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WELCOME!

Welcome to Hobart, Tasmania’s harbour capital anst/lia’s gateway to the Southern
Ocean and Antarctica. Founded in 1803 as a petatycand originally called Hobart Town
or Hobarton, Hobart is Australia’s second oldegltted city after Sydney. The original
inhabitants of the area were the Mouheneener wwhe,were one of up to ten semi-nomadic
tribes that occurred throughout the south-easbregf Tasmania. Hobart extends along both
shores of the Derwent River and its skyline is dwated by Mt Wellington (at 1271 metres).
Mt Wellington is part of the Wellington Ranges aadknown as Kunanyi to the indigenous
people of Tasmania.

Hobart's connections with the Southern Ocean an@r&tica date back to the 18th century
and the city has been the staging site for marnfiegarly exploration and research
expeditions to the Antarctic, including those ofwsan and Amundsen. Today, Hobart is the
home port to both Australia’s and France’s Antarptiograms, as well as being a world-class
centre for Antarctic and Southern Ocean educatnohrasearch. Reflecting this history and
focus for research, our first theme session iswrsouthern oceans and the application of
bio-logging in better understanding the influen€ea@eanographic and climatic conditions on
populations in the Southern Ocean.

Bio-logging research spans many species and apiphsaand in collecting data from a
number of individuals we are often applying theatado questions at the population level
and under multiple management regimes and chamgivigonmental conditions. The three
other theme sessions of the conference are foaus#te application of bio-logging data to
guestions at the population level and to fisherydiversity and conservation management
applications.

The Honourable John Kerin AM, CSIRO Board membelt,apen the conference on
Monday morning. Mr Kerin has had a significant @arentary career, holding Ministries for
Trade and Overseas Development, Transport and Comations, Primary Industries and
Energy and Primary Industry, as well as holdingkkderal Government position of
Treasurer. He was awarded a Member of the Ordaustralia in 2001 and holds an
honorary Doctorate in Science from the Universityasmania. He is a Fellow of the
Academy of Technological Sciences and EngineenmtaaFellow of the Australian Institute
of Agricultural Science and Technology.

The organisers would like to thank our sponsordRC& Wealth from Oceans Flagship, the
Australian Antarctic Division, CSIRO Marine & AtmpReric Research, the University of
Tasmania’s Institute for Marine and Antarctic ScenLotek Wireless Inc., the Tag-A-Giant
Foundation, Star-Oddi and Vemco. We would also fikéhank all of our vendors for their
support of the conference. Thanks are extendedatt Mnsdell, Jacquie Donovan, Tanya
Fisher and Toni Cracknell for their help in prepgrfor the conference. Matt and our
volunteers Ben, Jess, Kilian and Marie will be @pyou out throughout the conference —
we thank them for their enthusiasm and assistance.

Once again, we welcome you all to Hobart and hbpeyou have an enjoyable stay whilst in
Tasmania. We wish you all an invigorating and stating conference and look forward to
all of the presentations making up the program.

Karen Evans, Barbara Block, Campbell Davies, Jolumi&Gand Mark Hindell
Bio-logging 4 Steering Committee
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SPONSORS

We gratefully acknowledge the sponsors of this sysiym profiled below. Their kind
support has allowed us to provide financial assdo students and will help to ensure that
Bio-logging 4 is a success.

()

CSIRO

Research b€SIRO (http://www.csiro.au/science/oceans.htsuipports
adaptive and flexible marine resource allocatiat increasingly finer
time and spatial scales — for fisheries regulatibogliversity conservation
and balanced coastal zone management. With ourgrarnive:

- assess and monitor the distribution of fishers,oencial species and
biodiversity, and the impacts of natural processeshuman activities
deploy satellite, pop-up, archival and acoustis taigd analyse data to
estimate movements, behaviour and trophodynamipslafjic
predators
develop statistical methods for fishery independemnteys and
observations
conduct population, ecosystem and managementgpjratedelling
engage with regional fisheries management organisat
build capacity in Indonesia, Papua New Guinea auifie island
nations.

g

Australian Government

Department of Sustainability, Environment,
‘Water, Population and Communities
Australian Antarctic Division

TheAustralian Antarctic Division (http://www.antarctica.gov.jueads

Australia’s Antarctic program. As a division of tBepartment of

Sustainability, Environment, Water, Population &wmmunities, our

charter is to ensure Australia’s Antarctic intesemte advanced. The

Australian Antarctic program has four goals:

1. Maintain the Antarctic Treaty System and enhancstralia’s
influence in it

2. Protect the Antarctic environment

3. Understand the role of Antarctica in the globainate system

4. Undertake scientific work of practical, economicarational
significance.

IMIAS

INSTITUTE FOR MARINE AND
ANTARCTIC STUDIES

IMAS (http://www.imas.utas.edu.pwas created by the University of
Tasmania in 2010 to encourage collaborative rekaanmarine and
Antarctic science between various parts of the ehsity, CSIRO Marine
and Atmospheric Research, the Australian Antai@iwision and other
agencies.

IMAS aspires to be the leading institution for g#tedy of high-latitude
marine and terrestrial science.

IMAS is in partnership with the Government of Tasmeo deliver
research and extension products for the betternférdsmania’'s
aquaculture and fishing industries.

WIRELESS
FISH & WILDLIFE MONITORING

Lotek Wireless (http://www.lotek.conis a world leader in the design and
manufacture of fish and wildlife monitoring syster@ar innovative and
internationally recognized radio, acoustic, archarad satellite monitoring
solutions allow researchers to track animals, bamtfish of almost any
size, in almost any environment.
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TAG A GIANT

Tag-A-Giant (TAG; http://www.tagagiant.ongis the world!s only
organization dedicated entirely to bluefin tuna&GIsupports the
scientific research necessary to develop innovangeffective policy and
conservation initiatives to ensure a future forthem bluefin tuna in the
Atlantic and Pacific oceans. In the past decadetehm has placed 1,700
electronic tags on northern bluefins, providingd®®, days of bluefin
behavior in the Atlantic and over 64,000 trackiryslin the Pacific.

STAR ‘' ODDI

Star-Oddi (http://www.star-oddi.comhas become recognized as one of
the world’s leading manufacturers of technologyriesearch on the oceans
and its living resources. Star-Oddi offers a widege of environmental
research equipment such as fish archival tags et onderwater data
loggers.

A division of

For over 26 year8/EMCO (http://www.vemco.comhas been designing
and manufacturing underwater acoustic telemetrypegent for fisheries,
biologists, and aquatic research specialists. Pineyide customized
underwater acoustic telemetry and tracking equigrmescientists
studying the behaviour patterns of marine and fwesér animals.
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GENERAL MEETING INFORMATION

Venue

Bio-logging 4 is being held at the Wrest Point Hated Convention Centre, situated on
Hobart's waterfront in Sandy Bay. The main plenairyhe conference will be held in the
Plenary Hall, with posters being exhibited in theesman Room and trade exhibits located in
the Tasman (exhibition) Foyer. The Wellington Rosmavailable for break-out sessions and
group discussions. Room for use of laptops for sst@ wireless internet is also available in
the Wellington Room. Morning tea, lunch and aftenméea will be held in the Tasman
(exhibition) Foyer.

Wireless internet will be provided free of chargeotuighout the conferences areas. We
request that delegates refrain from computer usieaiPlenary Hall — room in the Wellington
Room is available for use of laptops for accessiteless services.

Registration

Registration will occur at the conference registratiesk located at the entrance of the
Tasman (exhibition) Foyer. Any general questiomgrding the conference should be
addressed to the Registration Desk staff. The Ragmn Desk will be open during the
following hours:

Sunday 13 March: 14:00-17:00
Monday 14 March: 07:30-17:00
Tuesday 15 March: 08:30-17:00
Thursday 17 March: 08:30-17:00
Friday 18 March: 09:00-17:00

Trade Exhibits

A range of trade exhibits will be located in thesirean (exhibition) Foyer and will be
accessible during the hours of the conference.dagds are encouraged to take the time to
have a look at these and talk to the represensativeupying the exhibits. A full list of
companies with trade exhibits at the conferencebeareferred to on our trade exhibit page.

Oral presentations

Plenary sessions will be held on the Monday, Tugstlaursday and Friday of the
conference. Oral presentations should be deliveneal CD or a clean USB memory stick to
the Wrest Point Convention Centre A/V staff in Bgeakers Preparation Room well in
advance of assigned presentation times. Presetieesluled in morning sessions must
submit their presentations by 17:00 on the dayreetweir presentation and those scheduled
in afternoon sessions must submit their presemstxy morning tea on the day of their
presentation. The exceptions to this will be préssmon the Monday and Thursday mornings
of the conference. Presentations for the Mondaynmgmust be submitted in the afternoon
between 14:00-17:00 on Sunday 13 March and thag@dol hursday morning submitted no
later than 17:00 on Tuesday 15 March.

Please ensure that your presentation does notcexiceallocated 15 minutes — you will be
asked to leave the podium after 15 minutes regssdiewhether you have finished your
presentation or not.

Poster presentations
Posters will be on display for the entire confeeeimcthe Tasman Room. Posters may be
hung on Sunday 13 March from 14:00-17:00 hourshathe morning of Monday 14 March

6
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from 7.30am until morning tea. All posters mustioeg in their allocated positions by the
start of morning tea on Monday 14 March. A Postegritng cocktail function will be held on
Tuesday evening from 17:30-19:30 in the Tasman Rdétoster presenters should stand with
their posters during this event. This event isriestd to registered conference delegates only.

Icebreaker

A welcome cocktail function will be held on Mondag March from 18:00-20:00 at the
Hobart Town Hall. Transport will be provided betwe&/'rest Point and the Town Hall, with
return back to Wrest Point after the function.diiyrequire transport to the Town Hall from
Wrest Point, buses will be at the main entrand&/test Point (main doors) at 17:30. Buses
will be departing for return to Wrest Point at 2Dféom the Hobart Town Hall. There will be
no additional transport provided, so delegateseno®uraged to be at bus pick-up points on
time. This event is open to registered conferemtegates and paid guests.

Conference Dinner

The conference dinner will be held at Moorilla Estan Thursday 17 March from 19:30-
23:30. Transport from Wrest Point to Moorilla Estatill be provided via two ferries, the
first departing at 18:00 and the second departid®#0. Your conference dinner ticket will
state which ferry you have been allocated to. Salagl of catering associated with ferry
transport to Moorilla Estate requires that delegatepart Wrest Point on the ferry to which
they have been allocated — please do not swap eetieeries. Dinner tickets must be
provided for access to the ferry — no ticket, noyfeno dinner. Please ensure you are on the
Wrest Point ferry jetty 15 minutes prior to yourriés scheduled departure. Transport back
to Wrest Point via a drop off point in the city tenwill be provided with buses departing
from Moorilla Estate at 22:15, 23:00 and 23:45.rehaill be no additional transport
provided, so delegates are encouraged to be attdeppoints on time. This event is open to
registered conference delegates and paid guestsabva dinner tickets.

Workshops

A number of workshops are being held in associatiith the conference on Saturday 12
March, Sunday 13 March, Wednesday 16 March and@&atl9 March. Please refer to our
workshops page for further information on these.

Proceedings

The proceedings of the Fourth International Sci€Symposium on Bio-logging will be
published in a scientific journal soon to be deieed; the editor of Deep Sea Research Il
has expressed considerable interest. Please cheglkebsite for updates on this and details
on requirements for contributions. We anticipat the deadline for submission of abstracts
for forwarding to the editor will be May 1, 2011.

Discounts for local tourist attractions

A number of companies have provided generous digsan tourist activities and attractions
for Bio-logging 4 delegates, associates and famiynbers. A full list of companies and the
discounts being offered has been provided on thé&oence usb stick provided in delegate
conference bags. The conference organisers wddddithank all those companies offering
discounts for their generosity.

Important phone numbers

Taxis - City cabs: 131 008; Taxi Combined 132 227
Public transport Metro info line: 132201
Emergency — ambulance, fire, police: 000
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TRADE EXHIBITS

The following companies will be exhibiting at Biogging 4. We encourage delegates to visit
our trade partners during the conference.

L@
CLS JCTL

COLLECTE LOCALEALDY SUTEELTES Cefas Technology Limited

www.cls.fr; www.argos-system.org | www.cefastechnology.co.uk

2=ECOTONE’
==y

| www.desertstar.com | www.ecotone.pl
Micro

. Datalogger
6=DHFUS]DI——| Digital

Wil Logge

| www.eonfusion.com email: dofleo@!I- Ieo com

LOteK SIRTRACK

FISH & WILDLIFE MONITORING
| www.lotek.com | www.sirtrack.com

Techno“ 1/ /
GPS system

Www.smru.st-

. www.technosmart.eu
andrews.ac.uk/Instrumentation

Wildlife Computers

Inmovarive Tags for Innovative Resaarch

| www.wildlifecomputers.com |
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WORKSHOPS

A number of workshops discussing related topidsidelogging will be held in association
with the Symposium, providing an opportunity to gmess particular aspects of bio-logging
science and increase the level of scientific disicusacross the bio-logging community. We
hope delegates take the opportunity to participateese.

Workshops to be held in association with Bio-loggigp 4 —
Bio-logged data management and sharing

Date: Wednesday 16 March 2011

Venue: Freycinet Room, CSIRO Marine & Atmospheres®arch, Castray
Esplanade, Hobart

Contact: Francesca Cagnacci (francesca.cagnaccer@ids

CLIOTOP Working Group 2: linking the physiology, behaviour and distribution
of top predators with environmental cues

Date: Saturday 19 March 2011
Venue: Churchill Room, Salamanca Inn, Hobart
Contact: Karen Evans (karen.evans@csiro.au)

Fine-scale on-animal movement sensing: methods, ff@mance and limitations

Date: Sunday 13 March 2011

Venue: Centenary Lecture Theatre, University ofiifasia, Churchill Avenue, Sandy
Bay

Contact: Mark Johnson (majohnson@whoi.edu)

Multivariate biologging: ensuring accuracy in descibing animal energy budgets

Date: Saturday 12 March 2011
Venue: University Club, University of Tasmania, 8amay
Contact: Peter Frappell (peter.frappell@utas.edu.au

Objectively diving into the analysis of time-serieslepth recorder series and
behavioral data records

Date: Saturday 12 March 2011
Venue: Wellington Room, Wrest Point Hotel and Coerfiee Centre, Sandy Bay
Contact: Jamie Womble (jamie.womble@oregonstatg.edu

Tagging through the stages: technical and ecologicehallenges in observing life
histories through bio-logging

Date: Wednesday 16 March 2011

Venue: Wellington Room, Wrest Point Hotel and Coerfiee Centre, Sandy Bay
Contact: George Shillinger (georges@stanford.edtjeden Bailey
(hbailey@umces.edu)

The use of visual media with data in bio-logging

Date: Wednesday 16 March 2011

Venue: Auditorium, CSIRO Marine & Atmospheric Resdg Castray Esplanade,
Hobart

Contact: Randall Davis (davisr@tamug.edu), Gregddall (gmarshal@ngs.org) and
Katsufumi Sato (katsu@aori.u-tokyo.ac.jp)
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THEME SESSIONS

1. Southern Ocean ecosystems

The Southern Ocean is a highly dynamic system, horadarge diversity of species.
Weather, climate, ice extent, and ocean currehisfalence the Southern Ocean which is
considered to be undergoing unprecedented levalsasfge. This theme session focuses on
how bio-logging can provide valuable insights iet@luating the influence of oceanographic
and climatic conditions on individuals and popuas in the Southern Oceans and how
variability in this environment may affect South&nean species into the future.

Moderators: John Gunn, Mary-Anne Lea
2. Fishery and biodiversity management applications

Collection of information on the spatio-temporahdynics of the behaviour of species
relevant to fisheries and environmental managesdkan made possible through bio-
logging science. Integration of such informatiotoipopulation assessments, spatially
explicit management models and ecosystem modédifficult and as a result the uptake of
such data into management applications has laggadwhat. This theme session focuses on
the integration of individual based bio-loggingalat management tools and applications,
new methods for the potential integration of théat into management tools and
applications and future requirements of bio-loggsogence for input into management
applications.

Moderators: Campbell Davies, Julian Metcalfe
3. From individuals to populations — inference of ppulation dynamics from individuals

Bio-logging science focuses on the collection ¢éofnovel behavioural and biological
information from the individual. However, reguladuestions and issues associated with the
collection of these data relate to populations sysems rather than individuals, requiring
the inference of population level and system dyrarfrom individual based information.
This theme session focuses on the use of bio-lggdgta collected at the level of the
individual and the application of these data toradsl issues and questions relating to
populations and systems.

Moderators: Barbara Block, Katsufumi Sato
4. Conservation biology

Data provided through bio-logging science can improur understanding of the behaviour
and biology of species of conservation concerniarttbing so provide information

important for the management of these species.tlbime session focuses on the application
of bio-logging science in understanding the biolagg ecology of species of conservation
concern and the associated development of toasast to conservation issues.

Moderators: Simon Goldsworthy, Nick Gales
5. Habitat modelling

Understanding habitats of importance and how tver@mment may influence the behaviour
of species is critical to understanding how a cirapgnvironment may influence individuals
and populations and what management measures nraglieed to sustainably manage
populations in this changing environment. This teesassion focuses on how bio-logging
data may be used to better understand the relatmbetween individuals, their habitat and
habitat use.

Moderators: Alistair Hobday, Toby Patterson

12
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KEYNOTE SPEAKERS
Dr Christophe Guinet, Centre d'Etude Biologique deChizé-CNRS, France

Christophe Guinet, currently Directeur de Rechemthe
the Centre d’Etude Biologique de Chizé-CNRS, France
has been undertaking research in the field of rearin
biology for over 20 years, specialising in the babaral
and foraging ecology of marine mammals. His regearc
in this field began in 1987, when he spent one year
British Columbia, Canada investing the ecology ibék
whales. In 1991, he completed his PhD on the
behavioural ecology of the Crozet Archipelago kille
whales, and then undertook a two-year contract at
Oceanopolis, Brittany, to investigate the ecolofyy o

s % bottlenose dolphins and grey seals occurring in the
Molene Archipelago. In 1993 he obtained a resepodition in the seabird and marine
mammal research group at CEBC-CNRS focused on stasheling the consequences of
environmental variability on the foraging and briegderformances of top marine predators,
in particular marine mammals. To achieve this d@ais implementing multidisciplinary
approaches relying on the use of a broad varielyggfers. Christophe is currently in charge
of the French contribution to the internationalgmeoms Southern Elephant seal as Ocean
Samplers (SEaOS) and Marine Mammal Ocean ExplB@e to Pole (MEOP), in which
over 100 SMRU CTD SRDLs have been deployed bet#868 and 2010, on both male and
female southern elephant seals that use Kerguetéardeding and moulting. He played a
key role, with the SMRU engineer in developing litest generation of seal oceanographic
tags incorporating fluoremeter or oxygen sensasgaging success of these elephant seals is
assessed by a number of methods relying on file acalyses on Argos-GPS track, dive,
light and/or accelerometers data. On a more applailhe is involved in studying the
operational interaction of killer whales and spevhales with the demersal long line fishing
of Patagonian tooth fish. He has published overskdéntific papers, and supervised 3 post-
doc, 18 PhD and 24 master students.

Dr. Sasha Hooker, University of St. Andrews, UniteKingdom

Sascha Hooker is a marine ecologist at the Sea M&mm
Research Unit at the University of St Andrews, &3ascha
has been involved in research into the ecology and
conservation of marine mammals since 1993. Shé¢hnes
main areas of research: the interaction betweemmar
mammal behaviour and the surrounding environméat, t
application of this to map and protect producticean areas,
and the physiological mechanisms underpinning divin
behaviour. Sascha received her PhD in 1999 frorhdesiie
University, Canada, where she studied the foragowogy of
northern bottlenose whales. She then obtained tadoasoral
fellowship with the British Antarctic Survey worlgron
Antarctic fur seals in South Georgia, and mostmdgex Royal Society Dorothy Hodgkin
Fellowship at the University of St Andrews. She had a long interest in Biologging, from
the trials of trying to attach TDRs to northerntlestose whales, to the tribulations of using
prototype oceanographic and digital camera tag&raarctic fur seals.

13
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Dr lan Jonsen, Dalhousie University, Canada

Dr lan Jonsen is a quantitative ecologist at Dadiou
University. He is the leader of a lab that studiesrole that
movement behaviour plays in shaping the populamiogy
of marine predators. His research focus is on wtdeding
the movement behaviors and distribution of marireglators
through the application of state-space models aladed
analytical methods that reveal hidden patternisyn
electronic tracking data. The rapid advancememelaxftronic
tracking and remote sensing technologies has yledde
impressive array of studies that provide importasight into
the movements, habitat use, and distribution odigtes in the continental shelf and open
ocean realms. Knowledge of relationships betweedgior movements and physical ocean
processes is lacking but essential for understgndistribution, for informing management
policy and conservation programs, and for predictesponses to climate change. lan was
one of the principal investigators on the Censuslafine Life project Future of Marine
Animal Populations (FMAP) and he is currently coeastigator on the Ocean Tracking
Network (OTN) project which is conducting the wdsldhost comprehensive and
revolutionary examination of marine life and oceanditions, and how they are changing as
the earth warms.

Dr Graham Robertson, Australian Antarctic Division, Australia

Graham Robertson is a seabird ecologist at ther&liest
Antarctic Division. After spending half his workiride as a
botanist in arid Australia he switched to seabirdhe late
1980s when he completed an overwintering studynopegor
penguins near Mawson station, Antarctica. Attrattethe
conservation imperative, in the early 1990s he deaad his
horizons to include research with longline fishingustries
on methods to reduce their impact on migratory isdsbHis
. principal endevour is to develop science-basedisolsi to

the problem of seabird mortality in longline fistesrand
embed findings in conservation measures regulatierhas conducted research on all the
longline fishing methods in the world that endanggaibirds - demersal autoline, demersal
Spanish system and pelagic. In 2004 he was awar v Fellowship to research seabird
avoidance methods with the Spanish method of dedprionglining. In 2007 he switched to
pelagic longline fisheries. He has completed num&experiments to expedite gear sink
rates and is currently working with an Australiamgmeering company to develop an
underwater bait setting system for tuna and swsindisheries. That research will come to a
head in the spring of 2010 when he will complepeaof-of-concept experiment off Uruguay
under worse-case scenario conditions for seabirds.

14
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KEYNOTE ABSTRACTS

Linking the ecology of top marine predators with oeanography. The combination of biologging
data with satellite derivated information

Christophe Guinet
Centre d’Etude Biologique de Chizé CNRS, 79 360 VillemsBois, France

guinet@cebc.cnrs.fr

Studying the foraging behaviour of top marine ptedaby establishing when and where they foragelation to the
oceanographic context is critical to understand tmwnatural variability of the marine environmant longer term
changes induced by human activity could impacfdnaging efficiency and consequently the demogmapaijectories of
these apex predators. To address this questiaai|etbinformation was needed on both instant farggiuccess and
oceanographic conditions. Yet, the knowledge of finale foraging processes has been limited bgkeofanformation
about feeding success. However in recent yearddemable progresses have been achieved througbggiol to first
assess instant changes in foraging efficiency andrgl to measure local changes in an increasinpeuai oceanographic
parameters. Several methods relying on the usalb$énsors, accelerometers, cameras...have emergecntify prey
captures attempt or events and in some case ttfidgrey species. In the same time an increasingber of
oceanographic parameters such as temperaturafysdliorescence, dissolved oxygen are recordethflarge to fine scale
making top marine predators an increasingly imparsaurce of data to monitor ocean state. The samabus combination
of both approaches on the same individuals opesweanea to better understand how the marine pegiptey field is
spatially structured in relation to local oceangdyia conditions, while the global oceanographiategt is provided by
satellite information. New generations of loggessbining accelerometers, magnetometers, swimmiagdspnd pressure
allow investigating the 3D fine scale diving betmawi allowing assessing environmental stimulus, aashioluminescence
or acoustic clues that predators might use to éotteir preys. However the massive amount of reambdformation to be
analysed constitutes one of the main challengebilbéigging biologists are facing in the decadedme and it is
increasingly critical to develop computational Ekdnd to address the question of the needed elsaéution to provide
pertinent proxies of foraging success and oceapbgraontext.

From individuals to populations - movements, foragig, fithess and the comparative method
Sascha K. Hooker
Sea Mammal Research Unit, Scottish Oceans Instltlitieersity of St Andrews, Fife, KY16 8YG, UK

s.hooker@st-andrews.ac.uk

Biologging data is recorded at the scale of behaaioobservations, and yet most management-leisidas
require information at the scale of the populat®tudies must therefore capture enough variahdity
accurately describe the population and/or collactliary data to provide explanatory models of vagiability
observed. | discuss the study of animal movememnémging from manipulative experiments of forestetling
rats, to the description of beaked whale and fat diwing behaviour. Movements can be relateddpupation
consequences via life function (foraging succesd)\dtal rates (individual success). Several lgiag
methods can identify different aspects of foragengyl | have used animal-attached cameras to preisdal-
field (prey availability) measurements. Thesewltbe classification of foraging signatures witfim seal
diving behaviour, and can then be applied to macfer (potentially historical) TDR datasets. |décdition of
foraging locations and assessment of the stalofithese over time and space is a key componettihéor
identification and designation of pelagic marinetpcted areas. The relationship between foragingess and
individual fitness is less studied but this levktletail is also becoming more important for acteira
demographic assessment in conservation planniagthyl. | suggest that beyond the population leael,
comparative understanding of species differencédwikey to developing a better understanding of
physiological processes underlying diving behaviour
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A quantitative approach to animal movement ecology
Jonsen ID.

Biology Department, Dalhousie University, Halifaxo¥ Scotia, Canada.
2Bedford Institute of Oceanography, Fisheries anda®seDartmouth, Nova Scotia, Canada.

*onsen@mathstat.dal.ca

The study of animal movements and their implicaior distribution, population dynamics, and biatsity patterns has
benefited tremendously from continued advancemargtectronic tracking technologies over the pasesal decades.
Only recently, however, have analytical tools foede behaviourally rich datasets begun to catchwifl.outline a general
quantitive approach, based on Bayesian state-spadelsnfor analysis of electronic tracking dataill show how
colleagues and | have applied these models torhettierstand marine predator movement behavioudastidbution
patterns and how this work can inform conservaéind management efforts. | will also outline plamsféiture research as
part of the Ocean Tracking Network in Canada.

A particle on the road to ecologically sustainablésheries
Robertson, G.
Australian Antarctic Division, Channel Highway, Kjston 7050 Tasmania, Australia

graham.robertson@aad.gov.au

Common sense dictates that the future of humameesidepends on the maintenance of marine (and
terrestrial) systems that are healthy and managstdigsability over the long term. The conventioindicators
of marine health suggest our track record in achgethis goal leaves a lot to be desired. Advaiicdish
location technology and fishing gears, and increasdleet sizes combined with increasing demamagéafood
across the globe has resulted in a widespreadhédadliimarine biodiversity. These changes have ripp&td our
capacity to integrate sustainable stewardship jgescinto fisheries policy and management. Impactsnot
limited to target species - non-target speciesh siscseabirds, are also affected: 18 of the 22espet
albatrosses are endangered according to IUCN ierjpeincipally due to bycatch in fisheries. Scistgihave an
important role to play in developing and implemagtsolutions to critical problems associated wishéries.
The presentation will a) allude to some of the éssthat undermine sustainability, b) outline sorfne lessons
learnt during the course of working collaborativeligh the fishing industry, c) provide case studiéshe links
between research and management and, d) summesggess on a new technology to reduce (or elimjnate
seabird mortality in tuna and swordfish longlinghféries. The talk is mainly aimed at scientistergdgted in
working at the interface between wildlife conseimatand the fishing industry.
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PROGRAM OVERVIEW

Tuesday 15 Thursday 17 Friday 18 Saturday 19
Time Saturday 12 March Sunday 13 March Monday 14 March March Wednesday 16 March March March March

Workshops Workshops Wrest Point Wrest Point Workshops Wrest Point Wrest Point
University of | University of
7:30 | Wrest Point Tasmania Tasmania | Wrest Point CSIRO Wrest Point Salamanca Inn
8:00
8:30

13:00

behavioural data records

histories through bio-logging

with environmental cues

14:00

Bio-logged data management and sharing
The use of visual media with data in Bio-logging
king the physiology, behaviour and distribution of top predators

Objectively diving into the analysis of time-depth recorder series and

15:30

16:00

Fine scale on-animal movement sensing: methods, performance and limitations

Multivariate biologging: ensuring accuracy in describing animal energy budgets
Tagging through the stages: technical and ecological challenges in observing life

Cliotop WG2: i

11:30

“To be presented by co-author
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ORAL PRESENTATION SCHEDULE
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ORAL PRESENTATION LISTING

Time Allocation Lead author  Title

Monday 14th March

9:45 01.01 Davis R Classification of free-rangingdtlell seal dives based on three-dimensional monenaad video-recorded prey capture.

10:00 01.02 Huckstadt L Habitat preferences of easdr seals in a rapidly changing system, the westetarctica Peninsula

10:15 01.03 Teutschel N Using statistical methodsatermine individual foraging strategies usingliite telemetry parameters

11:00 01.04 Dragon A-C Understanding Foraging Dengof Southern Elephant Seals in relation to @ogeaphic Structures Using Hierarchical Hidden Mark
Models

11:15 01.05 Lea MA Responses to ephemeral and isa@ldspredictable prey resources by Antarctic feals

11:30 01.06 Cotte C Biophysical identification ofdées of ecological interest from a marine predatdtook

11:45 01.07 Bestley S Integrative approaches fdetstanding environmental influences on winteriseaone foraging of a deep-diving migratory mammal
the Southern Ocean

12:00 01.08 Hindell M Foraging habitats of top @eas, and areas of ecological significance orKiiguelen Plateau.

12:15 01.09 Scheffer A King penguins foraging moeats in relation to oceanographic features at Kelegu consequences of inter-annual changes in the
thermal structure

12:30 01.10 Viviant M From fine scale diving behawi to a reliable predictor of foraging succeséimarctic fur seals.

12:45 01.11 Muelbert M Foraging habitats of southelephant seal8jirounga leoninafrom the northern Antarctic Peninsula

14:00 01.12 Peron C Habitat models as tools toigiregsource distribution and impact of future @i warming on seabirds

14:15 01.13 Sakamoto K Foraging strategy and enexggnditure of black-browed albatrosses in thenamean.

14:30 01.14 Freidlander A Using multi-sensor suctap tags to quantify the kinematics of lunge fiegin humpback whalesdlegaptera novaeangliaé) the
water around the West Antarctic Peninsula.

14:45 01.15 Kokubun N Foraging behaviour of Antarpenguins detected by small accelerometers atthch their head.

15:00 01.16 Sato K Biomechanics and shallow divgesnof emperor penguins

15:15 01.17 Harcourt R The Australian Animal Taggamd Monitoring System (AATAMS)

16:00 02.01 Faustino C Bio-logging science into aggament policy

16:15 02.02 Eveson J Are archival tags usefulifdreries management?

16:30 02.03 Block B Using electronic tags to infgpopulation assessment models of northern bluefia t

16:45 02.04 Hartog J Predicting tuna habitat fatigpfisheries management using electronic tagsceean models.

17:00 02.05 Tuck G Utilising tagging informationtlain an integrated assessment of a seabird populdtieatened by fishing interactions and habitss:|

the Lord Howe Island flesh-footed shearwater



Lead author

Title

Time Allocation
Tuesday 15th March
9:15 02.06
9:30 02.07
9:45 02.08
10:00 02.09
10:15 02.10
11:00 03.01
11:15 03.02
11:30 03.03
11:45 03.04
12:00 03.05
12:15 03.06
12:30 03.07
12:45 03.08
14:00 03.09
14:15 03.10
14:30 03.11
14:45 03.12
15:00 03.13
15:15 03.14
16:00 03.15
16:15 03.16
16:30 03.17
16:45 03.18
17:00 03.19

Goldsworthy S

Babcock R
Hunter E
Righton D*
Holland K
Sumner M

Pedersen MW

Wisniewska D

Correcting bycatch rabeshcounter probability: using satellite telemetaga to model the distribution of foraging effofta
population of Australian sea lions to estimate aniiiigate bycatch in a demersal gillnet fishery

Including habitats in estimatkutilization distributions for reef fish

A crab’s eye view: electroratadstorage tags reveal migration and behaviotenpstof the edible crakiancer pagurus.

It's an eel of a life: tréwg Anguilla anguillato the Sargasso Sea is not for the faint heaftpce§ented by Metcalf J)

Double tagging allows for anbed interpretive power of fish behavior and improents in light-based geolocation modeling.
A general Bayesian approatdcation estimation and software for traditionatlanodern track analysis techniques.
Individual based populatierence using tagging data

Acoustic and acceleromaies to prey capture success in echolocating EERo

Aguilar de Soto Whales that click together, stick together: socaiesion in beaked whales and implications for feraize

N

Madsen P
Rutz C
Read A

Battaile B

Kuhn C
Nakamura |
Nordstrom C

Wheatley K
Williams C
Thierry A-M
McDonald B
Cottin M
Casper R
Fuller A
Fedak M

Field metabolic rate estinfatdarge, deep-diving toothed whales using onaaulti-sensor Dtags
Solid-state, animal-borne vidggers for medium-sized, free-flying birds

Integrating observations ofrdjudehavior and prey fields to study the foragioglegy of short-finned pilot whaleSlobicephala
macrorhynchus

Contrasting fine scale fimgdpehaviour of northern fur sealsdllorhinus ursinusfrom two Bering Sea islands with dramatically
different population trends

Changes in northern fur s€allprhinus ursinugforaging behavior with dramatically increasingoptation density
Foraging dives of oceanishiMola molato search prey abundant depth

Linking foraging northeun $eals Callorhinus ursinuswith fine-scale oceanographic features: contngsattributes from islands
with opposing population trends.

Exploiting the bottom lilew Australian fur seals uske factoartificial reefs in navigation and foraging
Continuous blood lactatefitgs in freely diving juvenile elephant seals
Stress hormone affects bation behaviour of male Adélie penguii/goscelis adeliae)
Venous PO2 profiles in divi@alifornia sea lions: How low do they go?
Linking bio-logging and endimology — corticosterone and diving behaviour inéhe penguins
The influence of diet on fimggabitat models
Long-term biologging as a noetho investigate the capacity of terrestrial matsn@buffer effects of climate change
The MEOP International Polaaryeroject: marine mammals exploring the oceans fmopole



Time

Allocation

Lead author

Title

Thursday 17th March

9:15
9:30

9:45

10:00
10:15
11:00
11:15
11:30
11:45
12:00
12:15

12:30
12:45
14:00
14:15

14:30
14:45

15:00
15:15
16:00
16:15
16:30

16:45
17:00

03.20
03.21

03.22

03.23
04.01
04.02
04.03
04.04
04.05
04.06
04.07

04.08
04.09
04.10
04.11

04.12
04.13

04.14
04.15
04.16
04.17
04.18

04.19
04.20

Womble J
Miller PJO

Lowther A

Vincent C

Vandenabeele S

Berger A
Preito R
Maxwell S

Calambokidis J

McConnell B
DeRuiter S

Tancell C
Metcalfe J
Fossette S
Joy R*

Phillips R
Focardi S

Bradford R
Payne N
Kovacs K
Shillinger G

Simon M

Dassis M
Lydersen C

Contrasting prey fields infleemultiple diving strategies of harbor se&bdca vitulina richardi
The search for widely-apileamethods to measure body condition of divingreaté: three at-sea metrics of body density
validated in northern elephant seals
Avoiding the crowds: combinifilge-scale biologging and stable isotope biogeotbiy to assess the temporal stability of
alternate foraging behaviours of adult female Aal&n sea lions
Using individual grey anddwamr seal habitat use and behavioural data fodélsegn and management of protected areas
Thoughts on the enesdethind the 3% body mass recommended limit feicde on birds.
What can long-term and cowtisuacceleration measurements on wildlife tellis@ u
Satellite telemetry as a todielp defining the International Whaling Commissmanagement areas
Marine conservation and itegklemetry: a review and framework for effeetipplications
Use of multiple tag syfmeexamine the risk of blue whales to ship strikE southern California
Fine scale interactionsveein harbour seals and operating tidal turbines.
Effects of simulated militaonar on sound production by blue whales, spenaleg, Risso’s dolphin, and Cuvier's beaked
whale
Using seabird tracking datalfe identification of important marine areashia Southern Ocean
All washed up: a low-coBgtsam” method for retrieving archival tags fronarme animals
Spatio-temporal correldn@ween leatherback turtles and industrial fistseinethe Atlantic Ocean

Identifying foraging habitatlaftating northern fur seals and the spatial opendh commercial fisheries in the Eastern Bering

Sea.

Year-round tracking hightighkey areas of fisheries interaction for a wardgélbatross population in steep decline.

The use of GPS and compggsii® to reconstruct high-resolution trajectome€ory’s shearwater&£alonectris diomedgdo
investigate search strategies.

The utility of broad-scabastal sensor arrays in tracking continental sceleements of a top-order predator: Australia’s
tracking of white sharks

Acoustic telemetry and accaletry for understanding the population dynamica obastal giant.

From nursing to independendhe life of bearded sealEr{gnathus barbatus

Vertical and horizontabhat preferences of post-nesting leatherbackesiiti the South Pacific Ocean - Implications for
conservation

Fast lunge or slow plow: bebarviand kinematics of filter feeding in balaenojutend balaenidvhales observed with multi-
sensor tags

Foraging areas of female ®ont8ea Lions@taria flavescenson La Plata River Estuary (Argentina-Uruguay)

Greenland shaBaniniosus microcephaluas predators of arctic pinnipeds.



Lead author

Title

Time Allocation
Friday 18th March
9:45 04.21
10:00 04.22
10:15 04.23
11:00 05.01
11:15 05.02
11:30 05.03
11:45 05.04
12:00 05.05
12:15 05.06
12:30 05.07
12:45 05.08
14:00 05.09
14:15 05.10
14:30 05.11
14:45 05.12
15:00 05.13
15:15 05.14
16:00 05.15
16:15 05.16
16:30 05.17
16:45 05.18
17:00 05.19

Cagnacci F
Abecassis M
Strem H
Basson M
Patterson T
London J
Irvine L

Ver Hoef J*
CallK

Dettki H
Goetsch C
Randall J
Pelletier L
Kawabe R

Hobday A
Costa D
Garrigue C
Johnson M
Palacios D
Rogers P

Tosh C
Trites A

Understanding processesimihdistribution: application of Wireless SensagtiNorks to studies of habitat use
Modeling swordfish daytiegtical habitat in the North Pacific Ocean fronppgp archival tags
Movements of three Northealsinfit populations of ivory gulls revealed by skieltelemetry
A likelihood for light-basezbtpcation
Modelling behavioural shiftg vertical movement time series: dealing witdtistical challenges and data volume
Beyond kernel densities: pimstpredictive inference for animal space use atigr movement metrics
How well do 50% core areasoengass state space derived ARS regions from bladevdatellite tracks?
Movement up and down: mingedlive depth of harbor seals from time-depth réecs. (* presented by London J)
Modeling suitable foraging habfor adult female northern fur sea@aflorhinus ursinuspnd implications for conservation of a

declining species

How do GPS-collared moose @l temperature induced heat stress across Standf?

When is El Nifio too hot todhe? Evidence of a tolerance threshold for a neaiop predator.

Phenological change in maystems: migratory timing in southern bluefin tufhunnus maccoyii

Can thermoclines be a oudistribution of prey for little penguins?

New perspectives into theodapative traits of exploited marine fishes throwdgctronic tags: revealing spawning history of

multi-batch spawning species

Summer residence at localifigegiounds in south-west Western Australia for-agmuthern bluefin tuna

Comparison of the foragingagppbf southern and northern elephant seals

Oceanic seamounts: a nevphaok whaleNlegaptera novaeangliadabitat discovered using satellite tagging
Eavesdropping on foraginggusassive echolocation to quantify deep-sea poe@ad prey interactions

Habitat models for the re@sh Pacific blue whale from satellite tracking agwhote sensing

Migration patterns and hapitferences of the shortfin mako shdskirus oxyrinchusin the Southern, Indian and SW Pacific

Oceans

Habitat utilisation by adult ensbuthern elephant seals from Marion Island
Top predators partition theiBg Sea



POSTER PRESENTATION LISTING

Allocation Lead author Title

P1.01 Andrews-Goff V Weddell seal dive behavioul #re influence of environmental variables andvidiial variability

P1.02 Broadbent H Penguin CTD- tag: developmeatminiature biologger to determine the use of ptalgnicrostructure by foraging penguins

P1.03 Cleeland J The ‘honeymoon’ flights of thersttailed shearwatePuffinus tenuirostris

P1.04 Goetz K Overwinter movements and habitaepeetes of an Antarctic predator

P1.05 Heerah K Ecology of Weddell seals during erininfluence of ocean and sea-ice parametersainftiraging behaviour.

P1.06 Iwata T Prey capture and three-dimensional giath in free-ranging female Antarctic fur seals

P1.07 Mclintyre T Water column usage by female sautlelephant seals from Marion Island.

P1.08 Suzuki | Diving behavior and offshore acyiwtudget during a foraging trip of a female Southekican sea lionQtaria fravescensoff Isla de Lobos
(Uruguay).

P1.09 Fujioka K Habitat utilization of juvenile gbern bluefin tunaThunnus maccoyiin relation to oceanographic conditions in south&estern Australia

P2.01 Huveneers C Assessing the impacts of begdyam shark cage-diving operators on the swimntiagaviour of the white sharkCarcharodon
carchariag

P2.02 Noda T Application of gyroscope for bio-laggistudy

P2.03 Riet Sapriza F Foraging strategy of lactaingth American sea lion®ftaria flavescensand the indirect interaction with the Uruguayatisanal and
coastal bottom trawl fisheries

P2.04 Yamamoto K Comparison of swimming patterrigzben rainbow trout@ncorhynchus mykisand white spotted chargélvelinus leucomaenissing
acceleration data loggers under flowing-water ctow

P2.05 Lewis A Unlocking the bio-logging potentidlatoliths as natural tags: Disentangling environtaéand physiological influences on otolith chemyis

P3.01 Akamatsu T Scanning sonar of rolling porpotharing prey capture dives

P3.02 Chiang W Horizontal and vertical movementbslatk marlin [stiompax indic near Taiwan determined using pop-up satellite tag

P3.03 Fais A Search tactics of echolocating maderspvhales in a bimodal foraging mode

P3.04 Falcone E Use of the LIMPET medium-duratimteltite tag to identify areas of elevated risk $ensitive populations: fin whaleBglaeanoptera
physalu} in the Southern California Bight

P3.05 Furukawa S High energy costs of surface fogdgut energy conservation during vertical exansiin dolphinfish

P3.06 Gallon S Fine scale interactions betweenh@onitelephant seals and their prey assessed bigetin data loggers

P3.07 Gandra T Satellite telemetry and tag regoytential use and limitations

P3.08 Gleiss A Probabilistic or deterministic faragf Fine scale movement patterns of whale sh&km¢odon typusat Ningaloo Reef, Western Australia
ascertained via dead-reckoning

P3.09 Goldbogen J Dynamics of blue and fin whaleenaerability: three-dimensional kinematic analyleesassessing the effects of sound on behavior



Allocation  Lead author Title

P3.10 Hanson M The not-so-secret lives of mammihgé&iller whales: Dorsal fin-mounted satelliteysareveal some of their favorite haunts in theezast
North Pacific

P3.11 Horning M A new tool for the determinationsofvival, causes of mortality and parturitionmdividual marine homeotherms: the Life History Tsanitter

P3.12 Katsumata N Streaked shearwat@eddnectris leucomeldsnore relied on the strong wind in day-time thaight-time

P3.13 Kawatsu S Swimming behavior of shark-eaterksh

P3.14 Kirkwood R Winter foraging areas of differsized Australian fur seals in the shallow watdBBass Strait — is there segregation?

P3.15 Kogure Y Verification of the method to estienbody mass change of the flying bird by usingebErometer

P3.16 Le Vaillant M King penguins learn air loadmagement with age

P3.17 Mate B Developing evidence that Sperm whakisumented with ARGOS-GPS-TDR tags coordinaté foeaging behavior

P3.18 Narazaki T Fine-scale homing behaviour alesig turtle Chelonia mydas

P3.19 New L Using biologging data to understandpityeulation consequences of disturbance

P3.20 Pavlov V New non-invasive design of dolpleletnetry tag; proof of concept

P3.21 Rasmussen M New insight in diving and posdiirfaging behaviour of a white-beaked dolphin gsin acoustic tagging system

P3.22 Ropert-Coudert Y  Exploring the determinaisdividual foraging quality using penguins as adal

P3.23 Skinner J Influence of environmental cond#giamorphology, and tag size on lactating nortlfierisealCallorhinus ursinusliving behavior

P3.24 Thiebot J-B Natal dispersal and diving betnaavontogeny in juvenile Emperor penguistenodytes forsteffom Adélie Land

P3.25 Tyson R Humpback whaldégaptera novaengligenother and calf foraging behavior: insights fromlti-sensor suction cup tags

P3.26 Miyazaki N Biologging for long monitoring ahimal behavior: preliminary study on milky storkaVialaysia

P4.01 Andrews R New satellite-linked depth-recagditMPET tags permit monitoring over weeks to madimd reveal consistent deep nighttime feeding
behavior of short-finned pilot whaleGlpbicephala macrorhynchysn Hawai'i

P4.02 Blanco G Satellite telemetry reveals hot fmotonservation of East Pacific green turtli€sélonia mydasduring internesting in Costa Rica

P4.03 Doko T Evaluation of near-real time GPS-ARGOMar performance by stationary tests and fittimga free-ranging Asiatic black bear

P4.04 Duriez O Flight dynamics and energetics fdaaptors: combined use of GPS, accelerometstretcardiogram, and video camera on free flying
vultures

P4.05 Frost K Using satellite telemetry to studyperal and spatial overlap of marine mammals addstrial activities in northwest Alaska

P4.06 Fuiman L Economy of scale: The world’s latdis closely manages its swimming costs

P4.07 Hayashi K Do artificial fins improve swimmiagility of a forelimb-lost sea turtle?

