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Abstract 

I used information from 574 scats and 56 regurgitants to investigate diet of New 
Zealand fur seals (Arctocephalus forsteri) in southern New Zealand between June 
1995 and March 1997. The five study sites were: Long Reef at Martin's Bay in 
northern Fiordland, Solander Island, Codfish Island, and Bench Island in the 
Foveaux Strait area, and The Snares. In total, identifiable remains from 38 prey 
taxa (identified to family, genus, or species) were found, representing about 178 kg 
of prey. Eighteen prey taxa not previously recorded in the diet of fur seals in the 
New Zealand region were found, including four squids, 14 fish, and one diving 
petrel. Of these species six were recorded at more than one study site, highlighting 
the necessity of collecting data on the diet of New Zealand fur seals throughout 
their range. 

Fur seals fed mainly on mesopelagic schooling prey over the outer shelf and 
upper slope. Octopus (Octopus maorum) was the only benthic prey item 
important in diet. Fur seals consumed a wide variety of prey taxa, taking 
advantage of seasonally and locally abundant prey species. Substantial seasonal 
and regional variation in prey composition was apparent. Arrow squid 
(Nototodarus sloanii) were an important component of prey at Long Reef in 
summer, Codfish Island in winter and summer, and Bench Island in summer 
and spring. The lanternfish Lampanyctodes hectoris was recorded in at least one 
season at all study sites, and was the most numerous prey item over the whole 
study (49% of total number of prey items). Hoki (Macruronus novaezelandiae) 
were important prey at Long Reef, in autumn and spring. Mackerel (Trachurus 
sp. probably T. murphyi) were important prey in winter at all study sites. 
Barracouta (Thyrsites atun) were important prey at Codfish Island and Bench 
Island in spring. Octopus were important prey at Codfish Island in winter and 
autumn, and at Bench Island in autumn. 

The size of squid represented in scats was significantly smaller than those from 
regurgitants. Fish remains including vertebrae of barracouta and large otoliths 
from hoki were also found in regurgitants. The importance of arrow squid as a 
prey item and the presence of remains from large fish prey emphasises the need 
to collect regurgitants as well as scats. Composition of diet by number of prey 
items was substantially different to that determined from prey mass. 

Results from this study were consistent with previous studies of diet using 
information from scats and regurgitates. Information on diet and foraging 
indicates that New Zealand fur seals do not compete with inshore commercial or 
recreational fisheries. Overlap occurs with two of New Zealand's largest offshore 
fisheries, for hoki and arrow squid. Whether this constitutes significant 
competition is difficult to demonstrate, partly because of uncertainties about seals 
(e.g. abundance), but more because the consumption of fisheries species by other 
predators is unquantified. 
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1.0 Introduction 1 

1.0 Introduction 

The New Zealand fur seal (Otariidae: Arctocephalus forsteri Lesson) is currently 

distributed on rocky coast around much of New Zealand. The largest aggregations 

of fur seals are on the western shores of the South Island and on the offshore 

islands around Foveaux Strait (Figure 1.1), on subantarctic islands to the south 

(Crawley & Wilson 1976, Taylor 1992). New Zealand fur seals also breed in the 

Australian region along the western and southern coasts of Australia and around 

Tasmania (Shaughnessy et al. 1994). Following genetic analysis it has suggested 

that populations in New Zealand and Australia are geographically isolated (Lento 

et al. 1994). Further, it has been suggested that the population at The Snares is so 

genetically distinct it might be considered a distinct management unit, or even 

species (Lento et al. 1997). Information on the biology of New Zealand fur seals is 

available in Bonner (1981) and Crawley (1990). 

New Zealand fur seals in the New Zealand region were hunted heavily, first on 

the mainland by Polynesian subsistence hunters (Smith 1989), then by 

commercial sealers taking skins for the fur trade (Taylor 1982, Crawley 1990). At 

the beginning of the 18th century Polynesian hunting had reduced the range of 

fur seals to the southern South Island mainland from a prehuman distribution as 

far north as 39° south (Smith 1989). Commercial sealing by English, Australian, 

and American sealers began in earnest in the New Zealand region in the early 

1800s (Crawley 1990). Throughout their New Zealand range, fur seals were 

hunted almost to extinction. Commercial sealing had largely ceased by the 1830s 

due to the lack of seals (Taylor 1982, Crawley 1990). 
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Figure 1.1 New Zealand including regions of the South Island. Closed circles 

indicate areas where the diet of seals has been studied previously. Open circles are 

new sites in this study. 
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Regulation of sealing took place in 1875, when a system of limited open seasons 

was introduced (Crawley 1990). The last open season was in 1946 (Sorenson 1969) 

and since that time the only deliberate, legal killing of fur seals has been for 

scientific purposes (Crawley & Wilson 1976). In 1978 the Marine Mammal 

Protection Act was introduced to provide complete protection to marine 

mammals within the 200 nautical mile Exclusive Economic Zone around New 

Zealand (New Zealand 1978). Despite this, New Zealand fur seals are killed 

during commercial fishing operations. Marine mammal bycatches are required to 

be reported to the Department of Conservation. 

Though there is no reliable estimate of current numbers, the population of New 

Zealand fur seals is obviously expanding. Increases of 19-25% per annum have 

been observed in the numbers of pups recorded in Otago (Lalas & Harcourt 1995, 

Lalas & Murphy 1998), Canterbury, Kaikoura and Nelson (Taylor et al. 1995, Ryan 

et al. 1997). Fur seals are increasing more slowly on southern offshore islands 

(Taylor 1982, 1992). In contrast abundance of fur seals appears to have stabilised at 

one colony in Westland (Baird 1994) and at The Snares (Carey 1998), though this 

is based on only three counts of seals ashore. The nature of colonies is changing 

also. Non-breeding colonies in Otago (Crawley & Wilson 1976), and on areas of 

Banks Peninsula and the southeast of the South Island (Wilson 1981) have since 

become breeding colonies (Lalas & Harcourt 1995, Ryan et al. 1997, Lalas & 

Murphy 1998). The breeding range is also spreading northwards to include the 

North Island (Dix 1993a). New Zealand fur seals are also expanding their range in 

southern Australia (Shaughnessy et al. 1994, 1995, 1996). 

There is continuing concern that the increase in abundance of fur seals has a 

detrimental effect on stocks of commercially exploited fish (Talley 1991, Anon. 

1994, New Zealand Herald 1999, Stevens 1999). Several fisheries representatives 

have gone as far as to call for a cull (Talley 1991, Anon. 1994). It seems obvious, 

however, that management of seals should ideally be rational and based on 

reliable information on ecology, including data on population status and dietary 

overlap with fisheries. This thesis is an attempt to provide information on seal 

diet in southern New Zealand. 
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1.1 Assessment of diet 

Methods for investigating the diet of free-ranging pinnipeds vary widely, as do 

opinions on their merits (e.g. Murie & Lavigne 1985, Gales & Cheal 1992, Brown 

& Pierce 1997). Apart from direct observation of feeding behaviour, most 

techniques involved collecting samples after the animal has fed. Sources of 

samples are: 

1. Digestive tracts of dead seals 

2. Regurgitants and scats 

3. Stomach lavaging 

Information is gained from these samples using a variety of diagnostic remains 

including whole prey, fish otoliths, skeletal remains, cephalopod beaks, and 

signature protein analysis (Pierce & Boyle 1991). 

The earliest published reports on the diet of New Zealand fur seals were derived 

from the examination of stomach contents of animals killed for that purpose 

(Street 1964, Rapson 1969). These studies examined the whole remains of prey, 

which restricts identifications to recently consumed and relatively undigested 

fish (Bigg & Fawcett 1985, Pierce & Boyle 1991). Killing seals to obtain diet samples 

is difficult to justify ethically (Pierce & Boyle 1991), and fatal sampling eliminates 

any possibility for repeated sampling of the same animals, for example over 

different seasons. Information could be gained from New Zealand fur seals 

incidentally caught in trawl fisheries. Fur seals consume fish from nets at the 

surface (Mattlin 1990, 1991) however, and the association of these animals with 

the fishing vessels could mean that the diet of bycaught seals is not necessarily 

representative of the population as a whole. 

The collection of scats and regurgitants from areas where pinnipeds come ashore 

is the least invasive method for investigating their diet (Pierce & Boyle 1991). 

Sagittal otoliths, bones, and teeth of fish and the beaks of cephalopods can be used 

to identify prey and also to back-calculate estimates of prey size (Clark 1986, Hecht 

1987, Pierce et al. 1991). Lavaging of stomach contents (e.g. Harvey & Antonelis 

1994) has not been trialled on New Zealand fur seals to date. Collecting large 

numbers of lavage samples at different sites is logistically difficult and expensive, 
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as well as carrying a risk of mortality to anaesthetised seals (Pierce & Boyle 1991). 

Fea et al. (1999) noted that despite the biases associated with analysis of 

information from scats and regurgitants, provided sufficient samples are 

collected, information from both types of sample provide the most realistic 

assessment of diet. Two studies on efficacy of deriving information on diet from 

scats and regurgitants have been conducted on captive New Zealand fur seals. Fea 

& Harcourt (1997) found recovery rate for fish otoliths was 63.2%, and cephalopod 

beaks 58%. Erosion by stomach acids can cause problems also. Back-calculated 

estimates of fish size, for four species, were found to be biased by 20-35% by 

erosion of otoliths (Fea & Harcourt 1997). Lake (1997) recorded higher recovery 

rates for fish otoliths and cephalopod beaks (95% and 93% respectively), and 

found an under-estimate (5%) of fish length for only one of the two species tested. 

Fea & Harcourt (1997) concluded that scats and regurgitants are useful to 

investigate the relative importance of prey species, but cannot provide complete 

representation of the diet. Lake (1997) reported that it was likely that all prey 

species would be represented in scats, and that size of principal prey items could 

be estimated relatively accurately. 

Once the samples are gained, there are three methods for quantifying different 

prey types in pinniped diet. Frequency of occurrence of a prey species in each 

individual scat or regurgitant is the most simple indicator of relative abundance, 

but there is the risk of over-emphasising the importance of incidental prey (Pierce 

& Boyle 1991). 

, Numbers of prey eaten give a quantitative assessment of the relative importance 

of a prey species (Pierce & Boyle 1991). If prey species range widely in size, and 

numerous small items are taken, numerical occurrence will not reflect dietary 

importance (Fea et al. 1999). For example Carey (1992) found that lanternfish 

(Myctophidae) represented 79% of the prey items taken by fur seals. Fea et al. 

(1999) however, in a similar study, showed that while small fish were 

numerically dominant (93%), they accounted for only 38% of the calculated mass. 
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The mass of prey items measured from whole fish has been used in the past to 

estimate diet (e.g. Street 1964, Rapson 1969). Water trapped in prey items, and 

digestion may cause substantial errors in estimates (Pierce & Boyle 1991). Mass of 

prey items can also be back-calculated using the statistical relationships between 

the size of diagnostic remains (e.g. fish otoliths or cephalopod beaks) and the size 

of the animal. 

1.2 Information on diet from New Zealand 

Early studies of the diet of New Zealand fur seals were based on the stomach 

contents of killed animals (Street 1964, Rapson 1969). More recent studies have 

used information from scats (Green et al. 1990, Carey 1992), or scats and 

regurgitants (Tate 1981, Dix 1993b, Lake 1997, Fea et al. 1999) and have added to the 

diversity of small fish prey species known to be included in diet. Squid were 

identified in all of the studies in New Zealand, and arrow squid (Nototodarus 

sloanii) was identified as a predominant prey item in four of them (Street 1964, 

Rapson 1969, Tate 1981, Fea et al. 1999). 

Rapson (1969) was the first to quantify the diet of New Zealand fur seals in 

Fiordland and Foveaux Strait (Figure 1.1). Rapson examined the stomach 

contents of 91 seals shot in the 1946 open season and found that most of the mass 

of the remains were octopus (Octopus maorum) and arrow squid. Other species 

including barracouta (Thyrsites atun) and greenbone (Odax pullus) were also 

found. 

Street (1964) investigated the diet of New Zealand fur seals around the South 

Island. Street's study is the only study to encompass such a large area, though 

sample sizes at sites were small. Street weighed prey items from stomach contents 

of 70 seals and examined an unspecified number of regurgitants to evaluate diet. 

Overall, Street found that arrow squid, octopus and barracouta made up 95% of 

the mass of stomach contents. 

Two studies provided information on the diet of New Zealand fur seals in the 

top half of the South Island and Cook Straight. Carey (1992) identified prey species 
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of fur seals at Kaikoura and in Westland using information from seal scats. From 

286 scats Carey found that the numerically prevalent species were lanternfish 

(Lampanyctodes hectoris and Symbolophorus sp.), anchovy (Engraulis australis), 

ahuru (Auchenoceros punctatus) and hoki (Macruronus novazelandiae). Dix 

(1993b) identified prey items of fur seals on the south coast of the North Island, at 

the eastern end of Cook Strait from 246 scats and 12 regurgitants. Hoki, jack 

mackerel, lantern fish and smelt (Bathylagus sp.) were numerically predominant. 

Tate (1981) provided the first information on diet of fur seals on Otago Peninsula. 

