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INTRODUCTION

Predation is a fundamental factor controlling com-
munity dynamics and directly influencing community
structure (Williams et al. 2004, Heithaus et al. 2008).
With an ever increasing emphasis on multiple spe-
cies/ecosystem management approaches, understand-
ing predator–prey interactions is important for model-
ling and predicting ecosystem processes (Yodzis 1994,
Bax 1998, Alonzo et al. 2003, Braccini et al. 2005).
However, as predation can be highly variable in time
(Bax 1998) and space (Simpfendorfer et al. 2001,
Wetherbee & Cortés 2004), studies on feeding ecology
need to incorporate both spatial and temporal variation

in diet, to evaluate the consistency of predator–prey
relationships.

Many shark species are top predators, and are as-
sumed to play important roles in structuring marine
communities through top-down regulation of prey
(Stevens et al. 2000, Shepherd & Myers 2005, Myers et
al. 2007, Heithaus et al. 2008). However, there is still a
lack of detailed information on the feeding ecology for
many of these species (Wetherbee & Cortés 2004, Brac-
cini 2008). Comprehensive trophic information is par-
ticularly scarce for mobile species with wide distribu-
tions (Wetherbee & Cortés 2004). For such species,
trophic analysis will be affected by the dynamics of
natural systems, variations in prey availability and the
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predators’ continual movement over relatively large
areas (Heithaus 2004, Braccini et al. 2005). Therefore,
it is imperative that trophic studies of large mobile
predators investigate diets over a number of spatial
scales. For example, regional studies should sample
multiple habitats, and where possible, larger scale re-
gional comparisons should be made. To date, the lack
of spatial and temporal components in trophic studies
means that our understanding of predator–prey inter-
actions for many shark species is rudimentary.

The broadnose sevengill shark Notorynchus cepedi-
anus is a mobile species with a wide geographic distri-
bution (Last & Stevens 2009), for which there have
been a number of regional dietary studies (Ebert 1989,
1991, Lucifora et al. 2005, Braccini 2008). It is a high
trophic level predator (4.7; Cortés 1999) with a diverse
diet that shows ontogenetic dietary shifts from teleosts
to elasmobranchs and mammals (Ebert 2002, Lucifora
et al. 2005, Braccini 2008). N. cepedianus is one of the
major components of the elasmobranch assemblage in
the coastal areas of south-east Tasmania, Australia
(Barnett et al. in press, unpubl. data). The high abun-
dance in these coastal areas suggests that they have
the potential to significantly influence community
dynamics through both direct and indirect predator–
prey interactions (Lima & Dill 1990, Creel & Christian-
son 2008). Additionally, N. cepedianus may have
impacts on commercial shark species (gummy
Mustelus antarcticus and school shark Galeorhinus
galeus) that use these coastal areas as nursery grounds
(Olsen 1954, Stevens & West 1997). Natural mortality
in these areas is unknown and as losses to predation
can exceed those from fisheries (Bax 1998), dietary
analyses are needed to provide information on the pre-
dation pressure exerted by N. cepedianus on these
species in nursery areas.

The purpose of this study was to investigate tempo-
ral and spatial variation in diets of Notorynchus
cepedianus in southeast Tasmania and to use this
information to infer feeding ecology. To investigate
relationships between dietary occurrence and prey
availability, the catch rates of chondrichthyan species
were compared to their occurrence in the diets of
N. cepedianus.

MATERIALS AND METHODS

Stomach samples were collected from Notorynchus
cepedianus from the Derwent Estuary and Norfolk
Bay, south-east Tasmania, Australia (Fig. 1), from
December 2006 to February 2009. Norfolk Bay is a rel-
atively shallow (average depth 15 m; maximum depth
20 m) semi-enclosed bay that connects to Frederick
Henry Bay and Storm Bay before opening to the waters

of the continental shelf (Fig. 1). The Derwent Estuary
runs through the city of Hobart before also opening
into Storm Bay (Fig. 1). The Derwent Estuary is a
highly stratified, salt wedge/partially mixed system
with a major freshwater input at the estuarine head
(Davies & Kalish 1994). It consistently reaches depths
of 20 to 30 m, with a maximum depth of 44 m.

Sharks were caught using bottom-set longlines, set
for 4 to 6 h. On hauling the longline, sharks were
brought onboard one at a time and their stomachs
flushed to obtain stomach samples. Total (TL) and pre-
caudal (PCL) lengths were measured to the nearest
cm, and sharks were tagged in the dorsal fin with plas-
tic Jumbo tags (Daltons) before being returned to the
water. Additional stomach samples were obtained
from commercial fishing vessels operating in Storm
Bay and the edge of the continental shelf off the east
and south coasts of Tasmania.

