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APPENDIX A:  CHUKCHI SEA VESSEL-BASED MONITORING 
RESULTS  

Part 1: Tables and Figures Referenced from Chapter 3 
TABLE A.1.  Observation effort (in km) for cetaceans by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

0 1 2 3 4 5 Total

≥160 dB 76 1190 2601 3000 3829 2461 13,156
159-120 dB 119 916 2639 2406 1446 1008 8535
<120  dB 491 1444 2770 2727 2412 1364 11,208

2006 Total 686 3550 8010 8133 7688 4832 32,899

≥160 dB 0 13 342 495 258 202 1309
159-120 dB 0 96 337 695 323 290 1741
<120  dB 174 1564 3546 3394 1909 1474 12,061

2007 Total 174 1674 4224 4584 2490 1965 15,111

≥160 dB 3 230 810 850 308 286 2487
159-120 dB 33 258 1431 1318 417 346 3803
<120  dB 579 4257 6136 7176 5528 2198 25,874

2008 Total 616 4745 8377 9344 6253 2830 32,164

≥160 dB 5 224 495 438 149 104 1415
159-120 dB 5 224 495 438 149 104 1415
<120  dB 7 241 850 1334 879 778 4088

2009 Total 17 688 1840 2210 1176 987 6918

≥160 dB 13 340 948 1141 594 536 3573
159-120 dB 18 487 1481 1460 847 736 5028
<120  dB 7 685 2534 4509 3357 1836 12,929

2010 Total 37 1513 4963 7111 4799 3108 21,531

2006-2010 Total 1529 12,170 27,415 31,382 22,405 13,722 108,623

2010

Beaufort Wind Force

2006

2007

Year and Recevied 
Sound Level

2008

2009
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TABLE A.2.  Observation effort (in km) for cetaceans by vessel type and received sound 
level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the criteria for 
detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 5578 7582 0 13,160
159-120 dB 1024 6822 689 8535
<120  dB 1630 2332 7246 11,208

2006 Total 8231 16,737 7935 32,903

≥160 dB 376 934 0 1309
159-120 dB 103 1638 0 1741
<120  dB 1336 2444 8281 12,061

2007 Total 1815 5015 8281 15,111

≥160 dB 652 1836 0 2487
159-120 dB 474 3112 217 3803
<120  dB 4107 9433 12,333 25,874

2008 Total 5233 14,381 12,550 32,164

≥160 dB 1415 0 0 1415
159-120 dB 1415 0 0 1415
<120  dB 4088 0 0 4088

2009 Total 6918 0 0 6918

≥160 dB 2168 1406 0 3573
159-120 dB 769 3599 660 5028
<120  dB 1661 3025 8243 12,929

2010 Total 4598 8030 8903 21,531

2006-2010 Total 26,795 44,162 37,670 108,628

Vessel Role

2009

2010

Year and Recevied 
Sound Level

2006

2007

2008
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TABLE A.3.  Number of sightings (number of individuals) of cetaceans by vessel role and 
received sound level in the Chukchi Sea, 2006-2010.  Sightings shown are from periods 
that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate 
Data). 

Cetaceans

Source Vessels 4 (4) 0 9 (13) 13 (17)
Monitoring Vessels 7 (8) 1 (1) 2 (2) 10 (11)
Support Vessels 0 1 (1) 65 (113) 66 (114)

2006 Total 11 (12) 2 (2) 76 (128) 89 (142)

Source Vessels 1 (2) 0 9 (11) 10 (13)
Monitoring Vessels 2 (4) 4 (8) 1 (3) 7 (15)
Support Vessels 0 0 51 (89) 51 (89)

2007 Total 3 (6) 4 (8) 61 (103) 68 (117)

Source Vessels 0 0 27 (47) 27 (47)
Monitoring Vessels 4 (7) 3 (4) 44 (76) 51 (87)
Support Vessels 0 0 123 (242) 123 (242)

2008 Total 4 (7) 3 (4) 194 (365) 201 (376)

Source Vessels 0 0 12 (18) 12 (18)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2009 Total 0 0 12 (18) 12 (18)

Source Vessels 5 (6) 0 16 (20) 21 (26)
Monitoring Vessels 1 (1) 4 (5) 6 (10) 11 (16)
Support Vessels 0 4 (5) 52 (147) 56 (152)

2010 Total 6 (7) 8 (10) 74 (177) 88 (194)

Total Cetaceans 24 (32) 17 (24) 417 (791) 458 (847)

Total
Exposure level in dB re 1µPa (rms)

2006

2007

2008

<120159-120≥160

2009

2010
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TABLE A.4.  Observation effort (in km) for pinnipeds by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data). 

0 1 2 3 4 5 Total

≥160 dB 64 1187 2659 3464 4652 3285 15,312
159-120 dB 131 1056 2828 2724 1668 1262 9669
<120  dB 508 1594 2858 2901 2529 1463 11,852

2006 Total 702 3837 8345 9090 8849 6010 36,833

≥160 dB 0 18 409 765 503 336 2031
159-120 dB 0 89 377 923 540 345 2274
<120  dB 174 1607 3652 3541 1969 1575 12,518

2007 Total 174 1715 4438 5228 3011 2257 16,823

≥160 dB 4 268 1031 1497 687 418 3905
159-120 dB 55 398 1738 1765 702 394 5051
<120  dB 591 4444 6627 8254 6540 2502 28,958

2008 Total 650 5109 9396 11,516 7929 3314 37,914

≥160 dB 5 227 506 448 150 104 1440
159-120 dB 5 227 506 448 150 104 1440
<120  dB 7 254 874 1363 889 806 4193

2009 Total 17 708 1885 2260 1188 1015 7073

≥160 dB 14 459 1058 1274 678 663 4147
159-120 dB 19 550 1800 1768 921 828 5886
<120  dB 27 771 2797 4799 3496 1904 13,795

2010 Total 60 1780 5656 7841 5095 3395 23,827

2006-2010 Total 1603 13,149 29,720 35,935 26,073 15,992 122,470

2009

2010

Year and Recevied 
Sound Level

Beaufort Wind Force

2006

2007

2008
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TABLE A.5.  Observation effort (in km) for pinnipeds by vessel type and received sound 
level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the criteria for 
detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 8361 6955 0 15,316
159-120 dB 1558 7422 689 9669
<120  dB 1960 2640 7252 11,852

2006 Total 11,879 17,018 7940 36,837

≥160 dB 928 1102 0 2031
159-120 dB 263 2011 0 2274
<120  dB 1566 2653 8299 12,518

2007 Total 2757 5767 8299 16,823

≥160 dB 1913 1991 0 3905
159-120 dB 774 4037 240 5051
<120  dB 5504 10,774 12,681 28,958

2008 Total 8190 16,802 12,921 37,914

≥160 dB 1440 0 0 1440
159-120 dB 1440 0 0 1440
<120  dB 4193 0 0 4193

2009 Total 7073 0 0 7073

≥160 dB 2950 1197 0 4147
159-120 dB 1101 4125 660 5886
<120  dB 2034 3418 8343 13,795

2010 Total 6084 8740 9003 23,827

2006-2010 Total 35,984 48,327 38,163 122,475

2009

2010

Year and Recevied 
Sound Level

Vessel Role

2006

2007

2008
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TABLE A.6.  Number of sightings (number of individuals) of seals by vessel role and 
received sound level in the Chukchi Sea, 2006-2010.  Sightings shown are from periods 
that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data). 

Cetaceans

Source Vessels 132 (138) 7 (7) 55 (63) 194 (208)
Monitoring Vessels 290 (302) 247 (268) 64 (68) 601 (638)
Support Vessels 0 15 (15) 930 (1073) 945 (1088)

2006 Total 422 (440) 269 (290) 1049 (1204) 1740 (1934)

Source Vessels 3 (3) 0 12 (13) 15 (16)
Monitoring Vessels 23 (23) 30 (33) 43 (46) 96 (102)
Support Vessels 0 0 135 (237) 135 (237)

2007 Total 26 (26) 30 (33) 190 (296) 246 (355)

Source Vessels 8 (8) 0 132 (149) 140 (157)
Monitoring Vessels 12 (12) 23 (25) 104 (125) 139 (162)
Support Vessels 0 6 (7) 292 (332) 298 (339)

2008 Total 20 (20) 29 (32) 528 (606) 577 (658)

Source Vessels 12 (12) 0 57 (59) 69 (71)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2009 Total 12 (12) 0 57 (59) 69 (71)

Source Vessels 93 (103) 14 (17) 26 (26) 133 (146)
Monitoring Vessels 19 (20) 84 (88) 45 (46) 148 (154)
Support Vessels 0 6 (6) 131 (139) 137 (145)

2010 Total 112 (123) 104 (111) 202 (211) 418 (445)

Total Seals 592 (621) 432 (466) 2026 (2376) 3050 (3463)

2006

2007

2008

2009

2010

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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TABLE A.7.  Number of sightings (number of individuals) of Pacific walruses by vessel role 
and received sound level in the Chukchi Sea, 2006-2010.  Sightings shown are from 
periods that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate 
Data). 

