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The effects of berleying on the behaviour of wisttarks

Introduction

Seal and sealion (pinniped) colonies are impoffeeding sites for white sharks across
their global distribution. However, white sharke anly temporary residents to such
colonies, as pinnipeds form only a component af éaenual diet (Bruce 2008). The
periods of residency of white sharks at pinnipeldmies are regionally variable and can
range from days to months. Individuals may returran annual or more frequent basis
after spending considerable intervening periodgadidfrom these sites where they
focus on other sources of prey (Bormilal. 2005, Brucest al 2006, Domeier and
Nasby-Lucas 2007). White sharks commonly make sxtermovements over distances
of 1000s of kilometres between visits to pinnipetbnies including travel from
temperate to tropical waters and, in some areag,dan spend considerable periods in
the open ocean (Boustaayal 2002, Bruceet al 2006, Wenget al 2007, Domeier and
Nasby-Lucas 2008, Bonfdt al. 2010).

The regularity with which white sharks visit somearpped colonies and the often
protected anchorages these provide, makes thesdadstal for shark-viewing tourism.
White shark cage diving is now well establishecuacbcertain pinniped colonies

known to have significant white shark activity ireas such as South African, Mexico,
California and southern Australia (Malcokhal 2001, Domeier and Nasby-Lucas
2007, Larocheet al 2007). White shark cage diving requires thatlshare first

attracted to the viewing vessel to increase thadihkod of visible contact time. The
most common means of doing so is through the uberbéy (chum) which is generally
a mix of chopped or minced fish and fish oil, aligb other animal products are used in
various areas of the world.

In Australian waters, white shark cage diving catiseoccurs exclusively at the
Neptune Islands in South Australia, approximaté€ly76 km south of Port Lincoln. The
Neptune Islands support the largest aggregatignoiipeds in Australia and is an
active feeding area for white sharks (ShaughnessdyMcKeown 2002, Bruaet al
2006). The waters surrounding the Neptune Islan@dsdistance of two nautical miles
from low water mark were incorporated into the Nyt Islands Conservation Park in
1997 and the area was gazetted as Marine ParlO@ X0@hite shark cage diving has a
long history in South Australia, first commencimgthe 1960s and commercial tours
have operated at various sites including DangeRmef, The Sir Joseph Banks Group,
The Pages and the Neptune Islands since the [&@s1%he industry has involved up to
eight operators, although this number declineavtmlty 2000. Since 2002, white shark
cage diving has been restricted to waters surrognithie Neptune Islands and operators
are required to hold a Commercial Tour Operat@mige pursuant to the National Parks
and Wildlife Act 1972 and, if undertaking berleyjram exemption under the Fisheries
Act 1982 to permit the use of berley for attractwigjte sharks which is otherwise
prohibited in waters within two nautical miles bktcoast. The composition of berley is
restricted to fish-based products and the indusis/worked under a Code of Practice
since 2004 to ensure that the operations are ¢ensisith shark conservation,
minimising negative impacts on sharks and maintgimiient safety and satisfaction.
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The shark cage diving industry in South Austraha Been a recent expansion in
activities with the number of days where berleyuwsaising from an annual average of
128 days (2000-2007) to 270 days in 2009-2010 ¢eig. This has corresponded with
a change in 2007 from irregular multi-day tripstwiterleying at various times, to a
more regimented, near to daily operation with kyénig occurring over a more regular
daily schedule.
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Figure 1: Number of days where berleying operatisase undertaken at North Neptune Island in South
Australia (1999-2011). Note that data for 1999*dd include a complete 12 month period (data inetud
only August - December) and thus underestimatathgal number of days. 2011 data in grey are
projected (272 days) based on the 136 days regisfesm 1 January to 30 June 2011.

The prospect of additional active operators angtitential for further expansion of the
industry has generated a number of issues fomtbé&xovernment agencies that
manage the industry (Department of EnvironmentMatiral resources [DENR] and
Primary Industries and Resources South AustralR$R]) and a subsequent need to
establish the underpinning science required tacgWfely manage the industry. Both
agencies have identified a high priority need t@stigate the impact of berleying on
the behaviour of sharks at the Neptune Islands thilspecific purpose of providing a
rational management plan for the industry.

White sharks are protected in all Australian waters listed threatened species and are
the subject of a national recovery plan (see DEVWA9AO0). Evaluating the impact of
cage-dive operations on shark behaviour is aniitkshpriority action in the National
White Shark Recovery Plan. The North Neptune Iddma/e been the site of
significant research effort primarily in establishiwhite shark movement patterns,
behaviour and habitat use. Sharks tagged withrel@cttags (satellite, archival,
acoustic) have been tracked from the Neptune Islénagtelling across their
Australasian range to offshore waters off Exmouthorthwest Western Australia,
Rockhampton in central Queensland and across thadiaSea to New Zealand (Bruce
et al 2006). The movement of sharks from, and returthi Neptune Islands from
across their Australasian range suggests thatrthysrepresent a critical site for the
species in Australian waters. This may have impgbecs under the Environment
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Protection and Biodiversity Conservation (EPBC) 2899 for activities at the site that
have the potential to impact white sharks visiting area.

The residency times and habitat use by white shetridee Neptune Islands was the
subject of study from 2001 to 2003 (Bruwsteal 2005). That study, using coded
acoustic tags and bottom-moored acoustic receigers;luded that berleying had a
localised and short-term effect on the distributon behaviour of sharks at the islands
and that the effects were primarily concentratethiwithe bay of the main island where
most berleying and shark cage diving activitiesuoa. The timing of that study

during a period of comparatively lower berleyinfpef, provided an opportunity to
examine if white shark behaviour had changed aNitr¢h Neptune Islands since the
2007 increase in berleying effort.

The purpose of this project was to examine thelessily and movement patterns of
sharks within the Neptune Islands system and terohéte if there was evidence of
changed behaviour in sharks visiting this site caraeg to the 2001-2003 data set. The
primary data for comparisons to the 2001-2003 jgecaome from an array of acoustic
receivers that monitored the presence/absencelvidoal tagged sharks at both North
and South Neptune Islands from 2010 to 2011. Acldii data were obtained from a
single acoustic receiver set inside the main bdlgeaiNorth Neptune Islands since 2008
and from daily logbook data providing details ohdhcage dive operator activities
from 1999-2011. A series of three questions wesegddor this study:

How do sharks currently use the Neptune Islandspjto

What are the daily spatial patterns of habitatatsde North Neptune Islands and how
do sharks respond to berleying operations?

How does the current pattern of habitat use comjpaglata collected in 2001-2003,
prior to the 2007 increase in berleying effort?

Results of these data were integrated to assessahements and patterns of residency
of white sharks at the Neptune Islands and thetsfief berleying on their behaviour.

Methods

Study area

The Neptune Islands (336.72’ S; 1365.48' E) are a series of granite formations
rising steeply from waters of approximately 60-10@epth. The islands comprise two
groups, North and South Neptune Islands, whictappeoximately 12 km apart and are
located 60-70 km south of Port Lincoln on the cosnital shelf. Each island group
comprises two main islands and various small ragkrops (Figure 2). Sub-tidal
habitat includes areas of shallow sand and seagsasgll as shallow and deep reef
systems (DENR 2010). Both island groups hold bregdoblonies of New Zealand fur
seals Arctocepalus forsteyiand Australian sealiondl€ophoca cineréaCombined,

the Neptune Islands group supports the largeseggtjons of pinnipeds in Australian
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waters of which the majority reside on the Norttptee Islands (Shaughnessy and
McKeown 2002). Both island groups are included imithe Neptune Islands Marine
Park. The marine park extends two nautical miles k&) from the coastline of each
island group, covering an area of 146°KIDENR 2010).

Field methods

Acoustic receivers

Arrays of acoustic receivers (VR2W and VR3-UWM -v@-Amirix Ltd, Halifax, NS
Canada) were deployed at both North and South Megsland sites over two
consecutive periods between December 2009 and 2ptil. These deployments are
herein referred to as the 2010-2011 study. Eigteivers were deployed at North
Neptune Island and three at South Neptune Isldaeder in total (Figure 2). The array
at North Neptune Island complemented an existimjum satellite-linked acoustic
receiver (VR4-Global [VR4G]; Vemco-Amirix Ltd, Hédix, NS Canada) which has
been maintained within the main island’s bay sib@gril 2008 (Bradforcet al. 2011).
Acoustic receivers log and store the date, timewangue code identity of Vemco
RCODE acoustic transmitters fitted to animals #vaitn within the detection range
(typically a 300-500 m radius). Data retrieval frMR2W acoustic receivers requires
that units are physically recovered and downloa®eda retrieval from a VR3-UWM is
possible via an acoustic communications modem puarated within each unit which
can be remotely activated from a vessel-based phdie and deck unit system
without retrieving the units. The initial deploymeat receivers in December 2009
included both VR2W and VR3-UWM units. VR3-UWM uniteere used to allow for
opportunistic retrieval of data between full retaéperiods. However, this proved
impractical and all VR3-UWM units were replacediwitR2W receivers for the second
deployment period.
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Figure 2. The location of the Neptune Islands, Bauistralia (insets). (A) North Neptune Islands) (B
South Neptune Islands. The locations of acoustieivers are illustrated as white dots; berley negjiare
circled in yellow (1) Site 1; (2) Site 2. The reface point on North Neptune Island for centre tif/ég

analyses is marked by the white cross. Receiver Wapositioned on the mooring line of the VR4G
receiver.