Sampling protocol. Stomach flushing was under-
taken by restraining the shark while a plastic hose
(3 cm diameter) attached to an electric pump was
inserted through the mouth into the stomach. Seawater
was pumped into the shark’s stomach. Once the stom-
ach was filled with water, the hose was removed and
gentle pressure applied to the abdominal region, caus-
ing any food items to be regurgitated. Any material
regurgitated was collected in a sieve, then bagged and
labelled and placed on ice for subsequent analysis. If
prey species that are vulnerable to capture from long-
lines were judged to be recently ingested (i.e. with no
signs of digestion), these were excluded from analysis
due to the likelihood that they were taken from the
longline. Stomach contents were identified to the low-
est taxonomic level possible, based on morphological
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Fig. 1. Notorynchus cepedianus. Sampling locations in the
south-east region of Tasmania. The closest seal haul-out sites, 

Cape Raoul and The Friars, are also indicated
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characteristics of prey, e.g. looking at jaw structures,
whole heads, spine characteristics and fin structures
and/or shapes. The number of prey of each taxa in
each stomach was determined, and wet weights were
recorded.

Estimations of prey abundance. To investigate rela-
tionships between dietary occurrence and prey avail-
ability, the catch rates of chondrichthyan species
caught from longlining were compared to their occur-
rence in the diets of Notorynchus cepedianus. How-
ever, this information could only be used as an approx-
imation of any relationship between prey abundance
and dietary occurrence as the longlines do not capture
all chondrichthyan prey species. For example, smaller
batiod species such as the banded stingaree Urolophus
cruciatus are not caught on longlines. Also, hook sizes
were primarily chosen to catch N. cepedianus, which
might have reduced the chance of catching smaller
prey such as elephantfish Callorhinchus milii. Hook
size may also limit the chance of catching neonate
Mustelus antarcticus and Galeorhinus galeus, which
are approximately 35 cm TL at birth (Stevens & West
1997). Longlines consisted of 210 m of lead-core main-
line (8 mm diameter), with 1 m stainless steel snoods
and 50 hooks per line. Two hook types were used:
Japanese tuna hooks (No. 328-4) and circle hooks (size
14/0) (ratio: 70% tuna to 30% circle hooks). Jack
mackerel Trachurus declivis, arrow squid Nototodarus
gouldi, redbait Emmelichthys nitidus and Australian
salmon Arripis trutta were used as bait in equal pro-
portions for each line. Seasonal longline sampling was
conducted at 4 fixed sites in each location (Derwent
Estuary and Norfolk Bay). Each location was sampled a
minimum of 4 nights (4 lines per night) per season
(summer: December to January, autumn: March to
May, winter: June to August, spring: September to
November) from summer 2006/07 to summer 2008/09.
The only exceptions were the first summer and autumn
for the Derwent, when it was only possible to sample 2
nights due to weather constraints. Longlines were set
between 01:00 and 02:00 h and hauling began at sun-
rise (05:00 to 06:00 h).

Data analysis. Stomach contents from all locations
were used to examine the overall dietary trends of
Notorynchus cepedianus in south-east Tasmania. Fre-
quency of occurrence (%F), percentage of numerical
importance (%N) and percentage of weight (%W)
metrics were determined (Hyslop 1980). Due to the low
sample sizes and the random acquisition of samples
from Storm Bay and offshore sites, subsequent quanti-
tative analyses to investigate spatial and temporal dif-
ferences in diet only considered data collected from
Norfolk Bay and the Derwent Estuary. Quantitative
analyses were performed on broad dietary groups
(mammals, sharks, batoids, chimaera, cephalopods

and teleosts) and prey that occurred in >5% of stom-
achs in at least one of the locations (Norfolk Bay or
Derwent Estuary), termed as frequently used resource
(FUR) (Krebs 1999). In addition to species that
occurred in >5% of samples being analysed as FUR,
smaller skate species (Dentiraja lemprieri, Dipturus
confuses and Dipturus sp.) were pooled to represent a
single FUR, as were cephalopod species (see Table 1
for FUR). Numerical indices give an indication of the
homogeneity of feeding within the population; there-
fore, %N was used for quantitative analysis (Hyslop
1980).

Cumulative prey curves. Cumulative prey curves
were generated separately for the Derwent Estuary
and for Norfolk Bay to determine if the number of
stomach samples was enough to describe Notorynchus
cepedianus diet at each location. In this analysis, the
cumulative number of prey taxa was plotted against
the number of stomachs examined. If the curve reaches
an asymptotic value, the corresponding number of
stomachs is considered adequate for describing the
diet. Stomachs were analysed in a random order 999
times. Separate curves were generated for (1) broad,
(2) FUR and (3) all species in the diets.

Spatial dietary comparison. The simplified Morisita
and Pianka indices (Pianka 1973, Krebs 1999) permu-
tated 999 times (EcoSim version 7.0, Gotelli &
Entsminger 2004) were used to examine the dietary
overlap in FUR consumed by sharks from Norfolk Bay
and the Derwent Estuary. The degree of overlap is pre-
sented in a 0 to 1 scale, where 0 means no overlap and
1 means complete overlap. The graphical method pro-
posed by Amundsen et al. (1996) was also used to eval-
uate feeding ecology in both locations. In this method,
the prey-specific abundance (Pi) is plotted against the
%F (Amundsen et al. 1996). Here, Pi is the number of
prey i divided by the total number of prey in stomachs
in which prey i occurs, and is expressed as a percent-
age.