Tate's study was carried out in autumn and winter, with an emphasis on 

cephalopod prey. Tate used data from 69 scats and 334 regurgitants and reported 

octopus and arrow squid occurred most frequently (by percentage occurrence) in 

samples. Other species Tate found were hoki, red cod (Pseudophycis bachus), jack 

mackerel (Trachurus declivis), a lanternfish (identified as Symbolophorus sp. in 

Carey (1992)), and ahuru. The most recently published and ·comprehensive study 

was conducted by Fea et al. (1999), who collected 500 scats and 84 regurgitants. Data 

were presented both in terms of number of prey items and mass. The most 

important prey species identified (by number and mass) were arrow squid, ahuru, 

red cod and lantern fish (L. hectoris, Symbolophorus barnardi and Electrona 

paucirastra). The diet of New Zealand fur seals on Otago Peninsula was also 

studied by Dickson (1997), however that study is eclipsed by Fea et al. (1999) and is 

not considered further. 

Recent, thorough studies of the diet of New Zealand fur seal from the Southland 

region are notably absent. 

There have been two studies of the diet of New Zealand fur seals from outside 

the New Zealand region. New Zealand fur seals at Macquarie Island were 

included in a study conducted by Green et al. (1990). In all, 371 scats were collected 

from colonies over summer (November to March) and frequency of occurrence 

of species in samples was calculated. Prey items comprised largely lanternfish 

(Electrona sp. and Gymnoscopelus sp.) and penguins (not identified). 
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Lake (1997) used information from 279 scats and regurgitants collected from 

Maatsuyker Island off southern Tasmania. Lake presented data on percentage 

dominance and frequency of occurrence of otoliths in samples and concluded that 

jack mackerel, redbait (Emmelichthys nitidus) and lanternfish were the 

predominant prey items. 

1.3 Interactions between fur seals and fisheries 

The interactions between seals and fisheries have been classified into operational 

interactions and biological interactions (Harwood 1987, Wickens et al. 1992). 

Operational interactions between seals and fishing operations occur around 

fishing equipment (Harwood 1987). They include active (e.g. trawl-nets) and 

passive (e.g. gillnets) fishing equipment, and fish farms (Wickens et al. 1992). 

Operational interactions can have negative consequences for fisheries when seals 

consume fish, damage equipment, or disrupt operations (Wickens et al. 1992). 

The detrimental effects on seals include incidental entrapment in equipment, 

and deliberate killing (Harwood 1987, Wickens et al. 1992). 

Operational interactions 

New Zealand fur seals remove hoki (Mattlin 1990, 1991) and southern blue 

whiting (Micromestius australis; Baird 1994) from trawl nets. Fur seals also 

occasionally interfere with farmed fish in New Zealand, and in 1997 a permit was 

issued for the destruction of seals that entered sea cages (Department of 

Conservation 1997). Under the conditions of this permit two seals were shot in 

July 1998 at a salmon farm in the Marlborough Sounds (Newstrack 1998). 

New Zealand fur seals are drowned in mid-water trawl fisheries around New 

Zealand (Baird 1994, Slooten & Dawson 1995). High bycatch of seals in 1989 

(estimated 800-900, Baird 1994) led to the introduction of a code of practice (COP) 

for commercial trawlers in 1990. A decrease in the number of seals caught in the 

1990/1991 fishery (Baird 1994) coincided with the revised COP, however in that 

season the fishery effort was concentrated in different areas and thus there were 

fewer seals around the boats (Slooten & Dawson 1995). New Zealand fur seals are 

also reported to be caught in drift nets in the South Pacific (Bonner 1994), and are 
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regularly seen entangled in segments of discarded polypropylene nets and 

synthetic straps (Mattlin & Cawthorn 1986, Slooten & Dawson 1995). 

Biological interactions 

Biological interactions involve perceived competition for fish stocks between 

seals and human fishers (Harwood 1987). Marine mammals, especially pinnipeds, 

are often perceived by commercial fishers as competitors for "their" fish 

(Harwood 1992, Lalas & Bradshaw 1998). Around New Zealand six commercially 

exploited fish and cephalopod species have been reported as important 

components the diet of fur seals (Table 1.1). Five of the species are under the 

Individual Transferable Quota (ITQ) system which manages major commercial 

species in New Zealand (Clement & Associates 1997a): 

Table 1.1 Commercially exploited species recorded as important in the diet of 

New Zealand fur seals.*= ITQ species. 

Commercial Species 

*Arrow squid (Nototodarus spp.) 

*Hoki (Macruronus novaezealandiae) 

*Red cod (Pseudophycis bachus) 

*Mackerel (Trachurus spp.) 

*Barracouta (Thyrsites atun) 

Octopus (Octopus maorum) 

Reference 

Fea et al. (1999) 

Carey (1992), Dix (1993b) 

Tate (1981), Fea et al. (1999) 

Street (1964), Dix (1993) 

Street (1964), Fea et al. (1999) 

Rapson (1969), Tate (1981), Fea et al. (1999) 

Perceived large increases in the abundance of New Zealand fur seals have 

prompted the accusation that increasing seal numbers threaten fish stocks (Galer 

1991, Talley 1991, Stevens 1999) and an annual seal cull has been suggested 

(Anon. 1994, Smeele 1992). Anon. (1994) cites an example of fisheries 'losses' to 

grey seals in Newfoundland and argues that the possibility of starvation and 

disease of fur seals due to a population explosion in New Zealand is ample 

justification for a cull. Some amateur fishers fear that fur seals are competing for 

recreational fish stocks (Smeele 1992). 
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Concern over the effect of an increasing seal population has led to action in the 

past. Sorenson (1969) reported that the 1946 Open Season was the result of 

complaints from fishers in the Foveaux Strait area. Fishers claimed that the 

increase in seal numbers threatened stocks of blue cod (Parapercis colias) because 

seals were feeding on blue cod and scaring fish away from fishing grounds. As a 

result, a limited area of Southland, Stewart Island, and Fiordland was opened to 

licensed sealing. It is ironic that a study of the stomach contents of seals killed 

found not a single blue cod, nor was there any evidence of seals scaring fish away 

(Falla 1969). 

In South Africa, concern over perceived competition between seals and fishers 

prompted the implementation of a government maintained fur sealing industry, 

in the hope that the industry would significantly reduce the fur seal population 

(Best 1973). Butterworth et al. (1995) estimated that the numbers and therefore 

food intake of Cape fur seals (Arctocephalus pusillus pusillus) had doubled in the 

previous 20 years. Despite this, a model created to assess the impact of Cape fur 

seals on the Cape hake (Merluccius spp.) fishery showed that culling seals would 

have a small or even detrimental effect on fish stocks (Punt & Butterworth 1995). 

Shallow-water hake (M. capensis) prey on deep-water hake (M. paradoxus). Hence 

reducing the number of seals, which prey only on shallow-water hake, may not 

increase the overall quantity of hake available to fisheries (Punt & Butterworth 

1995). The authors emphasised that reducing one predator in a food web may not 

lead to increases in a particular prey species. In their review of seal/ fisheries 

interactions, Harwood & Croxall (1988) concluded that any fish becoming 

available due to a decrease in predation by fur seals is likely to be exploited by 

another predator, and that information is needed on how predators of a species 

will react to a change in abundance. Globally, so far there is no evidence of 

reductions in seal populations benefiting catches in fisheries (Butterworth et al. 

1988, Trites 1997). 
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1.0 Introduction 11 

1.4 Scope of this thesis 

This is the first study on diet of New Zealand fur seals in northern Fiordland, 

Solander Island and Stewart Island since Street (1964) and Rapson (1969), and the 

first study at The Snares. In this study I provide information on diet of New 

Zealand fur seals at one site in northern Fiordland, three sites around Foveaux 

Strait, and The Snares (Figure 1.1). Data from scats and regurgitants were used to 

identify fish and cephalopod species consumed by seals from these areas. Where 

possible, sizes of prey were back-calculated from diagnostic prey remains. 

Variation in diet among study sites and seasons is investigated, as is the nature of 

material recovered from the two different types of sample (scats/regurgitants). 

Operational and biological interactions between fur seals and fisheries are 

considered. The results of this study are combined with existing knowledge of 

diet to address the question of whether an average diet can be formulated New 

Zealand fur seals . 
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2.0 Study Sites 

Study sites were selected on the basis of two criteria: the number of seals and the 

logistics of access. Published information on the populations of fur seals (Wilson 

1981, Department of Conservation 1993) was supplemented with information 

from staff from the Southern Conservancy of the Department of Conservation. I 

attempted to collect scats and regurgitants from five sample sites (Figure 2.1). 

Scats and regurgitants were collected from all accessible areas within each study 

site. 

2.1 Descriptions of sites 

All but one of the sampling sites (The Snares) were breeding colonies. Access to 

the southern and western shore of The Snares where breeding colonies are 

situated (Carey 1998) was not possible. 

Long Reef (Figure 2.2) 

Long Reef is an exposed reef of boulders which juts into the Tasman Sea from the 

north end of Martin's Bay. The reef is up to 3 m high and only the largest 

boulders are exposed at high tide. Where the reef gives way to land there is a belt 

of hebe (Hebe elliptica) scrub and flax (Phormium tenax). The breeding colony 

here numbered about 200 in 1973 (range 100-300, Wilson 1981). I walked to the 

colony from the hut at Martin's Bay, which was reached by light aircraft . 
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Figure 2.1 Map of locations of sampling sites. 
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/ Figure 2.2 Map of collection area at Long Reef. 
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Solander Island (Figure 2.3) 

Solander Island lies in the western approaches to Foveaux Strait. The island is a 

steep rock mound 250 m high, surrounded by beaches, or bluffs dropping into the 

sea. The beaches are relatively steep and vary from rough boulders to large 

cobbles. Beaches are up to 30 m wide and are bounded by scrub. Breeding New 

Zealand fur seals frequent beaches and large coastal caves. Wilson (1981) 

estimated that the population of fur seals was greater than 5000 (range 4000-6750) 

in 1973. Access to this site was by helicopter. 

Big Bight and Northwest Bay, Codfish Island (Figure 2.4) 

Two breeding colonies were sampled on Codfish Island, a wildlife reserve which 

lies about 1 km off the north-western tip of Stewart Island. The colony at Big 

Bight is on the south-western side of the island. The beach there is 20-30 m wide, 

and is made up of large rocks, some greater than 5 m in diameter. A steep slope 

covered in bush rises above the colony for about 100 m. The beach at Northwest 

Bay is similar to the one at Big Bight, but somewhat steeper, and more sheltered 

from prevailing south-westerly wind and swell. Both colonies are accessed by foot 

from the huts at Sealer's Bay. The most recent estimate of abundance is 1500+ 

seals on Codfish Island in 1991/1992 at non-breeding colonies (Department of 

Conservation 1993), Mark-recapture estimates of pup numbers range from 230 -

380 pups at Big Bight in surveys in 1996, 1997 and 1998 (Bradshaw unpub. data). I 

saw 30 pups at Northwest Bay in January 1997. 

Bench Island (Figure 2.5) 

Bench Island is a nature reserve which lies about 7 km east of Stewart Island. The 

breeding colony sampled was on the western side of the island. The beach is 5-10 

m wide, consists of rocks up to 3 min diameter, and is bounded above by a scrub 

covered bank. Access to the island is by boat. The Department of Conservation 

(1993) estimated the population of seals on Bench Island to be 375-475. The 

population is likely to be higher than this estimate; Bradshaw (Unpub. data) 

recorded around 380 pups on the western colony in 1998. 
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Figure 2.3 Map of collection areas on Solander Island. 
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Figure 2.4 Map of collection areas on Codfish Island. 
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Figure 2.5 Map of collection area on Bench Island. 
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North East Island, The Snares (Figure 2.6) 

The Snares are one group of New Zealand's sub-Antarctic islands, and were the 

most southern site sampled. North East Island is a nature reserve about 100 km 

south of Stewart Island. Here a non-breeding colony was located at Seal Point on a 

smooth, sloping, lichen-covered rock 5-50 m wide. The area is cohabited by New 

Zealand sea lions (Phocarctos hookeri) and both seals and sea lions ventured into 

scrub along the inland border of the colony. In order to minimise the chance of 

collecting scats from sea lions, samples were collected from rocky outcrops 

usually frequented only by seals. Access was by boat from Bluff on the South 

Island, or fro?l- Stewart Island. Carey (1998) counted 1142 adults and 155 pups on 

North East Island in 1997. 

The original intent was to investigate the diet of New Zealand fur seals on 

mainland sites bordering Foveaux Strait. However seals were not regularly found 

at mainland locations surveyed, and sites in the area were abandoned due to lack 

of samples. 



'> 

.. 

r-

i-

,, 

., 

':\ 

,, 

tr 

·r 

I 

7' 

,· 

., 
,, 

2.0 Studtt sites 

El66° 37' 

~ 
North Promontory ~ 

S48° 01' 

0 1 km 

••••Area of shore where samples were collected 

North East 
Island 

El66° 37' 

Seal Point 

c::> 

Figure 2.6 Map of collection area on North East Island at The Snares. 

20 

S48° 01 ' 

~ 



-' 

,, 

' ,c 

,, 

\> 

/ 

;; 

,r 

/ 
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2.2 Frequency of sampling 

Frequency and duration of sampling was limited by logistics. Samples were 

collected at Codfish Island and Bench Island during every season. I was able to 

join the Department of Conservation staff on regular trips to Codfish Island. 