Receiver moorings were anchored to the sea flaagwesther concrete filled truck tyres
(approx 120 kg total mass) or 20 mm chain mooreesh approximately 200 kg total
mass, following protocols developed by the Ausaralhnimal Tracking and

Monitoring System (AATAMS http://imos.org.au/aatams.himReceivers were fixed

to a 14 mm braided line attached to the moorindhanand suspended under subsurface
floats, with the receiver about 20 m below the acef Moorings were located in bottom
depths ranging between 23 and 93 m. Each moorisgitted with a Sub Sea Sonics
acoustic release mechanism and a rope canistehahowed receivers to surface on
command and for the complete mooring system tetreeved (Figure 3).
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Figure 3: (A) Mooring design for acoustic receivdeployed at the Neptune Islands; (B) Preparing to
deploy receivers at the Neptune Islands.

Acoustic tags

Sharks were tagged with Vemco V16 R64k coded amowansmitters (72 mm x 17
mm). Transmitters were each coded with a uniqusepseries, operated on a frequency
of 69 kHz and were rated for a battery life of apqmately 6.5 years. Sharks were
attracted to the vessel using fish-based berleytagglwere attached externally to the

dorsal musculature using a tagging pole followimg procedures of Brue al. (2005)
- Figure 4.
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Figure 4 (A) Tagging a white shark with an acoustic tafyatth Neptune Island; (B) A white shark
tagged with an acoustic tag (arrowed). Photo ceurté Andrew Fox.

Data Analyses.

Acoustic tag data

Detections recorded by receivers were used to exathe presence and behaviour of
tagged sharks at North and South Neptune Islandglhss movements between the
two island groups (the study area). Sharks wersidered to be present at either North
or South Neptune Islands if more than one deteatias registered on any receiver on a
given day. If a shark was not detected on a gimntiden it was assumed not to be
present in the study area. Daily detection summarere plotted to examine the pattern
of overall presence of tagged sharks during theysperiod.
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The number of consecutive days individuals wersgmewas calculated each time they
entered the study area. Two periods of site ocanpaere defined by the daily
summary dataResidency periddvas defined as the number of days between tke fir
and last detection of a tagged shark provided bapseen consecutive days of
detection did not exceed five days. A five day pervas selected on the basis of transit
times between the North and South Neptune Islagasdividual sharks. The majority
(89%) of transit times between the island groupgevess than 100 h (= 4.2 days). A
period of five days was deemed to allow for shaeksaining in the vicinity of the
Neptune Islands but not registering a detectiagither island. Where sharks were not
detected over periods greater than five consecdays, individuals were assumed to
have left the Neptune Islands system and any sukségeturn was considered to start
a separate residency periodisits were defined as the number of consecutive days
with detections for any given shark during its desicy period.

Data from the current 2010-2011 study were comptraimilar acoustic tag data
collected from North and South Neptune Islandsrduthe 2001-2003 study of white
shark residency patterns and habitat use (see Btwade2005 for details). The previous
study was undertaken prior to the significant iasesin berley activity beginning in
2007. The duration of visits between the two stpegods were compared using a
Mann-WhitneyU-test (Conover 1999).

In addition to the 2001-2003 and the 2010-2011 sitoarray data sets, data from the
VRA4G acoustic receiver deployed in the bay at Nbi¢ptune Island was used to
examine the frequency and nature of shark residpadgds and the duration of visits
over the 2008-2011 period using the same analytechiniques. Sharks were tagged at
the Neptune Islands during the 2007-2009 perigabatsof a trial of the VR4G system
(Bradfordet al 2011) and a separate, broad-scale study of tivement dynamics of
the species in Australian waters utilising recesvieployed by AATAMS and affiliated
agencies.

A third period of site occupancy was defined usacgustic datalsland contact time
was defined as the total time period in consec8¥enin blocks that sharks were
detected by the North Neptune Island array. Thie tperiod measured the continuous,
short temporal scale residency of sharks withiratinay and was specifically examined
to determine if their activity close to the islactfthnged over the duration of a visit. The
duration of island contact may increase if shadk#tioue to be stimulated and respond
to berleying vessels over time, or island contace tmay decline if sharks gradually
ignored the stimulus provided by berley. The latise would suggest that sharks
habituated to the presence of berley and slowlgneqh its attraction. Habituation has
been documented for white sharks exposed to bagegi South Africa (Larochet al.
2007) and has been reported anecdotally for slartkee Neptune Islands.

The centre of activity (COA) for each tagged shatrklorth Neptune Island was
estimated from the 2010-2011 acoustic data evemyiBOtes using a weighted mean
position algorithm (Simpfendorfet al. 2002) [Equation 1];
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COA (XRrad30 :JZ Wi X+ W X)) [1]

whereXRrag30iS the mean weighted radian value identifyingdeetre of activity over
each 30 minute period; is the number of detections of an individual shetrkeceiver
during the monitored period (30 mins) ads the radian value of the bearing from a
central reference point on North Neptune Islanceteiver.

Thirty minute blocks were chosen to allow for mowsto occur between the
detection envelopes of adjacent receivers whilémizing movement between the
reception envelopes of distant receivers. Becausaroay circled the North Neptune
Islands, we converted the latitude and longitudedividual receivers to a bearing
from a central reference point on North Neptunaridl(see Figure 2) and then
converted that value into radians. The radian velag used in the position algorithm in
place of receiver location (latitude/longitude) eTiesultant value provided a weighted
mean radian estimate identifying the centre ofvégtas a bearing from the central
reference point on the island. COA bearings wenedu into 30 sectors to describe
and compare the distribution of shark activity amdthe island during berleying and
non-berleying periods.

A Watson-Williams test, analogous to a single-faé&tBOVA for circular data (Berens
2009), was used to test for differences betweerahamon mean bearing for
individual shark’s COAs between berley and nondedays.

The daily patterns in the detections of sharks veegsmined at the North Neptune
Islands berley Sites 1 and 2 and compared betw@e@h-2003 and 2010-2011. The
number of detections of tagged sharks was summa@ iminute bins angf goodness-
of-fit tests were used to compare the frequenajetéctions to an even distribution.
Significant departures from an even distributiomevesed to identify the presence of
diel patterns in shark activity.

Daily logbook data

Data on the long-term number of sharks sightebpdey day, monthly means of these
data and the total number of berley days at thaieplslands per year, were extracted
from daily logbook data filed by shark cage divexgtors (SCDO). A logbook system
has been in place since 1999 and data are maidtama database at CSIRO in Hobart.
A berley day is defined as any day that berleyipgrations occur on site regardless of
the number of operators present. Logbook datsa rautinely used to monitor the
North Neptune Island shark activity index (NNI dhardex). The NNI index compares
the monthly mean number of sharks sighted by opesgier day of berleying to the
long-term mean for that month. The resultant dat&ides a measure of the shark
activity for any observed period and is designeexamine long-term patterns at North
Neptune Island.
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Data on shark activity and sightings were compas@dg logbook data over the entire
1999-2011 data set and between the two acousty geriods (2001-2003 and 1999-
2011). Data over 1999-2011 were also divided batvpge-2007 and post-2007 periods
to assess evidence for changed behaviours in shiades the 2007 increase in berleying
activity. Single factor ANOVA was used to compdre mean monthly number of
sharks sighted per day between years, pre-200p@ste2007. Monthly comparisons
were made using a pairédest.

Shark lengths are reported as total length (Tle-Wentner and Cliff 1999 for

definition) unless otherwise stated. The TL fortetagged shark was visually estimated
at the time of tagging based on reference to knlewgth measures on the tagging
vessel or the in-water dive cage.

Results

Acoustic receiver deployments.

Receiver arrays were successfully deployed arowotiu [dorth and South Neptune
Islands in their planned positions over two sepadaiployment periods. This provided
continuous coverage for approximately 485 days eetwD8 December 2009 and 13
April 2011 with retrieval-redeployment occurring 6+8 October 2010 (Table 1).

All receivers were successfully recovered at thectission of deployment period one,
although two VR3-UWM units (SN1 and NN1) had caigshically failed, causing
complete flooding and loss of all data. Data werecsssfully downloaded from all
remaining receivers.

Just prior to the final recovery of the acousticeieers in April 2011, the NN1 unit was
found floating in the vicinity of Perforated Islgr8lA (34 43.0 S, 1359.0 E) in the
Whidbey Island group approximately 100 km northwestiorth Neptune Island. The
unit was still attached to its mooring line andaion good condition and its data were
successfully downloaded. The last detections ajedgharks on this receiver suggests
that it may have drifted off-site on 4 March 200f.the remaining 10 receivers in
deployment period 2, one (NN4) failed to initiat@anunication during attempts to
download and was sent back to Vemco-Amirix (Halifisls) where its data were
successfully recovered and the unit repaired.

