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Right whale model history since v9

AModel v9 was a complete overhaul of v8 that incorporated many new
survey datasets, spatial covariates, and methodological improvements
extended predictions through 2018

Av10 and v11 were minor updates containing surgical changes to areas
New England made in response to feedback from NOAA and Mass DN\
extended predictions to May 2019

Av11.1 implemented a new uncertainty method but did not change dens

Av12 added substantial new data, refitted all smodels, and extended
predictions through September 2020 but is not a complete overhaul of
methods, covariates, and structure like v9



Goals for v12

1. Incorporate new surveys and extend the model into 2020
AExpected that Nantucket Shoals would now show some densityrgead

2. Improve predictions between Cape Hatteras and Nantucket Shoals
AFurther investigate whether densities should be so high across the\ttadtic shelf
AAdd covariates or adjust model to better differentiate midrom Nantucket hotspo

3. Investigate and reduce extreme predictions in Canada indam

4. Hx model formulations to allow uncertainty to be characterized by
simulating alternative density surfaces
AOur 2021 report to the Navy documenting version 11.1 discussed this problem

ANOAA wants to eventually use this to propagate uncertainty into their models o
of entanglement (in their Decision Support Tool) and ship strikes



Extending the model

AExtended the model forward with new data
Av11: June 2003May 2019
Av12: October 2003 September 2020

Alncreased aerial effort by 6.0% and shipboard by 4.3%

ANew sightings occurred mainly in two places:
A Southern New England hotspot
A Calving grounds



Collaborating survey programn

Type Acronym Meaning
Organization | FWRI Fish and Wildlife Research Institute (FWRI) of the Florida Fish and
Wildlife Conservation Commission (FWC)
HDR HDR, Incorporated
MCR Marine Conservation Research (operator of R/V Song of the Whale)
NEAq New England Aquarium
NEFSC NOAA Northeast Fisheries Science Center
NJIDEP New Jersey Department of Environmental Protection
NOAA National Oceanic and Atmospheric Administration
NYS-DEC New York State Department of Environmental Conservation
SEFSC NOAA Southeast Fisheries Science Center
UNCW University of North Carolina Wilmington
VAMSC Virginia Aquarium & Marine Science Center
WLT/SSA/CMARI | Wildlife Trust / Sea to Shore Alliance / Clearwater Marine Aquarium
Research Institute
& T A
5

———
UNCW.

Q <

AQUARIUM YronaSeasaizone

x;f»éé, e
®  MARINE
RESEA &

VIRGINIA

PRE

5? CLEAN ENERGY GEORGIA

- New England =< center DEPARTIENT O NATURAL RESOURCES I ) 2
- - g WILDLIFE RESOURCES DIVISION
== Aquarium
CLEARWATER NEWYORK | Department of Tt
MARINE AQUARIUM il '
Buseau 0 Ocean Exenoy Masacenese OPPORTUNITY. envir
L Conservation

TETRA TECH




Collaborating survey programn

Type Acronym Meaning
Organization | FWRI Fish and Wildlife Research Institute (FWRI) of the Florida Fish and
Wildlife Conservation Commission (FWC)
HDR HDR, Incorporated
MCR Marine Conservation Research (operator of R/'V Song of the Whale)
NEAq New England Aquarium
NEFSC NOAA Northeast Fisheries Science Center
NIDEP New Jersey Department of Environmental Protection
NOAA National Oceanic and Atmospheric Administration
NYS-DEC New York State Department of Environmental Conservation
SEFSC NOAA Southeast Fisheries Science Center
UNCW University of North Carolina Wilmington
VAMSC Virginia Aquarium & Marine Science Center
WLT/SSA/CMARI | Wildlife Trust / Sea to Shore Alliance / Clearwater Marine Aquarium
Research Institute
Survey AMAPPS Atlantic Marine Assessment Program for Protected Species
Program CNM Northeast Canyons and Seamounts Marine National Monument Surveys
MAPS Marine Mammal Acoustic and Spatial Ecology Research Program
MATS Mid-Atlantic Tursiops Survey
MD DNR Maryland Department of Natural Resources Surveys
MMS-WEA Marine Mammal Surveys of the Wind Energy Areas
NARW EWS North Atlantic Right Whale Early Warning System
NARWSS North Atlantic Right Whale Sighting Surveys
NIJEBS New Jersey Ecological Baseline Study
NLPSC Northeast Large Pelagic Survey Collaborative
NYBWM New York Bight Whale Monitoring Surveys
SECAS Southeast Cetacean Aerial Surveys
VA CZM Virginia Coastal Zone Management Surveys
VACAPES U.S. Navy Virginia CAPES Operations Area
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7 North Atlantic right whale
4 Segments and sightings