Cetaceans

Source Vessels 12 (17) 1 (1) 12 (24) 25 (42)
Monitoring Vessels 14 (28) 26 (40) 12 (23) 52 (91)
Support Vessels 0 0 52 (953) 52 (953)

2006 Total 26 (45) 27 (41) 76 (1000) 129 (1086)

Source Vessels 17 (27) 2 (3) 190 (1533) 209 (1563)
Monitoring Vessels 25 (40) 42 (88) 42 (887) 109 (1015)
Support Vessels 0 0 35 (380) 35 (380)

2007 Total 42 (67) 44 (91) 267 (2800) 353 (2958)

Source Vessels 0 0 11 (58) 11 (58)
Monitoring Vessels 0 1 (1) 0 1 (1)
Support Vessels 0 0 80 (704) 80 (704)

2008 Total 0 1 (1) 91 (762) 92 (763)

Source Vessels 10 (14) 1 (1) 48 (99) 59 (114)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2009 Total 10 (14) 1 (1) 48 (99) 59 (114)

Source Vessels 76 (158) 36 (85) 8 (26) 120 (269)
Monitoring Vessels 9 (27) 88 (251) 28 (209) 125 (487)
Support Vessels 0 0 132 (437) 132 (437)

2010 Total 85 (185) 124 (336) 168 (672) 377 (1193)

Total Walruses 163 (311) 197 (470) 650 (5333) 1010 (6114)

2006

2007

2008

2009

2010

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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Part 2: English Units Tables and Figures from Part 1 of this Appendix and Chapter 3  
TABLE A.1E.  Observation effort (in mi) for cetaceans by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

0 1 2 3 4 5 Total

≥160 dB 47 739 1615 1863 2378 1528 8170
159-120 dB 74 569 1639 1494 898 626 5300
<120  dB 305 897 1720 1694 1498 847 6960

2006 Total 426 2205 4974 5051 4774 3001 20,430

≥160 dB 0 8 212 307 160 125 813
159-120 dB 0 60 209 432 201 180 1081
<120  dB 108 971 2202 2108 1186 915 7490

2007 Total 108 1039 2623 2847 1546 1220 9384

≥160 dB 2 143 503 528 191 178 1545
159-120 dB 21 160 889 818 259 215 2362
<120  dB 360 2644 3811 4456 3433 1365 16,068

2008 Total 382 2947 5202 5802 3883 1757 19,974

≥160 dB 3 139 308 272 92 65 879
159-120 dB 3 139 308 272 92 65 879
<120  dB 5 149 528 828 546 483 2539

2009 Total 11 428 1143 1372 730 613 4296

≥160 dB 8 211 589 709 369 333 2219
159-120 dB 11 302 920 907 526 457 3123
<120  dB 4 426 1574 2800 2085 1140 8029

2010 Total 23 939 3082 4416 2980 1930 13,371

2006-2010 Total 950 7558 17,024 19,488 13,914 8522 67,455

2006

2007

2009

2010

Year and Recevied 
Sound Level

Beaufort Wind Force

2008
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TABLE A.2E.  Observation effort (in mi) for cetaceans by vessel type and received sound 
level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the criteria for 
detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 3464 4709 0 8172
159-120 dB 636 4237 428 5300
<120  dB 1012 1448 4500 6960

2006 Total 5112 10,394 4928 20,433

≥160 dB 233 580 0 813
159-120 dB 64 1017 0 1081
<120  dB 830 1518 5143 7490

2007 Total 1127 3114 5143 9384

≥160 dB 405 1140 0 1545
159-120 dB 295 1932 135 2362
<120  dB 2551 5858 7659 16,068

2008 Total 3250 8930 7794 19,974

≥160 dB 879 0 0 879
159-120 dB 879 0 0 879
<120  dB 2539 0 0 2539

2009 Total 4296 0 0 4296

≥160 dB 1346 873 0 2219
159-120 dB 478 2235 410 3123
<120  dB 1031 1879 5119 8029

2010 Total 2855 4986 5529 13,371

2006-2010 Total 16,640 27,425 23,393 67,458

2007

2008

2009

2010

Year and Recevied 
Sound Level

2006

Vessel Role
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TABLE A.4E.  Observation effort (in mi) for pinnipeds by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data). 

0 1 2 3 4 5 Total

≥160 dB 40 737 1652 2151 2889 2040 9509
159-120 dB 81 656 1756 1692 1036 784 6004
<120  dB 315 990 1775 1802 1570 909 7360

2006 Total 436 2382 5182 5645 5495 3732 22,873

≥160 dB 0 11 254 475 312 209 1261
159-120 dB 0 55 234 573 335 215 1412
<120  dB 108 998 2268 2199 1223 978 7774

2007 Total 108 1065 2756 3247 1870 1401 10,447

≥160 dB 2 166 640 930 427 259 2425
159-120 dB 34 247 1079 1096 436 245 3137
<120  dB 367 2760 4115 5126 4061 1554 17,983

2008 Total 404 3173 5835 7152 4924 2058 23,545

≥160 dB 3 141 314 278 93 65 894
159-120 dB 3 141 314 278 93 65 894
<120  dB 5 158 542 846 552 500 2604

2009 Total 11 440 1171 1403 738 630 4393

≥160 dB 9 285 657 791 421 412 2575
159-120 dB 12 342 1118 1098 572 514 3655
<120  dB 17 479 1737 2980 2171 1182 8567

2010 Total 37 1105 3512 4869 3164 2109 14,797

2006-2010 Total 995 8165 18,456 22,315 16,191 9931 76,054

2007

2008

2009

2010

Year and Recevied 
Sound Level

Beaufort Wind Force

2006
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TABLE A.5E.  Observation effort (in mi) for pinnipeds by vessel type and received sound 
level (dB re 1 µPa rms) in the Chukchi Sea, 2006-2010.  Effort shown met the criteria for 
detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 5192 4319 0 9511
159-120 dB 967 4609 428 6004
<120  dB 1217 1640 4503 7360

2006 Total 7377 10,568 4931 22,876

≥160 dB 576 685 0 1261
159-120 dB 163 1249 0 1412
<120  dB 973 1648 5154 7774

2007 Total 1712 3581 5154 10,447

≥160 dB 1188 1237 0 2425
159-120 dB 480 2507 149 3137
<120  dB 3418 6690 7875 17,983

2008 Total 5086 10434 8024 23,545

≥160 dB 894 0 0 894
159-120 dB 894 0 0 894
<120  dB 2604 0 0 2604

2009 Total 4393 0 0 4393

≥160 dB 1832 743 0 2575
159-120 dB 684 2562 410 3655
<120  dB 1263 2123 5181 8567

2010 Total 3778 5428 5591 14,797

2006-2010 Total 22,346 30,011 23,700 76,057

2007

2008

2009

2010

Year and Recevied 
Sound Level

2006

Vessel Role
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TABLE A.3.1E.  Average area (mi2) covered by >10% ice 
during the period 25 Jul – 17 Oct, by year from 2006–
2010.  Area considered for this analysis in the Chukchi 
Sea is represented by the shaded area in Chapter 3, Fig. 
3.1. 

2006 2007 2008 2009 2010
14,494 390 15,099 5740 4887

Average area covered by >10% ice (mi2)                   
25 Jul - 17 Oct 
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FIGURE A.3.2E.  Number of square miles with at least 10% ice cover by week in 2006–2010 in the 
Chukchi Sea within the shaded area shown in Fig 3.1 in Chapter 3.  
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TABLE A.3.2E.  Comparison of measurements of the ≥190, 180, 170, 160 and 120 dB (rms) distances 
(in mi) for sound pulses from seismic survey airgun arrays deployed in the Chukchi Sea, Alaska, 
2006–2010.   

Vessel Name
Number of 

Guns
Total Airgun 

Volume ≥190 ≥180 ≥170 ≥160 ≥120

Patriot 16 airguns 3390 in3 0.321 1.012 2.914 7.103 46.851
Discover 36 airguns 3320 in3 0.298 1.100 3.175 6.816 103.744
Gilavar 24 airguns 3147 in3 0.286 0.870 2.933 4.965 51.505

Gilavar 24 airguns 3147 in3 0.342 1.535 2.796 5.033 41.010
Gilavar 1 airgun 30 in3 0.006 0.015 0.047 0.845 25.538

Gilavar 24 airguns 3147 in3 0.379 1.243 3.524 8.078 74.565
Gilavar 1 airgun 30 in3 0.006 0.006 0.510 1.181 29.204
Cape Flattery 4 airguns 40 in3 0.031 0.099 0.304 0.870 14.913

Mt. Mitchell a 4 airguns 40 in3 0.025 0.062 0.152 0.371 13.422
Mt. Mitchell a 1 airgun 10 in3 0.014 0.032 0.075 0.173 4.903
Mt. Mitchell b 4 airguns 40 in3 0.024 0.091 0.327 1.100 19.449
Mt. Mitchell b 1 airgun 10 in3 0.005 0.021 0.088 0.354 12.055

Geo Celtic 28 airguns 3000 in3 0.323 0.994 3.045 8.078 80.778
Geo Celtic 1 airgun 30 in3 0.008 0.042 0.211 0.932 16.156
Mt. Mitchell 4 airguns 40 in3 0.022 0.068 0.385 1.056 4.785
Mt. Mitchell 1 airgun 10 in3 0.002 0.014 0.093 0.373 3.107

2010

2009* - The "Mt. Mitchell a"  radii were measured at the Honeyguide prospect, and the "Mt. Mitchell b"  radii were 
measured at the Burger prospect.

Distance (mi) to Received Levels (dB rms)

2006

2007

2008

2009*
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FIGURE A.3.4E. Mean distance of initial marine mammal sightings recorded 
on vessels with observation platforms higher and lower than 36 ft (11 m) in 
the Chukchi Sea during seismic and other marine surveys, 2006–2010.  

 
 
 

0
5000

10000
15000
20000
25000
30000
35000
40000
45000
50000

2006 2007 2008 2009 2010

M
M

O
 E

ff
or

t (
m

i)

Darkness
Daylight

 
FIGURE A.3.6E.  Marine mammal observer effort (mi) in the Chukchi Sea during 
seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.7E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
seasonal period during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.8E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
Beaufort wind force during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.9E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
received sound level and year during seismic and other marine surveys, 2006–
2010. 
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FIGURE A.3.10E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
received sound level and vessel role during seismic and other marine surveys, 
2006–2010. 
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FIGURE A.3.11E.  Marine mammal observer effort (mi) in the Chukchi Sea by percent 
ice cover during seismic and other marine surveys, 2006–2010.  Note all effort in this 
figure occurred in areas with at least some measureable ice.  See Figure A.3.12 for 
effort in ice-free areas. 
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FIGURE A.3.12E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
distance to the ice edge during seismic and other marine surveys, 2006–2010.  
Note all effort in this figure occurred in areas without ice.  See Figure A.3.11 for 
effort in areas with ice. 
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FIGURE 3.13E.  Marine mammal observer effort (mi) in the Chukchi Sea by 
“nearshore” (within 23 mi or 37 km of shore) or “offshore” (beyond 23 mi or 37 km 
of shore) during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.14E.  Cetacean sighting rates by seasonal period in the Chukchi Sea 
during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.15E.  Cetacean sighting rates by Beaufort wind force in the Chukchi 
Sea during seismic and other marine surveys, 2006–2010.  Rates not shown for 
2007, 2009, and 2010 Bf 0 because <155 mi (250 km) of effort occurred in those 
bins. 
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FIGURE A.3.16E.  Cetacean sighting rates by received sound level and year in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.   
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FIGURE A.3.17E.  Cetacean sighting rates by received sound level and vessel role 
in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  Note 
that no effort occurred for Support Vessels in areas where received sound levels 
were ≥160 dB (rms). 
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FIGURE A.3.18E.  Cetacean sighting rates by ice concentration in the Chukchi 
Sea during seismic and other marine surveys, 2006–2010.  Rates not shown for 
2007 because <155 mi (250 km) of effort occurred in areas with ice. 
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FIGURE A.3.19E.  Cetacean sighting rates by distance from the main ice edge in 
the Chukchi Sea during seismic and other marine surveys, 2006–2010.  Rates 
not shown for 2009 ‘6–9’ and ’9–12,’ and 2010 ‘0–3’ and ‘3–6’ because <155 mi 
(250 km) of effort occurred in these bins. 
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FIGURE A.3.20E.  Sighting rates for cetaceans by distance from shore in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.  Nearshore 
includes areas within 23 mi (37 km) from shore and offshore includes areas 
greater than 23 mi (37 km) from shore.  Note that rate not shown for 2009 
nearshore because <155 mi (250 km) of effort occurred in this bin. 
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TABLE A.3.5E.  CPAs of cetaceans relative to the observer by received sound level in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.   