10
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Table 1: Deployment details for acoustic receiarisleptune Islands (see Figure 2 for station loca)i
Receiver NN8 was attached to the mooring line efMR4G satellite-linked acoustic receiver moored in
the bay at North Neptune Island.

Station Deployment 1 Deployment 2

Deploy Recover Type Errors No. of Deploy Recover Type Errors | Noof

Sharks Sharks

NN1 09/12/2009| 06/10/201 VR3 Flooded - 08/10/201@3/04/2011| VR2W 14
NN2 09/12/2009| 06/10/201 VR2W, 14 08/10/2010 1@&0241 | VR2W 16
NN3 09/12/2009| 08/10/201 VR2W| 10 08/10/2010 12021 | VR2W 14
NN4 09/12/2009| 08/10/201 VR2W, 10 08/10/2000 1&041 | VR2W | comms| 13
NN5 09/12/2009| 08/10/201 VR2W| 10 09/10/2010 12021 | VR2W 14
NN6 09/12/2009| 08/10/201 VR2W| 13 09/10/2010 12021 | VR2W 13
NN7 09/12/2009| 06/10/201 VR3 14 08/10/2010 12041 | VR2W 16
NN8 09/12/2009| 06/10/201 VR2W| 15 08/10/2010 12021 | VR2W 15
SN1 08/12/2009| 07/10/2010 VR3 Flooded - 07/10/20103/04/2011| VR2W 6
SN2 08/12/2009| 07/10/2010 VRS 6 07/10/2010 13f0#12| VR2W 5
SN3 08/12/2009| 07/10/201p VR3 6 07/10/20[10 13@412| VR2W 5

Acoustic tag deployments

Following the initial deployment of receivers, taavas an extended period of
approximately seven months where shark sightingsed) on daily log-book data, were
well below the long-term average for North Neptisiand (Figure 5). The general
absence of sharks during this period resulted ip @single shark being tagged prior to
June 2010 and this therefore reduced the datactedldy receivers between December
2009 and June 2010.

Sharks sightings returned to average or above gedexels in June 2010, facilitating
the commencement of further tagging for the projBot sharks were tagged in
June/July 2010, and a further 14 were tagged ¢veregmaining study period,
providing a total of 21 sharks tagged for the stuldyenty sharks (2.8-4.8 m TL) were
tagged at North Neptune Island; one shark (4.8 lmwids tagged at South Neptune
Island during the study period (Table 2). Taggeatlshwere routinely re-sighted by
SCDO and detected by the receiver arrays from 2046 onwards.

11
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Figure 5: (A) Mean monthly numbers of sharks sidhger day at the North Neptune Islands from
December 2009 to April 2011. (B) Differences betwége mean numbers of sharks sighted from the
long-term (1999-2011) monthly average. Grey badicate below average levels of shark sightings;
green bars - above average.
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Table 2: Acoustic tag deployment details for the@tdee Islands, South Australia. Location referthto
Site where sharks were tagged. NN-Site 1 is withénbay at North Neptune Island (Berley Site 1);-NN
Site 2 is on the northern side of the North Neptistend (Berley Site 2); SN = South Neptune Island.
See Figure 2 for site location detalils.

Tag ID Date Length (m) Sex Location
8561 05/07/2010 3.2 Male NN-Site 2
8562 19/08/2010 4.2 Male NN-Site 1
32561 27/10/2010 3.5 Male NN-Site 1
32562 17/02/2011 4.7 Male NN-Site 1
32563 09/10/2010 4.3 Male NN-Site 1
32565 16/01/2011 4.0 Male NN-Site 1
58068 04/08/2010 3.2 Male NN-Site 1
58069 08/10/2010 3.5 Male NN-Site 1
58070 08/08/2010 4.2 Female NN-Site 1
58071 4/03/2011 4.8 Male NN-Site 1
62342 24/10/2010 NR* NR NN**
62343 15/12/2010 4.4 Male NN-Site 1
62344 08/10/2010 4.5 Male NN-Site 1
62345 08/10/2010 3.5 Male NN-Site 1
62346 11/06/2010 3.5 Male NN-Site 2
62347 11/12/2009 4.2 Male NN-Site 2
62349 19/07/2010 3.5 Female NN-Site 1
62350 21/06/2010 4.8 Female SN
62351 27/06/2010 2.8 Female NN-Site 1
62352 16/06/2010 4.0 Male NN-Site 1
62353 13/06/2010 4.7 Male NN-Site 2

*NR - data not recorded
** North Neptune; site not recorded

Acoustic tag detection patterns 2010-2011.

A total of 99,957 detections were recorded fronRaldifferent tagged sharks during
the study period across North and South Neptuaedsteceiver arrays combined.

Detections were registered on all receivers indigasharks, at times, utilized the entire
area of the arrays including all waters surroundiiogth Neptune Island. However, not
all sharks were detected on all stations and #guiEncy of detections was not even
between stations.

All 21 sharks were detected at North Neptune Isldim@ frequency of detections was
lowest at stations on the western side of the ds{&iN3, NN4 and NN5). The highest
number of detections were recorded by stationdhereastern side of the Island and
from within the bay (NN8). Detections at NN1 weisrdpted during both deployment
periods due to technical issues (see ‘Errors’ inl@4d) and this reduced the total
number of detections recorded by that station.
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Nine tagged sharks were detected at South Neps$lenedl Tagged sharks were detected
on all South Neptune Island stations although techulifficulties reduced the data set
for SN1 due to the unit flooding during the firgpdoyment.

Presence/absence summary

With the exception of Shark 62347 (tagged and aExmbin December 2009), tagged
sharks were detected over the period from 11 J0f&6-22 April 2011 with up to six
sharks present (NNI - late October 2010) on si@ngtone time (Figure 6). Residency
periods within the Neptunes Island system rangewa ft to 92 days (mean 21.0 d, SD
24.2); Figure 7. The number of residency periodged from one to five for individual
sharks with the majority (12 out of 21 [57%]) redimig multiple residency periods.
Most periods (79%) were separated by 6-10 daystasdhus possible that the
residency parameter under-estimated actual peoibsidency if sharks patrolled
areas outside of detection range while still presethin the vicinity of the Neptune
Islands system.

Shark

62353 -
62352 -
62351
62350
62349
62347 | (@@
62346
62345
62344
62343
62342
58071
58070
58069 -
58068
32565 |
32563
32562
32561

8562

8561

Q O Q QS
N N N W

%) Q Q
SN SP CR SS A
RN RS ARSI IR

Date

Figure 6: Daily presence-absence of acousticafiged white sharks at the Neptune Islands. Shark
numbers refer to unique acoustic tag codes for ehatk. Filled circles indicate that the shark was
detected on that day at the North Neptune Islandte triangles indicate days when sharks were
detected at the South Neptune Islands.
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Figure 7: The frequency and duration of residerenjogls at the Neptune Islands (all tagged sharks
combined).

Within their overall periods of residency, the mese of each shark was recorded in
separate visits of consecutive days to the eaahdsjroup. The duration of visits at the
North Neptune Islands ranged from 1 to 52 conseeutays (mean = 11.0; SD =
11.69); Figure 8.

12

10 A

Frequency
(o]

gl | (1| R

0 5 10 15 20 25 30 35 40 45 50 55 60

Duration of visit (days)

Figure 8: The frequency and duration of visits attN Neptune Island (all tagged sharks combined).
The duration of visits at South Neptune Island eahfjom 1 to 34 consecutive days
(mean =4.5; SD = 7.48).

Exchange of sharksbetween the North and South Neptune Islands

All 21 sharks were detected at North Neptune Isf@mduding the single shark tagged

at the South Neptune Islands). Nine of the 21 shasre detected at the South Neptune
Islands indicating an exchange rate of approximatdo between the two island
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systems. Sharks made a total of 37 transits betiNeeth and South Neptune Islands,
representing 18 journeys where they returned to island group of origin. Only one
transit resulted in a shark not returning to itand group of origin. Shark 62351 made
the transit from North Neptune Island to South Naeptisland in late September 2010
where it remained for 31 hours before again depgriihis shark was not detected
again on any receiver during the remaining perioith® study and was assumed to have
departed the region.

Movements between North and South Neptune Islamde,vin general, relatively rapid
indicating directed travel between the two systavisst transit periods were less than
20 hrs duration (Figure 9) but ranged from 2.23tbrs04.4 hrs. The shortest duration
for travel indicated a minimum sustained rate overoent (ROM) between the two
island systems of 5.4 km per hour which is onéhefttighest recorded for white sharks
(see Bruce and Bradford pres3. The longer travel periods (> 50 hrs) suggedtrtoa

all travel was direct between the islands, althothghincidence of these lengthy transits
were relatively few.
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B NNI to SNI O SNI to NNI

Figure 9: Transit periods for sharks moving betwgsnNorth Neptune Islands (NNI) and South Neptune
Islands (SNI).