2003-2020

Era Sightings Sightings Individuals
- Retained Truncated Retained
2003-2020 4393 140 13428
=1 |2003-2009 2512 74 7356
2010-2020 1881 66 6072

| oz alal e X 1 S Y %

70°W  69°W  68°W

71°W

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARW EWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-Spr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ | NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% INCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIJEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248
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North Atlantic right whale

Segments an
' 2003-2020

d sightings

Era Sightings Sightings Individuals
Retained Truncated Retained
2003-2020 4393 140 13428
2003-2009 2512 74 7356
2010-2020 1881 66 6072

79°W

78°W

77°W

36°N

35°N

34°N

33°N

32°N

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARW EWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-Spr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ | NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIJEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248
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North Atlantic right whale

Segments an
' 2003-2020

d sightings

Era

Sightings
Retained

Sightings
Truncated

Individuals
Retained

2003-2020

4393

140

13428

2003-2009

2512

74

7356

2010-2020

1881

66

6072

|
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72°W

71°W

70°W

69°W

68°W

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARW EWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-Spr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ | NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIJEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248
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North Atlantic right whale
Segments and snghtmgs
1 2003-2020 |

Era

Sightings
Retained

Sightings
Truncated

Individuals
Retained

2003-2020

4393

140

13428

2003-2009

2512

74

7356

2010-2020

1881

66

6072

72°W

71°W

70°W

69°W

68°W

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARWEWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-5pr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248




80°W 75°W 70°W 65°W 60°W 55°W Survey Effort
[ RN T R N N NN N SN SR NN BN B [ R N R B 11
F. ; { ) ; Years Length (1000 km) Duration (h)
1 North Atlantic right whale Platform | Organization | Program Invill Added for v12 vIL1 | Added viL1 | Added
- Segments--and sightings Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
45°N- 2003'2020 g 2 A HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
" Era Sightings Sight;ngs Individuals | NEAq NARW EWS 2003/04-2009/10 236 1259
- Retained Truncated Retained
2003-2020 4393 140 13428 NLPSC 2011-2015 43 227
=1 | 2003-2009 2512 74 7356 MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
B 1881 ad s072 Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
7 AMAPPS 2010-Spr2019 | Fall 2019 83 8 426 42
40°N- NARWSS 2003-May 2010 | Jun 2019-2020 471 35 2462 178
4 NIDEP NJEBS 2008-2000 11 56
NYS-DEC | NYBWM 2017-2018 2019 58 28 292 148
7 SEFSC MATS 2004-2005 14 71
- AMAPPS 2010-Spr2019 | Winter 2019 111 6 574 32
- UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
35°N- .
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
= Navy Monitoring: Onslow Bay 2007-2011 49 240
i Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
7 MD DNR 2013-2015 16 83
- Navy Monitoring: VACAPES 2016-2017 20 94
30°N- WLT/SSA/ | NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
i 6.0% increase Aerial Total 2737 164 | 14204 858
- Shipboard | MCR MAPS 2019 3 248
_ NEFSC Pre-AMAPPS 20042007 6 335
AMAPPS 2011-2016 17 922
T NIDEP NJEBS 2008-2009 14 728
25°N - SEFSC Pre-AMAPPS 2004,2006 15 873
i AMAPPS 2011-2016 17 995
75°W 74°W 73°W 72°W 71°W 70°W 4.3% increase shipboard Total 69 3 3853 248
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1 2003-2020

North Atlantic right whale
Segments and sightings

Era Sightings Sightings Individuals |
Retained Truncated Retained
2003-2020 4393 140 13428
2003-2009 2512 74 7356
2010-2020 1881 66 6072

77°W

76°W

75°W

74°W

73°W

38°N

37°N

36°N

35°N

34°N

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARWEWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-5pr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248
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North Atlantic right whale

Segments and sightings
1 2003-2020 ~3]

| Era Sightings Sightings Individuals
Retained Truncated Retained
‘ 2003-2020 4393 140 13428
2003-2009 2512 74 7356
2010-2020 1881 66 6072

36°N

34°N

77°W 76°W 75°W 74°W

73°W

Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 | 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARWEWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-5pr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 | 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248
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North Atlantic right whale
Segments and sightings
2003-2020

Era Sightings Sightings Individuals
Retained Truncated Retained
2003-2020 4393 140 13428
2003-2009 2512 74 7356
2010-2020 1881 66 6072