One-way analysis of similarity (ANOSIM) was used
to test for differences in diet between the Derwent
Estuary and Norfolk Bay. Dietary data were square
root transformed and the Bray-Curtis similarity matrix
was selected. Similarity percentages (SIMPER) were
used to identify the prey species or dietary groups that
contributed most to any observed differences.

Temporal diet comparison. ANOSIM and SIMPER
were also used to investigate temporal variations in
diet in Norfolk Bay, by comparing the FUR and 6 broad
prey categories over 3 consecutive years (Year 1:
December 2006 to May 2007; Year 2: September 2007
to May 2008; Year 3: September 2008 to February
2009). Analysis of annual variations in diets could not
be performed for the Derwent Estuary due to the small
sample sizes.
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Prey Total Norfolk Bay Derwent Estuary Storm Bay Offshore 
(n = 203) (n = 29) (n = 49) (n = 9) (n = 16)

%F %N %W %IRI %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI %F %N %W %IRI

Mammalia 22.7 13.1 35.5 18.9 23.6 15.1 42.6 24.3 12.2 6 11.7 3.2 11 3.8 26.2 5.2 61.5 11 43.2 29.2
Pinnipeds* 15.8 9.1 29.2 35.4 14.2 9.1 35.3 28.8 8.2 4 4.8 4.6 11 3.8 26.2 21.9 61.5 11 43.2 76.5
Tursiops truncatus 3.0 1.7 4.3 1.1 4.7 3 6.4 2.0 – – – – – – – – – – –
Balaenoptera bonaerensis 1.0 0.6 1.5 0.1 – – – – 4.1 2 6.9 2.3 – – – – – – – –
Unidentified mammal 2 1.1 0.4 0.2 3.1 2 0.7 0.4 – – – – – – – – – – – –
Macropus robustus 1 0.6 0.2 0.0 1.6 1 0.3 0.1 – – – – – – – – – – – –
Unidentified elasmobranchs 7.4 4.5 0.2 2.0 7.1 5 0.1 1.7 12.2 6 0.2 4.8 – – – – – – – –

Sharks 37 24.4 32.0 35.7 38.6 28.8 31.1 41.3 28.6 14.7 35.4 21.5 55.6 30.8 59.9 79.6 53.8 9.7 18.0 13.0
Mustelus antarcticus* 19.2 11.6 15.4 30.3 25.2 17.2 17.6 40.1 10.2 5 11.9 11.0 – – – – 15.4 2.8 12.9 5.5
Galeorhinus galeus 2 1 0.9 0.2 2.4 1.5 1.4 0.3 – – – – – – – – 7.7 1.4 <0.1 –
Squalus acanthias* 8 5 3.2 3.8 8.7 5.6 1.8 2.9 12.2 6 6.9 10.1 – – – – – – – –
Notorynchus cepedianus 2.5 1.4 8.4 1.4 2.4 1.5 7.2 1.0 2 1 13.3 1.8 11 3.8 22.1 18.9 – – – –
Pristiophorus nudipinnis 0.5 0.3 0.5 0.0 – – – – – – – – 11 3.8 14.8 13.6 – – – –
Cephaloscyllium laticeps 2 1 1.0 0.2 0.8 0.5 0.9 0.1 2 1 1.3 0.3 22 7.7 3.5 16.4 – – – –
Squalus megalops 0.5 0.3 0.2 0.0 – – – – – – – – – – – 7.7 1.4 1.5 0.5
Unidentified shark 5.9 3.7 1.3 1.7 5.5 3.5 0.9 1.1 4.1 2 2.0 1.0 11 3.8 0.8 3.4 15.4 2.8 2.9 2.0

Batoids 26.6 18.5 17.5 16.4 27.6 22.7 19.9 21.0 30.6 15.7 18.3 15.6 33.3 11.5 8.2 10.4 7.7 1.4 0.7 0.1
Myliobatis australis* 6.9 4.3 8.1 5.0 7.9 5.6 7.8 4.8 8.2 4 13.4 9.1 – – – – – – – –
Spiniraja whitleyi* 7.4 4.5 6.4 4.7 10.2 7.1 9.5 7.7 2 1 <0.1 0.1 11 3.8 <0.1 2.8 – – – –
Dentiraja lemprieri* 2 1 0.6 0.2 1.6 1.0 0.8 0.1 4.1 2 <0.1 0.5 – – – – – – – –
Dipturus confuses* 1 0.6 0.4 0.1 – – – – 2 1 1.7 0.3 – – – – 7.7 1.4 0.5 0.3
Dipturus sp.* 1.5 1 0.1 0.1 0.8 0.5 0.1 0.0 4.1 2 <0.1 0.5 – – – – – – – –
Narcine tasmaniensis 0.5 0.6 0.4 0.0 0.8 1 0.5 0.1 – – – – – – – – – – – –
Urolophus cruciatus* 6.9 4.8 2.0 2.7 6.3 5.6 1.7 2.1 8.2 4 2.5 3.4 11 3.8 8.7 9.1 – – – –
Dasyatis brevicaudata 0.5 0.3 0.2 0.0 – – – – 2.0 1 1.1 0.3 – – – – – – – –
Unidentified ray 1 1 0.5 0.1 0.8 1 0.6 0.1 2.0 1 0.4 0.2 – – – – – – – –
Unidentified skate 1.5 1 0.6 0.1 1.6 1 0.7 0.1 2.0 1 0.3 0.2 – – – – – – – –