Movement patterns away from the Neptune | slands

White sharks tagged previously at the Neptune diddrave been tracked moving
primarily west into the Great Australian Bight awstern Australian waters, in some
cases as distant as Exmouth in northwest Westestraia (Bruceet al 2006). A
number of acoustic receiver arrays maintained byf ANS and various other
collaborating organizations exist across this nedgeehttp://imos.org.au/aatams.htmi
for details of receiver locations) and data fromsh receivers were interrogated for
detections of sharks tagged at the Neptune Islands.
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Three sharks tagged at the Neptune Islands (Sba8&2, 62346, and 62349) were
recorded on receivers near Chatham Island, Wesigstralia (35 2.25’ S 118 29.45’

E). These detections occurred respectively on 1@ 2p11 (Shark 62342), 8 March
2011 (Shark 62346) and 19 December 2010 (Sharkg2G4hatham Island is
approximately 1800 km west of the Neptune Islamggpfoximately 2000 km following
a typical on-shelf track). The last detectionsdach shark at the Neptune Islands were
respectively 12 November 2010 (Shark 62342), 28axdyer 2010 (Shark 62346) and
31 July (Shark 62349). No intervening detectiontheke sharks were registered on
other receiver arrays and these sharks were mi#tested at the Neptune Islands after
the above departure dates.

Sharks 8561, 32562, 58068, and 58071 were detentdlte VR4G receiver at North
Neptune Island after the final recovery of the pco)VR2W array in April 2011,
indicating that these sharks continued to revmgtregion after the end of the study
period.

Spatial and diel patternsin detections

Detections of tagged sharks varied both spatialtytemporally around North Neptune
Island (Figure 10). Detections were highest ativers located on the northern and
eastern areas of the island (NN1, NN2, NN7 and NM8) these receivers accounting
for 92.4% of all detections. A clear diel pattenrdietections was apparent for each of
these receivers with detections generally incregfsom 0700 to a peak (1100-1300)
followed by a decline to low levels after 1800-1900is diel pattern was not evident at
other receivers located to the west and southeoistiand although there were
comparatively fewer data at these locations.
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Figure 10: Hourly detections of tagged sharks egiker locations around North Neptune Island
(December 2009-April 2011). Data are percentagetaf detections by hour for each site; n = total
detections registered.

The largest number of detections of tagged sha&8%o of all detections) was
recorded inside the Bay at North Neptune Island.

Detections of tagged sharks also indicated a @ittem at South Neptune Island
although the pattern differed slightly to North Nape Island receivers (Figure 11).
Detections generally increased from 1000 to a [f&£a@0-1600) followed by a decline
to stable levels by 1900-2000. Data were few fofl @iNe to flooding of the receiver
during deployment period 1 and thus a pattern ess fleliably portrayed.
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Figure 11: Hourly detections of tagged sharks egiker locations around South Neptune Island
(December 2009-April 2011). Data are percentagetaf detections by hour for each site; n = total
detections registered

Effects of berleying on thedistribution and behaviour of tagged sharks

Distribution of shark activity at North Neptune I sland

The calculated half-hourly centres of activity é&@ch shark were assigned t& 30
sectors around the island for comparative analysésharks showed a higher level of
occupancy in the areas off the east and northeasirs of the island (Figure 12). The
distribution of shark activity by sector was higlsignificantly different between berley
and non-berley days - both sites combined (Watsdhawis test, F=44.15,p >0.0001)
and indicated that the centre of activity of shackvity was shifted towards those areas
when berleying occurred. This was particularly appaicomparing the distribution of
shark activity on days when berleying occurreddasiorth Neptune Bay (Site 1) to
those when berleying operations occurred to théhradrthe bay, Site 2, (Watson-
Williams test, =1280.93p >0.0001).
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Figure 12: Distribution of tagged white sharks witthe acoustic receiver array at North Neptunand)
South Australia.

These data support that the distribution of sharksfluenced by the presence of berley
on at least the local (spatial) and short-term gieral) scales.
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Comparisons between pre-2007 and post-2007 data.

Numbersof sharkssighted

Logbook data recording the numbers of sharks sigpée day by each of the two active
shark cage dive operators were not significantifecent over the period 1999-2011
(ANOVA, F = 1.066059p = 0.3019) and thus both data sets were pooledrfalyses.
Mean shark activity (sharks sighted per day) waspgared between years prior to 2007
and post-2007 using the combined logbook data (Ei$j3). The mean number of
sharks sighted per day was significantly highagh&post-2007 period (ANOVA F =
547.0,p < 0.0001).

450
4.00 - [
3.50 -

3.00 - \
250 -

2.00 -

150 - \
1.00 -

0.50
0.00

Mean daily number of sharks sighted

Pre 2007 Post 2007

Figure 13: Comparison of mean daily number of shaighted between 1999-2006 and 2007-2011. Bars
indicate one standard deviation.

The 2011 period was, however, particularly stramgricreased shark numbers (Figure

14) and this coincided with much of the acoustiaitaring period for the current
study.
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Figure 14: Mean annual number of sharks sightedipgr1 999-2011 from SCDO logbook data. Annual
means are given by the black diamond and horizdinggl surrounding boxes provide the 95%
confidence interval about the mean; vertical baowide range (minimum and maximum values).

Data also indicated a significant increase postzd@@he number of sharks sighted for
each month (pairettest,p = 0.038; mean difference pre-2007 to post-200713,1
95% CI =0.45 to 1.8) suggesting that this increase in shark numbessspeead over
the entire annual period (Figure 15).
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Figure 15: Comparison of the mean monthly numbeshafks sighted per day from SCDO logbook data
for pre-2007 and post-2007 periods. Bars indicagsiandard deviation.

Duration of visits

The duration of visits by sharks to North Neptusiand during the study were
compared to equivalent data from the 2001-2003defiihe duration of visits during
the 2010-2011 study were significantly higher tdanng the 2001-2003 period (Mann
WhitneyU-test, median 2010-2011 = 6.5 days; median 200B-200 daysp

<0.0001). The 2010-2011 data, however, were basdxbth a larger number and a
different configuration of receivers, with eightegvers surrounding North Neptune
Island (2010-2011) as apposed to three receivdog®ents within and immediately
north of the bay in 2001-2003 (see Bratal 2005 for details of the latter). To ensure
that these results were not a product of differsmeeeceiver location and coverage,
analyses were repeated using only data from theG/fReéeiver. The VR4G receiver
was deployed near to the 2001-2003 location ofivecein the bay and thus data were
less likely to be biased by such effects. The VRd¢eiver was deployed continuously
from 2008 and this also provided data over a lopgeiod than the full 2010-2011
array. Differences between the duration of visiggevagain highly significant between
the two periods with the 2008-2011 VR4G data setnding significantly longer visit
durations than those recorded during the 2001-2@0®d (Mann Whitney-test,
median 2008-2011 = 3 days; median 2001-2003 = &;gay 0.0005).

It is possible that the number of sharks presentimfauence the duration of visits as a
result of competitive interference (Case and Gill@74, Krause and Ruston 2002).
This may occur if sharks naturally compete for tgses, in this case, access to seals or
access to the most reliable zones around the Nepsiands for successfully
intercepting such prey. Such competition may rasuharks increasing their duration
of visits to ensure they capture sufficient preyimiy periods of increased shark
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abundance when competition between sharks is Highes 2010-2011 period (after
June 2010) was notable for the extended perioth@f@average shark sightings (see
Figure 5) whereas data from 2009-2010 was more aoabfe to average shark activity
at the Neptunes (based on operator logbook datard=14). To remove possible
confounding effects of increased shark numbersoomparisons between periods,
analyses were repeated separately removing fis2011 data and, second the
2010+2011 data from the VR4G data series. Bothexpent analyses also supported
highly significant increases in the duration ofitigompared to the 2001-2003 period
(Mann-WhitneyU-test, 2008-2010 visits > 2001-2003 visits, p<O0QN@D08-2009

visits > 2001-2003 visits, p = 0.0001).

The duration of visits by sharks to the South Negtlslands were also compared
between 2001-2003 and 2010-2011 periods. Receneane deployed in nearly the
same locations between the study periods (see Ritwe2005 for details of the 2001-
2003 deployments) and thus were readily compar#éblbis case, the duration of visits
was not significantly different between the twoipds (Mann-WhitneyJ-test, median
2001-2004 = 1.5 days; median 2010-2011 = 2.0 days).709). This combined with
the above analyses suggest that the increasedatucdtvisits by sharks was an effect
restricted to the North Neptune Islands only.

| sland contact time

Island contact time was plotted for both the 200022and 2010-2011 periods to
provide a visually interpretable relationship witle duration of visits. Island contact
time gradually declined with increasing visit dumatduring both periods (Figures 16
and 17) suggesting a possible habituation respovesetime.
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Figure 16: Island contact time as a function oftwdsrration (2001-2003).
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Figure 17: Island contact time as a function oft\dsration (2010-2011).