Access to Bench Island was from the M. V. Jester, courtesy of the Department of 

Conservation at Stewart Island. It was only possible to get to Bench Island once 

each season. Long Reef was not sampled in winter of 1995 but was visited for 2-4 

days each season from summer 1996 onwards. Samples from The Snares were 

collected concurrently with other research being conducted there. Thus sampling 

was restricted to when other researchers were at The Snares. The samples from 

Solander were collected when an opportunity to join a day trip there occurred in 

winter of 1996. The time periods encompassed by each season at Long Reef, 

Codfish Island, Bench Island, and The Snares were: 

Summer - December /January /February 

Autumn - March/ April/May 

Winter - June/July/ August 

Spring - September/October/November 

The collection date for the Solander trip was 2 August 1996. The number of days 

sampled at each site in each season is given below (Table 2.1). 

Table 2.1 Number of days on which samples were collected at each site in each 
season. 

Long Reef Solander I. Codfish I. Bench I. The Snares 

Winter 1995 0 0 4 1 0 

Summer 1996 2 0 5 1 1 

Autumn 1996 2 0 3 1 0 

Winter 1996 1 1 3 1 1 

Spring 1996 2 0 5 1 3 

Summer 1997 1 0 7 1 3 

Autumn 1997 0 0 0 0 2 
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3.0 Methods 

Fresh scats and regurgitants were collected from rocky shores during low tide. 

Scats were stored individually in plastic bags, and regurgitants were placed in 

separate 500 mL pottles. Scats that were dried were not collected, to ensure that 

samples were from the period of collection. Samples were either sorted on the 

day of collection, or frozen at -20°C and processed later. 

Scats and regurgitants were sieved through a 0.5 mm mesh with fresh running 

water. The prey remains retained in the sieve were sorted. Fish otoliths, teeth, 

scales, bones, eye-lenses, and cephalopod beaks were transferred to canisters using 

forceps. Regurgitants were soaked to facilitate separating beaks and otoliths from 

flesh. 

Recovered prey remains from each sample were then cleaned by soaking in a 

dilute ammonia/ disinfectant solution for 24 hours. They were then washed with 

fresh water, and then set out to dry at room temperature in Petri dishes. The prey 

remains from each sample were then sorted by taxon and stored dry in separate, 

labelled, zip-lock plastic bags. 

With the assistance of Dr Chris Lalas, prey species were identified to genus or 

species level where possible by comparing indicative prey remains to his 

reference collection. Teleost fishes were identified using sagittal otoliths and bone 

fragments, cephalopods from upper and lower beaks. Hagfish and sharks were 

identified using teeth, and one species of bird was identified from its sternum. 

Sagittal otoliths from each sample were sorted into left and right otoliths and the 

larger number used to represent the minimum number of prey items represented 

per species. For some species of lanternfish accurate differentiation of left and 

right otoliths was difficult due to erosion. In this case the otoliths from a sample 

were halved (and the number rounded up) to give the minimum number fish 

per species. 
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Sagittal otoliths which had their long axis unaffected by erosion were measured 

(see Figures 3.1 & 3.2 for examples of species identification and otolith 

measurement). The alternative axis was measured for redbait as the fragile 

anterior rostrum was usually broken off (Figure 3.3). The degree of erosion was 

ascertained via comparison with otoliths from the reference collection (removed 

from fresh fish and therefore uneroded). The excisural notch (EN in Figure 3.2) 

and the sculptures of the margins were the features used to assess erosion. If an 

otolith was eroded, it was not measured. 

Otoliths larger than 3 mm were measured using digital vernier callipers to the 

nearest 0.1 millimetre. Otoliths which were too small or too delicate to measure 

accurately using callipers, were measured using millimetre graph paper under a 

binocular microscope connected to a television. 

If an otolith of a species was too eroded to be measured, the weight of the fish was 

estimated as the average weights of the other fish of the same species recorded in 

that sample. The proportion of mass calculated, and the proportion estimated was 

determined for each fish species at a site. Differentiation into left and right sides 

was not possible for minor (asteriscal) otoliths. Eroded, broken and minor 

otoliths were used only to estimate the minimum number of prey items of each 

species represented. 

Fish nomenclature throughout this thesis follows Paulin et al. (1989). Otolith 

terminology follows Smale et al. (1995). 
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(a) 

0L=9.8mm 

(b) 

OL = 11.2mm 

Figure 3.1 Sagittal otoliths from (a) hoki (Macruronus novaezelandiae), (b) 
slender mackerel (Trachurus murphyi); both are from the reference collection. 
The internal surface faces upwards, and the measurement axis for otolith total 
length (OL) is labelled. The total length of the hoki = 275 mm; fork length of the 
mackerel = 438 mm. 
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(a) 

I 

I OL-1.9mm 

(b) 

0L=3.7mm 

Figure 3.2 Sagittal otoliths from two species of lanternfish; (a) Lampanyctodes 
hectoris, (b) Symbolophorus sp.; both are from the reference collection. The 
internal surface faces upwards. The excisural notch (EN), and the measurement 
axis for otolith total length (OL) are labelled. The standard length of fish (a) = 48 
mm; standard length of fish (b) = 78 mm 
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3.0 Methods 26 

AL=4.lmm 

Figure 3.3 Sagittal otoliths from redbait (Emmylicthys nitidus) from the reference 
collection. The anterior surface faces upwards. The excisural notch (EN), and the 
measurement axis for otolith alternative length (AL) are labelled. The otoliths are 
from a fish of fork length= 190 mm . 
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The cephalopod beaks collected were sorted into species, and within species into 

upper and lower beaks. For the squid beaks, upper or lower rostral length was 

measured (measurement axes are indicated in Figure 3.4) on both sides of a beak 

where possible, and the mean used for mass and size calculations. For octopus the 

regression equation available for mass was based on the hood lengths of the 

upper and lower beak, so these were measured (Figure 3.4). 

Where measurements of an upper and lower beak from the same species 

indicated the same size animal, the pair was assumed to be from the same prey 

item. Similarly, when a left and right otolith from the same species had the same 

measurements they were also assumed to be from the same prey item: The 

possibility of recording a prey item twice from separated otoliths or beaks was 

removed by pairing beaks and otoliths from all samples collected during a day. 

Measurements of sagittal otoliths and beaks were used to calculate estimates of 

length and body mass for fish and cephalopods in the diet. These calculations 

were based on regression equations relating otolith or beak size to measurements 

of body size (Table 3.1). If no equation was available, and one could not be 

calculated, the size of the prey item was assessed by interpolation, comparing the 

size of diagnostic remains to reference material. No reference material was 

available for otoliths from deepsea smelt (Bathylagus sp.), or the teeth of spiny 

dogfish (Squalus acanthias) and school shark (Galeorhinus galeus). Mass was 

estimated roughly by Dr Chris Lalas based on the size of the remains. 

Unpaired t-tests, which assumed un-equal variance were used to investigate 

differences in the mean size. Contingency tables (log-likelihood ratio tests) were 

used to investigate differences in the distributions of length frequencies. 
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(a) 

LRL URL 

Lower beak Upper beak 

(b) 

LHL UHL 

Lower beak Upperbeak 

Figure 3.4 Cephalopod beaks from (a) arrow squid (Nototodarus sloanii) and (b) 
octopus (Octopus maorum) from the reference collection. Measurement axes for 
upper and lower rostral length (URL and LRL respectively) and upper and lower 
hood length (UHL and LHL respectively) are labeled. The dorsal mantle length of 
the arrow squid = 245 mm; the mass of the octopus = 3250 g. 
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Table 3.1 Equations for the calculation of prey length and mass using measurments of otoliths or beaks. Regression ~ 
equations in the form of y = A(x)b where y = prey size and biomass, x = OL, AL, URL, LRL, UHL; OL = otolith length 

..... 
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0 
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(mm); AL = alternative length (mm); URL = upper rostral length (mm); LRL = lower rostral length (mm); UHL = upper "' 

hood length (mm); DML = dorsal mantle length; SL = standard length; FL = fork length; TL = total length. Source of 

equations (1) Lalas, unpub. data; (2) Fea et al., 1999; (3) Tate, 1981; (4) Holborow, Dickie and Lalas, unpub. data; (5) 

Holborow and Lalas, unpub. data; (6) Jackson et al. 1998. 

Species Length/mass Sample size Size range rz A (xf Source 
Arrow squid DML (cm) 284 3.2-40.5 0.930 7.832 URL 0·711 (1) 
Nototodarus sloanii DML (cm) 313 3.0-43.5 0.946 7.514 LRL o.744 (1) 

Mass (g) 279 1.9-1860 0.931 9.299 URL 2.186 (1) 
Mass (g) 308 1.9-1940 0.949 7.879 LRL 2.315 (1) 

Octopus NIA 
Octopus maorum Mass (g) 18 NIA 0.980 0.460 UHL 4.o7 (3) 
Stout sprat SL (mm) 42 70-103 0.579 1.639 OL 2.619 (1) 
Sprattus muelleri Mass (g) 42 4.6-18.7 0.629 51.25 OL o.771 (1) 
Waryfish FL (mm) 15 56-274 0.971 16.651 OL 1.543 (5) 
Scopelosaurus sp. Mass (g) 15 0.5-90 0.969 0.006 OL 5.404 (5) 
Lanternfish SL (mm) 38 35-70 0.890 19 .360 0 L 1.ooo (2) 
Electrona sp. Mass (g) 19 0.5 - 2.5 0.710 0.040 OL 4.402 (2) 
Lan ternfish SL (mm) 35 46-66 0.660 21.880 OL 1.

239 (2) 
Lampanyctodes hectoris Mass (g) 35 1.3- 3.9 0.650 0.123 OL 3.838 (2) 
Lan ternfish SL (mm) 25 NIA 0.760 29.964 OL 0

·
80 (6) 

Gymnoscopelus sp. Mass (g) 14 NIA 0.790 0.497 OL 2.11 (6) 
Lan ternfish SL (mm) 31 42-132 0.920 18.680 OL 1.

082 (2) 
Symbolophorus sp. Mass (g) 31 1.5 - 22 0.860 0.237 OL 2.540 (2) 
Red cod TL (mm) 93 51- 610 0.980 7.267 OL 1.625 (2) 
Pseudophycis bachus Mass (g) 93 1.1-1850 0.980 0.003 OL 4.979 (2) 
Hoki TL (cm) 132 26.5 -125 0.989 1.051 OL 1.399 (4) lti Macruronus novaezelandiae Mass (g) 100 52-5400 0.986 0.004 OL 4.139 (4) 
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Table 3.1 Continued ... 

Species Length/mass Sample size 
Oblique banded rattail TL (cm) 38 
Coelorinchus aspercephalus Mass (g) 38 
Javelinfish TL (cm) 51 
Lepidorhynchus denticulatus Mass (g) 51 
Common roughy FL (mm) 23 
Paratrachichthys trailli Mass (g) 21 
Slender mackerel FL (mm) 65 
Trachurus murphyi Mass (g) 44 
Red bait Mass (g) 43 
J=,mmelichthys nitidus FL (cm) 51 

v v ~ 'r -;.;_ 

Size range r2 
5.6-47.5 0.993 
1.0-626 0.986 
8.7 - 60.5 0.986 
0.7 - 615 0.985 
14-255 0.959 
64-430 0.910 
136-505 0.960 
25 -1640 0.960 
15 -1100 0.963 
11.4 -410 0.952 

J_ y 1 
r 

A (xt 
1.488 OL i.2n 

0.011 OL 3.946 

2.216 OL 1.193 

0.010 OL 3.697 

20.106 OL 0
·
925 

0.285 OL 2.s84 

17.82 OL 1.325 

0.034 OL 4.285 

0.520 AL 3.596 

3.929 AL u23 

·,-

Source 
(1) 
(1) 
(1) 
(1) 
(5) 
(5) 
(2) 
(2) 
(5) 
(5) 
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4.0 Results 

4.1 Contents of samples 

A total of 574 scats and 56 regurgitants (Table 4.1) were collected from the five 

study sites over 52 collection days. Four of the five sites were sampled at least 

once every three-month season. Solander Island was only sampled once due to 

difficulty of access. A total of 2439 fish otoliths and 250 cephalopod beaks were 

recovered from · scats, while 43 otoliths and 373 beaks were recovered from 

regurgitants. 

All regurgitants and 96% of scats contained prey remains (Table 4.1). Of the 552 

scats which contained prey remains 250 (45%) contained remains sufficiently 

diagnostic to identify fish to genus or species, and cephalopods to at least Family 

(Table 4.2). The remaining 302 scats contained non-diagnostic remains such as 

otoliths too eroded to identify, bones, eye-lenses, and feathers. 

Of the 56 regurgitants 53 (95%) contained diagnostic remains of fish or 

cephalopods (Table 4.1). Of the other three regurgitants, one contained fin rays 

from a teleost fish and another contained carapace fragments from an 

unidentified amphipod. The third contained bones and feathers of a diving petrel 

(Pelecanoides sp.) which was identified from the sternum. Fish remains were 

present in three quarters of the scats, compared to about half of the regurgitants. 

Cephalopod remains were present in 79% of regurgitants, compared to only 9% of 

scats. 

Table 4.1 Frequency of occurrence of remains of fish, cephalopods, and birds and 
crustaceans in scats and regurgitants . 

