. Males reached sexual maturity between five and 
nine years of age, whereas females did so between four and six years. The pregnancy 
rate in females was approximately 69%. 

The first steps towards modelling population growth of New Zealand fur seals are taken 
in Chapter 3. These models use the biological data from fur seals but rely on data from 
other species where such data are not yet available. For this reason model results should 
be considered indicative rather than definitive. The models use a risk analysis program 
to incorporate uncertainty in the input, and provide a distribution of estimates of 
population growth rather than a single point estimate. They illustrate a productive 
approach and outline possible population trajectories. They also indicate what data are 
most urgently needed to provide more realistic modelling. 

Stomach and lower intestine contents were examined for 112 of the fur seals. Remains 
of 19 taxa were identified. Seals were targeting similar prey species to the fishery in 
which they were captured. However, it was clear that, at least in the west coast South 
Island fishery, seals took much smaller hoki than the fishery. A surprising result was 
that extremely small fish ( < 12 em) are taken directly, and in quantity, by seals. There 
has been doubt in previous studies as to whether these remains have occurred indirectly 
from stomachs of other species eaten. Comparison of stomach versus colon contents 
showed differences in digestion of prey species and only smaller items appeared to pass 
through to the colon. This suggests that larger indigestible items are regurgitated by the 
seals, resulting in misleading results from studies based on scats or regurgitates only. It 
is therefore advisable that studies using these types of remains are based on both scats 
and regurgitates. 

The sample size available for New Zealand sea lions was much smaller than for fur 
seals, with only 30 sea lions dissected. The maximum age observed in the sample was 
21 years for females and 12 years for males. As with other seal species, males reached 
larger sizes than females. Males appeared to reach sexual maturity between five and 
nine years of age, as is the case for New Zealand fur seals. Maturity in females seemed 
to occur between three and five years. Due to the season of capture it was not possible 
to establish pregnancy reliably. However, the data do suggest a delay in implantation of 
the embryo of at least three months. A larger sample size of New Zealand sea lions is 
necessary to further confirm these results. 
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CHAPTER 1: GENERAL INTRODUCTION 

Incidental catch of ma1ine mammals in fishing operations has become an issue of great 

international concern. Bycatch is one of the greatest threats facing many cetacean and 

pinniped species worldwide (O'Hara et al., 1986; Hofman, 1990). Increases in fishing 

activities in recent years have led to increased incidental catches of marine mammals (for 

reviews see O'Hara et al., 1986; Evans, 1987; Northridge, 1991; Reijnders et al., 

1993; Wickens, 1995). In New Zealand the species with greatest bycatch problems are 

Hector's dolphins, New Zealand sea lions and New Zealand fur seals (Slooten and 

Dawson, 1995). 

The last twenty years have seen a spectacular increase in middle depth and deepwater 

trawl fisheries in New Zealand, with a corr-esponding increase in the bycatch of marine 

mammals. Substantial numbers of New Zealand fur seals (Arctocephalus forsteri) and 

New Zealand sea lions (Phocarctos hookeri) are killed in these fisheries each year 

(Baird, 1994, 1995, 1996). Data on the population biology of both species are limited 

and because of this the impact of bycatch cannot be estimated reliably. Key pa1·ameters 

which are cunently unknown for both species include age at sexual maturity, pupping 

interval, maximum age, and annual survival rate. Cunent population size of fur seals is 

also unknown. 

The aim of this study is to provide data on the population biology and dynamics of New 

Zealand fur seals (Arctocephalus forsteri) and New Zealand sea lions (Phocarctos 

hookeri). Data, including age at first reproduction, maximum age, reproductive rates, 

stomach contents and foetal growth, have been collected from dissections of animals 

killed during fishing operations. Using this information population growth models have 

been constmcted for New Zealand fur seals. 

1.1 NEW ZEALAND FUR SEALS 

New Zealand fur seals occur around the rocky coast of New Zealand, the sub-Antai·ctic 

islands, and along the coasts of South and West Australia and Tasmania (Crawley and 

Warneke, 1979; Bonner, 1981; Wilson, 1981; Warneke, 1982; Brothers and 

Pemberton, 1990). Recent genetic analyses have suggested that the New Zealand and 

Australian populations are geographically isolated (Lento et al., 1994; 1997). The 

Australian population is thought to be increasing and was estimated to be about 34,700 

(no CI given) in 1994 (Shaughnessy et al., 1994). 

1 



Chapter I: General Introduction 

Current and historical data are too poor and fragmented to estimate current population 

size of New Zealand fur seals in New Zealand. However, the population appears to be 

expanding, in both size and range (Wilson, 1981; Anderson, 1990; Taylor, 1990; Dix, 

1993a; Baird 1994; Lalas and Harcourt, 1995; Taylor et al., 1995). Breeding groups 

occur around the South Island and on all the major islands and island groups to the 

south of New Zealand (Figure 1.1; Crawley, 1972; Wilson, 1974, 1981; Crawley and 

Wilson, 1976; Crawley and Warneke, 1979; Taylor, 1992; Lalas and Harcourt, 1995; 

Taylor et al., 1995). Several new rooke1ies have also been discovered in the lower 

North Island (Dix, 1993a). Distribution varies with season and is discontinuous. Haul

out areas are found throughout the range and extend further north than breeding 

rookeries (Wilson, 1981; Crawley, 1990a). 

Fur seal distribution varies seasonally with the reproductive cycle. Adult males begin to 

arrive at rookeries in late October or November and establish territories. Females come 

ashore 1-2 weeks later and pup between mid-November and late December. Females 

remain with their pups for about 10 days immediately post partum, during which time 

they come into oestrus and mate. After mating, females begin a series of short feeding 

trips, returning to suckle the pup every few days. The length of feeding trips increases 

as the pup grows. Most territorial males return to sea by late January and are thought to 

move north for the winter (Crawley and Wilson, 1976). Mature females remain in the 

vicinity of the rookery for most of the year. Pups are weaned in about August or 

September and adult females then feed at sea for several weeks before returning to the 

rookery to give birth (Stirling, 1970; Miller, 1975; Crawley and Wilson, 1976; Mattlin, 

1978a). 

Historical Exploitation 

Dming the early nineteenth century commercial sealing greatly reduced fur seal numbers 

over the whole range of the species. Seals were hunted to local extinction in some 

areas. Richards (1994) suggests that prior to exploitation, New Zealand fur seals may 

have numbered between 1.5 and 2 million animals (estimate extrapolated from 

approximate numbers of sealskins marketed from the New Zealand region). The New 

Zealand seal "fishery", which began in 1792, was effectively over by 1830 and was 

officially closed by the New Zealand Government in 1894 (Falla, 1962; Sorensen, 

1969a). Between 1913 to 1916 and 1922 to 1925, some sealing was carried out under 

licence. In 1946, a four month, licenced open season was declared by the New Zealand 

government in response to fishers' calls for a seal cull (Sorensen, 1969a, 1969b; 

Warneke, 1982). Since 1978, all marine mammals within New Zealand's 200 mile 

Exclusive Economic Zone (EEZ) have been protected from intentional killing and 

harassment by the New Zealand Marine Mammal Protection Act. 

2 
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Chapter 1: General Introduction 

Incidental Catch 

The greatest threat currently facing New Zealand fur seals is incidental catch in fishing 

operations. Fur seals are caught in trawl nets throughout much of New Zealand's 200 

n.mile EEZ (Figure 1.2). They are most frequently caught in the middle depth trawl 

fisheries for hoki (Macruronus novaezelandiae) on the west coast of the South Island, 

southern blue whiting (Micromestius australus) on the Bounty Platform and arrow 

squid (Nototodarus sloanii) on the Auckland Islands and Snares Island Shelves. 

Ministry of Fishelies observer-.data suggest that between 2-3% of tows catch a fur seal 

and there is a high proportion of multiple catches (Baird, 1994). The fishery 

responsible for the most fur seal catches is the hoki fishery on the west coast of the 

South Island. There is an intense fishery on hoki spawning aggregations which occur 

between June and September each year. Mid-water or bottom trawl nets are used in 

depths of 300-700 m (Baird, 1994; Vignaux, 1996). 

Reported incidental kills in the west coast South Island hoki fishery suddenly increased 

in 1989. This led to the establishment of a fishery assessment working group to discuss 

non fish bycatch and fisheries interactions. Recommendations by this group resulted in 

changes to fishing methods, and the fishing industry produced a Code of Practice in 

1990 to be used by deep-sea trawling operations in New Zealand waters. The Code of 

Practice is now applied to all trawling operations and is updated each year, but its 

effectiveness is unknown. A multi-lingual booklet was also produced in 1990 for use 

by skippers to report maline mammal bycatch. It is now a requirement of vessel 

contracts that maline mammal catches are recorded. 

Population Dynamics 

The population dynamics of New Zealand fur seals are poorly known. Mattlin (1978a) 

suggested that females bear their first pup by age five years. However, ovaries from 

only six seals were studied, and there are no additional data on age-specific 

reproduction in females. Mattlin (1978a) also suggests that male fur seals attain 

terlitorial status at about 10 years but may be sexually mature by seven. Again, sample 

sizes are small (n = 14). Based on the six females and 14 males examined, Mattlin 

(1978a) estimated maximum age as 15 years for males and 14+ for females. 

Pup mortality was estimated by Mattlin (1978b) at about 20% to age 50 days and 40% 

to age 300 days. There are no data on post-weaning or adult survivorship. Mattlin 

earned out his work on the Open Bay Islands (South Island west coast, New Zealand) 

duling the 1970s, and while the data may have been accurate, they are limited and do 

not appear to represent current pup mortality. Recent studies carlied out on Otago 

Peninsula indicate much lower levels of pup mortality. Lalas and Harcourt (1995) 

4 
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estimated a mortality rate of 8% for the first 55 days at one site. Bradshaw (1999) 

studied three different breeding sites for approximately 150 days and the highest 

mortality rate he observed was 8.2%. However, early pup mortality may have been 

missed. Bradshaw (1999) also suggests some methodological problems with Mattlin's 

(1978b) estimates. There is no information available on age-specific pupping rates. 

Fur Seal Diet 

Studies of diet are important for investigations of seal biology and their role in marine 

ecosystems. Diet research is also useful in studies of marine mammal and fisheries 

interactions and may have a role in bycatch mitigation (Beverton, 1985; Pierce and 

Boyle, 1991). Little is known about the diet of New Zealand fur seals. This has 

hampered discussions on seal and fisheries interactions and led to erroneous 

perceptions among fishers and conservationists. The diet of seals can be determined by 

examining either stomach contents, regurgitations, or faeces. Most studies to date have 

used scats and regurgitates as the source for identifying prey items (Tate, 1981; Carey, 

1992; Dix, 1993b). Faecal analysis is often used for studies of pinniped diet as scats are 

usually relatively abundant, easy to collect and collection is non-invasive (Treacy and 

Crawford, 1981; Green et al., 1990; Pierce and Boyle, 1991; Carey, 1992). However, 

there are several limitations to this method. Faecal analysis does not accurately reflect 

the frequency and size of prey consumed and some prey are under-represented or not 

represented at all in faeces (da Silva and Neilson, 1985; Jobling and Brieby, 1986; 

Jobling, 1987; Dellinger and Trillmich, 1988; Pierce and Boyle, 1991; Tollit et al., 

1997). For example, cephalopod remains may be under-represented in scats (Gales and 

Pemberton, 1994). 

Studies using stomach contents provide the most detailed information and present the 

fewest biases in interpretation and quantification (Croxall, 1993). Examination of fresh 

material in stomachs can be used to determine what the seals were targeting just before 

they were killed as bycatch. Comparisons between fresh and well digested material can 

indicate what was eaten over the previous few days. Known relationships between fish 

size and otolith size can be used to determine the size of prey targeted as well as the 

species. The foraging zones of the seals and sea lions can also be determined from their 

diet. For example, benthic species in the stomach indicates bottom feeding rather than 

midwater or surface feeding. 

Studies of seal diet using faecal material depend on using hard patts of the prey that 

have resisted digestion. Examination of the colon as well as the stomach can be used to 

develop a relationship between stomach and colon contents which may be useful in 

calibrating diet studies using faecal material. 

5 
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1. 2 NEW ZEALAND SEA LIONS 

The New Zealand sea lion, commonly called Hooker's sea lion (Phocarctos hookeri) is 

New Zealand's only endemic pinniped (Wilson, 1979). The population occupies a 

roughly triangular range between Cook Strait, Campbell Island, Macquarie Island and 

the southwest of the South Island and is centred on the Auckland Islands (Figure 1.1; 

Gaskin, 1972; Wilson, 1979; Cawthorn et al., 1985; Crawley, 199Gb; Gales, 1995). 

Approximately 95% of the breeding occurs at four colonies in the Auckland Islands. 

There is also a small breeding population on Campbell Island, and a few pups are born 

at Snares Island, Stewart Island and Otago Peninsula (Cawthorn, 1993; Gales, 1995; 

Gales and Fletcher, 1999). 

Pristine population size is unknown but the present population is thought to be greatly 

reduced (Childerhouse and Gales, 1998). The most recent estimates of population size 

(estimated dming the 1994/95 and 1995/96 breeding seasons, respectively) are 10,500 -

13,100 and 11,100 - 14,000 (95% C.I.). The population estimates make a number 

assumptions including a 1:1 sex ratio and absence of density dependent factors (Gales 

and Fletcher, 1999). Good population estimates exist for only a few recent breeding 

seasons, and do not show obvious trends in abundance. However, statistical power to 

detect trends in the data set is poor, so the lack of a statistically significant trend is not 

evidence that the population is stable (Gales, 1995; Gales and Fletcher, 1999). The sea 

lion is cutTently listed as "vulnerable" (Baillie and Groombridge, 1996), due to its 

highly restricted disttibution ( <5 separate breeding locations). 

During the 1997/98 breeding season a mortality event of unknown cause resulted in the 

deaths of at least 53% of the pups. Many of the pups were also unaccounted for and 

may have died and washed away, or dispersed away from the area. Adult sea lions 

were also affected by the disease but the numbers are unknown. The effects of this 

event on the population are culTently unknown and may take several years to determine 

(Baker, 1999). 

The reproductive cycle of New Zealand sea lions is very similar to that of New Zealand 

fur seals. Mature males establish territories at breeding grounds during November. 

Females move to the rookelies in early December and aggregate into groups of up to 25 

animals attended by a single dominant male. Pupping begins in the first week of 

December and about half of the pups are born by December 24th. Pupping continues 

until the third week in January, at which time the remaining males disperse and the 

female groups break up. Females remain with their pups constantly for 7 - 8 days post-

7 
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partum, when they come into oestrus and mate with the nearest territorial male. After 

mating, females begin a series of short feeding trips, returning to suckle the pup every 

few days. The length of feeding trips increases as the pup grows. Unattended pups 

form into groups which are usually around the periphery of the female groups. Pups are 

suckled for most of the year before being weaned (Gaskin, 1972; Best, 1974; Marlow 

and King, 1979; Cawthorn et al., 1985; Cawthorn, 1993; Gales, 1995). 

Historical Exploitation 

During the early nineteenth century New Zealand sea lions were subject to unregulated 

exploitation by commercial sealers. Sea lion kills were greatest in the late 1820s when 

the more valuable New Zealand fur seals became less numerous (Cumpston, 1968). As 

with sealing for New Zealand fur seals, sea lion exploitation was effectively over by 

1830 and was officially closed by the government in 1894 (Falla, 1962; Sorensen, 

1969a). The pristine abundance and distlibution of the New Zealand sea lion is 

unknown. However, archaeological records show that the pre-European disttibution of 

the sea lion was far more extensive than the present recorded range (Smith, 1989; 

McFadgen, 1994; Worthy, 1994). 

Incidental Catch 

Fisheries bycatch may represent a significant threat to the sea lion population. The 

southern squid trawl fishery operates on the southern and eastern edges of the Snares 

shelf, and on the Auckland Islands shelf, in depths of about 150-300 m. The proximity 

of fishing grounds around the edge of the Auckland Islands shelf to foraging areas used 

by sea lions has resulted in numerous incidental catches of sea lions (Figure 1.3; Baird, 

1994). Anecdotal evidence suggests that sea lions are attracted to the trawlers, 

particularly during hauling, by winch noise, lights and offal dumped overboard. Data 

from time depth recorders fitted to female sea lions shows that they are capable of 

diving throughout the depth range in which the squid trawl fishery operates (Gales and 

Mattlin, 1997). 

The first repmted incidental catch of sea lions in trawlers was in 1978 when 10 sea 

lions were killed in 58 trawls from one research vessel (Gales, 1995). In 1982 the 

Minister of Fisheries established a 12 n.mile fishing exclusion zone around the 

Auckland Islands in an effort to protect the sea lion breeding population. In 1993 the 12 

n.mile fishing exclusion zone was officially confirmed as a maline mammal sanctuary 

under the New Zealand Maline Mammal Protection Act (1978). Since 1986 Ministry of 

Fisheries observers have been placed on fishing vessels and the incidental mortality of 

sea lions estimated (Baird, 1994). During this time observer coverage has valied 

8 
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Figure 1.3. Capture locations of New Zealand sea lions during the 1996 fishing season (n= 15 with 
known capture locations). 
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between 7% and 30%. Estimates of numbers of sea lions caught each year vary but 

range from 14 to 193 for the years 1978 to 1993 and from 1995 - 1998 have averaged 

102 each year (Slooten and Dawson, 1995; Baird, 1996; MFish and DOC, 1998; 

Childerhouse, pers. comm.). 

In 1989 a fishery assessment working group was established to discuss non fish 

bycatch and fisheries interactions. During 1992 the fishing industry Code of Practice, 

originally designed for the west coast South Island hoki fishery, was adopted for use in 

the southern squid trawl fishery. In February 1992, the Ministers of Conservation and 

Fishe1ies set a maximum allowable take of 32 sea lions (16 females) for the season. The 

following month Depmtment of Conservation fieldwork showed that the minimum 

population estimate was at least twice the previous estimate. A limit of 63 sea lion 

deaths (32 females) over the whole fishing fleet was set for the 1992 - 1995 seasons 

(Baird, 1994, 1995, 1996). In 1997 a catch limit of 73 sea lions was set, and the 

fishery opened earlier than usual (January instead of 1 February). The sea lion catch 

limit was exceeded early in the season (estimated 132 sea lion deaths; MFish and DOC, 

1998) and the fishery was closed late in March. After the 1998 mortality event, the 

squid fishery still opened, and at least 63 sea lions (MFish and DOC, 1998) were 

caught before the fishery was voluntarily closed by the fishing industry. 

Population Dynamics 

Data on the population biology of New Zealand sea lions are limited and because of this 

the impact of bycatch cannot be estimated. Cawthorn et al. (1985) suggested that 

females become sexually mature at three years and produce their first pup at four years. 

Although Cawthorn examined 20 females, he seems to have based his estimate on one 

tagged, known-age female seen with her first pup at four years old (Cawthorn, pers. 

comm.). Cawthorn et al. (1985) also suggest that male sea lions attain sexual maturity 

at five years old, but do not hold territories or breed for another three to five years. 

While 10 males were examined, the estimate of five years is based on one tagged male 

with viable sperm in the testis (Cawthorn, pers. comm.). Maximum ages of 23 years 

for males and 18 years for females have been estimated by counting growth layers in 

teeth from carcasses (n = 53; Cawthorn, pers. comm.; Cawthorn et al., 1985). No 

indicatiol\is given about the precision of the ageing technique. 