Diel Pattern of shark activity at North Neptune lsland berley sites

Current study (2010-2011)

A clear diel pattern of detections was apparebbét the North Neptune Island berley
sites (Figures 18 and 19), with detections increasi frequency from 0700-0800,
rising to a peak during the day and then declitning low and stable level after 2000-
2100. However, there was some evidence of sligfgrdinces between berley and non-
berley days. The diel pattern on days when bertggoturred was a more evenly
distributed rise and fall in the detection frequenttagged sharks over the period
0700-2000 with a peak around 1300. On days whdeyieg did not occur, detections
of tagged sharks tended to peak earlier in thg(8@%0-1200) and drop off more
substantially during the afternoon (1400-1700). @hmunt of data (detections) during
non-berley periods was significantly less thanniyiberley periods (due to the lower
frequency of non-berley days at both sites), sedlpatterns may be biased by the
differences in the amount of data. However, pastevare consistent between sites
which support an effect during berley periods.
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Figure 18: Diel pattern of detections (30 min blecf tagged sharks at North Neptune Island 201020
during berley and non-berley periods at the besieyinside the bay (Site 1); n = number of detextiof
tagged sharks.
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Figure 19: Diel pattern of detections (30 min blgckf tagged sharks at North Neptune Island 2010:20
during berley and non-berley periods at the noritoarley site (Site 2); n = number of detections of
tagged sharks.
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Previous study (2001-2003)

Data were similarly plotted for both berley sitesnfi the 2001-2003 study period
(Figures 20 and 21). The amount of data (humbeetdctions) during berley periods
were considerably less than non-berley periodoti sites due to the lower frequency
of berley days during that study period.

A clear diel pattern in the detections of taggearkf was observed inside the bay at the
North Neptune Islands (Site 1). However, no sudkepawas evident in detections
north of the bay at Site 2, where detections weseersvenly distributed throughout the
24 hour cycle with minor peaks at 0700-0900 ar2fl@0-2200. Detections on berley
days inside the bay were more concentrated dun@®700-2000 period with peak in
detections around 1200 and a secondary peak ad@0@ During non-berley days,
detections were more broadly distributed betwegmagmately 0500 and 2000 with a
peak at approximately 1200-1300. The hourly distidn of detections at Site 2

showed little difference between berley and noneyegperiods.
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Figure 20: Diel pattern of detections (30 min blecéf tagged sharks at North Neptune Island 20@320
during berley and non-berley periods at the besityinside the Bay (Site 1); n = number of detaxiof
tagged sharks.
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Figure 21: Diel pattern of detections (30 min blgckf tagged sharks at North Neptune Island 20320
during berley and non-berley periods at the noritoarley site (Site 2); n = number of detections of
tagged sharks.

These differences in diel patterns suggest thaé thas been a significant change in the
daily pattern of shark activity at berley Site @rfr the 2001-2003 to 2010-2011 periods
with a shift to a high degree of daytime activitmgar to the pattern observed within
the bay at Site 1.

Arrival and departure of sharks

The arrival and departure times for sharks wereutaled based on acoustic detection
data. An arrival time was registered when a shaX fivst detected on any one of the
North Neptune Island array receivers and sharke weemed to have departed if the
period between detections exceed 3 hrs. Three heagshosen on the basis that 75%
of all gaps between detections during visits wess lthan this period (Figure 22).
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Figure 22: Cumulative histogram of the length ofdibetween successive detections of individuakshar
(binned by 30 minute blocks) for all tagged whitauks (2010-2011 data).

Examination of the 2001-2003 data by 30 minute tmoeks indicated that arrivals and
departures of sharks were evenly distributed o\t hour period during berley and
non-berley days (Figures 23 and 24; Table 3).
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Figure 23: Hourly frequency of arrivals and depaasuof tagged sharks at North Neptune Island on
berley days (2001-2003 data); n = number of reabedevals or departures.
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Figure 24: Hourly frequency of arrivals and depaasuof tagged sharks at North Neptune Island or non
berley days (2001-2003 data); n = number of reabedevals or departures.

During the 2010-2011 study, arrivals on days whentelying occurred showed a clear
peak in frequency between 0730-0830 (Figure 25indilar, although slightly broader
peak (0700-0900) was also evident in arrivals amloerley days (Figure 26). These
patterns were significantly different to the 200003 data (Table 3).
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Figure 25: Hourly frequency of arrivals and depaasuof tagged sharks at North Neptune Island on
berley days (2010-2011 data); n = number of reabedevals or departures.
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Departures on berley days occurred over a morensixi period than arrivals and
peaked between 1400 and 2200. Departures on négyakrys were also more broadly
spread, peaking between 1200 and 2100.
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Figure 26: Hourly frequency of arrivals and depasuof tagged sharks at North Neptune Island oA non
berley days (2010-2011 data); n = number of reabedevals or departures.

Table 3: The results gf goodness-of-fit analyses of arrival and departimes during berley and non-
berley periods. Bold values fprindicate a significant variation from an even dlgition over a 24 hour
cycle.

Activity and period v* value p value
2001-2003
Berley days - arrival time 50.367 0.342
Berley days departure time 36.500 0.867
Non-berley days arrival time 57.025 0.150
Non-berley days departure time 44.476 0.578
2010-2011
Berley days - arrival time 164.911 <0.0001
Berley days departure time 136.357 <0.0001
Non-berley days arrival time 110.747 <0.0001
Non-berley days departure time 62.456 0.065

The timing of arrival and departure of SCDO (a yréor the commencement and
completion of berleying at North Neptune sites) wasacted from daily logbook data
(2010-2011). Arrival of operators at the North Ne Islands ranged from 0600-1600
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but showed a very distinct peak at 0930-1000 (Edi1). Operators departed the site
between 1000 and 2000, with a less well defined paaging from 1400-1800.
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Figure 27: Distribution of arrival and departunadis by shark cage dive operators at North Neptune
Island (2010-2011) based on daily logbook data.

These data indicate that there has been a sigmifitenge in the daily patterns of
arrivals and departure of sharks at the North Neptalands between the 2001-2003
and 2010-2011 periods, with shark arrivals and daepas now following a diel pattern
and approximating the arrivals and departures afksbage dive operators.

Discussion

The Neptune Islands, situated 60 km south of Piatdln, South Australia, have been
the focus of activities (including berleying) teew, film and cage dive with white
sharks since the 1960s. Currently, shark cageajpeeator activities occur primarily at
the North Neptune Islands due to their close prayito Port Lincoln, the area’s
protected anchorages and, for the area’s relidf@eksencounters. Activities are
relatively rare at the slightly more distant, aegld well protected, South Neptune
Islands. Berleying activities at the South Neptlst@nds accounted for only 4.1% of all
berley days prior to 2007 (total number of days,3v9) and only 1.1% of all berley
days post-2007 (total number of days, n = 1026).

Acoustic monitoring at the North Neptune Islanddi¢ated that tagged white sharks
change their distribution to align with areas diacberleying over small spatial and
temporal scales. Berleying by shark cage dive apesdSCDO) at the North Neptune
Islands occurs at two primary sites: one insidmalkbay and the other to the north of a
gap between two islands that make up the groupselbiges are separated by
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approximately 700-800 m and the centre of actigftgharks changed between them in
unison with the presence of berleying activity.sltvas consistent with SCDO
observations where visual contact with individuzris could be readily re-established
after moving berleying operations between the titessStronget al (1996) concluded
that the attracting effects of berley can extener@a/scale of several kilometres and
thus the distance between the two berleying sitks Well within the range for
attracting sharks from one site to another. Thepoase to berleying is an expected
result. The success of tourism ventures designetkto white sharks is reliant on
attracting sharks already present in the areattuimihe visual range of the vessel
(Larocheet al. 2007). However, this result also demonstrateisthigaacoustic receiver
system deployed at the Neptune Islands was alaldequately monitor the response of
sharks to SCDO activities in the area and provadesidence that the arrays also
adequately captured the pattern of habitat usénasks in the Neptunes Islands system
in general.

The two berley sites are located off eastern seabthe North Neptune Islands. These
sites are adjacent to the areas where seals almhseare most common (Shaughnessy
and Mckeown 2002, Simon Goldsworthy, SARDI, pesnm.). Shark activity
(regardless of berleying) was significantly higirethese eastern sectors than in any
other areas surrounding the North Neptune IslaBuisilar, uneven distributions of
white sharks have been reported around other stalies, with sharks showing a
general preference to occur in areas close to themum concentration of seals, or
within the areas of common corridors that sealstasgproach and depart island
systems (Klimley and Anderson 1999, Mawtinal. 2005). These observations suggest
that the uneven distribution of sharks at the Ndigptune Islands may be a result of
their natural propensity to reside off the eassactors rather than being driven by
berleying operations alone. However, within thisaaof naturally focussed shark
activity, it is clear that berleying influences thecific sites occupied by sharks on
small spatial and temporal scales.

