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Societal need:
We need to minimize 
risk to protected marine 
species from potentially 
harmful interactions.

Technical need:
Environmental planners and 
regulators need accurate 
information on the expected 
density of cetacean species 
across space and time.

NASA project response:
The Duke Marine Geospatial 
Ecology Lab (MGEL) and the 
NOAA Southwest Fisheries 
Science Center (SWFSC) 
teamed up to develop a 
Spatial Decision Support 
System (SDSS) that provides 
spatiotemporally-explicit, 
quantitative predictions of 
cetacean density.

Integrating Ocean Observing Data to Enhance 
Protected Species Spatial Decision Support Systems

NASA Grant / Cooperative Agreement NNX08AK73G 



Modeling process in a nutshell
(1) Conduct cetacean surveys

(2) Aggregate survey tracklines and
cetacean sightings and link them
to oceanographic observations

(3) Predict cetacean density
(animals/km2) from
oceanographic conditions

(4) Publish density predictions
for use in marine spatial
planning processes

NOAA, UNCW,
and other partners

Duke MGEL
(Atlantic and Gulf of Mexico)

NOAA SWFSC
(Pacific)

Topic of this
presentation



Data flow for 2013 models

NOAA NMFS NEFSC
• Atlantic surveys 1991-2008
• NARWSS flights 1999-2012

NOAA NMFS SEFSC
• Atlantic surveys 1992-2005
• GoMex surveys 1992-2009

UNC Wilmington
• Navy surveys 1998-2012
• RIWH surveys 2005-2008

Marine Mammal Surveys Analysis at Duke

Private 
Database

Model Users

Density
Models

NOAA provides Duke with 
some data they are not yet 
ready to put into OBIS-
SEAMAP for public use

MARINECADASTRE.GOV

Survey Data Providers

Many others have 
expressed interest



NOAA NARWSS:
13 years, 4 seasons

UNCW Surveys of 
Navy Training Areas:
5 years, 4 seasons

UNCW Right 
Whale Surveys

CetMap Study Area

Atlantic Surveys
Summer (Red), Fall (Yellow),
Winter (Blue), Spring (Green)

328,000 km 
NOAA NARWSS:
13 years, 4 seasons

UNCW Surveys of 
Navy Training Areas:
5 years, 4 seasons

UNCW Right 
Whale Surveys

667,000 km 

CetMap Study Area



CetMap Study Area

Gulf of Mexico Surveys

183,000 km

NOAA surveys from 1992-2009
66% during 1992-1998

Summer (Red), Fall (Yellow),
Winter (Blue), Spring (Green)



Segment tracklines;
extract sightings

Split into
seasons

Fit detection functions 
and predict ESW

Group similar
surveys for fitting
detection functions

Sample oceanographic
predictors for segments

Fit GAMs for encounter 
rate and group size

Predict encounter rate 
and group size from 
oceanographic images

Create density map

Modeling Workflow



Dynamic oceanographic predictors



Fin Whales - Summer Humpback Whales - Summer

Our abundance estimate:   1358
NOAA 2012 SAR estimate:  1595 (CV 0.33)

NOAA estimate from Jun-Aug 2011 line-trans. 
survey of N. Carolina to lower Bay of Fundy

Our abundance estimate:   862
NOAA 2012 SAR estimate:  823

NOAA estimate taken from Jun-Oct 2008 
photo ID study (Robbins et al.)



Our abundance estimate:   419
NOAA 2012 SAR estimate:  444

NOAA estimate taken from 2009 
photo ID census of individual whales

Our abundance estimate:   1224
NOAA 2012 SAR estimate:  2591 (CV 0.81)

NOAA estimate from Jun-Aug 2011 line-trans. 
survey of N. Carolina to lower Bay of Fundy

Minke Whales - Summer N. Atlantic Right Whales - Summer



http://www.nefsc.noaa.gov/psb/surveys/

NOAA Right Whale Sightings
January, All Years

Calving

Migration

Overwintering

Calving

Migration

Overwintering

N. Atlantic Right Whales - Winter

Did not 
model



Overwintering

N. Atlantic Right Whales - Winter DistToSSTFront had highest
F score in overwintering area



Follow on project
from U.S. Navy:

Can we extrapolate to
the AFTT training area?

U.S. Navy AFTT Range

NOAA & UNCW
surveys

Canadian
surveys

NOAA Caribbean surveys

Iceland &
Greenland
surveys

?

?

?
?

?

?

?

?

?
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Fin Whales - Spring

Effort and Sightings Modeled Density

No Effort! Extrapolation



Fin Whales - Spring

CETAP Sightings 1978-1982 Modeled Density

Photo: Aqqa Rosing-Asvid



Fin Whales - Spring: CETAP Comparison



Summary

• Abundance estimates from the summer-season models 
were consistent with NOAA’s stratum-based estimates

• Models based on oceanographic predictors yielded 
density surfaces that visually matched sighting patterns

– Formal validation and confidence estimation still needed

• Dynamic oceanographic predictors show promise

– We are refitting the models with contemporaneous predictors 
to test their performance vs. climatological predictors

• Oceanographic predictors may allow extrapolation of 
density to poorly surveyed regions

– Focus of follow-on project
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Thanks for attending!

Contact us: jason.roberts@duke.edu
phalpin@duke.edu

Visit our
websites:

http://mgel.env.duke.edu
http://seamap.env.duke.edu
http://mgel.env.duke.edu/mget
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