Chimaera 4.4 2.6 1.7 0.3 2.4 1.5 0.8 0.1 8.2 4 4.5 1.0 11 3.8 5.9 1.7 7.7 1.4 <0.1 0.1
Callorhinchus milii* 4.4 2.6 1.7 1.1 2.4 1.5 0.8 0.3 8.2 4 4.5 4.5 11 3.8 5.9 7.1 7.7 1.4 <0.1 0.3

Cephalopoda* 4.9 3.4 0.3 0.3 7.1 5.6 0.3 0.7 2.0 1 0.6 0.2 – – – – – – – –
Nototodarus gouldi 3.4 2 0.3 0.5 4.7 3 0.3 0.7 2.0 1 0.6 0.2 – – – – – – – –
Unidentified cephalopod 1.5 1.4 <0.1 0.1 2.4 2.6 0.0 0.3 – – – – – – – – – – – –

Teleosts 36 33.2 13.1 28.5 27.6 20.2 5.3 12.6 49 50 29.4 58.5 22 7.7 1.4 3.2 92.3 33.3 38.0 57.6
Arripis trutta* 2.5 1.4 1.1 0.4 0.8 0.5 0.4 0.0 8.2 4 4.0 4.2 – – – – – – – –
Sardinops neopilchardus* 3.5 2.0 0.3 0.5 – – – – 12.2 6 1.1 5.5 – – – – 7.7 1.4 1.0 0.4
Engraulis australis 0.5 1.0 0.1 0.0 – – – – – – – – – – – – 7.7 1.4 1.2 0.5
Platycephalus bassensis 1.5 1.0 0.1 0.1 1.6 1 0.1 0.1 2 1 0.1 0.1 – – – – – – – –
Trachurus declivis 2.0 1.7 0.3 0.2 0.8 0.5 <0.1 0.0 2 2 0.3 0.3 – – – – 15.4 2.8 3.0 2.0
Thyrsites atun 0.5 0.3 <0.1 0.0 – – – – – – – – 11 3.8 0.5 3.1 15.4 2.8 <0.1 1.0
Thunnus alalunga 0.5 0.3 0.6 0.0 – – – – 2 1 2.9 0.5 – – – – – – – –
Pseudocaranx dentex 0.5 1.0 0.1 0.0 – – – – 2 3 0.5 0.4 – – – – – – – –
Salmar salar 2.5 1.4 2.1 0.5 4.2 2.5 2.9 1.0 2 1 0.8 0.2 – – – – – – – –
Salmo trutta 0.5 0.6 0.1 0.0 – – – – 0.8 2 <0.1 0.1 – – – – – – – –
Aldrichetta forsteri* 1.5 1.4 1.0 0.2 – – – – 6.1 5 4.9 3.9 – – – – – – – –
Emmelichthys nitidus 1.0 1.0 0.1 0.1 0.8 0.5 <0.1 0.0 – – – – – – – – 7.7 1.4 0.7 0.4
Labridae 1.5 1.0 0.1 0.1 1.6 1 <0.1 0.1 2 1 0.2 0.2 – – – – – – – –
Notolabrus tetricus 0.5 0.3 0.1 0.0 0.8 0.5 0.2 0.0 – – – – – – – – – – –
Ladridopsis forsteri* 2.5 1.7 0.2 0.3 1.6 1 0.1 0.1 6.1 4 4.9 3.5 – – – – – – – –
Latris lineata 0.5 0.3 0.1 0.0 – – – – 2 1 0.4 0.2 – – – – – – – –
Pterygotrigla polymmata 1.0 0.6 <0.1 0.0 – – – – – – – – – – – – 15.4 1.4 0.3 0.6
Odax cyanomelas 0.5 0.3 0.1 0.0 0.8 0.5 0.2 0.0 – – – – – – – – – – – –
Pseudophycis bachus 0.5 0.3 0.2 0.0 0.8 0.5 0.3 0.0 – – – – – – – – – – – –
Acanthistius ocellatus 0.5 0.3 0.1 0.0 0.8 0.5 0.1 0.0 – – – – – – – – – – – –
Seriolella punctata 0.5 0.3 0.0 0.0 0.8 0.5 <0.1 0.0 – – – – – – – – – – – –
Anguilla australis* 3.4 4.5 0.1 0.9 – – – 14.3 16 7.2 21.2 – – – – – – – –
Conger verreauxi 2 1 1.2 0.3 3.1 2 0.4 0.3 – – – – – – – – – – –
Geotria australis 1 0.6 0.1 0.0 – – – – 4.1 2 0.6 0.7 – – – – – – – –
Unidentified teleost 10.3 6.8 1.3 4.9 9 7.6 0.5 3.3 10 5 0.5 3.5 11 3.8 1.4 3.8 30.8 7 7.0 9.9