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source ≥160 7745 5730 679-14,823 10

Monitoring ≥160 1693 2685 66-8225 14

Source <120 4070 3690 66-14,196 73

Monitoring <120 3947 4253 33-16,404 53

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the observer.  
 
 
 

TABLE A.3.6E.  CPAs of cetaceans observed from the source vessels relative to the airgun 
array by received sound level in the Chukchi Sea during seismic and other marine surveys, 
2006–2010.   

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source ≥160 8593 6056 1663-16,309 10

Source <120 4349 3722 259-15,144 73

a CPA = Closest Point of Approach .  This value is the marine mammal's closest point of approach to the airgun array.  
 
 
 

.   
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FIGURE A.3.21E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans exposed to <120 dB (rms) 
received sound levels observed from source and monitoring vessels in the Chukchi Sea during seismic and other marine surveys, 2006–
2010 (n = 73 for source and n = 53 for monitoring vessels). 
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FIGURE A.3.22E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans exposed to ≥160 dB (rms) 
received sound levels observed from source and monitoring vessels in the Chukchi Sea during seismic and other marine surveys, 2006–
2010 (n = 10 for source and n = 14 for monitoring vessels). 
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FIGURE A.3.23E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans observed from short (< 11 m 
or 36 ft) and tall (> 11 m or 36 ft) observation platforms in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  All 
sightings were of cetaceans exposed to <120 dB (rms) received sound levels (n = 370 for short and n = 47 for tall platforms). 
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FIGURE A.3.28E.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  Data considered 
in this analysis were collected on “tall” vessels with observation platforms 12 – 29.5 yd (11.0 – 27.0 m) in height in areas where received 
sounds levels were <120 dB (rms).  The analysis included data collected outside of the Chukchi and Beaufort Sea study areas during 
2006–2010. 
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FIGURE A.3.29E.  Effect of number of observers and Beaufort wind force on the detection probability of mysticete whales.  Data considered in 
this analysis was collected on “short” vessels with observation platforms 3.7 – 11.2 yd (3.4 – 10.2 m) in height in areas where received sounds 
levels were <120 dB (rms).  The analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2010. 
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TABLE A.3.8E. Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations where received sound 
levels were ≥160 and <120 dB (rms) in the Chukchi Sea during seismic and other marine surveys, 2006–2010. Densities are corrected for 
f(0) and g(0) biases.  

Species Density CIs Density CIs Density CIs Density CIs
2006
Bow head w hale 0.509 (0.052 - 5.027) 0.414 (0.039 - 4.337) 0.0 - 13.656 (1.419 - 131.455)
Gray w hale 0.0 - 6.992 (2.264 - 21.593) 0.0 - 11.324 (1.479 - 86.694)
Minke w hale 0.0 - 0.456 (0.146 - 1.425) 0.0 - 0.259 (0.062 - 1.090)
Unidentif ied mysticete w hale 0.0 - 0.888 (0.121 - 6.525) 0.557 (0.053 - 5.805) 0.0 -
Harbor porpoise 5.475 (1.708 - 17.552) 6.432 (2.452 - 16.868) 0.0 - 8.536 (2.554 - 28.533)
Killer w hale 0.0 - 0.000 - 0.0 - 0.713 (0.062 - 8.177)
Unidentif ied odontocete w hale 0.0 - 1.453 (0.325 - 6.502) 0.0 - 0.0 -
Unidentif ied w hale 0.583 (0.059 - 5.724) 3.199 (0.429 - 23.875) 0.456 (0.046 - 4.560) 1.998 (0.606 - 6.586)

2006 Total 6.567 (2.291 - 18.828) 19.835 (9.855 - 39.919) 1.013 (0.151 - 6.786) 36.491 (9.459 - 140.774)
2007
Bow head w hale 0.0 - 1.403 (0.293 - 6.723) 0.0 - 0.712 (0.072 - 7.029)
Gray w hale 0.0 - 15.156 (4.315 - 53.228) 0.0 - 7.118 (1.551 - 32.668)
Humpback w hale 0.0 - 0.883 (0.122 - 6.410) 3.942 (0.400 - 38.838) 0.0 -
Minke w hale 0.0 - 0.373 (0.107 - 1.296) 0.0 - 0.0 -
Unidentif ied mysticete w hale 0.0 - 1.868 (0.591 - 5.910) 0.0 - 3.559 (0.231 - 54.724)
Harbor porpoise 0.0 - 7.612 (1.636 - 35.416) 0.0 - 11.294 (1.791 - 71.235)
Killer w hale 0.0 - 0.228 (0.020 - 2.608) 0.0 - 0.0 -
Unidentif ied odontocete w hale 0.0 - 0.287 (0.030 - 2.770) 0.0 - 0.0 -
Unidentif ied w hale 0.0 - 0.832 (0.120 - 5.759) 9.850 (1.467 - 66.145) 0.0 -

2007 Total 0.0 - 28.638 (12.172 - 67.382) 13.792 (2.638 - 72.102) 22.685 (6.007 - 85.673)
2008
Bow head w hale 0.0 - 1.942 (0.516 - 7.312) 0.0 - 9.901 (1.106 - 88.625)
Fin w hale 0.0 - 0.598 (0.117 - 3.049) 0.0 - 0.0 -
Gray w hale 1.419 (0.128 - 15.723) 21.900 (5.240 - 91.524) 0.0 - 10.987 (2.193 - 55.041)
Humpback w hale 0.0 - 0.149 (0.013 - 1.662) 0.0 - 0.0 -
Minke w hale 0.0 - 0.526 (0.214 - 1.289) 0.0 - 0.0 -
Unidentif ied mysticete w hale 0.0 - 13.942 (2.330 - 83.419) 0.0 - 11.182 (3.972 - 31.475)
Beluga w hale 0.0 - 0.234 (0.058 - 0.941) 0.0 - 0.0 -
Harbor porpoise 16.627 (2.918 - 94.735) 4.947 (2.108 - 11.610) 0.0 - 2.176 (0.423 - 11.180)
Unidentif ied w hale 0.0 - 1.643 (0.438 - 6.165) 0.0 - 1.398 (0.127 - 15.383)

2008 Total 18.047 (3.449 - 94.422) 45.881 (17.201 - 122.376) 0.0 - 35.643 (12.605 - 100.787)
2009
Bow head w hale 0.0 - 2.040 (0.189 - 22.033) 0.0 - 0.0 -
Gray w hale 0.0 - 2.040 (0.189 - 22.033) 0.0 - 0.0 -
Unidentif ied mysticete w hale 0.0 - 13.260 (2.690 - 65.349) 0.0 - 2.064 (0.211 - 20.201)

2009 Total 0.0 - 17.339 (4.360 - 68.963) 0.0 - 2.064 (0.211 - 20.201)
2010
Bow head w hale 0.0 - 0.166 (0.014 - 1.945) 0.0 - 6.705 (1.695 - 26.530)
Gray w hale 3.751 (0.535 - 26.305) 10.830 (1.802 - 65.085) 0.0 - 5.486 (1.552 - 19.388)
Minke w hale 0.0 - 0.470 (0.086 - 2.577) 0.0 - 0.0 -
Unidentif ied mysticete w hale 4.574 (0.469 - 44.596) 7.682 (1.740 - 33.924) 2.685 (0.271 - 26.655) 2.438 (0.710 - 8.378)
Harbor porpoise 0.0 - 3.317 (0.532 - 20.686) 0.0 - 0.0 -
Unidentif ied w hale 0.0 - 0.166 (0.012 - 2.305) 0.0 - 2.438 (0.445 - 13.356)

2010 Total 8.325 (1.457 - 47.556) 22.632 (7.057 - 72.584) 2.685 (0.271 - 26.655) 17.068 (7.624 - 38.209)

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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TABLE A.3.9E. Estimated areas (mi2) ensonified to various sound levels 
within the Chukchi Sea during seismic and other marine surveys, 2006–
2010.  Maximum area ensonified is shown with overlapping areas 
counted multiple times, total area ensonified shown with overlapping 
areas counted only once.  

Area (mi2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 2,023,187 132,701 52,439 15,836 5020

Excluding Overlap Area 57,796 8524 4875 2696 1771
2006 Sep-Oct

Including Overlap Area 1,624,508 127,282 48,757 15,386 4700
Excluding Overlap Area 84,497 29,028 16,079 7006 2728

2006 Totals
Including Overlap Area 3,647,696 259,982 101,196 31,221 9721

Excluding Overlap Area 103,697 33,618 18,633 8521 4301

2007 Jul-Aug
Including Overlap Area 82,172 4712 2273 1160 241

Excluding Overlap Area 9051 764 474 344 209
2007 Sep-Oct

Including Overlap Area 498,334 28,163 13,378 6758 1390
Excluding Overlap Area 10,185 1195 844 655 409

2007 Totals
Including Overlap Area 580,506 32,874 15,651 7918 1631

Excluding Overlap Area 10,313 1265 884 689 466

2008 Jul-Aug
Including Overlap Area 1,242,946 34,220 11,625 3356 961

Excluding Overlap Area 53,007 3528 1684 835 402
2008 Sep-Oct

Including Overlap Area 22,989 486 152 47 14
Excluding Overlap Area 3,419 207 110 41 14

2008 Totals
Including Overlap Area 1,265,935 34,706 11,777 3402 975

Excluding Overlap Area 56,426 3735 1794 876 416

2009 Jul-Aug
Including Overlap Area 156,107 1678 429 117 33

Excluding Overlap Area 4456 263 153 84 29
2009 Sep-Oct

Including Overlap Area 152,346 1402 353 97 28
Excluding Overlap Area 5212 300 157 73 25