Acoustic monitoring demonstrated that sharks wengpbrary residents of the Neptune
Islands and that individual residency periods comignoomprised a series of visits
(consecutive days of detections) interspersed dais where sharks were not detected.
This was consistent with observations on habitathyswhite sharks at the Neptune
Islands during a similar 2001-2003 study by Bratal (2005) and is consistent with
acoustic monitoring of tagged white sharks in otlrelas of the species’ range (e.g.
California - see Jorgensenal 2009). A lack of detections did not necessarigam

that sharks had completely departed the Neptutesdis system, as sharks had only to
move > 500 m from the acoustic array for detectionsease. However, periods of
extended absence were generally few when sharlesnesident, indicating a
propensity for sharks to remain in the close vigioif the islands when present.
Confirmed departures of sharks were apparent wienwere detected by acoustic
receivers at other sites. Sharks, for example, rmaderal return transits between the
North and South Neptune Islands and, in severaiscaise transit times indicated rapid
and direct travel between these sites. These tsamsturred regardless of berleying
activity at the North Neptune Islands. Directed/élebetween sites of temporary
residency has been demonstrated for juvenile, duli-and adult white sharks over
both small (< 10s km) and large (1000s km) spatiales (Bonfiket al. 2005, Brucest
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al. 2006, Johnsoat al. 2009, Jorgenseet al. 2009, Bruce and Bradfoid press. This
behaviour appears to be a common, and thus presyimainal, feature of the species
across its range. Detection records for many shaglised well prior to the end of the
study suggesting they had departed the Neptunedsisystem. This was confirmed in
three sharks which were all detected on acousteivers set approximately 2000 km to
the west (Chatham Island, Western Australia) dfterr last detection at the Neptune
Islands. Sharks tagged with acoustic tags at theuxe Islands prior to the 2010-2011
study have also been detected on Western Australrags off Bremer Bay, Albany,
Rottnest Island (Perth) and off Ningaloo Reef. Ehalsservations support the common
westerly movement of white sharks after their deparfrom the Neptune Islands
described for satellite-tracked individuals by Bxet al. (2006). These data support
that although berleying influences the local spattale of white activity at the Neptune
Islands, individuals still depart the area and wtade broad-scale movements across
southern and western Australia consistent withraghedies of their behaviour.

Previous studies on the effects of berleying ontevbinark behaviour have concluded
that impacts are localised and relatively minomu@ret al 2005, Larochet al. 2007).
However, both studies suffered from a lack of hasedr control data with which to
compare results, and in both cases the amountriefyioey activity relative to the

current situation at the Neptune Islands was reditilow, albeit effort had been
ongoing for many years. The previous study of whitark residency and habitat use at
the Neptune Islands by Brueeal. (2005) was prior to the 2007 (and subsequent)
increase in berley effort. This previous data Baestprovided the opportunity to
compare current shark behaviour after three ydasgnificantly increased berleying
effort (post-2007).

Temporarily altering the behaviour of sharks is ohthe key elements of a successful
and economically viable shark cage diving operasind an essential element for client
satisfaction. Sharks are attracted to the vessketantact time is encouraged so as to
enable clients to view sharks that would otherwigebe reliably seen. However,
wildlife tourism that involves provisioning (feedjy attraction, or some form of reward
for the animals involved, can often result in ches\tp behaviour in target species that
last over different time scales and may give rsertintentional effects on those species
and the ecosystem within which they reside (Ora@@2® Behavioural changes in the
context of provisioning or berleying operations nmagnifest as an acceleration in
response time and/or increased contact time betteeget species and the tourism
operation (Larochet al. 2007, Maljkovic and Cote 2011), arrival at theowisioning’
site in anticipation of vessel arrival (Meyatral 2009), changes in the duration that
target species remain in specific areas, and/arggsain diel activity, residency
patterns and depth-swimming behaviour (SemeniukRattlley 2008, Fitzpatrickt al
2011).

Comparisons between the behaviour of sharks acallgtmonitored during the 2001-
2003 and the 2010-2011 periods, as well as data fihe VR4G mooring and SCDO
daily logbooks over more extensive time periodsgalected significant changes in
shark behaviour and residency at the North Nepksiaads since berleying effort and
its regularity increased from 2007 onwards.
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Logbook data indicate that there has been a stgmifiincrease in the number of sharks
sighted per day by SCDO since 2007 and that tei®@se is apparent across every
month. It is tempting to assume that this increasark sightings is a result of an
increase in population size in response to theispgrotection in the late 1990s
(Malcolmet al 2001). Long-term monitoring of shark activity finche same logbook
data indicates that the pattern of shark activéges with season and between years
(Figure 28), with periods of below, or of no, shadkivity occurring at the North
Neptune Islands both pre and post-2007, regardfems overall average increase in
sharks sightings. It is unclear what drives themgations in shark activity, but it is
likely that they relate to environmental influene@esl manifest over far broader areas
than the North Neptune Islands alone. These inter@nvariations make it difficult to
determine population-level changes in abundanca theese data.
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Figure 28: Long term (1999-2011) aggregated mordhaba of shark activity (sharks sighted per day) at
the North Neptune Islands. Data represent devigfimm the long-term average for each month. Resiti
values indicate an above average number of shagtted during the month; negative values indicate a
below average number of sharks sighted duringrtiatth.

Concurrent with the increase in recorded sharktsigh since 2007, sharks have
significantly increased the duration of their \gsatt the North Neptune Islands.
Increases in the population size of sharks mayraliyuncrease shark residency times
if animals were competing for access to the sammeuree (in this case seals/sealions)
and if sharks were required to adequately provisioseals prior to their departure
from the Neptunes system. This process is reféa@d competitive interference (Case
and Gilpin 1974, Krause and Ruston 2002). Longsidesnce times may ensue if
competition between sharks resulted in some anitakisg longer to capture sufficient
seal prey to adequately provision themselves andeneequiring an extension of their
visits to do so. The short-term residency of shéwkbe Neptune Islands system
followed by departure, long distance travel to ofieeding sites where prey different to
seals are targeted and then return to the Nep{@8neseet al 2006) is consistent with
provisioning on seal prey being an important, mly @art component of a shark’s
annual diet. Although not conclusive, this is cetesnt with a scenario that may lead to
competitive interference at the Neptune Islandsndfeark numbers increase. However,
an increase in shark sightings is also a predietatshsequence of an increase in the
duration of visits even in the absence of an oVéeratease in population size or
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competitive interference. An increase in the doratf visits results in sharks
accumulating on site and thus the probability afeemtering (= sighting) any one
particular shark is increased. Notably, the duratibvisits at South Neptune Island was
not significantly different between the 2001-2008 ahe 2010-2011 data sets,
suggesting that this change is exclusive to thei\§eptune Islands where SCDO
activities primarily occur. It is reasonable to egpthat if the increase in the duration of
visits was in response to a general and more widadgpncrease in population size, that
a similar effect would be apparent at the SouthtitepIslands. The increase in
duration of visits, exclusive to the North Neptusikands, is consistent with a response
to provisioning/berleying at that site (Laroatteal. 2007, Maljkovic and Cote 2011).

Acoustic monitoring also recorded changes in thiy digstribution of detections of
tagged sharks at the North Neptune Island berteg.din the 2001-2003 study, sharks
showed a distinct diel pattern in detections a $itnside the bay where, at that stage,
most berleying operations occurred. DetectionstatZ where berleying operations
were comparatively infrequent, showed no evideri@diel pattern. Post-2007 the
number of days when berleying occurred at SitecBessed substantially in line with an
overall increase in berleying effort. In excesgl@® days of berleying have been
registered at Site 2 since 2007 with the frequearidyerleying activities also increasing
at Site 1. Berleying activities at both sites folé a more regimented daily timing
post-2007, occurring during daylight hours betw@660 and 1600. Sharks monitored
in the 2010-2011 acoustic study showed distindtpghéerns of detections at both Sites
1 and 2, indicating a maintenance in the 2001-2&0&rn at Site 1 and a substantial
change at Site 2 in-line with an increase in bénigeffort at that site and matching the
overall daily window of the berleying operationstlbly, the diel patterns in shark
detections at both Sites 1 and 2 were maintained em days when berleying did not
occur. Diel patterns in habitat use by sharks a# documented for a variety of
species (Klimleyet al 1988, Hollancet al. 1993) and have been suggested for white
sharks as being part of a natural diel cycle intimgrbehaviour around seal colonies
(Bruceet al. 2005). However, the change in diel behaviourit@ &in conjunction with

a substantial increase in berleying effort at #ii@ is consistent with a response to
provisioning/berleying at that site similar to tlwdserved in other shark and ray species
in areas where provisioning occurs (Semeniuk artilBp2008, Fitzpatriclet al

2011). Furthermore, the maintenance of this patterdays when berleying did not
occur suggests an anticipatory response by shatkarteying operations on site.