Table 1. Notorynchus cepedianus. Dietary composition from all areas sampled in Tasmania. Total represents all sites combined.
Sample size (n = number of sharks containing prey) is under the area sampled. Frequency of occurrence (%F), percentage of numerical
importance (%N), percentage of weight (%W) and the index of relative importance (%IRI). (*) Frequently used resource (FUR), noting
that skate species Dentiraja lemprieri, Dipturus confuses and Dipturus sp. were pooled to represent a single FUR. –: no data
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Chondrichthyan composition and abundance. Dif-
ferences in chondrichthyan species composition
between Norfolk Bay and the Derwent Estuary were
analysed using ANOSIM and SIMPER. For Norfolk
Bay, these analyses were also used to investigate tem-
poral variations in chondrichthyan composition among
the 3 years. Pearson’s correlations were used to inves-
tigate relationships between dietary occurrence (%F)
and catch per unit effort (CPUE) of elasmobranch prey
over the 3 years in Norfolk Bay. Longline catches were
standardised for number of sharks per 50 hooks. In
total, 330 longline sets were used in the analysis. Tem-
poral differences in CPUE for Notorynchus cepedianus
over the 3 summers were also investigated using a
1-way ANOVA followed by Tukey’s HSD test.

RESULTS

A total of 336 Notorynchus cepedianus stomachs
were flushed, from which 180 (54%) contained prey.
An additional 23 stomachs were obtained from fishers.
From these 203 total stomach samples, 129 were from
Norfolk Bay, 49 from the Derwent Estuary, 9 from
Storm Bay and 16 from offshore sites (Table 1). Sharks
containing prey ranged in size from 105 to 270 cm TL.
Based on size classes assigned by Braccini (2008) in an
ontogenetic dietary study of N. cepedianus in southern
Australia (small: <90 cm TL; medium: 91 to 170 cm TL;
large: >170 cm TL), 81% of the sharks in the present
study were in the large size class and 19% in the
medium size class. No individuals of the small size
class were caught. The majority of stomach samples
contained low numbers of prey. A single prey individ-
ual was found in 55% of stomachs, while 26% con-
tained 2 items, 12% 3 and 7% more than 3 prey. Chon-
drichthyans were present in 68% of the total stomachs
sampled, teleosts in 36% and mammals in 23%.
Sharks, teleosts, batoids and mammals are all impor-
tant prey of N. cepedianus. However, the prominence
of each group varied between locations. Sharks were
the main prey in Norfolk Bay, teleosts more apparent
in the Derwent Estuary and teleosts and pinnipeds at
offshore sites (Table 1). Sharks collected in proximity
to seal colonies on the Maatsuyker Islands had high
proportions of pinnipeds in their diets.

Cumulative prey curves

When considering the dietary items at a species
level, the number of samples collected in this study
was not sufficient to explain the diet of Notorynchus
cepedianus in the Derwent Estuary or Norfolk Bay
(Fig. 2). However, when diet was analysed based on

FUR, the diversity curve for Norfolk Bay and the Der-
went Estuary reached an asymptote (Fig. 2). Cumula-
tive curves based on the 6 broad prey categories also
reached an asymptote for both locations (Fig. 2).

Spatial dietary comparison

Based on broad prey categories, there was a high
dietary overlap between sharks from the Derwent
Estuary and Norfolk Bay (simplified Morisita index:
CH = 0.75). This was reflected in the ANOSIM analysis,
which also showed that diets based on broad prey cat-
egories did not differ between locations (R = 0.009, p =
0.27). Both Morisita and Pianka’s indexes showed
moderate overlap of FUR (CH = 0.45, O = 0.45), and
there were distinct differences in the FUR used in each
location (ANOSIM, R = 0.102, p = 0.001). This indicates
that while the same broad types of prey were con-
sumed in both locations, there were some differences
in the species composition of these groups, which is
represented by variation in FUR.
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Mustelus antarcticus, pinnipeds, white spotted spur-
dog Squalus acanthias and Anguilla australis were the
main contributors in observed dissimilarity in diets
between locations (SIMPER 46% cumulative). Overall,
Mustelus antarcticus (56%), Spiniraja whitleyi (8%)
and pinnipeds (17%) were the main prey identified in
Norfolk Bay and Anguilla australis (20%), Squalus
acanthias (13%), Myliobatis australis (11%) and
teleosts species (19%) were the main contributors in
the Derwent Estuary.

The longline CPUE indicated that the relative abun-
dance of the main elasmobranch prey differed be-
tween Norfolk Bay and the Derwent Estuary
(ANOSIM, R = 0.234, p = 0.001). SIMPER analysis re-
vealed that the difference in relative abundance of
Mustelus antarcticus and Squalus acanthias between
the 2 locations were the main factors influencing prey
availability in each area (Fig. 3). Relative abundance of
elasmobranch prey showed links to the occurrence of
prey in the diets of Notorynchus cepedianus in both
locations. Mustelus antarcticus and Spiniraja whitleyi
were important prey and abundant in Norfolk Bay
(Fig. 3, Table 1). Conversely, Squalus acanthias was
caught more in the Derwent Estuary and was one of
the most important prey in this area (Fig. 3, Table 1).
The lower occurrence of Mustelus antarcticus and
Spiniraja whitleyi in the Derwent Estuary also
matched their reduced occurrence in the diet com-
pared to Norfolk Bay (Fig. 3, Table 1). Galeorhinus
galeus was only caught and only featured in the diet in
Norfolk Bay (Fig. 3, Table 1). Callorhinchus milii was

only caught and was more prominent in the diet in the
Derwent Estuary (Fig. 3, Table 1). Both locations had
similar results for Myliobatis australis, they were not
caught very often, but they were prominent prey
(Fig. 3, Table 1). Additionally, the longlines caught
sharks (both G. galeus and Squalus acanthias) as small
as 42 cm TL.