2009 Totals
Including Overlap Area 308,452 3,080 781 214 61

Excluding Overlap Area 5756 436 262 146 53

2010 Jul-Aug
Including Overlap Area 1,137,157 23,384 6348 1740 528

Excluding Overlap Area 36,733 1935 964 517 316
2010 Sep-Oct

Including Overlap Area 2,400,457 62,811 18,819 5492 1710
Excluding Overlap Area 40,092 3657 2115 1342 1007

2010 Totals
Including Overlap Area 3,472,015 85,381 25,005 7198 2228

Excluding Overlap Area 41,889 4165 2369 1559 1246

Level of ensonification in dB re1μPa (rms)    
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FIGURE A.3.30E.  Seal sighting rates by season in the Chukchi Sea during 
seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.31E.  Seal sighting rates by Beaufort wind force in the Chukchi Sea 
during seismic and other marine surveys, 2006–2010.  Rates not shown for 
2007, 2009 and 2010 Bf 0 because <155 mi (250 km) of effort occurred in those 
bins. 
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FIGURE A.3.32E.  Seal sighting rates by received sound level and year in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.33E.  Seal sighting rates by received sound level and vessel role in 
the Chukchi Sea during seismic and other marine surveys, 2006–2010.  Note 
that no effort occurred for Support Vessels in areas where received sound levels 
were ≥160 dB (rms). 
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FIGURE A.3.34E.  Seal sighting rates by ice concentration in the Chukchi Sea 
during seismic and other marine surveys, 2006–2010.  Rates not shown for 
2007 because <155 mi (250 km) of effort occurred in areas with ice and 2010 
because <155 mi (250 km) of effort occurred in areas with heavy ice. 
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FIGURE A.3.35E.  Seal sighting rates by distance from the main ice edge in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.  Rates not 
shown for 2009 ‘6–9’ and ’9–12,’ and 2010 ‘0–3’ and ’3–6,’ because <155 mi 
(250 km) of effort occurred in these bins.   
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FIGURE A.3.36E.  Seal sighting rates by distance from shore in the Chukchi Sea 
during seismic and other marine surveys, 2006–2010.  Nearshore includes areas 
within 23 mi (37 km) from shore and offshore includes areas greater than 23 mi 
(37 km) from shore.  Note that rate not shown for 2009 nearshore because <155 
mi (250 km) of effort occurred in this bin. 

 
 
 

TABLE A.3.12E.  CPAs of seals in water relative to the observer by received sound level and 
vessel role in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  All 
sightings were of seals in water. 

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source >160 1476 1475 3-11,595 248

Monitoring >160 482 577 16-4921 344

Source <120 1287 1272 7-7874 271

Monitoring <120 555 741 10-6053 253

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the observer.  
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TABLE A.3.13E.  CPAs of seals in water observed from the source vessels relative to the airgun 
array by received sound level in the Chukchi Sea during seismic and other marine surveys, 
2006–2010.  All sightings were of seals in water. 

 

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source ≥160 2334 1518 308-12,064 248

Source <120 1653 1400 174-7986 271

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the airgun array.  
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FIGURE A.3.37E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were <120 dB (rms) in the Chukchi Sea from source and monitoring vessels during seismic and other marine surveys, 2006–2010.  All 
sightings were of seals in water initially detected within 0.6 mi (1 km) from the vessel (n = 254 for source, n = 250 for monitoring vessels).   
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FIGURE A.3.38E.   Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were ≥160 dB (rms) in the Chukchi Sea  from source and monitoring vessels during seismic and other marine surveys, 2006–2010.  All 
sightings were of seals in water initially detected within 0.6 mi (1 km) from the vessel (n = 229 for source, n = 343 for monitoring vessels).  
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FIGURE A.3.39E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed from short (< 11 m or 36 ft) 
and tall (> 11 m or 36 ft) observation platforms in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  All sightings 
were of seals initially detected in water within 0.6 mi (1 km) of the vessel and exposed to <120 dB (rms) received sound levels (n = 337 for 
short and n = 151 for tall platforms). 
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FIGURE A.3.44E.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  Data considered in this analysis 
was collected on vessels with “tall” observation platforms 12 – 29.5 yd (11.0 – 27.0 m) in height in areas where received sounds levels were 
<120 dB (rms).  The analysis included data collected outside of the Chukchi and Beaufort Sea study areas during 2006–2010. 
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FIGURE A.3.45E.  Effect of number of observers and Beaufort wind force on the detection probability of seals.  Data considered in this 
analysis were collected on “short” vessels with observation platforms 3.7 – 11.2 yd (3.4 – 10.2 m) in height in areas where received 
sounds levels were <120 dB (rms).  The analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 
2006–2010. 
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TABLE A.3.15E. Seal density estimates and 95% confidence intervals based on observations in locations 
where received sound levels were ≥160 and <120 dB (rms) in the Chukchi Sea during seismic and other 
marine surveys, 2006–2010. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006
Bearded seal 17.138 (2.142 - 137.093) 60.738 (24.128 - 152.903) 10.464 (1.049 - 104.478) 226.761 (46.980 - 1094.544)
Ringed seal 180.160 (81.561 - 397.952) 57.511 (16.397 - 201.700) 98.663 (46.617 - 208.810) 735.342 (283.259 - 1908.938)
Spotted seal 7.021 (2.582 - 19.093) 112.478 (24.020 - 526.708) 16.055 (1.399 - 184.335) 208.025 (42.1038 - 1027.813)
Unidentified pinniped 1.142 (0.098 - 13.382) 11.075 (1.904 - 64.441) 3.800 (0.334 - 43.305) 4.854 (0.407 - 57.847)
Unidentified seal 149.536 (97.187 - 230.082) 292.627 (139.999 - 611.649) 117.332 (14.504 - 949.148) 914.338 (398.024 - 2100.403)

2006 Total 354.997 (221.576 - 568.761) 534.428 (297.654 - 959.565) 246.313 (68.731 - 882.720) 2089.317 (1171.858 - 3725.076)
2007
Bearded seal 0.0 - 23.551 (2.111 - 262.721) 53.760 (6.659 - 433.976) 109.909 (35.226 - 342.920)
Ringed seal 0.0 - 37.788 (4.426 - 322.630) 151.092 (13.447 - 1697.654) 314.836 (104.294 - 950.404)
Spotted seal 0.0 - 19.679 (5.069 - 76.387) 50.365 (4.281 - 592.439) 23.126 (5.644 - 94.762)
Steller sea lion 0.0 - 0.0 - 0.0 - 0.557 (0.047 - 6.778)
Unidentified pinniped 0.0 - 14.279 (1.546 - 131.854) 0.0 - 17.415 (2.665- 113.770)
Unidentified seal 0.0 - 77.985 (31.909 - 190.597) 56.824 (7.200 - 448.392) 163.048 (19.751 - 1345.939)

2007 Total 0.0 - 173.281 (68.891 - 435.843) 312.039 (58.570- 1662.461) 628.888 (247.025 - 1601.053)
2008
Bearded seal 4.263 (0.321 - 56.428) 64.149 (18.705 - 219.991) 0.0 - 43.162 (13.825 - 134.736)
Ribbon seal 0.0 - 0.0 - 0.0 - 1.391 (0.106 - 18.101)
Ringed seal 35.713 (3.856 - 330.705) 120.245 (65.913 - 219.367) 0.0 - 39.070 (4.481 - 340.609)
Spotted seal 1.826 (0.153 - 21.686) 24.232 (10.083 - 58.226) 0.0 - 26.887 (2.297 - 314.808)
Unidentified pinniped 0.0 - 12.383 (1.132 - 135.348) 0.0 - 1.953 (0.163 - 23.546)
Unidentified seal 32.499 (3.789 - 278.825) 143.029 (30.241 - 676.487) 0.0 - 106.816 (29.650 - 384.805)

2008 Total 74.302 (13.952 - 395.672) 364.038 (168.940 - 784.430) 0.0 - 219.276 (83.302 - 577.205)
2009
Bearded seal 39.029 (3.385 - 450.106) 38.552 (3.437 - 432.398) 0.0 - 0.0 -
Ringed seal 52.035 (4.437 - 610.463) 55.687 (22.924 - 135.270) 45.024 (3.794 - 534.208) 83.600 (6.242 - 1119.722)
Unidentified pinniped 19.992 (1.492 - 267.981) 26.330 (2.287 - 303.003) 0.0 - 0.0 -
Unidentified seal 13.010 (1.075 - 157.513) 77.104 (6.897 - 861.987) 22.512 (1.632 - 310.788) 41.800 (3.574 - 488.775)

2009 Total 124.066 (21.600 - 712.557) 197.673 (45.226 - 863.994) 67.534 (7.938 - 574.615) 125.399 (13.825 - 1137.341)
2010
Bearded seal 313.593 (146.544 - 671.063) 44.921 (4.211 - 479.114) 137.565 (63.709 - 297.038) 116.829 (48.451 - 281.700)
Ribbon seal 0.0 - 1.792 (0.142 - 22.445) 0.0 - 0.0 -
Ringed seal 64.890 (7.104 - 592.677) 35.851 (3.139 - 409.371) 52.533 (19.378 - 142.423) 29.207 (3.082 - 276.890)
Spotted seal 0.0 - 26.887 (6.783 - 106.570) 0.0 - 12.471 (1.101 - 141.222)
Unidentified pinniped 33.006 (8.593 - 126.778) 9.950 (4.331 - 22.859) 6.025 (1.771 - 20.496) 7.124 (1.981 - 25.619)
Unidentified seal 234.055 (83.944 - 652.594) 112.014 (11.919 - 1052.592) 208.616 (76.822 - 566.526) 108.186 (10.184 - 1149.144)

2010 Total 645.565 (345.256 - 1207.085) 231.423 (49.647 - 1078.769) 404.748 (219.007 - 748.017) 273.814 (71.991 - 1041.437)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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FIGURE A.3.46E.  Pacific walrus sighting rates by season in the Chukchi Sea 
during seismic and other marine surveys, 2006–2010. 
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FIGURE A.3.47E.  Pacific walrus sighting rates by Beaufort wind force in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.  Rates not 
shown for 2007, 2009, and 2010 Bf = 0 because <155 mi (250 km) of effort 
occurred in those bins. 
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FIGURE A.3.48E.  Pacific walrus sighting rates by received sound level and year in 
the Chukchi Sea during seismic and other marine surveys, 2006–2010.   
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FIGURE A.3.49E.  Pacific walrus sighting rates by received sound level and vessel 
role in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  
Note that no effort occurred for support vessels in areas where received sound 
levels were ≥160 dB (rms). 