P4.08 Hoenner X Enhancing Argos-derived locatiartsieacy through the use of state-space models

P4.09 Jaine F Going with the flow: Horizontal mots of the plankton-feeding manta Msgnta alfrediand links to dynamics and productivity of the East

Australian Current



Allocation Lead author Title

P4.10 Jensen F Depth limits calls produced by dtapg short-finned pilot whales (Globicephala n@atrynchus)

P4.11 Winsor M Comparison of sperm whale (Physt@ecnocephalus) movements in the Gulf of Mexico befnd after the Deepwater Horizon oil spill

P4.12 Leung, E Size and experience matter: fordgiigwviour of juvenile nationally critical New Zaal sea liongPhocarctos hookeyi

P4.13 Mitani Y Travelling behavior of northern fsgals during the breeding period in the Kuril Islsin

P4.14 Page B Using well-equipped Australian sesslto assess habitat quality and inform the zoafrigarine Parks in South Australia.

P4.15 Rehberg M Using necessity, ability and emwirent to explain the behaviors of a marine predator

P4.16 Schorr G Satellite telemetry reaches newhdeptcase study of the application of a new dépkied satellite tag to Cuvier’s beaked whales

P4.17 Strauss W Technological advances allow eed-tjuantification of selective brain cooling iniadactyls

P4.18 Takahashi N Swimming patterns and habitabtiSakhalin taimenHucho perryj in the Bekanbeushi River, Lake Akkeshi and anastin Hokkaido, Japan

P4.19 Takuma S Habitats use and diving behavionsabé and juvenile loggerhead turtl€sretta caretta

P4.20 Tanoue H Feeding habits of Japanese latestéétby a fish-borne camera and a micro 3-axislagameter in the Shimanto River, Japan

P4.21 Whitney N Fine-scale behavioral ecology ofimgasharks in and around a protected breedingrgtou

P5.01 Adachi T Fine-scale foraging behaviour ofdEamorthern elephant seals during the entire pastding migration

P5.02 Naito Y Paradox of diverse divers into thepldepth: a new aspect of foraging behavior offreort elephant seals

P5.03 Bravington M Development of a ‘day-nighttdil and a time-varying depth correction methodufee in light-based geolocation

P5.04 Breed G Particle filter methods for statecsmnalysis of animal tracking data

P5.05 Campbell H The rhythm and rhyme of animal emoent

P5.06 Couturier L Habitat use, residency and siiify of manta raysManta alfredi,at Lady Elliot Island, Australia

P5.07 de Moustier C A miniature acoustic transpoifatesimultaneous underwater animal tracking aabitat mapping

P5.08 Deppe L Distributional and behavioural pattasf three sympatric albatross species duringidimebreeding season

P5.09 Evans K Free ranging ocean observation sgstamaximizing use of ocean data collected from tigdoyed on marine animals

P5.10 Foley D Xtractomatic: easy access to envimnial data for ocean habitat identification

P5.11 Gray T Earth magnetic field augmented pasiistimation for marine animal tags

P5.12 Hazen E The effect of a changing climate axiffe top predators

P5.13 Kato A Partial dynamic body acceleration psoxy of prey encounter

P5.14 Lansdell M A pelagic ecosystem observingesyst collecting ecological information and deplaystomach-based acoustic tags using commerci@hdish
vessels

P5.15 Liebsch N Quantifying 'at sea' resting betavof Harbour seals - clues to assessing forgoggmfiprmance and habitat adaptation

P5.16 Photopoulou T Assessing the uncertainty cRENCTD-SRDL dive profiles abstracted using the lemistick algorithm
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04.22 Modeling swordfish daytime vertical habitat h the North Pacific Ocean from pop-up
archival tags

Abecassis M*, Polovina J% Royer F* and Dewar H*

1 Joint Institute for Marine and Atmospheric Reseatdhiversity of Hawaii, 1000 Pope Rd., Honolulu, Héin@6822, USA.
2pacific Islands Fisheries Science Center, NOAA, 258 St., Honolulu, Hawaii, 96822, USA.
3Collecte Localisation Satellites (CLS), 8-10 rue HestrParc Technologique du Canal, 31520 Ramonvillet@ajne, France.
4 Southwest Fisheries Science Center, NOAA, 8604 lla 3thore Dr., La Jolla, California, 92037, USA.

*melanie.abecassis@noaa.gov

Swordfish Kiphias gladiu} is one of the most valuable pelagic resource®&mific Ocean longline fisheries.
Obtaining a better knowledge of swordfish behaisaf primary importance for management. We presesilts
from an 8-year long tagging study from 28 tags degdl on swordfish in the North Pacific, using Wifiell
Computers pop-up archival transmitting tags. Tagaenents ranged from 10 to 180 days. Four fishevtagged
by longline vessels in the central Pacific (CP)isthile all others were tagged by harpoon bodtSah Diego, CA.
Of these, 13 (eastern Pacific tags, EP fish) radiatvay from California, while 5 remained in theinity of San
Diego (SD fish), one of them for the full 180 dafshe track. Classic diel movement (shallow ahhigpetween 0—
100 m, vs. deeper than 200 m during the day) waerebd with the exception of occasional daytimekioas
occurring in the general area of the Californiarent in the fall and winter. Five fish dove as degpl 200 m. The
temperature range for all fish combined was 3.28%Bwith cooler temperatures experienced at deytimgl the
day. On days without basking, swordfish had meagii@ depths varying between 133 m and 283 m fot&gj3,
137 m and 490 m for EP tags, and 401 m and 665 @Ratags, with relatively small daily standard idéens.
Swordfish feed near the surface during the nightatrdepth during the day when their prey are reresely
aggregated and less active. We developed genetaldmitive models to assess the separate and cedhbifects of
oxygen, temperature and light on daytime foragiegth and to predict daytime foraging depth basethenocation
of the fish. Longitude and latitude explain abo@¥®6of the variation in daytime mean depth.

P5.01 Fine-scale foraging behaviour of female noréin elephant seals during the entire post-
breeding migration

Adachi T*%, Takahashi A Fowler M 3, Teutschel N°, Huckstadt L 3, Costa D?, Yoda K * and Naito Y?2

1 Department of Polar Science, The Graduate Urityds Advanced Studies, Tachikawa, Tokyo, Japan.
2 National Institute of Polar Research, Tachikawekyd, Japan.
3 Center for Ocean Health, Institute of Marine Scé) Long Marine Laboratory, University of CalifanBanta Cruz,
California, USA.
4 Graduate School of Environmental Studies, Nagdyiaersity, Nagoya, Aichi, Japan.

*adachi.taiki@nipr.ac.jp

Northern elephant seals spend three quarters eduiaon two long-ranged migrations and exploit metagic food
resources. Fine-scale information on foraging behawvould be important to enhance our understamdirtheir
adaptation to mesopelagic environment. Recentleldged mandible accelerometers have provided fiages
information on the foraging behaviour of marine maas, but have limitations in the recording dunasi@2-3 days
only) due to high sampling rate of acceleratiorsttaly long-ranged migrations such as those oheontelephant
seals. Here, we report the fine-scale foraging Wielia of female northern elephant seals duringethiire post-
breeding migration, using a new mandible acceletentbat is designed to detect and record certairlaration
signals (i.e. feeding signals) processed onboard.iew mandible accelerometers were attached ompési-
breeding female seals at Ailo Nuevo, Californidébruary 2010, and recorded depth, temperatur@amter of
feeding acceleration signals (processed from raglacation measured at 32 Hz) at 5 s intervals theepost-
breeding migration (75.2+5.9 days). Our study sshdsved feeding events (13.9+3.5 events per div8%i9+4.0%
of all recorded dives (3697.0+499.6 dives). Mostiift dives (C-type dives) showed no signs of fagcevents.
Feeding events occurred at the mean depth of 526.84n, mostly in the bottom phase of the dives989.2%).
Number of feeding events per day was relatively &he beginning and the end of the foraging g, was
consistently high in the middle of the foragingtrrhese results suggest that northern elephaist §gand a
significant amount of time feeding on prey thadlistributed ubiquitously in the mesopelagic zonkthe Northern
Pacific.
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03.04 Whales that click together, stick together:acial cohesion in beaked whales and implications
for female size

Aguilar de Soto N*2 Johnson M*® Arranz P*, Tyack P3, Revelli E and Madsen P

! Dept. of Animal Biology. La Laguna University, Teifer Canary Islands, Spain.
2|eigh Marine Laboratory, University of Auckland, M&ealand.
3Woods Hole Oceanographic Institution, Woods Holaskachusetts, USA.
4 Zoophysiology, Department of Biological Sciencestte University, Denmark.

*naguilar@ull.es

Deep-foraging marine mammals, such as beaked wirales combine foraging at depth with protectingryg with
presumably lower diving capabilities. Here, theiabcohesion of Blainville’s and Cuvier’s beakedalds is studied
with suction-cup attached acoustic recording t&ygAGs). Limited data from multiple individuals tagd in the
same group suggest that whales synchronize diveetage separately at depth, re-joining for thergiascent to
the surface. To test this finding on a larger dztta$ groups in which only one whale was taggeddeseloped two
methods for remote sensing untagged individuals fiteeir echolocation clicks recorded at the taggkdle. The
first method involves using the angle of arrivatbtks from untagged whales recorded on stere tiagstimate
the number of whales vocally active during 48 famggdives in 12 tag deployments. The second megistichates
the minimum depth of untagged whales from the tdtaky between the direct arrival and the surfat® et their
clicks. Results confirmed that whales tend to diiva coordinated fashion and suggest that all Wpeative whales
in the group are diving deep, irrespective of thespnce of juveniles in the group. We then tedtdivés performed
by whales tagged in groups with juveniles werelekar or shorter than dives in groups without julen Results
did not show that adults adjusted the duration (médmin) or maximum depth (mean: 829 m) of therafing
dives to the presence of juveniles in the grougs Tdtk of accommodation does not seem to extemdli@s:
visually observed mother-calf pairs perform sha@ fin) dives limiting the foraging opportunitiektbe mother. It
may therefore be beneficial to minimize the timébe young animals can join the social group irafpng dives
and this may explain the relative large size okiedavhale calves and females.

P3.01 Scanning sonar of rolling porpoises during @y capture dives
Akamatsu T*!, Wang D? Wang K? Li S?and Dong $

1 National Research Institute of Fisheries Engimggifrisheries Research Agency, Kamisu, Hasaki, Ikeshbaraki 314-0408,
Japan.
2 Institute of Hydrobiology, Chinese Academy of $cies, Wuhan 430072, People’s Republic of China.

*akamatsu@affrc.go.jp

Dolphins and porpoises have excellent biosonaitgbithich they use for navigation, ranging andafging. Due to
the narrow beam width of the sonar signals, odat&zcare not able to search large volumes of wétkout
scanning. Beam scanning behavior of dolphins amdgiges, like that used by bats, has been suspfxtedme
time. The biosonar behavior, body orientation aedchmovements of 15 free-ranging finless porpoises
(Neophocaena phocaenoidl@gere recorded using bio-logging techniques. Téwppises often rotated their bodies
during mid-water and bottom dives and they useddnar extensively. In particular, porpoises ininglidives used
short-range biosonar frequently, which was indiddte inter-click interval shorter than 10 ms. A dad drop in
swimming speed indicated that an individual turaealind, which occurred 4.5 times more often durailing
dives than during upright dives. Continuous seaglior possible prey during rolling dives suggébt porpoises
enlarge the search area by changing the narrow b&enof the biosonar with heading their bodiesamhithe
targets. Porpoises searched not only at the botiatrglso while in mid water. This observation soqg the notion
that finless porpoises are opportunistic feedemeting both benthic species and fish in the mitewaolumn. We
also observed head movements of +2cm during bdthg@nd upright dives. Generally, head movemaenitght
also assist for instant assessment of the envirohimeny arbitrary direction by beam scanning aatljust for
prey searching and pursuit.
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P4.01 New satellite-linked depth-recording LIMPET tgs permit monitoring over weeks to months
and reveal consistent deep nighttime feeding behaori of short-finned pilot whales Globicephala
macrorhynchug in Hawai'i

Andrews RD*!, Schorr G, Baird RW?, Webster DL? McSweeney D3 and Hanson MB'
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Short-finned pilot whales are among the speciesriust frequently mass strand, and one recent stiessding was
temporally associated with naval sonar use off N@arolina. Their recently-discovered high-speeepddiving
behavior may increase susceptibility to decompoassickness, but what little is known about théirdy comes
from short term (~ 1 day or less) recordings. Tfuees we developed a method of remotely attachingva depth-
recording satellite-linked tag (Wildlife Computef$/C] Mk10-A) in the LIMPET (Low Impact Minimally
Percutaneous External-electronics Transmitter)igaretion in order to monitor behavior for weekstonths.
Short-finned pilot whales primarily feed on vertlganigrating squid, so we hypothesized that whalesild dive
more deeply during the day than at night. In 20@deployed LIMPET Mk10-A tags on 8 individuals tie
leeward (western) coast of the Island of Hawaiithviransmissions lasting 4- 47 (median 35) dayge@ata were
relayed via satellite using WC’s new Behavior Lpgyviding maximum depth, duration, shape, and post-
surface interval for dives > 20m. Whales spent rtio® on the leeward side within 50 km of shoregrowater
depths 300 - 2500 m., but 4 whales spent someitirtiee Alenuihaha Channel, a site of frequent shigpraffic
and Navy training exercises. The majority of desesl (>100 m) were made during nighttime, confirgnghort-
term records documenting day-time behavior as piiyngesting and socialization. In contrast to tiypothesis,
there was little diurnal difference in the deptlisieep dives. At night, whales regularly made Iémgan: 11.5 min;
maximum: 22.4 min) deep dives between 100 and Mi#@rs (mean: 359 m). Now that we have successfully
developed a longer-term depth-recording LIMPET tadgitional deployments will help elucidate seasana
habitat specific variation in dive behavior and @syre to risk from anthropogenic activities.

P1.01 Weddell seal dive behaviour and the influenas environmental variables and individual
variability

Andrews-Goff V*1, Hindell M?, Patterson T and Charrassin JB'.

Ynstitute of Marine and Antarctic Studies, Univeysif Tasmania, Hobart, Australia.
2CSIRO Marine & Atmospheric Research, Hobart, Australia
® Muséum National d'Histoire Naturelle, Paris, Fnc

*vandrews@utas.edu.au

The Weddell seal is one of the most studied Antapredators throughout the austral summer bufaeithis
period very little is known of their general movameatterns, dive behaviour or the influence ofghgironment
throughout this relatively harsh period. We deptbgatellite relay data loggers on 13 adult femakddeéll seals at
Dumont d’Urville and the Vestfold Hills througho2006, 2007 and 2008 providing Argos locations, digbaviour
and haulout behaviour. Here we specifically disgesseral dive behaviour and the influence of thérenment and
the individual on this behaviour. Cluster analysiestified three distinct types of dive behaviopeiagic, benthic
and a combination of the two, with seals genemilyng to depths of 88m with a maximum dive depti®@4m.
Dive durations on average were 9 minutes howeventaximum duration recorded was 95 minutes. Urdiker
seals, Weddell seals are not central place foragetsherefore do not demonstrate easily defiripd that leave
and return to a central place. Instead Weddelbdsallout between diving bouts and these divingsd@ange in
duration from minutes to days. We examined theiarite of environmental variables on the risk oheseal
terminating a diving bout using fixed effects Cawnortional hazards models. The models identified t
environmental variables including wind (speed aindation), temperature, ice concentration and batiyic depth
plus individual behaviour such as dive depth, bepand bearing in relation to wind direction hawergluence on
these diving bouts.
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02.07 Including habitats in estimates of utilizatiom distributions for reef fish
Babcock RC*, Patterson TA? Bravington MV ® and Pillans RD'.
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The estimation of generalised population paramésesiskey aspect of population biology and managemaeross a
wide range of contexts. In conservation and figgemanagement of reef fish species assessmemtata sisage
are often an important part of the decision maliracess of conservation zoning. Description of paipon-level
movement based on acoustic tracking data of tafigedommonly relies on GIS-based kernel densitgutations
from short term data sets. This often fails to adersthe role of habitat or individual variationgpatial usage, are
sensitive to subjectively derived smoothing pararseand do not take into account barriers to moweifeeg. land
in the case of fish). These aspects potentiallylté@sincorrect estimates of spatial usage anidnaltely flawed
spatial management decisions. We use data on thememts of a variety fish species collected at hliog Reef to
examine the application of GIS based methods tltannative statistical approach which allows kagito
movement to be included and the role of habitétet@onsidered in the prediction of the utilisatiistribution. We
consider the effects on spatial and fisheries mamagt of reef fish.

05.01 A likelihood for light-based geolocation
Basson M*, Bravington MV ? and Hartog J".

1CSIRO Marine & Atmospheric Research, GPO Box 1538, Fplasmania 7001, Australia.
2CSIRO Mathematics, Infomatics and Statistics, GPO 88, Hobart, Tasmania 7001, Australia.

*marinelle.basson@csiro.au

For many marine fish, light-based geolocation usmtight data from archival or pop-up tags isldtile only way

to estimate location. It is an inherently impreasercise because of short-term fluctuations irdient light, and the
resulting uncertainty in location is big enoughmted accounting for when reconstructing tracksraaking
inferences about habitat use. The key ingredierariy reliable geolocation-based statistical madehovement or
habitat selection, whether Bayesian or “classidal§ valid likelihood function for each set of kght data (i.e. a
way to compute the relative probability of the alvse data for any assumed location). However, tmeptex
autocorrelations and non-Gaussian errors makeytdifficult to devise and compute such a likelildodirectly.
Instead, we use data from moored tags to devel@pproximate likelihood with correct confidenceeirnal
properties. This likelihood can then be computeddiy from real tag data for state-space modelihgabitat use,
or for constructing a movement track with apprajeriancertainty.

31



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

03.08 Contrasting fine scale foraging behaviour afiorthern fur seals (Callorhinus ursinug) from
two Bering Sea islands with dramatically differentpopulation trends.

Battaile BC* and Trites AW.

Marine Mammal Research Unit, University of British @obia, Room 247, AERL, 2202 Main Mall, Vancouver, Bht
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*b.battaile@fisheries.ubc.ca

In the summer of 2009, we deployed 90 1st generdtiddlife Computers Mk10 Daily Diary tags on latitey
northern fur seals. Tags contained 3 dimensioradlacometers and magnetometers as well as tempegatd
depth sensors. The deployments were split evertlydsan two islands in Alaska, Bogoslof and St. PBAut.seal
populations on these two islands have undergoneatia changes over the last few decades, but oositep
trajectories, with the Bogoslof population incregsand the St Paul population decreasing ~6% @t fde
foraging strategy of the fur seals from the twaisls is known to differ considerably at relativigigge scales (i.e.
average foraging trip is ~3 days for Bogoslof afddays for St. Paul) but small scale details atensdl known due
to the coarse nature of most tagging studies tbak wnder the data limitations of the ARGOS netwdrke Daily
Diary units however, took data 16 times a secoat] thhen combined with GPS data and the appropuliede
reckoning calculations, supplied fine scale infaioyaon location and relative activity between Gifints. This
data provides us with insight into the activity bets, foraging behaviour and energy expenditureodthern fur
seals and may indicate differences in these fatiatswill help explain the disturbing declinestie Pribilof
Islands and the dramatic increases at Bogoslof.

04.02 What can long-term and continuous acceleratiomeasurements on wildlife telling us?

Berger A*, Heckmann | and Kramer-Schadt S.
Leibniz-Institute for Zoo and Wildlife Research (12\WWD-10315-Berlin, Germany.

*berger@izw-berlin.de

Modern wildlife collars are commonly used to obteegular GPS location of animals to give informata home
range size and migration paths. In most studidy,fem GPS fixes per day are obtained due to thesicierable
amount of energy GPS fixes need. In contrast, meawnts of acceleration need little energy, allgnanvirtually
continuous monitoring of animals. We present padkisds of analysing continuously measured accéienadata to
draw conclusions to the animal’s behaviour. Fiest 5 a procedure for biorhythmic status diagnasislentify
systemic disorders and “stress loads” in wild améniiy changes in total daily activity and in daight
relationships as well as a reduced coupling betweehehavioural rhythm and the diurnal environrakent
periodicity. Secondly, we focus on the developn@rainalysis methods to distinguish among severahbieurs
(like resting, calving, hunting) by detecting locotion and activity patterns and combine them toeusihnd the
functional site of habitat use of animal. Such kiezlge about what an animal is doing where and viderucial for
understanding habitat use as well as for detectingations from the norm, e.g. responses to diahgbs or
predators.

32



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

01.07 Integrative approaches for understanding envbnmental influences on winter sea-ice zone
foraging of a deep-diving migratory mammal in the $uthern Ocean

Bestley SB*, Jonsen ID', Charrassin JB, Hindell MA 3 and Guinet C*.
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Knowledge of relationships between marine animarations, foraging and physical ocean processesking, but
forms a core goal of many studies. Southern eleeals (Mirounga leonina) are an important Soutl@rean
predator that undertake wide-ranging and deep-diviimter foraging migrations, a significant proport within the
Antarctic sea ice zone. Global tagging effortseéoent years using conductivity-temperature-depitlga-relayed
data loggers have collected an unprecedentedumsganographic dataset throughout these migrafidis
presents a unique opportunity to quantify individieaaging responses to environmental influencesd, ta infer
how individual behaviour can shape population egpl@ fundamental first step toward predicting ceses in a
zone highly sensitive to climate change. Here wetaiidentify and quantify relationships betweemnizantal
movement, diving and the physical environment withicohesive Bayesian state-space modelling (SSM)
framework. Currently, SSMs are a popular methodafaalysing tag data to discriminate putative ‘ttivg’ and
‘foraging’ states, but commonly incorporate onljoirmation from horizontal movements. We aim to depehis
method so the vertical (diving) component of movet@d/or the environmental cues, as collectedaamdbthe
tags, can both influence the probability of switchbetween states. We adopt a two-pronged appréach first
step, the SSM in a hierarchical formulation isafitoss individuals to estimate movement state.tiRakhips
between horizontal movement, diving and environlevdriables are then explored using generalizelitiad
mixed-effect models. We focus on the Kergeulenladquarie Island ice zone migrants during 2004-2010
Preliminary results indicate that time spent atlitb#om of a dive and ocean temperature at thelatit'eom may
present two useful tag-based indicators that vatwben movement states, with seals spending nmoeedt the
bottom of dives in colder waters when foraging. r€nt work focuses on developing the modelling frevok to
incorporate such predictor variables. Simulatiadigs are being used to evaluate the sensitivithi®@SSM to
estimating parameters for known relationships, thede show promising results.

P4.02 Satellite telemetry reveals hot spot for coasration of East Pacific green turtles Chelonia
mydag during internesting in Costa Rica.

Blanco GS*, Morreale SF, Seminoff JA®, Paladino FV* and Spotila JR..
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We attached tether satellite transmitters (Mk 10 PWildlife Computers) to 13 East Pacific greertles nesting on
Nombre de Jesus and Zapotillal beaches to idemtifyements and dive behavior and to determine high u
internesting areas in need of protection in norgteug Costa Rica. A fixed Kernel density analybisveed that
high-use areas during internesting periods wergedo the nesting beaches and 25, 50, 75 and 95%olyDons
included 1.57, 4.5, 9.4 and 53.9 km2 respectivElytles performed short dives (2-10 min) mainlytie first 10 m
of the water column U-dives were shallow (3-5 mj #&meir modal duration ranged from 8 to 23 minoSty diel
patterns occurred in diving behavior during intestireg with a significantly larger amount of timethé surface
during the night. The proportion of U-dives wasnéiigantly negatively correlated with surface timenight
suggesting the turtles were floating at the surfeca resting strategy. The combination of moverandtbehavioral
data indicated that the turtles were staying neanesting beach during the interesting period.ddmhs of dives
and depth of water in the area indicated thatulhtes swam to the bottom during u-dives in thetiag. At night
they rested at the surface. This high concentratfdaortles, the presence of males, mating neab#faeh and
extensive use of the area by resting turtles inditéhat this small area was of great importanc&#st Pacific
green turtles and a hot spot for conservation isfgbpulation.
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02.03 Using electronic tags to inform population aessment models of northern bluefin tuna
Block BA**, Taylor N?, LawsonG', CaruthersT? Whitlock R* and McAllister M 2,
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Electronic tagging, genetics and microconstituextdhave revolutionized the study of open ocedm Aschival
tags track where bluefin tuna go and provide eséméor population parameters, physiology, movendatd and
breeding information that can be incorporated agsessment models. We have formulated a novelrsdbsand
spatially explicit fisheries model that is fitteml tonventional and electronic tag-track data, histoatch-at-age
reconstructions and otolith microchemistry datdisin population mixing and migration to improve aapacity to
assess past, current and future Atlantic bluefira fpopulation sizes. We apply the model to estirgpiial and
temporal mixing of the eastern (Mediterranean) a&adtern (Gulf of Mexico) bluefin populations. Thede!
reconstructs abundances from 1950 to 2008. Westeck and eastern stocks have been reduced tod133a% of
1950 levels respectively. Stock biomass estimatsensitive to assessment methodologies and atisuspf life
history traits. These parameters can also be irddriy electronic tagging data. Stock-mixing depeiguarter,
ontogeny and location and is predicted to be higinethe Western Atlantic. The model predicts thatrent western
and eastern stock rebuilding policies of 1800 t AB6I00 t fail to produce a recovery by 2025. Hzekin tuna
fishing ban were implemented, the western stocklgvaat recover to levels that would produce maximum
sustainable yield until 7 years after internatibnabreed rebuilding timeline of 2022. Sensitivéiyalyses indicate
various assumptions and assessment methodologidsqar different estimates of spawning stock biom@ssilar
work in the Pacific is improving our capacity fatienating population parameters such as naturafatityrand
fisheries mortality using archival tagging datanfr®acific bluefin tuna. Successful management wéfih tunas at
sustainable levels is improved by electronic taig aéhich increases our understanding of their apatiucture,
movements, and population mixing.

04.14 The utility of broad-scale coastal sensor aaws in tracking continental scale movements of a
top-order predator: Australia’s tracking of white sharks.

Bradford RY", Bruce B!, Harcourt R 22 and Boomer A
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The Australian Animal Tagging and Monitoring Systemna facility within Australia’s Integrated Marir@bserving
System (IMOS). AATAMS, along with partner organisat, aims to enhance the Australian research contysl
ability to detect ecosystem responses to chantfeeimarine environment by measuring key demographic
parameters and foraging movements of select tagapoes in the Southern Ocean and along Austratiaést-line,
the latter via a national network of acoustic reees which detect and log data from tagged aninvslisexamine
the utility of this system for tracking the coastavements of white shark€#&rcharodon carcharigsin Australian
waters by comparing results to other forms of taggirhe movements of acoustically tagged whitekshar
demonstrate broad-scale migrations across theitrdlisn range consistent with data obtained fromvemtional
tags, satellite tracking and archival tagging. 8bdrearing either acoustic tags or satellite-b&sgsl have been
recorded moving from the Neptune Islands in Soutbtfalia west across the Great Australian Bightasthr north
in Western Australia as the Ningaloo Reef regiorgtarn distance of 7,200 km. Sharks similarly edjpave been
recorded moving from South Australia east to nortié¢SW and southern Queensland. Data from acotagjiged
sharks were also consistent with estimated avesaga speeds, previously identified common deptlhwats used
during coastal travel and in identifying habita@as and patterns of temporary residency. Thesepdatale
considerable confidence in the suitability of snelional scale acoustic receiver arrays for moinigpmovements
of such species in coastal and continental shansaThe long battery durations (up to 10 yeafs)coustic tags
and the ability to surgically implant them therehinimising tag loss, provide considerable scopesf@mining
ontogenetic variations in movement patterns andgtdtalise as well as long-term variations in movetsié@n
response to environmental parameters.
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P5.03 Development of a ‘day-night’ filter and a tine-varying depth correction method for use in
light-based geolocation.

Bravington MV* , Basson M and Hartog J*
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Light-based geolocation using twilight data frorataval or pop-up tags is still the only way to esdie location for
many marine fish. This approach, however, reliesamecting the measured light data for depth t@iodight at

the surface. Most depth correction methods usddrsare very simple and assume constant correctefficients
over time. Part of our work to develop a likelihdod light-based geolocation, involved developmefra depth
correction model based on a Kalman filter. The ection coefficients vary over time, e.g. as thavaienters
different water masses, and are estimated frortightdata during daytime. This involves a firststfor which we
develop a hidden Markov model to estimate the prdityaof each observation being in day or nigih¢i. The day-
night filter avoids ‘manual splitting’ of the daitato day and night sections; it can be used fodergeolocation, and
for analysing behaviour as a function of time of.dBhe day-night filter can also be used with lighta where there
is no need for depth correction, e.g. data frors td&ployed on terrestrial animals.

P5.04 Patrticle filter methods for state-space anadys of animal tracking data.
Breed GA**? Mills Flemming J3, Costa DP and Robinson P.
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State-space models (SSMs) represent the most chensi@e approach for time-series analysis of antraaking
data. We develop and demonstrate a Sequential temuar Resampling (SIR) particle filter (PF) fotifig
correlated random walk (CRW) models to 2-d animetking data in an SSM framework. CRW parametergwe
estimated by augmenting parameters to the staternveicthe SIR. Thus, each Monte Carlo draw (paafibad an
associated parameter vectoiParameter space was explored by jitterirag each time step with noise drawn from
mixed Normal distributions. We test the model oo simulations, one with parameters that driftedvifaon a sine
wave and one that switched between two discretessbmsed on a transition probability. In both sations, the
model handled simulated observation error and g&akmulated parameters, though process noiseionatg
confounded with structural parameters when paraseiéted slowly. Following this validation, we menstrate
the method on GPS data from 3 California sea lidhe. results show animals switching between twordie states
when central place foraging, but during extendgitio sea, parameter estimates for autocorrelationturn angle
were intermediate and variable. The intermediatienates were coincident with slower meandering anslower
movement that were likely searches — a behaviairishin between “foraging” and “travel,” and waesb
interpreted as foraging mixed with travel. Althoughas some limitations, this method holds greatrpse for
future analysis of tracking data as it accommodatetde variety of behaviourally informative modeParticularly
important is the inclusion of time-varying paranmeténcluding process noise, that accommodate tatieeary
statistical properties of behaviour.
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P1.02 Penguin CTD- tag: development of a miniaturbiologger to determine the use of physical
microstructure by foraging penguins.

Broadbent HB*, Ketterl TP, Silverman AM and Torres JJ.
Center for Ocean Technology, College of Marine S@ehiniversity of South Florida, St. Petersburgrifi®, 33704, USA.
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The study of fine-scale linkages between foragielgdvior and the physical microstructure of the nahabitat is
necessary for understanding the effects of envieamat change on penguins. Such studies will hefipel¢he
importance of physical water mass features, sudioatal systems, currents, eddies, or ice edgethet distribution
and abundance of these foraging seabirds. We hfexadaped a small, low-cost instrument that is cépab
measuring physical features along with behaviandl geo-location data during penguin foraging trigse
biologger measures conductivity, temperature, pressight, acceleration, magnetic fields, wet/digd GPS. It is
also equipped with a WiFi module for communicatéond a rechargeable battery for multiple deploymeis
minimize cost and maximize salinity accuracy, a CSEDsor board was fabricated using printed citmgrd (PCB)
techniques on a liquid crystal polymer substrateR). The sensor board consists of a novel condtyctell, a
thermistor, a piezoresitive pressure module anetévy sensor. The shape and size of the biologaebeen
optimized for deployments on Adélie and Magellgménguins Pygoscelis adeliaandSpheniscus magellaniqus
and is 95 x 30 x 16 mm. However, the circuit boandsof a modular design so that prototypes fdediht marine
species can be developed. Preliminary results shatithe sensors work as intended when packaged as
streamlined, back-mounted penguin tag.

04.21 Understanding processes of animal distributim application of Wireless Sensor Networks to
studies of habitat use.

Cagnacci, F*, Tolhurst B Ceriotti, M 3, Chini, M* Murphy AL * Picco GP.

'Edmund Mach Foundation—IASMA, S. Michele all’Adigely
2Biology Division, School of Pharmacy and BiomolecuSmiences, University of Brighton, United Kingdom
3Fondazione Bruno Kessler—IRST, Trento, ltaly
“Dip. di Ingegneria e Scienza dell'lnformazione (D)|®niversity of Trento, ltaly

*francesca.cagnacci@iasma.it

Biologging, and especially those systems providingpmated collection of animals’ positions, hagaiely
revolutionized the way to study animals in theivieetnment, moving the observation point to aninthEsmselves.
However, the opportunity to integrate knowledgeaoimal movement with information gathered from the
environment, has thus far been largely overlooksgecially in terrestrial systems, where animahbatata and
environmental indices are often collected in sefgasteps. Inferences on how habitat variables éfieicnal
behaviour are therefore derived from post-hoc modglwhere animal activity, presence or distributare
modelled against a series of habitat variables.I&\this approach allows us to describe habitatsypbrtance for
species, it often failed to ascertain the procesaderlying habitat choice and animal distributiorthe
environment. We propose the application of wirekmssor networks (WSNs) technology to terrestyisiesns to
design and effectively undertake hypothesis-baistd €xperiments on habitat use. WSNs devices guigped
with a low-power microcontroller unit (MCU) enabjjron-board computation, a wireless communicati¢erface,
storage memory, and a set of sensors. Thankssténgtrumentation and appropriate software contvelcan alter
our perspective, reversing the direction of stuthealso incorporate the effect of individual anisnan habitats and
each other: when certain environmental conditigpmya(e.g., temperature range, proximity to keyrgses,
proximity among individuals), the device is acte@tto acquire an intense set of animal-borne amer atata, thus
providing a robust and quantitative basis for hjpests validation. We present the results of compatitn tests in
challenging connectivity conditions and environnsefat.g., tropical cloud forest, thick broad-leaaduine forest),
necessary to assess the feasibility of our apprimaefidlife field studies. Despite the dense fgiaand high
humidity, the WSN functioned efficiently, communiicey effectively at greater distances than expedtads
prospecting feasible and efficient applicationsvitllife/habitat issues. The accurate estimatehefdistance
between nodes upon contact (animal vs animal onanis fixed station) remains one of the main arajes;
however, the sensitivity of the system is alreadlynaprovement on other animal-borne devices usepate and
habitat use studies (e.g., GPS). To conclude, s&uds challenges and potential of WSN systematly stritical
interactions between animal and resources (e.gtemhabitat use of ungulates in the Alps; proxymoit zoonotic
urban foxes to human settlements).
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04.05 Use of multiple tag types to examine the rishf blue whales to ship strikes off southern
California

Calambokidis J**, Oleson EM*3, McKenna MF3, Goldbogen 4 Stingle K, and Schorr GS.

!Cascadia Research Collective, Olympia, WashingtorQB83SA
2NOAA Fisheries, Pacific Islands Fisheries Sciencet@e Honolulu, Hawaii, 96814, USA
3Scripps Institution of Oceanography, UniversityGaflifornia San Diego, La Jolla, California, 92093,AJS
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We deployed three types of suction-cup attachesldagolue whales to gain new insights into thelngrability to
ship strikes. Objectives included 1) identifyingas of overlap between whale distribution and st@ps
examination of feeding and underwater behavior wiheshipping lanes and 3) reaction to close apgreaby
ships. Deployments were made with a pole from aBRidlver 150 deployments of tags were made in teeeaa
North Pacific since 2000 with efforts in 2007 talR(ocused in and around shipping lanes off soantalifornia.
Recent tag deployments focused on the Bioacousbice? which recorded high quality digital acoustisd the
Wildlife Computers Mk10 Fastlock GPS tag which pd®d location information. All tags also recordegpth and a
combination of other sensors. These tags reveatenider of key findings including: 1) locationsaerlap
between ships and whales tend to occur where sigjpanes overlap the continental shelf edge (astas
productivity where whales were feeding), 2) straiag/night differences in diving behavior indicatwales were
often resting and not feeding close to the suréagéng the night and most vulnerable to ship s&jk® their
movement at night are different than during the platying them at danger even when their daytimdifepareas do
not overlap directly with shipping lanes, 4) whadkd not avoid closely approaching ships and ieéhof four very
close approaches actually closed the gap to théewbpsome behavioral reactions to closely apgrimacships,
including spending more time at the surface, malenwahales more vulnerable to ship strikes. Usingréety of
tags highlighted not just the competing utilitydifferent tags but the ways in which they can canpnt each
other to provide a more complete picture abounhgwortant threat.

05.06 Modeling suitable foraging habitat for adultfemale northern fur seals Callorhinus ursinusg
and implications for conservation of a declining spcies.

Call, K.A.

Alaska Fishery Science Center, National Marine Matrimaboratory, 7600 Sand Point Way NE, Seattle, Wagbn, 98115,
USA.

kate.call@noaa.gov

Conservation of free ranging marine predators afédies on determining the habitat needs of a sgesnd
instituting protective measures in those areastifith as important. Defining suitable foraging htats is crucial
for the management of a declining species sucheandrthern fur seal. The aim of this study wadeweelop a
habitat suitability model using locations of divifrgm 22 adult female fur seals instrumented onRtibilof Islands
during the 2004 breeding season. Ecological Nicmdf Analysis (ENFA) was used to model fur seedding in
relation to sea surface temperature, bathymeteysedace height, and productivity. The first thi@etors from the
ENFA explained 92% of the variance in the dataasétwere used to calculate the habitat suitabiitex and
produce a predictive map defining four types ofdeal foraging habitat (optimal, suitable, margeadl unsuitable).
The model was validated using k-fold cross-valiiatinethod (Boyce Index 0.91, SD + 0.088). Wallegtogk is
one of the top prey in the diets of fur seals. Wtednined the amount of pollock catch taken frocheaf the four
habitats defined by the model. We found 83 % ofqotid fished was taken from areas designated amaphby the
model and only 5% of the catch was taken in arkssified as marginal or unsuitable. Our model destrates a
readily available and robust method for predictimgortant fur seal foraging habitat and identifyjmgtential areas
of interactions with fisheries.
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03.17 The influence of diet on foraging habitat moels
Casper RM*!, Sumner MD?, Hindell MA %, Gales NJ, Staniland 1J* and Goldsworthy SD.
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For central place foragers, such as lactating Atitafur seals Arctocephalus gazel)areliable sources of prey
are expected to be related to environmental festinat enhance productivity in predictable temparal spatial
patterns. Marine mammal studies typically inferafging ecology by combining foraging trip data frenown
individuals with dietary information from unknowmiaals, such as from scats collected at haul-¢iasvever, not
all individuals within a population exploit simil@rey types and these differences are often asedondth different
hydrographic features. Foraging habitat models thayefore be improved by considering environmental
characteristics of core foraging areas (CFAs) wafierence to specific predator-prey combinations. W
hypothesized that CFAs éf. gazellawould be better predicted in seals consuming mgmodiets than in seals
consuming multiple prey types, and that CFAs wdaddpoorly predicted by considering combined daienfall
seals. Bathymetry and multi-year (n = 24) meanssetace temperature and variability were used edigtors of
CFAs of nursingA. gazellaat Heard Island using multiple logistic regressamd classification tree analysis. The
effect of prey types on the predictability of thesedels was explored by matching diet and foragiipgdata of
individual seals (n = 40). Differences in diet beém seals were mirrored by their spatial behaviBovironmental
parameters were useful for predicting foragingwvitgtiof seals that consumed a single prey type vathtively
specific habitat preferences, but not for thosé ¢basumed single or multiple prey types associaiiéil more
varied habitats. Ignoring individual variation iredator diet by pooling data probably contributethe poor
performance of foraging habitat models. Considenatif these differences is likely to identify thas@mals within
a population vulnerable to particular environmegtanges, and also improve predictions of the apreseces of
particular management strategies.

P3.02 Horizontal and vertical movements of black mdin ( Istiompax indicg near Taiwan
determined using pop-up satellite tags

Chiang WC**, Chen SC, Hung HM*, Bunker MJ*, Chen SY, Hsu HH', Huang TL*, Sun CL? Chen WY,
Liu DC® Su WC® and Lam CH*.

IEastern Marine Biology Research Center of Fisheriesdel Institute, No. 22, Wuchuan Rd. Chenkung ufait Taiwan 961
?|nstitute of Oceanography, National Taiwan UnivigrsNo. 1, Sec. 4, Roosevelt Rd. Taipei, Taiwan 106
3Fisheries Research Institute, No. 199, Ho-lh Rd Ileg Taiwan 202
“Marine Environmental Biology, University of Southe®alifornia, 3616 Trousdale Pkwy, AHF 107, Los ArggelCalifornia,
90089, USA

*wcchiang@mail.tfrin.gov.tw

Black marlin (stiompax indicais a highly migratory apex predator distributeshf tropical to temperate oceans.
For almost 100 years, harpoon fishery has targbedggregations that form along the eastern watémziwan.
Information about vertical distribution and migrmatanovements of highly migratory species like tuaad
billfishes are important for stock structure ande@sment. However, in the Taiwan (northwester Ratifis
information is not available for black marlin. Thasking behavior and existence of a harpoon fisheyyided an
excellent opportunity to deploy pop-up satellitetaval tags (PSATS) via harpooning. PSATs were useddudy the
horizontal and vertical movements of 2 black martigged in eastern Taiwan. Two PSATs (BKM I, éleased
prematurely after periods ranging about 161 and.Z8KM (I) indicates almost 60% of the time was rspi@ the
upper 10 m of the water column, relatively at thdface. This is confirmed by sea temperatures abowe 27C of
95% of the time. Maximum recorded depth is 136 oh@mimum temperature recorded was@Boverall
temperature range is 18.0-294 This fish travelled a left round route to theidalsland (Southern China), and
straight-line distance of 1,800 km. BKM (I1) disptamore than 80% of the time during the night isngpith in 10
m at the surface. The highest frequented deptimgulay time diving is 60 m (14%) with the fish neting there at
night for only 7% of the time. During the day thghf spends 56% in the upper 10 m. Night dives fildeccurred
on six separate occasions with no apparent patteczarrelation to lunar illumination. This fish welled a
northeastern direction after released and strdigatdistance approximately 500 km. Diel divingteats also
suggested basking behavior. Black marlin behaviakea them particularly vulnerable to surface fighgear.
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P1.03 The ‘honeymoon’ flights of the short-tailed lsearwater (Puffinus tenuirostris).
Cleeland JB*, Hindell MA and Lea MA.

Marine Predator Unit, Institute for Marine and Amtic Studies, University of Tasmania, Private B2§,1Hobart, Tasmania,
7001, Australia

*Jaimiec@utas.edu.au

Short-tailed shearwaterB\{ffinus tenuirostrisare a migratory species that depart northerrgfogagrounds in the
Bering Sea to reach southern breeding colonieasteen Australia by late September. Prior to eggitathey
embark on long foraging trips over sub Antarctidevs to improve body condition that has deteriatabering the
trans-hemispheric migration. Whilst numerous stsidtighlight aspects of the foraging flights of Reltariiformes
during the chick rearing period, very little is kmo about pre-breeding flights and foraging areastefemetry
techniques have advanced, loggers have becomessmatl less costly permitting tracking of smalltseds with
large foraging ranges during the riskier pre-bregdieriod, where birds may not return to the coliéiyey choose
not to breed. Using light-level geolocators, we &ntrack 25 adults from their arrival at the santhTasmanian
colony in October to December (2010) when breedomgmences, ultimately capturing the pre-investment
‘honeymoon’ flights. From recent preliminary telemyestudies evidence has pointed toward the uskreé
particular areas; the Polar Frontal Zone, Subatitafone and The Australian shelf during both the-preeding
and breeding periods. Few individuals have beak#&w during the pre-breeding stage, however tlseseme
indication that the flight paths and foraging cltaeaistics are very different to those undertakéiist chick
rearing, when adults are provisioning young. Wécgdte that adults will travel further distanceshigher latitudes
exploiting frontal systems and regions of high bgptal productivity due the reduced constraintthefpre-breeding
period.

05.13 Comparison of the foraging ecology of southerand northern elephant seals

Costa DP*, Robinson PW, Huckstadt LAY, Simmons $, McDonald BI*, Hassrick JL!, Crocker DE? and
Goebel ME.

!Department of Ecology and Evolutionary Biology, Ustisity of California, Santa Cruz, California, 95065A
’Department of Biology, Sonoma State University, RohRark, California, 94928, USA
3southwest Fisheries Science Center, La Jolla, Calipp2037-1508, USA

*costa@ucsc.edu

While southern elephant seals (SES) are distribtitexighout the southern ocean, northern elepleaats §NES)
are limited to the Northeast Pacific Ocean. SE# t@dhe same latitudes where they breed, while f¢E& at
higher latitudes than their breeding colonies. inaging behavior of 167 female northern elephaats(Afio
Nuevo and San Benitos Islds) and 55 southern efeseals (Livingston Island, Antarctic Peninsularey
compared to see how the behavior varied betweee tthiéferent habitats. While the diving behaviosvgamilar
their movement patterns are quite different. Ferhd#& forage primarily offshore (85%) while most Stefage on
the continental shelf (86%). Over a foraging trpSSand NES traveled similar distances (SES 10,861 k791,
NES 9,042 km £ 3710) and both rely on persistengel@cale oceanographic features such as the Radific
Transition zone for NES and the Polar Front for S&Gsen the similarity of foraging behavior of tleespecies it is
quite surprising that NES breed at such low lattidompared to where they forage. While SES foiratjee areas
more associated with their breeding sites. Thefereinces are probably related to differences &ilakle habitat as
well as a greater presence of humans in the haijitadrthern elephant seals.
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01.06 Biophysical identification of eddies of ecotpcal interest from a marine predator outlook
Cotté,C*"2 d’Ovidio F*, Lévy M*, Dragon AC? and Guinet C.
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Oceanic frontal areas are dominated by an intamballence shaping both physical structures andnadifie. This
work proposes a multidisciplinary approach for ustending how mesoscale (eddies, 10-100 km) and
submesoscale (filaments, 1 to 10km) processe<inéel marine foodwebs, particularly the foragingtstyies of top
predators. Marine predators are perceived as kggnisms when studying such highly dynamic habitgghey
integrate the interactions between the physicairenment and other marine life including planktorddish. The
aim is thus to characterise the dynamic environroéfaraging predators and particularly the eddissd by
predators compared to those which are only trashsilging Argos-CTD (Conductivity-Temperature-Depth)
Fluorometry transmitters and Argos-TD devices, meked trips of post-moulting and post-breedinglktat seals
from Kerguelen within the frontal areas of the $®uh Ocean and their interactions with mesoscaleedind
submesoscale filaments. We used Langrangian asdiysa satellite data to track these physical stmes and we
also examined origin of water masses and tempergtadient. Our results indicate that elephanssdidl not
forage randomly in the dynamic field of the fronEantrasted behaviour of elephant seal based dRitsiepassage
time method particularly highlight that the modeimsive foraging occurred in cold eddies charanterby
northward intrusion of water masses crossing ciflar fronts creating locally strong thermal disttonities. We
have also investigated the aggregative aspectdiéggrospected/targeted by seals, that is fundinierterm of
strategy of foraging predators and local develogroéfoodwebs.