There are no published life tables for the sea lions and no reliable estimates of age or 

sex specific mortalities. It has been suggested that sea lion pups are subject to similar 

causes of mortality as other otariids including drowning, starvation, crushing and/or 

biting by larger animals (Cawthorn, 1993). Estimates of pup mortality in the first few 

months of life include: 3-4% (Cawthorn, 1993), 9% (Cawthorn, 1996), 10% (Gales 
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and Fletcher, 1999), and 10% to over 20%, depending on weather conditions 

(Cawthorn et al., 1985). There is no infmmation available on age-specific pupping 

rates. 

1. 3 BY CATCH IMPACTS AND POPULATION MODELLING 

Demographic models are often used to study the dynamics of marine mammal 

populations. Modelling population growth rate can give an indication of the effect 

incidental catch is having on the population (DeMaster, 1978; York, 1987; Slooten and 

Lad, 1991; Tuljapurkar and Caswell, 1997; Wickens and York, 1997). Population 

growth rate can be estimated using simple projection models, such as Leslie matrix 

models (Leslie, 1945). The models consider only females and use features such as age 

at first reproduction, maximum age, reproductive rates, survival rates and population 

structure to estimate the growth rate (Slooten and Lad, 1991; Tuljapurkar and Caswell, 

1997; Wickens and York, 1997). Population models based on these data are used to 

estimate maximum population growth rates and the possible impacts of continued high 

rates of bycatch. 

The impact ofbycatch on New Zealand fur seal and New Zealand sea lion populations 

is currently unknown. As indicated above, there are no reliable estimates of population 

size taken over the duration of the major bycatch fisheries. The lack of information on 

the population biology of the species has made it difficult to model for potential effects. 

This thesis provides data on age at first reproduction, maximum age, pregnancy rate 

(fur seals) and age structure of the bycatch for use in such models. The data were 

gained from dissections of animals caught incidentally, and dissected under a contract 

from the Department of Conservation, funded by the Conservation Services Levies. 

1. 4 GENERAL THESIS OUTLINE 

Chapter 2 

Growth and reproductive biology of New Zealand fur seals (Arctocephalus forsteri) 

was studied by examining seals killed incidentally in fishing gear in New Zealand 

waters in 1996. Tooth sections were used to age the animals, and male and female 

reproductive organs were examined macroscopically and histologically. Data collected 

and discussed include maximum age, growth, male and female reproductive biology 

and age at first reproduction, pregnancy rate and foetal growth. 

11 
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Chapter 3 

As discussed above, the lack of data on population size and dynamics has made it 

difficult to assess potential impacts of bycatch on the population. The biological data 

discussed in Chapter 2 was used in conjunction with data from other seal species to 

model population growth rate of New Zealand fur seals. Due to the limited data 

available for some of the parameters in the models, the intention of this chapter is to 

present a simple method for modelling population growth rate and provide several 

scenatios of possible growth rate. 

Chapter4 

Information on diet of fur seals plays an important role in quantifying interactions with 

fisheries. Stomach and lower intestine contents were collected from the dissected fur 

seals and examined. Data are provided on species targeted by the seals just p1ior to 

being caught as bycatch. Information on numbers of prey, mass and size range is also 

discussed in relation to the geographical area of capture. Lower intestine and stomach 

contents are compared and the results are compared to other studies of New Zealand fur 

seal diet. 

Chapter 5 

Growth and reproductive biology of New Zealand sea lions was studied by examining 

sea lions killed incidentally in fishing gear in New Zealand waters in 1996. As in 

Chapter 2, tooth sections were used to age the animals, and male and female 

reproductive organs were examined macroscopically and histologically. Data collected 

and discussed include maximum age, growth, male and female reproductive biology 

and age at first reproduction. Due to the small sample sizes available in this study and 

the general lack of data on population dynamics, population models have not been 

constructed for New Zealand sea lions. 

Chapter6 

A general discussion of the research is provided as well as recommendations for future 

research. 

12 



CHAPTER 2: AGE, GROWTH AND REPRODUCTION IN 
NEW ZEALAND FUR SEALS 

2.1 INTRODUCTION 

New Zealand fur seals (Arctocephalus forsteri) occur on the rocky coasts of New 

Zealand, on New Zealand's sub-antarctic islands, and along the southern coasts of 

South and Western Australia and Tasmania (Crawley and Warneke, 1979; Bonner, 

1981; Wilson, 1981; Warneke, 1982; Brothers and Pemberton, 1990). Cunent and 

historical data are too poor and fragmented to estimate cunent population size of NZ fur 

seals in New Zealand. However, the population appears to be expanding, in both size 

and range (Wilson, 1981; Crawley, 1990a; Taylor, 1990; Dix, 1993a; Baird 1994; 

Lalas and Harcourt, 1995; Taylor et al., 1995). 

Fur seal bycatch occurs throughout much of the 200 n.mi Exclusive Economic Zone 

(EEZ), but most frequently in the middle depth trawl fisheries for hoki (Macruronus 

novaezelandiae) on the west coast of the South Island (WCSI), southern blue whiting 

(Micromesistius australus) on the Bounty Platform and anow squid (Nototodarus 

sloanii) on the Auckland Islands and Snares Shelf (Baird, 1994). Fur seal bycatch in 

the WCSI hoki fishery first became an issue in 1989 when an estimated 800-900 seals 

were killed (Mattlin, 1994). Between 1990 and 1993 seal bycatch was generally about 

200-500 (95% Cis) animals per year (Baird, 1995). Cunently, the impacts of such 

bycatches cannot be assessed quantitatively due to lack of information on key 

parameters of population biology. Key parameters which are unknown for New 

Zealand fur seals are cunent population size, age at sexual maturity, maximum age, 

reproductive rate and annual survival rates. 

Limited data do exist for several of these parameters. Mattlin (1978a) suggested an age 

at sexual maturity of four years for females and seven years for males. However, these 

estimates were based on very small sample sizes (6 females and 14 males). Maximum 

ages of 15 years for males and 14+ years for females have also been estimated, again 

based on the small sample used for reproductive maturity estimates. I have examined 

New Zealand fur seals captured as bycatch during the 1996 fishing season in order to 

document age, growth and reproductive status of both males and females. Pregnancy 

rates were also estimated. 
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2.2 METHODS 

All seals available for examination had been incidentally caught in commercial trawl 

fisheries and immediately frozen at sea. On thawing, each animal was measured and 

sampled following a standard protocol. An extensive set of extemal measurements and 

samples were taken for each animal (adapted from Norris, 1961; Committee on Marine 

Mammals, 1967; see Appendix 1). Ovaries, uteri and testes were removed, measured, 

photographed, then examined in detail macroscopically before preservation in 10% 

formalin. Samples were also prepared for histological examination. 

Age 

The lower jaw of each fur seal was removed during dissection and placed in a tank of 

warm (3TC), well-aerated water for a few days until the jaws were clean and the teeth 

loose. Lower canine teeth were removed and sectioned longitudinally through the 

middle of the pulp cavity using a diamond saw. The cut surface of one half was 

polished, using a graded series of fine sandpaper ( 400, 600 and 1200 grit), to obtain a 

smooth surface free of saw cuts. The polished tooth section was etched in a solution of 

five pmts formic acid to 95 pmts 10% formalin for 22-26 hours depending on tooth 

size. The sections were then thoroughly rinsed in water, air dlied and rubbed with 

graphite powder (see Stirling, 1969; Pierce and Kajimura, 1980; Rosas et al., 1993). 

Dentine layers with different degrees of mineralisation are deposited at different times of 

the year forming incremental growth layers in the teeth. Dense columnar dentine seems 

to coincide with the breeding season, annual haul-out and moult of Southern elephant 

seals (Laws, 1953; Canick and Ingham, 1962). When the teeth m·e etched the less 

dense marbled dentine is dissolved more rapidly that the columnar dentine producing a 

selies of lidges and hollows across the polished smface of the tooth. Rubbing the tooth 

with graphite powder emphasised the relief of the lidges and hollows. When light was 

projected across the etched surface, light and dark lines, showing lidges and hollows, 

were evident and could be counted at lOx magnification. Each pair of lines (a lidge and 

hollow; one growth layer group or GLG) was interpreted as equivalent to one year's 

growth (Perlin and Myrick 1980). The GLGs start after a broad layer of foetal dentine 

has been deposited. The type (lidge or hollow) of the most recently forming growth 

layer was noted, for the purpose of investigating seasonal trends in GLG deposition. 

To estimate the precision of the ageing technique, prepared teeth were aged by three 

independent observers. Mansfield (1991) suggests that ageing precision is greatly 

improved using three readers, but that the difference between three readers and five is 

minimal. A standard age determination protocol was followed to reduce variation 

14 
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between observers. If variation among readers was more than two years the sections 

were re-examined and in some cases re-prepared. If two or more of the three readings 

were the same, that age was assigned to the tooth. Where all three estimates differed, 

the mean of the three readings was taken and rounded to the nearest whole number 

(Mansfield, 1991; Hammill and Gosselin, 1995; Bernt et al., 1996). The animals were 

aged to the age at the last breeding season, which excluded the partially formed GLG 

for the current year. 

Males 

Each male's testes (including epididymes) were weighed and photographed. A sample 

was taken from the centre of one testis and epididymis from each male for histological 

examination. Samples were taken from the centre of the tissue as there is evidence that 

this part of the testes may mature earlier than the periphery (Best 1969). Histological 

samples were embedded in paraffin, sectioned at 7 p.,m, mounted on glass slides and 

stained with haematoxylin and eosin. 

Males were defined as immature, intermediate or mature according to criteria adapted 

from Laws (1956), Collet and Saint Girons (1984), Hohn et al. (1985) and Slooten 

(1991): 

Inunature. Seminiferous tubules are narrow and embedded in abundant interstitial 

tissue. Spermatogonia, but no other stages of germinal cells are observed. The lumen of 

the epididymis is completely empty. 

Intennediate. Interstitial tissue occupies very little space between the seminiferous 

tubules, which are longer than in immature males but still relatively narrow. 

Spermatogonia and spermatocytes are present. Occasional spermatids are found, but no 

spermatozoa. 

Mature. Almost no interstitial tissue is present. Relatively few spermatogonia and 

spermatocytes, but many spetmatids and spetmatozoa may be seen. The lumen of the 

epididymis may be full of spetmatozoa. 

Females 

Entire reproductive tracts were removed, photographed, and examined. The ovaries 

were removed from the reproductive tract, and weighed. They were then sliced parallel 

to the attachment of the ovarian ligament at 2 mm intervals with a scalpel. The slices 

were examined for the presence of corpora lutea (CL) and corpora albicantia (CA), both 

macroscopically and at lOx magnification. Histological preparations were made of CLs 

and CAs from each animal. The widths of the utetine horns were measured and the 

horns opened and examined for signs of pregnancy. Uteline horns which have never 

held a foetus tend to be small and smooth, with no scars or serosal stretch marks. 

15 
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Horns which have been parous are much larger and have longitudinal stretch marks 

(Laws and Sinha, 1993). 

Age at puberty was defined as the age at which a female has ovulated at least once, and 

reproduction first becomes possible. Evidence of ovulation was taken as the presence of 

at least one CL orCA in the ovaries. This definition assumes that CAs remain visible in 

the ovaries until at least the next ovulation. Several studies, including this one, show 

that this is a reasonable assumption (e.g. Northern fur seals, Craig, 1964; Cape fur 

seals, Rand, 1955). Age at sexual maturity was interpreted as when the animal reaches 

its full reproductive capacity (i.e. age of first conception), as evidenced by the presence 

of a foetus (Laws and Sinha, 1993; Bester, 1995). 

Standard univariate statistical analyses were used to assess differences. In all cases data 

were normally distributed. Gompettz and von Bertalanffy growth curves were fitted to 

the age and standard length data by minimisation of residual sums of squares. 

2.3 RESULTS 

Between April and November 1996, 127 New Zealand fur seals were dissected (67 

males, 60 females). Only heads were received for 3 males and 3 females, and data for 

these animals were used only for age estimation. One of the female heads also had a 

foetus returned with it. 

Age and Growth 

Tooth dentine was clearly layered and well prepared sections were easily read (Figure 

2.1). Ageing of males was generally easier as these teeth were much larger. Sectioning 

revealed an open pulp cavity in all teeth from males and most teeth (85%) from females. 

In older females with a closed pulp cavity, the base of the tooth became very nanow 

and hooked and it appeared that growth layers were still deposited as this section of the 

tooth continued to grow. No known-age fur seals were available to validate the 

accuracy of the method. Precision of age estimates was estimated using multiple blind 

readings. Two or more of the age estimates were the same, or the estimates differed 

from the mean by no more than one year, in 98% of the readings. 

The maximum number of GLGs counted was 22 for females and 12 for males. 

Seasonal trends in dentine deposition suggest that New Zealand fur seals form one 

GLG each year, consisting of one ridge and one hollow. Deposition of a ridge appears 

to begin during mid to late summer. Seals captured during winter and spring had 

finished fanning the ridge. 

16 
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Figure 2.1. Etched tooth from a nine year old male New Zealand fur seal. 
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Both Gompertz and von Bertalanffy growth curves were fitted to the standard length 

data, with Gompetiz functions producing more realistic curves. Parameters are 

provided for both types of equations to allow comparisons with other seal species. 

Gompertz growth curves were of the form Lx = L0 (exp(-exp(b-kt)), where Lo is 

asymptotic length, k is the growth rate constant, b is the constant of integration and t is 

age in years (see Figure 2.2 for equations). Von Bertalanffy growth curves were of the 
form Lx = L0 (1-exp-kt); for males Lo = 154.09 and k = 0.39, and for females Lo = 

117.00 and k = 0.98. 

Males reached much larger sizes than females (Figure 2.2). Growth is similar for the 

first five years, however. Thereafter, sexual dimorphism in both weight and standard 

length, of individuals 5 years and older, is highly significant. Males averaged 144 em 

standard length (SD = 14.65; n = 39) and were significantly larger than females (t-test, 

p. :::; 0.0001) averaging 117 em standarcllength (SD = 8.79; n = 46). Females seem to 

be close to their adult size by age four or five, and growth appears to slow after this 

age. No males older than 12 years were sampled and growth curves were not 

asymptotic by this age (Figure 2.2). 

The age- frequency plot (Figure 2.3) suggests an age bias in the sample. Individuals of 

both sexes aged two years or less were under-represented, as were females 13 years 

and older. 

Male Reproductive Biology 

Of the 64 specimens histologically examined, 27 were classified immature, 15 

intetmediate and 22 mature (Appendix 2). Histological differences between immature 

and mature animals in particular, were quite marked (Figure 2.4 ). Mean testis weights 

were significantly different between each category of sexual maturity (ANOV A; p. :::; 

0.0001; Figure 2.5). Body weight and standard length also changed significantly with 

maturity CANOVA; p. = 0.0001; Figure 2.6). The youngest animal classified as mature 

was 5 years old and all seals 9 years and older were mature. Thus, sexual maturity in 

male New Zealand fur seals appears to be attained between these ages. 

Female Reproductive Biology 

Of the 57 females examined, 11 were classified immature, 2 pubertal (having ovulated 

but not conceived) and 44 sexually mature (Appendix 3). Thirty five of the females 

were pregnant, including one for which only the female's head and foetus were 

available. All of the immature animals had small, undeveloped ovmies weighing 

between 1 to 3 g each. Their uteri were smooth without stretch marks, and had comu 
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Figure 2.2. Growth of New Zealand fur seals. (a) Age-body weight distributions; (b) Age-body 
length distributions using Gompertz growth function equations of the form: Lx =L= exp( -exp(b-kt)). 
Males: Lx = 211.9exp(-exp(-0.06-0.llt)); Females: Lx = 119.2exp(-exp(-0.80-0.45t)); where t = 
age (years). 
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(a) (b) 

(c) (d) 

Figure 2 .4 . Examples of the reproductive histology of male New Zealand fur 
seals : (a) immature testis; (b) mature testis; (c) immature epididymis; (d) 
mature epididymis. 200x magnification; s = spermatozoa. 
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diameters of 0.4 to 0.9 em. The two pube1tal animals had CAs in the ovaries but 

undeveloped uteri, indicating that they had never conceived. Their ovaries weighed 2 g 

and the uterine cornu diameters were between 0.7 to 1.0 em. The sexually mature 

females had ovaries with CLs and/or CAs (see Figure 2.7 for histological appearance of 

CLs and CAs) and ute1i with serosal stretch marks indicating that they had been 

pregnant at least once (see Figure 2.8 for appearance of immature and mature 

reproductive system). Animals which had ovulated (includes pubertal and mature fur 

seals) had larger ovaries, weighing from 2 to 9 g (t-test, p. = 0.0001; Figure 2.9). 

Uterine cornu diameters of the mature animals were also larger, 1.1 to 1.9 em (t-test, p. 

= 0.0001; Figure 2.10). Ovulation appeared to occur in alternate ovaries each year, as 

the CL and the most recent CA occuned in different ovaries. 

Both age at puberty (first ovulation) and age at sexual matmity (conception) occmTed 

between four and six years. With the exception of one eight year old (classed as 

pubertal), all females six years and older were pregnant and/or had given birth at least 

once. The 22 year old female may have been post-reproductive. She had small CAs but 

no CLs or large CAs in the ovaries, and there was no indication of recent pregnancy in 

the uterine horns. Ovary weights and cornu diameters were low compared to those of 

other mature females. Mammary glands were small, with no milk present. 

Pregnancy rate 

All females examined were captured at a time when the foetus was easily visible, 

reducing the risk of missed pregnancies due to delayed implantation of the embryo. 

Proportion of females pregnant was calculated as the frequency of pregnant females in 

each age class four years and older. The data indicate an approximate pregnancy rate of 

69% for this sample of New Zealand fur seals (Table 2.1). However, this estimate may 

be biased due to non-representative sampling of the population by the fishing fleet. 

Table 2.1: Pregnancy rates of New Zealand fur seals killed as bycatch in 1996. 

Presence of a foetus was used as the crite1ia of pregnancy. 
Age (years) Total no. of No. mature No. pregnant Proportion 

females r2regnant 
4 4 1 1 0.25 
5 4 3 2 0.50 
6 5 5 5 1 .00 
7 8 8 7 0.88 
8 7 7 4 0.57 
9 2 2 2 1 .00 
1 0 7 7 6 0.86 
1 1 4 4 3 0.75 
1 2 4 4 4 1 .00 
1 3 3 3 1 0.33 
14+ 3 3 0 0.00 

Total 51 47 35 0.69 

23 



(a) 

(b) 

., f 

r ~ · . 
'f, , . ' I 

+r,•• .. 
• .1 • 

~.,.. . 
':,Ill ' 

·~ 
) 

• 
' 

·'·" ' l' 
\ ~ 

~ . ' .. ,, . 
'<4! 

., 
.... ~' . .. 

Figure 2.7. Examples of female reproductive biology: (a) corpora lutea, CL; 
(b) corpora albicantia, CA. 200x magnification. 
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Figure 2.8. External appearance of the reproductive tract of (a) immature, (b) mature and (c) 
mature/pregnant females. The ovaries are located at the end of the two-homed uterus. The uterine 
horns increase in diameter and gain stretch marks after pregnancy. 
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Figure 2.9. Average ovary weights of immature and mature female New Zealand fur seals. Mature 
animals have significantly heavier ovaries (t-test; p. = 0.0001). 
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Figure 2.1 0. Age-average uterine cornu diameter (non-pregnant horn) of the female New Zealand 
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Foetal Growth 

There are two phases to the gestation period of pinnipeds, embryonic diapause and the 

foetal growth phase. Embryonic diapause, or delayed implantation, has not been 

documented in New Zealand fur seals but is thought to occur in all pinniped species. 

None of the females examined were captured during the early pmt of the year when 

embryonic diapause occurs. 