 
 
 



Chukchi Sea Vessel-based Monitoring Program     A–43 

 

49.6

11.2
18.6

8.25.6 2.9

140.7

0

20

40

60

80

100

120

140

160

Heavy Ice (>10% Ice) Light Ice (<10%)

Si
gh

tin
gs

 p
er

 1
00

0 
m

i  
   

   
   

   
   

  
of

 M
M

O
 E

ff
or

t

Ice Concentration

2006
2007
2008
2009
2010

 
FIGURE A.3.50E.  Pacific walrus sighting rates by ice concentration in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.  Rates not 
shown for 2007 because <155 mi (250 km) of effort occurred in areas with ice 
and 2010 because <155 mi (250 km) of effort occurred in areas with heavy ice. 
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FIGURE A.3.51E.  Pacific walrus sighting rates by distance from the main ice 
edge in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  
Rates not shown for 2009 ‘6–9’ and ’9–12’ and for 2010 ‘0–3’ and ‘3–6’ because 
<155 mi (250 km) of effort occurred in these bins. 
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FIGURE A.3.52E.  Sighting rates of Pacific walrus by distance from shore in the 
Chukchi Sea during seismic and other marine surveys, 2006–2010.  Nearshore 
includes areas within 23 mi (37 km) from shore and offshore includes areas 
greater than 23 mi (37 km) from shore.  Note that rate not shown for 2009 
nearshore because <155 mi (250 km) of effort occurred in this bin. 

 
 
 

TABLE A.3.18E.  CPAs of Pacific walruses in water relative to observers in the Chukchi Sea during 
seismic and other marine surveys, 2006–2010.  

 

Vessel Role

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source >160 2222 1736 49-9557 114

Monitoring >160 915 608 13-2283 47

Source <120 2519 1945 16-9744 263

Monitoring <120 1021 807 33-4583 78

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the observer.  
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TABLE A.3.19E.  CPAs of Pacific walruses in water observed from the source vessels relative to the airgun 
array in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  

Received Sound 
Level Exposure (dB 

re 1 µPa rms ) Mean CPAa (ft) s.d. Range (ft) n

Source ≥160 3043 1886 256-10,869 114

Source <120 2707 1958 148-9964 263

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the airgun array.  
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FIGURE A.3.53E.  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where 
received sound levels were <120 dB (rms) in the Chukchi Sea from source and monitoring vessels during seismic and other marine surveys, 
2006–2010.  All sightings were of Pacific walruses initially detected in water within 0.6 mi (1 km) of the vessel, n = 178 for source and n = 77 
for monitoring vessels. 
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FIGURE A.3.54E.  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed in areas where 
received sound levels were ≥160 dB (rms) in the Chukchi Sea  from source and monitoring vessels during seismic and other marine surveys, 
2006–2010.  All sightings were of Pacific walruses in water initially detected within 0.6 mi (1 km) of the vessel, n = 90 for source and n = 47 
for monitoring vessels. 
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FIGURE A.3.55E.  Percent of Pacific walrus sightings as a function of initial distance from the vessel for walruses observed from short (< 11 
m or 36 ft) and tall (> 11 m or 36 ft) observation platforms in the Chukchi Sea during seismic and other marine surveys, 2006–2010.  All 
sightings were of Pacific walruses in water initially detected within 0.6 mi (1 km) of the vessel and exposed to <120 dB (rms) received 
sound levels (n = 337 for short and n = 151 for tall platforms). 
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FIGURE A.3.60E.  Effect of number of observers and Beaufort wind force on the detection probability of 
Pacific walruses.  Data considered in this analysis was collected on vessels with “tall” observation 
platforms 12 – 29.5 yd (11.0 – 27.0 m) in height in areas where received sounds levels were <120 dB 
(rms).  The analysis included data collected outside of the Chukchi and Beaufort Sea study areas during 
2006–2010. 
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FIGURE A.3.61E.  Effect of number of observers and Beaufort wind force on the detection probability of Pacific walruses.  Data considered 
in this analysis were collected on “short” vessels with observation platforms 3.7 – 11.2 yd (3.4 – 10.2 m) in height in areas where received 
sounds levels were <120 dB (rms).  The analysis includes data collected outside of the Chukchi and Beaufort Sea study areas during 
2006–2010. 
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TABLE 3.21E. Pacific walrus density estimates and 95% confidence intervals based on observations in 
locations where received sound levels were ≥160 and <120 dB (rms) in the Chukchi Sea during seismic 
and other marine surveys, 2006–2010. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 20.171 (6.748 - 60.300) 43.310 (17.138 - 109.450) 25.972 (8.149 - 82.776) 107.472 (17.184 - 672.172)
2007 166.290 (82.558 - 334.942) 519.217 (192.302 - 1401.888) 399.148 (173.564 - 917.920) 226.140 (64.774 - 789.496)
2008 0.0 - 41.297 (7.869 - 216.754) 0.0 - 91.781 (21.165 - 397.991)
2009 139.940 (41.726 - 469.327) 631.931 (167.212 - 2388.212) 226.204 (64.633 - 791.689) 36.001 (10.962 - 118.238)
2010 463.893 (162.484 - 1324.421) 283.407 (76.670 - 1047.601) 59.645 (20.968 - 169.665) 19.373 (7.453 - 50.360)
Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.000.

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
≥160 <120 ≥160 <120
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APPENDIX B:  DEFINITIONS OF BEAUFORT WIND FORCES  
 

WIND SPEED BEAUFORT 
WIND 

FORCE 

WORLD 
METEOROLOGICAL 

ORGANIZATION TERMS 

WAVE 
HEIGHT 

(M) 
DESCRIPTION 

KNOTS M/S 

<1 <0.5 0 Calm 0 Glassy like a mirror 
1-3 0.5-1.5 1 Light air <0.1 Ripples with the appearance of scales but 

no whitecaps or foam crests 
4-6 2.1-3.1 2 Light breeze 0-0.1 Small wavelets, crests have a glassy 

appearance but do not break (no 
whitecaps) 

7-10 3.6-5.1 3 Gentle breeze 0.1-0.5 Smooth large wavelets, crests begin to 
break, occasional/scattered whitecaps 

11-16 5.7-8.2 4 Moderate breeze 0.5-1.2 Slight; small fairly frequent whitecaps 
17-21 8.7-10.8 5 Fresh breeze 1.2-2.4 Moderate waves becoming longer, some 

spray, frequent moderate whitecaps 
22-27 11.3-13.9 6 Strong breeze 2.4-4 Rough, larger waves, longer-formed 

waves, many large whitecaps 
28-33 14.4-17.0 7 Near gale 4-6 Very rough, large waves forming, white 

foam crests everywhere, spray is present 
34-40 17.5-20.6 8 Gale   
41-47 21.1-24.2 9 Strong gale   
48-55 24.7-28.3 10 Storm 6-9 High 
56-63 28.8-32.4 11 Violent storm 9-14 Very high 
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APPENDIX C:  ESTIMATION OF CORRECTION FACTORS FOR 
DENSITY CALCULATIONS 

Calculation of f(0) 

Parameter f(0) accounts for the reduced probability of detecting an animal as its distance from the 
trackline increases.  f(0) values were estimated for each subset of the data, with subsets defined based on 
species group (cetaceans, seals, and Pacific walruses), study area (Chukchi and Beaufort Seas), and 
season (Jul–Aug and Sep–Nov).  f(0) values were estimated separately using data collected from vessels 
were relatively tall (>11 m) and short (<11 m) because detection probability increases with increasing 
height of the observation platform (Buckland 2001).  The cut-point between vessel groups was identified 
using ANOVA (see Chapter 3, Methods).  Only sightings exposed to ≤120 dB re 1 µPa (rms) that also 
met the analysis criteria described in Chapter 3, Methods, were used to calculate f(0) values.   

For seasons or areas where sample sizes did not allow calculation of a f(0), we used the f(0) for the 
most similar conditions where f(0) values were obtained.  Because environmental conditions, such as ice 
cover, can affect detection probability, and because these environmental conditions change between 
years, generally samples from different years were not pooled.  However, to calculate a f(0) for cetaceans 
observed from vessels with high observation platforms, it was necessary to pool data from 2006–2008 in 
order to obtain a reasonable sample size.   

For each subset of data, the f(0)s associated with the observed distribution of lateral distances were 
calculated with the program Distance (Thomas et al. 2010, version 5.0, release 2).  The best fitting model 
was selected based on minimizing Akaike's Information Criterion (AIC; Akaike 1973).  f(0) was 
calculated with right truncation at the distance where the detection probability was <0.1.  An example 
output is shown below (Fig. C.1). 
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                Estimate      %CV     df     95% Confidence Interval 
                        ------------------------------------------------------ 

Hazard/Cosine           
                 m       2.0000     
                 LnL    -884.17     
                 AIC     1772.3     
                 AICc    1772.4     
                 BIC     1778.3     
                 Chi-p  0.64753E-02 
                 f(0)   0.64921E-02   19.66   147.00 0.44182E-02  0.95394E-02 
                 p      0.30807       19.66   147.00 0.20966      0.45267     
            ESW     154.03       19.66   147.00  104.83       226.33   

 

FIGURE C.1.  Example output from the Distance program.   
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Tables C.1–C.10 show the f(0) values that were estimated using the program Distance.  These 
values were applied to the data collected during the specific periods and in the specific areas identified to 
compute densities from the survey data.  For sightings with group size ≥16, a f(0) value of 1.0 was used 
because probability of detection increases with increasing group size, and there were not enough samples 
with large group sizes to allow for calculation of a separate f(0). 