03.16 Linking bio-logging and endocrinology — Corttosterone and diving behaviour in Adélie
penguins

Cottin M*, Kato A, Thierry AM, Le Maho Y, Raclot T and Ropert-CoudertY.
Université de Strasbourg, IPHC, 23 rue Becquerel 8BiBasbourg, France and CNRS, UMR7178, 67087 Stregbewance.

*manuelle.cottin@gmail.com

The amount of energy that organisms can allocaselfemaintenance and/or reproduction largely ddpem their
foraging strategies. Underlying physiological metdkms of animal behaviour are mainly controlled esgllated
by endocrine processes. Because of the involveofartrticosterone (CORT, the stress hormone) irctgrol of
energy metabolism, food intake and locomotor afgtivecent studies seek to demonstrate the ralei®hormone
in foraging decisions and performance. To this aua,nstrumented control and CORT-treated Adéliegons
(Pygoscelis adeligewith time-depth recorders and monitored themubhmut successive foraging trips during the
guard stage (Adélie Land, Antarctica). We found fheaging trips duration was similar between bgtbups. Dive
durations, time spent at the bottom phase of diveraumber of undulations per dive were significahigher in
CORT-birds than in controls. However, CORT-birdsfpened less dives than controls and spent many jpeariods
without diving. Because CORT administration waagged with low foraging effort and long emergestipds,
CORT-birds probably gained less energy than comtiithus, CORT treatment apparently redirected itttk b
behaviour from costly activity (reproduction) td@ehaviour promoting body maintenance. The associdetween
bio-logging and hormonal manipulation could proeetigularly helpful in understanding proximal fargdhat
control foraging decisions of free-living animatsa changing environment.
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P5.06 Habitat use, residency and site fidelity of emta rays, Manta alfredi, at Lady Elliot Island,
Australia.

Couturier LIE* 2 Jaine FRAZ*® Townsend KA, Weeks S3° Richardson AJ?® and Bennett MB.

School of Biomedical Sciences, University of Queand| St Lucia, Queensland, 4067, Australia.
2Climate Adaptation Flagship, CSIRO Marine and AtmosietResearch, Cleveland, Queensland, 4163, Australia.
3Centre for Spatial Environmental Research, Universit@ueensland, St Lucia, Queensland, 4067, Austral
4School of Biological Sciences, University of Queensl, St Lucia, Queensland, 4067, Australia.
5Global Change Institute, The University of Queend|e8t Lucia, Queensland, 4067, Australia.
SCentre for Applications in Natural Resource MatheosaiSchool of Mathematics and Physics, Universit@ueensland, St
Lucia, Queensland, 4067, Australia.

*|.couturier@ug.edu.au

Manta raysManta alfredj frequently occur in coastal tropical areas ancelastrong tourism potential. However,
little information is currently available about thsite fidelity and residency patterns and whatdes influence their
visitation patterns. Manta rays are frequently obse along the east Australian coast and appeagdcegate at
specific sites. Over 40% of the manta rays idesdifat Lady Elliot Island, using photo-identificatitechniques,
were resighted at least once at the same siteaotfgee years period, suggesting some form ofididgdity by the
species. Passive acoustic telemetry techniqueswgekto examine the residency and site fidelitiepas of Manta
alfredi at Lady Elliot Island. Six acoustic recaiw@vere moored around the island between June 20@%ebruary
2011 and a total of 16 acoustic transmitters wepdayed on manta rays. Using a general linear mefetts
modelling approach, we analyse the visitation pastef manta rays with respect to environmentaltentporal
parameters such as tide, water temperature, tigeasfand time of the day. The increased knowledgeanta ray
habitat use, residency and site fidelity at keyraggtion sites will inform management policies twik support
eco-tourism and conservation of the species artthliitats.

04.19 Foraging areas of female southern sea liorStéria flavescenson La Plata River Estuary
(Argentina-Uruguay)

Dassis M?, Ponce de Ledn A Bastida R*? Barreiro C3, Farenga M*, Davis R and Rodriguez 32
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The southern sea lio®(aria flavescenspopulation in Uruguay has declined severely duthre past few decades.
Hypotheses on the cause(s) include a decreaseyragailability which could be caused or exacerdbate
environmental changes, increasing competition witter top predators and overlap with commercidieiises.
Breeding colonies in this area are within the Lat®River Estuary (LPRE), a hydrographically comple
environment that supports an important fisherytjgiadministrated by Argentina and Uruguay. Althbusputhern
sea lions have been identified as a species faerwation, there is little information about it¢er@n this ecosystem.
As a result, the two countries developed a co-mashagsearch project focused on the identificatitioraging
areas, at-sea movements and foraging behaviorutif fachales, the most vulnerable component in aedesing
population. A total of 22 females were instrumerdétsla de Lobos (Mo7~=12; Nyo15=10) with location only
telemeters (n = 10) and with satellite-linked digeorders (STDR-S16=6). The foraging area (ca.CBDK®IY) was
similar between 2007 and 2010 and was mostly lddatéhe Uruguayan-Argentinean common fishery zone.
Foraging occurred primarily in south-southeast gaatdon the continental shelf. Mean duration o&épng trips
was ca. 5 days, reaching a maximum of 14 days. Bitstals returned to the same area on successagirig

trips, and there was little overlap among individu&ite fidelity to the rookery was high regardles$ reproductive
condition. Our results show that the main foragingas of this species lie within the LPRE but arecoincident
with the “high priority protected areas” This resgawill contribute to our understanding, managenaam
conservation of the LPRE by including top predators
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01.01 Classification of free-ranging Weddell sealides based on three-dimensional movements and
video-recorded prey capture.

Davis RW*!, Madden K2, Fuiman LA? and Williams TM 3.
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Animal-borne instruments that record video, audid data on swimming performance and three-dimeakion
movements are providing new insights into the baral’ecology of marine mammals at sea. The go#tisfstudy
was to classify and compare free-ranging dives efl#éll seals using the same 58 descriptors fon&«isional
dive path and multivariate classification scherna there originally used to classify dives from &ed ice holes
(Davis et al., Mar. Ecol. Progress Ser. 264:109-22P3). The diving behavior of free-ranging s€als12, BM =
430 + 69.0 kg) was studied in McMurdo Sound, Artieecfrom 2001-02 in two locations: an inshore liag area
and offshore over deep water. A video data recdMBR) was glued to the fur of each seal for cee filays before
recovery. Prey capture events were identified ftbenvideo, and three-dimensional dive paths wenepeded from
data for depth, compass bearing, and speed. Marehthlf (56%) of all free-ranging dives were assijjto Type 1
(foraging) dives by the classification functionsided for isolated hole dives, and prey (principalntarctic
silverfish, Pleuragramma antarcticum) were captaiaihg 84% of these dives. This confirms that T¢pdives are
the primary type of dive used for foraging by bbo#e-ranging seals and those diving from an isdlatee over
deep water. Seals whose foraging dives originatskiare and followed the bottom contour had to niakger
dives and travel farther to reach depths (> 18&h®gre silverfish commonly occur. Average dive diarai{24.7
min) and distance traveled (1.95 km) for inshomading dives was 1.3-1.5 times greater than theageedive
duration (16.7 min) and distance traveled (1.45 fanpffshore foraging dives. In addition, linegrdf the seals’
outbound and inbound swimming paths was signifigagrieater for inshore foraging dives. As a redhigre is an
additional energetic cost for foraging animals tnggregate inshore near certain breeding areashasnchay
influence rookery quality.

P5.07 A miniature acoustic transponder for simultaeous underwater animal tracking and habitat
mapping.
de Moustier C**, Franzheim A%, Foy R?, Burns JM*, Testa JW*®.
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We developed a prototype miniature underwater deotransponder that operates with a standard HBOWASSP
WBM-160F multibeam echo-sounder (ENL, Auckland, Nésaland). Each transponder has a unique codey repl
that is clearly detectable in the receive sequémica single sonar ping. In addition, the transporiths two as-yet
unused channels available for optional sensors evlag could be encoded in the replies. Range @aig of the
replies from multiple transponders can be obtainexisingle sonar ping cycle. This allows for theegration of
acoustic mapping, animal tracking, and environmlesgasing thus providing real-time environmentaiteat to
movement data. In a field test of this system,dp@mders were attached to the carapace of thrdénmgdrabs
(Paralithodes camtschaticyghat were subsequently released in a small 3®epdbasin in Womens Bay, Kodiak
Island, AK. On three successive days post-deploynie® WASSP sonar was used to locate the crathegs
moved a few 100m within the basin. These resulisatestrate the feasibility of real-time active adausacking of
mobile benthic animals whose acoustic target sthrengrmally would not rise above the surroundingdro
echoes. While the crab experiment was done in 2B-3ater depth, the system was also successfuligdevithout
animals at in deeper waters (to 190m). Future dg@veénts are needed to optimize the system for motzle,
midwater predators.

42



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

P5.08 Movement patterns and habitat preferences dfvo albatross species at a shared wintering
site.

Deppe ™ and Scofield P

School of Biological Science, University of Canteggu€hristchurch, New Zealand.
Museum of Canterbury, Christchurch, New Zealand.

*lorna.deppe@pg.canterbury.ac.nz

Albatross species are considered globally at nigkfacing numerous threats in both their marinetanestrial
environment. To implement effective conservatioramges, we need to understand species specifio-$patporal
dynamics, based on which marine important areapeadentified and classified. We studied two alsg species
that breed in close proximity on two islands belaggo the Chatham Island Group: the Chatham albkajr
Thalassarche eremitand the Northern Buller’s albatross, bulleri platei Using Global Location Sensing (GLS)
loggers, including salt water immersion sensorsreeerded the birds distribution during the noneldlieg season.
Both species showed a strong spatial overlap anilbsimovement patterns inside their South Ameriaértering
areas but did segregate on a temporal scale. Carghinformation on wintering movements with actual
temperature recordings by the GLS loggers and relneensed sea surface temperature (SST), we vkeréoa
identify temperature as a determining factor fdvite selection.

04.07 Effects of simulated military sonar on soungroduction by blue whales, sperm whales,
Risso’s dolphin, and Cuvier’'s beaked whale

DeRuiter SL**, Calambokidis , Douglas A, Falcone E, Friedlaender AS"® Goldbogen J*, Hildebrand
JA*, Moretti D°, Pusser T, Schorr G Southall BL® and Tyack PL'.

1Biology Department, Woods Hole Oceanographic Instity Woods Hole, Massachusetts, 02543, USA.
2Cascadia Research Collective, Olympia, WashingtorlQB83SA.
3Nicholas School of the Environment, Duke Univerditgrine Laboratory, Beaufort, North Carolina, 285WU&GA
“Scripps Institution of Oceanography, UniversityGaflifornia San Diego, La Jolla, California, 92093,AJS
SNAVSEA, Newport Undersea Warfare Center, Newporpdhisland, 02841, USA
8Southall Environmental Associates, Santa Cruz, Galip 95060, USA

*stacy_deruiter@yahoo.com

Whales and dolphins use sound for different fumgtimcluding echolocation and social communicatang thus
changes in sound production patterns are a likefyponent of any behavioral response to anthropogeninds
such as military mid-frequency sonar (MFA). To sitaneously log whale and dolphin movements, sound
production and reception, and anthropogenic soupdsare levels, we used Dtags (Woods Hole Oceapbigra
Institution) and bioacoustic probes (Greeneridgerg@es). Tags were deployed on wild, free-rangetgaeans in
Southern California waters. Tagged animals werp theposed to simulated MFA or, as a control, pseaddom
noise (PRN). In total, the August-September 201000 behavioral response study included 28 pldsgd® to
blue whales (11 MFA, 8 PRN), 5 to fin whales (3 MRAPRN), 2 to a single sperm whale (1 MFA, 1 PRINp a
Risso’s dolphin (MFA), and 1 to a Cuvier’s beakeule (MFA). For this analysis we focus first ondeal whale
call production and reception rates (particulatlyebwhale D calls and variable calls) in relatiorsbund exposure
level, dive behavior, and lunge feeding rates. Wm texamine echolocation-based foraging behavidisanial call
production by the toothed whales as a functioroois exposure level. This rich dataset, includindtiple
cetacean species of conservation concern, proindgght into the wide potential range of resportsesound, and
the dependence of those responses on ecologicé| aad behavioral context. Investigations likeC8H.0 can help
guide inferences for related topics, such as assg0f population effects of anthropogenic noise.
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05.07 How do GPS-collared moose deal with temperatiinduced heat stress across Scandinavia?
Dettki H™, Ericsson G, Neumann W-? and Berger A%,

ISwedish University of Agricultural Sciences (SLBjaculty of Forestry, Department of Wildlife, Fisimd Environmental
Studies, SE-90183 Umed&, Sweden.
2University of Wisconsin-Madison, Department of Fsirg and Wildlife Ecology, Madison, Wisconsin, 5870598, USA.
3Leibniz-Institute for Zoo and Wildlife Research, D31L5-Berlin, Germany.

*holger.dettki@vfm.slu.se

Recent climate change models suggest considemablact on peripheral ecosystems. The consequenckarfan
societies may become evident in the future siniceaté change influence not only the factual clin@irditions,

but also change flora and fauna by affecting spesigatiotemporal distribution. Climate change ratigr

migration patterns of ungulate species such as en@dses alces Moose as a species is extremely tolerant towards
cold temperatures. In agreement with Bergmannks, iitd larger body size preserves heat and thusriothe energy
demand for thermoregulation. In contrast, mooseezaily experience heat stress both during sumntewanter.
Heat stress can via an increased energy demanderedarall activity. Further, apart from this etfgbe utilization
of habitats that reduce heat stress may additipa#fitct moose movement behavior. More and morellates are
equipped with GPS-collars due to an increasingnsifie demand on high precision positioning in anging world.
Often GPS-collars are equipped with additional senfr measurement of e.g., activity or tempegrtilio date few
studies have made use of this additional infornmatRetween 2004 and 2010, we equipped 207 moasi@én
populations from Southern to Northern Sweden wiBS&:ollars and recorded position and temperatugeyes0
minutes for one year. We first correlated the edimperature readings with temperature data frearast weather
stations in the area, and second, correlated thparture conditions and temperature changes tmévement
pattern of each individual moose. We show thatalian offset between the temperature data ofiéather
stations and the collars, but that the relativepemrature changes are reflected in the collar datdher, changes in
the movement pattern seem to indicate that moolkithern Sweden, adapted to a lower annual meapeeature,
are more affected by heat stress than moose irn&wuSweden.

P4.03 Evaluation of near-real time GPS-ARGOS collaperformance by stationary tests and fitting
on a free-ranging Asiatic black bear

Doko T*2 Chen W}, Fukui H3, Ichinose T* and Osawa &

!Graduate School of Media and Governance, Keio Usitye
2japan Society for the Promotion of Science
3Faculty of Policy Management, Keio University
“Faculty of Environment and Information Studies, &einiversity
°College of Bioresource Sciences, Nihon University

*dokochan@sfc.keio.ac.jp

The wildlife researchers have used radio-telen@S collars, and ARGOS system to track animalslametry
technologies. More recently, a new ARGOS systemmaty GPS collar with ARGOS uplink (hereinafter reéal to
as “"GPS-ARGOS"), was developed; this can colleghlyi accurate location data by GPS and remotehstrit
collected data to satellites. Using this system,ubers can collect tracked animals’ movementilocatata
remotely in near-real time through the Interneteascand do not necessarily go to field for datkectibn. The
objective of this study is to evaluate a GPS-ARGR8smitter performance and investigate the paknti
applications for tracking terrestrial mammals inkialy forests. The performance of GPS-ARGOS trattemi
(model TGW-4580, 920g, Telonics Inc.) with an Arggmink was tested. The collar was programmed Lpttect
location data (latitude and longitude) recordedtbynternal GPS, temperature, altitude, and agtaata, for every
4-hour per day and 2) to transmit above data thrgadio signals to satellites during fixed 6 hoewery 3-day. The
collar was placed at three points (S1, S2, andrEBanzawa region, Kanagawa Prefecture, Japanstdhe effects
of terrain (elevation angle) and degree of candpyure, on the GPS fixes rate, the positional eand ARGOS
uplink success rate. Points S1 and S2 were setioaraide located at a valley, and on a mountigiger,
respectively, in a mixed forest. Point S3 was sethe third-class triangulation point, whose coonatiés were
measured accurately. Moreover, the collar was gepl@n a free-ranging bear to examine the fix rate, the
ARGOS uplink, and 106 location data was collecteghg four hours from 19th September to 23rd Oct@i$)9 in
Tanzawa Mountain, Japan.
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01.04Understanding foraging decisions of southern eleplm seals in relation to oceanographic
structures using hierarchical hidden markov models.

Dragon A-C™*? Bar-Hen A3, Monestiez P? and Guinet C.

!CEBC-CNRS, Centre d'Etudes Biologiques de Chize, France.
ZBjostatistique et Processus Spatiaux, INRA AvignaanEe.
SMAPS5, UFR de Mathématiques et Informatique, UniwérBiaris Descartes, France.

" acdragon@cebc.cnrs.fr

The optimal foraging theory predicts that predasbvsuld adjust their movement’s pattern in relatmprey
density. Studies of predator movements therefongribwite in understanding foraging processes rieguftom
individual decisions taken in response to physigiaigand prey distribution constraints. Within theuthern Ocean
polar frontal zone, female southern elephant 4&HS) concentrate their foraging activity in mesdseddies
known to enhance the primary production with allileffect on the spatial distribution of prey fisldrhe aim of
this study was to investigate at fine temporal sypatial scales changes in the movement and divattgmps of
elephant seals. In 2008-2009, eleven post-breddimgles were fitted with new TDR recorders, sangptiepth and
temperature every 2 seconds, and Argos satelBteS data loggers at Kerguelen Island. We used hioation of
two hierarchical Bayesian hidden Markov models (HUB) to probabilistically assign locations to onetafo
behavioural movement types. At the surface, movepathways from Argos and GPS satellite-tag datewe
classified: each step and turn of the animalsetiajries was assigned to a behavioural state bettweestatistically
distinct states: travelling and foraging. The secbiBHMM model was developed within the vertical @insion:
intensive foraging behaviour of the seals was ifledttaking into account their vertical speed @dhe water
column. Environmental covariates, such as sea fwealies and in situ temperatures, were alsodiecl in the
models. Along the tracks, the most favourable forggones were found to be related to the presehbeth
cyclonic and anticyclonic eddies while at depthrafping was found to be related to temperature.rébelts
obtained provide the first synoptic view of theigdnsion distribution of elephant seals’ prey feetdvealed by
their foraging activity in response to oceanograiuctures in a vast sector of the Southern m@ieean.

P4.04 Flight dynamics and energetics of large rapte: combined use of GPS, accelerometer,
electro-cardiogram, and video camera on free flyingultures.

Duriez O**?3 Dell'omo G*, Kato A>® Ropert-Coudert Y>®°, VyssotskiA’ and Sarrazin F°

'CNRS-CEFE, UMR 5175, 1919 route de Mende, 34293 Mdiigpeedex 5, France.
2Université de Montpellier 2, Place Eugéne Batail@4015 Montpellier cedex 5, France.
SUMR 7204 MNHN-CNRS-UPMC, Conservation des Especes, Rexdtan et Suivi des Populations, Muséum National

d'Histoire naturelle, 61 rue Buffon, 75005 Parisrfee.

4Ornis italica, Piazza Crati 15, 00199 Rome, Italy.

SUniversité de Strasbourg, IPHC, 23 rue Becquerel BBi8asbourg, France.
®CNRS, UMR7178, 67037 Strasbourg, France.
"Institute of Neuroinformatics, University of ZuriTH Zurich, Winterthurerstr. 190, CH8057, Zurichyi&erland.

*0.duriez@wanadoo.fr

Understanding precisely the flight of large soariagtors was, so far, limited by the lack of adeéguaols and by
the difficulty to recapture wild raptors with vuladle conservation status. This latter difficulande circumvented
by studying flight of captive raptors, trained bp freely in semi-natural conditions. The Roches dégles in
Rocamadour (France), overhanging a canyon, offeriéas conditions to those encountered by wild capt In
spring and summer 2010, five vultures from the Roales Aigles, belonging to three closely-relateectes
(Griffon Gyps fulvusRuppellG. ruppelli and Himalayaits. himalayensisultures) were equipped with high
precision GPS (measuring position, altitude, spatibearing at a rate of 4 Hz), coupled with 3-Betarometers
(measuring wingbeats and body posture at a rat®@®Hz), and electrocardiograms (to determine hegetduring
soaring, gliding and flapping phases). One of th@gis was also equipped with a miniature video@andirected
backwards to analyse the inclination of the bodgmvhoaring and the movements of the tail. Thesealktwed us
to analyse precisely the flight behaviour of théfsee species that underwent similar flight conditbut had
different body masses and wingspans (ranging fre8ik§). Captive vultures were able to fly as highl&00m
above ground, ascending at a speed of 13 mten soaring, and reaching the impressive horit@peeds of 120
km.h* when gliding. Using meteorological and wind datgether with precise morphometrical measuremerss, w
were able to compare the efficiency of using thémwsaending currents (climbing speed, diametepafiag circles,
number of wingbeats) between species. These resillltselp us better understand the constraintateel to flight
for prospection behaviour of wild vultures, ancptan adequate conservation actions.
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P5.09 Free ranging ocean observation systems: madiimg use of ocean data collected from tags
deployed on marine animals.

Evans K*, Cowley R and Hartog J.
Wealth from Oceans Flagship, CSIRO Marine & Atmosjtheesearch, GPO Box 1538, Hobart, Tasmania 7004tr&lia.

*karen.evans@csiro.au

In an effort to better utilize oceanographic daillected from electronic tags deployed on marinenals, we have
developed a set of routines for the extractionlityueontrol and transfer of temperature profileéalto the Global
Temperature Salinity Profile Program (GTSPP). Isido of these data into the World Ocean Databadbéy
GTSPP represents the first time that data derin@d fags deployed on fish species have been sdahtdtthe
same procedures as Argo-float and XBT data forsscaad use by the global community. Data receire@d GPS
capable pop-up satellite archival tags are autaaiftidownloaded from Argos, decoded and uploadeal ¢entral
database. Routines extract temperature profileidatise (+/- 72 hours) proximity to GPS locatipwhich are
then processed through data quality control rostaeveloped for Argo-float and XBT data. Standasdadata
fields are generated and the data and metadatadgado the GTSPP, and ultimately to the World @d2atabase.
Further development of these procedures to indengerature profile data associated with Argodligatocations
will result in the expansion of the spatial coverad temperature profile data available and impulygorovide data
from regions that have proven difficult for traditel oceanographic instruments, such as coastahegnd semi-
enclosed seas.

02.02 Are archival tags useful for fisheries manageent?
Eveson JP*, Basson M and Hobday AJ
CSIRO Marine & Atmospheric Research, GPO Box 1538, Hplbasmania 7001, Australia.

*paige.eveson@csiro.au

The deployment of archival tags on commerciallyleited fish species has become increasingly comoven the
past decade. Valuable information has been gahmedgh this research on the spatiotemporal behaweiou
individuals and populations, such as distributialagige, migration patterns, depth distribution divihg behaviour.
However, the use of archival tag data to inform agment—which is often stated as the primary gb#le
research—has been relatively uncommon. One readbe iack of established analytical methods fangiso.
Here we show how data from archival tags can berparated into a discrete-space discrete-time mindel
analysing conventional tag-recovery and fishergltatata. For a cohort of fish tagged in consecutears, this
model can provide year- and region-specific es@saf natural mortality and fishing mortality, regispecific
estimates of abundance, and year-specific moveprebabilities between regions. Archival tags previde same
information on mortality rates as conventional fdgg in addition they provide information aboug ttnovement of
tagged fish between the times of release and ne@pl/e examined the value of including archivgldata in the
model in terms of parameter precision using twaioss of the model: one with a very general spatiaicture (no
restrictions on fish movement or fishing operatjpasid one that has movement and fishery dynaregembling
those for juvenile southern bluefin tuna (SBT). Both versions, we found archival tag data to be

particularly beneficial when tagging in some regi@amd years is not feasible. In this case, inangasie proportion
of archival tags led to significant improvementshe precision of the movement probability estimated many of
the fishing mortality estimates (those for regians time periods where tagging did not occur). iemnore, there
were cases for which not all parameters were ebtanaless archival tag data were included.
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P3.03 Search tactics of echolocating male sperm wha in a bimodal foraging mode
Fais A*!, Johnson M*® Aguilar N*?and Madsen P.
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“4zoophysiology, Department of Biological Scienceartius University, Denmark.
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When searching for food, echolocating bats anchembtvhales modulate their acoustic sampling raterding to
the distance over which they expect to find preglmstacles. Both taxa use a low clicking rate wedarching for
prey, but change to fast clicking (called a buzzreak) when attempting to capture prey. Acousttording tags on
echolocating whales provide continuous measuréseofiepth of the whale, its clicking rate, and,ecaoes
returning to the whale, its distance to the searfl@ombining these data with the depths at whiehling buzzes
are produced, provides and indication of where preyencountered and presents an opportunity dy search
tactics as a function of resource location. Makerspwhales off northern Norway forage over a widptti range
and display a dynamic foraging behaviour switchietyveen shallow and deep dives, but it is unknowwatvactors
influence the selection of the target food layeedch foraging dive. Here we use multi-sensor duotag)s (DTAG)
to compare the dynamic foraging tactics of malerspghales to those of females in warmer watersviach
shallow foraging is very rare. We show that malerspwhales, in contrast to females, echolocatendutie ascent
phase of dives without attempts to capture preggssting that ascents are used to locate the &y for the next
dive. Males also start clicking earlier and clickhagher rates in shallow dives than in deep dimdgating a shorter
sonar inspection range. These results suggesitiatsperm whales may decide on what food laytartget prior
to diving on the basis of information acquiredhe previous dives. The clicking rate of an echdioggpredator
may then be a useful indicator of how its prey ueses are distributed in the water column.

P3.04 Use of the LIMPET medium-duration satellite &g to identify areas of elevated risk for
sensitive populations: fin whalesBalaeanoptera physalysn the Southern California Bight.

Falcone EA*, Schorr GS', Moretti DJ?, Baird RW?, Hanson MB® and Andrews R}

!Cascadia Research Collective, 218 %2 \Age, Olympia, Washington, 98501, USA.
°Naval Undersea Warfare Center, Bldg 1351, NewporbdeHhsland, 02841, USA.
SNOAA,Northwest Fisheries Science Center, 2725 MaéetRBIvd E., Seattle, Washington, 98112, USA.
“School of Fisheries and Ocean Sciences, Univeo§iflaska Fairbanks, and Alaska Sealife Center,R8iway Ave, Seward,
Alaska, 99664, USA.

*efalcone@cascadiaresearch.org

The Southern California Bight (SCB) is a productimarine region extending 100nm off the southwestérited
States. Fin whales are listed as endangered id$hend are believed to occur throughout the SCalimonths, at
times in dense aggregations far from shore. Theguient areas not consistently covered during doastal
surveys, thus population structure and local usiepe are not well known; however evidence suggbsse fin
whales may represent a discreet population sub-Tiné SCB is a region of elevated anthropogeniwiagt
including military training ranges, shipping traffiand oil and gas extraction. Fin whales are pieeigs most
commonly implicated in large vessel collisions @dhe US West Coast, therefore there is a neatktttify areas
where aggregations of fin whales and vessel trafficlikely to co-occur, and for how long. The LIEP (Low-
Impact Minimally Percutaneous External-electroflicansmitter; Wildlife Computers’ SPOT5) satellisgtallows
us to monitor movements of individual whales foripds of weeks to months with multiple positions gay. In
2008-2009 we remotely deployed eight LIMPET taggionvhales during marine mammal surveys at the US
Navy’'s Southern California Offshore Range (SCORE&3ulting in a total of 2,214 locations over pesednging
from 19-160 days, with up to 17 locations per dafile all but two whales made forays west or sofitig,
ultimately returned, and the majority of all locats remained within the SCB, with extended perindsffshore
regions of heavy shipping traffic. LIMPET data dencompared against military range boundaries ctabémt
vessel traffic maps, or other areas of interesheracterize exposure to elevated risk levels.aviges critical
information for mitigating such risks to this pogtibn not attainable by other means, and demoastthe utility of
this technology for similar species.
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02.01 Bio-logging science into management policy
Faustino, CES*, McConnell, B Duck, C?, Grellier, K* and Sparling, C*
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There is currently a strong commitment to develgpirarine renewable energy by Governments, anduh#ar of
areas being leased fboth demonstration and commercial renewable ergmgyuction projectss increasing. Some
of these leasareas in the UK are also home to large numbegseyf(Halichoerus grypusand harbou(Phoca
vitulina) seals. Additionallyspecial consideration needs to be given to seats 8pecial Areas of Conservation.
Two case studies are presented to illustrate h@mse and bio-logging can inform policy makers and
environmental managers. The first case study ustolric data to assess the potential for overlapéen areas that
are used by seals and those which have potentiahfergy production. Haulout survey and telemetryséat) data
were used to explore the extent of overlaps. S@asel areas clearly overlapped with seal breedilogies, haulout
sites and seal movements at-sBelemetry, visual and acoustic datare specifically collected for treecond case
study. Bio-logging data were analysed to look at ssovements and behaviour in relation to energycds; and
collision risk models were constructed, using tbeustic data to ground-truth the models. Local dance from
energy devices was found but no gross displaceofanrtimals. Information obtained at specific sitesf general
applicability to the management of seals and maenewables sites outside the UK.

03.19 The MEOP International Polar Year Project: maine mammals exploring the oceans pole to
pole.

Fedak MA*! for the MEOP Partners?

Scottish Oceans Institute, University of St Andre@sotland, United Kingdom.
2MEOP Secretariat, Norwegian Polar Institute, Troni@rway.

*maf3@st-and.ac.uk

The polar seas form important links between albmse They play a critical role in the climate sgsi&@nd support
vital ecosystems that contain important living t@ses. Despite its importance, the physical envirent and
ecosystems of the polar regions are still underpsasnand poorly understood. The IPY MEOP project wa
conceived to contribute significant new knowledfi@a@ar marine mammals while simultaneously praviga rich
new source of oceanographic data important for tstaleding their ocean ecosystem. MEOP involves $efaom
10 countries, each funded by their own nationahags. Novel, miniature Conductivity-Temperaturepibe
Satellite-Relay-Data-Loggers (CTD-SRDLs) were glteethe hair of more than 200 seals of 4 speciesdéd
seals in the Arctic and southern elephant, Weddwllcrabeater seals in the Southern Ocean). Bheiiments
recorded and transmitted the movement patternslanty behaviour of the seals along with 2-4 phgkic
hydrographic profiles per day. We use these datkesaribe the behaviour of these marine top preslaia
physical environmental context (e.g. water madsestal structures, mixed layer depths and mesesedilies) and
show how we can simultaneously monitor the changése body condition of the seals in relationhege. We also
describe our strategy for making hydrographic datglable to the wider ocean observing and climabeelling
communities for use in their operational and dafayede ocean models and databases. MEOP colle8&609
CTD profiles over 3 years. Many of these were ftomes and areas which are difficult to sample theomeans,
such as waters beneath the winter pack ice. The RIE@ject clearly demonstrates the value of usitignal
platforms to collect oceanographic data to studyettological roles of marine mammals as well asfistained,
high resolution, year round, low cost observatibthe Polar Oceans.
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04.13 The use of GPS and compass loggers to recounst high-resolution trajectories in Cory’s
shearwaters Calonectris diomedeao investigate search strategies.

Focardi S*! and Cecere JG.
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We investigate the search behaviour of Cory’'s skatars living in colonies on islands of southeatylt The
general aim of the research was the identificatioiBAs but we are here interested in searchingabigin and
optimization of detection of targets which, in tegeelagic birds, are represented by fishes or ¢epbds. Birds
were captured in the nest during incubation orlchéaring. Animals were fitted with a GPS or a casglogger
and the device was recovered when the bird retunoetke after a foraging excursion. We performedraparison
of the movement parameters obtained using the vizds and we tried to establish 1) if these devieturned
comparable information, 2) which search strategiese used by birds and 3) if birds optimized seaif€iciency by
adopting a Lévy distribution of movements. Theaadtanalyses have showed that Lévy walks can dotpeother
search strategies in term of efficiency (targetected per unit timef. Our analysis showed that there is
heterogeneity in search strategy but that mosirdétadopt a mixed strategy. Under this model amahshifts
from a “scanning” to a “reorientation” behaviorabde. During scanning, animals perform a continumrselated
random walk while reorientation breaks the diraigpersistence and the time among reorientatientsvfollows a
Lévy distribution. We used Bayesian analysis, agptlonte Carlo Markov chain methods (MCMC) to reeo
with a very good precision both proportions of tiwe behavioral modes and the concentration parametethe
wrapped Cauchy distribution characterizing the soanmode. This approach allowed us to determiad_tvy
exponenim which appears to be close to the valwe supposed to maximize We wish to emphasize the
importance of technological improvements for thieison of both theoretical and practical issues.

P5.10 Xtractomatic: easy access to environmental téafor ocean habitat identification
David G. Foley*

Environmental Research Division, NOAA Southwest Eigds Science Center, 1352 Lighthouse Ave., Pa@iftve, California,
93950, USA.

*dave.foley@noaa.gov

Researchers and managers seeking oceanographio gatevide environmental context for their applicas often
face a bewildering array of formats and data $&isthose who know how to handle such data setgiisiion and
application of the data can be trivial; for those so familiar with the techniques, the process bregome an
insurmountable obstacle. In order to increase tiieation of oceanographic data in the stewardsdiimarine
resources, a tool has been developed that allonsistent and easy access to a diverse suite ofenari
environmental data. The Xtractomatic toolbox waginally developed to support the Tagging of Petd@iedator
(TOPP) program. Instead of downloading many laiigs,fthe Xtractomatic tools allow the researclegffectively
swim though the environment, extracting data altvegway. The data is then imported directly inte tesearchers
working environment, eliminating much of the haseldealing with multiple file formats. The origingersion was
focused primarily on satellite data sets and etitvadn only 3 dimensions (time and ocean surfatlg second
version offers in situ data such as profiles froRQO floats, output from general circulation modalsg allows for
the arbitrary 4-dimensional extractions appropratesuch products. These tools can be especialpfii when
using statistical methods such as correlated randalis, which require the generation and extractibn
environmental data along many tracks. Several el@gi how these are used to model ocean habisedban
electronic tag data are provided. Versions of Xtramtic are currently available for Matlab, a comered
programming environment, and R, an open sourcistitatpackage
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04.10 Spatio-temporal correlation between leatherbek turtles and industrial fisheries in the
Atlantic Ocean.
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Bycatch resulting from turtles and fisheries inti@ns is generally considered as the main thaeaéa turtles
worldwide. The leatherback turtlBermochelys coriacegerforms the most extensive migrations of alltsete
species and is therefore particularly at risk ¢diiacting with fishing gears used by industriatfte Yet, to date,
there has been no attempt to identify major ardeyevieatherback turtles meet fisheries at theesafadn ocean
basin. Such comprehensive overview of leatherbadblitdt use is critical for implementing concertemgervation
strategies. Here, we present the analysis of theement patterns and habitat use of 108 satelkiekéed turtles
throughout the Atlantic Ocean where some of thddi®tast major leatherback populations occur. \Weve
contrasted patterns between both hemispherese INdith Atlantic (NA) turtles disperse widely irnttee Northern
and Equatorial Atlantic and in the Gulf of Mexidn.the South Atlantic, the turtles leave their cahffrican
nesting sites following a migration corridor, areb® a narrower distribution range than in the N glither
dispersing southwards along the African coast ocrbgsing the ocean basin to South American cohatatats. In
total, the turtles spent ~70% of their time in 08826 of their entire distribution range and onlyduartle briefly
crossed the equator. During their migrations,atiés reached oceanic fronts where fisheries aosvk to
concentrate. By superimposing turtle tracks withgline fishing effort data, we investigated seaspa#terns in
leatherback habitat use and fisheries effort amticgemporally defined regions where interactiomnight be high.
This study provides a solid scientific-based attefopidentifying areas where conservation straegnight be
implemented to protect this species. By involvitakeholders from local communities to regional ises
management organizations in this approach, consistitigation measures will be implemented to redtiatle
bycatch.
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01.14 Using multi-sensor suction cup tags to quarfyithe kinematics of lunge feeding in humpback
whales Megaptera novaeangliagh the water around the West Antarctic Peninsula.

Friedlaender AS*', Ware C?, Tyson RB' and Nowacek DP*
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Humpback whalesMegaptera novaeangliagéeed through extraordinarily energetic lungesrtywhich they
engulf large volumes of water equal to nearly 7G%heir body mass. To understand the kinematidarde
feeding, we attached high-resolution digital redogdags incorporating accelerometers, magnetosigheessure
and sound recording (Dtag) to whales feeding orhaugiids in fjords on the West Antarctic Peninsliiatances of
near vertical lunges gave us the unique opportiaitorrelate the acoustic flow noise recordedhentag with the
signal from the accelerometer and changes in presswbtain a fine scale record of the body acaétans
involved in lunging. This can then be applied ttedmine lunging events regardless of body orientatiVe found
that lunges contain extreme accelerations reachign- in certain instances, which are then followed by
profound decelerations. However, humpback whalpsampto differ from balaenopterid whales in theespat
which they are able to accelerate and the factthigat do not come to a complete halt when finiskidgnge. When
animals are intensively feeding the inter-lungetivl is similar for both deep and shallow lungeggesting a
biomechanical constraint on lunges. However, thalmr of lunges per dive varies from one for shalfeeding
(<25m) to a median of six for deeper dives thathedepths of over 350 meters. Different feedinggoas were
evident in the kinematic record, for deep and sirafieeding bouts with the much greater mean tuesraccurring
in shallow feeding. Our findings reveal how mukirsor tag technology can be used to better desitrigbe
kinematics of baleen whale feeding and greatly amgrour ability to understand their foraging ecgloghis
knowledge is particularly valuable for understaigdiow baleen whales in the Southern Ocean affertagrbe
affected by climate-driven changes in their prey.

P4.05 Using satellite telemetry to study temporalral spatial overlap of marine mammals and
industrial activities in northwest Alaska

Frost KJ* !, Crawford JA? Whiting A%, Suydam RS, Quakenbush LT and Lowry LF™.
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Significant industrial developments are occurringdastal and offshore waters of northwestern Adasgk least
eight species of marine mammals, both migratoryrasitient, use this region for feeding, reproducargnolting.
Until recently, broad generalizations were useddscribe their presence or absence in impacted.afeaaddress
the need for more detailed information, scientistd Inuit hunters have attached satellite-linkee decorders
(SDRs) to two species of cetaceans (beluga whad&3; bowhead whales, n=19) and three speciesafpeds
(spotted seals, n=12; ringed seals, n=41; bearekdd,s1=11) from this region. Their movement dag@enoverlaid
on areas where industrial development is currestturring (Red Dog lead/zinc mine port and Chul&da outer
continental shelf (OCS) oil and gas leases). Tt Rag port region was used only by ringed and bedskals.
OCS lease areas were used mainly by bowhead angebehales. Tagged bearded and ringed seals lilieIgot
use the OCS area much because of the locationated df tagging. Use of SDRs has made it possid@tument
distribution and movements of five marine mammaicéps that range widely in remote areas, and fachwve
previously had no detailed information about hahise. However, while our results are informatihey are of
limited use for quantitatively evaluating expostoéndustrial activities because sample sizeseladively small,
the times and places where animals were capturtbaged may bias the results, and tracking durati@ve been
relatively short. Nonetheless, this information gaovide a powerful qualitative tool to demonstrspatial and
temporal overlap of marine mammals with industaigtivities. Maps can show when and where the higtres
lowest number of species or individuals may be gmesand mitigation measures can be developednomazie
potential impacts.
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P4.06 Economy of scale: The world’s largest fisha$ely manages its swimming costs

Fuiman LA* 1, Meekan MG? and Davis RW.
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The largest animals in the oceans subsist on pagyare orders of magnitude smaller than themsetiedlenging
their ability to meet their energy demands. Whakerks Rhincodon typysmay be especially challenged by warm
seas which elevate their metabolism and contairsegarey resources. Using data from an attachexb\add data
logger, we analyzed swimming characteristics of wiale sharks at Ningaloo Reef, Western Australia,
discovered four tactics they use to save energyraptbve foraging efficiency: fixed, low power swinng;
constant low speed swimming; gliding; and asymroetriving. These tactics increase foraging efficieby 22 —
32% relative to swimming horizontally and help nacite the energy-budget paradox of whale sharkisearge,
filter-feeding sharks and whales which share sing@lgergetic challenges due to their extreme bary Igtely use
similar tactics.

P1.09 Habitat utilization of juvenile southern bludin tuna (Thunnus maccoyi) in relation to
oceanographic conditions in southern Western Austié

Fujioka K !, Kawabe R*¥, Hobday AJ®, Miyashita K* Takao Y® and Itoh T*.

INational Research Institute of Far Seas Fisherigiguska, Japan.
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Habitat utilization by juvenile southern bluefima(SBT,Thunnus maccoyiin southern Western Australia was
investigated through acoustic monitoring of fispgad with acoustic transmitters during three alstraamers
(2004/2005, n = 79 fish, 2005/2006, n = 81, 2006720 = 84). We deployed 70 listening stationshieé cross-
shelf lines and at coastal three lumps betweenmbeeand March in 2004/05, and December and M2905/06
and 2006/07. In order to determine the oceanogcgpioiperties in relation to movement and residéimeces by
tagged fish, we conducted CTD casts through theesuarea, and recorded temperatures every 30 rsinstag
time depth recorders attached to listening statidfes observed that interannual and seasonal vhtyadifi the
strength of three water masses (i.e. nutrientsiditAntarctic water, sub-tropical water, and waropical Leeuwin
Current) appeared to have a strong influence ¢nhfabitat utilization and migrating timing. We ctude that when
the sub-tropical water persists over summer, gte$pend most of their time at inshore topografdstures,
conversely when sub-tropical waters mix with nuttigch sub-Antarctic water in the region, SBT ocaidely
over the continental shelf, then quickly move duthe study area. This study shows that juvenild &ve
quickly in and out of local foraging habitats irspense to fluctuations in oceanographic conditians, suggests
that water masses occurring over the continentdf play an important role in determining produtnsuitable for
SBT foraging.
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03.18 Long-term biologging as a method to investigathe capacity of terrestrial mammals to
buffer effects of climate change

Fuller A**, Maloney SK"? Mitchell D* and Hetem,RS.
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Uncovering the physiological plasticity availabielong-lived terrestrial mammals to cope with poteld effects of
climate change requires the measurement of phygaabvariables in free-living mammals. We havedise
biologging to measure variables such as core bempérature, selective brain cooling, respiratogpevative heat
loss, microclimate selection, vasomotor state nbaigion behaviour, and locomotor activity in mamsnial their
natural habitats. In the face of increasing envitental heat load and aridity in Africa, large mansmaay select
cooler microclimates and shift activity from dayrtight, as we have shown for Arabian oryx and bladéebeest.
Selective brain cooling, which inhibits evaporathesat loss and conserves body water, also may aftey
adaptation for artiodactyls, such as sheep andogeteunder future climate change scenarios. & b#s been
proposed that heterothermy allows large mammatetserve body water, by storing heat during the Haywvever,
we have shown that such heterothermy reflectdaréadf homeothermy, mainly as a result of dehydreand
starvation. Most studies to date report data ctatbéor less than a year, but we need prospediivg-term data
collection if we are to determine the phenotypaspicity available to mammals to cope with the inarstress,
aridity, food shortage and emerging pathogens cpes# on climate change and anthropogenic landfwemation.
Long-term biologging provides a sophisticated foolobtaining a mechanistic understanding of spec&Esponses
to environmental variability.

P3.05 High energy costs of surface foraging but ergy conservation during vertical excursions in
dolphinfish

Furukawa S*!, Kawabe R, Tomoe $ and Ohshimo S.

!Nagasaki University, Nagasaki, Japan.
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Comparing energy utilization among different moveirgtyle is the first step to understanding aniersergy
budget strategies, which is highly relevant in egadal impact in term of predatory pressure andsgstem energy
flow. Using simple biomechanical model, we compaeekinematic energy use for free-ranging negdiiveyant
fish during continuous tailbeat and tailbeat-andigh. Time-series data for depth, temperaturegmswng speed
and tailbeat frequency were obtained from eighplioifish for 3.5 to 47.5 h in the East China Seléhadugh the
dolphinfish spent most of their time at the surfadh continuous tailbeat, but they make frequanésl adapting
the tailbeat-and-gliding. We found that the kineimanhergy consumption rate (per second) during ghase with
tailbeat-and-gliding was lower than continuoushigidlt at the surface. This result is consistent thighhypothesis
that an epipelagic predator utilizes tailbeat-aliditg as a cost-efficient strategy. In contrastrgb events
associated with feeding occurred at the surfacedining the dive phase, burst events was rarereftre, we
hypothesize that dolphinfish while hunting at theface utilizes more energy compared with the &aitband-
gliding strategy during the dive phase.
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P3.06 Fine scale interactions between southern elemt seals and their prey assessed by
acceleration data loggers

Gallon S*!, Charrassin J-B, Guinet C3, Bailleul F3, Bost C-A% and Hindell M.
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Southern elephant seaMifounga leoninayange widely throughout the Southern Ocean andsseciated with
important habitats (e.g., ice edges, shelf) wheeg iccumulate energy (prey) to fuel their repragacefforts on
land. Knowledge of their fine scale foraging beloavj however, is limited. For the first time, a@ration loggers
were deployed on the heads of three adult sealsglartranslocation study at Kerguelen Island. lbiggers
recorded depth every second and were carried favgsebetween 23 and 121 hr. Head movements wecktos
infer feeding events and then compared to foradings obtained from dive profiles (U-shaped divégceleration
data detected feeding events in 39 % to 54 % afsvhilst 67 % to 82 % of dives were classifiedoraging dives
when using dive profiles. This means that sealsdidencounter prey in 20 % to 40 % of their foragilives.
Feeding occurred in bouts suggesting patchilyitisted prey. These seals were also diving deepenvideding
and some acceleration profiles show continuous mewes of the head between 500 and 800 metres dirgptse
chase of a prey. Thus, studying acceleration g®fiffers a better understanding of where and \ateaal is
feeding successfully. Overall our findings indictitat this new technique is promising as it moreusately detects
feeding events and thus provides a better unddisiguof seal’s foraging strategies. Such informaf®needed to
better manage and sustain Southern Ocean resources.