All of the female fur seals examined were caught between July and October. Thi1ty-five 

foetuses were found (Figure 2.11) and due to the seasonality of capture I do not believe 

that any were missed. Fifteen of the foetuses were female, 19 male and one of 

unknown sex. Male foetuses in this sample grew significantly faster than females in 

weight, but not in length (regression slopes significantly different p. :::;0.05; Figure 

2.12). 

2. 4 DISCUSSION 

Age and Growth 

There were no seals of known-age in this sample of New Zealand fur seals, but the 

deposition of one GLG per year has been validated in several other pinniped species. 

Examples include, northern fur seals, Callorhinus ursinus (Anas, 1970); southern 

elephant seals, Mirounga leonina (Carrick and Ingham, 1962); grey seals, Halichoerus 

grypus (Hewer, 1964; Mansfield, 1991); harp seals, Phoca groenlandica (Bowen et al., 

1983); South Ame1ican sea lions, Otariajlavescens (Rosas et al., 1993); and Antarctic 

fur seals, Arctocephalus gazella (Payne, 1978). Accumulation of growth layers in the 

dentine of New Zealand fur seals follows a seasonal pattern. Deposition of a ridge of 

dense columnar dentine appears to begin during mid to late summer and continues 

through winter. Seals captured during winter and spring had finished fmming the ridge. 

The maximum ages estimated for this sample of New Zealand fur seals were 22 years 

for females and 12 years for males. The only other estimates of longevity in New 

Zealand fur seals are based on samples collected by Mattlin (1978a). Of 14 males and 

six females examined by Mattlin, the oldest male was 15 years and the oldest female 

14+ years. A larger sample of older seals is needed to improve estimates of longevity in 

New Zealand fur seals, particularly for males. However, maximum ages of 22 years for 

females and 15 years for males are comparable with estimates from other otariid species 

(Table 2.2). 

As with other pinniped species, male New Zealand fur seals reach significantly larger 

sizes than females. Differences in weight and standard length were not significant until 
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Figure 2.11: A male New Zealand fur seal foetus (collected 5 August 1996). 
Standard length = 24 em, weight = 420 g. 
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five years and older. The curve of age versus body length for females indicates a 

marked slowing of growth at about four to five years, which is likely to be associated 

with sexual maturation. There also appears to be a slowing of growth associated with 

puberty and sexual maturity in males, although not as marked. It is likely that a larger 

sample of younger animals would have shown significant differences in size (Crawley, 

1975; Mattlin, 1981). Although, Bigg (1969) found that male and female harbour seals 

grew at about the same rate from birth to five years. At five years females were almost 

fully grown, while males continued growing until9-10 years. 

Table 2.2: Maximum age estimates for other Arctocephalus species. 

Species Maximum recorded age Source 

Females Males 

Antarctic fur seals 22 years 15 years Boyd et al., 1990 

Boyd and Roberts, 1993 

South Aftican fur seals 19 years 18 years Wickens, 1993 

Subantarctic fur seals 23+ years 18+ years Bester, 1987 

South Ametican fur seals 25-30 15-20 years Lima and Paez, 1997 

years 

Australian fur seals 21 years 18 years Shaughnessy and W am eke, 

1987 

The bycaught animals examined are unlikely to represent a random sample of the 

population. Younger individuals of both sexes, aged two years or less were under

represented, as were females 14 years and older and males older than 12 years. Low 

numbers of fur seals aged one year or less is not surptising as they are not weaned until 

they are about seven to 10 months old (Crawley and Wilson, 1976; Mattlin, 1981; 

Crawley, 1990a), and would be unlikely to travel far enough off shore to be found near 

the fishing boats. The younger animals may have different feeding strategies or reduced 

swimming ability which decreases the likelihood of them being captured by fishing 

boats. Rosas et al. (1994) suggest that young weaned South Ametican sea lions are less 

proficient at swimming than adults which limits their movements to short distances. 

It is possible that the older age classes were not under-represented, but that these 

animals are only present in the population in very small numbers. In a population with a 
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natural age distribution there are large numbers of young seals, but the probability of 

seals reaching the older age classes is very low. Wickens (1993) used a simple 

simulation model to estimate the probability of seals reaching particular ages. According 

to the model, the probability of a South African fur seal exceeding 20 years is 6% and 

of reaching 30 years or more is 1% for males and 2% for females. 

Male Reproductive Biology 

Reproductive morphology and histology were essentially as described for a number of 

other pinniped species (e.g. Harrison et al., 1952; Laws, 1956; Mansfield, 1958; 

Harrison, 1969; Laws and Sinha, 1993). The seals in this study were not captured 

dming the breeding season and no information regarding the yearly cycle of activity in 

the testes is available for New Zealand fur seals. Testis activity undergoes a resting 

phase in other marine mammal species, during which time testis size reduces and sperm 

are absent from the epididymis (Harrison et al., 1952; Laws, 1956; Mansfield, 1958; 

Bigg, 1969; Perrin and Reilly, 1984; Collet and Saint Girons, 1984; Bester, 1990). 

Therefore, it was necessary to take into account the relative abundance of other 

reproductive cells as well as spermatozoa. This phenomenon may have made estimation 

of age at sexual maturity more difficult in this study. 

Sexual maturity in male New Zealand fur seals appears to be attained between five and 

nine years. Mattlin (1978a) suggested that the seals attain territorial status at about 10 

years but may be sexually mature by seven years. These limited published data fit 

within the range suggested by the current study. An age at sexual maturity of five to 

nine years is consistent with several other pinniped species, such as the South American 

fur seal (7 years; Vaz-Ferreira, 1982), Grey seal (5-7 years; Hewer, 1964), Steller's 

sea lion (3-7 years; Pitcher and Calkins, 1981) and Australian sea lion (6+ years; 

Reijnders et al., 1993). In several speCies males become sexually mature several years 

before they are able to hold breeding territories .. For example, Australian fur seals are 

thought to attain sexual maturity between 4-5 years but do not establish territories until 

8-13 years of age (Warneke and Shaughnessy, 1985). 

Female Reproductive Biology 

The ovaries of New Zealand fur seals are very similar in gross anatomy, and in 

development of CLs and CAs, to those of other pinniped species (Rand, 1955; Laws, 

1956; Mansfield, 1958; Craig, 1964; Harki:inen and Heide-Jorgensen, 1990; Tedman, 

1991; Laws and Sinha, 1993). Ovulation appears to alternate between ovaries in 

successive breeding seasons. All CLs and CAs were detected by sectioning the ovaries, 

as they were not visible on the ovary surface. CAs were often difficult to see and may 

have been missed in some cases. It appears that CAs do not last longer than about 2 
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years in the ovaries. This is consistent with several other pinniped species, such as 

Cape fur seals (25 months; Rand 1955), Ringed seals (2 years; Smith, 1973), Northern 

fur seals (2 to 4 years; Craig, 1964), Harbour seals (1 to 4 years; Bigg, 1969), and 

Grey seals (about 1 year; Backhouse and Hewer, 1964). 

Age at sexual maturity is a very important parameter in population dynamics (Eberhardt 

and Siniff, 1977; York, 1983; Harding and Hirkonen, 1995). However, it is a term 

that is often not well defined, and may be one of several possibilities. York (1983) 

defines "age at maturity" as the age of the female when the first ovulation occurs, "age 

at first pregnancy" as the age of the female at first conception, and "age at first 

reproduction" as the age of the female when her first pup is born. However, Laws and 

Sinha (1993) and Bester (1995) define "age at pubet1y" as the age of the female at first 

ovulation, and "age at sexual maturity" as the age at first conception, as evidenced by 

the presence of a foetus. 

Age at first ovulation and first conception were identical in most females, indicating that 

as in many seal species (Laws and Sinha, 1993), most New Zealand fur seals became 

pregnant on their first ovulation. Age at sexual maturity seems to occur between four 

and six years. Mattlin (1978a) suggested that New Zealand fur seals can bear their first 

pup by age five years. The data he used were very limited (n = 6), but fit the range 

suggested by the cutTent data. An age at sexual maturity of four to six years (and 

therefore age at first bit1h of five to seven years) is consistent with a number of other 

pinniped species (Table 2.3). 

Table 2.3: Age at sexual maturity and pregnancy rates in females of other fur seal 

species (Arctocephalus sp.). 

Species Age at sexual Pregnancy rate Source 

matutity 

Subantarctic fur 4-6 years 79% Bester, 1987 

seal Bester, 1995 

South African 3-6 years 77.5% Shaughnessy and Best, 1982; 

fur seal David, 1987 

Australian fur 3-5 years 73% Shaughnessy and Warneke, 1987 

seal Warneke and Shaughnessy, 1985 
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Pregnancy Rate 

Pregnancy rates were calculated as the frequency of pregnant females in each age class 

four years and older, expressed as a percentage. Ideally age-specific pregnancy rates 

should be calculated, but a large sample size is necessary. Laws and Sinha (1993) 

indicate that differences in habitat use by pregnant and non-pregnant females could 

cause sampling biases. Habitat use by New Zealand fur seals is not sufficiently well 

understood to assess whether this potential bias is problematic. However, it is still 

useful to estimate an overall pregnancy rate for this sample. Although potential enors 

associated with an estimate of this type could be large, it provides a starting point for 

future research, and allows basic comparisons with other seal species. 

The approximate pregnancy rate for this sample of fur seals was 69%, which is low 

compared with those reported for other otariids (Table 2.3). The limited data seem to 

suggest that pregnancy rate may decrease with age. This has also been observed in 

northern fur seals (York and Hartley, 1981), Antarctic fur seals (Boyd et al., 1995) and 

South American fur seals (Lima and Paez, 1997). The 22 year old female appeared to 

be post reproductive, although a larger sample of older females is needed. 

Unfortunately the sample of older females ( ~ 13 years) was very limited. Only one of 

these animals was pregnant and this may have resulted in an underestimate of 

pregnancy rate. 

The only other data on pregnancy of New Zealand fur seals is from South Australia and 

is based on live bilth rate rather than pregnancy rate. Goldsworthy and Shaughnessy 

(1994) studied 30 tagged females over two consecutive breeding seasons and estimated 

an average birth rate of 67%. They note two counteracting biases of unknown extent; 

(1) animals were sampled at breeding colonies, which might positively bias bi1th rates, 

and (2) pup mortality might cause bitth rate to be underestimated. It seems unlikely that 

birth rate in New Zealand fur seals is any lower than this, and since foetal deaths 

inevitably mean that birth rates are lower than pregnancy rates, our estimate of 

pregnancy rate (69%) is probably biased low. 

Foetal Growth 

Embryonic diapause or delayed implantation occurs when the fertilised egg divides to 

form a hollow ball of cells, called the blastocyst, which remains free in the lumen of the 

uterus. During diapause, embryonic development ceases although slow growth of the 

blastocyst generally continues (Rand, 1955; Boyd, 1991; Laws and Sinha, 1993). 

Embryonic diapause is thought to occur in all pinnipeds but the duration varies between 

species and seems to range between two to five months. For example: Harbour seals, 

2-3 months (Bigg, 1969); Cape fur seals, 4-5 months (Rand, 1955); Grey seals, 3-4 
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months (Backhouse and Hewer, 1964); Ringed seals 3-4 months (McLaren, 1958; 

Smith, 1973) and Northern fur seals, 3-5 months (Daniel, 1981). Due to the season of 

capture, it was not possible to examine the duration of diapause in this sample of New 

Zealand fur seals. 

The limited data available in this study suggest that male foetuses have a faster 

growth rate than females in weight but not length. However, the difference in growth 

rate did not appear to continue after birth. Weight and standard length measurements 

were not significantly different between the sexes until after five years, when they 

diverge significantly. Crawley (1975) found that male fur seal pups were heavier and 

longer than females at 40, 50 and 60 days but not at 240 days. However, Mattlin 

(1981) found that males were significantly heavier and larger than females at 55, 190, 

235 and 290 days. The number of foetuses and animals less than two years was 

limited in my study, and it is likely that this has affected the results. 

In conclusion, this study presents the most comprehensive biological information to 

date for New Zealand fur seals. Relatively good data on age at first reproduction are 

now available, and there are some data on maximum age, pregnancy rates and growth. 

While fmther studies are necessary to expand on these data, preliminary assessments 

of bycatch impacts and population management are now possible. 
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CHAPTER 3: POPULATION GROWTH RATES OF NEW 
ZEALAND FUR SEALS 

3.1 INTRODUCTION 

Substantial numbers of New Zealand fur seals are captured each year as bycatch in 

fishing operations. The potential impacts of this bycatch on fur seal populations are 

currently unknown. There are no reliable estimates of population size and lack of 

information on population biology has made it difficult to estimate possible effects. 

Limited information about fur seal population size and dynamics has led to conflicts of 

opinion between the fishing industry and conservationists. There is growing concern in 

the fishing industry that an increase in fur seal numbers could adversely affect 

commercial fisheries (e.g. Talley, 1991; Stevens, 1999). However, conservation 

groups argue that the numbers of fur seals killed incidentally could have a detrimental 

impact on fur seal populations (e.g. Hutching, 1989). 

The dynamics of a population can be studied using demographic models. Population 

growth rate can be derived from these models to give an indication of the effects of 

incidental catch on the population (DeMaster, 1978; York, 1987; Slooten and Lad, 

1991; Tuljapurkar and Caswell, 1997; Wickens and York, 1997). Population growth 

rate can be estimated using simple projection models, such as Leslie matrix models 

(Leslie, 1945). These models consider females only and use parameters such as age at 

first reproduction, maximum age, reproductive rates, and survival rates to estimate 

growth rate (Slooten and Lad, 1991; Tuljapurkar and Caswell, 1997; Wickens and 

York, 1997). 

In this chapter I describe a method of modelling population growth rate of New Zealand 

fur seals. Several scenarios are presented for a range of possible population growth 

rates using simple population models and a risk analysis simulation computer program. 

The models are based on biological data from dissections of New Zealand fur seals and 

additional information from other seal species. Due to data limitations, the aim of this 

chapter is not to provide a definitive answer for population growth rate in New Zealand 

fur seals, but rather to present of a method of modelling the population and some 

possible scenarios. 
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3.2 METHODS 

Population growth rates of New Zealand fur seals were calculated using Leslie matrix 

models (Leslie, 1945). The growth rates were calculated iteratively, by multiplying the 

matrix of survival and fertility rates by the column vector representing the age structure 

of the population at each iteration. Each model was run over a 50 year period. The risk 

analysis programme Crystal Ball (Decisioneering, Inc. Colorado) was used as an add-in 

to the model, which was run on a Microsoft Excel spreadsheet. 

Using Crystal Ball, I was able to set up probability distributions and their parameters 

for the model inputs, and run a predetermined number of evaluations of the model. The 

parameters, or assumptions, used in the model were age at first reproduction, 

reproductive rate, survival rate and maximum age. Density dependent effects were not 

incorporated into the models. Each of the assumptions was defined by a distribution, 

the shape of which depends on the data available. Using parameter distributions instead 

of set values allowed uncertainty to be incorporated into the models. Effectively, for 

each run of a model, a value was chosen randomly from each of the input distributions 

and used to calculate the number of individuals in each age class over a period of 50 

years. These data are used to calculate a summary figure, for that run, of population 

growth. On the next run, a different set of values are chosen, and another estimate of 

population growth made. To achieve statistical robustness and a smooth distribution of 

population growth estimates, each different model was run 10,000 times. 

Unlike deterministic models which provide only one prediction of population growth 

rate, Crystal Ball produced a distribution of the potential outcomes of each of the 

models. A value of 1.0 in the distribution indicates a stable population, while values 

greater than 1.0 indicate a growing population, and less than 1.0 a declining population. 

For example, a value of 1.04 is equivalent to an annual population growth rate of 4%, 

while a value of 0.98 is a decline of 2% per year. 

Initial Age Distribution 

Before Crystal Ball could be used it was necessary to define an initial age distribution 

for the model. Detetministic matrix models, such as Leslie matrix models, eventually 

produce a stable age distribution regardless of their initial population structure. 

However, starting age distribution affects the outcome of models run using tisk 

analysis programmes (stochastic models). The sample of dissected fur seals could not 

be used for the initial age distribution as it was a non random sample assumed to 

contain biases (see Chapter 2). Therefore, starting age distribution for each model was 

generated by replacing the distributions of the input parameters with the mean value 
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from each distribution. The model was then run for 100 years in its deterministic form, 

by which time the age distribution was stable. 

The most recent estimate of population size for New Zealand fur seals is from 1973 and 

is 39,000 (range 30,000 to 50,000; Wilson, 1981). The prop01iions in each age class 

from year 100 of the model were used to calculate the number of individuals in each age 

class based on Wilson's estimate. These numbers were then used as the starting age 

distribution of the Crystal Ball models. Assuming a total population size of 39,000 and 

a 1:1 sex ratio, the female population size in year 1 of the model was therefore 19,500. 

Provided that the age distribution is stable, the number of individuals in each age class 

has little or no effect on the population growth rate. I am aware that Wilson's (1981) 

estimate is now more than 25 years old and is not representative of the population. 

However, the estimate was only used to provide a scale for the population size graphs 

and will not affect the shape of population growth curves, which is what is of interest 

here. 

Parmneters and Distributions 

Reproductive rate was defined as the number of female offspring born per female each 

year, multiplied by the proportion of mature females in each age class. The proportion 

of mature females was incorporated to take into account lower reproductive rates in the 

younger age classes (based on data from Chapter 2). The number of pups born each 

year was the sum of the reproductive rate of each age class, multiplied by the propmiion 

of females in each age class surviving the year to give birth. Therefore, in these models 

the pupping season falls at the end of the year and females have to survive to this 

season to give birth. Thus, the first age class conesponds to new-born pups. Fur seals 

give birth to one pup at a time (Crawley and Wilson, 1976). 

Dissections of female fur seals indicated that they give birth to their first pup when five 

to seven years old, and after age seven all fur seals have given birth at least once 

(Chapter 2). These data also suggested that the proportion of mature females in each age 

class was 0.25, 0.75 and 1.0 for ages five, six and seven. There was limited evidence 

to suggest a decline in reproductive rate with age and possibly a post reproductive 

period in older females. This has also been observed in Antarctic fur seals (Boyd et al., 

1995), subantarctic fur seals (Bester, 1995), South American fur seals (Lima and Paez, 

1997) and northern fur seals (York and Hartley, 1981). However as the evidence was 

limited, a decline in reproductive rate was not incorporated into the basic models. 

Population models require data on bilih rate, although pregnancy rates can be used if 

bi1ih rates are not available. However, foetal deaths inevitably mean that pregnancy 
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rates are higher than birth rates. Data from dissections indicated a pregnancy rate of 

approximately 69% per year, although as discussed in Chapter 2, this estimate may be 

biased low. A study of New Zealand fur seals in South Australia estimated a live birth 

rate of 67% per year (Goldsworthy and Shaughnessy, 1994). However, they note two 

counteracting biases of unknown extent, and are unsure whether the birth rate was 

under- or over-estimated. Based on these studies and information from other seal 

species, a normal distribution was chosen for birth rate with a minimum rate of 69% 

and a mean of 76% (see Wickens and York 1997 for review of Arctocephalus spp. 

pregnancy rates; Figure 3.la). The maximum birth rate used in the distribution was one 

of the highest recorded birth rates for a fur seal species (84%; Subantarctic fur seal, 

Arctocephalus tropicalis). 

Data from dissections of New Zealand fur seals (Chapter 2) indicated a maximum age 

for females of 22 years. However, the seals were aged to the last full year, so this 

animal was actually 22.5 years at time of death. Therefore, a maximum age of at least 

23 years seems likely. A triangular distribution was chosen for maximum age (Figure 

3.1b), with minimum and most likely values of 23 years and a maximum of 28 years 

based on other fur seal species (e.g. South American fur seal; Lima and Paez, 1997; 

and South Aftican fur seal; Wickens, 1993). Triangular distributions are the most 

parsimonious shape to use when there are data to support minimum, maximum, and 

"most likely" values, but insufficient data to assume a complex shape (e.g. nmmal 

distribution). 