Scats Regurgitants 

Total number of samples 574 56 

Diagnostic Remains of fish & cephalopods 45% 95% 

Prey Remains 96% 100% 

Fish Remains 77% 46% 

Cephalopod Remains 9% 79% 

Bird Remains <1% 4% 
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Table 4.2 Frequency of occurrence of fish and cephalopods in scats and regurgitants. Fish and 
cephalopods could be found in the same sample, hence "Fish or Cephalopods" 
may be less than the sum of the two columns. 

Collection No. No. of scats with identifiable remains No. No. of regurgitants with identifiable remains 
days scats Fish or Cephs Fish Cephs regurgs. Fish or Cephs Fish Cephs 

Winter1995 
Long Reef 0 
SolanderI. 0 
Codfish I. 4 51 10 9 2 0 
Bench I. 1 16 1 1 0 0 
The Snares 0 

Summer1996 
Long Reef 2 8 3 3 0 2 2 1 1 
Solanderl. 0 
Codfish I. 5 41 22 11 6 2 2 1 1 
Bench I. 1 7 2 0 2 0 
The Snares 1 15 9 7 5 0 

Autumn 1996 
Long Reef 2 26 19 19 0 2 2 1 1 
Solander I. 0 
Codfish I. 3 33 7 6 1 0 
Bench I. 1 9 4 3 1 0 
The Snares 0 
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Table 4.2 Frequency of occurrence of fish and cephalopods in scats and regurgitants. Fish and 
cephalopods could be found in the same sample, hence "Fish or Cephalopods" 
may be less than the sum of the two columns. 

Collection No. No. of scats with identifiable remains No. No. of regurgitants with identifiable remains 
days scats Fish or Cephs Fish Cephs regurgs. Fish or Cee!1s Fish Cep~ 

Winter1995 
Long Reef 0 

Solander I. 0 

Codfish I. 4 51 10 9 2 0 

Bench I. 1 16 1 1 0 0 

The Snares 0 

Summerl996 
Long Reef 2 8 3 3 0 2 2 1 1 
Solander I. 0 

Codfish I. 5 41 22 11 6 2 2 1 1 

Bench I. 1 7 2 0 2 0 

The Snares 1 15 9 7 5 0 

Autumn 1996 
Long Reef 2 26 19 19 0 2 2 1 1 

Solanderl. 0 

Codfish I. 3 33 7 6 1 0 

Bench I. 1 9 4 3 1 0 

The Snares 0 
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4.0 Results 

4.2 Prey composition at Long Reef (Tables 4.3 & 4.4) 

4.2.1 Diversity of prey species 

34 

There were 18 species represented in the samples from Long Ree( six of which 

were first records for New Zealand fur seals. Only eight of the prey species 

occurred in more than one season. Hoki occurred in all seasons and arrow squid 

were present in all seasons but autumn. Six species present occurred as one 

individual in one season (Table 4.3). 

4.2.2 Minimum numbers (Table 4.3) 

Gymnoscopelus sp. were most numerous in summer 1996, while arrow squid 

were most numerous in summer 1997 (84%). The lanternfish L. hectoris 

predominated in autumn 1996 (77%), and also in winter (38%) with arrow squid 

(32%). Hoki was most numerous in spring (60%). 

4.2.3 Calculated original mass (Table 4.4) 

Arrow squid was the predominant prey in terms of mass at Long Reef in both 

summers, 75% in 1996 and 96% in 1997. Hoki was predominant in autumn and 

spring (85% and 58% respectively). Mackerel contributed 61 % to mass in winter 

1996 (it should be noted that this result was calculated from only three fish, of 

which the mass of only one was calculated). 
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Table 4.3 Minimum number of fish and cephalopod prey items at Long Reef in each season. The Ii number of samples in each season is given in brackets. 

Common name Systematic name Summer Autumn Winter Spring Summer Species 

1996 (10) 1996 (28) 1996 (20) 1996 (34) 1997 (22) total (114) 

Arrow squid Nototodarus sloanii 11 15 3 152 181 

Squid (not identified)* Gonatidae 1 1 

Hagfish Eptatretus cirrhatus 2 2 

Deepsea smelt Bathylagus sp. 1 1 

Waryfish Scopelosaurus sp. 2 1 3 

Lantemfish Electrona sp. 1 6 7 

Lantemfish Gymnoscopelus sp. 19 12 31 

Lantemfish Lampanyctodes hectoris 186 18 12 3 219 

Lantemfish Symbolophorus sp. 2 8 10 

Hoki Macruronus novaezelandiae 4 50 1 61 5 121 

Notable rattail* Coelorinchus innotabilis 1 1 

Javelinfish * Lepidorhynchus denticulatus 1 7 2 3 13 

Common roughy * Paratrachichthys trailli 1 1 

Dory* Cyttus sp. 2 2 

Mackerel Trachurus sp. t 3 3 

Y elloweyed mullet Aldrichetta forsteri 5 5 

Blue warehou Seriolella brama 1 1 

Silver warehou * Seriolella punctata 1 1 

Total 37 241 47 97 181 603 

t probably Trachurus murphyi 
* first record for New Zealand fur seals I~ 
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Table 4.4 Calculated original mass (g) of fish and cephalopod prey items at Long Reef in each season. The 
number of samples in each season is given in brackets. 

Common name Systematic name Summer Autumn Winter Spring Summer Species Mass(%) Mass(%) 

1996 (10) 1996 (28) 1996 (20) 1996 (34) 1997 (22) total (114) calculated estimated 

Arrow squid Nototodarus sloanii 2363 202 762 27126 30453 100 

Squid (not identified)* Gonatidae 50 50 100 

Hagfish Eptatretus cirrhatus 1300 1300 100 

Deepsea smelt Bathylagus sp. 250 250 100 

Waryfish Scopelosaurus sp. 20 3 24 100 

Lanternfish Electrona sp. 9 53 62 72 28 

Lanternfish Gymnoscopelus sp. 293 227 520 58 42 

Lanternfish Lampanyctodes hectoris 292 47 23 5 367 38 62 

Lanternfish Symbolophorus sp. 6 45 50 62 38 

Hoki Macruronus novaezelandiae 385 3404 200 3651 885 8525 42 58 

Notable rattail* Coelorinchus innotabilis 11 437 28 6 482 94 6 

Javelinfish * Lepidorhynchus denticulatus 5 5 100 

Common roughy * Paratrachichthys trailli 101 101 100 

Dory* Cyttus sp. 100 100 100 

Mackerel Trachurus sp. t 1800 1800 33 67 

Y elloweyed mullet Aldrichetta forsteri 130 130 100 

Blue warehou Seriolella brama 300 300 100 

Silver warehou * Seriolella punctata 250 250 100 

Total 3162 4020 2941 6343 28302 44768 84 16 

t probably Trachurus murphyi 

* first record for New Zealand fur seals 
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4.0 Results 

4.3 Prey composition at Solander Island (Table 4.5) 

4.3.1 Diversity of prey species 

37 

Sampling was conducted only in winter of 1996. Ten species were represented in 

the samples, four of them were first records for New Zealand fur seals. 

4.3.2 Minimum numbers (Table 4.5) 

The numerically predominant species was L. hectoris (65%) . 

4.3.2 Calculated original mass (Table 4.5) 

Mackerel was the predominant prey in terms of mass at Solander Island (76%) . 
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Table 4.5 Minimum number and calculated original mass (g) of fish and cephalopod prey 
items at Solander Island in winter 1996. The number of samples in each season 
is given in brackets. 

Mass Mass(%) Mass(%) Minimum 
Common name Systematic name (30) calculated estimated number (30) 
Arrow squid Nototodarus sloanii 295 100 2 
Deepsea smelt Bathylagus sp. 250 100 1 
Waryfish Scopelosaurus sp. 65 62 38 5 
Lanternfish Electrona sp. 9 100 1 
Lantemfish Lampanyctodes hectoris 118 14 86 49 
Southern blue whiting * Micromesistius australis 150 100 2 
J avelinfish * Lepidorhynchus denticulatus 18 100 1 
Mackerel Trachurus sp. t 5040 33 67 6 
Redbait ** Emmelichthys nitidus 377 18 82 9 
Yellow weever * Parapercis gilliesi 300 100 1 

Total 6622 39 61 75 

t probably Trachurus murphyi 
* first record for New Zealand fur seals 
** first record for New Zealand fur seals in the New Zealand region 

·{-

~ 
0 

?::J 
"" {/) 

;:.. 
1ri' 

(>) 
00 



•,C 

.... 

)I 

·I· 

-r 

>-

-~ 

~, 

::-_/-

~ 

~ 

., 

,-

- .Y 

4.0 Results 

4.4 Prey composition at Codfish Island (Tables 4.6 and 4.7) 

4.4.1 Diversity of species 

39 

Sixteen species were represented at Codfish Island, seven of which were first 

records for New Zealand fur seals. Of the sixteen taxa, nine were recorded in 

more than one season. Arrow squid, mackerel and barracouta occurred in all 

seasons. Octopus and hoki were found in all seasons except spring, and L. hectoris 

and Symbolophorus sp. were found in all seasons except autumn. Six species 

were present as one individual in one season (Table 4.6). 

4.4.2 Minimum numbers (Table 4.6) 

Arrow squid were most numerous in summer 1996 (77%), and winter 1996 (75%). 

Mackerel predominated in winter 1995 (38%) and autumn 1996 (38%). The 

lanternfish L. hectoris was most numerous in summer 1997 (60%). 

4.4.3 Calculated original mass (Table 4.7) 

Arrow squid was the predominant prey in terms of mass at Codfish Island in both 

summers, 42% in 1996 and 71 % in 1997, and also in winter 1996 (84%). Octopus 

was predominant in winter 1995 (36%). Mackerel was predominant in autumn 

1996 (47%). Barracouta contributed the highest proportion to mass in spring 

(51 %). 
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Table 4.6 Minimum number of fish and cephalopod prey items at Codfish Island in each season. 
The number of samples in each season is given in brackets. 

Winter Summer Autumn Winter Spring Summer Species 

Common name Systematic name 1995 (51) 1996 (43) 1996 (33) 1996 (46) 1996 (54) 1997 (81) total (308) 

Arrow squid Nototodarus sloanii 1 59 1 12 7 122 202 

Antarctic flying squid * Todarodes filipovae 1 1 

Squid (not identified)* Ommastrephidae¥ 1 1 

Octopus Octopus maorum 1 1 1 3 

Lantern.fish Gymnoscopelus sp. 1 1 

Lantemfish Lampanyctodes hectoris 4 1 87 322 414 

Lantemfish Symbolophorus sp. 1 1 1 65 68 

Dwarf cod* Austrophycis marginata 2 3 5 

Hoki Macruronus novaezelandiae 2 7 1 16 26 

Oliver's rattail * Coelorinchus oliverianus 1 1 

Javelinfish * Lepidorhynchus denticulatus 1 1 

Mackerel Trachurus sp. t 3 2 4 3 3 15 

Redbait ** Emmelichthys nitidus 1 1 2 

Yellow weever * Parapercis gilliesi 1 1 

Barracouta Thyrsites atun 1 2 1 2 4 10 

Silver warehou * Seriolella punctata 2 2 

Total 8 77 9 16 104 539 753 

¥ Not Nototodarus sp. nor Todarodes sp. 

t probably Trachurus murphyi 

* first record for New Zealand fur seals 

** first record for New Zealand fur seals in the New Zealand region 
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Table 4.7 Calculated original mass (g) of fish and cephalopod prey items at Codfish Island in each season. The 
number of samples in each season is given in brackets. 

Common name Systematic name Winter Summer Autumn Winter Spring Summer Species Mass(%) Mass(%) 
1995 (51) 1996 (43) 1996 (33) 1996 (46) 1996 (54) 1997 (81) total (308) calculated estimated 

Arrow squid Nototodarus sloanii 400 3087 57 4138 657 33024 41363 100 
Antarctic flying squid * Todarodes filipovae 428 428 100 
Squid (not identified)* Ommastrephidae¥ 250 250 100 
Octopus Octopus maorum 2800 3109 899 6808 100 
Lanternfish Gymnoscopelus sp. 15 15 100 
Lanternfish Lampanyctodes hectoris 11 3 127 845 985 29 71 
Lanternfish Symbolophorus sp. 8 8 3 331 350 76 24 
Dwarf cod* Austrophycis marginata 5 5 10 75 25 
Hoki Macruronus novaezelandiae 200 630 144 2021 2994 46 54 
Oliver's rattail * Coelorinchus oliverianus 50 50 100 
Javelinfish * Lepidorhynchus denticulatus 5 5 100 
Mackerel Trachurus sp. t 2400 1720 3600 3900 2580 14200 57 43 
Redbait ** Emmelichthys nitidus 20 73 93 100 
Yellow weever * Parapercis gilliesi 750 750 100 
Barracouta Thyrsites atun 2000 1900 750 5000 6000 15650 11 89 
Silver warehou * Seriolella punctata 50 50 100 

Total 7800 7411 7680 4914 9742 46455 84001 73 27 

¥ Not Nototodarus sp. nor Todarodes sp. 
t probably Trachurus murphyi 
* first record for New Zealand fur seals 
** first record for New Zealand fur seals in the New Zealand region 
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4.0 Results 

4.5 Prey composition at Bench Island (Tables 4.8 & 4.9) 

4.5.1 Diversity of prey species 

42 

Eleven species were represented at Bench Island, two of which were first records 

for New Zealand fur seals. Five species were found in more than one season. 