Temporal variability in diet in Norfolk Bay

The proportion of each FUR consumed differed
between the 3 years in Norfolk Bay (ANOSIM, R =
0.061, p = 0.004). The first year was significantly differ-
ent from the second (ANOSIM, R = 0.055, p = 0.016)
and the third (ANOSIM, R = 0.123, p = 0.002), but the
second was not significantly different from the third
(ANOSIM, R = 0.010, p = 0.257). The primary differ-
ences in diet between years were due to a decrease in
Mustelus antarcticus consumed over the 3 years and
an increase in pinnipeds, and batoid species Spiniraja
whitleyi, Myliobatis australis and Urolophus cruciatus
(Fig. 4).

The absence of Notorynchus cepedianus from win-
ter catches and its presence from spring to autumn in
Norfolk Bay matches the seasonal catches of its shark
prey (Fig. 5). Relative abundance estimates of prey
were significantly different over the 3 years of sam-
pling in Norfolk Bay (ANOSIM, R = 0.055, p = 0.007).
Differences in prey abundance estimates were pri-
marily driven by a decline in catches of Mustelus
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antarcticus over the 3 years (Fig. 4). For the first and
second years, there was a correlation between the
elasmobranch prey abundance and the prey occur-
rence in the stomachs (Year 1: R = 0.92, p = 0.028;
Year 2: R = 0.94, p = 0.016). No relationship was how-
ever present for the third year (p = 0.6030). The signif-
icance of the relationship in Years 1 and 2 was mainly
driven by the high abundance of Mustelus antarcticus
in comparison with other species, and the absence of
a significant relationship in year 3 was a result of low
abundances of this species in the catches. There was
a strong correlation between CPUE and dietary occur-
rence of Mustelus antarcticus (R = 0.99, p = 0.027)
over the 3 years. For the other elasmobranch species
(Spiniraja whitleyi, Galeorhinus galeus, Squalus acan-
thias and Myliobatis australis), there was no relation-
ship between CPUE and dietary occurrence (p > 0.05).
In fact, there was a decrease in CPUE in the third
year for Spiniraja whitleyi (p = 0.157) (Fig. 4), which
was accompanied by an increase in dietary occur-
rence. This increase in dietary occurrence probably
contributed to the lack of a significant relationship
between dietary occurrence and CPUE of elasmo-
branch prey in the third year.

The other notable change in batoid dietary occur-
rence in the third year was the increase in Urolophus
cruciatus from 4% in the first and second years to 13%
in the third. However, due to the gear’s inability to
catch U. cruciatus, comparisons of diet composition to
catch rates are not possible. The catches of Noto-
rynchus cepedianus also declined over the 3 years
(F(2,42) = 7.0191, p = 0.0023) (Fig. 4). CPUE was signifi-
cantly higher during the first than the third year (p =
0.0018), but there was no difference between the sec-
ond and the third years (p = 0.1484) (Fig. 4).

Feeding tactics

As the majority of prey are positioned on the left and
upper parts of the feeding strategy plots (Fig. 6), the
predator population is believed to have a broad niche
width (Amundsen et al. 1996). The high prey-specific
abundance (Pi) for a number of prey species implies
that when they are consumed, they constitute a large
proportion of the diet (Fig. 6). This was evident for
Myliobatis australis and Urolophus cruciatus in both
locations, for Tursiops truncatus in Norfolk Bay and for
Squalus acanthias and Anguilla australis in the Der-
went Estuary (Fig. 6).

DISCUSSION

In general, Notorynchus cepedianus from south-east
Tasmania displayed a diverse diet that consisted of
chondrichthyans, mammals and teleosts. Although
these broad prey types were consumed at the 2 pri-
mary study locations (Norfolk Bay and Derwent Estu-
ary), there were some differences in prey species com-
position between areas. In the Derwent Estuary, no
single species dominated the diet as did Mustelus
antarcticus in Norfolk Bay. This could have been a
result of the lower sample size from this location com-
pared to Norfolk Bay, or perhaps variations in prey
abundance influenced dietary composition. For exam-
ple, M. antarcticus was considerably more abundant in
Norfolk Bay. Likewise, the high catches of Squalus
acanthias in the Derwent Estuary coincide with it
being the most frequently consumed chondrichthyan
prey in the estuary. Note however, that differences in
digestion rates of prey (or tissues) may cause a bias in
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which prey were identified, and the failure to identify
some prey beyond broad taxonomic groups (e.g.
unidentified elasmobranch and teleosts) could possibly
influence results regarding the prevalence of the dif-
ferent species in N. cepedianus diet. Nevertheless, the
vast majority of dietary items were identified to the
species level.