Survival rates are the probability that an individual of age class x will survive the year to 

enter age class x+ 1. In this case, survival rates were kept constant over several age 

classes due to data limitations. No survival rate data exist for juvenile or adult New 

Zealand fur seals. Data on pup survival are limited, and as with many other fur seal 

species, are only applicable to the first few months of life. As juvenile mammals 

commonly have a higher mortality rate (Caughley, 1977), separate survival rates were 

used for the first three years, and an adult survival rate for all subsequent years. 

There have been several studies of pup survival in New Zealand fur seals. Two studies 

have been carried out on Otago Peninsula. Lalas and Harcourt (1995) estimated a 

survival rate of 0.92 for the first 55 days, while Bradshaw (1999) estimated survival 

rates of <0.918 for 150 days from January 1st. However, as pupping in New Zealand 

fur seals can begin as early as mid November, and maximum pup mortality occurs in 

the first month in most fur seal species (Harcourt, 1992), a substantial proportion of 

pup mortality may have been missed. Shaughnessy et al. (1995) studied New Zealand 

fur seals in Australia and estimated pup survival rates of 0.99 to 0.998 at one site and 

37 



Chapter 3: NZfur seal population modelling 

0.978 at another. These survival rates apply to pups with an average age of 35 - 42 

days and were estimated from pups found dead during mark-recapture studies, again 

missing early mortality. 

In a less recent study, Mattlin (1978b) studied pup survival on the Open Bay Islands in 

1974175 and 1975176. He estimated a mean survival rate of 0.80 for the first 50 days 

and 0.60 for the first 300 days, although he considered the 300 day estimate to be 

speculative. However, these estimates are now more than 20 years old and may not be 

representative of the population. Also, Mattlin assumed an identical bias in counting live 

and dead pups. Bradshaw (1999) argues that this assumption may bias results due to 

the visibility differences in detection of live and dead pups. 

Shaughnessy et al. (1995) and Bradshaw's (1999) survival rate estimates are high 

compared to other fur seal species (see Wickens and York, 1997), most likely due to 

these studies missing some early mortality. However, as there is evidence to suggest 

that New Zealand fur seal populations are cuiTently expanding rapidly in some areas 

(Lalas and Harcomi, 1995; Shaughnessy et al., 1995; Taylor, et al. 1995), it is 

probable that high survival rates are occurring. 

Pup survival rates are generally lower than for other age classes, however, only data for 

short tenn studies are available. There is evidence to suggest an increase in mortality 

rates from weaning to the end of the first year in other seal species (Carrick and 

Ingham, 1962; De Villiers and Roux, 1992). While there are no data on first year 

survival, there are several studies of other seal species estimating survival for the first 

three years (Smith, 1973; Smith and Polacheck, 1981; York, 1994; Lima and Paez, 

1997). Based mainly on these data, minimum, maximum and mean annual survival 

rates were calculated for normal distribution curves (Figure 3.1c). These juvenile 

survival rates were assumed to be independent of one another, but used the same 

parameters were for each of the three years. The minimum value for the distributions 

was set at 0.78 and the mean at 0.84. The maximum value was set at 0.90 based on 

data suggesting high pup survival rates in New Zealand fur seals (Lalas and Harcourt, 

1995; Shaughnessy et al., 1995; Bradshaw, 1999). 

As there are no data on adult survival in New Zealand fur seals, it was necessary to use 

survival rates from other species. This was considered to be acceptable as all fur seal 

species appear to share similar population dynamics. However, preliminary runs of the 

model suggested high sensitivity to adult survival rate. Therefore, small errors in 

detelTllination of adult survival can result in large changes in the predictions of the 

model (Eberhardt and Siniff, 1977; Smith and Polacheck, 1981; York, 1987). To 
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explore the effects of adult survival rate on the outcome of the model it was run three 

times using three different nonnal distributions of adult survival, but the same 

distribution for all other parameters (Fig 3.2). The mean values of the distributions 

were 0.85, 0.90 and 0.95, which covered the range of adult survival rates suggested 

for other fur seal species (for review see Wickens andY ork, 1997). Hereafter, the three 

models are referred to as models one, two and three, where model one has an adult 

survival rate of 0.85, model two 0.90, and model three 0.95. Based on the literature, 

model one presents a slightly pessimistic scenario of adult survival rates, while model 

two is the most likely scenmio and model three an optimistic one. 

Variation on basic models 

There is some evidence of a decline in reproductive rate with age. Therefore, the models 

were re-run incorporating lower reproductive rates in the older age classes. 

Reproductive rates for years 18 through 22 were halved and were set to zero for ages 

23 and older. As there m·e no data on age-specific pregnancy rates in New Zealand fur 

seals, the lowered reproductive rates were estimated from data on other fur seal species 

(e.g. York and Hartley, 1981; Bester, 1995; Boyd et al., 1995; Lima and Paez, 1997). 

Bycatch 

As biological data improve, additional mortality due to incidental catch can be 

incorporated into the models. As fur seal bycatch is a controversial topic in New 

Zealand (Talley, 1991; Hutching, 1989; Stevens, 1999) it is important to estimate 

potential effects of incidental catch on the population as soon as possible. As an 

example of the potential effects of incidental catch on population structure, the basic 

models were run again incorporating a standard level of bycatch. 

As discussed earlier, reports of New Zealand fur seal bycatch suddenly increased in 

1989. Available data from 1989 to 1993 suggest a annual catch of approximately 1000 

animals throughout the EEZ (Baird, 1994, 1995). Ratio of males to females seems to be 

about 1:1, and therefore an annual bycatch of 500 females was built into the model. I 

consider this to be a reasonably conservative estimate of bycatch. There are no data 

from before 1989 and while it seems inevitable that there was some bycatch this has not 

been built into the models. The bycatch was proportioned among the age classes 

according to the age distribution of the dissected fur seals (see Chapter 2, Figure 2.3). 

Most bycaught fur seals are captured between July and October. As pups are weaned 

during the latter pmi of this period and are no longer dependent on their mother 

(Crawley and Wilson, 1976; Mattlin, 1978a), I assumed that no pups died due to 

incidental catch of the mother. This level of bycatch was then subtracted from each age 

class from 1989 onwards for the remaining years of the model. 
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Figure 3.1. Distributions of parameters used in the models. (a) normal distribution curve of birth rates; 
(b) triangular distribution of maximum age for females; (c) normal distribution of juvenile survival rates 
used in the models. Independent distributions were used for the first three years with the same 
parameters. 
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Figure 3.2. Normal distributions of adult survival rates used in the models. (a) Model one, mean 
0.85; (b) Model two, mean 0.90; (c) Model three, 0.95. 
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3.3 RESULTS 

Basic Models 

Due to the limited information available for several of the parameters, these 

investigations of potential population growth rates of New Zealand fur seals are 

exploratory rather than definitive. 

As discussed above, Crystal Ball produces a probability distribution of the results of 

each model. Sensitivity of the models to adult survival rates can be seen by differences 

in distributions of population growth rate between the three models. Although model 

one (adult survival 0.85) resulted in a mean population growth rate of 0.3%, the 

estimated distribution ranged between 0.9603 and 1.0425, which is equivalent to a 

decline of up to 4.0% and an increase of 4.3% (Figure 3.3a). Models two and three 

(adult survival 0.90 and 0.95 respectively) both resulted in an increasing population 

over the entire range of the output distribution. Population growth rates estimated by 

model two ranged between 0.8% and 8.0% (Figure 3.3b), while those estimated by 

model three ranged between 4.9% and 11.8% (Figure 3.3c). 

As well as producing probability distributions, Crystal Ball also retains estimated means 

of all the parameters, and therefore mean values for population size and growth rate. 

Mean population growth rates from the three models resulted in the population growing 

at 0.3%, 4.4% and 8.4% for models one, two and three respectively. Based on these 

mean rates, population size (of females only) was plotted for each of the models (Figure 

3.4). Model one resulted in only a marginal increase (15.8%) in population size over 50 

years. In models two and three population size increased more spectacularly, increasing 

to 8.2 times original size (model two) or 52 times original size (model three). Doubling 

times were 19 years and 10 years respectively. As indicated above, model two is 

considered the most realistic of these three models. 

Variation on basic models 

Incorporating a decline in reproductive rate into the models decreased mean population 

growth rate in all three models (Table 3.1). The range covered by the distribution of 

population growth rates was also lower. 

Bycatch 

As these models are preliminary and data for several of the parameters are extremely 

limited, bycatch was included only to demonstrate the type of fluctuations that can occur 

given a change in survival rates. Additional mortality due to incidental catch caused the 
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Figure 3.3. Distributions of the model results produced by Crystal Ball. (a) Modebne; (b) 

Model two; (c) Model three. 
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Figure 3.4. Changes in population size (for females only) over the duration of the models. (a) Model 
one, mean adult survival rate 85%; (b) Model two, mean adult survival rate 90%; (c) Model three, 
mean adult survival rate 95%. 
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age distribution of the population to become unstable, which caused changes m 

population growth rate. 

The magnitude of the changes in growth rate depended on the model. At one extreme, 

removing 500 females each year from the population with low adult survival (85%; 

model one) resulted in the population crashing (Figure 3.5). Population growth rate 

was stable until the inclusion of incidental catch, after which it declined rapidly. This 

level of bycatch was sufficient to cause extinction of the population by year 50 of the 

model. 

The effects on models two and three were much less dramatic, although fluctuations in 

population growth rate did occur. Both models showed a sudden decline in population 

growth rate with the onset of bycatch. However, the larger population sizes and higher 

adult survival rates meant that the overall effect on the population was minor compared 

with model one (Figure 3.6 and 3.7). In both scenarios, growth rate gradually 

increased again over the remaining years of the model, and population size also 

continued to increase. 

Table 3 .1. Comparison of mean population growth rates of the three models with and 

without incorporating a decline in reproductive rate with age. Ranges of the probability 

distributions are given in parentheses. 

Model Without decline in With decline in 

reproductive rate with age reproductive rate with age 

One 0.34% (-4.0% to 4.2%) -0.2% (-3.9% to 4.2%) 

Two 4.4% (0.8% to 8.0%) 3.7% (0.2% to 7.2%) 

Three 8.4% (4.9% to 11.8%) 7.6% (3.8% to 11.1 %) 

3. 4 DISCUSSION 

Simple deterministic, population models have been constructed for a number of marine 

mammal species to study various aspects of their population biology (e.g. York and 

Hartley, 1981; Frisman et al., 1982; Reilly and Barlow, 1986; Slooten and Lad, 1991; 

Woodley and Lavigne, 1993). Deterministic models produce a single estimate of 

population growth rate, with no estimate of its precision. Unfortunately, deterministic 

models do not take into account the underlying uncertainty inherent in the data, and 

hence can lead to unreliable estimates of the species status (Todd and Burgman, 1998). 
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Figure 3.5. Effects ofbycatch on (a) growth rate and (b) population size in model one, mean 
adult survival 85%. 
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Figure 3.6. Effects ofbycatch on (a) growth rate and (b) population size in model two, mean adult 
survival 90%. 
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Figure 3 0 7 0 Effects of by catch on (a) growth rate and (b) population size in model three, mean 
adult survival 95%0 
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The approach taken in this chapter offers two considerable advantages over simple 

deterministic models. Firstly, uncertainty in input parameters is fully incorporated into 

the model. To do this in a simple model would be impractical; it would require varying 

one parameter at a time and noting the results of a large number of trials. Secondly, the 

model output, a distribution of possible population growth rates, naturally lends itself to 

statistical description and makes possible quantitative statements about the likelihood of 

any level of population increase or decline. 

Environmental stochasicity is the random variation in survival and reproductive rates 

that occurs due to annual changes in environmental conditions (Caughley, 1994). These 

environmental factors can cause both annual and long te1m fluctuations in biological 

parameters and hence population growth rates (e.g. Slooten and Lad, 1991). Therefore, 

a model which incorporates variation in the input parameters, and estimates a range of 

possible growth rates, can provide a more realistic indication of population growth rate 

than one which provides a single point estimate. As the biological data improve, the 

models could be designed to use different parameters for each year, making them 

stochastic. 

Basic Models 

Data on some key parameters are still lacking for New Zealand fur seals. Although 

dissections of bycaught animals have provided some of the data needed for the models 

(Chapter 2), there are still large gaps in our knowledge. In particular, there are no data 

on juvenile or adult survival rates in New Zealand fur seals. As the models are most 

sensitive to adult survival, small errors in estimates of adult survival cause large 

changes in the results of the models (Figure 3.4; see also Eberhardt and Siniff, 1977; 

Smith and Polacheck, 1981; York, 198.7). 

Relatively good data are now available for age at first reproduction and there are some 

data for birth rate, maximum age and pup survival. If the distributions chosen for these 

parameters are reasonable, the models presented here can be used to indicate possible 

population growth rates, in particular maximum growth rates, given different ranges of 

adult survival rates. As data for the input parameters improve and have less uncertainty 

associated with them, the distributions of the population growth rate will have smaller 

ranges. 

Data from the preliminary models suggest that New Zealand fur seals must have high 

adult survival rates in order for populations to increase. Adult survival rates with a 

mean of 85% resulted in an approximately stable population. York (1987) suggests that 
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fur seal populations must have adult survival rates higher than 85% for the population 

to increase. 

Optimistic survival rates indicate a mean potential growth rate of 8.4% (6.5 - 10.4%; 

95% CI), with an upper limit of 11.8%. More data are required before comparisons 

with other seal species can be made. However, the models suggest that New Zealand 

fur seals are capable of relatively high population growth rates, as are other pinnipeds. 

For example, estimates for maximum rates of increase for recovering populations of 

Antarctic fur seals include 13.1% (York, 1987), 15.1% (Kerley, 1983) and 10.9% 

(Wilkinson and Bester, 1990). Estimates for subantarctic fur seals range from 7.8% to 

16.5% (see York, 1987 for review; Wilkinson and Bester, 1990), and South American 

fur seals, 11% (Vaz-Ferreira, 1982). 

Recent studies of New Zealand fur seals suggest that not only is the population capable 

of high growth rates, these are occurring in many regions. For example, exponential 

rates of increase in pup numbers of 25% from 1983-94 (Lalas and Harcourt, 1995) and 

26% from 1983-98 (Bradshaw et al., in press) have been reported for Otago Peninsula. 

Taylor et al. (1995) also report a mean increase in pup numbers of 23% from 1970-

1994 in the Nelson-northern Marlborough region. Bradshaw et al. (in press) suggest 

that the high rates of increase at Otago Peninsula are due to a combination of intrinsic 

population growth and permanent immigration from other colonies. Given the 

population growth rates indicated by the models, this seems a plausible explanation. 

There is also evidence to suggest that annual pup production at the Open Bay Islands 

(West Coast South Island) has not increased significantly since the mid-1970s (Mattlin, 

1978a; H.Best, unpubl. data). 

Evidence of high population growth rates in at least some regions, implies that model 

one, with low adult survival rates, is the least appropriate of the three basic models. 

Model two or three seems more likely to represent what is actually occurring in the 

population. 

Variation on basic models 

Introducing a decline in reproductive rate did have some effect on the population growth 

rates estimated by the models. However, the changes were fairly small, particularly 

when compared with the variation caused by adult survival rate. This is probably 

because in a population with a normal age distribution there are few animals in the older 

age classes (Wickens, 1993). This means that a decline in reproductive rate has less of 

an effect on population size as these age classes are already contributing less to the 

population. 
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Bycatch 

Given the evidence of population increase in New Zealand fur seals in recent years 

(Lalas and Harcourt, 1995; Taylor et al., 1995; Bradshaw et al., in press), it is obvious 

that the scenario of low adult survival rates combined with a basic level of bycatch is 

unrealistic. However, incidental catch was only included in the basic models to provide 

some insight into the effects bycatch can have on population growth rates. As seen in 

the models, a change in survival rate parameters (caused by incidental catch) caused 

changes in the age structure and fluctuations in population growth rate. The magnitude 

of the effect was dependent on adult survival rate and population size. 

The bycatch scenario presented was very simple. A standard level of bycatch was 

introduced for all years of the model after 1989. Numbers removed from each age class 

were kept constant each year. In reality, the level of bycatch fluctuates each year and 

environmental variation could also cause changes in biological parameters. This is likely 

to result in greater fluctuations in growth rates and population numbers (Caughley, 

1994). 

Models were not constructed using a combination of lowered reproductive rates and 

bycatch. Data were limited and the reproductive and bycatch models were already of an 

exploratory nature. As data become available, this approach should be investigated. 

In conclusion, it seems obvious that more research is needed on biological parameters 

of New Zealand fur seals before the effects of by catch can be estimated. At this stage, it 

is not possible to model the population accurately, and this means that the effects of 

incidental catch cannot be assessed either. Also, there are no recent data are available on 

total population size. To further complicate the issue, the available data suggest that fur 

seal populations in different regions may be growing at different rates (Lalas and 

Harcourt, 1995; Taylor et al., 1995; Bradshaw et al., in press; H.Best, unpubl. data). 

Bycatch also varies significantly in different regions, with the highest fur seal bycatch 

occurring in a trawl fishery on the west coast of the South Island (Baird, 1994, 1995, 

1996). This suggests that as data improve, the population should be modelled as a 

series of separate units. 
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CHAPTER 4: STOMACH CONTENTS OF INCIDENTALLY 
CAUGHT NEW ZEALAND FUR SEALS 

4.1 INTRODUCTION 

Interactions between marine mammals and fishelies have become more common as 

fishing activities increase. Bycatch of marine mammals, the most extreme form of the 

interaction, now occurs worldwide (O'hara et al., 1986; Northridge, 1991; Reijnders et 

al., 1993). Other interactions include seals.scavenging fish from nets, damaging fishing 

gear and disrupting fishing operations by dispersing fish shoals (Harwood, 1987; 

Wickens, 1995). Several hundred New Zealand fur seals are caught incidentally m 

fishing operations each year (Baird, 1994, 1995; Mattlin, 1994; Gibson, 1995). 

Despite the fact that some seal populations are thought to compete for the same prey 

species as commercial fishelies (Harwood and Croxall, 1988) the diet of many 

pinnipeds is poorly understood. The lack of comprehensive information on the biology 

of New Zealand fur seals has led to erroneous perceptions and polarised opinions 

between conservationists and fishers (e.g. Duncan, 1991; Talley, 1991; Stevens, 

1999). 

Types of Diet Analysis 

Seal diet analysis is usually based on identification of hard prey remains in stomach 

contents, regurgitations or faeces. The diagnostic remains used are sagittal otoliths (ear 

bones) and skeletal remains of fish, beaks (chitinous mouthparts) of cephalopods, and 

exoskeletons of crustaceans. Fresh flesh remains can be used (e.g. Street, 1964), but 

are more effective when used in conjunction with diagnostic remains. Prey size can be 

estimated using measurements of diagnostic remains (Clarke, 1962; Jobling and 

Breiby, 1986; Pierce and Boyle, 1991), allowing insight into the dietary importance of 

different prey species. 

There are no methods of sampling and analysing seal diet that are completely free from 

bias; there are advantages and disadvantages in all cunent methods (Gales et al., 1993). 