Only arrow squid was present in all seasons; other species were present in two 

seasons at most. Four species occurred as one individual in one season (Table 4.8). 

4.5.2 Minimum numbers (Table 4.8) 

Arrow squid were most numerous in summer 1996 and 1997 (100% & 27%), and 

spring 1996 (77%). The lanternfish L. hectoris was most numerous in autumn 

1996 (79%). 

4.5.2 Calculated original mass (Table 4.9) 

Arrow squid was the predominant prey in terms of mass at Bench Island in both 

summers, 100% in 1996 and 42% in 1997. In autumn 1996 octopus was 

predominant (92%). Barracouta contributed 57% to mass in spring 1996 and 

almost the same as arrow squid in summer 1997 ( 41 % ). Only one prey species was 

found in winter 1995 (Symbolophorus sp.), and summer 1996 (arrow squid). 

Results from these seasons are not considered representative due to the very low 

numbers of samples available. 
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Table 4.8 Minimum number of fish and cephalopod prey items at Bench Island in each season. The Ii 
number of samples in each season is given in brackets. 

Commonname Systematic name Winter Summer Autumn Winter Spring Summer Species 
1995 (16) 1996 (7) 1996 (9) 1996 (14) 1996 (22) 1997 (6) total(74) 

Arrow squid Nototodarus sloanii 3 14 3 34 4 58 
Octopus Octopus maorum 2 2 
Stout sprat Sprattus muelleri 4 7 11 
Lanternfish Lampanyctodes hectoris 67 3 70 
Lantemfish Symbolophorus sp. 1 1 2 
Hoki Macruronus novaezelandiae 1 1 
Javelinfish * Lepidorhynchus denticulatus 5 5 
Triplefin Tripterygiidae 1 1 
Barracouta Thyrsites atun 1 2 3 
Silver warehou * Seriolella punctata 1 1 
Sole Peltorhamphus sp. 1 1 

Total 1 3 85 7 44 15 155 

* first record for New Zealand fur seals 
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"' Table 4.9 Calculated original mass (g) of fish and cephalopod prey items at Bench Island in each season. The I~ 

number of samples in each season is given in brackets. 

Common name Systematic name Winter Summer Autumn Winter Spring Summer Species Mass(%) Mass(%) 

1995 (16) 1996 (7) 1996 (9) 1996 (14) 1996 (22) 1997 (6) total (74) calculated estimated 

Arrow squid Nototodarus sloanii 81 176 53 1742 1337 3389 100 

Octopus Octopus maorum 4125 4125 100 

Stout sprat Sprattus muelleri 41 129 170 89 11 

Lantemfish Lampanyctodes hectoris 104 6 110 46 54 

Lantemfish Symbolophorus sp. 15 10 25 100 

Hoki Macruronus novaezelandiae 150 150 100 

Javelinfish * Lepidorhynchus denticulatus 366 366 100 

Triplefin Tripterygiidae 2 2 100 

Barracouta Thyrsites atun 2500 1300 3800 8 92 

Silver warehou * Seriolella punctata 50 50 100 

Sole Peltorhamphus sp. 10 10 100 

Total 15 81 4465 94 4383 3160 12197 69 31 

* first record for New Zealand fur seals 
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4.0 Results 

4.6 Prey composition at The Snares (Tables 4.10 & 4.11) 

4.6.1 Diversity of species 

45 

The Snares had the highest number of prey species (21) of the sites sampled. Nine 

of the species were first records for New Zealand fur seals. Eleven species 

occurred in more than one season. No species were found in all seasons, but L. 

hectoris and hoki were found in three of four seasons. Single occurrences of spiny 

dogfish (spring 1996) and a school shark (summer 1997), were the only 

cartilaginous fish found in the study (Table 4.10) Four other species occurred as 

one individual in one season. 

4.6.2 Minimum numbers (Table 4.10) 

The lanternfish L. hectoris predominated in autumn 1996 and summer 1997 (71 % 

and 86% respectively). The deepsea smelt Bathylagus sp. was most numerous in 

winter 1996 (56%), while the lanternfish Gymnoscopelus sp. predominated in 

spring 1996 (54%). Redbait was predominant in autumn 1997 (70%). 

4.6.2 Calculated original mass (Table 4.11) 

Arrow squid was the predominant prey in terms of mass at The Snares in 

autumn 1996 (63%), while redbait was predominant in autumn 1997 (79%) . 

Mackerel were 56% of mass in winter 1996. Spiny dogfish predominated in spring 

1996 (29%), however there was only one individual, and its mass was roughly 

estimated. Red cod comprised 22% of mass in spring 1996, and were predominant 

in summer 1997 (42%). 
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Table 4.10 Minimum number of fish and cephalopod prey items at The Snares in each season. The 
number of samples in each season is given in brackets. 

Commonname Systematic name Autumn Winter Spring Summer Autumn Species 
1996 (15) 1996 (14) 1996 (23) 1997 (29) 1997 (23) total (104) 

Arrow squid Nototodarus sloanii 14 3 7 24 
Squid (not identified) * Architeuthidae ? ¥ 3 3 
Octopus Octopus maorum 1 1 
Spiny dogfish Squalus acanthias 1 1 
School shark * Galeorhinus galeus 1 1 
Deepsea smelt * Nansenia sp. 1 6 7 
Deepsea smelt Bathylagus sp. 5 2 1 8 
Waryfish Scopelosaurus sp. 2 2 4 
Lantemfish Electrona sp. 2 2 
Lantemfish Gymnoscopelus sp. 30 2 32 
Lanternfish Lampanyctodes hectoris 32 2 196 2 232 
Lantemfish Symbolophorus sp. 7 3 10 
Red cod Pseudophycis bachus 1 6 7 
Southern blue whiting * Micromesistius australis 1 1 
Hoki Macruronus novaezelandiae 1 2 1 4 
Oblique banded rattail * Coelorinchus aspercephalus 1 1 
Javelinfish * Lepidorhynchus denticulatus 1 1 
Common roughy * Paratrachichthys trailli 7 2 9 
Seaperch * Helicolenus sp. 2 2 
Mackerel Trachurus sp. t 2 2 
Redbait ** Emmelichthys nitidus 7 15 38 60 
Silver warehou * Seriolella punctata 2 2 

Total 45 9 56 229 47 386 

¥ Not Ommastrephidae nor Gonatidae 
t probably Trachurus murphyi 
* first record for New Zealand fur seals 
** first record for New Zealand fur seals in the New Zealand region 
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""' Table 4.11 Calculated original mass (g) of fish and cephalopod prey items at The Snares in each season. The Ii number of samples in each season is given in brackets. 
,... 
V, 

I 
Common name Systematic name Autumn Winter Spring Summer Autumn Species Mass(%) Mass(%) 

1996 (15) 1996 (14) 1996 (23) 1997 (29) 1997 (23) total (104) calculated estimated 
Arrow squid Nototodarus sloanii 1424 310 805 2539 100 
Squid (not identified) * Architeuthidae ? ¥ 300 300 100 
Octopus Octopus maorum 19 19 100 
Spiny dogfish Squalus acanthias 1500 1500 100 
School shark* Galeorhinus galeus 5000 5000 100 
Deepsea smelt* Nansenia sp. 50 300 350 100 
Deepsea smelt Bathylagus sp. 1250 500 250 2000 100 
Waryfish Scopelosaurus sp. 52 31 83 22 78 
Lantemfish Electrona sp. 14 14 66 34 
Lantemfish Gymnoscopelus sp. 486 38 524 51 49 
Lantemfish Lampanyctodes hectoris 50 5 472 5 532 34 66 
Lantemfish Symbolophorus sp. 26 11 37 56 44 
Red cod Pseudophycis bachus 1151 5961 7112 84 16 
Southern blue whiting* Micromesistius australis 200 200 100 
Hoki Macruronus novaezelandiae 320 200 120 640 19 81 
Oblique banded rattail * Coelorinchus aspercephalus 132 132 100 
Javelinfish * Lepidorhynchus denticulatus 66 66 100 
Common roughy * Paratrachichthys trailli 30 54 84 100 
Seaperch * Helicolenus sp. 1000 1000 100 
Mackerel Trachurus sp. t 1850 1850 100 
Redbait ** Emmelichthys nitidus 623 1587 4188 6398 46 54 
Silver warehou * Seriolella punctata 25 25 100 

Total 2247 3319 5192 14315 5331 30404 45 55 
¥ Not Ommastrephidae nor Gonatidae 
t probably Trachurus murphyi 
* first record for New Zealand fur seals I~ 
** first record for New Zealand fur seals in the New Zealand region 
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4.0 Results 48 

4.7 Arrow squid 

Arrow squid formed 44% of mass over the whole study, and was present in 

samples from all but four sampling trips (Table 4.12). Most of the mass 

represented by arrow squid came from regurgitants (84%), and most of the mass 

from regurgitants came from the combination of Codfish Island (46%) and Long 

Reef (42%) in summer 1997. 

Though arrow squid was an important prey item, no clear patterns of occurrence 

at sites or seasons were evident. Arrow squid accounted for more than 75% of 

prey mass at Long Reef in summer of 1996 and 1997, and is an important prey 

item in summer (Figure 4.1). It formed the predominant part of prey mass at 

Codfish Island in summer 1996 (42%), winter 1996 (84%), and summer 1997 (71 %). 

In contrast arrow squid was only found in autumn 1996 (63%) and 1997 (15%) at 

The Snares. At Bench Island it formed 100% of prey in summer 1996, however 

this result should be treated with caution as only three prey items were found. In 

winter and spring 1996, and summer 1997 arrow squid formed 46-52% of prey 

mass (Table 4.12, Figure 4.1). 
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', 

~ :, Table 4.12 Seasonal variation in mass of arrow squid in diet including 
}. proportions in scats and regurgitants. 0 = samples were collected but no arrow 

squid was present. 

:,,_ 

~ ~ From scats From regurgitants Scats plus regurgitants 
Squid % of prey Squid % of prey Total mass % of total 

~ 

mass (g) mass mass (g) mass squid (g) prey mass 

Long Reef 0 0 0 0 0 0 
•. ;l::r Sum1996 0 0 2363 74.7 2363 74.7 

' , Aut 1996 0 0 0 0 0 0 
Win 1996 202 6.9 0 0 202 6.9 

"-
Spr 1996 167 2.6 595 9.4 762 12.0 
Sum1997 0 0 27126 95.8 27126 95.8 

Total 369 0.8 30084 67.2 30453 68.0 

_,.__ ... ,, 

Solander 
Win 1996 295 4.5 0 0 295 4.5 

Codfish 
Win 1995 400 5.1 0 0 400 5.1 

)- :> 

Sum1996 2302 31.1 785 10.6 3087 41.7 
Aut 1996 57 0.7 0 0 57 0.7 
Win 1996 0 0 4138 84.2 4138 84.2 
Spr 1996 657 6.7 0 0 657 6.7 
Sum1997 2838 6.1 30186 65.0 33024 71.1 

'.. 

Total 6254 7.4 35109 41.8 41363 49.2 
~r' ~ 

,' Bench 
Win 1995 0 0 0 0 0 0 
Sum1996 81 100 0 0 81 100 

,. 
Aut 1996 176 3.9 0 0 176 3.9 

;- ..,. Win 1996 53 56.1 0 0 53 56.1 
Spr 1996 1679 38.3 63 1.4 1742 39.7 
Sum1997 1337 42.3 0 0 1337 42.3 

Total 3326 27.3 63 0.5 3389 27.8 
7 

/" -~ Snares 
Aut 1996 1424 63.4 0 0 1424 63.4 

> 
Win 1996 0 0 0 0 0 0 
Spr 1996 0 0 0 0 0 0 

" Sum1997 310 2.2 0 0 310 2.2 

!' :,. Aut 1997 805 15.1 0 0 805 15.1 

Total 2539 8.4 0 0 2539 8.4 
1 

Total 12783 7.2 65256 36.7 78039 43.8 
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4.0 Results 
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Figure 4.1 Mass of arrow squid as a percent of total prey mass by site and season. 
x = no samples collected; o = no arrow squid in samples. 
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4.0 Results 51 

4.7.1 Length-frequency of arrow squid 

The DMLs ( dorsal mantle lengths) of arrow squid ranged between 54 mm and 382 

mm (Figure 4.3). 

At Codfish Island in summer 1996 the mean DML recorded was 120 mm (c.v. = 
0.34) with only three large individuals recorded (Figure 4.2). In contrast in 

summer 1997 mean DML had increased to 212 mm (c.v. = 0.34). However the 

length-frequency plot (Figure 4.2) showed a greater size range, and the 

distribution appeared almost bimodal. The smaller mode in summer 1997 is 

similar to that of summer 1996, with a larger mode around 240-280 mm. 

At Long Reef in summer 1997 the mean recorded DML was 198 mm (c.v. = 0.19). 

