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Societal need: Technical need:

We need to minimize Environmental planners and
risk to protected marine regulators need accurate
species from potentially information on the expected
harmful interactions. density of cetacean species

: across space and time.

Integrating Ocean Observing Data to Enhance
Protected Species Spatial Decision Support Systems
NASA Grant / Cooperative Agreement NNXO8AK73G

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,
guantitative predictions of
cetacean density.
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Modeling process in a nutshell

(1) Conduct cetacean surveys

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

automated processing scripts

. 7| (3)Predict cetacean density
*\/[ (animals/km?) from

oceanographic conditions
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NOAA, UNCW, T
and other partners ? ==|ERciad
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(Atlantic and Gulf of Mexico)

(4) Publish density predictions
NOAA SWFSC Topicof this  for use in marine spatial
(Pacific) presentation planning processes




Data flow for 2013 models
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Atlantic Surveys
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Gulf of Mexico Surveys
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Modeling Workflow

extract sightings
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Dynamic oceanographic predictors

Variable Type Description
S8T Dynamic  Sea surface temperature (deg C).
Chlorophyll Dynamic Chlorophyll-a concentration (mg m™). Although cetaceans do not consume

chlorophyll directly, many cetacean prey species do, so it can be a proxy for the
presence of those species.

VGPM Dynamic Primary productivity (mg C m™ day!). This is an alternative covariate to
chlorophyll for biological activity that accounts for the effects of insolation, water
temperature, and the depth of the mixed laver on phytoplankton productivity.

TKE Dynamic Total kinetic energy of ocean currents (em? s7°). This covariate varies according
to water velocity and allowed the models to consider ocean currents such as the
Gulf Stream.

EKE Dyvnamic Eddy kinetic energy of ocean currents (em? s2). This covariate takes high values

inside eddy rings, which have been found to be important pelagic habitat.

DistToSSTFront Dynamic Distance (m) to closest 1 deg C 55T front.

WindSpeed Dynamic Wind speed (m s1) at 10 m over the ocean surface. We used this covariate mainly
as a proxy for the roughness of the sea surface, which Good (2006) found to be
correlated with north Atlantic right whale calving habitat.

WindStressCurl Dynamic Wind stress curl (N m™ per 10* km). This covariate is correlated with
wind-driven upwelling and downwelling; areas of upwelling and downwelling may
represent important habitat.

Table 1: Oceanographic covariates used in spatial models of group size and encounter rate.



Fin Whales - Summer
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Humpback Whales - Summer
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Minke Whales - Summer
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N. Atlantic Right Whales - Summer
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NOAA Right Whale Sightings
January, All Years

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

N. Atlantic Right Whales - Winter
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N. Atlantic Right Whales - Winter

80°W
[ (NN TN TR T N |

75°W 70°W 65°W
T TN N N T NN R T I B |

60°W
L1

45°N-

Calving and
Migration Area
Abundance=181

Off Shelf
Abundance=0

Lida

km
0 (25050 500

Overwintering

Feeding
Grounds
Abundance=1

2751

5454

sable Island
~* gank

B 1993

[ 0.444
B 0372

B 0.155
B 0.106
B o074

Animals / 100 km?

B 2360 -
-2.369
1722
I 1475 -
[ 1181 -
[Joos3s-
[Jos40-
([Jo71s-
|[Joso4
[Jos508-

-0.508
-0.444

B 0270 -
I 0.200 -

-0.200
-0.155
-0.106

I 0.038-
B oo10-

44.631

1.993
1.722
1.475
1.181
0.938
0.840

-0.718

0.604

0.372
0.270

0.074
0.038
0.010

. W

T %

I 0.000 -

®

70°W  69°W  68°W  67°W

\\Q

261

66°W

65°W

DistToSSTFront had highest
F score in overwintering area

Approximate significance of

smooth terms:

edf Ref.df F p-value
s(lat) 2.3981 3 5.372 0.000189 ***
s(I(DistToShore/1000)) 0.9386 3 2.310 0.004668 **
s(I(DistToGOM1256m/1000)) 2.0041 3 13.659 1.55e-10 ***
s(8ST) 2.8445 3 12.014 1.85e-08 ***
s(logl0(TKE)) 2.1958 3 19.069 9.59e-16 ***
s(logl0(EKE)) 2.6719 3 21.848 < 2e-16 kkk
| s(I(DistToSSTFront/1000)) 2.9707 3 B5.176 < 2e-16 ***
s(log J) 2.0zl S 21.894 < Ze-16 **x*
s(WindSpeed) 2.8117 3 16.315 1.23e-11 ***
s(WindStressCurl) 2.8737 3 15.016 1.12e-10 ***
Signif. codes: O '#**' 0.001 '#*' 0.01 '%' 0.05 '.'" 0.1 ' '

N\

1

2 3 4

S

5
z
1

0
7

Vo

43°N

42°N

41°N 0 50

1

-4

00 150

|(DistToSSTFront/1000)

200




Follow on project
from U.S. Navy:
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Fin Whales - Spring
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Fin Whales - Spring
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Fin Whales - Spring: CETAP Comparison
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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



Acknowledgements

 Thanks to the observers, crews, and everyone

responsible for conducting the surveys —

* Thanks for sharing surveys, providing advice, and
reviewing results: Debi Palka, Lance Garrison, Bill
McLellan, Tim Cole, Christin Khan, Peter Corkeron,
Karin Forney, Elizabeth Becker, Megan Ferguson,
Richard Pace, Jolie Harrison, Sofie Van Parijs, Erin
LaBrecque, Anu Kumar, Andrew DiMatteo

e Thanks to our funders:




Thanks for attending!

Contact us: jason.roberts@duke.edu
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