Faecal samples and regurgitations are often used in conjunction with one another to 

investigate seal diet. These samples are generally relatively abundant, easy to collect and 

collection is non-invasive (Treacy and Crawford, 1981; Green et al., 1990; Pierce and 

Boyle, 1991). Unfortunately, this type of analysis cannot provide reliable estimates of 

prey numbers consumed nor the relative importance of different prey species (Jobling 

and Breiby, 1986; Jobling, 1987; Harvey, 1989). Many recent studies have reported 
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low and often variable recovery rates of ingested otoliths, significant erosion during 

digestion, and under-representation of small or fragile otoliths in scats (for example, 

Jobling and Breiby, 1986; Dellinger and Trillmich, 1988; Pierce and Boyle, 1991; 

Gales and Cheal, 1992). While sample analysis techniques can help reduce biases, the 

problems are reduced rather than eliminated. 

While non-lethal methods for investigating seal diet have obvious advantages, complete 

stomach contents provide the most detailed information at present. Stomach contents 

have fewer biases in interpretation and quantification than faecal samples (Croxall, 

1993). They allow identification of prey species, and often size from fresh remains 

(Mmie, 1987), and identification of species which have fragile otoliths or no hard 

remains (Pierce and Boyle, 1991). The problems of loss and erosion of hard remains 

through digestion and under-representation of some species are reduced. 

Samples from seals captured in fishing nets, as used in this study, are often biased 

towards the species targeted by the fishing boat (Pierce and Boyle, 1991). However, 

this information provides insight into what the seals were tar·geting just before being 

killed and may be helpful in assessing seal/fisheries interactions. 

Variation in results of previous studies of New Zealand fur seal diet (Street, 1964; 

Rapson, in Sorenson, 1969a; Tate, 1981; Carey, 1992; Dix, 1993b) highlight the need 

for more research. This investigation aims to: (1) provide information on species 

targeted by seals just prior to being incidentally caught in trawling; (2) identify prey taxa 

and then quantify frequency of occurrence, numerical frequency, size range and original 

biomass of each species; (3) to provide comparative information on lower intestine 

contents as well as stomach contents; and (4) to compare findings of this study with 

other studies of New Zealand fur seal diet. 

4.2 METHODS 

Dming 1996 I dissected 127 New Zealand fur seals, that had been caught incidentally, 

between Mar·ch and September, in commercial trawl fisheries. Stomach and lower 

intestine contents were examined for 112 of these animals. The mouth and oesophagus 

were also examined for signs of regurgitation. The stomachs were tied off immediately 

anterior to the stomach, at the oesophagus, and at the duodenum prior to removal. The 

lower intestine (colon) was also tied off and removed. Both samples were stored in 

plastic bags and either examined fresh, or frozen until they could be examined. 
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The stomachs were weighed, then opened with sctssors and all material washed 

through a sieve of 0.5 mm mesh with gently running water. The stomach lining was 

then reweighed to allow the weight of the stomach contents to be determined. Relatively 

undigested material was removed, and if possible, measured (standard length). 

Fragmented material was sorted manually, using a water-filled, black-bottomed tray. 

Otoliths were clearly visible against this background, and as they were denser than most 

of the other matetial, readily sank to the bottom of the tray. All material was also 

examined on a white tray as squid beaks were more visible against this background. 

Skeletal remains were also removed at this stage. All prey remains were soaked in 

disinfectant overnight, then rinsed, dtied and stored in plastic bags. Lower intestines 

were sorted similarly. 

Prey remains included sagittal otoliths (Figure 4.1), cephalopod beaks (Figure 4.1), 

skeletal components, and often fresh remains. Species were generally identified to the 

lowest possible taxon by comparing sagittal otoliths and cephalopod beaks with 

samples from a reference collection held by Dr. Chris Lalas. In some cases species 

identification was made by Dr. Lalas by comparison of skeletal remains with a reference 

collection of diagnostic material. Prey remains in the reference collection were from 

animals of known length and mass. Otolith identification catalogues were also used to 

assist in identification (Hecht, 1987; Williams and McEldowney, 1990; Smale et al., 

1995). In some cases it was only possible to tentatively identify species. These species 

are listed in tables, and in some cases in the text, with either c.f. before the species 

name or with a question mark. 

Where possible the original biomass and length each of prey item was calculated using 

regression equations relating otolith or beak size to prey size (Table 4.1). These 

equations were developed using measurements from specimens of known length and 

weight held by Dr. Lalas, or from the literature. Some of the species found in the 

stomachs occurred in several different geographical regions or were caught dming more 

than one season. Where possible different equations were developed for these species 

as it has been claimed that otolith size-fish size relationships vary both seasonally and 

geographically (Reay, 1972; Messieh, 1972; Jobling and Breiby, 1986). When 

numbers of reference otoliths were insufficient to develop regression equations, prey 

size was approximated by comparing the recovered otoliths with reference otoliths. 

Otoliths were not used for reconstruction of fish size if they were eroded, as this can 

cause substantial biases in estimation of fish size (North et al., 1983; Jobling and 

Breiby, 1986; Jobling, 1987; Dellinger and Trillmich, 1988). This is not usually a 
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Figure 4.1. Sagittal otoliths and cephalopod beaks from stomachs of New Zealand fur 

seals: (a) Hoki (Macruronus novaezelandiae); (b) Southern blue whiting 

(Micromestistius australis); (c) Lantemfish (Symbolophorus sp.); (d) Lantemfish 

(Lampanyctodes hectoris); (e) Arrow squid (Nototodarus sloanii); (f) Octopus sp. 



Table 4.1: Equations for the calculation of prey size and biomass (y) using otolith/beak measurements (x) in the form of samples collected in 

the New Zealand region. Regression equations of the form y = A(x)b where x = OL, URL or LRL; OL = otolith length (mm); URL = upper (j 
;::;-

rostral length (mm); LRL = lower rostral length (mm); DML = dorsal mantle length; SL = standard length; FL = fork length; TL = total .§ 
(i;' 

length. Source of equation= (1) Lalas, unpub. data; (2) Smale et al., 1995; (3) Pea et al., in press; (4) Dickie, Holborow and Lalas, unpub. 
"l 

:1:-
data. (/) 

"' 
(x)b 

C) 

Species Location and Prey size Sample Size range r2 A Source ~ 
l:l 
(') 

season of capture parameter size ;::;-
(') 

anow squid Campbell Plateau; DML (em) 103 8.5- 43.5 0.940 8.199 URL0.71 (1) 
C) 
~ 
(i;' 

Nototodarus sloanii Auckland Islands DML (em) 115 8.5- 43.5 0.949 7.487 LRL0.773 (1) ~ 
~ 

Shelf Mass (g) 103 16-2100 0.963 8.426 URL2.327 (1) ~ 

Mass (g) 115 16-2100 0.967 6.346 LRL2.529 (1) ~ 
~ 

anow squid South Island DML(cm) 284 3.2 - 40.5 0.930 7.832 URL0.711 (1) "l 

"" (I) 

Nototodarus sloanii DML(cm) 313 3.0- 43.5 0.946 7.514 LRL0.744 (1) l:l -"" 
Mass (g) 279 1.9- 1860 0.931 9.299 URL2.186 (1) 

Mass (g) 308 1.9- 1940 0.949 7.879 LRL2.315 (1) 

pearlside SL (mm) 90 27-52 0.869 23.47 QL0.9618 (2) 

Maurolicus muelleri Mass (g) 87 27-52 0.787 0.16 QL3.0971 (2) 

lantemfish SL (mm) 38 35-70 0.890 19.36 QLl.OOO (3) 

Electrona sp. Mass (g) 19 0.5 - 2.5 0.710 0.040 QL4.402 (3) 

lantemfish SL (mm) 35 46-66 0.660 21.88 OLL239 (3) 

Lampanyctodes hectoris Mass (g) 35 1.3 - 3.9 0.650 0.123 OL3.838 (3) 

lanternfish SL (mm) 31 42- 132 0.920 18.68 OLL082 (3) 

Symbolophorus sp. Mass (g) 31 1.5 - 22 0.860 0.237 OL2.540 (3) 

southern blue whiting Campbell Plateau FL (em) 134 10.6 - 56 0.980 1.627 OLL179 (4) 

Micromesistius australis Mass (g) 125 8- 1190 0.966 0.019 QL3.692 (4) VI 
0\ 



Table 4.1 (cont.): Equations for the calculation of prey size and biomass using otolith/beak measurements. 

Species Location and Prey size Sample Range r2 A 

season of capture Earameter SIZe 

hold Summer TL (em) 106 34.5 - 112.5 0.968 1.114 

Macntronus novaezelandiae Campbell Plateau Mass (g) 106 120- 3960 0.973 0.005 

hold Autumn TL (em) 53 24- 112 0.986 1.513 

Macntronus novaezelandiae South Island Mass(g) 25 48- 1850 0.990 0.028 

hold Winter TL (em) 132 26.5 - 125 0.989 1.051 

Macruronus novaezelandiae South Island Mass (g) 100 52- 5400 0.986 0.004 

oblique banded rattail TL (em) 38 5.6- 47.5 0.993 1.488 

Coelorinchus aspercephalus Mass (g) 38 1.0- 626 0.986 0.011 

javelinfish TL (em) 51 8.7- 60.5 0.986 2.216 

Lepidorhynchus denticulatus Mass (g) 51 0.7- 615 0.985 0.010 

(x)b Source 

OL1.384 (1) 

OL4.09 (1) 

OLL278 (4) 
OL3.433 (4) 

OL1.399 (4) 

OL4.139 (4) 
OLL271 (1) 

OL3.946 (1) 

OLL193 (1) 
OL3.967 (1) 
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Chapter 4: Stomach contents of NZfur seals 

problem for estimation of cephalopod size as beaks are more robust, and do not usually 

erode around the measurement area (e.g. Gales et al., 1993). 

Pairs of sagittal otoliths (left, right) and cephalopod beaks (upper, lower) found in fresh 

remains were kept as pairs during analysis. Measurements of unbroken otoliths and 

cephalopod beaks were made with digital calipers to the nearest 0.01 mm. Upper and 

lower rostral lengths were measured for squid beaks (Clarke, 1986), and length and 

width were measured for otoliths (Williams and McEldowney, 1990). Otoliths found 

loose in the stomachs were separated into left and 1ight and counted separately as were 

loose upper and lower cephalopod beaks, and these and other remains were used to 

estimate the minimum number of prey consumed. 

The fur seal stomachs and colons were separated into six geographical regions for 

analysis (Table 4.2). Items in the stomachs were occasionally identified from remains 

other than diagnostic remains and could not be used to estimate prey size. In other 

cases, otoliths were unmeasurable due to erosion, and beaks due to breakage. The 

measurable items were used to calculate an average original biomass for each species in 

each region. This biomass was then used to estimate the total biomass found in the 

stomachs for each species in each region. Colon contents are also presented for the west 

coast South Island region (WCSI) using frequency of occurrence and numerical 

frequency (WSCI only, due to low sample size for other regions). Common names, 

scientific names and taxonomic listing for fish follow Paulin et al.(1989). Fish 

measurements were rounded down to the nearest centimetre following standard 

fisheries research practice. 

Table 4.2: Geographical regions used for diet analyses. 

Region Species targeted by fishery Number of seals sampled 

West Coast South Island hoki 90 

East Coast South Island hoki 6 

Puseygur Bank hoki 3 

Bounty Islands southern blue whiting 10 

Snares Islands Shelf . arrow squid 1 

Auckland Islands Shelf arrow squid 2 

Total 112 
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4.3 RESULTS 

Stomach Contents 

Of the 112 New Zealand fur seal stomachs examined, 91 (81%) contained diagnostic 

remains and 19 taxa (genera or species) were found (Tables 4.3 to 4.8): one crustacean, 

four cephalopods and 14 fish. Hoki (Macruronus novaezelandiae) was found in 57 

stomachs from four of the six regions. Arrow squid (Nototodarus sloanii) was also 

found in four regions and occurred in 34 stomachs. The other species occurring in 

several regions were two lanternfish (Myctophidae), Symbolophorus sp. (3 regions; 17 

stomachs) and Lampanyctodes hectoris (3 regions, 9 stomachs). Only three other 

species occurred in more than two stomachs, and each only occurred in one region 

(Tables 4.3 to 4.8). 

A minimum of 922 prey items were identified from the diagnostic remains (Tables 4.3 

to 4.8). Seals caught in WCSI contained the greatest variety of prey (Table 4.9). In this 

region hoki represented approximately 47% of the minimum number of prey items and 

arrow squid represented 26%. Fourteen other species were found in this region but in 

much smaller numbers. Hoki also had the greatest numerical frequency (93%) in 

Puysegur Bank. L. hectoris was found with high numerical frequency in the east coast 

South Island (ECSI; 75%) and Snares Shelf (78%) regions. 

Original prey size was quantified for 593 (64%) of the 922 prey items identified. For 

WCSI the greatest proportion of prey biomass (Table 4.10) was represented by hoki 

(51%), a fish tentatively idenitifed as Ray's bream (hereafter referred to as c.f. Ray's 

bream; 20%), barracouta (14%) and arrow squid (10%). Hoki also had the highest 

proportion of the biomass in ECSI (94% ), Puysegur Bank (87%) and Snares Shelf 

(54%). Although L. hectoris had the highest numerical frequency in ECSI and Snares 

Shelf, it accounted for only 2% of the biomass in each region. 

The length and weight range of prey items represented by quantifiable remains, for 

which regression equations were available is shown in Figures 4.2 and 4.3. A wide 

range in sizes of both squid and fish were represented. Calculated length ranged from 4 

em for L. hectoris to 72 em for hoki. Estimated original biomass ranged from 1 g for L. 

hectoris to over 1 kg for arrow squid (maximum = 1478 g), southern blue whiting 

(maximum = 1117 g) and hoki (maximum= 1064 g). 

Fresh remains of three species of small fish (range = 3 - 12 em) were found in the fur 

seal stomachs. The species were two lanternfish, L. hectoris and Symbolophorus sp., 

and pearlside (Maurolicus muelleri). The remains found were either very fresh 

59 



Table 4.3: Stomach contents of fur seals cartured in the west coast South Island region (n = 90). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass I 

occurrence items items quantified rrey item (g) species (g) 

lobster krill Munida gregaria 1 30 150 

arrow squid Nototodarus sloanii 30 96 94 107 10272 

Onychoteuthis banksi 2 7 550 

octopus sp. Octopus sp. 1 1 1200 

pearls ide Maurolicus muelleri 2 5 2 0.5 2.5 

lantemfish Lampanyctodes hectoris 4 5 3 1.4 7.0 

lantemfish Symbolophorus sp. 13 22 17 5.4 119 

hoki Macruronus novaezelandiae 49 173 81 315 54495 

oblique banded rattail Coelo rinchus aspercephalus 1 1 1 141 141 

javelinfish Lepidorhynchus 1 1 1 176 176 

denticulatus 

ling Genypterus blacodes 1 1 1500 

capro dory Capromimus abbreviatus 1 4 25 100 

c.f. Ray's bream Bramabrama 9 14 1500 21000 

banacouta Thyrsites atun 7 8 1 1900 15200 

frostfish Lepidopus caudatus 1 1 500 

blue mackerel? Scomber australasicus 1 1 1500 

Total 370 106913 
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Table 4.4: Stomach contents of fur seals captured in the east coast South Island region (n = 6). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass/ 

unidentified squid 

lanternfish 

lanternfish 

hoki 

javelinfish 

Total 

Lampanyctodes hectoris 

Synzbolophorus sp. 

Macruronus novaezelandiae 

Lepidorhynchus denticulatus 

occmrence items 

1 1 

4 197 

3 5 

5 56 

1 2 

261 

items quantified prey item (g) species (g) 

20 20 

146 2.2 433 

5 5.7 29 

42 291 16296 

2 303 606 

17384 

Table 4.5: Stomach contents of fur seals captured in th~f>tiysegur Bank region (n = 3). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass/ 

anow squid 

hoki 

Total 

Nototodarus sloanii 

M acruronus novaezelandiae 

occunence items items quantified prey item (g) species (g) 

1 1 1152 1152 

2 14 11 538 7532 

15 8684 
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Table 4.6: Stomach contents of fur seals captured in the Bounty Islands regions (n = 10). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass/ 

lanternfish Electrona sp. 

southem blue whiting Micromesistius australis 

Total 

occtmence items items quantified prey item (g) species (g) 

2 

8 

2 

246 

248 

2 

166 

4 

347 

8 

85362 

85370 

Table 4.7: Stomach contents of fur seals captured in the Snares Islands shelf region (n = 1). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass/ 

occurrence 

arrow squid Nototodarus sloanii 1 

lanternfish Lampanyctodes hectoris 1 

lanternfish Symbolophorus sp. 1 

hold Macruronus novaezelandiae 1 

Total 

items 

2 

21 

1 

3 

27 

items quantified prey items (g) species (g) 

2 496 992 

10 

0 

3 

2.0 

5.5 

406 

42 

5.5 

1218 

2257.5 

Table 4.8: Stomach contents of fur seals captured in the Auckland Islands Shelf region (n= 2). 

Common name Scientific name Frequency of No. of prey No. of prey Average biomass/ Total biomass/ 

occurrence items items quantified prey item (g) species (g) 

arrow squid Nototodarus sloanii 2 5 5 862 4310 

Total 5 4310 
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Table 4.9: Composition of the stomach contents by proportion of the number of prey items found in the six different regions (calculated 
I 9 from Tables 4.3 - 4.8). >§ ,_,_ 

~ 

Common name Scientific name WCSI ECSI Puysegur 
..., 

Bounty Snares Auckland ~ 

Islands Islands Shelf Islands Shelf V:l ,_,_ 
C) 

lobster krill Munida gregaria 8% 
:::1 
"" ~ 
(') 

anow squid Nototodarus sloanii 26% 7% 7% 100% ;::;--
(') 
C) 

Onychoteuthis banksi 2% ;::l ..... 
~ 

unidentified squid <0.5% 
;::l 
c;j 

octopus sp. Octopus sp. <0.5% ~ 
~ pearl side Maurolicus muelleri 1% 
~ 

lantemfish Electrona sp. 1% 
..., 
v, 
~ 

lantemfish Lampanyctodes hectoris 1% 75% 78% ~ 
i::;' 

lantemfish Symbolophorus sp. 6% 2% 4% 

southem blue whiting Micromesistius australis 99% 

hold Macruronus novaezelandiae 47% 21% 93% 11% 

oblique banded rattail Coelorinchus aspercephalus <0.5% 

javelinfish Lepidorhynchus denticulatus <0.5% 1% 

ling Genypterus blacodes <0.5% 

capro dory Capromimus abbreviatus 1% 

c.f. Ray's bream Bramabrama 4% 

baJ.Tacouta Thyrsites atun 2% 

frostfish Lepidopus caudatus <0.5% 

blue mackerel? Scomber australasicus <0.5% 
I 

0\ 
w 



Table 4.10: Composition of the stomach contents by proportion of the estimated biomass in the six different regions (calculated from Tables 
4.3 - 4.8). 

Common name Scientific name WCSI ECSI Puysegur Bounty Snares Auckland 

Islands Islands Shelf Islands Shelf 

lobster krill Munida gregaria <0.5% 

arrow squid Nototodarus sloanii 10% 13% 44% 100% 

Onychoteuthis banksi 1% 

unidentified squid <0.5% 

octopus sp. Octopus sp. 1% 

pearl side Maurolicus muelleri <0.00% 

lantemfish Electrona sp. <0.01% 

lantemfish Lampanyctodes hectoris <0.05% 3% 2% 

lantemfish Symbolophorus sp. <0.5% <0.5% <0.5% 

southem blue whiting Micromesistius australis 100% 

hoki Macntronus novaezelandiae 51% 94% 87% 54% 

oblique banded rattail Coelorinchus aspercephalus <0.5% 

javelinfish Lepidorhynchus denticulatus <0.5% 3% 

ling Genypterus blacodes 1% 

capro dory Capromimus abbreviatus <0.5% 

c.f. Ray's bream Bramabrama 20% 

ban·acouta Thyrsites atun 14% 

frostfish Lepidopus caudatus <0.5% 

blue mackerel? Scomber australasicus 1% 
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Figure 4.2. Length frequency distributions of the most frequently occurring prey species (from 
measurable samples only). TL, total length; SL, standard length; FL, fork length; DlvlL, dorsal 
mantle length. 
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Figure 4.3. Weight frequency distributions of the most frequently occurring prey species (from 
measurable samples only). 
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whole fish, or articulated skeletons with some flesh and with the skull and otoliths 

intact. The numbers found were three pearlside (from one stomach), 117 L. hectoris 

(from three stomachs) and six Symbolophorus sp. (from five stomachs). 