Because the sampling gear used in this study does not
select equally for all prey species and sizes, a compre-
hensive comparison of diet and prey abundance is not
possible. Bearing in mind that the results predate the
current study by over 10 yr and gillnet sampling is also
biased by having lower selectivity for batoids, unpub-
lished data from CSIRO gillnet surveys from 1993 to 1995
(see Stevens & West 1997 for gillnet methods) support
the correlations with diet and catches in the present
study. For example, Mustelus antarcticus was one of the
most common chondrichthyan species caught in Norfolk
Bay and Squalus acanthias dominated the catch in the
Derwent Estuary in both studies (Fig. 7). The CSIRO data
also indicated that the Derwent Estuary had higher
abundances of the teleosts species consumed by Noto-

rynchus cepedianus than Norfolk Bay (Fig. 7), in partic-
ular species such as Aldrichetta forsteri, Arripis trutta
and Latridopsis forsteri (Fig. 7). Both sampling methods
failed to catch Anguilla australis. However, Anguilla aus-
tralis are annually abundant in the Derwent Estuary in
late spring to summer, when they migrate upriver into
fresh water (Sloane 1984). During this time, they were
the main prey species in the Derwent. Collectively, these
results indicate that N. cepedianus diet may be linked to
prey abundance.

A potential caveat of this study is that a shark may
have fed elsewhere before being caught in the study
locations. However, Notorynchus cepedianus tend to
spend weeks to months in Norfolk Bay or in the Der-
went Estuary (Barnett et al. in press, unpubl. data) sug-
gesting that the majority of prey were captured in the
proximity of these sampling sites. The variation in diet
over small spatial scales observed in this study high-
light the biases which may result when ecosystem
models for a specific area use dietary data from other
areas. Models may also be biased if they do not con-
sider temporal changes in diet and prey abundance.

For instance, in addition to the spatial differences in
diet, there was also a temporal variability in the diet of
Notorynchus cepedianus from Norfolk Bay. The decline
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in occurrence of Mustelus antarcticus in the diets over
time coincided with a decline in catch rates of both
Mustelus antarcticus and N. cepedianus. This may be a
result of synchronized population fluctuations (Lund-
berg et al. 2000), where the decline in Mustelus
antarcticus abundance is reflected in the diet and abun-
dance of N. cepedianus. Similarly, catch rates of N. ce-
pedianus and Mustelus antarcticus were both higher in
Norfolk Bay than the Derwent Estuary. Together, these
results imply that fluctuations in the number of a nor-
mally abundant prey, or total prey, may directly influ-
ence the number of predators foraging in the area. The
increase of batoid prey in the diet did not coincide with
an increase in catches of Spiniraja whitleyi or Mylio-
batis australis over the 3 years. In fact, the catches of S.
whitleyi decreased. The low catches of Myliobatis aus-
tralis over the entire study for the Derwent Estuary and
Norfolk Bay does not correlate with their prominence in
N. cepedianus diet, which implies that fishing gear fails
to land them very often, or they are a preferred prey de-
spite being in low abundance. Alternatively, this could
be a diet expansion due to other common prey decreas-
ing in abundance.

There is often spatial and temporal variation in the
diet of large mobile shark species (Heithaus 2004).
However, to what extent is this variation influenced by
prey abundance? And, in times of high prey abun-
dance, do generalist predators select a preferred prey,
or do they take the first prey encountered? These ques-
tions are difficult to answer due to the complexities in
measuring prey abundances in marine environments,
especially for highly mobile predators such as sharks
(Bethea et al. 2004). Previous studies comparing shark
diets and prey availability estimates have shown that,
during times of high prey abundance, some species
(e.g. school shark Galeorhinus galeus and angel shark
Squatina dumeril) can be selective predators (Lucifora
et al. 2006, Baremore et al. 2008).

In the present study, the correlations between prey
abundance and consumption suggest feeding on plen-
tiful resources. The seasonal catch rates of Noto-
rynchus cepedianus and their elasmobranch prey also
suggest that N. cepedianus may move into coastal
regions in spring following the arrival of a number of
elasmobranch species including triakids (Mustelus
antarcticus and Galeorhinus galeus), and that they
depart just prior to triakids migrating out of these areas
for winter. The same pattern was observed in Californ-
ian bays, where the seasonal occurrence and high
abundances of Triakis semifasciata, Mustelus henlei
and Myliobatis californica from spring to autumn
(Ebert 1986, Smith & Abramson 1990, Gray et al. 1997,
Hopkins & Cech 2003, Carlisle & Starr 2009) coincide
with N. cepedianus migrating into the bays (Ebert
1989). There are many other examples of predators

making annual migrations to exploit a known
resource. For example bears seasonally feed on salmon
migrations (Miller et al. 1997, Reimchen 2000) and
large predatory fish and dolphins take advantage of
sardine runs (Beckley & van der Lingen 1999). A num-
ber of shark species show similar behaviour. White
sharks Carcharodon carcharias seasonally aggregate
to feed around pinniped colonies (Bruce 1992, Klimley
et al. 2001, Domeier & Nasby-Lucas 2008) and tiger
sharks Galeocerdo cuvier congregate at islets in the
French Frigate Shoals to prey on fledging albatross
Phoebastria spp. (Tricas et al. 1981, Meyer et al. 2009).

