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SSatellite atellite TTracking racking andand  AAnalysis nalysis TToolool

Building capacity to manage,Building capacity to manage,

analyze and publicly shareanalyze and publicly share

marine vertebrate tracking datamarine vertebrate tracking data

and integrate movements withand integrate movements with

oceanographic dataoceanographic data

Michael CoyneMichael Coyne
Marine Geospatial Ecology LabMarine Geospatial Ecology Lab
Duke UniversityDuke University

Brendan GodleyBrendan Godley
Marine Turtle Research GroupMarine Turtle Research Group
University of Exeter in CornwallUniversity of Exeter in Cornwall
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Animal Tracking via ArgosAnimal Tracking via Argos
Five-fold increase in number of animals tracked over last nine yearsFive-fold increase in number of animals tracked over last nine years

Improving hardware and softwareImproving hardware and software
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GoalsGoals
Automate the process of working with satellite tracking dataAutomate the process of working with satellite tracking data

Provide standard tools for manipulating and analyzing tracking dataProvide standard tools for manipulating and analyzing tracking data

Extract maximum value from relatively expensive tracking dataExtract maximum value from relatively expensive tracking data

Preserve data!Preserve data!

Education and outreachEducation and outreach

CollaborateCollaborate

© Cayman Islands Department of Environment
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SSatelliteatellite  Tracking andTracking and A Analysisnalysis T Toolool
Automatic retrieval andAutomatic retrieval and

archiving of Argos dataarchiving of Argos data
Data back-upData back-up
Built-in QA/QC protocolsBuilt-in QA/QC protocols
Data scrubbing, filtering andData scrubbing, filtering and

analysesanalyses
Automatic map creationAutomatic map creation
Integrated bathymetry, sst, Integrated bathymetry, sst, sshssh,,

chlorophyll, surface currentschlorophyll, surface currents
Education and outreachEducation and outreach
Encourage collaborationEncourage collaboration

© Cayman Islands Department of Environment

© Michelle Hester/Oikonos
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Data ManagementData Management

© Warren Baverstock

Dubai Rehab and Release Project

There are a number of toolsThere are a number of tools
available for parsing and mappingavailable for parsing and mapping
Argos dataArgos data

STAT isSTAT is……
Platform independentPlatform independent
Open accessOpen access
Basic functions are autonomousBasic functions are autonomous
FREEFREE

I had no idea about GIS and PTT data before STAT and
now I can make fantastic maps and analysis. I was
actually making a scatter plot in excel before STAT.”

Alan Rees
Archelon,The Sea Turtle Preservation Society of Greece
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OverviewOverview
seaturtleseaturtle.org.orgARGOSARGOS
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Program: MTRG

The Satellite Telemetry and Analysis Tool has updated your data.

291 uplinks read from ARGOS for last 8 days.
20 new uplinks were added to the database.
9 modified uplinks were replaced in the database.

Total processing time: 11 secs

New Data Summary:
Tag    Total  3  2  1  0  A  B  Z  -
29034     3   0  0  0  0  2  0  0  1
29050     2   0  0  1  1  0  0  0  0
29051     1   0  1  0  0  0  0  0  0
29053     2   0  0  1  1  0  0  0  0
36638     2   0  0  0  0  0  1  0  1
42561    10   0  2  0  1  1  3  0  3

“Now I can go on vacation and
not worry about telnetting to
Argos every 7 days.”

Brendan Godley
Marine Turtle Research Group
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Upload DataUpload Data

Add archived dataAdd archived data

QA/QC database against ArgosQA/QC database against Argos
monthly data CDmonthly data CD
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Back-up and PreservationBack-up and Preservation

“reliable OFF-ISLAND back-up for data (e.g. the "national
hurricane plan" was for government documents to
be archived at the National Archives, which got twelve feet of
flooding during Ivan -- the rest of the “plan” was worse... )”

Janice Blumenthal
Cayman Island Dept of Environment

and Marine Turtle Research Group

Do you know where your data are?Do you know where your data are?
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Tag ManagementTag Management
Data SummaryData Summary

Tag configurationTag configuration

Data editingData editing

Summary tables andSummary tables and

graphsgraphs

ExportExport
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Tag ConfigurationTag Configuration

Background informationBackground information

Release informationRelease information

Select data filtersSelect data filters

Set map displaySet map display

preferences andpreferences and

environmental data layersenvironmental data layers
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Near Real-Time MappingNear Real-Time Mapping

Generic Mapping ToolGeneric Mapping Tool

(GMT)(GMT)

Open source mapping andOpen source mapping and

visualization package created byvisualization package created by

researchers at the University ofresearchers at the University of

Hawaii & NOAAHawaii & NOAA

Northern Cyprus Project
Marine Turtle Research Group
University of Exeter in Cornwall
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3-D Perspective Maps3-D Perspective Maps

Europa Island Green Turtle Project
Islameta Group, University of Pisa
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Animated MapsAnimated Maps

Loggerhead Turtles 2003: Bald Head Island Project
Marine Turtle Research Group
University of Exeter in Cornwall