P3.07 Satellite telemetry and tag recovery: poterdl use and limitations
Gandra TBR™, Gallon SL? and Muelbert MMC >,
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ARGOS telemetry has been widely used to monitorenmnts and behaviour from free-ranging, undistutbpd
marine predators remotely. This technology, howesemes with certain restrictions, such as limgpdtial
accuracy and low resolution of diving parameteecdnt development of new biologging devices such as
accelerometer tags (AT) provide more detailed imftion on the diving behaviour of marine predasush as
body acceleration in up to three dimensions (uege, stroke and rolling). The major drawback & these tags
need to be recovered. In November 2009, ARGOSlisatiglgs (AST-SMRU, St Andrews) and 2-D AT (Little
Leonardo, Japan) were deployed on two post-breddimgle southern elephant seals on Elephant IgE&ind
61°13'S 55°23'W). Our aim was to obtain detailddrimation on their foraging behaviour whilst at skaing the
post-breeding phase by combining environmental @&&3) and fine-scale animal movement informati2db{AT).
Positions of the actual deployment sites were abthvia hand GPS compared to AST positions to telfuture
tag recovery. The AST positions were consistentl§’‘by up to 700m when compared to the originalSsP
deployment locations. The two females came bac&rash January 2010: one at Snow Island (S| - 65’50
61°24'W) and at El when the tags moulted off. Ibreary 2010, we were able to attempt to recovetabe in two
“in situ” expeditions using the last AST positions rececefveth each tag as guidelines. After searchingfier t
tags for over one day on Snow Island and ten dayslephant Island, however, none were recovere8epstember
2010, both tags were still consistently transmittine same locations for both Sl and EI. Here veppse possible
explanations for our results, and provide adviag mrommendations for the success of future tagvery.
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05.14 Oceanic seamounts: a new humpback whalel¢gaptera novaeangligehabitat discovered
using satellite tagging
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Argos satellite-monitored tags were used to stodgllmovements and migratory routes of the smalhagered
population of humpback whales in New Caledonia.sTagre deployed in 2007 (n = 12) and 2010 (n =r2@e
southern lagoon, an area thought to be the maedbre ground of this isolated population; the lagbas been the
site of dedicated surveys since 1996. Surprisirgdsellite tracks revealed numerous movements legte
southern lagoon and two oceanic seamounts locaté tsouth. These appear to be commonly usedgitirén
breeding season, suggesting that these habitatd eomsiderable importance for at least this pafioih. The role of
these seamounts as breeding ground was confirmbddiysurveys, which showed mating-related behasias
well as a much higher density of whales than isoled in the southern lagoon. Satellite tracksakadethat whales
take different paths when leaving New Caledoniastnod them immediately initiate southern migrationgile a
few appear to be going to other un-identified binegdrounds as suggested by their northern andewest
movements. Several of these long-range movemecitgdied visits to other seamounts at various lagisud he
duration of the whales’ stay at these geograplatufes suggest that they could be used accorditigtolatitudes,
as breeding grounds, navigational landmarks, rggtiaces or even sites for supplemental feedingohtlusion,
satellite tagging revealed that seamounts represeimhportant and previously overlooked habitat #va used both
as breeding grounds and during the southern migrafihus, they are potentially very important ahdwd be
considered in the assessment and conservatiors sttiher humpback whale populations worldwide.

P3.08 Probabilistic or deterministic foraging? Finescale movement patterns of whale sharks
(Rhincodon typusht Ningaloo Reef, Western Australia ascertained gidead-reckoning.

Gleiss A*, Norman B? Liebsch N, Wright S* and Wilson R.
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Movement patterns of individual animals are certwadur understanding of how populations are likelyespond to
features and changes in the environment and higlslylved data on such may provide insight intonleehanisms
behind patterns of space use. Multi-sensor datgeiegnow allow a range of behavioural, environmnleartd spatial
parameters to be recorded, providing a more hoNétiw of the movements of tagged animals. Herepresent
animal tracks reconstructed via solid-state magneters and accelerometers, i.e. dead-reckoniraydier to
analyse fine-scale patterns of movement in whadeksh We attached data-loggers to 8 individuaNiagaloo Reef
and recorded over 230 hours of data with sub-seoesmlution. Over periods of 24-48 hours whale lshase
patches at 2 distinct spatial scales which aretgically organised. This nested Area Restrictear&hing is
interspersed with long straight movement segm@ifits.movement patterns are further contextualiséld wi
behavioural data from accelerometers. We will disdioraging behaviour at fine spatial scales aranéxe the
degree to which whale sharks move through theiirenment at random or use specific cues to helptiopatches
of productivity.
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05.08 When is El Nifio too hot to handle? Evidencd a tolerance threshold for a marine top
predator.

Goetsch C*, Fowler MY, Teutschel NM', Simmons SE, Crocker DE?, Costa DP.
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The EI Nifio Southern Oscillation (ENSO) has theeptifil to impact many species of marine top pradato
including northern elephant sealifounga angustirostrig by altering prey distributions and oceanographic
foraging cues. Female northern elephant seals ixtiwb distinct foraging strategies during theiabnual
migrations: a westerly, pelagic foraging route feeth on the North Pacific transition zone, and gheoly, coastal
route through the California Current into the cabhsiaska downwelling region. Individual variatiomforaging
strategy could potentially buffer the populatioraigt climate changes, such as ENSO events. Thefaimns study
was to determine whether El Nifio has a differerfédct on the foraging success of coastal foragersompared to
pelagic foragers. During the 2009-10 El Nifio, wiekige-tagged previously-tracked study animalgwéither
coastal (n =8) or pelagic (n=9) foraging routestfar post-breeding spring migration. El Nifio haddetectable
impact on trip duration or the rate of mass gaithee between pelagic and coastal females or wioetep together
(paired t-tests, p>0.05). During the severe 199FE8ifio (peak multivariate ENSO index (MEI) = 2788a
previous study on this population by Crocker et(MEPS 2006) found that trip duration increasedlevtate of
mass gain decreased. However, our data suggestheh2009-10 El Nifio (peak MEI = 1.502) did nogatvely
impact female northern elephant seals. Furthelyaisaiay determine if the animals compensatedifticalt EI
Nifio conditions by modifying their foraging behawvir altering their diet. Given the difference retstrength of
these El Nifios, however, there may be a thresheldrity, beyond which northern elephant seals calomger
compensate for changing conditions.

P1.04 Overwinter movements and habitat preferencesf an Antarctic predator

Goetz K*!, Costa O, Burns J°, Robinson P and Pearson %
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Weddell seals are important top predators in thet®wn Ocean, yet very little data exist on thegravinter diving
and foraging behavior when darkness and heavyaeergrevail. To gain insight on both Weddell seeblogy and
the oceanography of the Ross Sea during the wintegutfitted 22 animals around Ross Island anthap
Victorialand coast with Conductivity Temperaturepile- Satellite Relayed Data Logger (CTD-SRDL) taps
date, over 80,000 dives and 5,000 CTD casts haae tezorded. On average, Weddell seals dived tarl@#h a
max dive depth of 868. While many seals spent atankial amount of time in the area where they wagged,
several animals traveled over 1000 km from thedigggoyment location: twice as far as shown in prasistudies.
Areas near Roosevelt and Coulman Islands appédsr itmportant for Weddell seals as indicated byinbesased
diving per square kilometer. In fact, diving depsttansit rate, and time spent in a given areaakidentical
‘hotspots’, possible foraging locations. While tha@ppears to be some individual variation, Wedsksls prefer
low slope (flat benthos) and water depths betweshadd 550 meters. Using the seal-generated tempei@nd
conductivity casts, we also report the oceanograptmditions in these areas to gain a better utatadig of
Weddell seal habitat preferences and behaviodatioa to oceanographic features. Obtaining infdiomaon how
Weddell seals respond to their environment is resaggo predict how seal populations in highly dpiasystems
are likely to respond to shifting environmental ditions associated with global climate change.
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P3.09Dynamics of blue and fin whale maneuverability: thee-dimensional kinematic analyses for
assessing the effects of sound on behavior
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The dynamics of underwater maneuverability are lyaorderstood for aquatic vertebrates, particuléstyanimals
swimming in their natural environment. A maneuwedéfined as a change in any of the following thp@ameters:
direction, position, and orientation. These commisi@re characterized by six degrees of freedoim negpect to
three orthogonal body axes, which consist of thoggtional (roll, pitch, yaw) and three translatb(surge, slip,
heave) maneuvers. In order to examine the manehiligraf large rorqual whales, we attached higkeiation
digital tags equipped with a (1) hydrophone, (Bgsure transducer, and (3) tri-axis accelerometgr a
magnetometer to blue whales (Balaenoptera muscahgjin whales (Balaenoptera physalus). From tHass, we
quantitatively describe three-dimensional body kiatics for whales engaged in a variety of maneufgiving,
feeding, and transit), and analyzed the extenttizhvrotations about the three orthogonal body avere coupled
with the estimated forward speed of the body. Tlieda represent a first approximation for quantigyihe large
repertoire of maneuvering behaviors exhibited bgual whales, and also characterize maximum pedoo®
during extreme maneuvers (i.e. lunge feeding).Heurhore, our analysis generates a framework foeratanding
the fine-scale changes in locomotor behavior aasettiwith anthropogenic sound such as simulateitanyilsonar.

02.06 Correcting bycatch rates for encounter probatiity: using satellite telemetry data to model
the distribution of foraging effort of a population of Australian sea lions to estimate and mitigate
bycatch in a demersal gillnet fishery

Goldsworthy SD*, Hamer DJ“*3 Page,B, Lowther AD*? Shaughnessy Pf) Hindell M*®, Burch P*, Costa
DP®, Fowler SL®, Peters K“?and Mclntosh RR*
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®Ecology and Evolutionary Biology, University of Califiia, Santa Cruz, California, 95060, USA.
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Assessing the impacts of fishery bycatch on pojariatof threatened and protected species is clyatigrbut of
critical importance. Fishery observer data arecigy used to assess rates of bycatch per unisloiify effort, and
then extrapolated across the fishery. However, tohiaates provide an imprecise estimate of bycatechber as
observer programs generally monitor a fractiorotdltfishing effort, are difficult to replicate aride underlying
encounter probabilities (which determine bycatdbhspare generally highly heterogeneous and unkrforwmarine
species. Australian sea liorlsgophoca cinerégASL) are a threatened species endemic to sauthestralia, and
subject to incidental mortality (bycatch) in denagillnet shark fisheries. Bycatch has been idieatias the key
threatening factor for the species, and recerslydiiy closures have been introduced to mitigatatbiiampacts. To
assess the risks to ASL subpopulations from bycatahality, data from four main sources were in&gd and
modelled: i) satellite tracking data to estimat&ritbution of foraging effort ; ii) survey data &$L subpopulation
size; iii) data from a dedicated ASL bycatch obseprogram and iv) detailed spatial data on theridigion of
fishing effort. Satellite telemetry data from 2H@ividual ASL (157 adult females, 31 adult maleaj@eniles),
from 17 subpopulations, in conjunction with deptld @istance from colony data, were used to devstiaiistical
models of the distribution of foraging effort acsdke population of ASL. ASL mortality rates basedobserver
data were highly correlated with foraging denséiyabling levels of bycatch mortality that woulduke$rom
different distributions and levels of fishing efféo be estimated with confidence limits. We ude #pproach to
estimate the impacts the current fishery is haeimgASL populations, and evaluate the reductionyitakch
mortality that has resulted from recently introddiishery closures.
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P5.11 Earth magnetic field augmented position estiation for marine animal tags.
Gray TJG**, Flagg M*, Klimley P? Tucker T3,

13261 Imjin Road, Marina, California, 93933, USA.
2Department of Wildife, Fish & Conservation Biologynidersity of California, Davis, 1334 Academic Suijgilding, Davis,
California 95616, USA.
3Mote Marine Laboratory,1600 Ken Thompson ParkwayaSota, Florida, 34236, USA.

*tgray@desertstar.com

Position estimation based on Earth’s natural sggo#iers a means to obtain animal migration daemevhen out of
the range of man-made signals such as satellitesnfimon practice in many tags is reliance on lighasurements
only, using the estimated noon time to obtain lardg and length of day for latitude. The limitatisrthat the
length of day changes little with latitude arouhd times of the equinoxes. Further, the momenssiofise and
sunset (sun crossing the horizon) are hard to méterwith precision in the context of changing clawover, water
turbidity, or at high latitudes. This can manifiself as large apparent north-south excursionbeéranimal track.
The measurement of properties of the earth’s magfield to augment light readings as a means forave latitude
estimates has first been proposed by Klimley anddda in 1994. The approach is now implemented aT&g-
GEO, an archival tag introduced by Desert Stare3gstLLC in 2010 that relies on measurements ofdta
intensity of the magnetic field. The method of tighagnetic position estimation implemented in teeide is
reviewed. Results from drifter and animal taggingjgcts are presented to support the discussiposifion
accuracy and availability, and its dependence otofa including geographic location, anomalies endronmental
conditions. These projects include tagging of labgads in Florida, high latitude testing in Alasiad tagging of
sharks in the Galapagos. The paper concludes bgiekpy practical tagging issues and questionged|to
magnetic field sensing tags, including the magrieflaence of related tagging hardware and the appdty for
obtaining limited position estimates based on magm&ata only, such as in the absence of lighteepdor turbid
waters.

P3.10The not-so-secret lives of mammal-eating killer whas: Dorsal fin-mounted satellite tags
reveal some of their favorite haunts in the easteriorth Pacific

Hanson MB*!, Schorr G, Baird RW?, Emmons CK!, Ford JKB?, Balcomb KC * and Andrews RD'.

INOAA,Northwest Fisheries Science Center, 2725 MéstRlvd E., Seattle, Washington, 98112, USA.
2Cascadia Research Collective, 218 %2 '\Ae, Olympia, Washington, 98501, USA.
SFisheries and Oceans Canada, Pacific Biologicald®tatianaimo, British Columbia V9T 6N7, Canada.
4Center for Whale Research, Friday Harbor, Washin@8850, USA
5School of Fisheries and Ocean Sciences, Unives$ifaska Fairbanks, and Alaska SealLife Center, Réilway Ave, Seward,
Alaska, 99664, USA.

*brad.hanson@noaa.gov

Three ecotypes of killer whales occur in the terafiecoastal Eastern North Pacific Ocean. The bieatammal-
eating type has been implicated to play a maja mkhaping community structure in Alaska. Theekto which
mammal-eating killer whales (n ~350) might playokerin the southern Gulf of Alaska and Californiar@nt
Ecosystems is unknown. To date, their known raagesprey preferences have only been assesseddadhpaoto
ID efforts in protected or nearshore waters. Setdinked tags were used to assess the rangeattets of
movements of mammal-eating killer whales. Tags wde@oyed on individuals in 12 unique social groaps
transients in inland waters of Washington and seatiBritish Columbia and three whales in coastakveaof
Washington. Median duration of signal contact waslays (range 7-94 days). This relatively small bernof
whales made widespread use of inland and coastatsvéMost whales (12) generally ranged north eftdgging
site, with 3 moving as far as southern Southeaasks, while the other three only ranged southmniatdhern
California, with one traveling to Monterey Bay.di cases their seaward distribution was limite¢hi shelf break
with a few whales exhibiting extensive use of #nisa. Other areas identified to have relativelyhige by one or
more whales included nearshore northern Califosnigthern Oregon, canyon heads in Oregon and Wasehing
nearshore and shelf slope of central Vancouvendsleentral eastern Vancouver Island, central Q@derlotte
Sound, and eastern Hecate Strait. Use of someeséthreas was known from photo ID studies, butritwe remote
areas were not previously known to be importanteGithis population of whales forages on marine mafs, and
prey assemblages differ between these areas,eywafimarine mammal species are likely consumeabigghout
this range.
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01.17 The Australian Animal Tagging and Monitoring System (AATAMS)
Harcourt R* 2 Field 12 Hindell M3, Lea M-A3, Goldsworthy S', Page B and Boomer A.

Australian Animal Tagging and Monitoring Systemd8gy Institute for Marine Science, Mosman, Sydi2@g8, NSW
2GSE, Macquarie University, Sydney 2109 NSW
3Institute for Marine and Antarctic Studies, Univgref Tasmania, Hobart 7005, TAS
4South Australian Research and Development Institest Beach, 5024, SA

*robert.harcourt@mg.edu.au

The Australian Animal Tagging and Monitoring Systena facility within Australia’s Integrated Marir@bserving
System. AATAMS aims to enhance the Australian negeaommunity’s ability to detect ecosystem resgsris
change in the marine environment by measuring leeyatyraphic parameters and foraging movements e€tselp
predators in the Southern Ocean and along Aussa@@uthern shores. Biologgers with high resolugensors are
deployed on large marine vertebrates to enhandectioh of oceanographic data in the Southern Oeganin
Australian boundary currents, providing profiles@fperature and salinity from regions that aréatilt to sample
by other means (eg beneath winter sea ice andsacrass shelf currents), and relating predator meves and
behaviour to fine-scale ocean structure and vadifiabAATAMS contributes to théNational Backbonéor
Observing Boundary Currentsith deployment of CTD-SRDLS on predators in seuthAustralia, providing cross-
shelf transects of vertical CTD profiles with higésolution and broad temporal and spatial coveragd@ AMS
observes marine animals across a range or spatidkanporal scales in both vertical and horizospalce.
Observation of predator movements, foraging ecolgy vital rate responses integrate variabilitthis lower
trophic levels and natural and anthropogenic playsiavironmental changes within the whole-systepragach.
Biologging of marine predators provides a mearsatople the marine environment at unsurpassed tesoand
spatial scales, at a fraction of the cost of ofiiatforms. Ecological performance indicators of maipredators
provide cost-efficient ways to monitor whole-of-&® responses to oceanographic change. All datessly
available on the IMOS portal through the eMarinimation Infrastructure (eMil:
http://imos.aodn.org.au/webportal/). Collaboratigsearch efforts with partner institutions andrtieentribution of
independently collected data to the total data pagbest that co-investment in AATAMS is a hightyactive and
cost effective approach for sustainable observatfdsiological and environmental marine systems.

02.04 Predicting tuna habitat for spatial fisheriesmanagement using electronic tags and ocean
models.

Hartog JR™, Hobday AJ", Spillman CM? Alves O, Matear R*, and Feng M'

Climate Adaptation Flagship and Wealth from Ocedagship, CSIRO Marine and Atmospheric Research, GPO1B88
Hobart, Tasmania, 7001, Australia.
ZCentre for Australian Weather and Climate ResearchNCR), Bureau of Meteorology, 700 Collins St, Melboyrvitoria,
3000, Australia.

*Jason.Hartog@csiro.au

Southern bluefin tuna (SBT) are a quota-managediep@ the eastern Australian longline fisheryd #rere is a
management need to reduce non-quota capture cffibiges. We developed a near-real time habitdigiien
model for SBT which has been used since 2003 tpatithe spatial management of this species throutgie
fishery. The predicted distribution of SBT habibatthe east coast of Australia is based on anabfsasrrent
satellite sea surface temperatures (SST), subesutéemperatures from a CSIRO ocean model and pa@pelnval
tag temperature data for SBT. The model outputdévithe spatial extent of the fishery into threeezobased on the
expected distribution of SBT. These predictionsmmvided to managers of the fishery on a fortdighasis, and a
set of management lines that regulate spatial adoethe fishery by longline fishers (based on gumldings) are
updated and distributed. We have also recentlyrparated a seasonal forecast model (POAMA) intohalnitat
model, allowing us to generate predictions of SBbitat out to 4 months. We compare the skill of thiodel with
real time predictions made during previous fishéegsons. This seasonal forecasting offers bothgeasand
fishers the potential to plan for restrictions, atrdtegically modify their fishing activities. Rilly, we use future
ocean predictions from the CSIRO Bluelink ocean ehdar the period 2062-2064 to consider the change
distribution compared to the present to explorepthkential impact on fishers and managers of theréu
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P4.07 Do artificial fins improve swimming ability d a forelimb-lost sea turtle?
Hayashi K**, Sato K, Takuma S', Narazaki T, Matsuda Y2, Kawamura K2, and Kamezaki N.

lInternational Coastal Research Center, Atmospher®aedn Research Institute, The University of Toldxa06-1 Akahama,
Otushi, Iwate 028-1102, Japan.
2Kawamura Gishi Co., Ltd., 1-12-1 Goryo, Daito, Os&K4-0064, Japan.
3Sea Turtle Association of Japan, 5-17-18-302 Nagatemachi, Hirakata, Osaka 573-0163, Japan.

karin_hayashi-10a@nenv.k.u-tokyo.ac.jp

A project that purposes to recover swimming abibfyan injured loggerhead turtle by attaching anigf fins was
established by Sea Turtle Association of Japan.ifjoeed individual (named “Yu’) that had lost bathits
forelimbs was found in Kii Channel, Japan, in JAA68. Behavioral data, such as swim speed, depttkes
frequency, and ambient temperature, was takenamittmal-borne recorder to monitor changes in swingnaibility
of ‘Yu’ and similar-sized control turtle, in artifial lagoon located at Kobe airport from May to Bexter 2009. The
artificial fins were developed by Kawamura Gishi.Qdd. A total of 14 deployments was conducted] dre
swimming ability was measured in relation with swpeed and stroke cycle frequency. Swimming abiig
compared between the control and ‘Yu’ with and withthe artificial fins. Without the artificial f8) average swim
speed of ‘Yu’ was only 65% of the control turtlepably due to decreased thrust that could be pextibg small
asymmetrical forelimbs of ‘Yu’. With the artificidins, swimming ability seemed not to be improvethe
beginning of the experiment, but after applying dificial fins consecutively for 33 days, ‘Yu’ wable to swim
fast as close to the control turtle at high striskquency. However, swim speed obtained at lowkstfeequency
was not as high as the control turtle. “Yu’ miglatve been adapted with artificial fins and learreegvtim more
efficiently after long-term application of the fins

P5.12 The effect of a changing climate on Pacifiop predators

Hazen EL*!, Jorgensen § Rykaczewski R, Shaffer S.* Dunne F, Bograd S, Foley D', Winship A®, Jonsen F,
Breed GA®, Harrison AL ®, Ganong F, Castleton M, Swithenbank A%, Costa ¥ and Block, BAZ

INOAA Southwest Fisheries Science Center, Environatdtesearch Division, Pacific Grove, California, 9895SA.
2stanford University, Biology Department, Hopkins lihar Station, Oceanview Blvd. Pacific Grove, Califerr®3950, USA.
3Geophysical Fluid Dynamics Laboratory, Princetoriidrsity Forrestal Campus, 201 Forrestal Road, PamgeNew Jersey,

08540, USA.
4San Jose State University, One Washington Squdam José, California, 95192, USA.
SDalhousie University, Department of Biology, Halifddova Scotia, B3H 4J1, Canada.
®University of California, Santa Cruz, DepartmenEablogy & Evolutionary Biology, Long Marine Laborayp Santa Cruz,
California, 95060, USA.

*Elliott.hazen@noaa.gov

As top predators in marine systems are globallyeidine due to overfishing and other anthropogtmieats, it is
import to assess which species are at greatesamkvhich habitats are most important for consemaClimate
change scenarios have predicted an average rizelfi®® C by 2100 which could effect the habitat diedribution
of many marine species. The tagging of Pacific ated (TOPP) project has tagged 4300 animals reguit
268,000 data-days. We used spatially explicit laltodels (e.g. generalized additive mixed modelgkamine
present-day distributions and foraging habitat®td predator species in the Pacific from 2001928¢ a function
of fixed bathymetric variables, sea surface tentpeeawind, Ekman pumping, mixed-layer depth, anldophyll-
a. Consequently we used high-resolution climateetsofiom the Geophysical Fluid Dynamics Laboratory
predict potential habitat under future scenarios.fdind changes in biodiversity and the potentiahfbitat
compression throughout the Pacific highlightingea important conservation corridors. While many popdators
exhibit plasticity in behavior particularly withgpect to temperature, the pelagic prey (e.g. degfpesing layers,
schooling fish, krill) they feed upon are likely mecsensitive to ocean changes and more closelgditdk primary
production. Increased frequency of El Nifio / La&#&vents and changes in timing and intensity ofallivg could
further affect biodiversity and potential habitathe north Pacific, particularly the critical htgiwithin the
California current.
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P1.05 Ecology of Weddell seals during winter: inflance of ocean and sea-ice parameters on their
foraging behaviour.

Heerah K?, Andrews-Goff V2, Williams G2, Sultan E*, Hindell M? and Charrassin JB*.

LOCEAN — UMR 7159, Départements Milieux et Peuplemduatiques, Muséum National d’Histoire Naturellg,rue
Cuvier 75231 Paris Cedex 05, France.
2Marine Predator Unit, Institute for Marine and Amtic Studies, University of Tasmania, Private B&§,1Hobart, Tasmania
7001, Australia.
3LOCEAN - UMR 7159, Université Paris 6, 4 Place JugsRaris, France.
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Studying the foraging strategies of marine top ptes can provide information on both how animatsract with
their environment and the movement patterns of fhrely. We studied for the first time in Terre Adéhe
influence of environmental abiotic parameters (patbtry, hydrology, sea ice, light intensity), o thinter
foraging strategy of Weddell sealseptonychotes wedde)liiA total of 8 seals were fitted with conductivity
temperature depth satellite relayed data loggérimont d’'Urville (~67°S, 140°E) during the austnahters 2007
and 2008. The tags transmitted positions and difcgrnation over 165 + 86 days. A total of 33000edjprofiles and
2424 CTD profiles were collected. The relationshipsveen behavioural and environmental parameters w
studied using Linear Mixed Effects models. Sigrificenvironmental influences on seal diving behavand
habitat use were detected. The foraging succesas{med by dive bottom time residuals) was higheelatively
shallow waters with a high bathymetry gradient aiitthin sea ice of low to medium concentration. Weltideals
tended to favour Modified Circumpolar Deep Wateur @sults are consistent with seals feeding piilynan
Pleuragramma antarcticauring winter and tracking the vertical diel mitjoas of these prey.

01.08 Foraging habitats of top predators, and areasf ecological significance on the Kerguelen
Plateau.

Hindell MA* *, Bost G, Charrassin J-B?, Gales N, Goldsworthy S, Lea M-A', O'Toole M* and Guinet C.

Ynstitute of Marine and Antarctic Science, Universif Tasmania, Tasmania, 7004, Australia.
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“4Australian Antarctic Division, Channel Hwy, KingsioTasmania, 7050, Australia.
5South Australian Research & Development Instituterdtic Sciences, PO Box 120, Henley Beach, South &lis§022,
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Avian and mammalian predators play a key role énagbosystem of the Kerguelen Plateau, both witheedo
structuring the marine community and its responsanthropogenic influences such as climate chande a
commercial fisheries. A powerful way of identifyimggions that are particularly important ecolodicéd to
identify Areas of Ecological Significance (AES)giens that are utilized by multiple predator specteuch
concentrations of foraging activity are indicatofeenhanced primary and/or secondary productiiihese are
regions that require particular management effarts, which are of considerable importance in thesbgment of
ecological models and climate monitoring systentss Study integrates tracking and diving data feosuite of
predator species collected as part of both thedfrand Australian Antarctic programs. Data werad fsem
Macaroni and King Penguins, Southern Elephant s@akarctic fur seals and Black-browed albatrossfisles
Kerguelen and Heard Island. The estimated patlac animal was derived using State-Space Modelshvatso
allocated each location to either “transit” or ‘sgd behavioural modes. For diving species, divptdelata were
temporally allocated along the path, providing infation on 3 dimensional habitat use. AES for esp#ties, and
for the combined suite of predators were identifisthg Kernel Density analysis. The role of bathyineocean
circulation and other environmental factors undagythe AESs were established using deterministdets, which
can be used to predict predator foraging habitaissa the entire plateau.
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05.12 Summer residence at local feeding grounds south-west Western Australia for age-1
southern bluefin tuna

Hobday AJ*!, Kawabe R, Itoh T3 and Takao, Y.

1CSIRO Marine and Atmospheric Research, Castray Esmanhtmbart, Tasmania, Australia.
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3National Research Institute of Far Seas FisherisheFies Research Agency, Shimizu, Shizuoka 424-8&g8n.
4National Research Institute of Fisheries Engineeffiisheries Research Agency, Ibaraki 314-0408, Japan
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Estimating the abundance, or even generating andamee index, of a population or species requivasthe
fraction of the population that is surveyed is kmoduvenile (age-1 and 2) southern bluefin tunal(SBunnus
maccoyi) are found along the west and south coast of Westastralia, and are presumed to move from west to
east during the austral summer. Thus, an acoustiey was developed to estimate the juvenile SButadion
moving along the south coast. Using acoustic tagdiatening stations we show that during the alistimmer,
juvenile SBT remain local, presumably in areas wiferage is available. Fish tagged on the westtdénas
December and January over the last three yearsoméyearely detected on the south coast (3 of 16Bjis, by
mid-summer, local residency appears prevalent. ewenovements to the south coast must occur earlibe
season in order for fish to appear on the southteea hypothesis we are testing in the presemt Jéis seasonal
variation in fish movements has significant implioas on estimating an abundance index, partiguiaifluenced
by interannual environmental variation.

P4.08 Enhancing Argos-derived locations accuracy thugh the use of state-space models
Hoenner X*!, McMahon CR?, Whiting SD?

1School for Environmental Research, Institute of Athed Studies, Charles Darwin University, Darwin NID9, Australia.
2Marine Biodiversity Group, Department of Natural R@ses, Environment, the Art and Sport, Northerrritany, Australia.

*xavier.hoenner@cdu.edu.au

Estimating accurate locations of tracked animajsmimmount to determine their home ranges and aiiiiy
implementing effective spatial and threat-basedagament. Fastloc-GPS technology provides goodadpati
accuracy but is expensive while the older ARGO&netgy is cheaper but less accurate. The mostyviged
technique to overcome this limited accuracy idtta state-space model (SSM) to ARGOS-derived lonat State-
space models fit Correlated Random Walk (CRW) nmetehnimal movement data to produce predicteditots
However, few studies have verified predicted lanatiof SSMs against highly accurate estimates fastloc-GPS
data. For this study, we deployed seven Satelli@yrData Loggers (SRDLs) on adult female hawksbitles
(Eretmochelys imbrica)anesting in Groote Eylandt (Northern Australiaflame fit a two state-switching CRW
model to our ARGOS data. We compared the accurblocations obtained from the filtered ARGOS data a
those obtained from a SSM against the Fastloc-GR& Bistances and bearings were compared duréng th
migration period while home range sizes (50% KebDwmhsity Estimation) were compared within interiresaind
foraging habitats. The 8%ercentile ARGOS location errors were similarttose published in previous studies of
marine animals LC-3 0.34 km, LC-2 0.39 km, LC-1®kn, LC-0 2.62 km, LC-A 5.08 km, LC-B 6.73 km.
Locations estimates obtained from the SSM were raocerate than those obtained by filtering ARGCO&lions
(1.72+£1.56 km, 5.80+9.36 km respectively). Homegemobtained through the SSM were 1.15 to 13.9f&tahan
those calculated using GPS locations with goodapaterlapping of areas mostly used by turtlesnehe ARGOS-
derived locations resulted in more diffuse hahitsg areas. We therefore recommend the use of SSéfdhance
accuracy of ARGOS data sets and consequently prowimle precise information to policy makers for the
protection of wildlife
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02.10 Double tagging allows for enhanced interprete power of fish behavior and improvements in
light-based geolocation modeling.

Holland KN* *, Dagorn L?, Itano DG and Lindstrom RT*.
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“wildlife Computers Inc., Redmond, Washington, USA.
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The volume of ocean within 10 K of a floating olijean legitimately be described as a specific haljpe that is
actively selected by several tuna species. Thaatitteness of this habitat is so strong that itheen suggested that
deployment of large numbers of artificial floatiobjects (FADs) could constitute an ‘ecological trégat could
negatively impact stock viability. Not only is asgtion with FADs a phenomenon of intrinsic interies
understanding fish behavior but, because FADs bageme dominant in world fisheries, understandiig) t
phenomenon has direct implications for improveduese management. Here we use newly developediizistian
and analysis software to present a novel datatgained from 8 yellowfin tuna caught at FADs andlole tagged
with acoustic pingers and archival tags that reedrdiepth, temperature and light level data. Usigtag types
yielded insights significantly beyond what could/édeen obtained with only one tag type. Thesedisplayed
multiple periods of FAD residency (determined bgwastic pingers) interspersed with absences rarfgimg a few
days to several weeks. Distances traveled duriesetbsences were calculated using light basedageioin and
depth distributions during residence and absence wlgtained from time series data from the recalarehival
tags. Characteristic shifts in depth habitat aidext. In future, these differences could be usegiiantify the
amount of time that tagged yellowfin associate VA&DSs with concomitant increased vulnerability apture. Not
only do these data shed light on the influenceAdD§ on the horizontal and vertical aspects of yelio habitat
selection (thereby addressing the ‘ecological thagpothesis), but the ability to ‘anchor’ horizontaovements
models with periodic known positions allowed forpiraved parameterization of light based geolocagahniques
that can now be applied to other data.

KEYNOTE From individuals to populations - movements, foragig, fithess and the comparative
method

Sascha K. Hooker
Sea Mammal Research Unit, Scottish Oceans Instltltiversity of St Andrews, Fife, KY16 8YG, UK

s.hooker@st-andrews.ac.uk

Biologging data is recorded at the scale of behadicobservations, and yet most management-lec$ioas
require information at the scale of the populatiBtudies must therefore capture enough varialiditgccurately
describe the population and/or collect ancillartada provide explanatory models of the variabitihserved. |
discuss the study of animal movements — ranging freanipulative experiments of forest-dwelling ratsthe
description of beaked whale and fur seal divingavédur. Movements can be related to populatiorseqoences
via life function (foraging success) and vital safendividual success). Several biologging metheatsidentify
different aspects of foraging, and | have used ahattached cameras to provide visual-field (presilability)
measurements. These allow the classification mifgiog signatures within fur seal diving behaviamgd can then
be applied to much larger (potentially historicB)R datasets. Identification of foraging locati@msl assessment
of the stability of these over time and spaceksycomponent for the identification and desigmat pelagic
marine protected areas. The relationship betwermwmiiog success and individual fitness is less sthdut this level
of detail is also becoming more important for aeteirdemographic assessment in conservation planihiasly, |
suggest that beyond the population level, a contiparanderstanding of species differences will by to
developing a better understanding of physiologitatesses underlying diving behaviour.
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P3.11 A new tool for the determination of survivalcauses of mortality and parturition in individual
marine homeotherms: the Life History Transmitter.

Horning M* * and Hill RD%

Oregon State University, Department of Fisherie&/gdlife, Marine Mammal Institute-Hatfield Marinec&nce Center, 2030
SE Marine Science Drive, Oegon, 97365, USA.
2wildlife Computers, Inc., 8345 184Ave NE, Redmond, Washington, 98052, USA.
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We are developing the second generation implantahtellite-linked Life History Transmitter. LHXda are
intraperitoneally implanted and record sensor tta@ughout the life of the homeotherm host. Follogvpost-
mortem extrusion, the positively buoyant tags uplira Argos aboard NOAA satellites to provide dartatime and
date of mortality. Through controls and deploymemt®7 Steller sea lionE(metopias jubatydeading to data
returns from nine animals we demonstrated thap@¥}-mortem data recovery is viable from implangdhival
satellite-linked transmitters, (2) data recoverglyability from dual-tagged individuals is 0.98, {8)plant surgeries
are well tolerated and do not alter post-releasggiag behavior(4) post-release survival of implanted animals up
to 3 years is not affected by tags or procedutgsarfte- to post-mortem temperature data and tnemset of
transmissions allows the classification of events traumatic deaths from predation, versus nomatietic events
from any number of causes (i.e. disease, stanjatiéntags provide spatially explicit data on widual mortality
with a temporal resolution of 1 day and a spagabtution for predation events of approximatelyrhQk7) LHX
tags provide end-of-life locations suitable to det@e large-scale emigration patterns, (8) posttemrcooling rate
data can be used to estimate end of life body feasen-acute events. These results have provitedirst direct,
quantitative measure of predation on an upper tedefiel marine mesopredator, the endangered Stakelion. 2
generation LHX tags will be suitable for host masskat least 20 kg, and will incorporate on-boalgbrithms for
detection of parturition. This will yield post-merh data on age at primiparity and lifetime repradisecsuccess in
individual female homeotherms. The combinationathdon survival, predation and parturition fromiundual
animals will allow inferences on factors influengiforcing in homeotherm populations.

01.02 Habitat preferences of crabeater seals in apidly changing system, the western Antarctica
Peninsula

Huckstadt LA* !, Palacios B, McDonald B*®, Pifiones MA!, Dinniman MS* Hofmann EE*, Goebel ME,
Crocker DE® and Costa DP.
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4Center for Coastal Physical Oceanography. Old Domikipiversity. Norfolk, Virginia, USA.
®Antarctic Ecosystem Research Division, Southwedtdfiss Science Center, NOAA. La Jolla, CaliforniaAUS
®Department of Biology, Sonoma State University. RohRark, California, USA.
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The western Antarctica Peninsula (WAP) is considenge of the most biologically productive areashaf Southern
Ocean, where the Antarctic krill dominates mid-tiizgevels of ecosystem, and is thought to shapalyimamics of
the entire system. The wAP is one of the fastesmivey regions in the world and, unlike most of thtarctic
continent, it is also experiencing a shorteningvinfter, with anticipated effects on the entire wARrine
ecosystem. The crabeater séall{fodon carcinophagés considered a specialist predator, preyinggipadly on
Antarctic krill, although some fish can be includadhe diet as well. Among the responses thateatdy seals
might exhibit to this fast warming are changeshigirt foraging behavior, patterns of movement arskat
distribution. We utilize data on habitat utilizatiand diving behavior in order to determine thatiehship between
specific foraging behavior and oceanographic festuwe deployed Satellite Relay Data Loggers-CTROS
CTD) on 10 crabeater seals in 2007, which allon&tbiexamine the movement and diving behavior ®ftials, as
well as measure oceanographic properties of theneatumn. We created simulated tracks (correleaeadom
walks), to compare areas utilized areas versus @ne& were not utilized by the seals. GLMMs wesedito create
habitat models based on diving behavior (residirat Bottom Time, rFBT) and the combination of aalrderived
oceanographic data complemented with data from &8@lonal Oceans Modeling System (ROMS) model. The
best habitat models, as identified from AIC valu=s)sidered water column structure and surfacenoegaphic
variables (e.g. current velocity, warm water inioas, and mixed layer depth). Our results showadttie foraging
habitats utilized by crabeater seals in the wAReasponded to coastal environments with a south¥landat depth,
away from warm water intrusions, and slightly pesitSST.
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02.08 A crab’s eye view: electronic data storage ¢a reveal migration and behaviour patterns of
the edible crab,Cancer pagurud..

Hunter E*, Stewart C, Eaton D and Smith M.

Centre for Environment, Fisheries and Aquacultuier®e, Lowestoft Laboratory, Pakefield Road, Lowkstuffolk, NR33
OHT, United kkngdom.

*ewan.hunter@cefas.co.uk

Despite the growing commercial value of temperaatewcrab fisheries, important gaps in our undadstey of the
biology and ecology of exploited species remaintilacently, bio-logging devices have not beenliggproutinely
to crustaceans on a large scale because histgriballunit cost of archival tags has been relatityh coupled
with the perceived problems of tag loss due to moyl However, tag costs have reduced consideialigcent
years and by targeting larger animals (which miasis frequently) early in their inter-moult peridlde potential to
retrieve large quantities of high quality behavidata now potentially outweigh the risks associatéd tag loss.
Here we describe the results from a successfubiacgle application of electronic data storage (B s) to the
edible crabCancer paguru4.., one of the most important commercial fisheriethmU.K. We released 145 DST-
tagged crabs (129 female, 16 male, carapace wgh-1288 mm), at 5 sites in the English Channel@eitic Sea
between August 2008 and March 2010. With data descanging from 8 to 575 days, 41 DSTs (28%) haanb
returned to date. Movement patterns reconstructadyuhe “tidal location method” revealed varyieygéls of
migration following an east to west axis, withlétevidence of west-east migration in any locatioat any time of
year. The data provide insights into habitat ocaggaand activity patterns related to diurnal, ttigad reproductive
cycles, notably a 6-7 month sedentary period frat® November onwards, associated with egg-brooding.
results are discussed in relation to marine sppl#aining, and will contribute biological paramstér population
dynamics models addressing management of crabsvigtea scale.

P2.01 Assessing the impacts of berleying from shadage-diving operators on the swimming
behaviour of the white shark Carcharodon carchariag

Huveneers C*? Bruce B®, Beckmann G and Semmens

Threatened, Endangered and Protected Species gudprdSARDI — Aquatic Sciences, West Beach, Ade|dsdeith Australia,
5165, Australia.
23chool of Biological Sciences, Flinders Universigdford Park, Adelaide, South Australia, 5043, Aalr
3CSIRO Marine and Atmospheric Research, Hobart, Tagm&aD0, Australia.
“Tasmanian Aquaculture and Fisheries Institute, dlamp Hobart, Tasmania, 7053, Australia.

*charlie.huveneers@sa.gov.au

The white shark@archarodon carcharidsis a distinctive species which occurs world-wideoastal temperate and
subtropical regions. The combination of slow lifetbry characteristics and world-wide concerns réigag their
population status has prompted their protectionsa number of jurisdictions. Research on the mewe patterns
of white sharks has identified that there are djpesites such as pinniped colonies which may repméimportant
habitat for the white sharks. Some of these pirthip@onies that have significant white shark atyiare also
targeted by ecotourism operators such as in Aisti@buth Africa, Mexico and California, where lative and
expanding industries have developed around cageedactivities. These sites are also areas wherewharks are
most vulnerable to interactions and interferencesmthuman activities. During cage-diving activitieperators
commonly use berley (mixture of minced fish andolpto attract sharks close to the boat for viewirtge impact
of berleying activity on the behaviour of white gkais unknown and requires further investigatioensure that
appropriate management arrangements are estabtsheidimise the impacts of the cage-diving indiestr
worldwide. A Vemco Radio-Acoustic Positioning (VRABystem was deployed off North Neptune Island tisou
Australia to investigate the movements of whiterktiauring berleying activities. The VRAP systenaleles fine-
scale modeling of the swimming behaviour of thegtahsharks through continuous recording of posstemd
depths within 1 m accuracy. Ten white sharks wateraally tagged with continuous V16P between Nolvem
2009 and December 2010. Whereas some individudlsatiremain within the study site and left a shione
following tagging, others showed some level ofdescy and evidence of time partitioning between Ihedeying
vessels. Results from the project will provide datt will help managers to ensure a sustainatge-diving
industry minimising the impacts of the industrywhite shark populations.
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05.04 How well do 50% core areas encompass stateasp derived ARS regions from blue whale
satellite tracks?

Irvine LM*, Mate BM, Windsor M.

Marine Mammal Institute, Hatfield Marine Science @enOregon State University, 2030 S Marine ScidbiceNewport,
Oregon, 97356 ,USA.

*ladd.irvine@oregonstate.edu

Many analytical tools of varying complexity haveebedeveloped to identify important habitat fronedlae tracks
of animals. Creating home ranges from individuatls is a common practice and the associated 50f& ‘area is
assumed to identify the most important habitattieranimal. State space models allow the user & mMace
precise measure of important areas by identifypeg#ic points in a track which exhibit Area Restieid Search
(ARS). We used a state space switching model tolaeige blue whale satellite tracks collected different
years to test how much of the area described bR locations was contained in the 50% core @eaiminary
results indicate that the core areas were typidaftyer than the ARS areas, however an averagB%fdf the ARS
area was not included in the core area. While tie areas were typically defined by one or twotheddy large
areas, the ARS areas were typically smaller, buallyiscomposed of three or more separate patchescdre areas
typically overlapped with the largest of the ARSqgbes or multiple patches that were close togetimiever there
were often two or more ARS patches, which werecootained in the core area. As that the core araariore
coarse way of identifying important areas from kiag data, it is surprising there is not more oapnith ARS
patches. State space models are labor intensivesves they yield precise estimates of the areaghndre
important to the animal being tracked. The eagg@dfucing core areas based on home ranges is appeaid it
would be easy to assume that all important areaddame covered using the coarser measurement, &ppéars
that this is often not the case.

P1.06 Prey capture and three-dimensional dive patim free-ranging female Antarctic fur seals.
lwata T**, Sakamoto K&, Edwards EWJ', Staniland 1J%, Trathan PN*, Naito Y* and Takahashi A"

!Department of Polar Science, The Graduate UniyefsitAdvanced Studies, Japan.
Graduate School of Veterinary Medicine, Hokkaidaugrsity, Japan.
3National Institute of Polar Research, Japan.
“British Antarctic Survey, Natural Environment Res@a@ouncil, United Kingdom

*tiwata@nipr.ac.jp

Determination of when, where and how marine toglaters feed and how much they consume is impoftant
understanding their foraging strategies. Previtugdias have used various methods (e.g. stomachetaitope
measurement) to determine when prey capture events in marine predators. However, the limitedlizppility
and time resolution of these methods has hinden¢lddr understanding of fine-scale foraging proess$he aims
of this study therefore were: (1) to detect pregtaee events using acceleration records obtaireed finderwater
mouth opening events, (2) to examine the relatipnisetween mouth opening and the three-dimensidinal paths
of free-ranging Antarctic fur seafgctocephalus gazellaising acceleration and/or geomagnetic data Isgyee
studied 10 female Antarctic fur seals at Bird IglaBouth Georgia, in the austral summer of 200®nathey fed on
a diet mainly comprising Antarctic krill, togetheith a small proportion of fish. We attached datggders to the
lower jaw of each animal for to detect mouth opgrand to the dorsal fur to reconstruct the threeedisional dive
paths of the seals. Mouth openings were recordsgexdfic high frequency (3Hz) movements, deterghiftem an
accelerometer attached to the mandible. Mouth agsmccurred 10 times per dive (>2m) on averageX seals)
and occurred mostly (83%) in the bottom phase efdires. Although it was impossible to determinesthier
mouth openings resulted in successful prey captueesuggest that mouth openings could indicateiveléeeding
rate or at least attempted prey capture eventgertimensional dive paths were reconstructed fcin déave.
Combining the information on mouth opening with theee-dimensional dive paths, we show that Aniafat
seals perform meandering movement during theirsdivieere they encounter patches of prey.
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P4.09 Going with the flow: Horizontal movements ofhe plankton-feeding manta rayManta alfredi
and links to dynamics and productivity of the EastAustralian Current.