Individuals were recorded to as small as 54 mm, however there were fewer of the 

larger individuals (DML >250 mm) found at Codfish Island in the same season . 
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Figure 4.2 Length-frequency distributions of the arrow squid from Codfish Island 
in summer 1996 and 1997, and Long Reef in summer 1997. Only sites with ~ 15 
samples are plotted. 
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4.7.2 Variation of size of arrow squid with sample type 

The length-frequency (DML) pooled from all samples was plotted against the 

sample type - scat or regurgitant (Figure 4.3). The average DML from scats (mean 

= 125 mm, c.v. = 0.38) was significantly smaller (p = 0.0001, t = 18.8, one-tailed t

test) than the average DML from regurgitants (mean = 214 mm, c.v. = 0.24). A 

one-tailed t-test was used as there was an expectation from the literature that 

beaks in scats would be smaller than those in regurgitants. 
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Figure 4.3 Variation in length-frequency distributions of calculated size of arrow 
squid with sample type. n = number of squid. 
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The frequency distributions of lower rostral lengths (LRL) pooled from all 

samples show that smaller beaks were predominant in scats whereas larger beaks 

were predominant in regurgitants (Figure 4.4). 

80% 
I • Beaks from scats 

n = 92 
60% 1 I D Beaks from regurgitants 

n = 179 

40% 

20% 

0% 

0 2 3 4 5 6 7 8 

Lower rostral length (mm) 

Figure 4.4 Frequency distributions of lower rostral lengths of arrow squid beaks 
from scats and regurgitants. 
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4.8 Seasonal variation in proportion of number and mass of fish in diet 

The number and mass of L. hectoris, hoki, and mackerel as a proportion of total 

prey number and mass varied among sites for each season (Table 4.13). The only 

species found at all sites was the lanternfish L. hectoris. The average mass for L. 

hectoris was around 2 g, thus these fish could be numerically predominant yet 

constitute a very small proportion of dietary mass (e.g. Codfish Island in spring 

1996). 

Hoki was recorded at all sites except Solander Island, which was only sampled 

once. It was an important prey species at Long Reef, found in all seasons 

including both summers, but particularly so in autumn and spring. In autumn 

1996 hoki was found at all sites sampled except The Snares. Hoki was found in 

samples from Bench Island only in summer 1997. The presence of hoki at 

different sites in the same season showed no clear patterns. 

Mackerel was recorded at all sites except Bench Island. The calculated original 

mass for individual fish ranged between 600-1300 g, thus where it occurred it 

often represented around 50% of the mass for a site in a season (range 6-61 %). 

However, only 11 (42%) of a total of 26 fish had mass calculated from otolith 

length. At Long Reef, Solander Island, and The Snares, mackerel was found only 

in winter 1996, though it was greater than 50% of mass at these sites in that 

winter. Conversely mackerel was recorded in all seasons except winter 1996 at 

Codfish Island. 
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Table 4.13 Percentage by number and by mass of Lampanyctodes hectoris, hoki, 
and mackerel in the diet at each season and site. Results from scats and 

~ regurgitants were combined. 0 = samples were collected but the species was not 

'-,_ 
present; - = no samples collected. Data from Tables 4.3-4.11. 

·- \ 
Win 1995 Sum 1996 Aut 1996 Win 1996 Spr 1996 Sum 1997 Aut 1997 

No. Mass No. Mass No. Mass No. Mass No. Mass No. Mass No. Mass 
-, 

Long Reef 
·'il 

L. hectoris - - 0 0 77.7 7.3 38.3 1.6 12.4 0.4 1.7 < 0.1 
tY-- .. '> 

Hoki - - 10.8 12.2 20.7 84.7 21.3 6.8 62.9 57.6 2.8 3.1 
'> 

Mackerel - - 0 0 0 0 6.4 61.2 0 0 0 0 
' 

_,_ 

Solander I. 
---- -'7 

L. hectoris - - - - - - 65.3 3.5 
7' 

Hoki - - - - - - 0 0 

Mackerel - - - - - - 8.0 65.3 

...,.... > ·~ 

Codfish I. 

L. hectoris 0 0 5.2 0.1 0 0 6.3 0.1 83.7 1.3 59.7 1.8 
"'-

Hoki 25.0 2.6 9.1 8.5 11.1 1.9 0 0 0 0 3.0 4.3 

Mackerel 37.5 30.8 2.6 23.2 44.4 46.9 0 0 2.9 40 0.6 5.6 

Bench I. 
v ... 

L. hectoris 0 0 0 0 78.8 2.3 0 0 0 0 20 0.2 
;> 

Hoki 0 0 0 0 0 0 0 0 0 0 6.6 4.7 
,' 

Mackerel 0 0 0 0 0 0 0 0 0 0 0 0 
i,-.... C-< 

The Snares 
,-

L. hectoris - - - - 71.1 2.2 0 0 3.6 0.1 85.6 3.2 4.3 < 0.1 
-, 

Hoki - - - - 2.2 14.2 22.2 6.0 1.8 2.3 0 0 0 0 
,,....:_ -,-

Mackerel - - - - 0 0 22.2 55.7 0 0 0 0 0 0 
~ /' 

-,-

-, 
1/- ,_} 

;r 

?' 
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4.9 Length-frequency distributions of fish 

Length-frequency distribution for the five fish species for which there were more 

than 15 lengths calculated over the whole study are shown in Figure 4.4. Lengths 

of fish prey species are presented as standard length for the three lanternfishes, 

total length for hoki, and fork length for redbait. 

Fish prey species plotted ranged from 40-455 mm in length (Figure 4.5). Three 

species of myctophid, Gymnoscopelus sp., L. hectoris, and Symbolophorus sp. 

accounted for all but one of the fish shown which were less than 150 mm in 

length. Hoki range between 217-455 mm, with only one fish calculated >360 mm. 

Redbait range between 80-230 mm. 

Interseasonal, interannual and intersite differences were tested for prey species 

where there were sufficient data. 
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Figure 4.5 Length-frequency distributions of fish prey species for which there were 
more than 15 lengths calculated from otolith lengths using regression equations. 
DML = dorsal mantle length, SL = standard length, TL = total length FL = fork 
length. 
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4.9.1 Length-frequency distributions of hoki 

The size range for hoki (TL) calculated from length of otoliths found in samples 

was 200-455 mm. At Long Reef (Figure 4.6) there was a significant difference (p = 

0.0041, t = 3.01 two-tailed t-test) in the mean length of hoki between autumn 1996 

(mean= 257 mm, c.v. = 0.06) and spring 1996 (mean= 279 mm, c.v. = 0.1). 

60% 

50% 

40% 

30% 

20% 

10% 

Autumn 1996 
n = 17 

0% ..... 

60% 

50% 

40% 

30% 

20% 

10% 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 

Spring 1996 
n = 36 

0% I .t .. 1 I I I .. 1,t .. 1, I .. ·1,1 .. ·1, , .. ·1,r-. ·1, 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 

Calculated fish total length (mm) 

Figure 4.6 Length-frequency distribution of hoki as prey at Long Reef in autumn 
1996 and spring 1996. 



' 
c,-

~ 

- ~ 

:,,_ 

_., 

,, 

., 

,..__,:---

-.y 

-\-

)> 

J-

,,_ 

"' 

"' 

,~ 

/ 

" V 

,,_ 

" 

< y 

;-;,-

·, 
;; 

- \,C 

i-7 

,,-, 

4.0 Results 60 

4.9.2 Length-frequency distributions of Lampancytodes hectoris 

The size range of L. hectoris (SL) calculated from length of otoliths found in 

samples was 40-71 mm. The length-frequency plots for the sites and seasons tested 

are presented (Figure 4.7). To compare mean size, 2-sample t-tests were used. 

Where data were sufficient to support three or more size categories, the frequency 

of L. hectoris in these categories was compared between sites, using a 2*3 Log

likelihood ratio test. Thus the t-tests test for differences in mean size, and the Log

likelihood ratio tests test for differences in size distribution. An interseasonal 

difference in the mean length of L. hectoris taken was apparent at two of the three 

locations tested (Table 4.14, 1-3). At Long Reef in autumn 1996 L. hectoris were 

smaller (mean = 49.4 mm, c.v. = 0.07) than those taken in spring 1996 (mean = 
52.8 mm, c.v. = 0.09). No significant difference was detected between Codfish in 

spring 1996 and summer 1997. An interseasonal difference in mean length of L. 

hectoris was detected at The Snares (Table 4.14, 3), where the mean in autumn 

1996 (49.4 mm, c.v. = 0.070 was less than that in summer 1997 (54.2 mm, c.v. = 0.1). 

Table 4.14 Results of statistical tests on interseasonal and intersite differences in 
length-frequency distribution of the lanternfish Lampanyctodes hectoris. Mean 
and coefficient of variation for each site and season is given. LR = Long Reef, CI = 
Codfish Island, SN = The Snares, BE = Bench Island. 

Site/ season 1 Mean, c.v. Site/season 2 Mean, c.v. Test p-value 
(mm) (mm) 

1. LR Aut 96 49.4, 0.07 LR Spr 96 52.8, 0.09 t-test 0.0072 (S) 

2. CI Spr 96 55.2, 0.1 CI Sum 97 56.2, 0.1 t-test 0.42 (NS) 

3. SN Aut 96 49.4, 0.07 SN Sum 97 54.2. 0.1 t-test 0.0002 (S) 

4. LR Aut 96 49.4, 0.07 BE Aut 96 49.3, 0.08 2 x 3 G-test 0.53 (NS) 

5. CI Spr 96 55.2, 0.1 LR Spr 96 52.8, 0.09 2 x 3 G-test 0.47 (NS) 

6. SN Sum 97 54.2, 0.1 CI Sum 97 56.2, 0.1 2 x 4 G-test 0.494 (NS) 

Intersite differences in the size distribution of L. hectoris were tested at three 

locations: Long Reef and Bench Island in autumn 1996, Codfish Island and Long 

Reef in spring 1996, and The Snares and Codfish Island in summer 1997. None of 

these tests indicated significant differences (Table 4.14, 4-6). 
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Figure 4.7 Length-frequency of the lanternfish Lampanyctodes hectoris. SL = 
standard length calculated from otolith length using a regression equation. 
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4.10 Calculation of mass of prey items 

The proportion of the total mass of the prey items at each site calculated by 

applying regression equations, or by interpolation methods, applied to the size of 

diagnostic remains was: 

Long Reef 84% (Table 4.4) 

Codfish Island 

Bench Island 

73% (Table 4.7) 

69% (Table 4.9) 

The Snares 45% (Table 4.11) 

Solander Island 39% (Table 4.5) 

The remaining proportion of mass was derived from an average of the mass of 

prey for that site in that season. However, in five cases there was no average mass 

available but the figure could be roughly estimated by Dr Chris Lalas. Thus the 

proportion of mass calculated gives an indication of the reliability of the mass 

estimates. At The Snares and Bench Island less than 50% of the mass was 

calculated, and thus mass estimations for these sites were much less reliable than 

for the others . 

The smallest proportion of mass calculated was at Solander Island, where 76% of 

the mass at the site was from mackerel. Most of the mass of mackerel at Solander 

Island was estimated (65%). The other site where less than 50% of mass was 

calculated was The Snares. The estimates of mass for one spiny dogfish, one 

school shark, eight deepsea smelt (Bathylagus sp.) were estimated roughly, and 

the mass of two mackerel was estimated from the average mass (see above) for 

the species. These 12 prey items represented 35% of the record for total mass from 

The Snares. 
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4.11 Prey proportion by number compared to mass 

A comparison of the proportion of prey by minimum number to proportion by 

reconstituted mass gives a different ranking of prey importance (Table 4.15). In 

this study L. hectoris accounted for 49% of the number of prey items, but only 1 % 

of mass. Arrow squid provided nearly twice the mass (44%) than it provided 

number (23%). The five most numerous prey species formed 88% of the 

minimum number of prey items, however only two of the five were present in 

the five most important prey species (which contributed 88% of the mass). The 

best example of how large prey items can affect the mass of prey was that six 

octopus accounted for 6% of mass (10952g). The data in Table 4.15 do not, by 

themselves, rank the importance of prey species in the diet of New Zealand fur 

seals as no adjustment is made for the number of samples from different sites in 

different seasons. 

Table 4.15 Composition of the diet by minimum number and mass of prey from 
information in Tables 4.3-4.11. Minimum number and mass data are summed 
from the whole study. 

Minimum number Calculated original mass 

Total 2142 Total 177992 g 

1 Lampanyctodes hectoris 49% 1 Arrow squid 44% 

2 Arrow squid 23% 2 Mackerel 13% 

3 Hoki 8% 3 Barracouta 11% 

4 Symbolophorus sp. 5% 4 Hoki 7% 

5 Gymnoscopelus sp. 3% 5 Octopus 6% 

Top 5 taxa summed 88% Top 5 taxa summed 81% 
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5.0 Discussion 

5.1 Diversity of diet 

A minimum of 38 species (Table 5.1) were found in this study of the diet of New 

Zealand fur seals in the south and west coasts of the South Island and at The 

Snares. Six species of cephalopods, 31 species of fish, and one species of bird were 

identified. About half of this total, 18 species, had not been previously recorded in 

the diet of New Zealand fur seals. One other species, redbait, was recorded for the 

first time in the diet of seals within the New Zealand region, having been 

previously found in the diet of New Zealand fur seals only in Tasmania (Lake 

1997). In seven previous studies of seal diet in New Zealand (Street 1964, Rapson 

1969, Tate 1981, Carey 1992, Dix 1993b, Dickson 1997, Fea et al. 1999) a total of 42 

prey species were recorded, only three more than were recorded in this study 

alone. The 19 new species for the New Zealand region in this study increase the 

total of known species by 45%, to 61 species. The 17 fish and cephalopod prey 

species not previously recorded accounted for 11 % of the minimum number of 

prey items, and 14% of the calculated original mass over the whole study. 
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Table 5.1 Systematic list of species recorded from all samples pooled. * = first time 
recorded for Arctocephalus forsteri, ** = first time recorded for A. forsteri in New 
Zealand region; length range = DML for squids, FL, TL, or SL for fish, tip of bill to 
tip of tail for birds, - = no size was able to be estimated. Remains of an 
unidentified amphipod were also found but are not considered further. 