Arrival of sharks at ‘provisioning’ sites in anfo@tion of vessel arrival has been
observed or suggested in a number of studiesNgeret al 2009, Fitzpatriclet al
2011 and references therein), but has not prewidaetn demonstrated in white sharks.
Acoustic monitoring in 2010-2011 demonstrated akedichange in the timing of
arrival and departure of sharks at both Sites 12aatdthe North Neptune Islands
compared to the 2001-2003 study. During the 2001320udy, shark arrival and
departure times showed no diel pattern on eithéeyper non-berley days. In the 2010-
2011 study, sharks showed a distinct diel pattaeth arrivals peaking between 0700
and 0900 with a distinct, but slightly more diffupeak in departures between 1400 and
2200. The peak in arrival times of sharks was imatety prior to the peak in arrival
times of SCDO vessels which occurred between 088QLA00. Departure of SCDO
vessels occurred over a more extensive time wirtiawvfell within the peak window
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of shark departures. Stroegal.(1996) observed that white sharks remained present
for a period up to several hours after berleyingseel, undertaking a swim behaviour
they described as ‘downstream circling’. Downstrearmling was regarded as a
response by sharks to the presence of the belayeplntil it dissipated, a process
dependant on local conditions at the time. Thedgoaeak in shark departures relative
to the cessation of berleying is consistent widtsthobservations of Stroegal.

(1996). A similar, although slightly less pronoudgcpeak in arrival and departure times
of sharks was also apparent on non-berley daysr@dsons for the pattern being less
distinct on non-berley days may be a result ofétming less data for these days or that
sharks did not respond as strongly when berleyatigigies did not occur. In any event,
the shift from no daily pattern to a distinct dgilgak in arrivals and departures by
sharks that was in phase with the arrival and depaof SCDO vessels, and that
propagated through to non-berley days, is condistgh both a change in diel activity
and an anticipatory response by sharks to SCD®itesi as a result of berleying/
provisioning (Semeniuk and Rothley 2008, Meyer 089, Fitzpatriclet al. 2011).

The extent of changes observed at the North Neptlaeds was unexpected based on
the ambiguous results of previous studies of wsti@rk responses to berleying
operations (e.g. Larochet al. 2007). Berley by itself does not constitute pstming,

the latter referring to feeding of the target specBerley attracts sharks by providing
an odour corridor over distances of up to sevalahietres and visual cues over
smaller spatial scales close to its source (Stetra 1996). Berley used by SCDO is a
mix of tuna oil and minced fish products. Whilenay provision finfish in the area,
berley is comprised of particles too small for whsharks to feed on. Teaser baits used
to lure sharks closer to the vessel, thereby istngahe proximity experience between
sharks and tourists, provide the only provisiorapgortunity for sharks during SCDO
operations at the Neptune Islands. Teaser baitgesrerally pieces of tuna in the form
of head, trunk, tail sections, or gill and gut remsaTeaser baits vary in size from one
to several kilograms. Normal SCDO operating procesllimit the number of teaser
baits taken by sharks, but does not prevent thigpbetely. It is unclear if the current
level of inadvertent provisioning provided to shealy them occasionally intercepting
teaser baits is sufficient to generate a conditiaesponse. It would seem unlikely that
teaser baits would be sufficiently consumed to g®wa sufficient alternative, and
hence a conditioned response, relative to the getided by a normal seal Kill.
However, this cannot be ruled out and the conswnpif teaser baits by individual
sharks should be monitored. The size of teases baduld be minimised and the
consumption of such baits by sharks should aldonbed as much as is practical.

Even without the consumption of teaser baits, tassible that white sharks are
sufficiently programmed to respond to the odouridor that berley produces to
maintain an interaction and thus become conditiaoedspond to SCDO operations.
Under natural circumstances odour corridors cormgibiological products provide
cues for sharks to locate marine animal carriohrtiey represent critical feeding
opportunities (e.g. in the case of a marine mansuel as a dead whale). Response to
such stimuli even in the case where no rewardhgged may be an overriding
response in white sharks. If this is the case kshaway forgo feeding and thus
provisioning opportunities on seals when presetit@tNeptune Islands in preference to
responding to a suboptimal feeding opportunityhia fiorm of berley and occasional
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teaser baits. Such a distraction response to SGiz@ations would have the potential to
come at an energetic cost to sharks in the forlostffeeding opportunities. Such
impacts have been recorded for other species.aiiflet al. (2006) concluded that
distraction caused by tourist vessels may reduesggnntake in killer whales by up to
18%. Such changes to behaviour may have impaabshen species in the area. If
sharks are distracted from natural feeding oppdrasnor, occupy areas or undertake
swimming patterns that are not conducive to nogpnadlatory behaviour, then these
may result in changes to the overall predatoryqaneson seals and sealions in the area
as suggested by Larochkeal (2007) for shark-seal interactions in South Adric

Although all parameters examined suggest behaviobemges have occurred that are
consistent with those observed in other shark apdpecies in response to berleying, it
is inconclusive whether they represent long-terststo white sharks visiting the
Neptune IslanddJnderstanding the repercussions to white sharlk#t@fed behaviours
attributable to the effects of berleying is comalexd as sharks are only temporary
visitors to the North Neptune Islands where berigyccurs, and thus are only exposed
to this activity for the periods during which theyside there. Determining the impacts
of such effects are beyond the scope of this stddyever, various issues have been
documented in other situations where wildlife, utthg sharks and rays, are attracted
for the purpose of tourist viewing includinigpendence on provisioning, overfeeding,
malnourishment, increased aggression, altered miradisrupted ecological
relationships and an unbalancing of energetic bisd@rams 2002\lewsomeet al

2004 Semeniuk and Rothey 2008, Semeretial 2009, Cluaet al 2010).

Given that white sharks are a listed threatenedisp@nd thus subject to protection
provisions under both State legislation and the @omwealth Environment Protection
and Biodiversity Conservation Act 1999 (EPBC Aetprocess to minimise the impacts
of berleying operations on shark behaviour at tbeiNNeptune Islands is warranted.
The challenge for managing agencies and the SCB@siry in South Australia, will be
to find a balance between reducing these impacshark behaviour and the ecosystem
within which they reside, while maintaining a sussfel, economically viable and
world-class shark cage diving experience thatlfutfiient expectations, continues to
contribute significantly to the local economy andypdes a platform for education and
research on white sharks and their conservatiantive future.

Recommendations

A) Reduce berleying/provisioning effort at the North Neptune I slands:

All monitored parameters support that there hawnldanges in the patterns of shark
behaviour at the North Neptune Islands which aresistent with impacts from
berleying/provisioning operations. This suggestd the current level of berleying
should be reduced, or at least capped, to miniemgefurther behavioural changes.
Teaser baits should be of a minimum size requbdukteffective and all reasonable
efforts should be made to minimise the number dsliaken by sharks.
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B) On-going monitoring of shark behaviour:

The monitoring of shark residency periods, duratbwisits and daily patterns of island
contact should continue so as to evaluate the lhairaof sharks in response to any
mitigation actions and provide feedback to managigencies and the industry
regarding the efficacy of management actions. Waisld be most cost-effectively
achieved by maintaining the remotely monitorediumat-linked VR4G receiver onsite
within the bay at the North Neptune Islands (beBég 1) and continue to tag sharks
with acoustic tags to monitor shark behaviour. @Giersition should be given to
deploying additional iridium-linked VR4G receivasberley Site 2 (North Neptune
Islands) as well as at South Neptune Island, titerleo monitor comparative shark
behaviour at that site. If management actions wevolpening additional sites to
berleying in South Australian waters, these sitesikl also be monitored by acoustic
receivers and the tagging of sharks at thesesiteld be commenced at the start of any
program of SCDO activities.

C) Implement an education and awar eness program about the risks posed to

sharks by excessive berleying or provisioning and the key tactics used in mitigating
the negative impacts of tourism:

Managing the impacts on sharks of SCDO operatibosld be seen as achieving
world’s best-practice in this industry and a ben@rk example for other areas where
such activities are undertaken. SCDO and theintdishould have access to material
that clearly articulates how the industry is mamhgéhy this management is important
and, specifically, how the impacts on sharks aedettvironment of industry activities
are mitigated. The shark cage dive industry in Bdutstralia has a long history of
supporting research on white sharks and providdeal platform to educate clients
about shark ecology, movement patterns and cortsamv&ducational material
detailing these research findings should be aVaileball clients to improve
conservation awareness.

Acknowledgments

Funding for this project was provided by the CSIR@alth from Oceans Flagship, the
Department of Environment and Natural ResourcestiSaustralia, and from a
donation to white shark research from Calypso Gtarters. All work was carried out
under Animal Ethics permit(s): AEC 5/2008-09; AE&/2009-10 (Department of
Primary Industries, Parks, Water and Environmeagniania). Philipp Berens provided
advice on the use of circular statistics (howethez,authors accept all responsibility for
errors or misuse). This work would not have beessfibe without the assistance,
advice, and support of the following: Andrew “CRB6omer and Phil “the Missile”
McDowell (Australian Animal Tracking and Monitorirgystem), Kent Stannard (Tag
for Life Foundation), Ron Forster (Calypso Star d1a), Charlie Huveneers (SARDI),
Rachel Robbins (Fox Shark Research Foundationgapelcially Andrew Fox (Rodney
Fox Shark Expeditions) and Andrew Wright (Calypsar &£harters) for their
unwavering support, experience, assistance witgroond logistics, and for generally
keeping a close eye on deployed equipment.

39



The effects of berleying on the behaviour of wisttarks

References

Berens, P. (2009). CircStat: A Matlab toolbox focelar statistics. Journal of
Statistical Software 31: 1-21.