Jaine FRA*Y22 Couturier LIE > Bennett MB*, Townsend K2°, Richardson AF¥*®and Weeks S3¥2
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5School of Biological Sciences, University of Queansl, St Lucia, Queensland, 4067, Australia.
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Movements and distributions of large and highly ifearine megafauna are known to be commonly érfaed
by oceanographic processes. This is especiallyatrpéankton-feeders, for which food resource alallty and
abundance directly relate to the dynamics of wat@sses within an area. In eastern Australia, thieoire manta ray
Manta alfrediseasonally migrates along the eastern seaboaghtegate at particular geographical locations. The
drivers for such movements and their patterns nemacertain. This study focuses at examining thieslbetween
the movements d¥l. alfredi along the east Australian seaboard and the sfatiporal variability of the East
Australian Current, with the hypothesis that thaperal physical dynamics along the coast dictateenents of
animals. We monitored occurrences and movementsgafa rays at various spatial and temporal reswistusing
photographic-identification (photo-ID), acousticdgoop-up archival satellite telemetry methodologies date, 415
individuals were identified using photo-ID techrég with 29 animals re-sighted several times as $dcated 380
to 500 km away from original sighting location.dddition, we deployed 20x V16 acoustic tags andMIRX0-PAT
satellite tags on some of these animals to exatheie horizontal movements patterns at finer terapagsolutions.
Our results strongly suggest seasonal movemersiofals along the eastern Australian seaboardthjinedated to
the dynamics and productivity of the East Australzurrent, with a tendency to aggregate in regafrisgh
seasonal upwelling frequency. It is suggestedahahals minimize energy expenditures using the Bastralian
Current to travel southward and the inshore cowriterent to move northward, and stop at areasgif hiological
productivity along the way to optimize energy irgak

P4.10 Depth limits calls produced by deep-diving sint-finned pilot whales (Globicephala
macrorhynchug.

Jensen FH*, Aguilar Soto N3, Johnson M, Marrero J? and Madsen PT+*

1 Zoophysiology, Department of Biological SciencesrtAs University, 8000 Aarhus C, Denmark.
2Department of Animal Biology, La Laguna University Laguna 38206, Tenerife, Spain.
3Leigh Marine Laboratory, University of Auckland, Nloland 0941, New Zealand.
“Woods Hole Oceanographic Institution, Woods Holaesbchusetts 02543, USA.

*Frants.Jensen@gmail.com

Toothed whales rely heavily on sound to echolopadg and communicate with conspecifics and a wanoét
biologgers have proven essential in studying th@bier and ecology of these animals. The shortethpilot whale
(Globicephala macrorhynchyigs a highly social deep diving toothed whale.iVitlials socialize at the surface but
leave their social group in independent pursujirefy at depths of up to 2000m. Little is known attoaw extreme
pressure affects the capacity for pneumatic souodyztion in deep-diving species with a limited upply, but the
advent of acoustic recording tags has made it @iblnvestigate this in free-ranging animals divia great depths.
To study the physiological effects of increasingltmgtatic pressure on acoustic communication isgtamimals,
suction cup tags logging sound, depth and oriemtgfDTAGs) were attached to pilot whales off thastoof
Tenerife, Spain. Tonal calls produced by taggediddals during deep dives were identified usingustic and
angle-of-arrival cues. Tagged whales produced toaigd during deep foraging dives at depths ofaud0 meters.
The pattern of call use suggests that these aal® 40 maintain or re-establish acoustic contattt the surface
group after deep dives. Call output and call daratiecreased with depth despite the increasecdesta
conspecifics at the surface, indicating that thergy content of calls is restricted at depths wiengs are collapsed
and the air volume available for sound generatmmsequently limited by ambient pressure. These walk at
depth are inherently short-range and thereforeeqiiate to masking. The population of pilot whalle§ enerife is
the subject of a substantial whale watch industngne vessels repeatedly approach whales for prethrahort-
range encounters, increasing background noise atetiially affecting the acoustic contact mechasismtween
foragers and the social group at the surface.
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05.15 Eavesdropping on foraging: using passive edbeoation to quantify deep-sea predator and
prey interactions.

Johnson M*!, Aguilar de Soto N, Terray E* and Madsen P,

Woods Hole Oceanographic Institution, Massechusgga\.
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3University of Auckland, New Zealand.
4Aarhus University, Aarhus, Denmark.

*majohnson@whoi.edu

Numerous aquatic predators from fish to marine matamse a combination of forward thrust and busuoation to
capture prey. But many prey species also have peagstems, coupled to fast-acting motor musclegable of
detecting the fluid movements generated by strikiregators. Despite the apparent universality e$¢haquatic
foraging interactions, capture and evasion arécditfto observe in the wild and little is knownaa the ranges
over which prey can detect and evade predators adpo the ranges over which predator strikegtieetive.
Echoes from prey insonified by echolocating beakbdles tagged with DTAG acoustic recording tagshav
provided the first detailed view of predator-prateractions in the deep sea. As beaked whales agipprey for
capture, they produce buzz sounds comprised of sggjuences of echolocation clicks. Dorsally-loddtes
receive both the out-going click and echoes frofeats in front of the whale which can then be rahdering
buzzes with centimetre accuracy and update ratbgghsas 300 Hz. Here we use this echometric metth@xamine
the movements of prey during 500 buzzes made leyBhainville's beaked whaleslesoplodon densirostris
foraging at 500-1200m depth. We show that up to 40%rey detect the approaching whale and attempstape
leading to individual capture success rates asa®w5%. Strong transients in the accelerationamajierk of the
tagged whale occur in almost all buzzes and coméidsome buzzes, with sudden increases in clagiagd. These
jerk transients occur when prey are 0.5-2 m froewthale's rostrum and seem to indicate strikes. €seape
attempts also coincide with the whale jerk transiesnggesting that prey cue their escape bidstsutiden
increases in fluid movement when whales strikék&rmay offer an efficient indication to prey afpending
predation but leave little time for escape. Escspeeds of up 4 ritswere measured suggesting length-specific
speeds of more than 10 Bl for the prey sizes typically ingested by this géipeted predator. Although such
detailed measurements can only be made on cedhglaeating mammals, insights into the relativeitignof
strikes and evasion may be applicable to many agpegdators and prey.

KEYNOTE Developing an analytical framework for the Ocean Tracking Network: What can we
learn from encounters between animal-borne receiverand acoustic-tagged animals?

Jonsen ID*, Flemming JEM, Carson S and Bowen W[F.

1Biology Department, Dalhousie University, HalifaxpWa Scotia, Canada.
°Bedford Institute of Oceanography, Fisheries anda@sgeDartmouth, Nova Scotia, Canada.

*onsen@mathstat.dal.ca

The Ocean Tracking Network is an unprecedentedagjiotoject that aims to provide a permanent platfty
monitor the movements and interactions among nuasesiooustically tagged marine species. Most of OTN
activities currently focus on the deployment ane offixed arrays of acoustic receivers that véttard both the
passage of acoustic tagged animals and oceanogmgai on continental shelves around the world. ¢l@n a
small pilot project based on the Scotian Shelf iétic Canada that uses grey seblalichoerus grypusas roving
acoustic receivers (bioprobes) offers an intriguaitgrnative for collecting acoustic tracking dataother marine
species. As grey seals undergo extensive foragipgdf several months and over much of the Sc&iaalf, they
have the potential to encounter both resident aigdatory acoustic tagged species, recording the &md location
of these encounters. Records of encounters withhge at an individual animal level and at a munérfspatio-
temporal resolution than fixed receiver arrays.sehgpatial encounter data are entirely novel dodwsed effort is
required to determine and develop appropriatessizdi methodologies for their analysis. We desiifitial steps
in the development of an analytical framework foatial encounter data, including spatial mark-réwapand
spatial point pattern analyses, and detail thekofdjuestions that may be addressed and the ohafiehat must be
overcome.
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04.11 Identifying foraging habitat of lactating northern fur seals and the spatial overlap with
commercial fisheries in the Eastern Bering Sea.

Joy R*!, Dowd M?, Battaile B®, Lestenkof P and Trites A°.
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The population of northern fur seals in the Pribiands, Alaska has declined dramatically dutimg past two
decades, and continues to decline without any aisvieason. Arresting the decline of the speciesiresjan
understanding of their foraging strategy, wherecessful foraging is dependent on finding sufficipray in a
dynamic oceanic environment. Physical and biolddgeatures undoubtedly influence northern fur seal’ements,
and have already been shown to vary with locatimhtame, but identification of these influences v that
relates to changes in behaviour remains poorly istaied. In this study, we propose a general metloggdo relate
the patterns in high resolution movement time seenorthern fur seal behavior with the centralldieing the
estimate of movement parameters on an appropitagestcale to provide direct links to behavior. Atstspace
particle filter with state augmentation is use@stimate the movement parameters. We applied thibadology to
data from eleven archival tags attached to lagatorthern fur seals from a declining rookery ia Bribilof
Islands. Our fitted movement parameters show distime-evolving changes in fur seal behavior, ratg well
what is observed in the original data set. Theyeeal behaviour states were then matched spatiadlyeamporally
to a set of environmental variables, and modeléugus generalised regression model for both liaear non-linear
inference. We found female at-sea behaviour wasgly influenced by bathymetry, and time of dayd éess
strongly influenced by commercial groundfish cat®lir analyses suggest that active foraging statekighest
during the early morning period, and transitingdgbur characterised the afternoon periods. Whetham fur
seals were in areas where large commercial gragimdfitches were also reported, females shiftedjteeh
probabilities of active foraging behaviour. Our lgsss is the first analysis to link high resolutitoraging behaviour
of northern fur seals to commercial groundfishdisés. It shows a potential for a improving our ersanding of
the potential overlap with fisheries and has ingilimns for species conservation.

P5.13 Partial dynamic body acceleration as a proxgf prey encounter

Kato A* 12 Chiaradia A%, Ryan PG', Pichegru L*, Le Vaillant M*? Le Bohec C, Hanuise N*° Yoda K’ and
Ropert-Coudert Y2
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The capacity to identify when, how much and whaetgf prey free-ranging animals feed is essentiakblogical
studies as foraging activity accounts for a sultigthpart of the time/activity budgets of animdls.addition, the
amount of energy a parent can ingest conditiorsslémge extent the amount of energy it can allotmits offspring
and thus contribute to its breeding success. Senmthods to estimate the food ingestion of divamgmals have
been proposed in the past; e.g. measuring jaw mernemoesophagus or stomach temperature probesrwater
filming. However, those methods are rather invasind/or not applicable to smaller species. Thelaratiion
measurements can provide a good index to estimaig)e expenditure of various animals, called Ovétattial
Dynamic Body Acceleration (ODBA/PDBA). We proposeré a novel approach in which PDBA is used as &ypro
of prey encounter in diving seabirds. To test thkdity of this method, we simultaneously measuteribeak
movement and body acceleration of a king penguihcamfirmed that beak opening events were observed
concurrently to an increase in the PDBA in 93%haf tases. We then examine PDBA patterns durinditfireg
activity of 4 species of free-ranging penguins gkiAdélie, African and little) to identify threshtd at which the
PDBA can serve as a reliable proxy of prey encaunte
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P3.12 Streaked shearwatersQalonectris leucomelgsmore relied on the strong wind in day-time
than night-time.
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Previous studies on Procellariiform seabirds bregdin islands in the Southern Ocean showed thdiittis rely on
winds to reduce flight power. Strong wind blew lio$e areas through a whole year, whereas wind tiomdh the
temperate regions is generally mild. The streakedusvatersGalonectris leucomeladreed on islands in the
temperate regions in Japanese and South Koreaipaledo. To investigate the effects of wind on tthigght
performance, the stroking behavior of 24 streakeshsvaters breeding on Sangan Island, Iwate, J&94h8’ N,
141°58' E), were recorded during their foragingsrin September 2008-2006 using accelerometersiRaT,
18g; Little Leonardo. Co. Ltd. Tokyo, Japan). Theht ratio (= flight time / data length) was geakly high and did
not differ between 1-day foraging trips (64.0-9%1N=20 trips) and long (>2 days) foraging trip8.¢890.2 %,
N=9 trips). The glide ratio (= glide time / fligtime) also did not differ between 1-day (37.5-8%pand long
foraging trips (37.1-63.4 %). The glide ratio waghter in day-time (60-70 %, for 6:00-17:59) thamight-time
(46-57 %, for 18:00-5:59) in long foraging trips. tAe nearest weather station (6 km from study,ditere was a
tendency that the wind speed was higher duringtiolag-(averaged on 3.2+1.8 m/s) than night-time r@yed on
2.0+1.0 m/s). These results suggest that strediestwaters relied on the strong wind in day-timmil@r to the
Procellariiform seabirds breeding on island in $weithern Ocean, streaked shearwaters appear tang¢o
reduce flight power for transit.

New perspectives into the reproductive traits of gdoited marine fishes through electronic tags:
revealing spawning history of multi-batch spawningspecies.

Kawabe R*!, Yasuda T2, Katsumata,H®, Nakatsuka N’ and Kurita Y *.
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Individual-based spawning history is a key elem@miopulation dynamics and has profound implication the
management and conservation of exploited marite$isHowever, spawning is difficult to examine &tural
conditions. In this paper, we describe consecudpavning behaviour of the flatfisharalichthys olivaceuas
recorded by a time-depth recorder. A total of 15,08rtical swimming behaviours of 6 fish were cifisd using k-
means clustering, of which 0.9 % of the behavi@madd be classified into a cluster that was charatd by high
vertical swimming speed. These speeds were moreathaut 5 times greater than that of other behawdtusters.
More interestingly, the data revealed that behasiduthis cluster occurred regularly with an intdrof one day,
which corresponds well with the spawning cycleimudated environmental conditions. We note that thi
behavioural pattern never occurred for the fish sehovaries were not mature at recapture. Introgugliectronic
tagging may lead to the increase in the precisfahestock assessment in multi-batch spawningfish
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P3.13 Swimming behavior of shark-eater sharks.
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Kaneohe Bay, Hawaii, USA, is a natal ground forgballoped hammerhead sha8iphyrna lewini According to
anecdotal information, 90% of the hammerhead pyguiation in this natal ground is depleted priothe time they
depart Kaneohe Bay and adapt to a pelagic haBitat high mortality may be causeddigirvation and/or
predation. We used advanced data loggers (D2GT)amitautomatic time-scheduled release system toatea
prey-predator interactive behavior. It is generabyremely difficult to monitor the behavior of piaors and their
prey, however, if logger-equipped pups are consunyddrge predators and the instruments are subsdgu
expelled, we can retrieve the data logger and olitehavioral data. In this study, we provide dstegarding the
swimming behavior of some large predators obtameduch a method. Our field studies in Kaneohe \Bese
conducted in August and October of 2007, and Julglsst of 2008. We attached data loggers (M190L-DR@GT
record depth, temperature, and 2-axis acceleratitndevices for data recovery (time-scheduledasiey
mechanism, float, and VHF transmitter) to pups gisidissolvable suture technique. Devices werelathto 17
pups in total, of which we successfully retrievéddhata loggers. Eight of the 16 devices were roered
immediately at their scheduled release time. NaleHls, after several days, a signal was finallgatetl and the
devices were retrieved. The recording time for gaeldator ranged between 32-64.8 hours. Maximunpéeature
was 0.31-1.49°C higher than the ambient water teatpee recorded from free-swimming pups. Strokguencies
were 0.50-0.81Hz and they did V-shaped submergeht2-200 second cycle, which happened more fretyuan
night than at day (e.g. individual HI0801: 1028ritht, 281=at day). Aside from this pattern, somedptors
descended without stroking, namely prolonged gijdin

P3.14 Winter foraging areas of different sized Ausalian fur seals in the shallow waters of Bass
Strait — is there segregation?

Kirkwood R* * and Lynch M?,

'Research Department, Phillip Island Nature ParkBe©97, Cowes, 3922, Victoria, Australia.
%\/eterinary Department, Melbourne Zoo, Parkville530Victoria, Australia.

*rkirkwood@penguins.org.au

Intra-specific competition within marine mammals fwey resources may be reduced by the abilitpiafdr
animals to dive deeper and for longer, or by thusdied to dependant young foraging further afiéhd
southeastern Australia, Australian fur seals oiaks forage year-round in Bass Strait, a shal)8@m) basin the
depths of which can be plumbed by even small jueenGiven seals or all sizes can target prey titout the
basin, how do they share the resources? Do forageas of different age/size groups overlap otlarg
segregated? We attached platform transmitter tedsio adult males (>180 kg, n = 11), adult fem&b&s— 90 kg,
n = 14) and juveniles (25 — 50 kg, n = 38) at oolery, Seal Rocks, and compared their foragingearyring
winter months. In winter, males and juveniles héngeoption to forage more broadly but females nfurstge near
to colonies to regularly return and nurse theirgpupesults suggest that while there is consideiiableiduality,
smaller seals tended to forage closer to the @abin shallower waters than did larger seals. \tti¢h
physiological ability to forage in central Bassa#trwhy do the smaller seals remain near the @dastsons could
relate to exclusion of smaller seals by largerstapotentially more profitable offshore resour@esd/or body size
influencing prey specialization. For instance, daraeals could browse better than larger sedlseinigh profiled,
rocky bottomed, coastal waters.
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P3.15 Verification of the method to estimate body ass change of the flying bird by using
accelerometer

Kogure Y™, Sato K, Daunt F, Watanuki Y and Takahashi A'.

International Costal Research Center, Atmosphere @edrOResearch Institute, University of Tokyo, 2-10&kahama,
Otuchi, Iwate 028-1102, Japan.
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“National Institute of Polar Research, 10-3, Midooichachikawa, Tokyo 190-8518, Japan.

*yuki@aori.u-tokyo.ac.jp

European shags fly with continuous wing strokinge@ry suggests that their wing stroke frequencykhbe
proportional to the square root of body mass. Weelbped a new methodology using animal-borne aooeleters
to estimate temporal changes in their body maadiat scale during foraging trips. But the accyratthis
methodology has not been tested. In addition,rti@thodology is based on an assumption that windition does
not influence their stroking patterns. To verifystmethodology, we carried out field experimentthatisle of May,
Scotland, in breeding seasons in 2008, 2009 and. Zodst, we deployed both GPS logger and acceletenon 16
birds, and recorded wind speed and direction ahithieest place on the island in the three seaSstond, we
conducted weight-dropping experiment in 2010, incliwe deployed an additional weight of 84 g simnéously
with an accelerometer (11 g) on 4 birds with bodyseranging from 1.86 kg to 2.15 kg (mean = 2.Qlakgl later
detached only the added weight. Then we compareditferences in wing stroking frequencies betweeighted
and unweighted flights. The first experiment showet when the birds were in cruising flights, gndispeed
obtained from GPS tracks varied widely from 9 ton2/8, while air speeds, calculated by deductingiveffect from
ground speed, were kept within a relatively narramge from 11 to 19 m/s. It means birds contrafledr wing
stroke frequency within a narrow range independémtind condition. In the second experiment, bistteoked their
wings at the frequency 2.2 % higher in weightedhthaweighted flights. It corresponded well with firediction
based on mean body mass and the added weight ¢33)/2016}0.5 = 1.021). Our results support the
methodology using wing stroke frequency to estinchi@nges in body mass, and it will become a ugediifor
studying the foraging strategy of free-ranging shag

01.15 Foraging behaviour of Antarctic penguins deteted by small accelerometers attached on their
head

Kokubun N**, Jeong-Hoon, ¥, Hyoung-Chul &, Naito Y* and Takahashi A".

!National Institute of Polar Research, 10-3 Midordcliachikawa, Tokyo 190-8518, Japan.
°Korea Polar Research Institute, Songdo Techno P8R, Songdo-dong, Yeonsu-gu, Incheon 406-840, Korea

*kokubun@nipr.ac.jp

Precise quantification of feeding rates is necgsarunderstanding the foraging strategies of n&top predators.
When penguins feed on prey such as swarm of Amtdadll, they should move their head actively, shihe head
movement will facilitate us to quantify their feadirates. In this study we aimed to examine tHeyutif head
movement of Antarctic penguins to estimate theddfag rates. The field study was conducted on bbitstrap and
gentoo penguins breeding at King George Islandavtit Peninsula Region from December 2009 to Falyru
2010. We investigated their head movement by typedyf deployments: 1) attaching small acceleroraete the
head and back simultaneously, on 8 chinstraps ayjeh®os and 2) attaching the accelerometer ohahd and a
camera logger on the back simultaneously, on 3sttaips and 5 gentoos. Main prey item was Antaketic(>99%
in wet weight) for the both species. During divipgnguins occasionally moved their head activeigadent with
slow fluctuation (<0.3 Hz) of body angle at thetbat phase of the dives. The active head movemestiven
extracted by high-pass (5 Hz) filtering of accdiierasignals and was counted with a threshold acatbn
amplitude >1.0 G. The number of the head movemastawrrelated with the number of the pictures ity
during each dive. The correlation was higher theat 6f number of depth wiggles and the number ciupé with
prey. If we assume the number of head movemerdiperg bottom duration as feeding rates, the fegdates did
not differed between the species (chinstrap: 0.44k05, n=7 trips, gentoo: 0.45+0.10 /s, n=8tr(psMM, p=0.56).
These results suggest that the head movement wewdgood indicator of feeding rates for chinsaag gentoo
penguins.
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04.16 From nursing to independence in the life ofdarded sealsKErignathus barbatu3
Kovacs KM, Freitas C, Fedak M, Hindell M and Lydersen C.

Bearded seals are a little known ice-associateticgrinniped. They are benthic feeders that tenginain in
shallow areas where sea ice is available as agegtatform, but young animals are rarely obselnegteas
favoured by adults following dispersal from birtgiareas. In this study we instrumented 13 pupsrafee nursing
period (60-109 kg) with Sea-Mammal-Research-Unib&Rand followed them through their first year iéé [(12-
367 d). Home-range size increased during thedirabnths, then decreased exponentially througieutracking-
records (i.e. pups became more sedentary). Teizh tength ranged from 443 — 15,712 km and maxadés from
tagging-sites ranged from 17- 297 km. Time spevihdiincreased markedly during the first two monstabilizing
at ~16 h/d while haul-out time decreased from ~t2td little or no time hauled out. However, thgppulid spend
~8 h/d at the surface, presumably sleeping a ceraide portion of this time. Dive depth increaseatkadly during
the first 2 months to a mean of 80m, and subsetudatreased systematically until the pups wered~20f age
when most dives were 20-30 m deep. The deepestefieeded during the study was 375 m (60 d old plpg
average number of dives per day was 188 (range80Pi3ives lasted an average of 4.3 min and apprabtaiy 1/3
dives was benthic. No diel rhythms were observathdiany light regime (e.qg. total light, total dagss or in-
between periods). All off-shore excursions tookcplan regions with free-floating pack-ice. Butsfipassage-time
analyses in combination with Mixed-effects Cox-Rydipnal-Hazard models suggested that age, wafghdand
distance to the nearest coastal glacier playedfigignt roles in the attractiveness of particulezas, while sea-ice
concentration was not influential. The latter reswds particularly surprising for the young of tejsecies.

03.09 Changes in northern fur sealQallorhinus ursinus) foraging behavior with dramatically
increasing population density

Kuhn CE* !, Baker,JD?, Zeppelin TK! and Ream RR.

INational Marine Mammal Laboratory, Alaska Fishef$&sence Center, National Marine Fisheries SerWAA, 7600 Sand
Point Way NE, Seattle, Washington, 98115, USA.
2pacific Islands Fisheries Science Center, Natioraiiné Fisheries Service, NOAA, 2570 Dole Streetélolu, Hawaii,
96822-2396, USA

*Carey.Kuhn@noaa.gov

The recent colonization of Bogoslof Island (Alaski&A) by northern fur seals provided a unique opputy to
examine the impact of increasing population dermityhe at-sea behavior of a central place foragingiped.
Since 1980, when the first two pups were recorttepopulation has grown 43% per year with 17,5843tpups
born in 2007. While growth continues, recent co2@)5 and 2007) show a slowing to approximatelp%3per
year. To examine how this rapid increase in pomiatensity impacted individual foraging behavia®, female fur
seals were tracked using time-depth recorders atedlie transmitters in 1997, 2005, and 2006. Dhoeets were not
different among years and were characterized bgt $44.3 +30.1s), shallow dives (11.7 +8.2m). Fesnahcreased
the percent time spent at sea by 29.4% between a892005/2006 (51.1 £0.1%, 65.9 £0.03% and 672520,
respectively). From 1997 to 2005, trip durationarhedoubled (1.2 £0.8d vs. 2.1 +0.5d) and maxindistance
travelled increased (51.2 +44.3km vs. 137.3+17.8km) both parameters remained consistent betw@@h and
2006. Finally, total foraging area increased ov@9% from 1997 to 2005/2006. The increased foragimeg and
time at sea combined with the recent slowing ofytaipon growth suggest that increased intraspecdimpetition
may have led to localized resource depletion ar@wmgbslof Island. However, Bogoslof Island fur sestill
expend significantly lower foraging effort comparteddther larger local colonies, which are curnedtclining. For
example, in 2006, St. Paul Island fur seals speet 37% of their time at sea, travelled twice theximum distance
(> 300km), and had trips that were 2.6 times longernorthern fur seals are listed as depleted pawvisons
between Bogoslof Island and declining colonies witbater foraging effort may provide important giifor
determining conservation goals for this species.
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P5.14A pelagic ecosystem observatory system - deployistpbmach-based acoustic tags and
collecting ecological information using the globateach of commercial fishing vessels

Lansdell MJ** and Wilcox Ct.

YWealth from Oceans National Flagship, CSIRO Maring Ammospheric Research, GPO Box 1538, Hobart, TasmaaD1,
Australia.

*Matt.Lansdell@csiro.au

Advances in oceanographic and meteorological ptiedihiave largely been driven by the availabilifygbal
observing networks. Ecological research is at thepof this revolution — there is a broad undeditemof many
important processes and models are available tesept these in an integrated way. However, tlsene large-
scale ecological observing network for marine systethus detailed data for marine species is expets obtain
and data on important parts of the marine ecosyatertimited. The global reach of commercial fighprovides a
platform for developing a broad-scale ecologicahitaring system. For instance, Australia's tunbdiy operates
throughout the year, covering the majority of trewa and Tasman seas. Developing an inexpensiveasydto use
system for collecting ecological information frohete vessels of opportunity could spark a revaiuticour
understanding of marine ecological systems. We banemenced development of a prototype system kimda
ecological observations in marine ecosystems ariety of levels of organization. This system, dasid to be
incorporated with commercial longline fishing geacludes 5 components:

i) a low-cost surface based buoy with sensors, conirations and data storage capability;

i) temperature and depth sensors on the fishirg, g@mmunicating via acoustic modem with the buoy;

iii) a tag deployment method allowing in-situ degitent of electronic tags on fish “captured” by lbng fishing
gear, with an in-line digital camera to record $peinformation;

iv) a stomach retention system enabling tags tanein the animal's gut for long periods of time;

v) a database and visualization system to polbti@ys from a central location, log data, and prexddme basic
analysis tools.

We present developments in components iii) andmejuding a pilot study on tuna to test the stomeatention
system for acoustic tags. Collecting physical, egicial and behavioural variables all at the sarateswill facilitate
interpretation of habitat use.

01.05 Responses to ephemeral and seasonally predide prey resources by Antarctic fur seals
Lea MA* !, Arthur B *, Bester MN, de Bruynl PF, Goebel ME®, Trathan PN*, Walters A' and Hindell M™.

Ynstitute for Marine and Antarctic Studies, Univeref Tasmania, Private Bag 129, Hobart, Tasmar080, Australia.
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SNOAA South West Fisheries Science Center, 3333 ydriees Rd, La Jolla, California, USA.
“British Antarctic Survey, Madingley Rd, High Cross, Gaitige, United Kingdom.

*MaryAnne.Lea@utas.edu.au

During the non-breeding phase of the annual cynfgjne predators are free to forage without therakplace
foraging constraints imposed while rearing offsgriRor these species, the selection of foragingpnsgduring the
winter period is also influenced by climatic comalits and associated large scale fluctuations innagroductivity
and therefore, prey availability. The Antarctic f@al Arctocephalus gazellavhich has a circumpolar distribution
from ~46 to 65°S, and a diverse array of prefepmey, make ideal models for assessing the impogtahseasonal
resource predictability to foraging and future lolieg success. Since 2008, ~80 geolocation tags hese
deployed annually on adult females at Bird Isla®duth Georgia); Marion Island (n=30) and Cape 8ffirr
(Antarctic Peninsula, n=20). The seals occupy abelural continuum after breeding is complete, ragdrom
migratory (1 trip) to central place foraging (updrips). Cape Shirreff females which are lardgentthose from
other populations made a single, migratory tripl(@d0-13000 km), while seals from both Bird and Marislands
made 1 to 9 trips over the same period. Behaviaisad (‘foraging' or 'transit’) during these triyss determined by
state-space modelling at 12h and 24h time scatelsywas used to determine regions of persistengiioga(>3d
consecutive foraging state) and more ephemeragifogg<3d). Our choice of 3d was based on a nabredk in the
data. The proportion of foraging days per individaad per population were examined in relationoi@aging
regions distinguished by environmental characiesgbathymetric gradient, vertical velocity an@ seirface
temperature), by their distance from the -1.8°Ghison (a proxy for sea ice extent) and the 500rymagtric
contour (shelf break) and in relation to the digiabtopic signatures of whiskers from seals frbmn various
populations.
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P4.12 Size and experience matter: foraging behavioof juvenile nationally critical New Zealand
sea lions Phocarctos hookeji

Leung, ES*, Chilvers, BL? and Robertson, BC.
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Population declines in various sea lion specie len attributed to poor juvenile survival, witihaiging ability
playing a critical role in survival during periodslow prey availability. The endemic New Zealam@ dion
(Phocarctos hookeri) is the rarest and most hitgfdglized sea lion in the world. It is listed asiomally critical in
NZ and as vulnerable and predicted to decline byinternational Union for Conservation of Naturdislstudy
investigated the foraging behaviour of 2-5 yeard8iisea lions in the subantarctic Auckland Islaffdse-depth
recorders were deployed on a total of 19 male anwhfe juveniles from January-February 2008-201Gl®&m
younger animals had higher dive rates (dives/htham larger, older animals. Maximum dive depthation and
bottom time increased with age and mass, with nmtaesg higher foraging abilities than females. Hoer, with
the exception of 5 year-old males, these juvemilee unable to dive to reported adult female dieetks and
durations, possibly limiting their available foragihabitat. Smaller, younger animals do not haeddhaging
ability of larger, older animals as they have lowerobic dive capacity and less foraging experie@oesn these
additional constraints, juvenile NZ sea lions appesaticularly vulnerable to environmental and aoffogenic
perturbations and this needs to be considereccimémagement of this species.

P3.16 King penguins learn air load management withge

Le Vaillant M* *2 Prud’homme O"2 Saraux C? Kato A*? Le Bohec G, Le Maho Y*? Ropert-Coudert Y*2
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2CNRS, UMR-7178, 67037 Strasbourg Cedex, France.
® CEES, Department of Biology, University of Oslo, Way.

*levaillant.mary@gmail.com

Diving efficiency of marine animals is primarily @emined by their physiological and mechanical abteristics.
This efficiency is expressed through parameterh agoving or feet beats, buoyancy, or body andjlef avhich
can be modulated according to resource availaifity diving depth, including current, and the tegdamaximum
depth. Here we investigated through these parambtav foraging abilities can increase with an indliral's age
and experience. Long-lived seabirds, such as degpgdpenguins, are good models to study behavithiahges in
diving over the course of aging. During the ausstahmers of 2008 to 2010, we deployed small aczeleters on
young (5 year old) and middle-aged (8-9 year oldyjlpenguins breeding in a colony of the Crozetpelago,
Indian Ocean. There were no differences betweetwbeage classes in classical dive parameters asichaximum
depth, total dive duration and duration of eacteditiase. Acceleration was recorded along the lodigial and
dorso-ventral axes of birds at 16 Hz and pressaiemeasured every second. Young king penguinghtgp
flippers at a higher frequency during the descéasp than middle-aged birds. In addition, oldeetiees flap their
flipper harder during the ascent, suggesting tbanyg individuals loaded more air than they neetedrning to
optimally manage air loading could be the determirfiactor explaining the improvement of foragingfpemances
with age.
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P2.05 Unlocking the bio-logging potential of otoltis as natural tags: Disentangling environmental
and physiological influences on otolith chemistry

Lewis A*2 Trueman C!, Darnaude A% and Hunter E2.
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Otoliths, the calcium carbonate 'earstones’ comtoail bony fish, have gained increasing promineinae
published literature as natural bio-loggers oftilifee movements. Incremental growth, incorporatilegrents from
the surrounding water, produces a temporally resbbhemical record of ambient conditions experidrimethe
fish. However, a fundamental assumption of otddiiidies is that the within-fish transport chemisifynetals is
either largely unaffected by physiology, or thay ahysiological variations are smaller than envinemtal
variations. For some elements, this assumptionriently being challenged. Presented within theextrof otolith
chemical profiles for wild plaicePleuronectes platesda), with ‘known migrations’ reconstructed from &ieal
tagging data, we here communicate the results ekparimental study investigating the relationdhépween blood
and otolith chemistry in plaice. Blood trace memihcentrations of 30 males and 30 females were Isanponthly
over an annual cycle, to examine how changes irdegtive development and blood chemistry are esgae in
the growing otolith. Significant seasonal changeghysiology (condition, gonadosomatic index arabpia
protein) were related to trace metal concentratinrike blood and otoliths, as measured by secgridar
microprobe spectrometry (SIMS) and inductively dedpplasma-mass spectrometry (ICP-MS). An isotdlyica
derived (**0) temporal model of otolith growth was used tocisely time-match otolith analyses with concomitant
environmental and physiological data. The resultsdiscussed with reference to the viability ohgsbtolith
microchemistry as a natural marker of fish movemémthe open ocean, and the potential applicatidssich
spatial-temporal information in fisheries managemen

P5.15 Quantifying 'at sea' resting behaviour of Habbour seals - clues to assessing foraging
performance and habitat adaptation

Liebsch N*!, McMahon CR?, Wilson RP® and Adelung [
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Research investigating the resting behaviour ofmeanammals, e.g. cetaceans and pinnipeds, hasdeant
studies of electroencephalograms and eye statstsathe occurrence and extent of resting inveagtiimals. The
three distinct behaviours related to resting witthie different groups of marine mammals are simiigsting at the
surface, underwater ‘swim-rest’ and submerged ivagteriods. However, they are not displayed egualall
species and age classes. In this study we foctet sea’ resting behaviour of free ranging Harbseals. In contrast
to cetaceans all seals depend on land for breegidgnoulting but only partially for resting (to vetifferent
extents depending on seal species). Nonetheleds,seem obliged to rest at sea and here we shawdsh can be
identified and quantify this resting behaviour ss@ss; (1) what triggers the behaviour and (2fiest on foraging
performance. 4 adult male Harbour seals (32 foratyips) were equipped with dead-reckoning loggenmeasure
fine-scale movements and body orientation in tldiegensions and Satellite-Transmitters on the iskafrfdgmg in
Denmark. Based on the data recorded at 5 secosdafs, active and passive diving could be distisiged based
on body tilt angles and vertical velocities andlgned in relation to progress and duration of fanggrips as well
as time between consecutive foraging trips. We daiat throughout the foraging trip, longer acipeziods with
decreasing dive durations (decreasing efficienttgymate with shorter passive periods with incnegslive
durations. Seen over the duration of a foraginmarid consecutive periods of active and passivieglithe dive
durations however still decrease in most cases inticates a state of exhaustion, which seemmibthe duration
of a foraging trip and causes the seal to retuitstbaul-out site.
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05.03 Beyond kernel densities: posterior predictivinference for animal space use and other
movement metrics

London JM*, Johnson DS, Kuhn, CE, Ver Hoef JM, Bovag PL.
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The analysis of animal movement and resource usédzome a standard tool in the study of animabggo
Telemetry devices have become quite sophisticatéerins of overall size and data collecting caya@itatistical
methods to analyze movement have responded in l@hming ever more complex, often relying on sta@ce
modeling. Estimation of movement metrics such dzation distributions (UDs), however, have nolldeved suit,
relying primarily on kernel density estimation. ldeve consider a method for making inference abpate use that
is free of all of the major problems associatedhwirnel density estimation of UDs such as aut@tation,
irregular time gaps, and error in observed locati@ur proposed method is based on a data augmoeraaproach
that defines use as a summary of the completegddtie animal, which is only partially observed. @&sposed to
other Bayesian movement modeling papers we usmportance sampling as the basis of our computatstead
of Markov Chain Monte Carlo (MCMC). This allows pessing of large numbers of animals. We demonstnate
predictive approach by estimating behavioral metsiach as trip distances, variations in speed duarimip and
spatial maps of diving intensity for female northéur seals in the Pribilof Islands, Alaska anddmarseals in the
Cook Inlet region of Alaska.

03.22Avoiding the crowds: combining fine-scale biologgig and stable isotope biogeochemistry to
assess the temporal stability of alternate foragingehaviours of adult female Australian sea lions

Lowther AD* *? Harcourt RG®, Hamer D"?*and Goldsworthy SO.
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Typically the use of costly biologging technologyywides short-term behavioural data on a smalletubfsanimals.
Collection of data is often restricted by the liistory stages of animals (moult stage, seasorgation etc). Stable
isotope biogeochemistry is becoming a popular toahfer longer-term population-level processessTachnique
can be used to extend our understanding of int#iwoiual variation in foraging behaviour over lomgenescales.
We temporally synchronised 10s resolution dive rés@nd GPS data collected from 20 adult femalerAlisn sea
lions (Neophoca cinergaacross seven colonies, overlaying the resultanktonto a 9 arc-second bathymetry map.
The density of positions interpolated at 80% of immam dive depth were used to identify feeding |aarzs.
Whiskers collected from the same individuals wengadly subsampled for stable carbof*C) and nitrogen ¢°N)
isotope ratios. We assume that 1) variation'f€ and >N along a whisker reflected historical temporaliagon in
the location and trophic level of foraging behaviand 2) the isotope ratios could be assignedg@#ographic
location identified using geospatial data. Finally extrapolated inter-individual variation to intslony
differentiation using stable isotope ratios cokgtfrom >60% of pups at each colony as proxiesrfaternal values.
We identify two distinct, temporally-stable altet@dehavioural ecotypes characterised by near-simateff-shore
foraging. Animals that were tracked for multipledging trips exhibited a tendency to return toshme area (often
the same benthic feature) to feed. Individual forgdpehaviour displayed seasonal variation but reeth
constrained to an ecotype. The presence of inthvidtual differences extended to intra-colony sggt®n of
foraging behaviour. Our data raises interestingtioes regarding the ontogeny of foraging behavang causes of
intra-sexual resource partitioning. Combining bgging data from a subset of individuals with stabtgope
chemistry provides a powerful tool for resolvingoptation-level ecological processes.
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04.20 Greenland sharks $omniosus microcephalysas predators of arctic pinnipeds
Lydersen C*, Watanabe ¥, Fisk A®, Haug T, Leclerc L-M* and Kovacs, KM".
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The behaviour of Greenland sharks and their patkimtipacts on seal populations in the high Arctarime
ecosystem of Svalbard, Norway, were studied baeseshark stomach content analyses and data from
accelerometers and pop-up satellite tags deplogeteosharks. Stomach contents of sharks rangibgdy mass
from 136-700 kg (N=45) showed that 40% of the shdukd eaten seals. Only two of these stomachsinedta
carnivorous invertebrates indicative of carriondieg. Accelerometer (N=7; W2000L-PD2GT Little Leoda Co.,
Tokyo, Japan) deployments documented an average spéed of 0.34 (+0.03) thand a mean tail beat frequency
of 0.15 (£0.01) Hz. Least-cost swimming speed ifgids is generally higher than 1 body length peoisd, while
the speed for these extremely slow swimming Greeh#dnarks corresponds to 0.1 body length per se®urdts
were recorded, where the speed and tail beat fregugere twice the average, but this “high-speedhsning is
still considerably below what is sufficient to cagg an alert, healthy seal. Since phocid sealp sié# both
cerebral hemispheres simultaneously, and do seatrface and in the water column, we suggestiibat
Greenland sharks kill seals by approaching withlgieand capturing them while they sleep. Mosthef $atellite
pop-up tags (N=20; MK-10 PAT, Wildlife Computersgdinond, WA, USA) were released within 300 km of the
tagging sites, with the longest documented moverneimg 1,000 km (over a period of 69 days). A total 462
days of tracking data showed that the sharks oeduie water column from the surface down to 156thchstay in
water with an average temperature of 3.4 °C (rénx@et°C). This study has documented that Greersdhadks are a
significant source of mortality for Arctic sealsattshould be incorporated into future arctic ectesysstudies.

03.05 Field metabolic rate estimates for large, deediving toothed whales using onboard multi-
sensor Dtags

Madsen PT*2 Aguilar Soto N°, Johnson M and Tyack P*

*Aarhus University, Aarhus, Denmark.
AWoods Hole Oceanographic Institution, MassachusgSa\.
3University of La Laguna, Tenerife, Spain.

*peter.madsen@biology.au.dk

Large deep-diving toothed whales are apex predataresopelagic ecosystems, where they likely exert
significant top down effect on lower trophic level® understand their role in mesopelagic food welisrms of
biomass turnover and ecological foot print, infotima on the field metabolic rate (FMR) of theseglapredators is
critical. Normal approaches for deriving FMR, sashdouble labeled water or calibrated heart rateniques, are
impractical at best because these large elusiveasicannot be captured or restrained. Accordirigbre are
vastly different guesstimates of their FMRs randimogn very low to very high values compared to nakrm
mammalian scaling, and such different estimatesegmently lead to very different conclusions onrtiie of these
animals in mesopelagic ecosystems. Here we useaothbmultisensor Dtags to quantify key parameters f
estimating FMR in four species deep diving toothd@les. Tag placements lasting from 3 to 24 honor8 pilot
whales, 3 sperm whales, 7 Blainville’s beaked whaled 5 Cuvier's beaked whales provided ventilatadas using
depth, accelerometer and acoustic cues. Lung vaumeee estimated from changes in body accelerdtioimg
ascent and descents, and oxygen extraction wasatgdlon the basis of breath-hold times and thiebnd
capacity of blood. We show that the mass speciéitafolic rates of 1Watt/kg in sperm whales is vdoge to
mammalian scaling predictions, whereas the 4 viattis/ pilot whales is much higher than predicted arore than
twice the FMR estimates of the two similar sizedkszl whale species. These different FMR estimattshihe
ecophysiology, foraging behaviour and locomotoratalities of the four different species of toothelales, and
help to explain the niche segregation and diffeeerin oceanic distribution of deep diving toothdthle species
across vastly different mesopelagic prey energgities.
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P3.17 Developing evidence that Sperm whales instrianted with ARGOS-GPS-TDR tags
coordinate their foraging behavior

Mate BR*, Irvine L and Follet T
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Obtaining extended detailed information from instanted whales is important to better understandentehavior
and interpret responses to anthropogenic noise eMeryit has been difficult to achieve due to eitteort
attachment times or poor spatial/temporal resatutio 2007-8, we tagged sperm whales in the GuGalffornia,
Mexico with Wildlife Computers TDR-PAT-MK-10 tag$he tags sent Fastloc-GPS locations and summaey div
data (shape, duration and depth) as Argos mesfagdises >10min and >10m depth. Tags were relefread the
whales, floated to the surface, and recovered wmbtead high resolution TDR and GPS data to desegbtng,
foraging, and traveling behaviors. Whale divesatt#fl from very consistent without diurnal pattesnd week to
highly variable to 1200m for 28d. Fast zigzag \eattpatterns during dives may reflect foragingrafiés on
Humboldt squids. From multi-day coordinated surfamements, whales appeared to be associatece(sathe
social unit), although synchronous surfacings amd depths were not usual. One of the associatedestoften
dove deeper, suggesting possible group foragirg ‘trait ball” of squid and sharing the more physgtally
demanding role of "guarding” the escape of squittsthe depths at the bottom of the prey aggregalibis is the
first multi-day application of tags combining thestvanced sensors on whales and the first dirégderee of
possible coordinated group foraging. Group foragiray explain the basic reason why sperm whales $areral
units. Previous tagging studies suggest that ngsedations are more temporal. However, even gbari-foraging
associations may be valuable. With more developn@RS/TDR tags with advanced sensors may provige th
longer detailed records needed to assess the fmefficts of anthropogenic sounds on large whilemg future
controlled-exposure experiments (CEES) lastingoupOd, allowing for control periods and multiplepeximental
sound exposures.

04.04 Marine conservation and satellite telemetrya review and framework for effective
applications

Maxwell SM*1? Hart KM % and Costa DP
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Satellite telemetry has emerged as one of the prostinent technologies in marine science and isveepful
conservation tool given the spatial nature of maraynagement strategies. Despite resources applibestoostly
technology, however, telemetry has yet to be used large scale to effectively drive conservatiod emanagement
decision-making. We reviewed over 80 peer-revieamitles focused on the satellite tracking of manmega-fauna
in major conservation and ecological journals idevrto determine: (1) the focus of conservatioartgltry studies;
(2) the global distribution of studies; (3) how tlage and focus of conservation telemetry studée®thanged over
time; and (4) the level of quantification and réisigl conservation impacts. The majority of studi@msused on
bycatch or protected areas, though only 40% ofistuguantified telemetry study components, makinpats
unable to adequately inform management. We fousidraficant increase in the number of conservasituties
through time, and an increase in studies focusdulyoatch. We found uneven geographic distributibstadies,
with study sites in North America, Europe and Aalsércomprising over 56% of studies reviewed, V@ith4% of
studies occurring in South America, Africa and Adiatarctica accounted for the remaining studiesa tirtles
were the most common focus of studies (55.6%)pWadld by seabirds (36.1%) and marine mammals (8.8e4)
few studies focused on impacts of climate changewism and many studies lacked solid recommeodsti
resulting from telemetry outputs. Based on ouraeyiwe detail an empirically-based framework that (
emphasizes how resource managers can use teleaseadrgowerful management tool, and (2) guides relses
who employ telemetry in conducting studies in a-&ffective way that maximizes aid to managementsiens.
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04.06 Fine scale interactions between harbour seasd operating tidal turbines
McConnell BJ*!, Saana Isojunno & Lonergan M* and Sparling C
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The preferred habitat of the rapidly-expanding maurenewable energy industry and harbour sealdapger
Underwater turbine arrays thus may cause risk afider detrimental behavioural change. We invetgjthe
behavioural and population response of harbousdedhe establishment and operation on a 1.3 M#g&e
turbine at Strangford Lough Narrows, Northern InelaOur hypotheses were that an operating turbitig¢hhl)
reduce passage rate through the 1 km wide Narr@¥®);alter the route of passages. SMRU GPS/GSM tags
provided high resolution track and dive data frémee tagging (n=12, 11 and 12) deployments: bethrang
establishment, and during operation of the turbitie.there was no significant of change in popalatransit rates
in the three deployments. H2: there was evidend®rte avoidance once it was operational — but swdidance
had little effect on distance swum. We recordeghd€sages within this buffer whilst the turbine wasing. We
estimate that, on average, each seal in Strangforgh makes such close passages 7.4 times pe@aever,
systematic surveys for dead animals recorded fadlesthow any resulting trauma or death. This ficales
investigation relies on the use of GPS/GSM taghrelogy. The results are being used by both thelatgry
authorities and the marine renewables industrgtm(ilate mitigation strategies that are both appatg and
efficient.