Samples from WCSI were used to investigate whether the species taken varied by seal 

sex. The main species consumed and their length and weight ranges did not differ 

significantly between male and female seals. Similarly, no clear differences were found 

between seals weighing less than 40 kg and more than 40 kg. 

Colon Contents 

Colon contents were also examined for the fur seals captured in the WCSI regwn. 

Ninety colons were examined, 55 (61 %) of which contained no diagnostic remains. 

Twelve taxa were recorded in the 35 colons that contained diagnostic remains (Table 

4.11). Species with the greatest frequency of occurrence were Symbolophorus sp. (in 

19% of colons), L. hectoris (13%) and hoki (10%). 

Table 4.11: Frequency of occurrence and numerical frequency of prey items in New 

Zealand fur seal colons. 

Common name Frequency of Number of prey Proportion by no. 
occurrence items of prey items 

pearl side 3 10 6% 
Maurolicus 1nuelleri 
c.f. scaly dragonfish sp. 2 9 5% 
Stomiidae 
c.f. Barracudina sp. 1 1 1% 
Paralepididae 
Lantemfish 2 2 1% 
Diaphus sp. 
Lantemfish 12 25 15% 
Lampanyctodes hectoris 
Lantemfish 17 105 62% 
Symbolophorus sp. 
c.f. dwarf cod 1 1 1% 
Austophycis nwrginata 
hoki 9 12 7% 
Macntronus novaezelandiae 
oblique banded rattail 1 1 1% 
Coelorinchus aspercephalus 
javelinfish 1 1 1% 
Lepidorhynchus denticulatus 
jack mackerel 1 1 1% 
Trachurus declivis 
frostfish 2 2 1% 
Lepidopus caudatus 

Total 170 
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A minimum of 170 prey items were identified from diagnostic remains in the colons 

(Table 4.11). The species with the greatest numerical frequency were Symbolophorus 

sp. (62%), L. hectoris (15%) and hoki (7%). No cephalopod beaks were found in the 

colon samples. 

Comparison Betvveen Stomach and Colon Contents 

A comparison of stomach and colon contents showed differences in frequency of 

occurrence of several prey species (Fisher's exact test; Table 4.12). In particular, hoki 

occurred far more frequently in stomachs than colons, while L. hectoris occurred more 

often in colons. Numerical frequency of prey items also differed, shown by a 

colon/stomach ratio of species present in more than one stomach or colon (Table 4.13). 

Again, hoki was found in higher numbers in stomachs and L. hectoris and 

Symbolophorus sp. in colons. Overall, small fish occurred in higher proportions in 

colons than stomachs. Species with a maximum standard length of less than 15 em 

made up 84% of the prey items in colon samples as opposed to 17% in stomach 

samples. 

Table 4.12: Comparison of stomachs and colons by frequency of occurrence of several 

prey species using Fisher's exact test. Ninety stomachs and colons were examined. 

Species No. of stomachs No. of colons P. value 

arrow squid 30 0 <0.0001 

L. hectoris 4 12 0.030 

hoki 49 9 <0.0001 

c.f. Ray's bream 9 0 0.002 

barracouta 7 0 0.007 

4.4 DISCUSSION 

Stomach content analyses can provide detailed information about the diet of marine 

mammals. However, the stomachs in this study were all obtained from seals caught in 

trawl fisheries, hence the sample may be biased and should be interpreted with caution 

(see Pierce and Boyle, 1991; Punt et al., 1995). In this study the species which the 

fishery was targeting, accounted for the greatest proportion of the estimated biomass. 

However, this could mean that the seals are caught incidentally while foraging for 

similar species as the fisheries are targeting, or while directly targeting the net. 
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Table 4.13: Ratio of nume1ical frequency of prey items in the stomach and colon. Only 

species which occur in more than one stomach or colon are included. 

Species No. of prey No. of prey Colon /Stomach 

items in stomach items in colon Ratio 

anow squid 96 0 0.00 

Onychotuethis banksi 7 0 0.00 

barracouta 8 0 0.00 

c.f Ray's bream 14 0 0.00 

hoki 173 12 0.07 

pear lsi de 5 10 2.00 

Symbolophorus sp. 22 105 4.77 

L. hectoris 5 25 5.00 

At least 11 of the seals for which fresh remains were available appeared to have been 

eating offal. The offal was in the form of fresh pieces of fish which looked as though 

they had been cut by a knife, and were usually head or tail sections only. If this is the 

case, then the numerical frequency and reconstituted biomass estimates in this study 

may be artificially inflated for some species. 

Simply indicating the numbers of each prey species can overemphasise the importance 

of small, but numerically abundant species (Hyslop, 1980). A good example of this 

problem is shown in the samples from ECSI, although only six stomachs were 

analysed. The species with the greatest numerical frequencies were L. hectoris (75%) 

and hoki (21% ). However, when taking biomass into account, L. hectoris accounts for 

only 2% of the biomass, while hold accounts for 94%. This relationship between 

nume1ical frequency and original biomass is valid regardless of what the seals were 

targeting just prior to being caught. 

Carey (1992) provides another example of the danger of reporting only numerical 

frequencies. He studied scats only and reported that the most numerically abundant prey 

of New Zealand fur seals (east and west coasts, South Island) were lanternfish (L. 

hectoris and Symbolophorus sp.). However, he did not calculate original biomass for 

his samples. Fea et al. (1999) also found lantemfish to be numerically dominant in 

faecal samples of New Zealand fur seals, but they represented only 14% of the total 

biomass of prey items represented in scats. Remains of large fish were far less 

frequent, but represented a much greater proportion of the total biomass found. 
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In WCSI the fishing boats were targeting hoki and although the seals were eating this 

species they were not eating the same size classes. Proportions of hoki size classes 

were very different between samples from seal stomachs and hoki lengths measured by 

observers on fishing vessels in the same area (2 x 10 log-likelihood ratio test; p. .:::; 

0.001; Figure 4.4). The WCSI fishery was catching hoki with an average total length of 

74 em (95% CI; 71 - 78 em; :MFish unpublished data). The hoki remains found in the 

seal stomachs had an average total length of 44 em (95% CI; 39 - 48 em). Only 11.3% 

(n = 9) of the hok:i found in the seal stomachs were greater than 60 em in length, and of 

these only one hoki was longer than 70 em. 

Proportions of commercial species found in seal stomachs were compared with 

proportions caught by fisheries in WCSI (:MFish unpublished data). Comparisons were 

made using species percentage compositions of individual seal stomachs (n = 94) and 

fishery trawls (n = 1027 trawls). Three of the four species compared showed 

significant differences. Hok:i was found in smaller proportions in seal stomachs than in 

the fishing nets (t-test; p. ::;0.0001), while squid (t-test; p. ::;0.0001) and c.f. Ray's 

bream (t-test; p. = 0.005) were found in higher proportions. Barracouta showed no 

significant difference between seals and nets. The difference in species composition and 

size classes consumed suggests that the seals may not have been directly targeting the 

fishing nets immediately prior to being killed as bycatch. Alternatively, the seals may 

have been selectively targeting certain prey sizes and species. 

The number of stomachs sampled was relatively small for some sites, and therefore 

estimates of diet composition may be subject to considerable sampling error. WCSI is 

the only region with a large sample size. The data from the other regions should be 

interpreted as providing only an indication of species consumed. 

Previous studies of New Zealand fur seal diet 

All but two studies of New Zealand fur seal diet have focussed on scats and/or 

regurgitates, with varying results. The two exceptions were studies of stomach contents 

by Rapson (reported in Sorenson, 1969a) and Street (1964). Rapson examined 91 

stomachs taken from haulouts off the west coast sounds and Solander Islands during 

the 1946 open season. Street collected 70 stomachs from seals shot at haulouts on the 

ESCI between Kaikoura and Bench Island. Both studies used fresh, recognisable 

remains only and found that arrow squid (Nototodarus sloanii), New Zealand octopus 

(Octopus maorum) and barracouta (Thyrsites atun) were major prey items. Street also 

found hoki and mackerel (Trachurus sp.). However, when these studies were carried 

out, otoliths and beaks were not known to be diagnostic material and hence large 

amounts of dietary information may have been lost. 
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Other, more recent studies (Tate, 1981; Carey, 1992), have focussed mainly on scats or 

regurgitates and hence suffer the problem that fish remains are often poorly represented 

in regurgitates, while cephalopod beaks are seldom found in scats (Gales et al, 1993; 

Gales and Pemberton, 1994; Lalas, 1997). Tate (1981) examined mainly regurgitates 

and found arrow squid and octopus to be important components of the diet at Otago 

Peninsula. As mentioned above, Carey (1992) studied scats only and found that 

lantemfish had the highest numerical frequencies. 

Three studies have used remains from scats and regurgitates to build a more 

representative picture. Dix (1993b) examined scats and regurgitates from Cook Strait 

and found that hoki, jack mackerel and lantemfish (L. hectoris and Symbolophorus sp.) 

were the major prey species of fur seals in this area. The most recent study by Fea et al. 

(1999) at Otago Peninsula, found lantemfish (L. hectoris, Symbolophorus sp. and 

Electrona sp.), ahuru (Auchenoceros punctatus) and juvenile red cod (Pseudophycis 

bachus) to be the numetically abundant prey species. However, the major contributors 

to prey biomass were arrow squid, barracouta, mackerel (Trachurus sp.) and New 

Zealand octopus. 

One study of New Zealand fur seal diet has been carried out in Tasmania, Australia. 

This study of faeces and regurgitates found jack mackerel, red bait (Emmelichthys 

nitidus) and lantemfish (Symbolophorus bamardi and Gymnoscopelus piablis) to be 

important parts of the diet (Lake, 1997). 

There has been some doubt in previous studies as to whether small fish are taken 

directly or indirectly (in the stomachs of other species being eaten) by fur seals (e.g. 

Pierce and Boyle, 1991; Carey, 1992; Fea et al., 1999). A major outcome of this study 

was finding evidence that small fish are taken directly by the seals. Fresh remains of 

Symbolophorus sp., L. hectoris, and pearlside were all found in seal stomachs. This 

indicates that, at least some of the time, New Zealand fur seals feed directly on small 

fish. 

The results of this study and those discussed above indicate that New Zealand fur seals 

consume a wide range of prey species, which varies both geographically and 

seasonally. While biases due to sample collection must be taken into account in this 

study, the most frequently occurring species were also found in other studies. These 

species include hoki, arrow squid, L. hectoris, Symbolophorus sp. and barracouta, 

although they occur in different proportions among the studies. 

72 



Chapter 4: Stomach contents of NZ fur seals 

Comparison of sample types 

As indicated above, each method of diet analyses has its own biases (Pierce and Boyle, 

1991; Croxall, 1993; Gales et al., 1993). To provide some insight relating stomach 

contents to scats, I have compared stomach and colon contents. I found substantial 

differences in the frequency of occurrence and numerical frequency of several prey 

species identified in stomachs and colons from the WCSI samples. In particular, it 

appears that cephalopod beaks and large otoliths do not generally pass through the 

colon. 

The lack of cephalopod remains in the colons supports suggestions from other studies 

that cephalopod remains are generally regurgitated (Tate, 1981; Gales et al., 1993; 

Gales and Pemberton, 1994; Lalas, 1997). Tate (1981) suggested that indigestible 

particles greater than 4 mm in diameter would not pass through the pylorus in the 

stomach in New Zealand fur seals and would therefore be removed via regurgitation. 

Gales and Cheal (1992) reported an upper limit of 5 mm for particles passing through to 

the small intestine of Australian sea lions. This upper size limit would affect larger fish 

otoliths as well as cephalopod beaks. I found very few otoliths from hoki, the largest 

otoliths found, in colons. However, hoki was the most common species found in the 

stomachs, both numerically and by estimated biomass. 

Recovery rates of otoliths are known to vary between species, and small otoliths have 

been shown to be under-represented in scats of several seal species (da Silva and 

Neilson, 1985; Gales and Cheal, 1992). However, otoliths from small fish appeared in 

higher proportions in colons of NZ fur seals than in stomachs. It is possible that this is 

the result of two different feeding bouts and that the seals were feeding in a different 

area prior to their capture by fishing boats. It seems likely, however, that there are 

differences in digestion of prey species and that only smaller items are passing through 

to the colon. 

If larger, indigestible prey items are regurgitated, studies based only on scats would be 

highly misleading. Such studies could lead to misinterpretation of the species consumed 

and their relative importance in the diet. For example, seventy nine per cent of the 

otoliths found in scats of New Zealand fur seals by Carey (1992) were from two 

lanternfish (Symbolophorus sp. and L. hectoris.). Interestingly, I found a similar 

proportion (76%) of these two species in colons, but the proportion in stomachs was 

very different (7% ). Due to the species small size they are not as important in the diet as 

some of the larger species. 
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In conclusion, variation in seal diet by season and area indicates that any one set of 

samples might be umepresentative of the population. In addition, each method of 

collecting samples appears to be biased, as indicated above. Of these, analyses of 

stomach contents appears the least biased, since prey remains must reach the stomach 

before being regurgitated or excreted in faeces. However, stomachs from animals 

drowned in fishing nets may also be biased and umepresentative of the population 

(Pierce and Boyle, 1991). Examination of stomach contents is usually highly invasive, 

however, requiring dissection, although stomach lavage has been attempted in a few 

species (Croxall, 1993). When non-invasive approaches are required, it seems obvious 

that researchers should examine both scats and regurgitates. This may be particularly 

important for species such as New Zealand fur seals which seem to regurgitate 

relatively high proportions of large diagnostic remains. 
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CHAPTER 5: AGE, GROWTH AND REPRODUCTION IN 
NEW ZEALAND SEA LIONS 

5.1 INTRODUCTION 

New Zealand sea lions (Phocarctos hookeri), have a highly localised distribution 

(Wilson, 1979; Childerhouse and Gales, 1998). Most of the population is found on the 

Auckland Islands and approximately 95% of the breeding occurs at four colonies there. 

The most recent estimate of population size, from the 1995/96 breeding season, is 

11,100 - 14,000 (95% CI; Gales and Fletcher, 1999). However, during the 1997/98 

breeding season a mortality event resulted in the deaths of at least 53% of the pups. In 

addition, a substantial number of pups are unaccounted for, and the number of adults 

affected is unknown. The overall effect of this event on the population is currently 

unknown (Baker, 1999). 

Since 1978, estimated sea lion bycatch has ranged from 14 to 193 (Slooten and 

Dawson, 1995; Baird, 1996), and from 1995-1998 has averaged 102 animals a year 

(Childerhouse, pers. Comm.; MFish and DOC, 1998). A trawl fishery for arrow squid 

(Nototodarus sloanii) operates on the southern and eastern edges of the Snares shelf 

and on the Auckland Islands shelf. The fishing grounds around the edge of the 

Auckland Islands shelf overlap substantially with New Zealand sea lion foraging areas 

(Gales and Mattlin, 1997). A 12 n. mi. marine mammal sanctuary has been established 

around the Auckland Islands in an effort to protect the breeding population of sea lions. 

A maximum allowable take of sea lions is determined each year, and vessels are 

monitored by observers from the Ministry of Fisheries and the fishing industry (Baird, 

1996). 

Impacts of bycatch cannot be assessed quantitatively due to lack of information about 

key parameters of population biology. Although good estimates of population size now 

exist for a few recent breeding seasons, they do not show obvious trends in abundance 

and have low statistical power to do so (Gales and Fletcher, 1999). Key parameters 

which are unknown for New Zealand sea lions are age at sexual maturity, maximum 

age, reproductive rate and annual survival rates. 

Limited data do exist for several of these parameters. Cawthorn et al. (1985) suggest an 

age at sexual maturity of three years for females and five years for males. However, 

while Cawthorn examined 10 males and 20 females he seems to have based his 

estimates on one known-age male and female (Cawthorn, pers. comn.) and the 
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reliability of the estimates is unknown. Maximum ages of 23 years for males and 18 

years for females have also been estimated, but again the reliability of the figures is 

unknown (n = 53; Cawthorn pers. comm.; Cawthorn et al., 1985). I have examined 

New Zealand sea lions captured as bycatch during the 1996 fishing season to document 

age, growth and reproductive status of both males and females. 

5.2 METHODS 

Methods are as given in Chapter 2, section 2.2 except that growth curves were not fitted 

to the age and standard length data for New Zealand sea lions due to small sample sizes. 

Pregnancy rates and foetal growth were not examined in the sea lions due to the season 

of capture. 

5.3 RESULTS 

During August 1995, seven New Zealand sea lions were dissected (3 male; 4 female), 

and between April and May 1996, 23 sea lions were dissected (12 males, 11 females). 

Reproductive status of the males examined in 1995 was not determined. Data collected 

on female reproductive maturity in 1995 was not as detailed as that collected in 1996. 

Age and Growth 

Tooth dentine was clearly layered and well-prepared sections easily read. Ageing of 

males was generally easier as their teeth were much larger (Figure 5.1). Sectioning 

revealed an open pulp cavity in all teeth from both males and females. Two known-age 

animals were available to validate the accuracy of the ageing method. The first of these 

was four years old, and all three readers were correct. The second was aged six years, 

and the mean of the three readings was also correct. Precision of age estimates was 

assessed using multiple blind readings. Two or more of the age estimates were the 

same, or the estimates differed from the mean by no more than one year, in 96% of the 

readings. The maximum count of GLGs was 21 for females and 12 for males. 

As with other pinniped species, males reached much larger sizes than females (Figure 

5.2). Carcass weights were not available for the sea lions sampled in 1995, and it is not 

possible to derive much information from the small sample available from 1996. The 

maximum standard lengths in the sample were 178 em for females and 195 em for 

males. Of the animals for which body weight was available (n = 23), the heaviest 

female weighed 130.5 kg and the heaviest male 164.5 kg. 
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(b) 

Figure 5.1 . Etched teeth from New Zealand sea lions: (a) four year old male; 
(b) eight year old female. 
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Males classed as either intermediate or sexually mature averaged 190 em standard length 

(SD = 6.08; n = 4) and were significantly larger than sexually mature females (t-test; p. 

= 0.0003), averaging 165 em (SD = 11.26; n = 11). The mature females, averaging 

110 kg (SD = 19.06; n = 7) were also significantly lighter than intermediate/mature 

males (t-test; p. = 0.0007) which averaged 158 kg (SD = 10.54; n = 4). Female sea 

lions appear to be close to their adult size by age six or seven years, and growth appears 

to slow after this age. No males older than age 12 years were sampled. The rate of 

increase in standard length and body weight did not appear to be decreasing markedly at 

this age (Figure 5.2). 

The age - frequency plot (Figure 5.3) shows approximately the distribution expected; 

higher numbers of young animals, and a slow decrease in numbers with age. Animals 

of both sexes older than 12 years appear to be under-represented. However, it is 

difficult to form any conclusions from such a small sample size. 