 
TABLE C.1.  f(0) values used to correct survey data collected in the Chukchi Sea in 2006.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210  47d 1.834 1.307 2.575
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -

Ringed, Spotted and 
Unidentified Seals 40d 2.371 1.758 3.198 151 6.782 5.763 7.982

Bearded Seals 40d 2.371 1.758 3.198 40 3.851 2.983 4.972
Unidentified pinniped  206d 1.929 1.626 2.289  41d 4.362 3.212 5.923
Pacific walrus  206d 1.929 1.626 2.289  41d 4.362 3.212 5.923

Cetaceans  43d 1.601 1.160 2.210 38 1.312 0.999 1.724
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals 40d 2.371 1.758 3.198 659 6.523 6.037 7.049

Bearded Seals 40d 2.371 1.758 3.198 109 4.722 3.971 5.615
Unidentified pinniped  206d 1.929 1.626 2.289  41d 4.362 3.212 5.923
Pacific walrus  206d 1.929 1.626 2.289  41d 4.362 3.212 5.923

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

95% CI
Tall vesselsa Short vesselsb

95% CI

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

Summer

Fall
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TABLE C.2.  f(0) values used to correct survey data collected in the Chukchi Sea in 2007.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210 28 1.916 1.417 2.590
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 57 6.639 4.654 9.470

Bearded seals  28d 8.410 6.424 11.011 57d 6.639 4.654 9.470
Unidentified pinniped  206d 1.929 1.626 2.289 43 8.455 6.063 11.793
Pacific walrus  206d 1.929 1.626 2.289 43 8.455 6.063 11.793

Cetaceans  43d 1.601 1.160 2.210  49d 2.000 1.575 2.541
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 53 11.116 8.990 13.744

Bearded seals  28d 8.410 6.424 11.011 53d 11.116 8.990 13.744
Unidentified pinniped  206d 1.929 1.626 2.289 60d 7.898 5.904 10.566
Pacific walrus  206d 1.929 1.626 2.289 60d 7.898 5.904 10.566

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer

Fall

c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).
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TABLE C.3.  f(0) values used to correct survey data collected in the Chukchi Sea in 2008.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.) 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210 128 2.218 1.860 2.645
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals 39d 3.095 2.547 3.762 360 8.548 7.804 9.363

Bearded seal 39d 3.095 2.547 3.762 94d 7.231 5.820 8.985
Unidentified pinniped  206d 1.929 1.626 2.289 52d 4.346 3.708 5.094
Pacific walrus  206d 1.929 1.626 2.289 52d 4.346 3.708 5.094

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer and Fall

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.
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TABLE C.4.  f(0) values used to correct survey data collected in the 
Chukchi Sea in 2009.  Also shown is the number of sightings (n) that 
met the analysis criteria and the 95% Confidence Intervals (CI) of the 
f(0) estimate, (see Chapter 3, Methods for a description of the 
analysis criteria.)   

n f (0) Lower Upper

Cetaceans 28d 1.916 1.417 2.590
Cryptic cetaceansc - 0.369 - -
Harbor porpoisee - 1.627 - -

Ringed, Spotted and 
Unidentified Seals 53d 5.502 4.460 6.787

Bearded seal 53d 5.502 4.460 6.787
Unidentified pinniped 43d 8.455 6.063 11.793
Pacific walrus 43d 8.455 6.063 11.793

Cetaceans  49d 2.000 1.575 2.541
Cryptic cetaceansc - 0.369 - -
Harbor porpoisee - 1.627 - -

Ringed, Spotted and 
Unidentified Seals 53d 5.502 4.460 6.787

Bearded seal 53d 5.502 4.460 6.787
Unidentified pinniped 60d 7.898 5.904 10.566
Pacific walrus 60d 7.898 5.904 10.566

e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales. f (0) value comes from
Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples
from short and tall vessels w ere never pooled.

Short vesselsb

95% CI

Summer

Fall
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TABLE C.5.  f(0) values used to correct survey data collected in the Chukchi Sea in 2010.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.) 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210 32 1.025 0.804 1.306
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 99 7.923 6.211 10.107

Bearded seals  28d 8.410 6.424 11.011 99 7.923 6.211 10.107
Unidentified pinniped  206d 1.929 1.626 2.289 136d 2.546 2.244 2.889
Pacific walrus  206d 1.929 1.626 2.289 136d 2.546 2.244 2.889

Cetaceans  43d 1.601 1.160 2.210  61d 0.864 0.724 1.032
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Harbor porpoisee - 1.627 - - - 1.627 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 53 8.194 6.649 10.097

Bearded seals  28d 8.410 6.424 11.011 53 8.194 6.649 10.097
Unidentified pinniped  206d 1.929 1.626 2.289 136d 2.546 2.244 2.889
Pacific walrus  206d 1.929 1.626 2.289 136d 2.546 2.244 2.889

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.
e Harbor porpoise f (0) value comes from Forney and Barlow  (1998).

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer
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TABLE C.6.  f(0) values used to correct survey data collected in the Beaufort Sea in 2006.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)   

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210  49d 1.821 1.310 2.531
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 71d 5.491 4.466 6.751 151d 6.782 5.763 7.982

Bearded seal 71d 5.491 4.466 6.751 151d 6.782 5.763 7.982

Cetaceans  43d 1.601 1.160 2.210 - - - -
Cryptic cetaceansc - 0.369 - - - - - -
Ringed, Spotted and 
Unidentified Seals 186d 7.685 6.424 9.194 - - - -

Bearded seal 186d 7.685 6.424 9.194 - - - -

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

 



C–8     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 

TABLE C.7.  f(0) values used to correct survey data collected in the Beaufort Sea in 2007.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.)  

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210  38d 1.916 1.437 2.555
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 97d 12.709 10.799 14.958 93d 9.602 7.971 11.566

Bearded seal 97d 12.709 10.799 14.958 93d 9.602 7.971 11.566
Unidentified pinnipeds  189d 1.713 1.537 1.909 43d 8.455 6.063 11.793

Cetaceans  43d 1.601 1.160 2.210  49d 2.000 1.575 2.541
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 97d 12.709 10.799 14.958 57d 10.014 8.040 12.473

Bearded seal 97d 12.709 10.799 14.958 57d 10.014 8.040 12.473

Unidentified pinnipeds  189d 1.713 1.537 1.909 60d 7.898 5.904 10.566

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.
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TABLE C.8.  f(0) values used to correct survey data collected in the Beaufort Sea in 2008.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of 
the f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.) 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  43d 1.601 1.160 2.210 26 2.093 1.480 2.959
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals 116d 9.700 8.246 11.409 175 8.697 7.881 9.598

Bearded seal 116d 9.700 8.246 11.409 35 5.241 4.014 6.842
Unidentified pinniped  189d 1.713 1.537 1.909 52d 4.346 3.708 5.094

Cetaceans  43d 1.601 1.160 2.210 26 1.574 1.119 2.215
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals  33d 2.497 1.792 3.479 264d 11.270 10.048 12.641

Bearded seal  33d 2.497 1.792 3.479 264d 11.270 10.048 12.641
Unidentified pinniped  189d 1.713 1.537 1.909 52d 4.346 3.708 5.094

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.
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TABLE C.9.  f(0) values used to correct survey data collected in the 
Beaufort Sea in 2009.  Also shown is the number of sightings (n) that 
met the analysis criteria and the 95% Confidence Intervals (CI) of the 
f(0) estimate, (see Chapter 3, Methods for a description of the 
analysis criteria.) 

n f (0) Lower Upper

Cetaceans  38d 1.916 1.437 2.555
Cryptic cetaceansc - 0.369 - -

Ringed, Spotted and 
Unidentified Seals

169 5.160 4.572 5.824

Bearded seal 169d 5.160 4.572 5.824

Cetaceans  49d 2.000 1.575 2.541
Cryptic cetaceansc - 0.369 - -
Ringed, Spotted and 
Unidentified Seals 169 5.160 4.572 5.824

Bearded seal 169d 5.160 4.572 5.824

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales.  f (0) 
value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples
from short and tall vessels w ere never pooled.

Short vesselsb

95% CI

Summer
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TABLE C.10.  f(0) values used to correct survey data collected in the Beaufort Sea in 2010.  Also shown 
is the number of sightings (n) that met the analysis criteria and the 95% Confidence Intervals (CI) of the 
f(0) estimate, (see Chapter 3, Methods for a description of the analysis criteria.) 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans - - - - 68 0.733 0.613 0.877
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals 97d 12.709 10.799 14.958 144d 6.149 4.943 7.650

Bearded seal 97d 12.709 10.799 14.958 144d 6.149 4.943 7.650
Unidentified pinniped - - - - 43d 8.455 6.063 11.793

Cetaceans - - - - 68 0.733 0.613 0.877
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted, and 
Unidentified seals 97d 12.709 10.799 14.958 144d 4.511 3.851 5.284

Bearded seal 97d 12.709 10.799 14.958 144d 4.511 3.851 5.284
Unidentified pinniped - - - - 60d 7.898 5.904 10.566

Fall

a Tall vessels had observation platforms w ith heights 11.0 - 27.0 m (12.1 - 29.5 yd).
b Short vessels had observation platforms w ith heights 3.4 - 10.2 m (3.7 - 11.2 yd).
c Cryptic cetaceans include harbor porpoise, minke w hales, and beluga w hales. f (0) value comes from Barlow and
Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories. Samples from short and tall vessels w ere never
pooled.

Tall vesselsa Short vesselsb

95% CI 95% CI

Summer



C–12     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 

Estimation of g(0) 

There are two components of g(0) that are estimated separately.  One component, referred to as 
ga(0), corrects for availability bias, i.e., for mammals not at the surface due to their diving behavior.  The 
other component, referred to as gd(0), corrects for detectability bias, i.e., for animals at the surface that 
are missed by the primary observer.  The product of ga(0) and gd(0) is g(0).  In this analysis, estimates of 
ga(0) were included when estimating numbers of all species.  However, these estimates of ga(0) are in 
many cases very preliminary and approximate, as specific studies to estimate ga(0) have not yet been 
done for many of the species encountered, or when they have, they have not been done for the time of 
year when our surveys were conducted.  In cases where an estimate of gd(0) was not available, it was 
assumed to be 1.0.  For sightings with group size ≥16, g(0) was assumed to be 1.0.   

For cetaceans, we used g(0) estimates from previous studies that were derived for vessel–based 
surveys (Table C.9).  The g(0) value for the large mysticete whales comes from Forney and Barlow’s 
estimates for humpback, fin, and blue whales that were calculated using data collected off the coast of 
California.  In the absence of better data, these estimates were applied to bowhead, gray, and unidentified 
whales in this study.  The g(0) value for beluga whales comes from a combination of the ga(0) from 
Innes et al. (2002) and the gd(0) from Harwood et al. (1996).  The estimates for minke whales and harbor 
porpoise come from Table 4 in Barlow and Gerrodette (1996).   