81°W
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33°N

80°W

32°N

31°N
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Survey Effort
Years Length (1000 km) Duration (h)
Platform | Organization | Program Invild Added for v12 vil1l | Added vill | Added
Aerial FWRI NARW EWS 2003/04-2018/19 J§ 2019/20 644 36 3388 189
HDR Navy Monitoring: Norfolk Canyon | 2018 2019 6 6 30 31
NEAq NARW EWS 2003/04-2009/10 236 1259
NLPSC 2011-2015 43 227
MMS-WEA 2017-2018 2019-Oct 2020 19 19 101 101
Canyon National Monument 2017-2020 2 10
NEFSC Pre-AMAPPS 2004-2008 35 170
AMAPPS 2010-Spr 2019 Fall 2019 83 8 426 42
NARWSS 2003-May 2019 Jun 2019-2020 471 35 2462 178
NIDEP NIJEBS 2008-2009 11 56
NYS-DEC NYBWM 2017-2018 2019 58 28 292 148
SEFSC MATS 2004-2005 14 71
AMAPPS 2010-Spr 2019 Winter 2019 111 6 574 32
UNCW Navy Monitoring: Cape Hatteras 2011-2017 38 185
Navy Monitoring: Jacksonville 2009-2017 93 444
Navy Monitoring: Norfolk Canyon | 2015-2017 14 74
Navy Monitoring: Onslow Bay 2007-2011 49 240
Right Whale Surveys 2005-2008 115 575
VAMSC VA CZM (WEAs) 2012-2015 21 102
MD DNR 2013-2015 16 83
Navy Monitoring: VACAPES 2016-2017 20 94
WLT/SSA/ | NARW EWS (Skymaster) 2004/05-2012/13 280 1473
CMARI NARW EWS (Twin Otter) 2003/04-2018/19 § 2019/20 360 24 1878 127
6.0% iNCrease AerialTotal | 2737 | 164 | 14204 | 858
Shipboard | MCR MAPS 2019 3 248
NEFSC Pre-AMAPPS 2004.2007 6 335
AMAPPS 2011-2016 17 922
NIDEP NIJEBS 2008-2009 14 728
SEFSC Pre-AMAPPS 2004.2006 15 873
AMAPPS 2011-2016 17 995
4.3% increase shipboard Total 69 3 3853 248




New spatial models



South of Hatteras Island



80°W 75°W 70°W 65°W 60°W 55°W

| erw s South of Hatteras Islanc
South of Hatteras Island
Jissastion AAs in v9, split into two seasons:
| Zeeggp'h siantaas AWinter: OctMay
6805 individuals :m:—mgm : .:_330N Asummer: JU{Sep
e SN A No sightings; assumed species absent
=10 1 AExtended model through 2019/20
B . calving season
S = : AWinter model runs Oct 2003Vlay 2020
[ = ™ AAdded 105 groups; 255 individuals
53 = - AFitted Winter model using similar
= ow procedure to vovll
\ % AWinsorizedextreme values of
' S “ . covariates to prevent aberrant result
; @aﬁ.“?‘w b - during uncertainty simulation
= e Phaanan AAlso removed,ysmoother



Model selection was straightforward; we selected the-sgqoring model.

Model Candidate Distribution | AIC | AAIC | REML |% Dev. Expl. Covariates Retained Covariates Dropped

Contemp | tw+555 HYCOM_6 | Tweedie 33998.4 0.017032.1 16.0 | Chl, DistToFront207, DistToShore, 555 HYCOM, 55T _CMC, WindSpeed, Year

Contemp | tw+555 HYCOM 4 | Tweedie 34007.6 9.1|17036.3 16.0 | Chl, DistToFront105, DistToShore, 555 HYCOM, 55T _CMC, WindSpeed, Year

Contemp | tw+555 HYCOM 7 | Tweedie 34028.2 | 29.7|17051.4 15.9 | DistToFront207, DistToShore, PP_VGPM, 555 HYCOM, SST_CMC, WindSpeed, Year

Contemp | tw+555 _HYCOM_5 | Tweedie 34032.6 | 34.2|17053.4 15.9 | DistToFront105, DistToShore, PP_VGPM, 555_HYCOM, SST_CMC, WindSpeed, Year

Contemp | tw+BotT_HYCOM_2 | Tweedie 34085.2 | B86.8 | 17075.5 15.7 | Chl, DistToFront207, DistToShore, 55T _CMC, WindSpeed, Year BotT_HYCOM
Contemp | tw+BotT_HYCOM_0 | Tweedie 34102.5 | 104.0 | 17083.8 15.6 | Chl, DistToFront105, DistToShore, 55T _CMC, WindSpeed, Year BotT_HYCOM
Contemp | tw+BotT_HYCOM_3 | Tweedie 34132.0 | 133.5 | 17102.4 15.5 | DistToFront207, DistToShore, PP_VGPM, SST_CMC, WindSpeed, Year BotT_HYCOM
Contemp | tw+BotT_HYCOM_1 | Tweedie 34145.3 | 146.8 | 17108.5 15.5 | DistToFront105, DistToShore, PP_VGPM, S5T_CMC, WindSpeed, Year BotT_HYCOM
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North Atlantic right whale
2003-2019, Winter (Oct-May)
South of Hatteras Island