03.16 Venous PQ@profiles in diving California sea lions: How low @ they go?

McDonald BI** and Ponganis PJ

Center for Marine Biotechnology and Biomedicine, Susifnstitution of Oceanography, 9500 Gilman Dr.@#92.a Jolla,
California, 92093-0204, USA.

*bimcdonald@ucsd.edu

It is essential to understand the magnitude of 0 slepletion and the physiological mechanismstyithg the
aerobic dive limit (ADL) if we are to interpret amthderstand dive limits, foraging ecology, anddbdity of these
marine mammals to adapt to changes in prey disioibsecondary to environmental change and ovenfisiThe
California sea lionZalophus californianusis an excellent model species because bothvshithavior and total
body O2 stores have been extensively studied.i$rstidy we took advantage of maternal foraginustaf
California sea lions to document venous PO2 prafilaile diving using a backpack partial-pressur®afrecorder.
In August 2010 we captured, instrumented (PO2 lbgiger, time depth recorder, and radio transmittamy
recaptured 6 lactating California sea lions. Weantetd venous PO2 profiles from 3513 dives fromrbdkes. 32.5%
of the dives were between 1 and 3.5 minutes arfb 3v8re greater than 3.5 minutes. Venous blood G2nea
depleted during routine short dives (<3.5 min). ldger, in dives over 5 minutes, venous PO2 valugslaey got
below 10 mmHg, and in some cases as low as 5 mifikgsea lions’ ability to continue diving with P@2lues
less than 10 mmHg for over two minutes and the tdaonsistent extended surface intervals followtimgse dives,
suggest that sea lions have greater toleranceptoxigythan suspected. These data will be usedvelale an
experimental approach to assess the ADL and O2 depletion in this and other otariid species.
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P1.07 Water column usage by female southern elephaseals from Marion Island
Mclintyre T* *, Bornemann H, Plétz F, Tosh CA' and Bester MN'
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We describe the water column usage of female soutlephant seals from Marion Island tracked betw2@04
and 2008. Most animals displayed positive dieligattmigration, evidently foraging pelagically oertically
migrating prey. Mean dive depths were deeper angdopduring post-moult migrations, when comparepdst-
breeding migrations. Mean dive depths (+ SD) dugagt-moult migrations were 560 + 170 m duringdhg and
394 £ 153 m at night. Mean post-breeding dive deptbre 517 + 163 m during the day and 359 + 14@yht.
Mean post-moult dive durations (+ SD) were 30.91#1Imin during the day and 24.9 + 10 min at nigltile post-
breeding dive durations were 23.3 + 7 min durirgdhy and 16.11 + 5.3 min at night. Overall, femélem
Marion Island tended to dive deeper and for lonmgrods of time, when compared to reported re$ults tracked
females from other populations. We present a rafan of a previously reported method to identifyedi that
represent increases in forage effort. This metedzhsed on a combination of dive type analysegtandalculations
of relative amounts of time spent at the bottormdividual dives. Results from this analysis indéecthat female
elephant seals from Marion Island tend to disptayer levels of forage effort in close proximityttee island, but
that foraging does take place on an opportunistgishthroughout their migrations.

04.09 All washed up: a low-cost, “flotsam” methoddr retrieving archival tags from marine
animals

Metcalfe JD*', Sims DW?, Hays GC, Hochscheid & Hetherington S, Bendall VA! and Righton DA!
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A major limitation with using archival tags on figind other animals in the open sea is the neetddsrto be
physically retrieved so that the recorded datalbe@arecovered. This limitation has, in part, beeerogme with the
development of pop-up satellite archival transmiRSAT) tags that float to the sea surface anubstrit
information via Argos. However, PSAT tags are sfilite large and comparatively expensive, and Algssa
restricted data transmission capacity that previange datasets from being recovered. Howeverigodatly in
shelf seas, surface-floating objects have a higimoh of drifting to the coast where they can bever=d and
returned by members of the public. Such opportimistovery of PSAT tags, previously deployed osKiag
sharks in UK waters, indicated that recovery rateghis route could be in the region of 20-30%. Wéee further
tested the concept of a “flotsam” method of tagpwecy using small archival tags with added flotatamd show that
this is both effective and economical. It also nwikdeasible to tag species for which there hagpreviously been
a reliable route for tag recovery (e.g. non-comia¢species) and can yield tags from individuabs thrould not
otherwise have been recovered (e.g. after predatide present results from oceanographic modefitngies, from
sea-going experiments with dummy tags, and fronfiteelarge-scale deployments of flotsam tags sither eels,
cod, jellyfish and sea turtles. We show that, idition to enhancing data recovery, flotsam tagspanide
fascinating new insights into predation events.
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The search for widely-applicable methods to measurgody condition of diving animals: three at-
sea metrics of body density validated in northernlephant seals
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and Fedak MA*
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Many diving animals undergo substantial changeheir body density, which are the result of charigdipid content over their
annual fasting cycle. Because the size of the Bpodes reflects an integration of foraging effené¢rgy expenditure) and
foraging success (energy assimilation), measutiragges in body density is a good way to track lmmhdition and net resource
acquisition of free-ranging animals while at seethis study, we experimentally altered the bodysity and mass of 3 free-
ranging elephant seals by remotely detaching weightl floats while monitoring their swimming speeepth, and 3-axis
acceleration with a high-resolution data-logger. Bddnsity was estimated using three different modéhydrodynamic gliding
performance during drift dives, prolonged glides] intermittent glides. Density estimated using tiree methods for
estimating body density agreed well with each qthed also showed strong positive correlation Wwily density estimates
obtained from isotope dilution body composition Igsia over density ranges of 1015-1060 kg.mll 3 hydrodynamic models
were within 1% of, but slightly greater than, batbnsity measurements determined by isotope dilutAdhthree methods make
use of speed during passive motion by the aninleach analyses a different specific behaviowgglience. A suite of different
validated methods increases the potential foragtlene method to be applicable over a wide rahgealy-diving animals

which may exhibit diverse swimming and gliding beibar patterns during diving.

P4.13 Travelling behavior of northern fur seals duing the breeding period in the Kuril Islands

Mitani Y* 1, Burkanov VN%*3and Andrews RD}
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During the lactation period, northern fur seal (@ddinus ursinus) females travel to distant forgganeas to
transport energy back to an offspring. The cosde@ated with travelling to foraging patches mustbmpensated
by energy gain in the patches encountered. Therefilmta on swimming effort during travelling as lveed foraging
success of female is valuable for predicting matieinvestment and the female's reproductive sucétessent
technological advances now allow fine-scale movamehanimals to be monitored in multi-dimensions.
monitor the multi-dimensional movements of northiemnseals at high resolution, we deployed 3D dtzggers
(Little Leonardo, Tokyo, Japan), which can recoralix@s of acceleration and geomagnetism, depth, spéad and
temperature, and GPS loggers (Wildlife Computeesttfe, USA) on 6 lactating females in the Kuriatgls of far
eastern Russia in 2006. Acceleration data was taseetect stroke and body angle, allowing us terittie different
type of behaviors: stroking, gliding, rolling, apdrpoising. Swim speed was estimated by propetigtion,
excluding one female whose propeller fouled witlpk8D data loggers recorded 1-3 trips per seahdus-8
monitoring days. Seals displayed epipelagic didagng night and mean deep dive depth (>10m) was-23.2 m.
Average swim speeds during descent, bottom anchbpbases of deep dives were 1.6 m/s, 1.5 m/s1ahah/s,
respectively (n=5). Seals spent most of the forgtiip time (84.2-95.1 %) engaged in shallow divigg0m) and
surface behaviors. During surface swimming, théssalaost always spun on their long axis in a cyélabout 3 s.
Seals stroked continuously during spinning, howgether stroke amplitude was much less than thahduteep
dives, and swim speed during daytime surface agtivas 0.4-0.6 m/s. These results revealed thét sdght
decrease travelling cost by reducing stroke power.
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P3.26 Biologging for long monitoring of animal behwgior: preliminary study on milky storks in
Malaysia
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Biologging science that uses advanced digital teldgy has brought new insights into animal behawiaitu by
providing sophisticated information on animal babaweasured by the miniaturized acceleration loggefine
scale. This technique has been broadly used tstigete diving behavior of aquatic animals andnftybehaviors of
avian animals by measuring stroking and flutterimgvements and/or body angles in fine scale timeluéen.
These sophisticated measurements were enabledbgpeed sampling of the multi-axes acceleratidasioal
movement, and consequently this high speed samfilad@2Hz) limits the observation period of anifba@havior
within a few days. Shortness of recording periodesat difficult for us to use the accelerationdeg for the
conservation study of wild animals, which oftenuiegs long term monitoring of behavior includingééng,
resting, habitat use and etc, since those acsuitimnge in weekly, monthly, seasonally or yeazhless. In order to
overcome above difficulty we tested to establistea long term monitoring logger system on animaiawéor
using acceleration logger. Animals conduct speaifavements related with particular behaviors thatsually
discernable each other. These specific movemeptsaain the acceleration signals in different formgerms of
signal frequency and amplitude, which would allostal transform acceleration data into simple amdmessed
data form, and therefore extension of recordingopenf monitoring logger will be enabled. We preilarily tested
the idea to discern several behaviors using aa@erdata obtained from the semi-wild milky stoitksZoo
Negara, Kuala-lumpur, Malaysia. We could distingussme behaviors such as flying, walking and fegdirsurge
acceleration signals. This allowed us to developlgarism for data compression.

01.11 Foraging habitats of southern elephant sealllirounga leonina, from the Northern Antarctic
Peninsula

Muelbert MMC*?, Santini MF2, Wainer IEKC2. Souza RB 3, Lewis MN4 and Hindell MA5
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Elephant Island (El) provides southern elepharisg&ES) breeding there with potential accessttadiog grounds in the
Weddell Sea, the Frontal zones of the South Atabtiean, the Patagonian shelf and the Western ditt&eninsula (WAP).
Quantifying where seals from El forage provide gh$$ into the types of important habitats availablarty-two SES were
equipped (6 sub-adult males-SAM and 26 adult fesnAl€) with SMRU CTD-SLDRs during the post-breeding @®8, 2009)
and post-moulting (PM 2007, 2008, 2009, 2010) tripsea. Striking intra-annual and inter-sex défeses in foraging areas
emerged. Most of the PB females remained in th@negi El within 150 km. Only one animal travelledveh the WAP. In
contrast, all of the PM females travelled down\&P and foraged near the winter ice-edge. Most PMesremained close to
El, in areas similar to those used by adult fesatveral months earlier. One male spent the partyof the winter foraging on
the Patagonian Shelf. The waters of the NAP corghimdant resources to support the majority ofdlamds’ SES for the
summer and early winter, such that the animals fitimpopulation have shorter migrations than ttfos® most other
populations. Sub-adult males are certainly takithpatage of these resources. However, femalesadicemain there over the
winter months, instead they used the same waté¢he é&te-edge in the southern WAP that females footh KGI and SG used.
T-S profiles analysed suggest an association betagelt females and regions close to the shelfidondeere deeper, nutrient
rich surface waters (1°-2° C, 34,6-34,75 psu), Ugaalsociated with upwelling of Circumpolar Deep WdCDW) occur. This
is clearly preferred feeding habitat for this specand one that is likely to experience chang#s eaintinued warming of this
region.
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P5.02 Paradox of diverse divers into the deep depth new aspect of foraging behavior of northern
elephant seals
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Respiration and feeding are essential events fonas to survive. Marine mammals are unique sihey perform
those events in two spheres, obtaining oxygenearatimosphere and prey in the marine-sphere whik ofo
animals do those in the single sphere and thusctaljuatic animals and terrestrial animals. THis sgstem has
been generally explained by the rich marine pradactonsequently large prey mass. Many marine malsim
however dive into deep waters enduring anoxiawikkre the marine production is extremely low. Tgasadox of
deep divers might be explained by foraging suciretize depth as trade off with anoxia risk. Fenadethern
elephant seals are the excellent model to studypiniadox because they are well known deep (5061y80d
continuous diver. Unfortunately, however, feedimtpdvior of marine mammals is still difficult to dywand puzzle
of paradox left as it is. Recently we developedldmg term feeding recorder using jaw acceleromigtennique for
detection of feeding events and deployed the reesr four post-breeding female northern elepbaats to
investigate the above questions. Four seals coaduncirmal diving behavior. Active feeding event3425-75195
and 14.88+12.61-17.99+10.62/dive) were observéideatlive bottom during successful observation qags68
days). None of the feeding events was found irdtffedives. Spiky signals in the raw surge accatien data
(sampled with 32Hz intervals for 60h) suggested tthey adopted suction feeding mode. Our newlyiobth
findings based on the direct measurement of feesioals may allow us to investigate the above tipres

03.10 Foraging dives of ocean sunfidiMlola molato search prey abundant depth

Nakamura I* and Sato K
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Ocean sunfishMola molg are the largest teleosts (up to 2,000 kg) andobtiee gelatinous plankton feeders.
Jellyfish blooms have recently increased and cabsethn problems, especially in fishery. Ocean shrgiossibly
have top-down effects on jellyfish populations, litthe is known about their foraging ecology. Reteatellite and
acoustic tracks of ocean sunfish have revealed ldogje horizontal and vertical movements, but-fcale foraging
behavior is still unknown. In July 2010, we depldyata-loggers (W1000-3MPD3GT; Little Leonardo Gapan)
on four ocean sunfish (84-164 cm in length) calmyhset-net off the coast of Sanriku, Japan forréopeof 8-9
hours to record depth, magnetic, accelerometempeemure and speed under natural conditions, dlaita
construct 3-dimensional tracks of the fish. Theamceunfish stayed at shallow depth (<10 m) for 8% ®f track
time and sometimes made dives to depths of oven.IDhe dives were observed 1-7 times among indalgland
mean dive duration was 22.2 + 6.9 min. During stgyghallow depths, they swam continuously at meams
speeds of 0.4-0.7 m s-1 with stroking frequenciea &-0.5 Hz. During the dives, they also swam cargusly, but
sometimes slowed down with maneuver, possiblyedl#& feeding behavior on gelatinous plankton. fEeeling
behaviors were observed during all dive phases@tsbottom and ascent) mean 12.4 + 7.7 timeseaadimean
depth of 102 + 40 m, which is coincident with egiate of pycnocline at depth of 30-80 m in summeéttaf coast
of Sanriku below which zooplankton is abundant. SEhgata suggest ocean sunfish actively dove foclseg prey
abundant depths. Frequent feeding behaviors sutiggstonsumed a large amount of jellyfish durimgjt foraging
dives and might have great top-down effects onfjsh populations.
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P3.18 Fine-scale homing behaviour of a green turti@&helonia mydas
Narazaki T**, Luschi P?, Benhamou $, Galli S Ciccione $ and Sato K

International Coastal Research Center, Atmospher®aedn Research Institute, University of Tokyo, B-10Akahama
Otsuchi Iwate, 028-1102, Japan.
2Dipartimento di Biologia, University of Pisa, Via Xolta 6, I-56126 Pisa, Italy.
3Centre d'Ecologie Fonctionnelle et Evolutive, Cehational de la Recherche Scientifique, 1919 rout®dede, F-34293
Montpellier Cedex 5, France.
“Kelonia, I'Observatoire des Tortues Marines, 46dueGénéral De Gaulle, F-97436 Saint Leu, La Reursiamd, France.

*tnarazaki@aori.u-tokyo.ac.jp

Many satellite tracking studies showed sea tuetescapable of reaching remote targets. Howeveir, tlavigation
mechanisms remain unclear. In this study, fineesoadvements of a homing green turtle were exantiyagsing a
3-D logger (W1000-3MPD3GT, Little Leonardo Co.),iahenabled us to reconstruct 3-D movements vidhgep
speed, tri-axis magnetism and tri-axis acceleragmordings. In July 2010, a 3-D logger and a bte¢hg (MK10-
AFB, Wildlife Computers) were deployed on a gragiéen turtle, which were transferred to an ocesgl&ase site
150 km away from the nesting beach at Moheli Isla@@mimoros. Satellite tracking data showed thedugturned to
the island 79 hours after the release, and speho@#s in the waters around the island before metgrto the
nesting beach. By using the 3-D track of the eritoming trip reconstructed, straightness indexheftiorizontal
track was calculated on an hourly basis. The ttrdéieelled linearly during the oceanic travel tod/éine island
(straightness index, mean + SD = 0.94 + 0.09) vdwetiee track was more sinuous while moving aroheddland
(straightness index = 0.62 + 0.24). During the ogz#aavel, the turtle undertook a large numbesusurface dives
(4 m, n=1824) during daytime whereas in nightetitnperformed some gradual ascent dives (depth.& 2 1.6
m, n = 30) to the depth, where it possibly reaamegtral buoyancy. Such diel diving pattern suggessise of
different navigation strategies during daytime aight-time. After reaching the vicinity of the isld, enigmatic
behaviours were recorded: the turtle gyrated cantisly (ca. 3 times min-1) at the surface for <n80utes.
Considering that the turtle headed toward the baéteh those behaviours, it might be possible thiatnewly-
described gyrating behaviour play some roles intstamge navigation.

P3.19 Using biologging data to understand the popation consequences of disturbance
New L*!, Costa [, Hindell M3, Lusseau B, McMahon C ° and Schick F

ICentre for Research into Ecological and Environmevidelling, University of St Andrews, Buchanan GarsleSt Andrews,
Fife, KY16 9LZ, United Kingdom.
2Center for Ocean Health, University of Californian®aCruz, 100 Shaffer Road, Santa Cruz, Californiab@50SA.

3Institute for Marine and Antarctic Studies, Univgref Tasmania, Australia, Hobart Campus, Life &cies Building, Hobart,
Tasmania, 7004, Australia.

“Institute of Biological and Environmental Sciendgsjversity of Aberdeen, Zoology Building, Tillydromevenue, Aberdeen,
AB24 2TZ, United Kingdom.

®School for Environmental Research, Charles Darwinvehsity, Darwin, Northern Territory, 0909, Austeali
®Duke University, Biology Department, Biological Scies Building, 125 Science Drive, Duke UniversityrBam, North
Carolina, 27708, USA.

*leslie@mcs.st-and.ac.uk

There is growing public concern about the impaathafnges in the behaviour of animals that are chiogduman
disturbance. Although the immediate consequencésest changes are rarely fatal, they can affqubitant
demographic process, such as survival and reprioduend these effects could have important coremeps for
conservation because of the large number of indaliglthat may be subject to disturbance. One péatiarea of
concern is the impact of acoustic disturbance orimaanammals, and we focus here on this issuey i we
believe that the methodology we will describe haglmwider applicability. We show that data fromdiés of the
behaviour of animals collected using telemetry losarcombined with data on reproductive success rddarom
long-term studies to fit sophisticated models ef ¢ffects of changes in behaviour on populatiocgsses. We
illustrate this with data from southern elephamis@nd show how the hypothetical exclusion of aténfrom a
preferred foraging area can affect body conditeord the consequences of this for pup survival aaticlony
dynamics. We also show how the same model framewgamkbe extended to other marine mammal species tha
adopt an income breeding strategy, rather thanapé#al breeding strategy used by elephant seals.
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P2.02 Application of gyroscope for bio-logging stug
Noda T*!, Okuyama J', Kawabata Y, Kamihata H*, Kobayashi M? and Arai N*

!Graduate School of Informatics, Kyoto Universitygshida Honmachi, Sakyo, Kyoto 606-8501, Japan.
2Ishigaki Tropical Station, Seikai National FisherResearch Institute, Fisheries Research Agencyjdhikal 48-446, Ishigaki,
Okinawa 907-0451, Japan.

*noda@bre.soc.i.kyoto-u.ac.jp

In a previous study, accelerometer and magnetorhatar been used to estimate the attitude of anifpats, roll,
and yaw). Pitch and roll are normally estimatedrrthe gravity measurement projected on the sensei0a
accelerometer. Yaw is estimated from the magnetmnme¢asurement with the aid of the pitch and tiheate
from the accelerometer. However, since accelerana¢de senses the linear acceleration (not gravaypsed by the
animal body movements, an assumption is usedtkatttange of linear component is more frequent tivan
change of gravity, so that the linear componergiisoved by low-pass filtering. However, this asstiompis
violated when the change of gravity is frequent,eiample when animals perform rapid rotation. €fame, it is
impossible to monitor rapid rotation (and accutatear acceleration) by the previous method. Orother hand,
many animals exhibit high maneuverability whichahxes rapid rotation to achieve their tasks. Thaesfrapid
rotation should be an important indicator to be itwwad to understand the movement and behavioniofas. In
addition, accurate estimation of linear acceleraibould be effective for better understandinghefrnovement. In
this study, gyroscope, which directly measuresatingular velocity with high frequency (100-200 Hags used to
estimate accurate rotation and linear accelerati@mimals. When angular velocity is time-integcatié indicates
attitude, which can be used for the estimationrafigy and the isolation of linear accelerationvidwer, since the
measurement noise also accumulates so that tineagistn of attitude by the gyroscope becomes lessrate with
the time. In this study, the error was correctednibggrating magnetometer and accelerometer measumteusing
sensor fusion technique. The effectiveness of ynesgope for Bio-logging application was testedising animals
(Fish, Sea turtle) in field and laboratory experirse

03.11 Linking foraging northern fur seals (Callorhinus ursinug) with fine-scale oceanographic
features: contrasting attributes from islands withopposing population trends

Nordstrom CA* and Trites AW

Marine Mammal Research Unit, University of British @obia, Room 247, AERL, 2202 Main Mall, Vancouver, Bt
Columbia, V6T 174, Canada.

*c.nordstrom@fisheries.ubc.ca

Northern fur seals breeding in the eastern Berigg &e declining at the Pribilof Islands (St. Rd St. George
Islands) and increasing at Bogoslof Island. Thekaddivergence in population trajectories may bkdd to
regional differences in ocean productivity credtgdlynamic oceanographic features such as temperstiwcture
and thermoclines. We sought to identify the physicachanisms controlling summer feeding by norttarrseals
by collecting and analyzing environmental paransetereference to differences in population sizes teajectories.
We deployed Wildlife Computers Mk-10 “F” tags on BEtating northern fur seals (44 St. Paul, 43 Bbafp
during July — September, 2009. External temperancedepth were recorded every second for 173,848 d
allowing for high-resolution reconstruction of thvater column along GPS-derived foraging tracks oMerlap in
foraging areas was detected despite the potentiahhge overlap. First passage time analysis (R@tified the
spatial scale of foraging for individual seals w&h Paul animals doubling their foraging scaledgmeadius = 11
km) compared to Bogoslof seals (mean radius = 6lppropriately scaled environmental covariates sagh
bathymetry, mixed layer depths, and thermoclinengith will be tested using Cox-proportional hazaatels to
evaluate their influence on northern fur seal farggpatterns, which in turn ultimately affects ptgiion trends for
this piscivorous top-predator.
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P4.14 Using well-equipped Australian sea lions tosaess habitat quality and inform the zoning of
Marine Parks in South Australia

Page B*, Goldsworthy SO}, Miller D2, Abernathy K3, Marshall G3 Daniel O', McDonald B? and Bryars &

! South Australian Research and Development Institiiguatic Sciences, West Beach, South Aust., 58adtralia.
2 Department of Environment and Natural Resourcesyiiak, South Australia, 5035, Australia.
% National Geographic — Remote Imaging, Washington ZDD36-4688, USA.

*bradley.page@sa.gov.au

The outer boundaries of South Australia’s MarinekB&ave recently been declared, but planninghfedacation of
habitat protection and sanctuary zones is occurrowg. Metrics being used to determine the locatibtihese zones
are largely anthropocentric. We aim to identifyticel foraging habitats of Australian sea lions amzbrporate these
habitats into the marine planning process. At Damge Reef, South Australia, we used GPS telemetiyNational
Geographic Crittercams to map the fine-scale tigtion of foraging effort of female sea lions andécord footage
of their habitats and foraging effort. Habitat grdy associations were integrated with remotelyssdr{acoustic
swath and video mapping) benthic habitat data aitgdb remote camera surveys of prey abundance igecsidy.
This enabled fine-scale comparisons of the hahdtatsprey that are most and least valued by sea.lio
Anthropocentrically derived data were compared \wibitat value indices, derived from sea lion thagland
Crittercam data. Countless pelagic fish were seethe Crittercam footage, but sea lions exclusivsigd benthic
prey and traversed extensive areas of sea grassaaddvithout feeding, but demonstrated clear peafes for two
habitat types; sparsely vegetated sandy swalespostskates/flatheads/prawns) and complex rocKg ree
(leatherjackets/red rock cod), where they searaiecevices and under boulders or employed sit\aai-tactics
from underwater vantage points. The baited remaiteecas indicated that the prey of sea lions wergt l@bundant
around their colonies, where crabs and benthicksharhich were not preyed on by sea lions, weréuge This
approach has improved our understanding of theaktabitat needs of sea lions, and highlighteduwhiue of using
apex predators to identify key habitats and aréasotogical production to assist the marine paldnping process.

05.16 Habitat models for the Northeast Pacific blugvhale from satellite tracking and remote
sensing

Palacios DM*? Mate BR®, Bailey H*, Hazen EL*? Irvine L ®, Bograd SF and Costa DP

1J0int Institute for Marine and Atmospheric Reseatdmiyersity of Hawaii at Manoa, Honolulu, HawaiiS.
2Environmental Research Division, NOAA/NMFS/SWFSC,iffmGrove, California, USA.
3Marine Mammal Institute, Hatfield Marine Science @enUniversity of Hawaii at Manoa, Newport, OregaISA.
4Chesapeake Biological Laboratory, University of Mand Center for Environmental Science, Solomons, Mady USA.
5Long Marine Laboratory, University of California, i8a Cruz, Santa Cruz, California, USA.

*Daniel.Palacios@noaa.gov

The population of blue whales (Balaenoptera musjyuhhabiting the Northeast Pacific moves seasgffiaim
summer/fall areas in central and southern Califotaiwinter/spring areas off western Baja Califarthe Gulf of
California, and near the Costa Rica Dome (CRD)pféshore oceanographic feature in the easterndabiacific.
State-space models with switching behavior werdieghpo the satellite tracks of 92 animals taggeerdhe period
1994-2007 to obtain best-location estimates atlaelyusampled intervals and to characterize moverbehavior as
either ‘area-restricted search’ (ARS, an indicatfioraging) or ‘transiting’ between foraging phaés. Remotely
sensed oceanographic variables extracted at eeatido were used as predictors of whale behavateaés (ARS
vs. transiting) in a suite of habitat models inahgdgeneralized additive models with mixed effesotsl non-
parametric multiplicative regression models. Thstlowerall predictors of ARS behavior were cooldtermediate
sea-surface temperatures, proximity to the shelikrand high chlorophyll-a concentrations. A seeon ARS
peak was associated with the warm, offshore, desprasin the proximity of the CRD, a low-latitudegion where
chlorophyll-a reaches intermediate values and whtrer evidence suggests that whales feed. Thadiadis
indicate that ARS behavior is associated with upimglregions, both near the shelf and offshore, thng support
the notion that blue whales exploit environmentdhwarge euphausiid standing stocks throughouyéiae. The
likelihood of ARS behavior in response to enviromitaé variables was captured by hump-shaped or wiker
nonlinear functions in multidimensional space. Tieisponse indicates that blue whales optimize A&®bior
along environmental gradients, making it a usefehsure of ecological performance.
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05.02 Modelling behavioural switching vertical movenent time series: dealing with statistical
challenges and data volume

Patterson TA*, Bravington MV and Westcott M

Wealth from Oceans National Flagship, CSIRO Marin Atmospheric Research, GPO Box 1538, Hobart, Tasma@abD1,
Australia.

*Toby.Patterson@csiro.au

Electronic tagging has amply demonstrated the cexityl of vertical movements displayed by marinenaads.
Electronic tags record at high sampling frequenfiesong periods. Statistical analysis is therefoomplicated
both by the volume of data recorded and the conitglex the animal behavioural observed. Furthere fscale data
of depth through time is often difficult to use fquantitative description of behavioural statesclvhinay occur over
longer time scales. Here we explore the statistiballenges of analysis of vertical movement sigiaald present a
Hidden Markov model (HMM) which is used to determimehavioural switching from daily summaries of
proportion of time at depth. Using data summargshices the computational burden and also allows for
consideration of behaviours which occur over tiroalss longer than the sampling interval. The HMMlelo
assumes a compound stochastic process which a#srnetween two Poisson processes with differéas rave
demonstrate this HMM approach using data from sautbluefin tuna. Application of our model includes
predicting sightability of marine animals duringwal surveys and behavioural analysis of summadaéaifrom
satellite tags. Importantly, this technique presentigorous approach to quantitative detectiopebfavioural shifts
in vertical movement data.

P3.20 New non-invasive design of dolphin telemetiag; proof of concept
Pavlov VV*! Rashad AM and Vincent C°

'Forschungs- und Technologiezentrum Westkiiste, Gimigtlbrechts-Universitat Kiel, Hafentérn 1, 257Bisum, Germany.
?|nstitut fir Aerodynamik und Gasdynamik, Universi&uttgart, Pfaffenwaldring 21, 70569 Stuttgartr@any.
3Institut du Littoral et de I'Environnement, Univéésde La Rochelle, 2 rue Olympe de Gouges, 17 @G0B dchelle, France.

*paviov.v.v@gmail.com

The impact of devices attached to animals remaatgfienge in telemetry studies of dolphins. It wapposed that
the hydrodynamic design of a tag could providelstattachment to the dorsal fin by means of restlta
hydrodynamic force appearing at a dolphin’s swingmifio verify this hypothesis the computer fluid dymics
(CFD) study of the tag performance and its impactiolphin hydrodynamics was carried out. A virtoeddel of
the tag attached to the dorsal fin as well as aatndalphin body presenting authentic geometry aficmn dolphins
were constructed. The dolphin model without thewag used as a reference object to calculate tpgdnas
regards drag, lift, and moments coefficients. Fimaund the models was simulated for the range lotitees as
well as the ranges of pitch and yaw angles. It steavn that in 33 of 35 CFD scenarios the streamiisiepe of tag
generates the lift force that facilitates keepirtggattached on the fin. Tag-associated dragicteff does not
exceed 4%, which indicates low impact. Data obthicenfirm the supposition that appropriate taggliesian keep
a tag attached without additional measures like pinsuction cups. Practical questions of the rsdeployment
are discussed.
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04.15 Acoustic telemetry and accelerometry for undstanding the population dynamics of a
coastal giant

Payne NL*!, Gillanders BM*, Seymour RS, Webber DM?, Snelling EF and Semmens JM

University of Adelaide, South Australia, 5005, Aadifa.
A/emco, Amirix Systems Inc., Halifax, Nova Scotia.
*Tasmanian Aquaculture & Fisheries Institute, Ursitgrof Tasmania, Tasmania, 7004, Australia.

*nicholas.payne@adelaide.edu.au

Giant Australian cuttlefisbepia apamdorm a unique breeding aggregation in northermgpeGulf, South
Australia each austral winter. A strongly male-b@®perational sex ratio has lead to the developofen
spectacular mating behaviour and displays, anddglgeegation has been of conservation concern f@rak
decades. Annual density-based surveys are curresgly to monitor inter-annual variation in popuatsize;
however a lack of temporal information (with regpcindividual residence) hinders effective mamagat of this
population. We used a combination of acoustic teleyrand accelerometry to estimate residence tfordsoth
genders, and to estimate field metabolic rate dunieeding. The relatively brief residence periotimdividuals
suggest an underestimated population size, andegeiifterences in breeding durations suggest tlmatult sex
ratio is unbiased (M:F = 1:1). For an animal tlielly catabolises 30-40% of its own body proteinsing breeding,
estimates of field metabolic rate correlate wethvéstimates of breeding durations. In this stiniytelemetry
provided valuable information on population dynasrticat will assist management of this unique agien.

03.02 Individual based population inference usingagging data
Pedersen MW*, Thygesen UH, Baktoft H® and Madsen, H

!Department for Informatics and Mathematical Moahgjli Technical University of Denmark, Richard Petesselads, Building
321, DK-2800 Kgs. Lyngby, Denmark.
°National Institute of Aquatic Resources, Technicaivérsity of Denmark, Charlottenlund Slot, Jeegersh¥dlg 1, DK-2920
Charlottenlund, Denmark.
3National Institute of Aquatic Resources, Technicalvgrsity of Denmark, Vejlsgvej 39, DK-8600 SilkejpDenmark.

*mwp@imm.dtu.dk

We consider a hierarchical population model whishdes multiple individual analyses. The approasties on
mixed effects modelling as known from statisti¢deddry. Any type of model can be used at the indiaidevel with
the requirement that maximum likelihood estimatddmodel parameters is possible. Using a quadratic
approximation to the individual log-likelihood futhens admits exact solutions to the otherwise diffiintegrals of
the hierarchical model. Provided that the quadiaicroximation is reasonable this approach hasrdauof
advantages: 1) calculations at the individual lerel carried out once independently of each othvet,can therefore
be run in parallel. If new datasets arrive it i$ necessary to run the individual model again lierald datasets. 2)
the computational burden of joining individual estites is insignificant since closed-form expression the
population parameters are available. 3) it is fdsdd identify individuals which deviate from thest of the
population. This feature makes it possible to uec@otential sub-population structures within thgged
population.

Here, we present an application of the hierarcHieahework to acoustic telemetry data from taggéed m a lake.
Velocities are derived from telemetry locationglaplacement per time unit. A continuous-time hiddéarkov
model (HMM) is formulated for the individual moventeéehaviour, which relates to velocity. Using “éraf day”
as covariate, the switching rates of the HMM atéreed with maximum likelihood and used to calteithe
stationary distribution of the behavioural stateeéfing the individual parameter estimates and tivegertainty to
the hierarchical model we find that day time bebawidiffers from night time behaviour for the pogtithn.
Furthermore, we identify individuals in the popidatwhich display a deviating movement behaviour.
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05.10 Can thermoclines be a cue to distribution gfrey for little penguins?
Pelletier L**? Kato A'? Chiaradia A% and Ropert-Coudert Y*?

tUniversité de Strasbourg, IPHC, 23 rue Becquerel BiBasbourg, France.
2CNRS, UMR7178, 67037 Strasbourg, France.
SResearch Department, Phillip Island Nature Park, BaX 97 Cowes, Victoria, 3922, Australia.
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The use of top predators as bio-platforms is a modpproach to monitor the status of marine ecesystand can
help us understand how physical changes in the@mwvient may influence the activity of these predat this
context, we equipped 26 little penguifgiflyptula minoy with miniaturized bio-logging devices at the dhrearing
period during November and December 2005. Theséobigers measured simultaneously temperature psoifil
the waters of Bass Strait, Australia, as well deptth acceleration in two axes to determine divielgaviour and
prey encounter of the little penguins. We aime(iljoexamine changes in the thermal structure ofwéer column
over time, especially regarding the presence/alesehthermoclines, (2) examine possible links betwghysical
environment and prey availability, and (3) infee tonsequences of such a relationship on foragiategies of
penguins. Our data showed that a thermocline wasept in the foraging zone during the first 3 weafkdhie 5-
week study, which coincided with penguins havirsyecessful prey encounter. The situation changetedby
during the last two weeks of the study period asrttoclines were no longer detected in the divinig,deoinciding
with increased foraging effort and lower prey entteu This lower hunting success suggests thahtrenocline
was absent from the water column, which may rdsuth a mixing of the water column due to the inflohwoceanic
water masses into the strait. Overall, thermoclowmdd represent temporary markers of enhanced dwadability
for little penguins onto which they should adjustit breeding cycle.

01.12 Habitat models as tools to predict resourceistribution and impact of future climate
warming on seabirds

Péron C*, Delord K, Louzao M*?, Bost C* and Weimerskirch H*

Centre d’Etudes Biologiques de Chizé, CNRS UPR 1934,(0v98Bers en Bois, France.
2Helmholtz Centre for Environmental Research - UFZnieserstrasse 15, 04318 Leipzig, Germany.

*peron@cebc.cnrs.fr

Seabird populations of the southern ocean are nelspg to climate change since the last decadeprjected
warming is expected to cause dramatic changes imevep predator populations over the next centusing
extensive satellite tracking datasets of white-ohthpetrelsFrocellaria aequinoctialisat Kerguelen Island and
king penguinsAptenodytes patagonicuat Crozet Island, we modelled the relationshigsveen oceanographic
parameters and seabirds foraging distribution duttire breeding period. A hierarchical modellingqadure was
applied to quantify these relationships and to negadially explicit predictions of foraging habitaing past,
present and future oceanographic conditions. Owlatsaevealed strong influences of sea-surface eesyre and
primary productivity on the foraging distributiongboth species. White-chinned petrels followedgbasonal
increase in Antarctic krillEuphausia superfaabundance associated with the retreat of seavivereas king
penguins targeted cold, nutrient-rich water mas$éise polar frontal zone to feed on myctophidh.fishe models’
outputs provide insight into the distribution armiadance of these two main food resources of ththem ocean
and can thus be used to predict the impact of éutlimatic changes on resource availability to matop predators.
As the prevailing future climate models predictthimmed ocean warming, seabirds will have to adjusir foraging
behaviour and habitat utilisation to cope with dissociated oceanographic changes. Using our madelstojected
the foraging distribution of king penguins undeg fhture prediction of sea surface temperaturea1d0, according
to the IPCC scenario. We found a southward shifhefpenguins’ foraging zones of 40 km per decadaverage
which will double the foraging range by the endto$ century. Consequently, successful reproducdtidikely to be
compromised and population size negatively affedtbads are not capable to adapt to these enwiemntal
changes.
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04.12 Year-round tracking highlights key areas ofiheries interaction for a wandering albatross
population in steep decline

Phillips RA**, Tuck GN?, Wood AG" and Croxall JP**
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Although declines in many albatrosses and largeejselhave been attributed to incidental mortalitis often
difficult to determine which fisheries are respdsibecause many are unobserved, and even if baatdh is
recorded, sample sizes are usually limited andtbiigates are highly variable (by season, timeayf dessel, gear
type etc.). Wandering albatrosses at South Gestgiwved a decline of 1.8% p.a. from all-island sysvi@ 1984
and 2004; at the main site, Bird Island, annualitooing indicates a 50% drop since the 1960s (18561p. the late
1990s; 4% p.a. thereafter). In comparison, therdthe main breeding populations (in the Indian Gydzave
shown some recent recovery after earlier declidese we combine data from a variety of sourcesKira studies,
a synthesis of global fishing effort, band recogei@nd demographic monitoring), to identify andrabterise the
main threats to the South Georgia population. Bregftequency and success has increased sincetth@970s,
providing no evidence of environmental deterionmatilm contrast, survival of adults decreased by4,-and of
juveniles approximately halved since the mid 1990acking data indicate that adults from South @eohave
probably the widest nonbreeding distribution of aftyatross. A composite map of year-round distitouproduced
by weighting tracking data from birds of differesgix and status according to the duration of, andgstion of the
total population in each phase/breeding stage coagpared with the global distribution of fishindaet, to identify
particular regions where fisheries interaction (g8K to birds) was greatest. Many of these cowadpd to areas of
high wandering albatross band recovery rates. iShistical information that can be used to presspecific
national and international fisheries bodies inttidyeaddressing bird bycatch issues.

P5.16 Assessing the uncertainty of SMRU CTD-SRDL d¢ profiles abstracted using the broken-
stick algorithm

Photopoulou T*"% Matthiopoulos J“4 Thomas L* and Fedak M"

'Sea Mammal Research Unit, Scottish Oceans Instltlitieersity of St Andrews, Scotland KY16 8LB, Unitighgdom.
2Centre for Research into Ecological and Environmeviadelling, The Observatory, University of St Andie Scotland KY16
9LZ, United Kingdom.

*tpl4@st-andrews.ac.uk

Using animal-borne satellite-linked sensors isff@cive way of studying the behaviour of wide-rarmg deep
diving marine predators. The collection and delpefrtelemetry data is constrained in its quardity resolution,
by the battery life of the instruments, and thedweidth of the satellite system used. This meantsthgabehavioural
and environmental data are, by necessity, compiems# abstracted when they are received for asalyhie
algorithm used to abstract dive profiles on boaesé instruments is the broken-stick, which seldetdour
time/depth pairs of maximum inflection. Under tharent abstraction regime, dive profiles are mauefusix
points; two at the surface, and four at depthrragular intervals. Here we develop a method foonstructing a
confidence zone around two-dimensional dive prsfiteade by southern elephant seals (Mirounga lepfioa the
abstracted data delivered by Conductivity Tempeeailepth Satellite Relay Data Loggers (CTD-SRDLy), b
reverse engineering the abstraction algorithm. Teshod is used to quantify the uncertainty surding abstracted
profiles. The construction of a confidence zonauatbabstracted dives forms the first of a two-pagthanistic
model whereby data abstraction and compressionfag@ssion procedures represent the observation|mdieh
link observed dives to the true, underlying divprgcess, as defined by known physiological constsaand
behavioural characteristics of diving, obtainedrfrmore detailed data.
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04.03 Satellite telemetry as a tool to help defininthe International Whaling Commission
management areas

Prieto R*!, Silva MA'? Cascéo 1, Cruz MJ*, Oliveira CIB*, Waring G°, Vaz J' and Gongalves J
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Compared with other baleen whales, studies on téhMtlantic (NA) sei whaleBalaenoptera boreal)shave
been sparse since the mid 1980’s and great unugrfzersists about their stock structure, migrafmatterns and
destinations. The International Whaling CommisgitiC) proposed three management areas for the Wlsae,
with boundaries based on statistical conveniendehistoric catch data that may not represent bioddgtocks.
Several lines of evidence indicate that two seile/ktocks exist in the western NA, one with itstoeiof summer
abundance off eastern Nova Scotia and the otheihabrador Sea. The Nova Scotia stock seemsgmataisouth
along the continental shelf during autumn, possitilytering off the Gulf of Maine and Georges Bafkere is no
information on the dispersal or winter habitat ninaals that summer in the Labrador Sea. Betwee8 200 2009,
seven sei whales were successfully instrumented saitellite transmitters off the Azores (Portughljing their
northward summer migration. Mean tracking time Wa® days (ranging from 17 to 75 days) and minimum
recorded travel distance varied between 2005 a8 & (mean = 3570,6 km). Satellite tracks enabketb link
sei whales migrating through the Azores to theyresd Labrador Sea stock. One additional whale thgge
September moved in a southeastern direction, itidig#hat the whales may be wintering somewherérsast of
the Azores. The data illustrate that these whaiéizauat least two and possibly the three managerareas
proposed by the IWC for NA sei whales, challengimg value of the present boundaries. Selectioppfapriate
management units is critical to the conservatioarsimal populations and satellite tagging is a péwveool to
describe the structuring of subpopulations. Weuwtishow comprehensive tagging programs can helgrdeg
ecologically meaningful management areas.

05.09 Phenological change in marine systems: mig@ly timing in southern bluefin tuna, Thunnus
maccoyii

Randall J*!, Hobday A™? Wapstra E' and Eveson P

School of Zoology, University of Tasmania, Sandy B&§04, Australia.
%Climate Adaptation Flagship, CSIRO Marine and AtmosichHResearch, GPO Box 1538, Hobart, Tasmania, 7008tralia.
SWealth from Ocean Flagship, CSIRO Marine and Atmospieesearch, GPO Box 1538, Hobart, Tasmania, 7004tralia.

*joanner@utas.edu.au

Southern bluefin tunarunnus maccoyiSBT) are a commercially valuable, quota-managedsipecies exploited
throughout the southern oceans. SBT undertake alarga-scale ocean basin migrations and Austrdisdning
effort is concentrated in the summer nursery grswfdhe Great Australian Bight (GAB). Juvenile SBSturn to
this region annually, however, little is known abthe migratory cues involved. International mamagat of this
species at a level which would maintain sustainadteuitment remains a key challenge for the fighelowever,
the synergistic effects of overfishing and climeltenge, as well the complexities of large-scals@ea movements
and ocean connectivity, present difficulties ireé$ishing an understanding of the ways in whichdis#ribution
and phenology of this species may change in thedutistorical archival tag data (n=124) was useithvestigate
variation in migratory timing spanning a periodrfrd 993-2006. Relationships were found betweenntigsatory
timing and environmental variables including sedasie temperature and chlorophyll concentrationgediles
travelled further in their winter migration in thedian Ocean when temperatures were warmer andogtigll
concentrations were lower. There were also treadfish to leave these grounds earlier in yearsatdtarized by
lower chlorophyll concentrations. Summer seasornbernGAB were again related to temperature andrepluyll,
with juvenile SBT leaving later when temperaturesevower and variation in chlorophyll higher. Witimate
change predicted to result in decreased produgiivithe Indian Ocean and increased wind-drivenelfimg in the
GAB, these results indicate that juvenile SBT magrsl longer in the GAB fishery area over summerteangel
further west in their winter migration in the futurAlthough more work is required in order to urstignd this
complex system, this study provides insight int® thigratory behaviour of this species and poteiriahcts of
future climate change.
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P3.21 New insight in diving and possible foragingdhaviour of a white-beaked dolphin using an
acoustic tagging system

Rasmussen MH#*, Akamatsu T, Teilmann J* and Miller LA *

'Husavik Research Center, University of Iceland, Haté#t 3, 640 Husavik, Iceland.
2Fishing Technology and Information Science Divisibiational Research Institute of Fisheries EngiingeiFisheries Research
Agency, 7620-7 Hasaki, Kamisu, Ibaraki 314-040@ada
3National Environmental Research Institute, Aarhussehsity, Frederiksborgvej 399, PO Box 358, DK-4@®gskilde,
Denmark.
“Institute of Biology, University of Southern Denmatkampusvej 55, 5230 Odense M, Denmark.