For pinnipeds, the best available data come from a study by Bengtson et al. (2005) that involved the 
use of satellite-linked time-depth recorders to study the haulout patterns of ringed seals.  In the absence 
of better data specific to each species, this correction factor was applied to all pinniped species (Table 
C.11). 
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TABLE C.11.  Estimates of g(0) used in the calculation of density estimates by 
species. 

g(0) Source

Bowhead whale 0.902 Forney and Barlow (1998)
Gray whale 0.902 Forney and Barlow (1998)
Fin whale 0.902 Forney and Barlow (1998)
Humpback whale 0.902 Forney and Barlow (1998)
Minke whale 0.84 Barlow and Gerrodette (1996)
Unidentified mysticete whale 0.902 Forney and Barlow (1998)

Beluga whale 0.419
Innes et al. (2002) and 
Harwood et al. (1996)

Unidentified whale 0.902 Forney and Barlow (1998)
Harbor porpoise 0.787 Barlow and Gerrodette (1996)
Killer whale 0.561 Forney and Barlow (1998)
Unidentified odontocete whale 0.561 Forney and Barlow (1998)

Ringed seal 0.6 Bengtson et al. (2005)
Spotted seal 0.6 Bengtson et al. (2005)
Ribbon seal 0.6 Bengtson et al. (2005)
Bearded seal 0.6 Bengtson et al. (2005)
Unidentified seal 0.6 Bengtson et al. (2005)
Pacific walrus 0.6 Bengtson et al. (2005)

Species
Cetaceans

Pinnipeds
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APPENDIX D:  CHUKCHI SEA AERIAL SURVEY RESULTS  
Part 1: Tables and Figures Referenced from Chapter 4 

 
Appendix D consists of 

1.   Figures D.1 – D.6, maps of survey coverage (survey periods were between one and three days in 
length) and whale and pinniped sightings for 2010 in the eastern Chukchi Sea, 

2.   Figures D.14 – D.15, Kolmogorov-Smirnov cumulative fraction plots for cetacean sightings vs. 
distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, Jul to Nov 2006–2010, 

3.   Table D.1 – D.12, summarizing 2006-2010 effort and number of sightings of whales and pinnipeds 
in the eastern Chukchi Sea for the coastline and sawtooth surveys, and 

4.   Table D.13, lists the estimated numbers of walrus on beach haul outs in 2007. 
 
Figures D.1 – D.13 show for each survey, 

1.   Aerial survey coverage (survey lines).  Sightability along survey lines is depicted as shown in the 
legend below. 

 

Poor Sightability
Good Sightability

 
2.   Whale and Pinniped sightings.  The symbols used on the maps are color coded to identify the 

species as explained in the legends.  Each sighting symbol on these maps represents a sighting of 
one or more individual whales.  Sightings along formal transects (on-transect) are shown as filled 
circle symbols.  Off-transect sightings are shown as open triangle symbols and are not considered 
during analyses.   
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D.1A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.1B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.1A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 1 (17-21 July; D.1A) and 2 (24 July; D.1B).  Solid circle symbols denote “on-
transect” sightings and open triangle symbols denote “off-transect” sightings. 
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D.2A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.2B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

FIGURE D.2A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 3 (29 July – 1 Aug; D.2A) and 4 (3-5 Aug; D.2B).  See Figure D.1 for notes on 
symbols. 
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D.3A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.3B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.3A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 5 (14-15 Aug; D.3A) and 6 (19-24 Aug; D.3B).  See Figure D.1 for notes on 
symbols. 
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D.4A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D.4B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.4A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 7 (30 Aug – 1 Sep; D.4A) and 8 (2-4 Sep; D.4B).  See Figure D.1 for notes on 
symbols. 
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D.5A 

 

 

 

 

 

 

 

 

 

 

D.5A  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE D.5A and B.  Locations of marine mammal sightings in the eastern Chukchi Sea during 
aerial surveys 9 (7 Sep.; D.5A) and 10 (17-18 Sep.; D.5B).  See Figure D.1 for notes on 
symbols. 
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D.6A 
 

 

 

 

 

 

 

 

 

 
 
 

FIGURE D.6A.  Locations of marine mammal sightings in the eastern Chukchi Sea during aerial 
surveys 11 (11 Oct.; D.6A).  See Figure D.1 for notes on symbols. 

 

 

FIGURE D.7A and B.  Kolmogorov-Smirnov cumulative fraction plots for cetacean 
sightings vs. distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, 
Jul to Nov 2006–2007.  (A) beluga whales and (B) bowhead whales. 
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FIGURE D.8A, B and C.  Kolmogorov-Smirnov cumulative fraction plots for gray whale sightings 
vs. distance from shore of the sawtooth transects in the Alaskan Chukchi Sea, Jul to Nov 2006–
2008.  (A) 2006 vs. 2007 (B) 2006 vs. 2008, (C) 2007 vs. 2008, (D) 2006 vs. 2010, (E) 2007 vs. 
2010, and (F) 2008 vs. 2010. 
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TABLE D.1. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2010.  “All sightings” include incidental 
sightings. 

Date in 2010
Survey 

No.
Total 
km

Transect 
km

20-21 Jul 1 287 0 0 0 240 0 0 0
24 Jul 2 223 0 0 0 201 0 0 0

29 Jul - 1 Aug 3 199 0 0 0 163 0 0 0
3-5 Aug 4 515 0 0 0 489 0 0 0

14-15 Aug 5 236 0 0 0 193 0 0 0
23-24 Aug 6 437 0 0 6 (7) 339 0 0 4 (5)

30 Aug - 1 Sep 7 318 1 (1) 0 0 270 0 0 0
2-4 Sep 8 452 0 0 0 448 0 0 0

7 Sep 9 187 0 0 0 187 0 0 0
17-18 Sep 10 268 0 0 1 (2) 268 0 0 1 (2)

11 Oct 11 N/A - - - N/A - - -
Total 3122 1 (1) 0 7 (9) 2799 0 0 5 (7)

All Sightings Useable Sighting Conditions
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

 
N/A denotes no survey flown on this date. 

 
TABLE D.2. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

 

Date in 2008 
Survey  

No. 
Total  
km 

Transect  
km 

15-16 Jul 1 356 4 (12) 0 1 (2) 356 4 (12) 0 0 
18-19 Jul 2 408 0 2 (4) 0 408 0 1 (2) 0 
21-23 Jul 3 390 0 0 0 320 0 0 0 

24-Jul 4 364 0 0 1 (2) 357 0 0 1 (2) 
26-27 Jul 5 297 0 0 2 (2) 281 0 0 2 (2) 

28-Jul 6 265 0 0 0 265 0 0 0 
7-8 Aug 7 662 1 (1) 1 (1) 1 (1) 599 0 1 (1) 1 (1) 

15-16 Aug 8 365 0 0 0 284 0 0 0 
19-21 Aug 9 455 0 0 1 (1) 413 0 0 0 
22-23 Aug 10 388 0 0 1 (1) 388 0 0 1 (1) 
24-25 Aug 11 215 0 0 2 (2) 179 0 0 2 (2) 
26-28 Aug 12 583 0 0 1 (1) 568 0 0 1 (1) 
29-31 Aug 13 537 0 0 1 (1) 467 0 0 1 (1) 

8-Sep 14 239 0 0 0 180 0 0 0 
11-13 Sept 15 183 0 0 1 (1) 146 0 0 1 (1) 
14-16 Sept 16 449 0 0 0 419 0 0 0 

18-Sep 17 5 0 0 0 5 0 0 0 
22-24 Sept 18 252 0 0 0 212 0 0 0 
26-27 Sept 19 317 0 0 0 295 0 0 0 
28-30 Sept 20 422 0 0 0 401 0 0 0 

1-Oct 21 328 0 0 0 262 0 0 0 
5-6 Oct 22 252 0 0 0 220 0 0 0 
7-8 Oct 23 306 0 0 0 277 0 0 0 

9-Oct 24 N/A - - - N/A - - - 
12-13 Oct 25 275 0 0 0 248 0 0 0 

Total 8312 5 (13) 3 (5) 12 (14) 7552 4 (12) 2 (3) 10 (11) 

All Sightings Useable Sighting Conditions 
Beluga  
Whale 

Bowhead  
Whale 

Gray  
Whale 

Beluga  
Whale 

Bowhead  
Whale 

Gray  
Whale 

 
   N/A denotes no survey flown on this date. 
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TABLE D.3. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No. Total km
Transect 

km
10-11 Jul 1 243 0 0 1 (1) 175 0 0 0
17-18 Jul 2 290 4 (32) 0 3 (3) 283 4 (32) 0 2 (2)
22-24 Jul 3 529 1 0 3 (3) 513 0 0 2 (2)
25-28 Jul 4 462 1 0 15 (25) 329 0 0 2 (3)
29-30 Jul 5 521 0 0 7 (7) 459 0 0 1 (1)

31 Jul-2 Aug 6 672 2 (2) 0 4 (5) 633 0 0 2 (2)
6-8 Aug 7 554 1 (2) 0 2 (2) 542 1 (2) 0 2 (2)

9-11 Aug 8 576 0 0 12 (15) 564 0 0 11 (14)
12-Aug 9 292 0 1 (1) 5 (5) 281 0 1 (1) 5 (5)
17-Aug 10 193 6 (11) 0 0 193 4 (5) 0 0

21-23 Aug 11 333 10 (36) 0 3 (9) 272 7 (33) 0 3 (9)
24-Aug 12 N/A - - - N/A - - -

28-30 Aug 13 338 0 0 3 (3) 292 0 0 1 (1)
2-3 Sept 14 250 0 0 2 (2) 217 0 0 1 (1)
6-7 Sept 15 182 2 (3) 0 0 109 2 (3) 0 0

11-Sep 16 397 0 0 0 354 0 0 0
14-Sep 17 51 0 0 0 51 0 0 0

18-19 Sept 18 544 0 0 0 529 0 0 0
21-Sep 19 158 0 0 0 13 0 0 0
26-Sep 20 N/A - - - N/A - - -

30 Sept-2 Oct 21 489 0 6 (6) 0 405 0 1 (1) 0
3-5 Oct 22 600 0 3 (3) 0 372 0 1 (1) 0
6-7 Oct 23 382 0 0 0 350 0 0 0
8-9 Oct 24 397 0 1 (1) 0 300 0 0 0
11-Oct 25 474 0 1 (1) 0 393 0 0 0

17-18 Oct 26 146 0 0 0 112 0 0 0
20-21 Oct 27 247 11 (43) 13 (15) 0 184 11 (43) 6 (6) 0
23-25 Oct 28 465 0 7 (7) 0 267 0 5 (5) 0
27-28 Oct 29 393 0 11 (11) 0 280 0 9 (9) 0

3-4 Nov 30 370 0 0 0 190 0 0 0
Total 10548 38 (129) 43 (45) 60 (80) 8662 29 (118) 23 (23) 32 (42)

Useable Sighting ConditionsAll Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

 
N/A denotes no survey flown on this date. 
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TABLE D.4. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 419 8 (320) 0 0 378 8 (320) 0 0
15-Jul 2 442 0 0 0 346 0 0 0
18-Jul 3 363 0 0 0 275 0 0 0
20-Jul 4 172 0 4 (4) 0 172 0 4 (4) 0