5-
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[J Females 

II Males 
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Figure 5.3. Age-frequency plot of the New Zealand sea lions examined (females= 15; 
males= 15). 
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Male Reproductive Biology 

Of the 12 specimens histologically examined, eight were classified immature, two 

intermediate and two mature (Appendix 4). Histological differences between immature 

and mature animals were quite marked (see Figure 2.4 for histological appearance of 

testis and epididymis, as NZ fur seals and sea lions were very similar). Due to the small 

sample sizes, intermediate and mature animals were grouped for analyses. Mean testis 

weights were significantly different between immature and intermediate/mature sea lions 

(t-test, p. = 0.0008; Figure 5.4). Body weight and standard length also increased 

significantly with maturity (t-tests; p. :::;;0.0001 and p. = 0.0011 respectively; Figure 

5.5). 

The two animals classified as mature were aged nine and 12 years, while the two 

classified as intermediate were both aged six years. Thus, the data suggest that sexual 

maturity in male New Zealand sea lions may be attained between six and nine years. A 

much larger sample size is necessary to be confident in this estimate. 

Female Reproductive Biology 

Of the 15 females examined, four were classified immature, four pubertal (having 

ovulated but not given birth) and seven mature (Appendix 5). The four pubertal females 

were thought to be ovulating for the first time. They had only one CL or recently 

formed CA in the ovaries and the uteri were small without stretch marks, indicating that 

they had never given birth. All sea lions examined were killed between February and 

April, soon after the breeding season. It was difficult to determine whether or not the 

sea lions were pregnant, but no embryos or recent implantation sites were found in the 

uteri. 

Ovary weights and uterine cornu diameters were available for the 11 sea lions examined 

in 1996 only. Of these animals, all of the immature sea lions had small, undeveloped 

ovmies weighing between 12 to 23 g each. Their uteri were smooth without stretch 

marks, and had cornu diameters of 1.0 to 1.6 em. Data on ovary weights and uterine 

cornu diameters were available for two of the sea lions ovulating for the first time. 

These animals had CLs in the ovaries but the uteri had no stretch marks. Their ovaries 

weighed between 14 and 22 g and the uterine cornu diameters were between 1.2 to 1. 5 

em. The mature females had ovaries with CLs or CAs (see Figure 2.7 for histological 

appearance of CLs and CAs, as the fur seals and sea lions had very similar ovaries) and 

uteri with serosal stretch marks indicating that they had been pregnant at least once (see 

Figure 2.8 for appearance of mature reproductive system). Mature animals had much 

larger ovaries than immature animals, weighing from 20 to 45 g (t-test, p. = 0.0004; 
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Figure 5.4. Differences in average testis weight between sexual maturity classes. Testis size was 
significantly different between immature and intermediate/mature animals (t-test; p. = 0.0008). 
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Figure 5.6). Uterine cornu diameters of the mature sea lions were also larger, 1.3 to 3.4 

em (t-test, p. = 0.003; Figure 5.7). Ovulation appeared to occur in alternate ovaries 

each year. 

Due to the difficulty of determining pregnancy at this stage in the season, it is not 

known whether or not the four animals ovulating for the first time had conceived. Two 

of these animals had recently formed CAs in the ovaries, suggesting that they were not 

pregnant. However, the other two may have conceived as they had CLs in their ovaries 

(if pregnancy does not occur the CL degenerates into a CA; Laws and Sinha, 1993). 

Based on the data from this sample of New Zealand sea lions, both age at puberty (first 

ovulation) and age at sexual maturity (conception) may occur as early as three years. 

However, not all three year olds had ovulated and a four year old had ovulated once but 

never conceived. A larger sample size is needed to estimate the age range during which 

females mature. There was no indication of reproductive senescence. The 21 year old 

female had both a CL and CA in the ovaries, as well as milk in the mammary glands. 

5.4 DISCUSSION 

Age and Growth 

Teeth from two known-age New Zealand sea lions were available to validate the ageing 

technique. Both of these animals were aged conectly, using the mean of three 

independent readings. The readings indicate that New Zealand sea lions deposit one 

GLG each year, which has also been validated in a number of other pinniped species. 

For example, nmthern fur seals (Anas, 1970), South American sea lions (Rosas et al., 

1993), Antarctic fur seals (Payne, 1978) and southern elephant seals (Camck and 

Ingham, 1962). 

The maximum ages estimated for this sample of New Zealand sea lions were 21 years 

for females and 12 years for males. Other estimates of longevity in New Zealand sea 

lions are based on samples collected by Cawthorn et al. (1985). Of 53 animals 

examined by Cawthorn (pers. comm.), the oldest male was 23 years and the oldest 

female 18 years. A larger sample of older sea lions is needed to improve estimates of 

longevity. However, maximum ages of 23 years for males and 21 years for females are 

comparable with a number of other otariid species (Table 5.1). 

As with other pinniped species, male New Zealand sea lions reach significantly larger 

sizes than females. Sample size was too limited to determine how early the differences 

in weight and standard length become significant. Cawthorn et al. (1985) suggest that 

the weight difference is present from birth, and to at least 20 days after birth (the 
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Figure 5.6. Average ovary weights of immature and mature female New Zealand sea lions. Mature 
animals have significantly heavier ovaries (t-test; p. = 0.0004). 
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duration of the study. However, only average weights are presented, and no indication 

is given of sample sizes, confidence intervals or statistical significance. 

Table 5.1: Maximum age estimates for other otariid species. 

Species Maximum recorded age Source 

Females Males 

South American fur seals 25-30 15-20 years Lima and Paez, 1997 

years 

Subantarctic fur seals 23+ years 18+ years Bester, 1987 

Australian fur seals 21 years 18 years Shaughnessy and W am eke, 

1987 

Antarctic fur seals 22 years 15 years Boyd et al., 1990 

Boyd and Roberts, 1993 

Steller's sea lions 30 years 20 years Pitcher and Calkins, 1981 

The plot of age versus body length for females indicates a marked slowing of growth at 

about six to seven years. Unlike New Zealand fur seals, this change in growth seems 

unlikely to be associated with sexual maturation, which may occur as early as three 

years in New Zealand sea lions. There does seem to be a slowing of growth associated 

with puberty and sexual maturity in males but sample sizes are so small it is not 

possible to draw any real conclusions. 

The bycaught animals examined are unlikely to represent a random sample of the 

population. Much larger samples of all age classes are needed. In particular, animals of 

both sexes 13 years and older seem to be under-represented. However, the age

frequency plot does show approximately the age distribution expected. In a population 

with a normal age distribution there are large numbers of young seals, but the 

probability of seals reaching the older age classes is very low (Wickens, 1993). 

Male Reproductive Biology 

Reproductive morphology and histology were essentially as described for a number of 

other pinniped species (e.g. Harrison et al., 1952; Laws, 1956; Mansfield, 1958; 

Harrison, 1969; Laws and Sinha, 1993). The sea lions in this study were captured 

several months after the breeding season. No information regarding the yearly cycle of 

activity in the testes is available for New Zealand sea lions. 
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The limited data suggest that sexual maturity in male New Zealand sea lions is attained 

between six and nine years. Cawthorn et al. (1985) suggest that the sea lions are 

sexually mature at five years but not socially mature until at least eight years old. 

Although 10 males were examined, the estimate of five years is based on one tagged 

male with viable sperm in the testis (Cawthorn, pers. comm.). This seems to suggest 

that sexual maturity may be attained between five and nine years, as for New Zealand 

fur seals (Chapter 2). This is also consistent with several other pinniped species, such 

as the Southern sea lion (5-6 years; Reijnders et al., 1993), Steller's sea lion (3-7 years; 

Pitcher and Calkins, 1981), Australian sea lion (6+ years; Reijnders et al., 1993), and 

South American fur seal (7 years; Vaz-Fen-eira, 1982). 

A delay between sexual and social maturity is relatively common in male pinnipeds. For 

example, New Zealand fur seals mature between 5-9 years (Chapter 2) but do not hold 

territories until 10 years or older (Mattlin, 1978a); Antarctic fur seals are thought to 

attain sexual maturity between 3-4 years but not establish tenitories until 6-10 years old 

(McCann and Doidge, 1987); and Australian fur seals become sexually mature between 

4-5 years, but not socially mature until 8-13 years old (Warneke and Shaughnessy, 

1985). 

Female Reproductive Biology 

The ovaries of New Zealand sea lions are very similar in both development of CLs and 

CAs, and in gross anatomy, to those of other pinniped species (Rand, 1955; Craig, 

1964; Tedman, 1991; Laws and Sinha, 1993). Ovulation appears to alternate between 

ovaries each year. It was necessary to section the ovaries to detect CLs and CAs, as 

they were not easily seen from the ovary surface. CAs were often difficult to detect and 

may have been missed in some cases. It also appears that CAs do not last longer than 

one to two years in the ovaries. This is consistent with several other pinniped species, 

including New Zealand fur seals (Chapter 2), Cape fur seals (25 months. Rand, 1955); 

and Northern fur seals (2 to 4 years; Craig, 1964). 

Age at first ovulation occurr-ed as early as three years in female New Zealand sea lions. 

Due to the time of year the sea lions were captured (soon after the breeding season), it 

was difficult to determine whether or not the animals were pregnant. However, the 

presence of a CL several months after the breeding season suggests that in some cases 

age at first conception also occurr-ed as early as three years old. If pregnancy does not 

occur the CL degenerates into a CA, and this has been shown to occur within about 

three weeks in southern elephant seals (Laws, 1956). No embryos or implantation sites 

were found in the uteri of any of the animals examined. The most likely explanation for 

this, given the presence of an active CL in one of the ovaries, is a delay in implantation 
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of the embryo. Although the presence of a free blastocyst could not be established, I 

believe there is enough evidence suggest embryonic diapause. A delay in implantation is 

thought to occur in all pinniped species (Harrison, 1969; Daniel, 1981) but has not been 

documented in New Zealand sea lions. 

New Zealand sea lions finish breeding by late January (Cawthorn et al., 1985; Gales, 

1995). The sea lions examined during this study were all captured between February 

and late April. There was no evidence to suggest that implantation had occuned in any 

of the animals caught. This indicates that the delay in implantation is at least three 

months, most likely longer. Daniel (1981) suggests that embryo reactivation and 

implantation occurs during April and May in southern hemisphere otatiids. A delay in 

implantation of at least three months is consistent with a number of other otariid 

species, including the northern fur seal (3-5 months; Daniel, 1981), Cape fur seal (4-5 

months; Rand 1955), South American sea lion (3+ months; Daniel, 1981), and Steller's 

sea lion (3.5 months; Pitcher and Calkins, 1981). 

Age at sexual maturity seems to occur between three and five years in female New 

Zealand sea lions. Larger sample sizes are necessary to accurately estimate the age range 

during which female sea lions mature. Cawthorn et al. (1985) suggest that the sea lions 

become sexually mature at three years and produce their first pup at four years. 

Although 20 females were examined, Cawthorn seems to have based his estimate on 

one tagged, known-age female seen with her first pup at four years old (Cawthorn, 

pers. comm.). An age at sexual maturity of three to five years, and hence first birth at 

four to six years, seems to agree with a number of other otruiid species. For example, 

Australian fur seals (3-5 years; Warneke and Shaughnessy, 1985), South African fur 

seals (3-6 years; Shaughnessy and Best, 1982; David, 1987), Antarctic fur seals (3-5 

years; McCann and Doidge, 1987) and Steller's sea lions (3-6 years; Calkins and 

Pitcher, 1981). 

The data collected in this study provide a starting point for modelling bycatch of sea 

lions using population dynamics. However, more data is needed before the impacts of 

this incidental catch can be quantitatively assessed. Due to the small sample size 

examined, the data presented should be considered indicative only. Further research is 

needed to reliably establish age at sexual maturity and pregnancy rates in New Zealand 

sea lions. Data on reproductive rates and survival rates are also urgently needed to 

enable adequate assessment of the potential impacts of incidental catch on the sea lion 

population. 
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CHAPTER6: GENERAL DISCUSSION 

Fishing activities worldwide result in substantial numbers of pinnipeds and cetaceans 

being killed incidentally (for reviews see O'Hara et al., 1986; Evans, 1987; Northridge, 

1991; Reijnders et al., 1993; Wickens, 1995). In New Zealand both New Zealand fur 

seals and sea lions are killed as bycatch each year (Baird 1994, 1995, 1996; Slooten and 

Dawson, 1995). 

Since the 1970s middle depth and deepwater trawl fisheries in New Zealand have 

increased dramatically. A corresponding increase in bycatch of fur seals and sea lions has 

occurred. Annual fur seal takes have typically been in the mid - high hundreds, declining 

recently from a maximum of 800-900 in 1989 (Baird, 1994, 1995, 1996). Since 1978 

estimated sea lion take has ranged from 14 to 193 (Slooten and Dawson, 1995), and from 

1995-1998 has averaged 102 each year (Childerhouse, pers. Comm.; MFish and DOC, 

1998). The impact of such bycatch is unknown for either species. 

There are two general approaches to assess impacts of bycatch. The first approach uses 

trends in a time series of abundance estimates. Due to the variance associated with 

abundance estimates, analysis of them frequently has very limited power to detect trends 

in abundance (Gerrodette, 1987). While there are abundance estimates available for New 

Zealand sea lions, they are only for a few recent years and they show no obvious trends in 

abundance. The statistical power of the analysis is poor, so lack of a statistically 

significant trend cannot be taken as evidence that no biologically significant trend exists 

(Gales and Fletcher, 1999). The most recent abundance estimate for New Zealand fur 

seals is from the early 1970s (WHson, 1981) and all other estimates are based on 

extrapolations of this estimate. Therefore, it is not possible to use abundance data to 

assess bycatch impacts for either of these species. 

The second approach is to use demographic models to estimate the potential for 

population growth under various scenarios of bycatch (DeMaster, 1978; York, 1987; 

Slooten and Lad, 1991; Tulj apurkar and Caswell, 1997; Wickins and York, 1997). This 

approach is sometimes more statistically powerful in detecting population change (Taylor 

and Gerrodette, 1993) and has the important advantage of providing insight into why the 

decline is occurring (e.g. adult survival rate is too low). 

Detailed biological data are necessary in order to simulate population dynamics as closely 

as possible (Tuljapurkar and Caswell, 1997). This thesis has provided the most detailed 

biological data to date for both New Zealand fur seals and sea lions. Data collected 
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include age at first reproduction, maximum age, pregnancy rate (fur seals), age structure 

ofthe bycatch and stomach contents (fur seals). More comprehensive data were collected 

for fur seals due to the larger sample size available. 

Research is still needed before the impacts of bycatch on New Zealand fur seal and sea 

lion populations can be accurately assessed. However, the data discussed in this thesis 

represent significant progress towards this goal. More information is still required for 

most of the biological parameters, and data on survival rates of all age classes should be a 

high priority. 

6.1 NEW ZEALAND FUR SEALS 

Data were collected on age, growth, reproduction and stomach contents of New Zealand 

fur seals. All animals examined were captured incidentally to fishing operations. It is 

possible that they represent a biased sample of the population, and the data presented 

should be treated with some caution. 

Age 

The animals were aged using growth layers in the canine teeth, a method commonly used 

to age marine mammals (e.g. Laws, 1953; Stirling, 1969; Pierce and Kajimura, 1980; 

Rosas et al., 1993). While it was possible to estimate the precision of the ageing 

technique by using three independent examiners, the accuracy of the method is unknown. 

Seals which have been tagged soon after birth, and are therefore of known age, are often 

used to validate ageing techniques. Unfortunately no known-age fur seals were captured 

during this study. Data are available from other seal species (Carrick and Ingham, 1962; 

Hewer, 1964; Anas, 1970; Payne, 1978; Bowen et al., 1983; Mansfield, 1991; Rosas et 

al., 1993), but the method should still be validated for New Zealand fur seals as soon as 

possible. This recommendation has been made to the Department of Conservation and 

efforts are being made to ensure the return of any tagged fur seals killed incidentally. 

Data from this study of New Zealand fur seals indicated a maximum age for females of 

22 years. As the animal did not die a natural death, it seems reasonable to assume that 

maximum age is greater, at least 23 years. Maximum age of males was estimated by 

Mattlin (1978a) as 15 years using a very limited sample. None of the males examined in 

this study were older than 12 years so it was not possible to confirm Mattlin's (1978a) 

estimate. 
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Reproduction 

The biological data suggest an age at sexual maturity of four to six years in female New 

Zealand fur seals and five to nine years in males. It was possible to derive good estimates 

of sexual maturity for females, but the time of capture may have caused some difficulties 

for males, due to regression of testis tissue outside the breeding season (Harrison et al., 

1952; Laws, 1956; Mansfield, 1958; Bester, 1990). 

Samples taken during or immediately after the breeding season are necessary to further 

clarify maturity in male New Zealand fur seals. However, evidence suggests that New 

Zealand fur seals are among several seal species in which males reach sexual maturity 

several years before reaching social maturity (Warneke and Shaughnessy, 1985; McCann 

and Doidge, 1987). Limited estimates of an age at social maturity of 10 years have 

already been made by Mattlin (1978a). Field studies of tagged males could improve these 

estimates substantially. However, from a population management viewpoint, getting good 

data on female reproductive biology is far more important. Males are not included in 

Leslie matrix models as it is assumed that there are sufficient of them to achieve 

fertilisation. Since fur seals have a polygynus mating system, with an excess of 

reproductively capable males, this is a fair assumption. 

Pregnancy 

Data presented on pregnancy rates were detem1ined by the presence of a foetus and are 

limited. The sample of bycaught animals may have been biased by differences in habitat 

use by pregnant and non-pregnant (Laws and Sinha, 1993). In addition, the pregnancy 

rate estimate of 69% from this study, may have been artificially low due to the age 

structure of the animals sampled. This estimate of pregnancy rate should be considered as 

preliminary. 

A field study of New Zealand fur seals in South Australia suggested a live birth rate of 

67% (Goldsworthy and Shaughnessy, 1994). However, they note both positive and 

negative biases of unknown extent. Both my estimate and this one are low compared to 

other otariid species. It is not known whether this is realistic or the result of sampling 

biases in both studies. As late term abortions are thought to occur in other pinniped 

species (Laws and Sinha, 1993), field studies of live birth rates may be a more 

appropriate method of assessment than occurrence of a foetus. 

Further research is required to improve these estimates, and as previously discussed large 

sample sizes are needed to estimate age specific reproductive rates. This is especially 

important given the evidence suggesting a decline in reproductive rate with age in New 
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Zealand fur seals. A larger sample of older females is required to more fully investigate 

reproductive senescence in New Zealand fur seals. 

Population Modelling 

As already discussed, population modelling based on biological data can be a useful tool 

for population management (Taylor and Gerrodette, 1993; Tuljapurkar and Caswell, 

1997). The fur seal data has been used to present a method of modelling population 

growth rate. Due to data limitations, the models were not intended to provide definitive 

answers for population growth rate in New Zealand fur seals, but rather to present a 

useful modelling approach and some possible scenarios. 

The models presented here used a risk analysis approach to incorporate uncertainty in the 

input parameters into the models, and provide a distribution of potential population 

growth rates. Incorporation of uncertainty is an obvious advantage of this approach over 

simple deterministic models, because it increases realism. Having the output as a 

distribution is a significant advantage also, because it lends itself to statistical description 

and facilitates prediction of the probability of population change. 

Because of the paucity of data (some parameters had to be "borrowed" from other 

species) it is not yet possible to model the population confidently. Hence, the effects of 

incidental catch cannot be assessed either. However, the models show the importance of 

changes in survival rate parameters (caused by incidental catch in this case), which 

causes changes in the age structure and fluctuations in population growth rate. The only 

survival rate data that exist for New Zealand fur seals and sea lions are for pup survival 

and are from short term studies over the first few months of life. There are no data on 

adult survival rates. This modelling exercise underscores the importance of gaining good 

age-specific survival rate estimates in New Zealand fur seals. 