*mhr@hi.is

Relatively little is known about how free-ranginglphins use their echolocation. The aim of thiglgtwas to
investigate echolocation, diving and possible forgdpehaviour of free-ranging dolphins. We deplogedacoustic
tag (A-tag, W20-AS, Little Leonardo) with a suctioap on a white-beaked dolphibagenorhynchus albirostrisn
Icelandic waters. The tag system consists of steceastic event recorder (A-tag), a time-depthreéeo(DST
milli, Star Oddi) and a VHF transmitter (MM110, Aalvced Telemetry Systems). The tag was on the afiimaB
hours and 40 minutes and provided the first insigleicholocation behaviour of a free-ranging whitsked
dolphin. The tag registered 161 dives. The dolplive to a maximum depth of 44 m, which is aboutdieth of
the bay where the dolphin was swimming. Dives wiveled in U-shaped and V-shaped dives based catidar
(U-shaped dives > 50 % bottom time comparing withmaximum depth in a bout and V-shaped dives %50
bottom time). The dolphin used shorter click intdsvin U-shaped dives (130 ms) compared to those unsV-
shaped dives (164 ms). The maximum dive time was e dolphin was in acoustic contact with ott@phins
about five hours after it was released. It stayét ather dolphins for the rest of the tagging tirRessible foraging
attempts were found based on the reduction of alitgkevals from about 100 ms to 2-3 ms, which sstgya prey
capture attempt. We found 19 possible prey cagttieenpts. Among them 47 % of the capture attemtaroed at
the maximum dive depth. In conclusion A-tags prevéduseful small tool for studying how free-rangitudphins
use echolocation. More studies on free-rangingevhédaked dolphins are needed to provide a fullgup of how
these dolphins use biosonar in their daily life.

03.07 Integrating observations of diving behavior ad prey fields to study the foraging ecology of
short-finned pilot whales Globicephala macrorhynchus

Read AJ*, Friedlaender AS, Johnston DW, Nowacek DRJrian KW and Waples DM

Division of Marine Science and Conservation, NigsoBchool of the Environment, Duke University, BeayfNorth Carolina,
USA 28516.

*aread@duke.edu

In several areas of their range short-finned pilbales engage in depredation of captured fish fsetagic longline
fisheries. To better understand the ecologicalexdrdf such behavior, we are studying the foragioglogy of pilot
whales off Cape Hatteras, North Carolina. Thisniseea where depredation and entanglement ocauengly in a
pelagic longline fishery directed at bigeye andoefin tuna (Thunnus spp.). In the first phaseha$ work, we
deployed 15 digital acoustic tags (Dtags) on aplildt whales to examine baseline foraging behasisay from
longline gear. The sex of seven tagged whales wesmdined from biopsy skin samples. While the tagee
deployed, we made synoptic measurements of thaqathgsivironment using ADCP and CTD sensors. We als
measured the acoustic volume backscatter of patgmiy using calibrated EK-60 echosounders (381&dkHz).
This initial phase of field work was completed iepEember, 2010, so analysis and integration oktdesa streams
are ongoing. We deployed tags for periods from®.58.1h, with a total recording time of over 1X&kean 7.6h).
The tagged whales dove to 900m and made prey eagtiempts at depth. We identified prey captureesvieom
echolocation buzzes on the acoustic records otatige Four whales carried tags overnight, spannatly
crepuscular periods, thus providing observationheif reactions to diel changes in the verticatrdiution of prey.
Initial analysis of the tag records of these folwales indicates that they matched their divesealtipth of the deep
scattering layer as it migrated vertically througl water column. In the next phase of this workplem to tag
whales in the vicinity of pelagic longline fishiggar to observe their reaction to the presencamtiiced tuna.
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P4.15 Using necessity, ability and environment tokplain the behaviors of a marine predator
Rehberg MJ*! and Rea LI¥

IStatewide Marine Mammal Program, Alaska Departméfiish and Game, 525 West 67th Avenue, Anchoralgska, 99518,
USA.
2Steller Sea Lion Program, Alaska Department of Bistt Game, 1300 College Road, Fairbanks, AlaskdQ997SA.

*michael.rehberg@alaska.gov

Behaviors of a foraging predator are shaped bafikty to forage, the necessity of foraging ane émvironment
with which it interacts. Knowledge of all three faxs is important in understanding the implicatiofsemotely
observed behavior. We studied this interactionatfdvior with necessity, ability and environment $teller sea
lion pups over their first winter (November — Apiige 5 — 10 months) in Prince William Sound, Alask/e
captured and recaptured 20 sea lions, logging gligimd swimming behavior using Mk9 TDRs (Wildlife i@puters,
Inc.) and measuring changes in morphological arysiplogical parameters. Because we estimated, wssugl
observations and stable isotope trends, that allises were suckling throughout this study, neitgsd foraging
during this period was solely as supplemental tiokrior training for future independent foragingaSion pups
experienced rapid growth during this period (masia §0 £ 13 kg, lipid mass gain 18 + 9 kg, n =Zyspite large
lipid mass increase, most pups became less bubyairil (buoyancy change -6.6 + 8.3 N), but buagadid not
predict descent speeds during deep (>50 m) divesQ(B14, F=0.262). Pups also did not push thewolde dive
activity, with most dives remaining below cADL (8515%, n = 20). Lack of interaction between diveapaeters
and physiological measures suggest pups are nbingusheir abilities. Pups exhibited a strong, ffigant seasonal
peak in nocturnal diving and activity (e.g., boapth, time submerged), with behavior patterns sintd those
observed in previous studies of older, likely inglegently foraging, Steller sea lions. Charactesstif monitored
behavior suggest sea lion pups are not yet pusha&igability to forage, and evidence of sucklireptbnstrates
fully independent foraging is not yet necessary,sga lion behavior responds to seasonal envirotahenes.

P2.03 Foraging strategy of lactating South Americasea lions Qtaria flavescensand the indirect
interaction with the Uruguayan artisanal and coasthbottom trawl fisheries

Riet Sapriza FG*', Costa DP, Franco Trecu V!, Frau R®, Marin Y* Chocca J, Gonzélez B, Beathyate G,
Chilvers BL® and Hiickstadt LA®

!Proyecto Pinnipedos, Cetaceos Uruguay, SecciéndtfglBacultad de Ciencias, Uruguay.
2Department of Ecology and Evolutionary Biology, UCh&aCruz, Long Marine Lab, California, USA.
*Proyecto Pinnipedos, Facultad de Ciencias, Uruguay.
“Laboratorio de Tecnologfa Pesquera, Direccion Nedide Recurso Acuaticos, MGAP, Uruguay.
SDepartment of Conservation, Wellington, New Zealand.
5Department of Ocean Sciences, UC Santa Cruz, Lon@#aab, California, USA.

*rietsapriza@adinet.com.uy

The population of most sea lion species is dedjiminstable. The population of South American g&asl(Otaria
flavescens) in Uruguay is not the exception amsldieclining at annual rate of 2.3%. The factoet Hire causing the
decline are unknown; however, it may be a resuibtefactions and competition for resources withfieheries.
The objectives of the present work were to deteema) the foraging areas and diving behavior dbling sea
lions, b) the diet of sea lion, ¢) an index of t@ee overlap between the diet and the fisheriesh¢cal) the spatial-
temporal overlap between sea lions foraging aredgte operational areas of artisanal fisheriescaadtal bottom
trawl fisheries. We used i) satellite telemetry éinte-depth-recorders (TDR), ii) indexes of over{dorisita-Horn,
Colwell-Futuyma, and impact-resource-overlap-ind@R)global information system, and iv) traditianmethod to
determine the diet. Scats (n=52) were collectethduhe summer at Isla de Lobos and otoliths ampdha®pods
beak were identified. Ten lactating sea lion westrumented with satellite and TDR tags duringatstral
summer. Females conducted benthic dives of shoatidn (mean+SD, 1.9+0.7min.) and to shallow depths
(20.5+£7.7m.). Foraging trips lasted 1.3+0.8d ardttip did not exceed the continental shelf (>5Grdapth). The
scat analysis indicated the most abundant prey eegkalopods and stripped weakfi€lyfoscion guatucupa
however, the principal contribution of biomasshe tliet was accounted by whitemouth croakéicfopogonias
furnieri), cutlassfish Trichiurus lepturu, Brazilian codling Jrophysis brasiliensjsand argentine croaker
(Umbrina canosgi The indexes of Morisita-Horn (0.84) and Colwelituyma (0.73) reported a high level of
overlap, whilst the impact-resource-overlap indesvged a moderate to high level of overlap. Theltesi the
present work may have implication for the managdroéeea lions and the Uruguayan fisheries.

94



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

02.09 It's an eel of a life: trackingAnguilla anguilla to the Sargasso Sea is not for the faint hearted
Righton D**, Aarestrup K? @kland F?, Gargan P, Poole R, Westerberg H, Feunteun E and Metcalfe J'

ICefas, Pakefield Road, Lowestoft, NR33 OHT, Unitedggiom.
*Technical University of Denmark, National InstituteFisheries Research, Denmark.
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SMarine Institute, Ireland.
5Swedish Board of Fisheries, Sweden.
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European eelsApguilla anguillg undertake a ca. 5,000 km spawning migration fEarmope to the Sargasso Sea,
during which they develop to sexual maturity frodokescence under conditions of starvation and mxrexertion.
Eel stocks fluctuate naturally, but stocks acrasope have declined by 95% in the last 30 yeardlamdauses are
uncertain. The conditions that eels experiencendutieir migration, the threats they face and ypes of
behaviours that they exhibit are therefore of dineterest to those interested in conserving theces. However,
the difficulties related to tracking eels in thdakttic Ocean have driven many scientists to distsacSatellite tag
technology offers a solution but, until recentlye sizes of available tags have precluded trackimignals as small
as European eels. Here we present information dheunigratory behaviour of female European eetsduheir
spawning migration, based on data collected withiamirized PSATs and with archival tags. We havenkeble to
track eels up to five months and >2000km from rede&els migrated towards the Sargasso Sea atsspaesistent
with previous acoustic tracking research (5 kmtd-25 km d-1). During their oceanic migration, em®pted a diel
vertical migration pattern, ascending rapidly ist@llow water (~200m) at dusk and returning rapidtyg deep
water (up to 1200m) at dawn. Due to the large dep#nge at dawn and dusk, eels experienced a tataper
gradient of up to 5°C twice per day and a presshamge of up to 100 bar. Across the sampled pdpualat
geographic migration was observed between 1.5°Claf@. We will discuss how further improvement afthods
of tag attachment and miniaturization of PSAT tagwlers it entirely realistic to record the ensipawning
migration to the Sargasso Sea.

KEYNOTE A particle on the road to ecologically susainable fisheries

Robertson, G.
Australian Antarctic Division, Channel Highway, Kjston 7050 Tasmania, Australia

graham.robertson@aad.gov.au

Common sense dictates that the future of humamtesidepends on the maintenance of marine (aresteal)
systems that are healthy and managed sustainabilythe long term. The conventional indicatorsnaiine health
suggest our track record in achieving this goaldsaa lot to be desired. Advances in fish locatémihnology and
fishing gears, and increases in fleet sizes combivith increasing demand for seafood across thieeghas resulted
in a widespread decline in marine biodiversity. 3¢dehanges have outstripped our capacity to ineegtestainable
stewardship practices into fisheries policy and ag@ment. Impacts are not limited to target speaiem-target
species, such as seabirds, are also affected: th® @2 species of albatrosses are endangerediaagto IUCN
criteria principally due to bycatch in fisheriegiéhtists have an important role to play in develgmand
implementing solutions to critical problems asstazlawith fisheries. The presentation will a) alltdesome of the
issues that undermine sustainability, b) outlinmes®f the lessons learnt during the course of vgrki
collaboratively with the fishing industry, c) prold case studies of the links between research andgement and,
d) summarise progress on a new technology to re@uwadiminate) seabird mortality in tuna and swistd longline
fisheries. The talk is mainly aimed at scientisteiested in working at the interface between wWédionservation
and the fishing industry.

95



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

05.17 Migration patterns and habitat preferences othe shortfin mako shark, Isurus oxyrinchus in
the Southern, Indian and SW Pacific Oceans

Rogers P*? Goldsworthy SD', Page B, Huveneers C? Seurant L? and Mitchell J?

South Australian Research and Development InstiAgeatic Sciences), Adelaide, South Australia, Aali.
2Flinders University of South Australia, Adelaideush Australia, Australia.

*rogers.paul@sa.gov.au

We used satellite tags to investigate the migrgtiatterns, and habitat preferences of shortfin makehe Southern
(SO), Indian (I0) and SW Pacific Oceans (PO). Btenmkos were tracked for up to 680 days. Seversd Wighly
migratory, and moved >20,000 km. One shark migr&tath shelf waters in the Bonney Upwelling regidh®E
South Australia, to an oceanic area ~1500 km SS#aofagascar, Africa. Temperature and pressure senedags
indicated that makos had broad thermal tolerant@&s28 °C, and minima were mostly experienced dudeep
dives in the SO. Tagged sharks generally oscillasdieen depths of 5-160 m in shelf waters, and aegkhs of
400-800 m were recorded in oceanic habitats. Makos several key oceanic and shelf habitats, aat affinities
for areas of benthic and thermal complexity, inatgdseamounts, shelf slope canyons and SST fréafeddentified
several important habitats for makos, includedniié-shelf and shelf break waters of the Great Alisin Bight
and SW Western Australia, the subtropical frorthia SO and 10, and the NE IO, south of Java, Insian®©ur
findings indicate there is considerable potentalifitegrating electronic tagging of this speciefuture programs
developed to assess the impacts from multipledigtional fisheries and monitor the impacts of @tin change on
pelagic ecosystems and other top predators.

P3.22 Exploring the determinants of individual foraying quality using penguins as a model
Ropert-Coudert Y**? Kato A*? Zimmer | Le Vaillant M *? Saraux C?, Criscuolo F?and Chiaradia A®

Université de Strasbourg, IPHC, 23 rue Becquerel 3Bi8asbourg, France.
2CNRS, UMR7178, 67037 Strasbourg, France.
SResearch Department, Phillip Island Nature ParkBB©97, Cowes, Victoria, 3922, Australia.

*yan.ropert-coudert@c-strasbourg.fr

Early studies using data-logging devices on fregirsg animals were mostly directed at a subsetdiiduals in a
population that were either chosen randomly oeastl of known basic information, such as or sexllinases, a
large intra-individual variability in behaviour aparformance has often been noted. Other intripgiameters, like
age and experience, as well as physiological ciemditmust play a role in explaining why some indivals always
seem to perform better than others. This remagtsw#ienging question to address but thanks to ashsim
automatic identification/monitoring and moleculachniques we have now explored the foraging anedimg
activity of known-age breeding king (Aptenodytesag@nicus) and little penguins (Eudyptula minorduvig birds
appear to be biomechanically less efficient in nggmgbuoyancy or in organizing their underwaterdir®lder
birds, in contrast, appear to counteract their eleging physical ability with their accumulated ekpece. Yet, age
has only weak effects on hunting efficiency andttle not fully explained foraging performances.sTimay be due
to our non-longitudinal sampling effort and to fhet that actual chronological age and biologics,aestimated
from telomeres length, are not linearly correlatedther words, the determinants of individual lgyavould
probably better be explained by measuring expeei@tenolecular levels.
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03.06 Solid-state, animal-borne video loggers for edium-sized, free-flying birds
Rutz C*! and Troscianko J

'Department of Zoology, University of Oxford, Solarks Road, Oxford OX1 3PS, United Kingdom.
2School of Biosciences, University of Birmingham, BI52 United Kingdom.

*christian.rutz@zoo.ox.ac.uk

Recently, first studies successfully deployed ntimiaed video cameras on wild, free-flying birdsllecting
detailed behavioural data in places and contextrevbonventional observation techniques fail. Haedescribe
the development of a new generation of solid-stateo loggers that are cheap, light-weight, progreale and
easy to use, and that overcome many problems assdaiith earlier transmission-based technolo@es.units
weigh ca. 13 g (fully packaged) and record up tar@® of video footage (640 x 480 pixels; 19.7 franper-second)
on a 4-GB micro-SD card. Loggers are fitted wittmiaro-processor that enables duty-cycling of thig, dor
example: (i) to switch the logger into standbydarinitial habituation period (to allow the birdrecover from
trapping/tagging); (ii) to schedule recording tenoide with the species’ presumed activity peaksritrease the
likelihood of documenting rare, or interesting, &elours); and/or (iii) to record footage in evespyaced, short
recording bouts (to accumulate quantitative, stedidad ‘daily-diary’ data). Loggers contain a VHidio-tag
(battery life ca. 5-15 weeks) to enable positidreatking of the bird before, during and after salied video shoots,
and to aid logger recovery for video-download. Wgidn be manufactured at comparatively low cosnfmment
costs ca. 145 USD, plus ca. 215 USD for the VHRoréaly) and are easily refurbished after recovergking the
technology suitable for projects on modest resebutlyets. A pilot study in 2009/2010, with loggeptbyments
on 19 wild New Caledonian crow€g@rvus moneduloid¢sdemonstrated that our new technology is fieldttwp
and can generate rich datasets on the foraging/lmemahabitat use and social interactions of arsige bird species
that is otherwise difficult to study. The youngldi®f wildlife video-tracking is maturing quicklyand in only three
years, technology has advanced sufficiently to Enedst-effective, quantitative field studies.

01.13 Foraging strategy and energy expenditure ofliack-browed albatrosses in the open ocean

Sakamoto KQ*!, Takahashi A, lwata T%, Yamamoto T, Yamamoto M, Habara Y* and Trathan PN*

!Graduate School of Veterinary Medicine, Hokkaidduérsity, Japan.
°National Institute of Polar Research, Japan.
*Department of Bioengineering, Nagaoka Universitfe¢hnology, Japan.
“British Antarctic Survey, NERC, United Kingdom.

*sakamoto@vetmed.hokudai.ac.jp

Albatrosses fly many hundreds of kilometers acthesopen ocean to find their prey. To better urtdedstheir
foraging strategy, we investigated (i) whether slatty-distance flying is energetically reasonalvid &i) how
albatrosses actually locate their prey. To addiesse questions, we deployed several types oflaiggers on free-
ranging black-browed albatrossd$élassarche melanophiysver a single foraging trip during the chick-giiag
period, at Bird Island, South Georgia. First, weldged the combination of accelerometers and eleatdiogram
recorders and examined the relationship betweeg flapping and heart rate (as a proxy of energyeagjfure).
During flight, the number of wing flaps per minditeearly correlated with heart rate. However, 9##edlian) of
flight was spent gliding and heart rate during igligwas almost the same as that when resting owdaler,
suggesting that moving in the air to be energdticainilar to resting on the water. Secondly, caarleggers were
used to record information about the individuahwieonment during a foraging trip. The still imagesorded from
the loggers showed that some albatrosses actigbtyied a killer whale Qrcinus orcd, possibly to feed on food
scraps left by this diving predator. The cameragesa together with the depth profiles, showed tiatirds dived
only occasionally, but that they actively dived wtather birds or the killer whale were present.sTdgsociation
with diving predators or other birds may partialyplain how albatrosses find their prey more edfitly in the
apparently ‘featureless’ ocean, with a minimal iegment for energetically costly diving or landiagtivities.
Taken together, these results indicate that albst®may maximize foraging efficiency by flying dosistances
across the open ocean.
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01.16 Biomechanics and shallow dive angles of empempenguins
Sato K*! and Ponganis P3

YInternational Coastal Research Center, Atmospher&®ardn Research Institute, University of Tokyo, dapa
ZCenter for Marine Biotechnology and Biomedicine, Susinstitution of Oceanography, University of Califa, San Diego,
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*katsu@aori.u-tokyo.ac.jp

Air-breathing animals are assumed to choose végiteh angles for transit between the surface deyth to
maximize the proportion of time spent foraging.dssess this assumption, we deployed data loggeesdod swim
speed, depth, 2-axes accelerations (stroking edfattpitch angle) and temperature on 10 emperayies making
foraging trips from the Cape Washington colony @34S, 165°24’ E). During trips of 7.9 to 19.7 datrse
maximum dive depth of each bird ranged from 35@.513.5 m. Penguins usually started descent wihash pitch
angles (ca. -30°), and after 100 m depth they #egit pitch angles steep around -70°. Accordingrt@nergetic
calculation, considering metabolic energy and wamkinst mechanical forces (drag and buoyancy)ice¢ttansit
is the optimal way to descend to the foraging deigthwever, a shallower angle can decrease thrust fo
comparison with vertical descent. Penguins may asloglow pitch angles at shallow depths where baooy was
and thrust requirements are highest. Near the maridive depth, penguins made their pitch angleboster and
swam horizontally presumably to search and capgiteg. Penguins kept their pitch angles steep duhadirst half
of ascent, but stopped beating their flippers aaderprolonged glides to the sea surface durintpigart of
ascent. During the prolonged glides, they chanpeit pitch angle from steep to shallow. The incesiasbuoyancy
during final ascents allowed gliding penguins toveborizontally without stroking.

01.09 King penguins foraging movements in relatioto oceanographic features at Kerguelen:
consequences of inter-annual changes in the thermstiructure

Scheffer A*12, Trathan PN* and Bost C-A

!British Antarctic Survey, High Cross, Madingley Ro&#&mbridge CB3 OET, United Kingdom.
Centre d’Etudes Biologiques de Chizé, Villiers-en-B@&360 Beauvoir sur Niort, France.

*annhef@bas.ac.uk

Environmental variability is known to influence thistribution of mid-trophic level species that arey for diving
predators such as penguins. The king penguin (Aptges patagonicus) is one of the key avian dipireglators of
the Southern Ocean. To exploit locations that lenfenced prey availability, penguins are thougletyttamically
alter their foraging behaviour in response to libthprey and the environmental conditions encoedter

In this study we examined the foraging behavioukion§ penguins breeding at Kerguelen island inti@feto
oceanographic and environmental variability. Kiregguin at-sea movements have been monitored s@8it
this locality. Special focus was set on the bregdigason 2010, characterized by exceptionally foraging trips
and low reproductive success. We used Argos andt@elng together with time-depth-temperature rdicw to
follow the movements of king penguins during forapirips directed towards the Polar Front, whickriswn to be
an important foraging area for marine predatorthes prey aggregates near to associated ocearogif@atures.
To identify feeding areas we analysed both the alsisurface movements and their diving behavioaridéntify
feeding events during the dives, we used indica® foenguin underwater movements during the bottoase of
their dives. Combining the observed foraging betavivith environmental data we studied how aninaalisist
their horizontal and vertical movements in respdoseir environment, and how hydrological coratis
influenced their feeding behaviour. The thermalatire of the ocean in years such as 1998 and 20d€ar to have
an important influence on prey distribution and sEguently on foraging. A comparison with previoeang
highlights the influence of environmental variatyilon the foraging behaviour of penguins. The oleseér
dependence on temperature could be critical ingexhpotential changes in the thermal structurhefocean
influenced by climate change.
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P4.16 Satellite telemetry reaches new depths: a eastudy of the application of a new depth-linked
satellite tag to Cuvier's beaked whales

Schorr GS*!, Falcone EA, Moretti DJ?, Baird RW?, Webster DL, Hanson MB® and Andrews RO#

!Cascadia Research Collective, 218 %2 W 4th Ave, Olynwshington, 98501, USA.
’Naval Undersea Warfare Center, Bldg 1351, Newporbd@Hsland, 02841, USA.
3NOAA,Northwest Fisheries Science Center, 2725 MaértBlvd E., Seattle, Washington, 98112, USA.
4School of Fisheries and Ocean Sciences, Unives§ifaska Fairbanks, and Alaska SealLife Center, Béilway Ave, Seward,
Alaska, 99664, USA.

*gschorr@cascadiaresearch.org

The application of small, dorsal fin-attached dagetransmitters which can collect data over pasiof weeks to
months will vastly improve our ability to study theovements and diving behavior of small and medisized
odontocetes. This is particularly true for diffictd study species and populations, such as beakats, for which
baseline data on habitat use, ecology, and bidkggitically needed for management decisions. & m®totype
dive-depth recording, Low Impact Minimally Percutans External-electronic Transmitter (LIMPET) tagse
deployed on Cuvier's beaked whal&iphius cavirostri¥in 2010- one in Hawai'i, and two on a navy tramirange
in southern California- with the ultimate goal @flecting baseline data and determining impactsifro
anthropogenic activities. The median transmissiaration of these tags was 54 days (range = 8 -96, dme tag
still transmitting), with a total of more than 4éy$ of dive data collected. Combined with movenuzé obtained
from Argos locations, this represents the longesialioral data set for beaked whales to date. Maltlives to
depths greater than 2,000 m (deepest = 2,832 n® reeprded from two individuals, as were sevenatsiiover 90
minutes in length (longest = 115 min), representivgdeepest dives recorded for any marine mamnahlamgest
dives recorded from cetaceans. For the individizggged in southern California, they also confirrayious
observations that the time spent at the surfacedsst dives greater than 50m is typically very sfioetdian = 1.7
min, range = 0.1 — 41.3). The ability to collectisuletailed data over extended spatial and temposdés will be
essential to understanding the behavioral ecoldglfiicult to study species such as beaked whalead, for
understanding changes in behavior during exposuaathropogenic events.
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04.17 Vertical and horizontal habitat preferences bpost-nesting leatherback turtles in the South
Pacific Ocean - Implications for conservation

Shillinger GL*%*, Swithenbank AM?, Bailey H** Bograd SJ, Castelton MR, Wallace BP*®, Spotila JR’,
Paladino F\?, Piedra R’ and Block BA
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2 NOAA/NMFS/SWFSC/Environmental Research Division, 28fghthouse Avenue, Pacific Grove, CA 93950, USA.
4 Chesapeake Biological Lab., University of Maryland@e for Environmental Science, Solomons, MD 20638A.
5 Global Marine Division, Conservation Internatiar2011 Crystal Drive, Suite 500, Arlington, VA 22202SA.
% Division of Marine Science and Conservation, Dukevidrsity Marine Laboratory, 135 Duke Marine Lab BRpBeaufort, NC
28516, USA.
” Department of Biology, Drexel University, Philadeip, PA 19104, USA.
8 Department of Biology, Indiana-Purdue Universitgrfwayne, IN 46805, USA.
° pParque Nacional Marino Las Baulas, Ministerio debfente y Energia y Telecomunicaciones, Apartad®2a000, San José,
Costa Rica.

*georges@stanford.edu

Leatherback turtles are the largest and widestingrtgrtle species, and spend much of their timghénoffshore
pelagic environment. However, the high seas hawe fdr received little management attention toguotheir
ecosystems and biodiversity. During 2004-2007 ,ef6die leatherback turtles were tagged with sadhinsmitters
at Playa Grande, Costa Rica (Pacific Ocean). kigtidy, we analyzed the vertical and horizonthlitha
preferences of leatherback turtles in the Soutlifie@cean. Turtles exhibited short, shallow digesing their
migration southward (mean depth = 45 m, mean daurati23.6 min), followed by deeper, longer divegé&m depth
=56.7 m, mean duration 26.4 min) in the SouthfiRaGiyre that probably indicated searching for préje
integrated the horizontal movements with remotelysed oceanographic data to determine the turlspbnse to
the environment, and applied this information tooremendations for conservation in the pelagic emvirent. A
generalized additive mixed model applied to théydaitle travel rates confirmed that slower trakagles occurred
at cooler sea surface temperatures, higher chlgtepltoncentration and stronger vertical Ekman ejting, all of
which are considered favorable foraging conditidii®e southern terminus (35-38) of the leatherback tracks was
also in an area of increased mesoscale activityniight act as a physical mechanism to aggregaie ey,
gelatinous zooplankton. However this could alsoaach thermal limit to their distribution. This cheterization of
leatherback habitat use could aid the developmiemamagement efforts within the South Pacific Oceareduce
mortality of leatherback turtles from fisheriesar#ctions.
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04.18 Fast lunge or slow plow: behaviour and kinemtis of filter feeding in balaenopterid and
balaenid whales observed with multi-sensor tags

Simon M*'2 Johnson M* and Madsen PT

!Department of Biological Sciences, University of as, C.F. Mallers Alle 1131, Aarhus, 8000, Denmark.
“Greenland Institute of Natural Resources, P.O. X Bluuk, 3900, Greenland.
3Woods Hole Oceanographic Institution, 266 WoodseHbad, Woods Hole, MA 02543, USA.

*masi@natur.gl

Marine mammals have developed several distinchimohanical strategies to acquire prey within thestraints of
breath-hold dives. Baleen whales employ two forggathniques: discrete lunge feeding on elusivg pye
balenopterids, and continuous ram filtration ofnd®n by balaenids. These two strategies involvg déferent
flow regimes and we hypothesized that different gad swim speeds would be adopted to supportteabinique.
To test this, we tagged bowhead and humpback whalbDTAGs sampling three-axis accelerometers and
magnetometers, pressure sensors and sound. Th&afapling sensor-array provided fine-scale infdiomabout
the kinematics and swimming behavior by these tper®s during prey capture. Lunge feeding humphbdckes
use a stroke-and-glide gait in all dive phasegtluce oxygen consumption and so increase timeagifa depth.
Each feeding lunge is achieved with 2-4 fluke stk0.5Hz fluking rate) which serve to expand thecal cavity
with prey-laden water and accelerate the engulfetrmWith a mean of 3 lunges per dive humpbadtes fibout
1000 tons of water per hour of foraging. Bowheadbeb also use a stroke-and-glide gait during désomhascent,
but change to a continuous slow fluking gait (0.22ldking rate) when feeding. This gait enablesoavdhut steady
speed of less than 1ms-1 despite the drag frorathe filter apparatus. Filtered volume increasgesnore than
linearly with speed while drag increases with theage of speed. Thus such slow swimming may reptese
optimum point in the effort-gain trade-off. WitHiliering rate of 3.2m3s-1, foraging bowheads fildout 6000
tons of water per hour. We conclude that bowheadharmpback whales are not only morphologically sdzed
to different prey and feeding techniques, but thisp employ very different gaits and swim speednaaimize
energy returns during discrete and continuous fileding.

P3.23 Influence of environmental conditions, morphi@gy and tag size on lactating northern fur seal
Callorhinus ursinusdiving behavior

Skinner JP*, Burkanov VN%3and Andrews RD"*

‘Alaska Sealife Center, 301 Railway Ave., Seward, kdatJSA.
National Marine Mammal Laboratory, Seattle, Wasting USA.
3kamchatka Branch of the Pacific Institute of GeobsafRAS, Petropavlovsk-Kamchatsky, Russia.
4School of Fisheries and Ocean Sciences, Univen$ifaska Fairbanks USA.

*johns@alaskasealife.org

Northern fur seal (NFSZallorhinus ursinuy pup production on the Pribilof Islands, U.S.Aastbeen declining at
6% per year while numbers along the Kuril IslariRisssia are near their historical high. One hypashfes the
decline on the Pribilofs is reduced prey avail&pit potentially studied through examining diffeces in foraging
behavior. With a goal of comparing these populajaur objective here was to describe the influerice
environment, morphology, and datalogger size oividdal behavior. During summers of 2005 througld&043
lactating female NFSs were captured, weighed, gnipped with an assemblage of dataloggers (totajhwie35g —
1200g) including at least one time-depth recor@emeralized linear models were used to examinetheence of
year, day of year, tide height, moon illuminandeaspheric pressure, seal length, and tag frootéhce area
(FSA) on dive behaviors. Response variables inclugsoportion of time in water (PIW), dive rate,spalive
surface interval (PDSI), bout duration, depth, ase@d descent rate, bottom time and dive durathémincluded
all permutations of the main effects as candidatdets for each response. Candidate models witérC2 of the
best model were considered important and modebaireg was used. Moon illuminance was found to lastong
influence on behavior as seals tended to dive despklonger during brighter moonlit nights. PDfsded to be
shorter and bouts longer for larger seals. Modetligtions suggested that increasing tag FSA frairm2 to 31 cm2
resulted in a 70% increase in PIW, 21% increaskvia depth, 8% decline in dive duration, and a 3% 17%
increase in descent and ascent rates, respectaded on these results we suggest that environsesait
morphology, and tag size should be consideredtirdustudies using individual NFS dive behavioexamine
differences on a population scale.
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P4.17 Technological advances allow real-time quafitiation of selective brain cooling in
artiodactyls

Strauss WM*"? Hetem RS, Maloney SK"3, Mitchell D* and Fuller A*

Brain Function Research Group, School of Physiolbipyyersity of the Witwatersrand, 7 York Road, Parit 2193, South
Africa.
2Department of Environmental Sciences, Universit$otith Africa, Private Bag X6, Florida, 1709, Soéttica.
3Physiology: Biomedical, Biomolecular, and ChemicakSce, University of Western Australia, Stirlingghivay, Crawley,
Western Australia, 6009, Australia.

*strauwm@unisa.ac.za

The artiodactyls are a group of mammals that passesotid rete, a network of thin-walled vessieisated within
the cavernous sinus at the base of the brain. Tdiasetures facilitate selective brain cooling,ypdthalamic
temperature below that of arterial blood tempemgtuia rapid heat exchange between warm artemalcbéntering
the carotid rete, and cool venous blood, drainingifthe nasal mucosa into the cavernous sinusct8adrain
cooling is believed to attenuate the drive for erafive heat loss, providing an important watersgyaation
mechanism, and possibly providing a selective athgmnto past and present climate change in artigida@Ve
have developed implantable temperature tags thathé first time, provide real-time measuremeffitsaootid
arterial, jugular venous, and hypothalamic bramgeratures in free living animals. Temperature fata these
tags are saved to a data logger and a copy ofataeisitransmitted via a GSM network to a serverdal-time
download. These temperature tags were implantedessted in eight Dorper sheep under laboratory itiond. In
this paper we provide details on this newly devetbfechnology, show some of our initial results] arplore
possible ways in which this technology could cdntte to the field of conservation physiology.

04.23 Movements of three Northeast Atlantic populadns of ivory gulls revealed by satellite
telemetry

Strgm H**, Gilg 0?3 Gavrilo MV * and Aebischer A

lNorwegian Polar Institute, Polar Environmental Centt®296 Tromsg, Norway.
*Department of Biological and Environmental Scien@&sision of Population Biology, FIN-00014 Univergiof
Helsinki, Finland.
®Groupe de Recherche en Ecologie Arctique, F-21440cReville, France.
“Arctic and Antarctic Research Institute, Saint-Péterg 199397, Russia.
*Musée d'histoire naturelle de Fribourg, CH-170®6&uirg, Switzerland.

*hallvard.strom@npolar.no

The ivory gullPagophila eburneds one of the most threatened seabird specigimbrid, but also one of the most
poorly known. High levels of contaminants, illedgainting and reduction of its main habitat, theiseaare
identified as the major threats. In Canada, ivarly gopulations have declined dramatically (80-85%4)ing the last
20 years, while the status of the species in thieafets distributional area (Greenland, Svalbidotivay and
Russia) is not properly assessed. Here we use Agogatible PTTs to track flyways and winteringgnds of
ivory gulls breeding in Greenland, Svalbard anddRuduring 2007 to 2010. Birds from North Greenla®dalbard
and NW Russia make extensive use of the northererBaiand Kara Seas ice-edges during the postibgepdriod
before moving westward (on a loop flyway) to thethern Fram Strait. Subsequently they follow theétige
southwards around the southern tip of Greenlanéhgngb in northern Labrador Sea and southern Dairait. This
area is the main known wintering grounds for thectgs and here they also mix with ivory gulls frtira Canadian
populations. However, some birds from all threetNeast Atlantic populations moved eastward aftempthst-
breeding period and ended up in the North Pacifiene a smaller wintering area exists. During thelpeeding
migration the birds followed the same route backimgnaking extensive use of the northern Fram tStrededge
before returning to their breeding colonies. Iniddd to discovering the bi-directional migratioatpern of
Northeast Atlantic populations of ivory gulls, ttracking data also show how movements and hals&@awary in
response to sea-ice concentrations, food avaitahitid breeding cycle.
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03.01 A general Bayesian approach to location estation and software for traditional and modern
track analysis techniques

Sumner MD**, Wotherspoon S3 and Hindell M*

Ynstitute of Marine and Antarctic Studies, Univéysif Tasmania, Australia.
2Department of Maths and Physics, University of Tasia, Australia.

*mdsumner@utas.edu.au

Many existing techniques for estimating locatiomfoand problems of location accuracy with simptigtack
representations and under-utilization of availatd&a. An extensible software package for applyiaditional
techniques such as speed filtering and time sypgtimha&tion is presented. This software enables pipdication and
exploration of various techniques. These inclutterfng, time-spent / residency gridding, projenticansformation
and GIS integration. A novel Bayesian approachti®duced for the more general problems faced figrdnt
tagging techniques. This approach integrates alices of data including movement models, envirortedefata and
prior knowledge. This general framework is illustc by application to satellite tag data and ligtgasuring
archival tag data. Model runs from this approachuiten very large databases of samples from Ma&bain
Monte Carlo (MCMC) simulations and techniques femsnarizing these are illustrated. This flexible axtensible
system helps solve issues of location uncertairitty &/full path representation and provides spatsimates for
multiple animals. The relation between archivaldata and ocean circulation is used to illustriagegotential
application of archival tag data for location esttion for diving animals in a manner similar to coonly used SST
methods. Two applications for improving the applma of at-depth oceanographic data as a locatonce are
presented:

a) Diving profiles from elephants seals are comgpavith 4D oceanographic data sets of salinity @mperature.
b) A proxy model for subsurface temperature to ndezight is discussed that allows the comparisdagf
corrected temperatures to sea surface height (S&idlcts.

This approach provides a number of important improents to the derivation of location from varioysets of tag
data by integrating disparate information sources systematic way. These applications, along ithting and in-
development software, help bridge the divides betwearious analytic techniques traditionally emplbyor
animal tracking.
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P1.08 Diving behavior and offshore activity budgetiuring a foraging trip of a female South
American sea lion Qtaria fravescengoff Isla de Lobos (Uruguay)

Suzuki I**? Rodriguez D"* Davis RWP, Ponce de Ledn A Sato K* and Miyazaki N’
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A single foraging trip of a female South Americaadion (standard length: 184 cm, body mass: 1k§)®reeding
on Isla de Lobos (Uruguay) was tracked using dlgateansmitter (SPOT 5; Wildlife Computers IntlSA), and
its diving behavior was recorded using a three-agtlerometer with magnetometer to reconstrudtrigxasional
dive profile and a propeller to record its swimegp€W2000L-3MPD3GT; Little Leonard Ltd., Japan)eThip
duration was approximately 4.7 days, and 85 % eftip (96.6 hours) was recorded by the acceleremeiith the
cumulative horizontal distance covered of 425.5dd the maximum straight distance from the islainchdl 15
km. The foraging behavior was divided into thretegaries; vertical dive (>5 m), surface swim andate rest.
The percentage of each category was 53.8 %, 324d4.3.7 %, respectively. Total recorded numbé¢hefdives
was 1,285. The number of diurnal dives was 650thatof nocturnal dives was 635. There was no Bogmit
difference in mean dive depth (22.4.6 m vs. 21.84.4 m, P > 0.05), while the mean diurnal dive doratvas
slightly but significantly longer than nocturnaleo(iL49.1 34.7 sec vs. 142.243.6 sec, P < 0.05). The percentage
of the cumulative surface resting duration duriag @as 3.2 % and that during night was 21.4 %, thiéh
maximum resting periods reaching 0.7 hour duringidee and 2.5 hours at night. In addition, the terapure data
showed several complex thermal inversions arouisdoitean area, with differences of ca. 2°C at degéieper than
10 m. This finding suggests that animal-borne umatnts can record oceanographic variables thahrevesoscale
features that would not be revealed by satellitermation. Some changes in diving behavior corradpg to this
thermal inversion were also observed.

P4.18 Swimming patterns and habitat use of Sakhalitaimen (Hucho perryi) in the Bekanbeushi
River, Lake Akkeshi and an estuary in Hokkaido, Jaan

Takahashi N*', Honda K?, Yamamoto K*, Kagiwada H', Otsubo S, Mitani Y ® and Miyashita K>
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SField Science Center for Northern Biosphere, Hokkaldoversity, 3-1-1, Minato-cho, Hakodate, Hokkaie#1-8611, Japan.
4 Faculty of Fisheries Sciences, Hokkaido Univer$ii-1, Minato-cho, Hokkaido 041-8611 Japan.
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Sakhalin taimenHucho perry) is the biggest salmonid in Japan and criticatiglangered. Adults migrate between
rivers and coastal seas, but their habitat used area is unknown. To better understand theitdtakse and to
develop a conservation program, it is necessairyistigate their activity patterns in the differ&abitats. We
investigated the swimming behavior of Sakhalin &inusing acceleration data loggers with radio/atoteys. The
acceleration data loggers recorded two-axis acaiberto monitor swimming behavior, and the radiolsstic tag
was used to locate the tagged fishes. The tagsregieved using a time-scheduled release systatratlowed the
loggers to be located using VHF radio signals. iflestigation was conducted in May 2009 and 201€aistern
Hokkaido, Japan in the Bekanbeushi River, Lake Akkéa brackish water lake), and a connecting egti$x

adult Sakhalin taimen were caught in Lake Akkeahd released at the lake after tagging. After 6 h@rts, all tags
were recovered, and the data were retrieved. Twibeofishes moved up the river, and the rest readhin the lake
or estuary. The fish that remained in the lakesbnary swam actively from sunset to dawn, whilettie that
entered the river swam continuously for 7-11 haung then stopped moving. The fish in the lake traeyg
appeared to move in the darkness, while the figherniver were sedentary during both the day aghtnThis
difference of swimming behavior may have been dugifferences in environmental conditions such atew
velocity, amount of material like fallen wood iretlvater, or space available for movement.
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P4.19 Habitats use and diving behaviors of male arjdvenile loggerhead turtles,Caretta caretta

Takuma S*', Narazaki T*, Miyazaki N*® Sato K*
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Loggerhead turtles are known to change their didttabitat from oceanic to neritic as they growwldwer, their
foraging behaviors are largely unknown especiallgéeanic environments. To examine habitats andgliv
behavior of loggerhead turtles in oceanic areas)seel Argos satellite tags. We attached SRDL taytRU) to
two adult males (SCL: 83.5 + 7.0 cm) and four julen(SCL: 63.6 £ 4.2 cm) in summer 2009. Studyaseoff
Sanriku coast (N39°21, E142°00), > 600 km far froesting grounds, so they are considered to midpate
foraging. SRDL tags record horizontal position, pemature and also dive profiles. Mean tracking tiomawas
167.8 + 144.4 days. However, transmission of thervales stayed within neritic areas all times vetopped in 17
and 22 days. For the four juveniles, high use angae calculated from mean daily location usingdixernel
density estimation (KDE). They remained in oceamn&as (> 200m) during most of tracking periods tavalhigh
use areas were detected (35 - 40°N, 140 - 150°R&ndl0°N, 155 - 173°E). Mean daily dive depttihef four
juveniles was shallow (13.6 £ 8.7m, n = 813). Buig juvenile changed its diving behavior dramaltycaiiring
May and July 2010. This turtle dove >100 m in tpemocean, where bathymetric depth was severasamal
meters, for 17 times. Maximum depth recorded wasr83he deepest record for this species. The ateste the
turtle repeated deep dives, was coincident with hige areas. It was found the high use areas exl/bglfixed
KDE corresponded to the location near the seamotihtrefore, the turtle possibly foraged deep ocgarey
where upwellings exist. Our result suggested thssipdity of using wide range of depth up to 300ynjlvenile
turtles.

04.08 Using seabird tracking data for the identifiation of important marine areas in the Southern
Ocean

*Tancell C*? Phillips RA? and Sutherland WJ*

Conservation Science Group, Department of Zoologyi@&ige University, Downing Street, Cambridge CB2 3Hiited
Kingdom.
2British Antarctic Survey, Natural Environment Reséa@ouncil, High Cross, Madingley Road, Cambridge, CBB,0ited
Kingdom.
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The wandering albatross (Diomedea exulans) has gshéime most widely dispersed foraging ranges gpfsaabird.
The huge range, generally entailing long loopigfti paths, and lack of obvious centres of distidruduring
oceanic trips make it difficult to identify the niae areas of greatest importance to this speciasyraf which are
likely to be large regions of the high seas, beyinedboundaries of national jurisdiction.