Bonfil, R., Francis, M. P., Duffy, C., Manning, M. and O’Brien, S. (2010). Large-
scale tropical movements and diving behaviour atevsharksCarcharodon
carchariastagged off New Zealand. Aquatic Biology 8: 115-123

Bonfil, R., Meyer, M., Scholl, M. C., Johnson, R!Brien, S., Oosthuizen, H.,
Swanson, S., Kotze, D. and Paterson, M. (2005nseeanic migration, spatial
dynamics, and population linkages of white shaBcence 310: 100-103.

Boustany, A. M., Davis, S. F., Pyle, P., AndersenD., Le Boeuf, B. J. and Block, B.
A. (2002). Expanded niche for white sharks. Nadis: 35-36.

Bradford, R. W., Bruce, B. D., McAuley, R. B., Rabon, G. (2011). An evaluation of
passive acoustic monitoring using satellite commatnon technology for near real-time
detection of tagged animals in a marine setting Open Fish Science Journal 4: 10-
20.

Bruce B. D. (1992). Preliminary observations onltl@ogy of the white shark,
Carcharodon carchariasn South Australian waters. Australian JournaMafrine and
Freshwater Research 43: 1-11.

Bruce, B. D. (2008). The biology and ecology of wiate shark Carcharodon
carchariag. In Camhi, M. and Pikitch, E. K.(eds). Sharks of thee® Ocean.
Blackwell Scientific, Oxford pp 69-81.

Bruce, B. D. and Bradford, R. Win(pres$. Spatial dynamics and habitat preferences
of juvenile white sharks in eastern AustralmDomeier, M (ed) Global Perspectives
on the Biology and Life History of the Great Wh@bark. CRC Press, Boca Raton, FL.

Bruce B. D., Stevens J. D., Bradford R. W. (20@fe fidelity, residence times &
home range patterns of white sharks around pinrgpézhies. Final Report to the
Australian Government Department of the Environnasmd Heritage. CSIRO Marine
and Atmospheric Research, Hobart.

Bruce, B. D., Stevens, J. D. and Malcolm, H. (200&)vements and swimming
behaviour of white shark€archarodon carcharigsin Australian waters. Marine
Biology 150: 161-172.

Case, T. J. and Gilpin, M. E. (1974). Interferenompetition and niche theory.
Proceedings of the National Academy of Science U$A3073-3077.

40



The effects of berleying on the behaviour of wisttarks

Clua, E., Buray, N., Legendre, P., Mourier, J. Rilehes, S. (2010). Behavioural
response of sicklefin lemon shafkegaprion acutident underwater feeding for
ecotourism purposes. Marine Ecology Progress Sétiés257-266.

Conover, W. J. (1999). Practical non-parametritisttes (3° edition). John Wiley &
Sons, New York.

DENR (2010). Environmental, Economic and Socialléal of the Neptune Islands
Group Marine Park, Department of Environment antliNé Resources, South
Australia.

DEWHA (2010). Draft national recovery plan for tivbite shark Carcharodon

carchariag http://www.environment.gov.au/biodiversity/threatfpublications/recovery/white-
shark.html

Domeier M. L., Nasby-Lucas, N. (2007). Annual rghdings of photographically
identified white sharksGarcharodon carcharigsat an eastern Pacific aggregation site
(Guadalupe Island, Mexico). Marine Biology 150:9984.

Domeier M. L., Nasby-Lucas, N. (2008). Migratiortteans of white sharks
Carcharodon carchariasagged at Guadalupe Island, Mexico, and identiiceof an
eastern Pacific shared offshore foraging area.ddficology Progress Series 370: 221-
237.

Fitzpatrick, R., Abrantes, K. G., Seymour, J. ardrigtt, A. (2011). Variation in depth
of whitetip reef sharks: Does provisioning ecotenrichange their behaviour? Coral
Reefs. DOI 10.1007/s00338-011-0769-8

Holland, K. N., Wetherbee, B. M., Peterson, J. d howe, C. G. (1993). Movements
and distribution of hammerhead shark pups on tiedial grounds. Copeia 1993:495-
502.

Johnson, R., Bester, M. N., Dudley, S. F. J., Qogdn, W. H., Meyer, M., Hancke, L.
and Gennari, E. (2009). Coastal swimming pattefghite sharks Carcharodon
carcharia9 at Mossel Bay, South Africa. Environmental Biojagf Fishes 85: 189-
200.

Jorgensen, S. J., Reeb, C. A, Chapple, T. K., Amihe S., Perle, C., Sommeran, S. R.,
Fritz-Cope, C., Brown, A. C., Klimley, A. P. anddgk, B. A. (2009). Philopatry and
migration of Pacific white sharks. Proceedingshaf Royal Society B: doi -
10.1098/rspb.2009.1155

Klimley, A. P., Butler, S. B., Nelson, D. R., antulg A. T. (1988). Diel movements of
scalloped hammerhead shar&phyrna lewiniGriffith and Smith, to and from a
seamount in the Gulf of California. Journal of Figiblogy 33: 751-761.

Klimley, A. P. and Anderson, S. D. (1996). Residepatterns of white sharks at the
South Farallon Islands, Californis A. P. Klimley and D. G. Ainley (eds) Great White

41



The effects of berleying on the behaviour of wisttarks

Sharks: The Biology o€archarodon carchariasAcademic Press, San Diego, CA, pp.
365-374.

Krause, J. and Ruxton, G. D. (2002). Living in greuOxford University Press,
Oxford.

Laroche R. K., Kock A. A., Dill L. M., Oosthuizen V. (2007). Effects of
provisioning ecotourism activity on the behaviobimbite sharksCarcharodon
carcharias Marine Ecology Progress Series 338: 199-2009.

Malcolm, H., Bruce, B. D. and Stevens, J. D. (20@&Ljeview of the biology and status
of white sharks in Australian waters. Report to iEmvment Australia, Marine Species
Protection Program, CSIRO Marine Research, HohaB&,pp.

Maljkovi¢, A. and Coté, I. (2011). Effects of tourism-rethf@ovisioning on the trophic
signatures and movement patterns of an apex predagoCaribbean reef shark.
Biological Conservation 144: 859-865.

Martin, R.A., Hammerschlag, N., Collier, R. S. drallows, C. (2005). Predatory
behaviour of white shark€archarodon carcharigsat Seal Island, South Africa.
Journal of the Marine Biological Association of thaited Kingdom 85: 1121-1135.

Meyer, C. G., Dale, J. J., Papastamatiou, Y. Pitn#f, N. M., Holland, K. N. (2009).
Seasonal cycles and long-term trends in abundartsecies composition of sharks
associated with cage diving ecotourism activitreslawaii. Environmental
Conservation 36: 104-111.

Newsome, D., Lewis, A. and Moncrieff, D. (2004).datts and risks associated with
developing, but unsupervised, stingray tourism atilin Bay, Western Australia.
International Journal of Tourism Research 6: 303-32

Orams, M. B. (2002). Feeding wildlife as a touriattraction: a review of issues and
impacts. Tourism Management 23: 281-293.

Semeniuk, C. A. D. and Rothley K. D. (2008). Castgroup-living for a normally
solitary forager: effects of provisioning tourism southern stingrayBasyatis
Americana Marine Ecology Progress Series 357: 271-282.

Semeniuk, C. A. D., Bourgron, S., Smith, S. L. &adhley, K. D. (2009).
Hematological differences between stingrays atisband non-visited sites suggest
physiological costs of wildlife tourism. Biologic@lonservation 142: 1818-1829.

Shaughnessy, P. D. and McKeown, A. (2002). Trenddundance of New Zealand fur

seals Arctocephalus forsteriat the Neptune Islands, South Australia. WildRfesearch
29: 363-370.

42



The effects of berleying on the behaviour of wisttarks

Simpfendorfer, C. A., Heupel, M. R. and HeuterEHR(2002). Estimation of short-term
centers of activity from an array of omnidirectibhgdrophones and its use in studying
animal movements. Canadian Journal of FisherieAgugtic Sciences 59: 23-32.

Strong Jr., W. R., Bruce, B. D., Nelson, D. R. hatphy, R. C. (1996). Population
dynamics of white sharks in Spencer Gulf, Southt/lis. In A. P. Klimley and D. G.
Ainley (eds). Great White Sharks: The BiologyGQ#rcharodon carchariagcademic
Press, San Diego, CA, pp. 401-414.

Weng, K. C., Boustany, A. M., Pyle, P., AndersonDS Brown, A. and Block, B. A.
(2007). Migration and habitat of white shark&a¢charodon carchariasin the eastern
Pacific Ocean. Marine Biology 152: 877-894.

Williams, R., Lusseau, D. and Hammond, P.S. (20B8)imating relative energetic
costs of human disturbance to killer whal®sdinus orca. Biological Conservation
133: 301-311.

Wintner, S. P. and CIiff, G. (1999). Age and growttermination of the white shark,

Carcharodon carchariasfrom the east coast of South Africa. Fishery 8l 97: 153-
169.

43