* 
* 
* 
* 

* 

* 

* 

* 

* 
* 
* 
* 
* 
* 
* 

Commonname 

Arrow squid 
Antarctic flying squid 
Squid (not identified further) 
Squid (not identified further) 
Squid (not identified further) 
Octopus 
Hagfish 
Spiny dogfish 
School shark 
Stout sprat 
Deepsea smelt 
Deepsea smelt 
Waryfish 
Lanternfish 
Lanternfish 
Lanternfish 
Lanternfish 
Dwarf cod 
Red cod 
Southern blue whiting 
Hoki 
Oblique banded rattail 
Notable rattail 
Oliver's rattail 
J avelinfish 
Common roughy 
Dory 
Seaperch 
Mackerel 

* * Redbait 

* 

* 

* 

Yelloweyed mullet 
Yellow weever 
Triplefin 
Barracouta 
Blue warehou 
Silver warehou 
Sole 
Diving petrel t 

¥ Not Nototodarus or Todarodes. 

Systematic name 

Nototodarus sloanii 
Todarodes filipovae 
Architeuthidae ? 

Gonatidae 
Ommastrephidae ¥ 
Octopus maorum 
Eptatretus cirrhatus 
Squalus acanthias 
Galeorhinus galeus 
Sprattus muelleri 
Nansenia sp. 
Bathylagus sp. 
Scopelosaurus sp. 
Electrona sp. 
Gymnoscopelus sp. 
Lampanyctodes hectoris 
Symbolophorus sp. 
Austrophycis marginata 
Pseudophycis bachus 
Micromesistius australis 
Macruronus novaezelandiae 
Coelorinchus aspercephalus 
Coelorinchus innotabilis 
Coelorinchus oliverianus 
Lepidorhynchus denticulatus 
Paratrachichthys trailli 
Cyttus sp. 
Helicolenus sp. 
Trachurus sp. 
Emmelichthys nitidus 
Aldrichetta forsteri 
Parapercis gilliesi 
Tripterygiidae 
Thyrsites atun 
Seriolella brama 
Seriolella punctata 
Peltorhamphus sp. 
Pelecanoides sp. 

Minimum 
number 

467 
1 
3 
1 
1 
6 
2 
1 
1 
11 
7 
10 
11 
10 
64 

984 
90 
5 

7 
3 

152 
1 
1 
1 
21 
10 
2 
2 
26 
64 
5 
2 
1 
13 
1 
6 
1 
1 

Estimated 
length±5mm 

50-380 
260 

90-120 

80-200 
50-80 
50-130 
40-70 
46-95 
60-70 
70-630 

200-250 
220-460 
± 300 
± 120 

180-380 
40-170 

150 
300 

410-510 
90-230 

100-160 
300-400 

400-550 
250 

100-250 

180-200 tt 

t Feathers from Procellariiformes (possibly diving petrels) were found in five samples, but no 
further identification was made. 
tt Heather & Robertson (1996) 
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5.0 Discussion 

5.2 Variation of results with type of sample and analysis 

Type of sample 

66 

Bias in the occurrence of cephalopod beaks in regurgitants rather than scats was 

reviewed by Fea et al. (1999). The results of this study confirmed this bias, and 

emphasised and expanded considerably information gained from these two types 

of sample. Fish remains were found in over three-quarters (77%) of the scats 

examined (n. = 574), but only half (46%) of the regurgitants (n. = 56). In contrast, 

cephalopod remains were rare in scats (9%), but very common in regurgitants 

(79%: see Table 4.1 for details). The high proportion of scats which contained fish 

remains echoed the result of Fea et al. (1999), but I found a much higher incidence 

of fish remains in regurgitants (46% vs. 8%). Fea et al. (1999) reported that 

regurgitants appeared to occur seasonally, and coincided with the presence of 

relatively large arrow squid. I found regurgitants in all seasons. In addition to 

cephalopod beaks, the otoliths of at least of 40 hoki and vertebrae of a minim um 

of 11 barracouta were found in regurgitants. 

Bias due to differential passage rates of prey remains in pinniped stomachs was 

reviewed in Pierce & Boyle (1991). Results from two feeding trials on captive New 

Zealand fur seals found that 50-63% of fish otoliths and 58-93% of cephalopod 

beaks were recovered (Fea & Harcourt 1997, Lake 1997). Lake (1997) determined 

that remains from scats and regurgitants provide adequate information for 

identification of prey species for frequency of occurrence. Fea & Harcourt (1997) 

concluded that diet analyses based on the combination of information from the 

contents of scats and vomits gave the best estimate of prey composition. 

Some otoliths found during this study had been eroded during digestion, and 

similar results were reported by both Fea & Harcourt (1997) and Lake (1997). Fea & 

Harcourt calculated digestion coefficients for some species to prevent the size of 

fish being underestimated when calculated from measurements of eroded 

otoliths. When applying digestion coefficients, it is assumed that all otoliths are 

eroded to the same degree, which was not the case in this study. Hence, 

calculations of fish size in this study were restricted to measurements from 

uneroded otoliths (see Section 3.0, page 23), and thus data used for length 

frequency distributions were as accurate as possible. 
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Tate (1981) suggested that items larger than 4 mm could not pass through the 

pyloris of New Zealand fur seals, and as a result were retained in the stomach and 

eventually regurgitated. Gales & Cheal (1992) reported that nothing with a 

diameter of >5 mm could pass through to the intestine of Australian sea lions 

(Neophoca cinera). The vertebrae of barracouta and the otoliths of some hoki had 

a minimum diameter in excess of 5 mm, which is likely to explain their 

occurrence in regurgitants. 

The lower rostral length (LRL) of beaks from Nototodarus gouldii were used to 

compare the size of remains from scat, regurgitants and stomach contents in 

Australian fur seals by Gales et al. (1993). Large beaks were found in stomach 

contents, but not in scats, while beaks of all sizes were found in regurgitants. The 

average LRL of lower beaks from scats of New Zealand fur seals (mean = 2.04 

mm, c.v. = 0.51) was significantly smaller (0.0l>p>0.005, t = 2.41, one-tailed t-test) 

than the average LRL of lower beaks from scats of Australian fur seals (mean = 2.7 

mm, c.v. = 0.26; Table 4.4, Gales et al. 1993). New Zealand fur seals are smaller 

than Australian fur seals (Bonner 1981). Thus the maximum size of remains 

passing through the stomach and occurring in scats of New Zealand fur seals may 

be smaller as the animals are smaller. 

The otoliths of barracouta are fragile and as a result may be absent (e.g. Carey 1992) 

or uncommon (e.g. Lake 1997, Fea et al. 1999) in scats from seals which have 

consumed barracouta. In this study two otoliths from separate fish were 

recovered (both from scats) in contrast to vertebrae from a minimum of 11 fish 

(all from regurgitants). Barracouta were found in stomach contents of seals by 

Street (1964) and Rapson (1969), who identified prey from remains of whole fish 

from stomach contents. Remains of barracouta were detected in regurgitants by 

Street (1964), Tate (1981), and Dix (1993b). Barracouta were important prey, either 

generally or seasonally, in four of the nine studies of fur seal diet (Street 1964, 

Rapson 1969, Fea et al. 1999, this study). This emphasizes that methods other 

than, or in addition to scat analysis, should be used to ensure their presence is not 

overlooked. 



' ,. 

., 

_,_ ~~ 

>-

> > 

- '• 

- ~ 

-t 

)--

',..._ _ ..... 

'r 

'1> 

.I. 

.. 
'_. 

- 0-

;, > 

• 

,> 

-~ 

I ~ 

7 

T 

5.0 Discussion 68 

A comparison of the size of a prey species represented between scats and 

regurgitants showed that beaks recovered from regurgitants were significantly 

larger than those in scats. Also, beaks were 14 times more common in 

regurgitants than scats. Because squid beaks are both larger and more prevalent in 

regurgitants, this sample type accounted for the vast majority (84%) of the squid 

mass consumed. Hence studying scats alone would provide a very misleading 

picture of the dietary importance of squid to fur seals (see Fea et al, 1999 for a 

similar view). 

Method of analysis 

Estimating the importance of prey in marine mammals from minimum number 

over-estimates the importance of small species (Pierce & Boyle 1991), and this was 

the case in this study (see Table 4.15). Fea et al. (1999) demonstrated this bias for 

New Zealand fur seals using both their results, and more strikingly, those from 

Carey (1992). Carey ranked prey species based on numerical abundance, and 

concluded that New Zealand fur seals were not competing with commercial 

fishers although commercially exploited species were taken. My study strongly 

supports the criticisms by Fea et al. (1999). The development of regression 

equations for some New Zealand species now allows fish mass and length to be 

estimated from otolith length (Dix 1993b, Lalas 1997, Fea et al. 1999, this study). I 

have formulated new equations for four new species in this study (Table 3.1) to 

add to the database. 

The use of diagnostic prey remains from scats or regurgitants to identify prey 

items may result in bias due to secondary ingestion of smaller prey items which 

were in the digestive tract of the seal's prey (Pierce & Boyle 1991). Fresh 

lanternfish have been found in the stomach contents of New Zealand fur seals 

(G. Dickie, pers. com.), indicating that some small prey items are taken directly. 

While secondary species may not reflect the predatory habits of New Zealand fur 

seals, knowledge of their ecology and thus that of primary prey, can be used to 

deduce the foraging ecology of seals (Fea et al. 1999). 
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5.3 Ecology of prey species 

Species which were important (predominant by mass or number) were 

considered because both could be regarded as indicators of where seals were 

foraging. Based on the ecology of prey species recorded in this study fur seals 

around southern New Zealand appear to forage offshore, over the edge of the 

continental shelf and upper slope. 

Arrow squid were the predominant prey species found in this study, forming an 

important component of prey at Long Reef in summer, Codfish Island in winter 

and summer, and Bench Island in summer and spring. The occurrence of arrow 

squid with DML > 100 mm in summer is consistent with the results of Fea et al. 

(1999). They suggested that seals generally forage nocturnally, and in summer 

they prey on large squid which rise in the water column at night in deeper water 

(150-300 m) over the shelf edge. The two modes apparent in the length-frequency 

graph for Codfish Island in summer 1997 (Figure 4.2) may represent squid from 

two cohorts. As arrow squid live for one year (Roberts 1983, Mattlin et al. 1985) 

the modes are likely to be from two cohorts spawned with smaller squid aged 

about 160 days, and larger squid about 240 days (age calculated using length-age 

information from Uozumi & Ohara, 1993). This result agrees with Mattlin et al. 

(1985), who found polymodal size distributions for squid from the same season 

and suggested a long but not clearly defined spawning season . 

The lanternfish L. hectoris was recorded in at least one season at all study sites, 

and was the most numerous prey item over the whole study, comprising almost 

half of the total minimum prey items (Table 4.15). Lampanyctodes hectoris is the 

most common lanternfish found in New Zealand waters, and its distribution 

includes the outer continental shelf and upper slope, further inshore than other 

lanternfishes around New Zealand (Ayling & Cox 1982). Mean length of L. 

hectoris was tested between seasons at three sites. The two significant results were 

at Long Reef between autumn and spring 1996, and The Snares between autumn 

of 1996 and summer of 1997 (Table 4.14). These seasons were separated by a greater 

duration than the non-significant results from Codfish Island between spring 

1996 and summer 1997. If the seals' feeding patterns are consistent then the 

change in mean length of L. hectoris may reflect growth of the fish. Comparisons 



- ,, 

' ~ 

-' 

- :,. 

"" 

"' . '" 
}, 

.~ 
~ ,\. 

l 

> 

7 

r 

_, 

__,.._ :, 

-1 

~ 

1· l > 

~ 

--, ,,,. 

' '.} 

~ 

I 

~ 

r ~ 

t 7 

T 

I" 
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of size distribution for the same season at different sites were not significant 

(Table 4.13), indicating that seals from different sites are not targeting different 

length-frequency distributions of L. hectoris. 

Hoki were important prey only at Long Reef, the nearest site to the Hokitika 

Canyon, in autumn and spring of 1996. Hoki spawn at the Hokitika Canyon off 

the central west coast of the South Island from late-June to mid-September and 

juveniles are found in nursery areas in 200-600 m of water along the coast 

(Annala & Sullivan 1997). Juvenile hoki grow to about 270-300 mm in their first 

year, and to 400-450 mm in their second (Annala & Sullivan 1997). Hoki found in 

this study had calculated lengths from 217-455 mm (Figure 4.4, Table 5.1) and thus 

were probably first and second-year fish. I sampled in winter when spawning was 

occurring, but did not find fish large enough to spawn among those eaten by 

seals. The importance of hoki may reflect the availability of juvenile fish along 

the shelf edge of Long Reef. 

Mackerel were important prey items in winter at all study sites. Three species of 

mackerel are found in the New Zealand region; Trachurus declivis, T. murphyi , 

and T. novaezelandiae. Data from Annala & Sullivan (1997) and Anderson et al. 