A suite of tracking analyses was applied to daienfPlatform Terminal Transmitters deployed on adirtis during
chick-rearing at Bird Island, South Georgia, calkecin ten breeding seasons from 1991 to 2004. Shusved that
although high seas regions were important in meats; the locations of key areas were not consiftam year to
year. Far greater consistency, both between indalgdand between years, was seen in use of ardas 2800km of
the colony that were genuine feeding areas; thdtresis not a consequence of frequent crossingaoks during
departure and return to the colony. Although appatg ecosystem management in the transient high aeas
identified is clearly desirable, high priority shdwalso be given to improved protection of thesaraeshore zones,
which already fall within national legislative frawvorks. Relatively small changes to existing mansgg schemes
may therefore have more impact on species consenv#an previously recognised.
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P4.20 Feeding habits of Japanese lates detectedabfish-borne camera and a micro 3-axis
accelerometer in the Shimanto River, Japan

Tanoue H*', Komatsu T, Suzuki I', Watanabe M, Goto H?, Sato K! and Miyazaki N**
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Information about feeding habits has become ctifaaconservation of wild animals and ecosysteraduh
management in recent decades. However, it is ufifimé to kill an endangered fish such as a Japateges, Lates
japonicus, simply to reveal its stomach contentxeHwe developed a way to determine feeding habttse
species without killing by using a micro-digitalllstamera (DSL) and a 3-axis micro-accelerome@RrI380-
D3GT) attached to the dorsum of the Japanese [Bteislentify feeding events from the 3-axis accaien records,
feeding behavior of Japanese lates in captivityewecorded by a high-speed video camera and thélDBI&
high-speed images showed that the fish were opétsimgouth with a quick downward movement (lestBa7 s)
of the mandibles and taking in a prey via sucteeding. This movement was also simultaneously dszbby
significant change of the 3-axis records obtaingthk D3GT. We attached D3GTs and DSL named ashéebfbrne
camera with an automatic releasing system to theudo of a wild adult Japanese lates together withaustic
transmitter, and released them in the ShimantorRAMeer retrieving the loggers, the DSL have taketotal 4563
underwater images from the fish during 5 hrs. Thes®os showed that the fish spent most of timgtdg in deep,
while it has sometimes moved between surface attdrh®f the river. When the fish encountered anitidi
structures, fishing gears and other Japanese iagtayed and swam around them. The 3-axis acraketer
revealed that the fish showed the same pattereenfifig events as those in captivity in sandy bodooond the
deep region of the Shimanto River. We confirmed the 3-axis accelerometer and the fish-borne camere very
useful for detecting feeding habits of Japanesslat

01.03 Using statistical methods to determine indidual foraging strategies using satellite telemetry
parameters

Teutschel NM*!, Huckstadt LA2, Robinson PW, Breed GA', Simmons SE and Costa DP
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Despite advances in satellite telemetry, the dgraént of analytical methods to identify individielsed foraging
strategies has proven difficult because of someriit difficulties associated with telemetry d&asearchers have
characterized different foraging strategies byiegeead of applying mathematical approaches tandjisish
between groups. This study uses a quantitativeysisadf numerous telemetry parameters, state-spadeling
metrics and foraging success data to evaluateithdil foraging strategies in adult female eleplsmais. Seals were
instrumented with Argos or GPS satellite biologgerise per year, post-molt and post-breeding 199802(n=

171). Upon visual inspection of tracking data, afleinales travel in one of three general migrapiaths: Westerly,
along the North Pacific Transition Zone; North Wbt into the Subarctic Gyre; or North through @aifornia
Current into the Coastal Alaska downwelling regida.distinguish if these strategies can be idesttifising an
analytical approach, a multivariate model that eggpprinciple component analysis and cluster amalygh multi-
scale bootstrap resampling was used to group isatellemetry and behavioral parameters. Spedificahrameters
utilized were track shape, outgoing and incominglemfrom the rookery, and habitat use (on-shé#/of
shelf/lecoregion). State-space modeling technicuegtified foraging versus transiting locationshirge habitats.
Lastly, body composition and mass gain were usedrastric for foraging success. The model idemtiféght
different foraging strategies-- more than were idiexd by visual techniques. This method providesae robust
means of identifying individual foraging strategiesng satellite telemetry data.
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P3.24 Natal dispersal and diving behaviour ontogeni juvenile Emperor penguins Aptenodytes
forsteri from Adélie Land

Thiebot JBY, Lescroél A2, Barbraud C* and Bost CA

Centre d’Etudes Biologiques de Chizé, Centre NatioadhdRecherche Scientifique, 79360 Beauvoir-sur-Nim@nce.
2Bjodiversité et Gestion des territoires, UniversiédRennes 1 - UMR 7204, Muséum National d’Histoiréidyel, 263 Avenue
du Général Leclerc, CS 74205, 35042 Rennes Cedex;d:ran

*thiebot@cebc.cnrs.fr

The juvenile phase is a critical period for seabuldring which they have to care for themselvesdawklop skills
for both foraging and anti-predator behaviours. ®htogeny of foraging behaviour and dispersioreat-af post-
fledging penguins remains however poorly documerteaperor penguins are largely confined to wateas are
covered at least seasonally by sea-ice. In thidystue were interested in documenting the natgledision
movements of juvenile emperor penguins, and thegemty of their diving behaviour. In December 2089,
SPLASH tags were attached to fledged penguins freniPointe Géologie colony (66°78 S, 140°08 E),lixdé
Land. These tags transmitted diving data histogramaslocation through Argos weekly, during an ageraf 98
(24-253) d. Juveniles rapidly headed northwards4aofithem reached latitudes as north as 55°SeifPtiiar
Frontal Zone in mid-January and stayed there uaritltFebruary. Then, the two still tracked juvenifesaded
southward, up to 65°S (mid-April). Afterwards, tlast tracked individual showed a westward migratb2700 km
close to the Antarctic shelf slope, along the paekedge. Transmission ceased in August. Activititadrom the
first weeks showed that juveniles were readily tépaf diving up to 150-200 m during 5 min, witletimajority of
dives below 10 m. During winter juveniles diveditglly 80—100 times a day, 200 m deep during 67 (up to
250 m and 9 min). This study points out the impazeaof the Polar Frontal Zone area for emancipgtiagniles. It
also shows that they are dependent on the sealgeeduring winter when their diving performancesbgize. Local
sea-ice conditions may therefore not only affeetlireeding part of the population but may alsouneldmental for
the survival of the juvenile emperor penguins.

03.14 Stress hormone affects incubation behaviouf male Adélie penguins Pygoscelis adelige

Thierry AM*, Massemin S, Handrich Y, Caty F, Le Maho Y, Kato A, Beaulieu M and Raclot T

Département Ecologie, Physiologie et EthologietitunsPluridisciplinaire Hubert Curien, CNRS-UdS UMRK/8, 23 Rue
Becquerel, 67087 Strasbourg, France.

*amthierry@gmail.com

Life-history theory predicts the existence of trauffs between reproduction and survival, since oig/as have
access to limited resources. Moreover, global dénthanges may affect the availability and preditits of food
resources, causing nutritional stress during psradchigh energy demand such as breeding. Coréiomst (CORT),
the main stress hormone in birds, is describedeaiating resource allocation, allowing animals dfuat their
physiology and behaviour to changes in the enviremirin this study, we examined the effects of expentally
elevated CORT levels on parental investment duringbation in a long-lived seabird species, thelidgenguin.
Incubation behaviour was measured with dummy elggisrecorded temperature and changes in egg attges we
show that elevated CORT levels affect both pareéntedstment during the incubation period and repaotigie
success in Adélie penguins. CORT-implanted maleertied their nests more often (64% vs. 7% for ads)jtand
earlier (14.7days 0.9 vs. 21.5+1.8) than cont®BRT-implanted penguins that did not desert thest incubated
for a longer period, but the reproductive succeas mot affected by the treatment. Moreover, CORplamted
males with dummy eggs incubated at lower tempegatampared to controls. Egg rotation rates diddiféer
between the two groups. To our knowledge, thikésfirst experimental study investigating how ttress hormone
affects incubation behaviour in a seabird spedigs.results support the hypothesis that CORT ppaties in the
allocation of available energy: elevated baseli@RCT levels induced a decrease in energy allocatizimg
reproduction to the benefit of self-maintenance fadre reproductions. Low incubation temperatuneSORT-
implanted penguins might alter embryonic developinaed chicks’ body condition at hatching, with [gbks
consequences on chick growth and survival. Funtltek is needed to evaluate the relationships betv@@RT
levels and breeding performance of seabirds oeloting term.
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05.18 Habitat utilisation by adult male southern edphant seals from Marion Island
Tosh CA*!, Bornemann H, PI tz J* and Bester MN'

Mammal Research Institute, Department of Zoology Bntbmology, University of Pretoria, Pretoria, 0082uth Africa.
2Alfred Wegener Institute for Polar and Marine ReskaPostfach 120161, D-27515, Bremerhaven, Germany.

*catosh@zoology.up.ac.za

Sub-Antarctic Marion Island lies approximately 440k due east of the intersection between the Andeim
fracture zone and the Southwest Indian ridge. Tteraction of the Antarctic Circumpolar currentiwihis bottom
topography creates a region of intense eddy foomatnd high levels of mesoscale variability thatedily
observed on the sea surface. The movements ofsmithiern elephant seal males from Marion Islaednsi® be
independent of sea-surface characteristics. Thiraeklt male southern elephant seals were instrteden 1999,
2002 and 2007. All thirteen animals were trackaddager than 70 days. Five of the 13 animals ftholet on
either Crozet or Kerguelen Island during the bregdieason. Four of the 13 animals returned to Mdsiand.
Maximum distances from Marion Island ranged betw2@km'’s (track duration=205days) and 2820km’s #rac
duration=275days). A large amount of individualiahility was displayed in foraging tactics and hats used. In
contrast to other populations adult male southphant seals do not show any signs of using behtbitats.
Adult male seals were prone to utilising a singleality for an extended period of time. As a ressgfa-surface
temperatures and chlorophyll concentrations vanigkin areas of restricted movement. Areas of retettl
movement coincided with bathymetric features, fabmbnes or areas where these features interagseTbcalities
may be characterised by a range of prey speciesltaage with changing environmental charactessticby
unique fauna that are determined by the uniqueitiond created by the interactions of ocean cusrerith
bathymetric features. The availability of prey, mlamce of competition and large energy requiremehégiult male
southern elephant seals may drive observed vatiaisilforaging behaviour by adult male southerepiant seals.

05.19 Top predators partition the Bering Sea

Trites AW* !, Battaile B*, Harding A2 Hoover B Irons D* Jones N, Kuletz K*, Nordstrom C*, Paredes R
and Roby IF

Marine Mammal Research Unit, University of British @mbia, Vancouver, British Columbia, Canada.
2Alaska Pacific University and USGS-Alaska Sciencat€e Anchorage, Alaska., USA.
3Moss Landing Marine Lab, California State Univers@®alifornia, USA.
4U.S. Fish and Wildlife Service, Migratory Bird Mareagent, Anchorage, Alaska, USA.
®Oregon State University, Corvallis, Oregon, USA.

*a.trites@fisheries.ubc.ca

We tracked the movements of pinnipeds (northerséals) and seabirds (thick billed murres and blegged
kittiwakes) breeding on the Pribilof Islands (cahBering Sea) and Bogoslof Island (southern Befirg) to
determine where these central place foragers fdative to the constraints of distance from landjimnmental
conditions, and availability of food. A total of 3fur seals, 128 murres and 106 kittiwakes werepgea with GPS
and activity tags. Results from 2008 and 2009 sklowgeoverlap in foraging areas for black-leggetiwékes or
thick-billed murres breeding on the two Pribilofaisds despite the islands being within foragingedise of each
other. Nor was there any overlap between the fagpgieas for seabirds from Bogoslof Island comp&oretose
from the Pribilofs. Foraging ranges of northerndaals were much greater than those of the seabintialso
showed segregation of feeding areas by breedieg bétween and within islands. None of the birdnammals
tagged on Bogoslof Island (along the chain of Akrutslands) crossed into the Gulf of Alaska, aeiynbouring
colonies of birds and mammals appeared to avoidayyging their feeding areas. The distinct segiegadf
feeding areas by breeding colonies and the sirtidarin segregation between both groups of ceptaale foragers
implies a common set of selective mechanisms ekkateompass orientation of breeding colonies, ctitipn
within and between species, predation risk, andgetie constraints associated with distance, pizyand energy
content. Our data suggest that immediate enviroteheanditions may have less effect on habitatctiele
compared to colony orientation and the longer teefactive forces related to foraging costs andiptaiility of
annual environmental conditions. This implies tsting breeding colonies in the Bering Sea magpdualy
adapted and unable to respond favourably to glebaiing and environmental change
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02.05 Utilising tagging information within an integrated assessment of a seabird population
threatened by fishing interactions and habitat lossthe Lord Howe Island flesh-footed shearwater

Tuck GN*?, Wilcox C*, Baker GB? Cooper S and Thalmann $

'CSIRO Marine and Atmospheric Research, Castray Esmanhtmbart, Tasmania, 7000, Australia.
2 atitude 42 Environmental Consultants Pty. Ltd.,tehg, Tasmania, 7155, Australia.
3Tasmanian Department of Primary Industries, Patlater and Environment, Hobart, Tasmania, 7000, raliat

*Geoff. Tuck@csiro.au

The flesh-footed shearwatBuffinus carneipes a medium-sized seabird with a single easterstralian
population breeding on Lord Howe Island. Observetiof flesh-footed shearwater bycatch in Australiaters
have been recorded on both Japanese and Austi@tigline fishing vessels. In addition, substant&ductions in
colony size have occurred on the island due toihgudevelopment. As a consequence of these soafcrertality,
concerns have been expressed about the populait&nability. As knowledge of the overlap ingiging
distributions and longline fleets was limited, aweh geolocation recorders (Lotek LTD 2400) weraqad on
breeding and non-breeding birds in 2004/05. Thasdies indicated that breeding birds inhabit wateainly to the
west of Lord Howe Island during October to May. Hiels then migrate to waters surrounding Japaimguhe
Austral winter. While in the Northern Hemisphettgg birds’ distribution shows high concentrationsiieas that
overlap with the Japanese domestic longline fishery

This paper presents a quantitative impact assessharintegrates information on the foraging disattions,
biology, oceanography, fishing interactions, angacts from housing development. The tagging da&aised
within the model to inform predictions of at-seatdbutions. The birds’ breeding distribution isased to be a
function of time of year, sea surface temperatacklangitude. Given the predicted locations, theleidhen uses
observations of bycatch from the Australian longlfishery to predict the probability of catchingied, given
various operational characteristics. While bycdéstels are currently greatly reduced within the #aigan longline
fishery, results suggest that continued monitodhgycatch from domestic and international fisheigeneeded to
ensure that incidental mortality does not returletels predicted in the late 1990s. In additiamjand mortality in
the form of reduced nesting habitat and incidemiaitality may be having a substantial impact os gopulation.

P3.25 Humpback whale (Megaptera novaengliae) mothemd calf foraging behavior: insights from
multi-sensor suction cup tags

Tyson RB*, Friedlaender AS, Ware C3, Stimpert AK* and Nowacek DP

'Duke University Marine Laboratory Beaufort, North Glima, USA.
2Pratt School of Engineering, Beaufort, North CarqlidSA.
3Center for Coastal and Ocean Mapping, University @yNlampshire, Durham, New Hampshire, USA.
“Marine Mammal Research Program, Hawai'i InstitutMafine Biology, Kailua, HI, USA.

*reny.tyson@duke.edu

On May 19th, 2010 we attached non-invasive higltgi®n digital acoustic recording tags (Dtags),ath
incorporate accelerometers, magnetometers, preaadrsound recording simultaneously to an adultghank
whale (Megaptera novaengliae) and her calf foragimguphausiids in Wilhelmina Bay along the Westentarctic
Peninsula. The Dtags remained on the animals ayleraind logged 18 hours of concurrent recordings.udéd
TrackPlot to make and synchronize a pseudo-tragaoh whale’s dive behavior and movements. Usiag th
acoustic flow noise recorded by the tag correlai#l the signal from the tags accelerometer anchgés. in
pressure, we documented extreme deceleration2.&aes-2) indicative of foraging lunges on bothstaBoth
animals executed foraging lunges, however, the endtraged more intensively than the calf throudhba tag
records (N = 852 foraging lunges and N = 130, rethpaly). Additionally, the female foraged consisty
throughout the night, while the calf executed 91 &vts lunges between 17:00 and 21:00. The fersatedan (+
SD) inter-lunge interval was longer than the ca|#5.98 + 7.15 sec, 33.76 + 12.70 sec, respectifrely0.0001)
and was consistent throughout the night (y = 0.0880+ 45.93, r2 = 0.00003). When the calf was nodding it
would sometimes still dive in synchrony with its tiner, who was actively lunging, while other timewould coast
in the upper water column or engage in social belnawhile the animals appeared to be diving inctyony with
one another for much of the tag duration, we ukedatoustic records of each Dtag to confirm ifdhenals were
within close proximity of one another, e.g., a dalim one whale recorded within <1 sec on the dshtag. Our
results provide the first simultaneous Dtag recafdsalaenopterid mother and calf diving and fonagbehavior.
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04.01 Thoughts on the energetics behind the 3% bodgass recommended limit for devices on
birds

Vandenabeele, SP* and Wson RP

Institute of Environmental Sustainability, Schobtlwe Environment and Society, Swansea UniverSitlggleton Park, Swansea,
SA2 8PP, Wales, United Kingdom.

*574139@swansea.ac.uk

Animal-attached telemetry technology has providiedtal information on the biology of wild animaksspecially
those that operate in areas that are difficulictteas. Since seabirds spend so much time at sgeqr prime
candidates for this approach. However, in somesc&saernally-attached devices have been showfieot dirds
deleteriously. No studies have documented the etiergost of flight associated with carrying telérizedevices
even though volant animals have to contend with bloag and additional weight. Currently, bird warkéend to
use Kenward’s (2003) recommendation, that attadesétes should be no more than 3% of the bird’s/buodss.
We used a freeware, web-based program (Flightaerki22) to compute the cost of flight for 80 spsaf seabird
from 8 major groups (Alcidae, Diomedeidae, Hydradead, Laridae, Phalacrocoracidae, Procellariidtern&iae
and Sulidae) under specified conditions includimg ¢ffect of increasing payloads to examine how dfffected the
calculated energetic cost of flight for normal fligpatterns at altitudes close to sea level. Deviepresenting 3% of
the bird’s body mass resulted in a higher than Bteiase in energy expenditure for flight (generatiyund 5%)
without even accounting for increases due to drads effect differed between seabird groups anch éetween
species within groups. The work considers allornedffects and flight types (e.g. continuous flagpiersus flap-
gliding) as well as the percentage time spent §yog the different seabird groups to outline eletsdimat are
important for seabird workers to consider. The rodtis readily applicable to any volant speciesiaf bnd we
suggest that researchers working with externalogsvbn birds do so as standard practice.

05.05 Movement up and down: modeling dive depth dfarbor seals from time-depth recorders
Ver Hoef JM**, Higgs MD?, London JM* and Boveng PL*

INOAA National Marine Mammal Lab, NMFS Alaska FistesrScience Center, 7600 Sand Point Way NE, Sedtdshington,
98115, USA.
2Department of Mathematical Sciences, Montana &tateersity, Bozeman, Montana, 95717 USA.

*jay.verhoef@noaa.gov

Ordered categorical data are pervasive in envirotahand ecological data, frequently arising froragical
constraints imposed at the time of data collect@ften, the constraints require discretizing a twttus variable
into ordered categories. A great deal of data e collected toward the study of marine mammad dehavior
using Time-Depth Recorders (TDRs), which often idize a continuous variable such as depth. Aduilly, data
storage or transmission constraints may also niggtssthe aggregation of data over time intervéls specified
length. The categorization and aggregation creatie tthat are a time series of ordered multi-categounts, which
present challenges in terms of statistical modeding practical interpretation. We introduce anitive strategy for
modeling such aggregated, ordered categoricalaltaing for inference regarding the category ptilies and a
measure of central tendency on the original scaikeodata (e.g. meters), along with incorporatbtemporal
correlation and overdispersion. We demonstratertbhod in an analysis of TDR dive depth data ctéidon
harbor seals in Alaska. The primary goal of theysisis to assess the relationship of covariatesh as time of
day, with number of dives and maximum depth of giw&/'e also introduce novel graphical summariet®fata
and results.
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03.23 Using individual grey and harbour seal habitause and behavioural data for the design and
management of protected areas

Vincent C*!, McConnell BJ, Hooker SK?!* and Ridoux V*

1LIENSS, UMR 6250 CNRS/University of La Rochelle, ILEfu2 Olympe de Gouges, 17000 La Rochelle, France.
2Sea Mammal Research Unit, University of St AndreSisAndrews, Fife KY16 8LB, United Kingdom.

*cvincent@univ-Ir.fr

Grey sealsHalichoerus grypusand harbour seal®fioca vituling in France are protected by national law, and both
are listed as “species of Community interest” wittlie European Union. Following the EU “Habitatsdotive”,
their distribution and habitat use must be desdribheorder to design Special Areas of Conservai8iCs).
Twenty grey seals and thirty harbour seals have (eed continue to be) tracked with Argos and GFEB/AGags
since 1999 from the main colonies in France, ireotd describe their movements and activity. Irdlisal home
ranges were estimated using kernel densities (AwYand diving behaviour was compared to localyratitry as
well as sediment type. Overall, grey seals movetthéun distances (100s of km) and spent approxiy®edo of
their time in SACs located in France and UK, coragano harbour seals which moved on average onlyfLks
and spent 85% of their time in SACs all locate&iance. Grey seals showed extensive individuahtian in
movements with home ranges overlapping much lessttiose of harbour seals. Grey seals also usédiea w
variety of habitats — in terms of bathymetry andisent type — than harbour seals. In summary, tisegecater
individual variation in grey seals. Thus a greéégging effort (sample size) is required to attamsame precision
of population parameters that is obtained from barlseals.

01.10 From fine scale diving behaviour to a reliald predictor of foraging success in Antarctic fur
seals

Viviant M* !, Monestiez P and Guinet C*

ICentre d’Etudes Biologiques de Chizé, CNRS, 79 360evilen Bois, France.
?|nstitut National de Recherche Agronomique, Unitdtstatistique et Processus Spatiaux, Site Agrofzmmaine St Paul,
84914 Avignon, France.

*viviant@cebc.cnrs.fr

Studying the foraging behaviour of apex predatergeicessary to understand how environmental changgsffect
foraging success and ultimately both reproductiwh survival. Recording foraging events in marinedators has
become possible thanks to recent development®#obging, but is still difficult to apply to a lge number of
individuals in practice. The aim of this study wasstablish reliable and simple predictors offtraging success
in Antarctic fur sealArctocephallus gazel)abased on diving data. We thus investigated thimgliadjustments
associated with foraging success. On Kerguelendslaseven individuals equipped with accelerometedsfour
others with hall sensors provided simultaneousrdings of mouth opening events (i.e. consideredlrag Capture
Attempts, PCA) and dive profiles. Of the 5384 divesorded, 55,4 % where associated with PCA, ar@P8bf
PCAs occurred in the bottom phase of the dive.geats were found to spend more time foraging abtit®m of
dives when they encountered a prey shortly aferésearch started. This effect was detected onlgifes
shallower than 55m. Independent of diving dep#imdits times (back to surface) were shortened initieasing
foraging success by higher flipper stroke frequesieind/or steeper dive angles. Depth variationisgltine bottom
phase of the dive and steps also provided a gafidaition of foraging activity. The understandingloése fine
scale diving adjustments allowed to establish édigredictive models of foraging success at thiiferent
temporal scales (dive, dive bout, day) based omglipatterns only. The models were establishedadindtfi the
dives and tested and validated on the second pauralata set. These statistical models will udtiely be
implemented to assess changes in foraging suctmssthe trajectory of fur seals fitted with GPSIarDR loggers.
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03.12 Exploiting the bottom line: how Australian fur seals use de facto artificial reefs in navigation
and foraging

Wheatley KE*, lerodiaconou D}, Hoskins AF, Abernathy K.2, Marshall G? and Arnould JPY?

School of Life and Environmental Sciences, Deakiriversity, 221 Burwood Hwy, Burwood, Victoria, 3128ystralia.
’National Geographic Television, Remote Imaging Depant, Washington, DC, 20036, USA.

*kathryn.wheatley@deakin.edu.au

Understanding how animals use their habitat foiousr behaviours is crucial to developing adequatsystem
management strategies. The use of man-made seaasrshelter, foraging areas or navigational kasdeen
documented in numerous terrestrial vertebrate spekiowever, while artificial reefs are well knowenincrease
both the density and biomass of epibiota and tagitfish, the use of under-water anthropogeniecstires by
marine mammals has received little attention. Thetralian fur seal represents the greatest marigapor
biomass within south-eastern Australia and, thlas;gpan important role in the structure and functé this
commercially important ecosystem. Previous sageltiicking and dive behaviour studies have revehisdspecies
forages almost exclusively on benthic prey witlia shallow continental shelf of Bass Strait, aoegionsidered to
be nutrient poor. Little is known, however, of flagtors that influence its habitat use, the distidn of its prey and
its impact on the ecosystem. Using fine-scale GR&King, the at-sea movements of 36 adult femal@ggioning
pups from Kanowna Island (northern Bass Straitjewaonitored for 1-8 foraging trips. Thirty-nine pent of
females spent between 5 — 50% of their foragings im association with gas/oil pipelines and searfbower
cables. Video footage from animal-borne cameraimairiduals confirm these structures act as deofactificial
reefs and that the seals had improved foragingesscwithin their vicinity. Our results suggest then-made
structures enhance conditions on the Bass Stiaiteskaffecting lower trophic levels, which has scealing effect
by attracting higher trophic levels such as fulsebhese findings will increase our understandihgow pinnipeds
interact and navigate through their environment fzaslimplications for modelling habitat use, hunmaeractions
and population dynamics.

P4.21 Fine-scale behavioral ecology of mating shan and around a protected breeding ground
Whitney NM* %, Pratt HL 2, Pratt TC? Gleiss AC, Lieske KV* and Wilson RP®

1 Center for Shark Research, Mote Marine Laborataayasta, Florida, USA.
2 Center for Shark Research, Mote Marine Laboratoryté@dar Tropical Research, Summerland Key, Flor@8042, USA.
3 Department of Pure and Applied Animal Ecology, 8sea University, Swansea, United Kingdom.

*nwhitney@mote.org

The annual mating aggregation of nurse shaBsglymostoma cirratujnin the Dry Tortugas, FL (USA) has been
the subject of 18 years of ongoing study and has liee subject of a seasonal closure by the Nadtitark Service
since 1998 due to its significance for shark repotidn. Since 2008, we have expanded our abilitpémitor these
animals by tagging them with three-dimensional kzegion/depth/temperature data-loggers that casale
continuous, fine-scale aspects of their behavipdéys at a time. We applied data-loggers to 12 atiarks for
periods of 17 to 111 h (58 + 37 h, mean + SD). dfahe twelve animals were simultaneously taggeiti wbded
acoustic transmitters to acquire the sharks’ locatiom an array of acoustic receivers and thusigeospatial
context to acceleration data. Mating and other iehs (e.g. swimming, resting, diving, fast-stagaed rolling)
were clearly identifiable from acceleration datd anesented distinct patterns of behavior. Desp#é reputation
as a nocturnal species, most shark mating evesikspiace during the day and in shallow (< 4 m) wafemales
typically spent their time resting or milling ingtshallows, often within the shark protection zomeereas males
spent their time swimming in relatively deep (280-m) water outside of the protection zone makinky o
occasional forays into the shallows, presumabletk mates. One female showed repetitive divingwieh
between the surface and 30 m for 27 h after tag@igre resuming shallow resting and mating belaitthough
reproductive female sharks bear a larger enerpatiden than males overall, our results indicatentele sharks
may expend significantly more energy than femalatnd the mating season.
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03.13 Continuous blood lactate profiles in freely @ing juvenile elephant seals
Williams CL* %, Baker DA 2, Champagne CD? Costa DP and Ponganis PJ

ICenter for Marine Biotechnology and Biomedicine, Susinstitution of Oceanography, University of Califia San Diego, La
Jolla, California, USA.
2Department of Bioengineering, University of Calif@nBan Diego, La Jolla, California, USA.
*Department of Ecology and Evolutionary Biology, Ldvigrine Lab, University of California Santa Cruz, &a@ruz,
California, USA.

*clwillia@ucsd.edu

We report the first record of continuous blood daetprofiles during diving in a juvenile northeleghant seal
using an implantable lactate sensor. The sensaisted of lactate oxidase immobilized in a gel meamb coupled
to a PO2 electrode. The sensor is based on théaealcactate + O2 pyruvate + H202. When lactate and O2 in
the blood react with the enzyme, the remaining ©&eitected by the electrode and produces an OZidepe
current (ilmo). A second PO2 electrode, the refegerlectrode, detects ambient O2 and produces ate@endent
current (io). Lactate concentrations were derivedubtracting the reference current from the lactabdulated
current: io - ilmo. The lactate sensor was inseitettie extradural vein of juvenile elephant sdadm the Afio
Nuevo rookery near Santa Cruz, CA, USA. Seals wasased either on the other side of Monterey Bayffca
boat over the Monterey Bay canyon. Seals returngkfib Nuevo rookery within a few days. Lactate esluvere
recorded before, during and after dives of onenileenorthern elephant seal. Lactate concentratioiesly
increased after every dive, up to 6 mM, but retdriebaseline values before the next dive, eveatives as long as
30 minutes.

P4.11 Comparison of sperm whaleRhyster macrocephaljsnovements in the Gulf of Mexico before
and after the Deepwater Horizon oil spill

Winsor MH*, Mate BR and Follett T

Marine Mammal Institute, Oregon State Universitatfi¢ld Marine Science Center, 2030 S.E. Marine ri8m@eDrive, Newport,
Oregon 97365.

*martha.winsor@oregonstate.edu

Implantable tags with UHF radio transmitters, pdivg locations and surfacing counts, were deplayed3 sperm
whales Physeter macrocephalu80-86 days after the Deepwater Horizon drillirggexplosion in the Gulf of
Mexico. The whales were tagged 15-100 km from itpsite and have provided an average of 0.8 looatier day.
Eleven tags are still transmitting as of this wagti(9/29/2010) and data from these tags are beingared with
locations from 52 whales tagged in 2001-2006 temheine changes in habitat utilization and possilvigidance of
contaminated areas.

Preliminary comparisons indicate some deviatioamfareas visited in previous years. There is adrigh
concentration of locations from three whales towdhe® eastern edge of previously determined ranges.
Additionally, another animal has moved into deepaters to the south and west, which also contang few
locations from previous years.

Home ranges and core areas are being analyzedetoriee if these whales are avoiding contaminatedsaand/or
if their locations vary systematically from thosetefmined from whales tagged in previous years evigpth
preferences, swimming speeds, and male/female@iffes in home ranges will be analyzed after defftcdata are
received. Locations are classified as either ttamrsineandering to determine possible feeding ,siteégch will be
compared to areas visited in previous years arasarkoil contamination.
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03.03 Acoustic and accelerometer cues to prey capéusuccess in echolocating porpoises
Wisniewska DM**, Johnson M, Beedholm K and Madsen P T2

'Zoophysiology, Department of Biological Scienceartus University, Denmark.
2Woods Hole Oceanographic Institution, Woods Holaskachusetts, USA.

*danuta.wisniewska@biology.au.dk

To understand the foraging ecology of free-rangingnals, it is essential to establish where, whehteow animals
feed, as well as how foraging success compardmteffort invested. Studying the behavior of aquptedators is
particularly challenging. However, recent studisgg animal-borne multi-sensor tags on severalispex
echolocating toothed whales have identified acowstes and accelerometer signatures possibly itnécaf
feeding events. Tag recordings of beaked whalgsaiticular, contained sequences of echoes that imesrpreted
as stemming from ensonified prey. The present shadlythe dual purpose of verifying those findingaicontrolled
environment, and examining what types of movemgetserate the acceleration signatures. A goal wasdess if
combined acoustic and acceleration cues form ahlelindicator of prey capture attempts and theicess. We
applied DTAG-3 tags to three trained harbor pog®iduring captures of dead fish and approachetificial
targets. The tags sampled sound on two channB¥aktHz and triaxial accelerometers at 200 Hz.diak lat the
details of the feeding events we used tag-syncheanhigh speed underwater cameras. The tags recectiees
from prey at ranges of up to five meters. We comfihat high repetition rate buzzes are associattdolose target
encounters in porpoises as has been found in exdtolg bats and show that distinct accelerationatigres are
present during prey acquisition, but not duringl&riwith artificial targets. Comparison with thensiironized
images indicates that the acceleration signalsroghen the animal strikes at prey and so are aellexd proxy for
foraging. The stereotypicity of the acoustic anded&rometer signatures across individuals and epenay enable
onboard detection of foraging events in long tegigston free-ranging toothed whales.

03.20 Contrasting prey fields influence multiple dving strategies of harbor sealsRhoca vitulina
richardii)
Womble IJN**2 Blundell GM?®, Gende SM, Horning M* and Sigler MF*

Oregon State University, Department of Fisherie&/gdlife, Marine Mammal Institute-Hatfield Marinec&nce Center, 2030
SE Marine Science Drive, Oregon, 97365, USA.
°National Park Service, Glacier Bay Field StatiobQ@ National Park Road, Juneau, Alaska, 99801, USA.
SAlaska Department of Fish & Game, Division of WitdIConservation, P.O. Box 110024, Juneau, Alas881%, USA.
“pAlaska Fisheries Science Center, NMFS-NOAA Fishefi@d 09 Point Lena Loop Road, Juneau, Alaska 99884,

*jamie.womble@oregonstate.edu

Precipitous declines in pinniped populations inftleeth Pacific Ocean have highlighted the needafor
understanding of predator-prey relationships inineaecosystems. Knowledge of pinniped foraging bignan
relation to prey fields is essential for understagdow temporal and spatial variability in pregoarces may
influence the behavior of individuals. Pinnipedsymaspond to reduced prey availability by travelgrgater
distances to forage, diving deeper, and increadivigg intensity. Each potential response to charigerey
availability may result in increased energetic s@std ultimately fitness-level consequences. Oungy objectives
were to determine how harbor seals adjust theindilzgehavior relative to prey fields in distincteamographic
regions in Glacier Bay National Park, Alaska, whezals have declined by up to 12.4%/year from 13328.
Diving behavior and foraging areas were determioeguvenile and adult female seals (n=25) usinggtidepth
recorders and telemetry. Prey fields were assesgkdydro-acoustic surveys. Nonmetric multidimemsil scaling
of dive behavior variables revealed three domiigaatlients associated with diving intensity, divettie dive
duration, and percent bottom time. Hierarchicastdting partitioned seals into three distinct bétvaV dive groups
based upon differences in diving behavior. Seatgaup 3 dived the deepest (mean = 37.1, max =0&26 had the
highest diving intensity, lowest % bottom time, d@st trip durations (10.7+ 5.0 hr), and foragedpper and
central GB in deeper waters with lower prey deesifmean = 17.1+ 30.5m2/nmi2). In contrast, seadgoups 1
and 2 dived shallower (mean = 24.8, max = 208.0.), lower dive intensities, shorter trip duraticarsg foraged
in lower GB in shallower waters with higher preydities (mean= 121.2 + 322.1 m2/nmi2). The emergeric
multiple diving strategies by harbor seals suggéstsseals respond to contrasting prey fieldsfiergnt
oceanographic regions of Glacier Bay.
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P2.04 Comparison of swimming patterns between rairdw trout (Oncorhynchus mykissand white
spotted charr (Salvelinus leucomaenjsusing acceleration data loggers under flowing-wat
conditions

Yamamoto K**, Mitani Y 2 and Miyashita K?

Division of Biosphere Science, The Graduate Schbehwironmental Science, Hokkaido University, Haste] Hokkaido 041-
8611.
%Field Science Center for Northern Biosphere, Hokk&idoversity, Hakodate, Hokkaido 041-8611, Japan.

*kei_yamamo@ees.hokudai.ac.jp

Japan’s northern island of Hokkaido is famous feuindeveloped rivers. Recently, a native speeibie spotted
charr, was replaced by an invasive introduced sgecainbow trout. Rainbow trout might have outcetad white
spotted charr for food and habitat, however, theseaf this replacement is not known. To bettereostdnd how
these species interact and compete, behavioraréiftes between the two species were examinedistthly
using acceleration data loggers in a flow chanfleé study was conducted at a flow channel in Hakdai
University from August to September in 2010. Analecation data logger (M190L D2GT) was attachethéobase
of the dorsal fin of one white spotted charr andméd rainbow trout. Each fish swimming in the chelrmas
monitored by the data logger and a video cameraltsmeously. Flow velocity was configured in fiavéls.
Movement acceleration data were extracted usind. ##bsion4 (WaveMetrics, Inc., USA) and used irgfrency
analysis. As the flow velocity increased, the raiwtirout swam actively and increased the amplimidés tail beat,
while the white spotted charr remained at the Imotbd the tank without actively moving and showedchange in
its average tail-beat amplitude. These behavidffdrdnces will presumably affect the habitat setecof both
species and could explain why rainbow trout havenkable to replace white spotted charr.
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Oon, Guan CLS

Page, Brad
Institute Aquatic Sciences

Palacios, Daniel NOAA Southwest Fisheries Scieneet€r

Patterson, Toby CSIRO Marine & Atmospheric Research

Pavlov, Vadym Forschungs- und Technologiezentrum
Westkiste, Christian-Albrechts-Universitat
Kiel

Peavey, Lindsey University of California, Santa lBaa

Pedersen, Martin
Waever

Pederson, Hugh

Technical University of Denmark
Eonfusion

Pelletier, Laure DEPE-IPHC, Université de Strasgour

Peron, Clara CEBC, Centre National de la Recherche

Scientifique

British Antarctic Survey, Natidna
Environment Research Council

Phillips, Richard

Prieto, Rui Centro do Instituto do Mar, da Univdesie
dos Acores
Randall, Jo Institute for Marine & Antarctic Stuslie

University of Tasmania

Rasmussen, Marianne Husauik Research Centre, Witivef
Iceland

Raymond, Ben Australian Antarctic Division

Rehberg, Michael Alaska Department of Fish and Game

Reid, Keith Commission for the Conservation of

Antarctic and Living Resources

Duke University Marine Laborat@yke
University

Australian Antarctic Division

Reuland, Kenady

Robertson, Graham
Rodriguez, Diego Universidad Nacional de Mar delt®!|
Rogers, Paul

Institute Aquatic Sciences

Ropert-Coudert, Yan = DEPE-IPHC, Université de Stwasty

Rutishauser, Matthew Intelesense Technologies
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114 CabdbiStohns Newfoundland A1C 178,
Canada

Yoshida Honmachi Sakyo, Kyoto 606-8501,
Japan

Parc Technologique Du Canal, 8-10 Rue
Hermes 31520 Ramonville, France

South Australian Research and DevelodpménhHamra Ave, West Beach, South Australia

5024, Australia

1352 Lighthouse Ave, Pacific Grove,
California, 93950, USA

GPO Box 1538, Hobart, Tasmania 7001,
Australia

Hafentdrn 1, 25761 Blisum, Germany

2400 Bren Hall, Santa Barbara, California
93106, USA

Richard Peterselasl® DTU Bygn 321, DK-
2800, Denmark

GPO Box 1387, Hobart, @agarv001
Australia

23 rue Becquerel, 67087 Strasbourg Cedex 2,
France

79360 Villiers-en-bois, Beauvoir sur Niort,
France

High Cross, Madingley Rd, Cambridge CB3
OET, UK

DOP, 9901-862 Horta, Portugal

Private Bag 129, Hobart, Tasmania 7001,
Australia

Hafnarstett 3, 640 Husauik, Iceland

Chanhéghway, Kingston, Tasmania 7050,
Australia

525 West 67th Avenue, Anchorage, Alaska
99518, USA
PO Box 213, North Hobart, Tasmania 7002,
Australia
135 Duke Marine Lab Rd, Beaufort, North
Carolina 28516, USA

@hel Highway, Kingston, Tasmania 7050,
Australia

Casilla de Correos No 43, (7600) Mar del Plata,
Argentina

South Australian Research and Developm2 Hamra Ave, West Beach, South Australia

5024, Australia

23 rue Becquerel, 67087 Strasbourg Cedex 2,
France

8682Ave NE, Seattle, Washington 98115,
USA
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Address

Rutz, Christian
Sakamoto, Kentaro

Department of Zoology, UniversifyGxford

Graduate School of Veterinaryibied,
Hokkaido University

ICRC, Atmosphere & Ocean Research
Institute, The University of Tokyo

Little Leonardo Corporation

Sato, Katsufumi
Sawahata, Yoshikatsu

Scheffer, Annette British Antarctic Survey, Natibna

Environment Research Council
James Cook University
Cascadia Research Collective

Schlaff, Audrey
Schorr, Greg

Semmens, Jayson Tasmanian Aquaculture and Fisheries

Institute, University of Tasmania

Centre for Ocean Solutions, f8tah
University

James Cook University
Marine Mammal Commission

Shillinger, George

Shimada, Takahiro
Simmons, Samantha

Greenland Institute of Natural Resesir
CSIRO Marine & Atmospheric Research

Simon, Malene
Sinoir, Marie

Alaska Sealife Center
Bio-Trace Telemetry

Skinner, John
Smith, Paul

Southwell, Colin Australian Antarctic Division

Stehfest, Kilian CSIRO Marine & Atmospheric Reséarc

Strauss, Maartin Department of Environmental Sasnc

University of South Africa

Strom, Hallvard Norwegian Polar Institute

Institute for Marine & Antarctitu8ies,
University of Tasmania

ICRC, Atmosphere & Ocean Research
Institute, The University of Tokyo

Little Leonardo Corporation

Summner, Michael
Suzuki, Ippei
Suzuki, Michihiko

Takahashi, Nobuyuki  Graduate School of Environnle®téEence,

Hokkaido University

ICRC, Atmosphere & Ocean Research
Institute, The University of Tokyo

Tanaka Sanijiro Co. Ltd

Takuma, Shunichi
Tanaka, Tomoichiro

Tancell, Claire Department of Zoology, Universify o

Cambridge

Atmosphere & Ocean Research Instifthe
University of Tokyo

Integrated Marine Observiggt&m,
University of Tasmania

Birdlife International

Tanoue, Hideaki
Tattersall, Katherine

Taylor, Philip
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South Parks Rd, Oxford OX1 3PS, UK

North 18, West 9, Kita-ku, Sapporo 060-0818,
Japan

2-106-1, Akahama, Otuchi-cho, Kamiheigun,
Iwate 028-1102, Japan

alAshoten Bldg, 4-4 Honkomagome 1-
chrome, Bunkyou-Ku, Tokyo 113-0021, Japan

High Cross, Madingley Rd, Cambridge CB3
OET, UK
Townsvillaye@nsland 4811, Australia
218 H&t\th Ave, Olympia, Washington
98501, USA
Private Bag 49, Hobart Tasmania 7001,
Australia
99 Pacifc St, Suite 155A, Monterey, California
93940, Australia
Townsullaeensland 4811, Australia
4346\Wast Highway, Suite 700, Bethesda,
Maryland 20814, USA
PO Box 570, Kiviog 2, 3900 Nuuk, Greenland
GPO Box 1538, Hobart, Tasmania 7001,
Australia
PO Box 132awaed, Alaska 99664, USA
1 Chiswell Placerbbchydore Queensland
4588, Australia
Chael Highway, Kingston, Tasmania 7050,
Australia
GPO Box 1538, Hobart, Tasmania 7001,
Australia
Private Bag X6, Florida, 1709, South Africa

Polar Eommental Centre, N-9296 Tromsg,
Norway

Private Bag 129, Hobart, Tasmania 7001,
Australia

2-106-1, Akahama, Otuchi-cho, Kamiheigun,
Iwate 028-1102, Japan
Asahbten Bldg, 4-4 Honkomagome 1-

chrome, Bunkyou-Ku, Tokyo 113-0021, Japan
North 10, West 5, Kita-ku, Sapporo 060-0818,
Japan
2-106-1, Akahama, Otuchi-cho, Kamiheigun,
Iwate 028-1102, Japan

1139-r@@giro-City, Fukuoka 838-0141
Japan
Downing St, Cambridge CB2 3EJ UK

Chiba 164-8639, Japan

Private Bag 110, Hobart, Tasmania 7001,
Australia

Walbrook CauiCambridge, Cambridgeshire,
CB3 ONA, UK
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Name Institution Address
Teutschel, Nicole University of California, Santeu€ Long Marine Lab, 100 Scaffer Rd Santa Cruz,
California, USA
Thierry, Anne- DEPE-IPHC, Université de Strasbourg 23 rue Becduer®87 Strasbourg Cedex 2,
Mathilde France
Thums, Michele University of Western Australia M43 Stirling Highway, Crawley, Western
Australia 6009, Australia
Torres, Leigh National Institute of Water and Atipbsric ~ Wellington, New Zealand
Research
Tosh, Cheryl Mammal Research Institute, Departroént  University of Pretoria, Pretoria 0002, South
Zoology & Entomology, University of Africa
Pretoria
Tracey, Sean Institute for Marine & Antarctic Sesli Private Bag 129, Hobart, Tasmania 7001,
University of Tasmania Australia
Trites, Andrew Marine Mammal Research Unit, Uniitgref 202 Main Mall, Vancouver, British Columbia
British Columbia V6TIZ4, Canada
Tuck, Geoff CSIRO Marine & Atmospheric Research G 1538, Hobart, Tasmania 7001,
Australia
Tyson, Reny Duke University Marine Laboratory, Duke 135 Duke Marine Lab Rd, Beaufort, North
University Carolina 28516, USA
Urbano, Ferdinando P. IVA 04892550965-C.F. RBNFDN74E30F205H Via
Fratelli Pozzi 7, Milano - 20127, Italy
Vanden Elzen, John Lotek Wireless Inc 114 Cab@t3bhns Newfoundland A1C 178,
Canada
Vandenabeele, Sylvie Swansea University Singletmk BA28PP, Wales, UK
Vincent, Cecile University of La Rochelle ILE, 2er@lympe de Gouges, F1700, La
Rochelle, France
Viviant, Morgane CEBC, Centre National de la Recher 79360 Villiers-en-bois, Beauvoir sur Niort,
Scientifique France
Walters, Andrea Institute for Marine & Antarcticu8lies, Private Bag 129, Hobart, Tasmania 7001,
University of Tasmania Australia
Watts, David Australian Antarctic Division Chanttighway, Kingston, Tasmania 7050,
Australia
Weise, Michael Office of Naval Research 875 N Rapld&t, Arlington, Virginia 22203
USA
Wheatley, Kathryn School of Life & Environmentali&aces, 221 Burwood Highway, Burwood, Victoria
Deakin University 3125, Australia
White, Craig University of Queensland St Lucia, ©usland 4072, Australia
Whitney, Nicholas Mote Marine Laboratory 1600 Kemomason Parkway, Sarasota, Florida
34203 USA
Whittock, Paul Pendoley Environmental Locked Bag@anning Bridge, Western
Austtralia, 6153
Williams, Alan CSIRO Marine & Atmospheric Research  GPO Box 1538, Hobart, Tasmania 7001,
Australia
Williams, Cassondra  Scripps Institute of Oceanogyafniversity 9500 Gillman Dr, MC0204, La Jolla, California
of California, San Diego 92093-0204, USA
Williams, Joel Australian National University Camize ACT 0200 Australia
Winsor, Martha Oregon State University 2030 SE Wescience Drive, Newport,
Oregon 97365 USA
Wisniewska, Danuta  Aarhus University C.F. MolleleA8000 Aarhus C, Denmark
Womble, Jamie Marine Mammal Institute, Oregon State 2030 SE Marine Science Drive, Newport,
University Oregon 97365 USA
Yamamoto, Keiichi Graduate School of Environme®eience, North 10, West 5, Kita-ku, Sapporo 060-0818,
Hokkaido University Japan

124



Bio-logging 4 Hobart, Tasmania 14-18 March 2011

125



