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OverviewOverview

The inverted pyramid…The inverted pyramid…
(Quoting: Edward Vanden Berghe)

data sharing / integrationdata sharing / integration

data gatheringdata gathering

Best, Coyne & Halpin (Monday)
Emerging open source software, standards and Emerging open source software, standards and 
protocols used for protocols used for sharingsharing and analyzing marine and analyzing marine 
biogeographicbiogeographic datadata

Information SystemsInformation Systems

Halpin et al. (Tuesday)

OBISOBIS--SEAMAP:  Developing a SEAMAP:  Developing a biogeographicbiogeographic research research 
data commonsdata commons for the conservation of marine for the conservation of marine 
mammals, sea birds and sea turtlesmammals, sea birds and sea turtles

Geographic SystemsGeographic Systems



TopicsTopics

OBISOBIS--SEAMAP: overview / current statusSEAMAP: overview / current status
OBISOBIS--SEAMAP: architecture / processSEAMAP: architecture / process
Example Analyses: Example Analyses: 

Habitat modelingHabitat modeling
SpatioSpatio--temporal modelingtemporal modeling

Conserving Marine Animals in a Dynamic Ocean…



Internet data collectionInternet data collection

• Animal observations
• Oceanographic data
• Species profiles
• Analysis Tools

Currently ~300,000 Currently ~300,000 
observations and growingobservations and growing

SEAMAPSEAMAP
SSpatial patial EEcological cological AAnalysis of nalysis of MMegavertebrate  egavertebrate  AAnimal nimal PPopulationopulationss



OBIS OBIS –– SEAMAP Team

Geospatial Analysis
Halpin (CO-PI)
Best
Coyne

Marine Animals
Read (CO-PI)
Crowder (CO-PI)
Hyrenbach 
Freeman

SEAMAP Team



OBISOBIS--SEAMAP Project StrategySEAMAP Project Strategy

SubstantiateSubstantiate with with ResearchResearch
applied and fundamental research relating species distribution applied and fundamental research relating species distribution 
and abundance to ocean habitats, climate change, seasonal and abundance to ocean habitats, climate change, seasonal 
variability, and anthropogenic impactsvariability, and anthropogenic impacts

BuildBuild Online Online ArchiveArchive
searchable by: species, location, time, methodology, provider; searchable by: species, location, time, methodology, provider; 
results mapped, and crossresults mapped, and cross--referenced to species profiles and referenced to species profiles and 
dataset detailsdataset details

AttractAttract Data Providers with Data Providers with ToolsTools
mapping tools; analysis with other biological, physical and mapping tools; analysis with other biological, physical and 
anthropogenic data layers; FGDC / ISO metadata creation; anthropogenic data layers; FGDC / ISO metadata creation; 
download / upload facilitydownload / upload facility



OBISOBIS--SEAMAPSEAMAP
OOcean cean BBiogeographic iogeographic IInformation nformation SSysteystemm
SSpatial patial EEcological cological AAnalysis of nalysis of MMegavertebrate egavertebrate PPopulationopulationss

marine mammals, seabirds, sea turtlesmarine mammals, seabirds, sea turtles

SearchSearch
Query taxonomic, spatial Query taxonomic, spatial 
and temporal dataand temporal data

ExploreExplore
Browse datasets and Browse datasets and 
species profilesspecies profiles

MapMap
Interactively map biological and Interactively map biological and 
environmental dataenvironmental data



Online ArchiveOnline Archive

Design Principle: Central database – multiple views

Central 
Database(s)

GIS Files View

Internet Map 
Server View

Database View

DODS Client View

Taxonomic Search View



100 datasets, spanning 1947 100 datasets, spanning 1947 –– 2004,                 2004,                 
(297,105 records) (297,105 records) 

Current StatusCurrent Status



Current StatusCurrent Status
369 369 Species ProfilesSpecies Profiles



Current StatusCurrent Status

369 369 Species ProfilesSpecies Profiles
Natural history informationNatural history information
Taxonomic classificationTaxonomic classification
Bibliography / Web LinksBibliography / Web Links
Links to “prey” profilesLinks to “prey” profiles



Work in progress …Work in progress …

Approximately ~50 additional datasets in progressApproximately ~50 additional datasets in progress
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Data provider toolsData provider tools