(1998) on distribution of mackerel suggest that fish from this study were not T. 

novaezelandiae as sites in my study were too far south. The southern distribution 

of T. declivis overlaps with T. murphyi (Annala & Sullivan 1997, Anderson et al. 

1998). Otoliths from T. murphyi in the reference collection are not as wide as 

those of the same length from T. declivis, and matched those from my samples. 

This suggests that New Zealand fur seals in southern waters prey on T. murphyi. 

Barracouta were important prey at Codfish Island and Bench Island in spring. 

They are found in large schools around New Zealand and usually spawn in late 

spring, sometimes continuing into early summer (Annala & Sullivan 1997). The 

importance of this species in spring may be linked to both the timing of spawning 

and their higher abundance in deeper water (100-200 m) in southern New 

Zealand (Ayling & Cox 1982). 
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Octopus were important prey at Codfish Island in winter 1995 and autumn 1996, 

and at Bench Island in autumn 1996. Octopus were the only large benthic prey 

species recorded. Mattlin et al. (1998) found that New Zealand fur seals off the 

west coast of the South Island dived significantly deeper and longer, with greater 

bottom time, in autumn and winter than in summer. The authors suggested 

more benthic and demersal prey were taken at these times. This foraging strategy 

may reflect the importance of octopus in diet in winter. In contrast Harcourt & 

Davis (1997) found that female fur seals foraged in midwater off the Otago shelf 

in autumn which may indicate variation in foraging strategy among locations in 

the same season. 

5.4 Comparison with other studies of New Zealand fur seal diet 

The diet of New Zealand fur seals has been investigated at sites around the South 

Island and the southern coast of the North Island (Street 1964, Rapson 1969, Carey 

1992, Dix 1993b), with four studies carried out at Otago Peninsula (Tate 1981, 

Dickson 1997, Fea et al. 1999). The study by Fea et al. (1999) was the most 

comprehensive among the latter and provided information from scats and 

regurgitants collected over 14 months. The study by Dickson (1997) reached 

similar conclusions to Fea et al. (1999) and thus is not considered separately here. 

Comparisons of results between my study and previous studies are limited to 

cases in which methods of analysis are comparable. 

Arrow squid appear to be important prey of fur seals throughout New Zealand, 

though their importance varies seasonally. Arrow squid were important prey in 

summer in Otago (Fea et al. 1999), and Bench Island (Street 1964), and at Long 

Reef, Codfish Island and Bench Island (this study). Arrow squid were also 

important in winter (this study), in contrast to Fea et al. (1999) and Street (1964) . 

In studies by Carey (1992) and Dix (1993b) squid were present, but were neither 

identified nor quantified. 

The lanternfish L. hectoris was found in fur seal diet by Dix (1993b), and was 

numerically important in two previous studies (Carey 1992, Fea et al. 1999). Fea et 

al. (1999) found L. hectoris in diet throughout the year, and as a result concluded 

that fur seals forage offshore year-round. Lampanyctodes hectoris was the only 
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prey species found from all sites in my study, and indicated that offshore foraging 

occurred at all sites. Street (1964) and Rapson (1969) did not record L. hectoris, 

though unidentified bones and flesh were recorded. Myctophids were the main 

prey recorded by Green et al. (1990) at Macquarie Island, though L. hectoris was 

not present. Lampanyctodes hectoris is distributed over the edge of the 

continental shelf and upper slope (Ayling & Cox 1982) and in subtropical waters 

(May & Blaber 1989), thus the absence of continental shelf and position of 

Macquarie Island at the subantarctic front probably explains the absence of the 

species. Lake (1997) also found myctophids in the diet of New Zealand fur seals in 

Tasmania, but did not record L. hectoris, though it is found around southern 

Australia (Hulley 1981). 

Hoki has been recorded in the diet of fur seals throughout their New Zealand 

range, but was only considered significant by Dix (1993b ), who found hoki to be 

important in late autumn and winter in Cook Strait. In this study, hoki were 

important only at Long Reef, in autumn and spring. Taking these results 

together, hoki appear to be regionally important prey of New Zealand fur seals. 

Mackerel (Trachurus spp.) has been found in all studies of fur seal diet, with the 

exception of the study in Southland and Fiordland by Rapson (1969). Dix (1993b) 

reported that mackerel (Trachurus sp.) were numerically important prey in 

winter, and Fea et al. (1999) reported that mackerel (Trachurus sp.) were an 

important component of mass in winter and spring at Otago Peninsula. In this 

study, slender mackerel (T. murphyi) were predominant in autumn and winter, 

earlier in the year that reported by Fea et al. (1999). This difference may have 

resulted from seals studied by Fea et al. (1999) having preyed on a different species 

of mackerel (T. declivis, or T. novaezelandiae) . 

Octopus were found in the diet of fur seals in the southern South Island in four 

studies (Street 1964, Rapson 1969, Tate 1981, Fea et al. 1999). Octopus were mainly 

winter prey in studies other than that by Rapson (1969), who did not investigate 

seasonal variation of prey species. Octopus were found in this study, and were 

present earlier in the year, occurring in autumn and winter. 
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Barracouta were found to be important prey in summer by Street (1964), and in 

winter and spring by Fea et al. (1999). Barracouta were recorded by Rapson (1969) 

and Tate (1981), but not Carey (1992) or Dix (1993b). In this study barracouta were 

important prey, particularly in spring but also in summer, which is consistent 

with Fea et al. (1999) and Street (1964). Carey (1992) collected only scats and did not 

sample in spring or summer, thus possibly excluding the period when barracouta 

are taken. Dix (1993b) collected only 12 regurgitants, and did not specify the 

season, hence the significance of the absence of barracouta from that study 

remains unknown. 

Remains of seabirds were found in five samples from this study. One regurgitant 

contained bones and feathers from a diving petrel (Pelecanoides sp.). Four scats 

contained feathers that were attributed to Procellariiforme seabirds, but not 

identified to genus. These are the first records of remains of birds other than 

penguins from New Zealand fur seals in New Zealand. 

This study, and the study by Fea et al. (1999) are by far the most extensive 

investigations of the diet of New Zealand fur seals so far. Both were very similar 

in quantities of material collected (this study, 574 scats, 56 regurgitates; Fea et al. 

500 scats, 84 regurgitates), and in prey mass represented by the samples (this study 

178 kg, Fea et al. 203 kg). 
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5.5 Overlap with fisheries 

Operational interactions 

74 

New Zealand fur seals have been reported to remove fish from trawl nets and 

scavenge lost and discarded fish around fishing vessels (Mattlin 1990, 1991, Baird 

1994). This may result in the occurrence of prey species that are not usually 

present, or occur very occasionally in the diet of free-ranging animals. For 

example the rattails Coelorinchus innotablilis and C. oliverianus found in this 

study are benthic species (Ayling & Cox 1982), found in >300 m depth (Anderson 

et al. 1998). New Zealand fur seals are generally relatively shallow divers 

(Harcourt et al. 1995), but have been recorded to dive to at least 274 m ( Mattlin et 

al. 1998), and thus may actively prey on deep water species. Unfortunately there is 

no definite way to discern whether prey recorded in this study were preyed upon 

or scavenged. Fur seals incur the wrath of fishers in New Zealand because they 

take fish from net and lines (e.g. Stevens 1999), but the impact of this behaviour 

has not been quantified. 

The impact of scavenging by South African fur seals (Arctocephalus pusillus 

pusillus) on fisheries has been quantified in South Africa, where seals consume 

about 0.2% of the value of catches of trawl fisheries (Wickens et al. 1992). As an 

example to put this small rate of loss into perspective, Alverson et al. (1994) 

estimated that fish discarded in the New Zealand hoki trawl fishery equates to 

30% of the landed value of the catch. The population of fur seals continues to 

expand around New Zealand (Dix 1993a, Lalas & Harcourt 1995, Taylor et al. 1995), 

so it is likely that operational interactions with commercial fisheries will spread. 

Biological interactions 

Street (1964) and Carey (1992) stated that there was no overlap between fur seal 

diet and commercial fisheries. Arrow squid, hoki and barracouta have become 

commercial species since the study by Street (Fea et al. 1999). The importance of 

commercial species present in the study by Carey may have been overlooked 

because the numerical analysis used emphasised small fish which were not taken 

commercially. Important prey species from this study which are commercially 

harvested around New Zealand are arrow squid, hoki, mackerel (Trachurus sp.), 

barracouta and octopus (Annala & Sullivan 1997, Clement & Associates 1997b). 
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None of these are targeted by inshore fishers in New Zealand, but they are 

increasingly targeted in large-scale "middle depth" fisheries. For example, the 

hoki fishery has developed in the last 20 years, and now has a total allowable 

catch in the region of 250,000 tonnes (Clement & Associates 1997b), making it 

New Zealand's largest fishery. While hoki and arrow squid are taken by seals, the 

size taken by seals, and by the industry, is very different. About 1 % of the hoki 

taken by seals in this study overlapped in length with those taken by the fishery 

(compared with Figure 15a in Ballara et al. 1998a, 1998b). For arrow squid the 

overlap is larger (40%, based on figures from Gibson 1995), undoubtedly because 

these squid are annual, and therefore the fishery and the seals are necessarily 

focusing on the same year-class. 

Perceived competition between New Zealand fur seals and fisheries was 

discussed by Fea et al. (1999). The authors concluded that fur seals foraged too far 

offshore to overlap with recreational fisheries. My results are similar and suggest 

that overlap with recreational fisheries is effectively non-existent. 

Marine ecosystems are dynamic and demonstration of competition is exceedingly 

difficult (Christensen 1996). In southern Africa two million South African fur 

seals consume about the same quantity of fish annually as is caught by fisheries 

(Crawford et al. 1992). Given this, it is not hard to see why some argue for a 

reduction in seal numbers. It is, however, not at all clear that this would result in 

more fish being available to fisheries. In part this is because most consumption of 

fish (about 80%) is not by marine mammals, but by other fish (Crawford et al. 

1992). Further, in cannibalistic species like hakes, reduction of predation may in 

fact reduce the amount available to fisheries (Punt & Butterworth 1995). In the 

case of the South African fur seals, it appears that killing all of them would 

probably increase fisheries catches by less than 10% (Crawford et al. 1992, Lalas & 

Bradshaw 1998). Nevertheless, fur seals are often the target of calls for culls, as 

they are conspicuous as top predators (David 1987, Harwood 1992, Lavigne 1992). 

Lavigne (1992) commented that human paranoia towards predators appears to 

have resulted in seals being used as scapegoats. It would seem that education of 

both the public and commercial fishers about seal-fisheries interactions would be 

of benefit. 
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5.6 Average diet 

One of the aims of this study was to investigate whether the concept of an 

"average" diet could be developed for New Zealand fur seals. There was variation 

in prey among different sites with changing latitude and bathymetry, thus the 

presence of a prey species in fur seal diet at one site did not necessarily mean that 

prey occurred at another site. For example anchovy was found in diet at more 

northerly sites (Carey 1992), but was absent from my study (the most southerly 

record for this fish is 44° South; Anderson et al. 1998). Fish found in water >500m 

deep such as Gymnoscopelus sp. recorded at the Snares were not found in diet at 

Bench Island where there is no water >200 m deep within 80 km (Hydrographic 

Office 1989). However, female New Zealand fur seals have been recorded foraging 

up to 200 km from a rookery on Otago Peninsula (Harcourt & Davis 1997). Hence 

presence and absence of prey may reflect a combination of local abundance, 

distribution of prey species, and bathymetry. 

Additionally, the same species may be important at different sites, but the season 

and size of prey selected may differ. Dix (1993b) found that large hoki (TL >500 

mm) were jmportant in the diet of fur seals around Cook Strait. In contrast small 

hoki (TL <500 mm) were predominant at Long Reef. This seems an anomaly as 

both Long Reef and Cook Strait abut a narrow continental shelf. The majority of 

the mass in the diet of New Zealand fur seals comes from medium to large sized 

prey >20 g, while smaller fish typically found over the continental shelf and shelf 

edge make up most of the numbers (e.g. Fea et al. 1999, this study). Octopus were 

the only bottom-dwelling species found in quantity, and Fea et al. (1999) noted 

that octopus represent an unusual departure in a diet dominated by pelagic 

species. 

Important prey of New Zealand fur seals found in this and other studies were 

arrow squid, L. hectoris, hoki, mackerel, barracouta, and octopus (see section 5.4.). 

Prey highlighted in other studies include anchovy in the northern half of the 

South Island and red cod in the southern half; ahuru north of Foveaux Strait; 

and Symbolophorus spp. throughout New Zealand. Reliable information on the 

diet of fur seals is emerging in some areas, however, given the variation in diet 

of seals from different locations and in different seasons, to establish these 
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generalities requires further information. Year-round sampling of scats and 

regurgitants should be conducted in Canterbury, Kaikoura, Fiordland, and 

Nelson (diet in Westland is currently being investigated; B. Dix pers. comm.). 

In investigating the concept of an 'average' diet for New Zealand fur seals, the 

conclusion of Lento et al. (1997) has some important implications; the population 

of fur seals at The Snares is so genetically distinct that it could be considered a 

separate species (Lento et al. 1997). My study has shown greater diversity in fur 

seal diet at The Snares than at any other site. Whether or not this population is a 

separate species, this result probably reflects difference in regional prey 

availability. 
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