There are no recent quantitative estimates of total population size for New Zealand fur 

seals. To further complicate the issue, available data suggest that different population 

growth rates may be occurring in different regions (Lalas and Harcourt, 1995; Taylor et 

al., 1995; Bradshaw et al., in press; H.Best, unpubl. data). Significant variation also 

occurs in bycatch levels in different regions, with the highest fur seal bycatch occurring 

in a trawl fishery on the west coast ofthe South Island (Baird, 1994, 1995, 1996). As data 

improve, it would be most productive to model the population as a series of separate 

units. 
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Stomach Contents 

Seals are often thought to compete for the same prey species as commercial fisheries, 

although the diet of many pinnipeds is poorly understood (Harwood and Croxall, 1988). 

New Zealand fur seals are no exception and the lack of comprehensive data has led to 

highly publicised disagreements between conservationists and fishers (e.g. Duncan, 1991; 

Talley, 1991; Stevens, 1999). 

While stomach content analyses provide the most detailed information about prey species 

of seals, the stomachs in this study were all obtained from seals caught in trawl fisheries 

and hence may be biased (see Pierce and Boyle, 1991; Punt et al., 1995). However, this 

does provide some insight into what the seals were targeting just before being killed and 

should be helpful in assessing interactions between seals and fisheries. 

There was evidence to suggest that the seals were targeting similar prey species as the 

fishery and also that they were consuming offal discharged by fishing vessels. However, 

with regard to the seals captured in the west coast South Island hoki fishery, hoki 

captured by the fishing fleet was significantly larger than those found in seal stomachs. 

Comparisons of percentage species composition from seal stomach and fishing nets were 

also significantly different. On the basis of these comparisons, it is possible that the seals 

were not directly targeting the fishing nets immediately prior to being killed as bycatch. 

Alternatively, it may be that the seals were selectively targeting certain species and prey 

s1zes. 

A major outcome of this study was finding evidence of small fish being taken directly by 

seals. There has been doubt in the past as to whether small fish are taken directly or 

indirectly (in the stomachs of other species being eaten) by fur seals (e.g. Pierce and 

Boyle, 1991; Carey, 1992; Fea et al., 1999). Fresh remains ofthree species were found in 

seal stomachs indicating that at least some of the time New Zealand fur seals feed directly 

on small fish. 

Comparisons of the prey remains in both colons and stomachs indicated differences in 

digestion of prey species and that only smaller items are passing through to the colon. 

If this is the case, and larger, indigestible prey items are regurgitated, studies based only 

on scats would be highly misleading. Prey species consumed and their relative 

importance in the diet could be misinterpreted. 

While stomach content analyses provide the most detailed data and the fewest biases, 

they are highly invasive, requiring dissections. Non invasive studies are preferable but 
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obviously need to focus on a combination of scats and regurgitates. It may be particularly 

important for species such as New Zealand fur seals which seem to regurgitate relatively 

high proportions of large diagnostic remains. Unfortunately, most previous studies of 

New Zealand fur seal diet have focussed on either scats or regurgitates. 

6.2 NEW ZEALAND SEA LIONS 

Data were collected on age, growth, and reproduction of New Zealand sea lions. Again, 

all animals examined were killed as bycatch in fishing operations and it is possible that 

they represent a biased sample of the population. Also, only a small sample size was 

available for the sea lions and therefore, the data presented should be treated with some 

caution. Population models have not been constructed for New Zealand sea lions as only 

small sample sizes were available and data on population dynamics were already lacking. 

Age 

The sea lions were aged using the same technique as the fur seals, however, in this case 

two known-age animals were available to validate the method. Both of these animals 

were aged correctly indicating that the ageing technique was accurate. Data from both 

this study and Cawthorn et al. (1985) indicate maximum ages ofNew Zealand sea lions 

of 21 years for females and 23 years for males. However, the sample sizes in both studies 

were limited and in particular a larger sample of older sea lions is needed to improve 

estimates of longevity. 

Reproduction 

The biological data suggest an age at sexual maturity of six to nine years in male New 

Zealand sea lions. An earlier study suggests that the sea lions are sexually mature at five 

years but not socially mature until at least eight years old (Cawthorn et al. 1985). Sample 

sizes in both this study and Cawthorn et al. (1985) were limited but seem to suggest that 

sexual maturity may be attained between five and nine years, as for New Zealand fur 

seals. 

The youngest sexually mature females were age three years, and maturity seemed to 

occur between three and five years. However, the small sample size made estimating the 

age range of maturity difficult. Cawthorn et al. (1985) suggest that the sea lions become 

sexually mature at three years and produce their first pup at four years but give no 

indication of an age range during which maturity may occur. 
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Further research is needed to reliably establish age at sexual maturity in New Zealand sea 

lions. Pregnancy and birth rates are also unknown for the sea lions. Field studies of 

tagged animals are currently underway to improve our knowledge of these parameters 

(Childerhouse, pers. comm.). 

Delayed Implantation 

Due to the time of year the sea lions were captured it was difficult to reliably determine 

whether or not the animals were pregnant. There was no evidence to suggest that 

implantation of the embryo had occurred in any of the animals examined. A delay in 

implantation is thought to occur in all pinniped species (Harrison, 1969; Daniel, 1981) 

but has never been documented before in New Zealand sea lions. Based on capture date 

of the sea lions, delay in implantation is likely to be at least three months, most likely 

longer. This agrees with the suggestion that embryo reactivation and implantation occurs 

during April and May in southern hemisphere otariids (Daniel, 1981 ). 
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APPENDIX 1: Data collected during dissections. 

Data collected for pinnipeds 
Species ID 
Sex 
Autopsy date and capture date 
Capture details and observer name 
Observer: correct species identification 
Observer: correct sex identification 
Carcass weight 
Standard length 
Snout to centre of eye 
Snout to base of ear 
Snout to front flipper insertion 
Snout to hind flipper insertion 
Snout to genital aperture 
Snout to anus 
Length of left front flipper 
Length ofleft hind flipper 
Girth around neck 
Girth at armpits 
Girth at hips 
Blubber thickness above breastbone 
Weight of stomach contents 
Left and right cornu width 
Left and right ovary weights 
Largest follicle diameter left and right 
ovanes 
Active corpus luteum left and right ovaries 
Corpus albicans scars left and right ovaries 
Presence of foetus or blastocyst 
Sex, length and weight of foetus 
Presence of milk in mammary glands 
Left and right testes dimensions 
Left tand right testes weights 
Presence of sperm in epididymis 

Data collected for cetaceans 
Species ID 
Sex 
Autopsy date and capture date 
Capture details and observer name 
Observer: correct species identification 
Observer: correct sex identification 
Carcass weight 
Total length 
Blowhole to front of dorsal 
Snout to eye 
Snout to umbilicus 
Snout to centre of genital slit 
Snout to centre of anus 
Snout to flipper insertion 
Length of anal slit 
Length of genital slit 
Flipper length 
Maximum flipper width 
Depth of fluke notch 
Maximum fluke width 
Maximum girth 
Lateral blubber thickness 
Ventral blubber thickness 
Left and right upper tooth counts 
Left land right lower tooth counts 
Weight of stomach contents 
Left and right cornu widths 
Left and right ovary weights 
Largest follicle diameter left and right 
ovanes 
Active corpus luteum left and right ovaries 
Corpus albicans scars left and right ovaries 
Presence of foetus or blastocyst 
Sex, length and weight of foetus 
Presence of milk in mammary glands 
Left and right testes dimensions 
Left and right testes weights 
Presence of sperm in epididymis 
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APPENDIX 2: Testis weights and stages of maturity for New Zealand fur seals. Age, 
length, body weight and time of death are also given (testis weight includes the epididymis). 

Age Weight Standard Capture Testis Weight (g) Stage of 
(years) (kg) length (em) Date Left Right Total Maturity 

0.5 9 82 14/9/96 1 1 2 Immature 
1 32.5 113 11/5/96 7 7 14 Immature 
2 24.5 103 219196 3 3 6 Immature 
2 26.5 110 8/9/96 4.5 4 8.5 Immature 
2 23 102 unknown 2 2 4 Immature 
2 22 102 17/8/96 4 4 8 Immature 
3 26.5 103 12/8/96 5 4 9 Immature 
3 28.5 89 4/9/96 3 3 6 Immature 
3 34 109 23/8/96 8 7 15 Immature 
3 30 105 619196 6 7 13 Immature 
3 28.5 110 15/9/96 9 4 13 Immature 
3 22 98 13/9/96 8 2 10 Immature 
3 26 108 14/9/96 6 8 14 Immature 
3 24 106 619196 5 6 11 Immature 
3 30.5 115 13/9/96 10 11 21 Immature 
4 37 110 6/8/96 11 10 21 Immature 
4 39 114 5/8/96 10.5 9 19.5 Immature 
4 33 114 11/9/96 9 9 18 Immature 
4 35.5 107 8/9/96 7 6 13 Immature 
4 28 109 7/9/96 7 8 15 Immature 
4 27 102 13/9/96 4.5 5 9.5 Immature 
4 30 110 18/9/96 11 9 20 Immature 
5 57 139 5/9/96 15 13 28 Immature 
6 57.5 134 7/4/96 16 10 26 Immature 
6 44 130 2/9/96 9 8 17 Immature 
7 46 130 31/3/96 8 9 17 Immature 
7 80 144 10/5/96 9 10 19 Immature 
4 31.5 112 12/9/96 11 11 22 Intennediate 
4 36.5 114 5/9/96 12 11 23 Intermediate 
4 41 114 18/9/96 11 11 22 Intermediate 
5 72.5 146 9/5/96 13 12 25 Intermediate 
5 49 123 919196 14.5 14 28.5 Intermediate 
5 47.5 128 14/9/96 15 11 26 Intermediate 
6 57.5 138 15/9/96 13.5 13 26.5 Intermediate 
6 69.5 148 219196 12 12 24 Intermediate 
6 47.5 126 4/9/96 8 not found intermediate 
7 87 155 1115/96 12 13 25 Intermediate 
7 92 146 20/8/96 12 12 24 Intermediate 
7 93 148 3/9/96 17 15 32 Intermediate 
7 88.5 150 619196 12 11.5 23.5 Intermediate 
8 90 152 18/3/96 1 16 17 Intermediate 
8 91.5 153 119196 10 11 21 Intermediate 
5 45 130 9/9/96 5.5 18 23.5 Mature 
6 55.5 119 8/8/96 14 13 27 Mature 
6 59.5 130 7/9/96 15 14 29 Mature 
6 49.5 122 14/9/96 12 12 24 Mature 
6 55 131 12/9/96 11 11 22 Mature 
7 62.5 139 29/9/96 18 18 36 Mature 
7 77.5 140 12/9/96 17 18 35 Mature 
7 96.5 151 18/9/96 19 18 37 Mature 
8 61.5 125 13/9/96 15 14 29 Mature 
9 88 156 23/6/96 11 10 21 Mature 
9 124 169 19/7/96 13 12 25 Mature 
9 84 137 7/9/96 18 16 34 Mature 
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Appendix 2 continued. 

Age Weight Standard Capture Testis Weight (g) Stage of 
(years) (kg) length (em) Date Left Right Total Maturity 

10 88.5 156 8/5/96 11 12 23 Mature 
10 79 149 219196 13 13 26 Mature 
10 76.5 141 2/9/96 13.5 15 28.5 Mature 
11 105 168 4/6/96 10 11 21 Mature 
11 82.5 153 1/9/96 14 14.5 28.5 Mature 
11 123 171 19/9/96 not found 21 Mature 
11 115 156 7/10/96 16.5 16.7 33.2 Mature 
11 105 155 19/9/96 22 21.5 43.5 Mature 
12 112 179 1115/96 15 15 30 Mature 
12 110.5 160 30/9/96 21 21 42 Mature 
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APPENDIX 3: Reproductive characteristics of female New Zealand fur seals. 

Age SL Wt. Capture L. Ovary CL! R. Ovary CLI L. cornu R. cornu Stage of 
(yr) (em) (kg) date Wt. (g) CA Wt. (g) CA diam.(cm) diam. (em) Maturity 

1 92 16 6/9/96 1 N 1 N 0.4 0.4 I 
2 92 20 29/7/96 1 N 1 N 0.6 0.5 I 
3 110 27.5 5/8/96 1 N 1 N 0.6 0.6 I 
3 104 25 unknown 1 N 1 N 0.6 0.5 I 
3 111 24.5 12/9/96 1 N 1 N 0.6 0.7 I 
3 105 23.5 14/8/96 1 N 1 N 0.4 0.4 I 
3 102 21.5 14/8/96 1 N 1 N 0.4 0.4 I 
4 106 32 5/8/96 2 N 2 N 0.9 0.7 I 
4 115 33 2/9/96 "' N 3 N 0.7 0.7 I .) 

4 111 27 11/9/96 1 N 1 N 0.6 0.6 I 
5 109 22 31/8/96 1 N 1 N 0.6 0.6 I 
4 125 46.5 16/8/96 5.5 y 3 y n/a 1.3 M 
5 110 30.5 5/8/96 2 y 6 y 1.1 n/a M 
5 109 32 11/9/96 2 y 2 y 1 1 M* 
5 126 42.5 11/8/96 4 y 2 N n/a 1.1 M 
6 105 34.5 6/8/96 3 y 8 y n/a 1.5 M 
6 113 34.5 5/8/96 2 N 3 y 1.5 n/a M 
6 104 40 26/8/96 2 N 7 y 1.2 n/a M 
6 116 38 12/9/96 8 y 2 y n/a 1.4 M 
6 122 39.5 4/9/96 5 y 7.5 y 1.9 n/a M 
7 121 33.5 4/7/96 4 y 2 y n/a 1.5 M 
7 110 31 21/8/96 4 y 2 y n/a 1.1 M 
7 113 33.5 10/9/96 6 y 4 y n/a 1.2 M 
7 113 36 6/9/96 7 y not found n/a 0.7 M 
7 125 37.5 15/9/96 4 y 3 y 1.7 1.2 M 
7 116 38 7/9/96 2 y 4 y 1.1 n/a M 
7 119 37.5 13/8/96 6 y 2 y n/a 1.2 M 
7 125 41.5 5/9/96 3 N 6 y 1.3 n/a M 
8 117 45 28/7/96 3 y 2 y 1.2 1.7 M 
8 114 33 9/9/96 2 y 2 y 0.5 1.1 M 
8 109 37 29/8/96 5 y 2 y n/a 1.1 M 
8 122 42 14/9/96 8 y 3 y n/a 1.3 M 
8 114 30.5 10/9/96 2 y 2 y 0.7 0.9 M* 
8 115 47.5 8/9/96 2 y 5 y 1.3 n/a M 
9 127 38 5/8/96 4 y 6 y 1.4 n/a M 
9 129 49.5 11/9/96 9 y 4 y n/a 1.7 M 
10 128 35 15/7/96 4 y 3 y n/a 1.5 M 
10 133 48 5/8/96 4 y 2 y n/a 1.2 M 
10 103 38 1119/96 2 y 5 y 1.8 n/a M 
10 104 29 unknown 2 y 4.5 y 1.1 n/a M 
10 115 42 21/7/96 2 y 4 y 1.2 n/a M 
10 116 39 6/9196 2 y 4 y 1.2 n/a M 
10 124 43 12/9/96 4 y 2 y 1.3 1.3 M 
11 109 30.5 5/8/96 2 y 6 y 1.3 n/a M 
11 121 40 5/8/96 2 y 3 y 1.3 n/a M 
11 115 41.5 25/9/96 3 y 8 y 1.2 n/a M 
11 120 39 6/9/96 3 y 2 y 1.3 1.1 M 
12 112 54 6/9/96 3 y 7 y 1.6 n/a M 
12 106 45 6/9/96 3.5 y 7 y 1.3 n/a M 
12 116 41 12/9/96 7.5 y 5 y n/a 1.2 M 
12 122 33.5 12/9/96 4 y 2 y n/a 1.2 M 
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Appendix 3 continued. 

Age SL Wt. Capture L. Ovary CL/ R. Ovary CLI L. cornu R. cornu Stage of 
(yr) (em) (kg) date Wt. (g) CA Wt. (g) CA diam.(cm) diam. (em) Maturity 
13 113 44 2/9/96 3 y 2.5 y 1.4 1.4 M 
13 133 48.5 5/9/96 9 y 3 y nla 1.5 M 
13 135 50.5 27/8/96 4 y 4 y 1.3 1.2 M 
14 133 44.5 13/9/96 2.5 y 2 y 1.1 1.7 M 
16 118 40 8/7/96 3 y 2 y 2.8 1.9 M 
22 115 39 1/9/96 3 y 3 y 1.2 1.2 M 

Note: SL, standard length (snout to tip of tail); Wt., carcass weight; L., left; R., right; CA, 
corpora albicantia; CL, corpora lutea; N, no; Y, yes; diam., flat diameter; n!a, no diameter 
measured as foetus present; I, immature; M, mature; M*, ovulated but never been pregnant. 
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APPENDIX4: Testis weights and stages of maturity for New Zealand sea 

lions. Age, length, body weight and time of death are also given (testis weight 

includes the epididymis). 

Age Weight Standard Capture Testis Weight (g) Presence of 

(years) (kg) length (em) Date Left Right Total sperm 

1 56.5 130 8 7 15 Immature 

1 68.5 137 6/4/96 10 11 21 Immature 

2 91 165 24 22 46 Immature 

2 106 168 30/3/96 25 28 53 Immature 

2 103 166 18/3/96 31 30 61 Immature 

2 92 155 36 36 72 Immature 

4 118 175 27 27 54 Immature 

5 116.5 173 1113/96 29 28 57 Immature 

6 145.5 195 40 40 80 Intermediate 

6 168 181 16/3/96 48 37 85 Intermediate 

9 164.5 192 11/5/96 44 43 87 Mature 

12 152 191 17/3/96 47 44 91 Mature 
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APPENDIX 5: Reproductive characteristics of female New Zealand sea lions. 

Age Wt. SL Capture L. Ovary CLI R. Ovary CLI L.comu R.comu Stage of 

(yrs) (kg) (em) Date Wt. (g) CA Wt. (g) CA diam. (em) diam. (em) Maturit 

y 

1 63.5 142 18/3/96 16 N 16 N 1.2 1.0 I 

72 139 2/4/96 12 N 13 N 1.5 1.5 I 

2 62.5 139 7/4/96 11 N 15 N 1.6 1.4 I 

3 71.5 162 23 N 22 N 1.3 1.4 I 

3 81.5 156 13/4/96 21 y 14 N 1.5 1.2 M* 

3 89.5 154 3/2/96 19 N 22 y 1.2 1.3 M* 

3 150 18/4/95 y N M* 

4 147 y N M* 

5 166 23/4/95 y N M 

7 126.5 175 6/4/96 41 y 26 N 2.0 3.2 M 

7 106.5 172 20 y 27 y 2.2 1.8 M 

8 130.5 175 16/4/96 27 N 42.8 y 3.2 3.4 M 

10 108.5 169 16/3/96 29 y 45 y 1.7 1.3 M 

11 125.5 174 18/4/96 40 y 20 N 2.0 2.1 M 

21 178 7/4/95 y y M 

Note: SL, standard length (snout to tip of tail); Wt., carcass weight; L., left; R., right; 
CA, corpora albicantia; CL, corpora lutea; N, no; Y, yes; diam., flat diameter; n/a, no 
diameter measured as foetus present; I, immature; M, mature; M*, ovulated but never 
been pregnant. 