Animated sequencesAnimated sequences
of daily movementof daily movement
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Data FilteringData Filtering
Filter data by exclusionFilter data by exclusion

SpeedSpeed

DistanceDistance

DepthDepth

TimeTime

Turn angle (azimuth)Turn angle (azimuth)

Include/excludeInclude/exclude

Save filter setsSave filter sets

Data editingData editing
DeleteDelete

AddAdd

SwapSwap

RevertRevert

ExportExport
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Export to Export to MaptoolMaptool

Free online GIS toolFree online GIS tool
available fromavailable from
SEATURTLE.ORGSEATURTLE.ORG

Web interface to GMTWeb interface to GMT

IncorporatesIncorporates
environmental dataenvironmental data
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SharingSharing

© Wendy Cluse/NC Wildlife Resources Commission
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Terms of UseTerms of Use

Click through screen onClick through screen on
public websitepublic website
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Education and OutreachEducation and Outreach
Tracking websiteTracking website

More than 2 million hitsMore than 2 million hits
since July 2003since July 2003
~5,000 hits a day~5,000 hits a day
Visitors from 144 countriesVisitors from 144 countries
More than 715 individualsMore than 715 individuals
registered to receive daily e-registered to receive daily e-
mail updatesmail updates

Helps to educate the publicHelps to educate the public
about individual projectsabout individual projects
and sea turtle issuesand sea turtle issues

Encourages collaborationEncourages collaboration



STATSTAT

http://www.http://www.seaturtleseaturtle.org/tracking/.org/tracking/

Popular MediaPopular Media
Generate tangible outputsGenerate tangible outputs

Satisfy the Satisfy the ““reptilesreptiles””!!
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Data Sharing for EducationData Sharing for Education
Grade-school teachers can requestGrade-school teachers can request

access to a simplified version ofaccess to a simplified version of

tracking data that individual programstracking data that individual programs

have agreed to share.have agreed to share.
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Adoption ProgramAdoption Program
Individual animals tracked on the public website areIndividual animals tracked on the public website are

eligible for adoptioneligible for adoption

Half of all proceeds are passed to the tracking projectsHalf of all proceeds are passed to the tracking projects

To Date -To Date -

600+ adoptions600+ adoptions

$27,000+ raised$27,000+ raised
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CollaborationCollaboration

STAT listservSTAT listserv

Colleagues can follow your workColleagues can follow your work
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Global BathymetryGlobal Bathymetry

GEBCOGEBCO
British Oceanographic Data CenterBritish Oceanographic Data Center

1 minute spatial resolution1 minute spatial resolution

Bathymetric values under eachBathymetric values under each

Argos location are extracted fromArgos location are extracted from

the GEBCO data set and insertedthe GEBCO data set and inserted

into the STAT databaseinto the STAT database

ETOPO2 also availableETOPO2 also available
NOAA/NGDCNOAA/NGDC

Green and Loggerhead Turtles: Cayman Islands 2003
Cayman Islands Department of Environment
& Marine Turtle Research Group
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Sea Surface TemperatureSea Surface Temperature
GOES SST (GOES SST (NOAA)NOAA)

From 30From 30°°W to 180W to 180°°WW

4545°°S to 60S to 60°°NN

6km spatial resolution6km spatial resolution

Daily temporal resolutionDaily temporal resolution

AVHRR (AVHRR (GODAE/US Navy)GODAE/US Navy)

GlobalGlobal

5km spatial resolution5km spatial resolution

Weekly and monthly temporal resolutionWeekly and monthly temporal resolution

AVHRR

GOES
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SST AnimationSST Animation

Loggerhead Turtles 2003: Bald Head Island Project
Marine Turtle Research Group
University of Exeter in Cornwall
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MODIS/MODIS/SEAWiFS SEAWiFS ChlorophyllChlorophyll

MODISMODIS

GlobalGlobal

2002 to present2002 to present

4km spatial resolution4km spatial resolution

Weekly and monthlyWeekly and monthly

SEAWiFSSEAWiFS

GlobalGlobal

1998 to present1998 to present

9km spatial resolution9km spatial resolution

Weekly and monthlyWeekly and monthly



STATSTAT

http://www.http://www.seaturtleseaturtle.org/tracking/.org/tracking/

Geostrophic Geostrophic Currents and SSHCurrents and SSH

AVISO merged data productAVISO merged data product

Currents,Currents, ssh  ssh andand ssha ssha

GlobalGlobal

1998 to present1998 to present

1/31/3°° spatial resolution spatial resolution

3.5 day temporal resolution3.5 day temporal resolution

“I could not have hoped to extract data for
SST, chla, slope, gradient and slope
gradient direction. I may have been able to
get bathymetry data, but I would have
struggled”

Bradley Page
La Trobe University
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Data SummaryData Summary
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GeopoliticsGeopolitics
Geopolitical unit sampled for each Argos locationGeopolitical unit sampled for each Argos location
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Current StatusCurrent Status

STAT is currently being used by 36 organizationsSTAT is currently being used by 36 organizations
around the world.around the world.