Although sevengills may move into coastal areas to
exploit a regular abundant prey such as Mustelus
antarcticus and Squalus acanthias, their diverse diets
also suggest they are opportunistic. The high %W of
mammals (in particular pinnipeds) suggests that, when
available, this high energy food source (Heithaus 2004)
may be targeted. Interestingly, the decrease in dietary
importance of M. antarcticus in the third year of the
study in Norfolk Bay correlated with an increase in
pinniped prey. Although no mammal surveys were
conducted during this study, the absence of Australian
fur seal breeding colonies in southern Tasmania and
the long distance to the closest major haul-out sites
(~50 to 75 km) (Fig. 1) (Hume et al. 2004) suggests seals
would probably not be a consistent or abundant
resource in Norfolk Bay. In addition, while satellite-
tracked male seals in south-east Tasmania were
coastal in winter, they only spent approximately 2% of
their time in the lower section of the Derwent Estuary
and did not enter Norfolk Bay. In summer, when Noto-
rynchus cepedianus are abundant, the tracked seals
were absent from coastal areas (Robinson et al. 2008).

Opportunistic behaviour is also demonstrated by
Notorynchus cepedianus exploiting a temporally
abundant resource that is common in a particular area
for a short period, such as Anguilla australis in the Der-
went Estuary (Sloane 1984). Predators often switch
their diet to feed on a food source that is only available
for a short period. Teleosts that are predominately
planktivores will briefly switch to target juvenile
teleosts during recruitment events (Martin & Blaber
1983, Baker & Sheaves 2005) and shortfin mako sharks
Isurus oxyrinchus in the North Atlantic seasonally shift
from a diet of squid and a range of prevalent teleosts to
concentrate their efforts on bluefish Pomatomus salta-
trix (Wood et al. 2007).

There were many similarities between the diet of
Notorynchus cepedianus in south-east Tasmania and
that in other areas of southern Australia (Braccini
2008). Mustelus antarcticus, Myliobatis australis,
urolophids and Callorhinchus milii were important
prey species in both regions (Appendix 1). Notable dif-
ferences were the importance of marine mammals in
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Tasmania, and the importance of cephalopods, in par-
ticular ommastrephid squid, in southern Australia
(Braccini 2008). These differences may be attributed to
differences in ecology between the 2 areas. Braccini
(2008) obtained samples from commercial fishermen in
South Australia and Victoria at depths of 30 to 140 m,
whereas most samples used in the present study were
collected inshore, in depths of 3 to 20 m. There were
also notable differences in the sizes of N. cepedianus
sampled in each region. Small to medium sized sharks
(<170 cm TL) dominated the southern Australia study
(Braccini 2008), whereas no small (<90 cm TL) sharks
were caught in Tasmania and a large proportion were
in the upper size class (>170 cm TL) (Barnett et al. in
press). Since N. cepedianus can show ontogenetic
dietary shifts from teleosts to elasmobranchs and mam-
mals as they grow (Ebert 2002, Lucifora et al. 2005), the
low number of mammals in the southern Australia
study could have been a reflection of the relatively low
numbers of larger N. cepedianus sampled.

Similar dietary patterns were also evident for Noto-
rynchus cepedianus in California, southern Africa and
Argentina (Ebert 1989, 1991, 2002, Lucifora et al. 2005).
Sharks from the genus Mustelus (Family Triakidae) were
the most common prey in all regions, and other triakid
species were also important in areas where they oc-
curred (Appendix 1). Although the species differ in each
region, there are consistent global-scale predator–prey
links between Notorynchus cepedianus, triakid sharks,
myliobatid rays and marine mammals (Appendix 1). As
larger sharks are often the only predators of meso-
consumers, such as other chondrichthyans and pin-
nipeds, N. cepedianus may perform a similar role
in0 regulating meso-consumer population numbers
throughout their distribution (Lucas & Stobo 2000, Hei-
thaus 2004, Lucifora et al. 2009). Both the consistent
predator–prey links over large spatial scales and the dif-
ferences over the finer scales show the importance of in-
corporating spatial and temporal variability in dietary
analysis to explore predator–prey relationships.

CONCLUSION

Results from this study reinforce the position of Noto-
rynchus cepedianus as a top order predator in coastal
temperate systems. Due to the diversity of species in its
diet, N. cepedianus could be classified as a generalist
predator. However, the consistent occurrence of similar
prey (i.e. triakids and myliobatids) globally suggests
that their foraging behaviour could be more complex.

Further work is however needed to clarify if the con-
sistent predator–prey link with triakids is due to Noto-
rynchus cepedianus moving into these areas to specif-
ically target these prey, or if these prey just happen to

be widely available in areas where N. cepedianus for-
ages. Although diets are useful to infer predator–prey
interactions, for a better understanding of the system,
it is ultimately essential to combine abundance esti-
mates and spatial patterns of prey with dietary infor-
mation of the predator.
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