Go from Go from rawraw data data 
to to mappedmapped datadata
with with taxonomiestaxonomies
and and metadatametadata

Using the Using the 
MyDataMyData
interfaceinterface



Data Provider ProfilesData Provider Profiles

Personalized 
provider profiles:

acknowledge  
contributions
facilitate 
dataset    
management
promote 
cooperation



Mapping functionality:Mapping functionality:



Mapping functionality: Mapping functionality: 
Show speciesShow species



Mapping functionality: Mapping functionality: 
Select by speciesSelect by species



Mapping functionality: Mapping functionality: 
Select by SurveySelect by Survey



Mapping functionality: Mapping functionality: 
Exclude by survey typeExclude by survey type



Mapping functionality: Mapping functionality: 
Select by dateSelect by date



OBISOBIS--SEAMAP Project StrategySEAMAP Project Strategy

SubstantiateSubstantiate with with ResearchResearch
applied and fundamental research relating species distribution applied and fundamental research relating species distribution 
and abundance to ocean habitats, climate change, seasonal and abundance to ocean habitats, climate change, seasonal 
variability, and anthropogenic impactsvariability, and anthropogenic impacts

BuildBuild Online Online ArchiveArchive
searchable by: species, location, time, methodology, provider; searchable by: species, location, time, methodology, provider; 
results mapped, and crossresults mapped, and cross--referenced to species profiles and referenced to species profiles and 
dataset detailsdataset details

AttractAttract Data Providers with Data Providers with ToolsTools
mapping tools; analysis with other biological, physical and mapping tools; analysis with other biological, physical and 
anthropogenic data layers; FGDC / ISO metadata creation; anthropogenic data layers; FGDC / ISO metadata creation; 
download / upload facilitydownload / upload facility



Work in progress …Work in progress …

Approximately ~50 additional datasets in progressApproximately ~50 additional datasets in progress
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OBISOBIS--SEAMAP SEAMAP 
Marine habitat modelingMarine habitat modeling

General Marine Mammal Habitat Modeling ApproachGeneral Marine Mammal Habitat Modeling Approach

Statistical Applications
Data Space

Geographic Space

Model Habitat

Geographic Space

Sample Data
Redefine Model



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

Two NEFSC Data setsTwo NEFSC Data sets



Sperm Whale:Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

Two SEFSC Data setsTwo SEFSC Data sets



Environmental VariablesEnvironmental Variables

Regional / Seasonal: Classification / Regression Models
e.g., Depth, Slope, Sea Surface Temperature, Sea Surface Height,

Distance to Shore, Chlorophyll, Temperature Gradients

Multiple environmental variables associated across time series

Time-series 
Environmental Variable(s)

Observation Dataset (Cruise) Environmental Variable(s)

47 AVHRR-SST images 
7/9/98 -8/17/98

temporally composited observations

AVHRR-SST 1 Daily observation



Environmental VariablesEnvironmental Variables

Regional / Seasonal: Classification / Regression Models

Multiple environmental variables associated with each observation point

Sample points
vs. random points

Marine animal 
Observations

Cruise transects
(sampling effort)



Analysis Analysis –– Data Extraction ToolsData Extraction Tools

Models to automatically extract environmental data Models to automatically extract environmental data 
layers for layers for spatiospatio--temporal analysistemporal analysis

Model: GetModel: Get--SSTSST



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

Image credit: Garth Mix, GMIX Designs 

PhyseterPhyseter macrocephalusmacrocephalus

SampleSample points
vs. random points



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

Image credit: Garth Mix, GMIX Designs 

PhyseterPhyseter macrocephalusmacrocephalus

Sample points
vs. randomrandom points



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

Environmental data: SST, fronts & distance to fronts 



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

~11% Prob. Threshold

Using a >11% probability 
threshold:

Model output calculated for: oceanographic 
conditions, August 5-12 1998 

Optimizes 
“errors of omission” vs. 
“errors of commission”

Image credit: Garth Mix, GMIX Designs

PhyseterPhyseter macrocephalusmacrocephalus



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus



Logistic RegressionLogistic Regression

Describes how a binary (0 or 1) response variable is associated Describes how a binary (0 or 1) response variable is associated with a with a 
set of explanatory variablesset of explanatory variables

physeter.logit < glm (OCC ~SST + SSTDIS2FR + CHL + CHLDIS2FR + DEPTH + DIST2SHELF + DIST2SHORE, 

Presence Presence ..vsvs Absence ModelAbsence Model
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http://seamap.env.duke.edu/seamap/species/images/sperm-whale-101.jpg


Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

0 - 100% probability range
No threshold set for habitat 

.vs non-habitat

Model output calculated for: oceanographic 
conditions, August 5-12 1998 

What probability What probability 
threshold should be threshold should be 

used? used? 