Academic, non-profit, governmental and commercialAcademic, non-profit, governmental and commercial

43 projects available online43 projects available online

522 tracks in the database522 tracks in the database
207 tracks available online207 tracks available online

Multiple Multiple taxa taxa representedrepresented
Sea turtles, dugongs, seals,Sea turtles, dugongs, seals,
sea birds, vultures, whalesea birds, vultures, whale
  sharks and more  sharks and more……

© Peter Richardson/MCS
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STAT Tag DistributionSTAT Tag Distribution
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STAT UtilizationSTAT Utilization
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The FutureThe Future
Currently seeking funding for future developmentCurrently seeking funding for future development

Continue quest for new data layers (especially terrestrial-based !)Continue quest for new data layers (especially terrestrial-based !)
Land reflectance, vegetation Land reflectance, vegetation indices, suggestions welcome!indices, suggestions welcome!

Derived data layersDerived data layers
Bathymetry gradient, frontal zonesBathymetry gradient, frontal zones

More analytical toolsMore analytical tools
Home range, Spatial Home range, Spatial stats, first passagestats, first passage

timetime

Interactive visualization and smart filteringInteractive visualization and smart filtering

Metadata support and data clearing houseMetadata support and data clearing house
                  OBIS, GODAEOBIS, GODAE

Bathymetry Gradient
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SummarySummary
OPEN TO ALL TAXAOPEN TO ALL TAXA

FREE !!!FREE !!!

Great resource for sharing information about your projectGreat resource for sharing information about your project
Fundraising  -  Outreach  -  EducationFundraising  -  Outreach  -  Education

Integrated data management, backup, filtering and exportIntegrated data management, backup, filtering and export

in standard formatsin standard formats

Value added data, analysis and summary functionsValue added data, analysis and summary functions
Speed  -  Distance  -  SST  -  Bathymetry  -  More!Speed  -  Distance  -  SST  -  Bathymetry  -  More!
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Thank You!Thank You!
ARCHELON, the Sea Turtle Protection Society of GreeceARCHELON, the Sea Turtle Protection Society of Greece

Banyan Tree Resorts Marine LabBanyan Tree Resorts Marine Lab

Biomarine Biomarine InternationalInternational

Blue Ocean InstituteBlue Ocean Institute

Charles Darwin UniversityCharles Darwin University

Conservation Biology, University of Berne, SwitzerlandConservation Biology, University of Berne, Switzerland

Dubai Turtle Rehabilitation / Release ProjectDubai Turtle Rehabilitation / Release Project

Duke University Marine LaboratoryDuke University Marine Laboratory

Florida Cooperative Fish & Wildlife Research UnitFlorida Cooperative Fish & Wildlife Research Unit

Georgia Department of Natural ResourcesGeorgia Department of Natural Resources

Islameta Islameta Group, Dept. of Group, Dept. of EthologyEthology, Ecology, Evolution - University of Pisa, Ecology, Evolution - University of Pisa

Karen Beasley Sea Turtle Rescue and Rehabilitation CenterKaren Beasley Sea Turtle Rescue and Rehabilitation Center

Kelly Kelly Tarltons Tarltons Underwater World Marine Turtle Rehabilitation ProjectUnderwater World Marine Turtle Rehabilitation Project

La La Trobe Trobe University Sea Mammal Ecology GroupUniversity Sea Mammal Ecology Group

Marine Research Foundation, Marine Research Foundation, SabahSabah, Malaysia, Malaysia

Marine Turtle Research Group, University of Exeter in CornwallMarine Turtle Research Group, University of Exeter in Cornwall

MCS-SeychellesMCS-Seychelles

Moss Landing Marine LabMoss Landing Marine Lab

Mote Marine LaboratoryMote Marine Laboratory

Murdoch UniversityMurdoch University

NC AquariumsNC Aquariums

New England AquariumNew England Aquarium

NMFS National Marine Mammal LabNMFS National Marine Mammal Lab

NMFS Office of Protected ResourcesNMFS Office of Protected Resources

NPS Padre Island National SeashoreNPS Padre Island National Seashore

OikonosOikonos

Projecto Projecto TamarTamar

Sea Turtle Conservation BonaireSea Turtle Conservation Bonaire

SCDNR Marine Turtle Conservation ProgramSCDNR Marine Turtle Conservation Program

South Carolina Marine Resources Research InstituteSouth Carolina Marine Resources Research Institute

TAMUG Sea Turtle and Fisheries Ecology Research LabTAMUG Sea Turtle and Fisheries Ecology Research Lab

Texas A&M University at GalvestonTexas A&M University at Galveston

University of British Columbia-Marine Mammal University of British Columbia-Marine Mammal Researh Researh UnitUnit

University of Puerto Rico Turtle Tracking ProgramUniversity of Puerto Rico Turtle Tracking Program

VIMS Sea Turtle Research ProgramVIMS Sea Turtle Research Program

WWF AustraliaWWF Australia