1754241 km

370942 segments

2494 with sightings

2564 groups \
6805 individuals

S KM
0 25 50

81°W

100

33°N

Family: Tweedie(p=1.045)
Link function: log

Formula:
IndividualsCorrected ~ offset(log( ~ SegmentArea)) + Year +s(  pmax2.5, pmin(l( DistToShore /1000), 125)), bs ="ts")+
s(pmax4, pmin(WindSpeed 9.5)), bs ="ts")+s( pmin(SST_CMC, 27), bs ="ts")+s( pmax32, SSS_HYCOM), bs ="ts") +

s( pmin(I(DistToFront207/1000), 75), bs =" ts") +s(logl0( pmax0.1, pmin(Chl, 10))), bs =" ts")
Parametric coefficients:
Estimate Std. Error tvalue Pr(>|t])
(Intercept) -22.13125 0.20168 -109.737 <2e -16** QQ plot of rar quantile resi ; quantile vs. LP
Year2004/05 0.82431 0.11866 6.947 3.74e =12 %
Year2005/06 0.42914 0.13000 3.301 0.000964 *** 8 P2 §
Year2006/07 0.75493 0.11772 6.4131.43e -10 3
Year2007/08 1.46929 0.11245 13.066 < 2e -16 *** ] K}
Year2008/09 0.73176 0.11165 6.554 5.60e =11 fg’ 3 E 3
Year2009/10 0.63794 0.12187 5.2351.65e =07 = 2 ]
Year2010/11 0.59898 0.13922 4.302 1.6% - 05 *** g §
Year2011/12 0.43958 0.14948 2.9410.003275 ** g0 g0
Year2012/13 0.11511 0.13439 0.857 0.391709 £ E
Year2013/14 -0.25556 0.14980 -1.706 0.087998 . '% g
Year2014/15 -0.82738 0.18228 -4.539 5.65e -06 *** Ty C3
Year2015/16 0.03598 0.16485 0.218 0.827203
Year2016/17 -1.70236 0.35471 -4.799 1.59e -06 ***
Year2017/18 -2.86959 0.43545 -6.590 4.41e -11** A " 1 A o 3 R o
Year2018/19 -2.19283 0.23871 -9.186 <2e -16** Theoretical quantiles Linear predictar
Year2019/20 -0.22360 0.17315 -1.291 0.196571
Signif . codes: 0 "***'0.001 **0.01*0.05''0.1''1
Approximate significance of smooth terms:
edf Ref.df F p-value
s(pmax2.5, pmin(I( DistToShore /1000), 125))) 5.725 9 24.556 <2e -16 **
s(pmax4, pmin(WindSpeed 9.5))) 3.824 929.323 <2e -16 **
s( pmin(SST_CMC, 27)) 6.137 993.960 <2e -16 *+
s( pmax32, SSS_HYCOM)) 1491 910.100 <2e -16 %
s( pmin(I(DistToFront207/1000), 75)) 3.341 9 8.246 <2e -16 ***
s(log10( pmax0.1, pmin(Chl, 10)))) 1656 918.551 <2e -16 %
Signif . codes: 0 "***'0.001 ** 0.01*0.05''0.1''1
R sq.( adj) = 0.0167 Deviance explained = 16%
-REML = 17032 Scale est. =3.584 n=370942
ve us
= - % o § 7] : 0
o =
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pmax(2.5, pmin(l(DistToShore/1000), 125)) pmax(4, pmin(WindSpeed, 9.5)) pmin{(SST_CMC, 27) pmax(32, SSS_HYCOM)

3 2, / $ = f— Rebound in density
3 = 2. -- in 2019/20 season
I S “~"«1— Low in 2017/18

(I) 2‘0 4‘0 GIO :g —1‘.0 -0‘.5 0?0 0.‘5 1?0 ? 200‘3.’(‘)4' IEI;OISJ‘I;QI l261!§1‘:4l IZ(IHIBf:Q

s(pmin{l(DistToFront207/1000), 75)ymax(2.5, pmin(l{DistToShore/1000), 1

pmin(l(DistToFront207/1000), 75) log10(pmax(0.1, pmin(Chl, 10))) Year
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Not showing Cls here because moitthmonth

variability across each season is very large, as
whales migrate in, stay, and migrate out
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Hatteras Island to Great South Channel



SPURnNalysis of v11

AGoal:compare predicted densitfpr
spatial regions to the observed
sightings per unieffort occurring there

ACorrectedSPUE by detectability to
makeit directly comparable to density

AThis is not traditional SPUE: it utilizes
detection functions from the model

AUnit is individualg 100 kn?, like density

AUsedisobaths and bathymetric feature
to define habitatbasedsummary zone:

A Scaled size of zones according to
heterogeneous distribution of effort

ASummarizedesults quarterly