Image credit: Garth Mix, GMIX Designs 

PhyseterPhyseter macrocephalusmacrocephalus



Model evaluation:Model evaluation:

ROC: Receiver Operator CurvesROC: Receiver Operator Curves

The 45° line represents the sensitivity and 
false positive values expected to be achieved 
by chance alone for each decision threshold.

True Positive Fraction

False Positive Fraction

Sensitivity = a/a+b (true positive)
SpecificitySpecificity = d/b+d (true negative)

• Select the optimal threshold (not just not just 
guess at >0.5 probabilityguess at >0.5 probability)
• Maximum sensitivity and specificity

everything is 
non-habitat

everything 
is habitat

optimal 
model 
choice



Sperm Whale: Sperm Whale: PhyseterPhyseter macrocephalusmacrocephalus

~50% Prob. Threshold

Using a >50% probability threshold:

Model output calculated for: oceanographic 
conditions, August 5-12 1998 

Too conservative 
many “errors of omission”

Image credit: Garth Mix, GMIX Designs

PhyseterPhyseter macrocephalusmacrocephalus



SpatioSpatio -- Temporal Modeling ApproachesTemporal Modeling Approaches

Marine animal habitat modelingMarine animal habitat modeling

““Precision Management”Precision Management”

The emerging management applications are at these finer temporalThe emerging management applications are at these finer temporal scales…scales…



SpatioSpatio -- temporal habitat modelingtemporal habitat modeling

At large spatial scales:

At finer spatial scales:

Temporal lagsTemporal lags

Primary
productivity

Marine animal
distribution 

Oceanography      
(winds,currents)

Marine mammal
distribution

Bathymetric and water 
temperature gradients

Prey
availability



Marine animal habitat modelingMarine animal habitat modeling

Spatio-Temporal Models
Marine mammal

distribution 

20022002--1212

20032003--0101

20032003--0202

20032003--0303

20032003--0404

20032003--0505

Space

SST in Mid-Atlantic

Time
“Persistent”
SST Event

Statistical modeling approach will Statistical modeling approach will 
allow for  allow for  “antecedent”“antecedent”
oceanographic  conditions to be oceanographic  conditions to be 
used to more accurately predict used to more accurately predict 
potential habitat.potential habitat.



Animal Tracking Animal Tracking (telemetry location series)(telemetry location series)

Turtles: Cayman Islands

Dive Profiles:
~4D Data (X,Y,Z,T m…m)

Z X

Y

T

m m
m



OBISOBIS--SEAMAP SEAMAP 
Dynamic marine habitat modelingDynamic marine habitat modeling

Data source: McClellan, C. & A. Read. 2004. N. Atlantic Sea Turtle Tracking, 
Duke University Marine Lab, Beaufort, NC, USA



OBISOBIS--SEAMAP Project StrategySEAMAP Project Strategy

SubstantiateSubstantiate with with ResearchResearch
applied and fundamental research relating species distribution applied and fundamental research relating species distribution 
and abundance to ocean habitats, climate change, seasonal and abundance to ocean habitats, climate change, seasonal 
variability, and anthropogenic impactsvariability, and anthropogenic impacts

BuildBuild Online Online ArchiveArchive
searchable by: species, location, time, methodology, provider; searchable by: species, location, time, methodology, provider; 
results mapped, and crossresults mapped, and cross--referenced to species profiles and referenced to species profiles and 
dataset detailsdataset details

AttractAttract Data Providers with Data Providers with ToolsTools
mapping tools; analysis with other biological, physical and mapping tools; analysis with other biological, physical and 
anthropogenic data layers; FGDC / ISO metadata creation; anthropogenic data layers; FGDC / ISO metadata creation; 
download / upload facilitydownload / upload facility



OBIS•SEAMAP
mapping marine megavertebrates

http://seamap.env.duke.edu

Questions / Comments?Questions / Comments?
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