23-24 Jul 5 761 3 (8) 0 3 (3) 674 3 (8) 0 3 (3)
25-Jul 6 526 0 0 1 (1) 522 0 0 1 (1)

23-Aug 7 293 0 0 1 (1) 251 0 0 0
28-30 Aug 8 287 0 0 2 (2) 140 0 0 2 (2)

31 Aug-1 Sept 9 588 0 0 1 (1) 534 0 0 1 (1)
3-Sep 10 398 0 1 (1) 1 (1) 282 0 1 (1) 0

5-6 Sept 11 397 0 0 1 (1) 390 0 0 0
11-12 Sept 12 396 0 0 1 (1) 350 0 0 1 (1)
14-15 Sept 13 592 0 0 0 570 0 0 0
21-23 Sept 14 346 0 0 0 252 0 0 0

25-Sep 15 559 0 0 3 (3) 436 0 0 3 (3)
30 Sept-2 Oct 16 393 1 (1) 0 1 (1) 339 0 0 1 (1)

6-Oct 17 300 1 (1) 0 0 277 1 (1) 0 0
11-Oct 18 251 0 0 0 230 0 0 0

14-15 Oct 19 533 1 (3) 0 1 (2) 287 1 (3) 0 1 (2)
18-20 Oct 20 545 0 1 (1) 3 (3) 476 0 1 (1) 1 (1)
21-23 Oct 21 399 0 0 1 (1) 349 0 0 1 (1)
25-26 Oct 22 620 0 1 (26) 0 351 0 0 0
29-31 Oct 23 475 0 0 0 287 0 0 0

7-9 Nov 24 471 2 (3) 0 0 338 1 (1) 0 0
11-12 Nov 25 359 1 (2) 3 (4) 0 194 1 (2) 1 (1) 0

Total 10887 17 (338) 10 (36) 20 (21) 8698 15 (335) 7 (7) 15 (16)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

All Sightings Useable Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

 
 
TABLE D.5. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2010.  “All sightings” include incidental 
sightings. 

Date in 2010
Survey 

No.
Total 
km

Transect 
km

20-21 Jul 1 287 0 0 0 129 0 0 0
24 Jul 2 223 0 10 (10) 0 197 0 7 (7) 0

29 Jul - 1 Aug 3 199 1 (1) 1 (1) 0 101 0 1 (1) 0
3-5 Aug 4 515 1 (1) 0 0 224 1 (1) 0 0

14-15 Aug 5 236 0 1 (1) 0 18 0 0 0
23-24 Aug 6 437 3 (11) 7 (8) 0 194 2 (9) 4 (5) 0

30 Aug - 1 Sep 7 318 482 (721) 6 (6) 0 254 256 (392) 0 0
2-4 Sep 8 452 151 (1013) 4 (4) 0 293 118 (595) 1 (1) 0

7 Sep 9 187 12 (238) 2 (2) 0 143 9 (235) 0 0
17-18 Sep 10 268 0 19 (22) 0 204 0 9 (11) 0

11 Oct 11 N/A - - - N/A - - -
Total 3122 650 (1985) 50 (54) 0 1756 386 (1232) 22 (25) 0

Useable Sightings

Walrus
Other 
Seala

Bearded 
Seal

All Sightings
Bearded 

Seal
Other 
SealaWalrus

 
N/A denotes no survey flown on this date. 
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TABLE D.6. Summary of coastline aerial survey effort and number of sightings (number of individuals) 
of pinnipeds in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 356 1 (5) 2 (2) 0 230 0 2 (2) 0
18-19 Jul 2 408 1 (2) 0 0 240 1 (2) 0 0
21-23 Jul 3 390 2 (3) 0 0 213 1 (2) 0 0

24-Jul 4 364 0 10 (12) 0 270 0 10 (12) 0
26-27 Jul 5 297 0 2 (3) 0 261 0 2 (3) 0

28-Jul 6 265 0 1 (1) 0 196 0 1 (1) 0
7-8 Aug 7 662 4 (18) 11 (14) 1 (1) 305 2 (16) 7 (7) 1 (1)

15-16 Aug 8 365 0 4 (11) 0 53 0 1 (1) 0
19-21 Aug 9 455 2 (23) 2 (2) 0 147 2 (23) 2 (2) 0
22-23 Aug 10 388 0 32 (40) 18 (20) 210 0 24 (29) 15 (16)
24-25 Aug 11 215 0 17 (19) 11 (12) 117 0 15 (17) 9 (10)
26-28 Aug 12 583 2 (2) 30 (37) 4 (4) 433 1 (1) 28 (33) 4 (4)
29-31 Aug 13 537 0 1 (1) 1 (1) 250 0 0 1 (1)

8-Sep 14 239 0 0 0 7 0 0 0
11-13 Sept 15 183 0 0 0 0 0 0 0
14-16 Sept 16 449 0 3 (4) 2 (3) 176 0 3 (4) 2 (3)

18-Sep 17 5 0 0 5 0 0 0
22-24 Sept 18 252 0 3 (3) 1 (1) 81 0 0 1 (1)
26-27 Sept 19 317 9 (12) 6 (15) 0 195 0 6 (15) 0
28-30 Sept 20 422 13 (170) 5 (5) 0 288 3 (82) 1 (1) 0

1-Oct 21 328 0 0 2 (2) 113 0 0 1 (1)
5-6 Oct 22 252 0 0 0 105 0 0 0
7-8 Oct 23 306 0 3 (4) 0 67 0 0 0

9-Oct 24 N/A - - - N/A - - -
12-13 Oct 25 275 0 8 (9) 0 150 0 6 (7) 0

Total 8312 34 (235) 140 (182) 40 (44) 4114 7 (126) 108 (134) 34 (37)

Useable Sightings

Walrus
Other 
Seala

Bearded 
Seal

All Sightings
Bearded 

Seal
Other 
SealaWalrus

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 
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TABLE D.7. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 243 0 0 0 0 - - -
17-18 Jul 2 290 0 4 (6) 1 (1) 201 0 4 (6) 0
22-24 Jul 3 529 0 3 (3) 0 211 0 3 (3) 0
25-28 Jul 4 462 1 (1) 1 (1) 0 288 0 0 0
29-30 Jul 5 521 1 (1) 0 0 194 1 (1) 0 0

31 Jul-2 Aug 6 672 0 1 (1) 0 490 0 1 (1) 0
6-8 Aug 7 554 0 0 0 228 0 0 0

9-11 Aug 8 576 0 5 (5) 0 486 0 5 (5) 0
12-Aug 9 292 30 (73) 3 (4) 0 245 30 (73) 3 (4) 0
17-Aug 10 193 8 (10) 1 (1) 1 (1) 183 6 (8) 0 1 (1)

21-23 Aug 11 333 55 (132) 85 (154) 0 272 45 (100) 76 (141) 0
24-Aug 12 N/A - - - N/A - - -

28-30 Aug 13 338 11 (25) 2 (3) 0 217 7 (20) 1 (2) 0
2-3 Sept 14 250 12 (17) 9 (11) 0 217 5 (6) 6 (8) 0
6-7 Sept 15 182 14 (28) 1 (1) 0 109 8 (18) 1 (1) 0
11-Sep 16 397 73 (140) 1 (2) 0 329 58 (118) 1 (2) 0
14-Sep 17 51 0 0 0 51 0 0 0

18-19 Sept 18 544 14 (30) 1 (1) 0 256 9 (24) 1 (1) 0
21-Sep 19 158 1 (1) 0 0 0 - - -
26-Sep 20 N/A - - - N/A - - -

30 Sept-2 Oct 21 489 0 1 (1) 0 10 0 0 0
3-5 Oct 22 600 10 (14) 3 (3) 0 105 1 (1) 2 (2) 0
6-7 Oct 23 382 3 (4) 0 0 135 2 (2) 0 0
8-9 Oct 24 397 3 (4) 2 (3) 0 50 0 0 0
11-Oct 25 474 0 2 (9) 0 102 0 1 (3) 0

17-18 Oct 26 146 2 (2) 6 (55) 0 71 0 2 (2) 0
20-21 Oct 27 247 2 (3) 4 (57) 0 128 0 0 0
23-25 Oct 28 465 2 (3) 9 (16) 10 (14) 267 1 (1) 3 (3) 3 (3)
27-28 Oct 29 393 1 (1) 5 (5) 3 (3) 234 0 3 (3) 3 (3)

3-4 Nov 30 370 5 (6) 13 (16) 23 (35) 130 3 (3) 2 (2) 8 (15)
Total 10548 248 (495) 162 (358) 38 (54) 5208 176 (375) 115 (189) 15 (22)

All Sightings Useable Sightings

Walrus
Other 
Seala

Bearded 
Seal Walrus

Other 
Seala

Bearded 
Seal

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 
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TABLE D.8. Summary of coastline aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 419 1 (9) 2 (2) 3 (5) 350 1 (9) 1 (1) 2 (4)
15-Jul 2 442 0 0 0 340 0 0 0
18-Jul 3 363 0 2 (2) 5 (5) 194 0 2 (2) 3 (3)
20-Jul 4 172 1 (4) 3 (28) 1 (2) 172 0 1 (25) 1 (2)

23-24 Jul 5 761 4 (7) 8 (20) 7 (7) 551 4 (7) 8 (20) 7 (7)
25-Jul 6 526 1 (1) 14 (44) 1 (1) 470 1 (1) 14 (44) 1 (1)

23-Aug 7 293 0 0 0 247 0 0 0
28-30 Aug 8 287 0 5 (7) 0 59 0 5 (7) 0

31 Aug-1 Sept 9 588 0 0 0 195 0 0 0
3-Sep 10 398 0 0 0 161 0 0 0

5-6 Sept 11 397 0 4 (20) 0 342 0 4 (20) 0
11-12 Sept 12 396 0 0 0 251 0 0 0
14-15 Sept 13 592 0 3 (3) 1 (1) 559 0 3 (3) 1 (1)
21-23 Sept 14 346 0 1 (1) 0 120 0 0 0
24-25 Sept 15 559 0 2 (2) 2 (2) 118 0 1 (1) 0

30 Sept-2 Oct 16 393 0 2 (2) 0 283 0 1 (1) 0
6-Oct 17 300 0 0 0 217 0 0 0

11-Oct 18 251 0 0 0 42 0 0 0
14-15 Oct 19 533 0 1 (1) 0 104 0 1 (1) 0
18-20 Oct 20 545 2 (2) 37 (43) 0 349 2 (2) 29 (31) 0
21-23 Oct 21 399 0 7 (8) 0 232 0 2 (2) 0
25-26 Oct 22 620 0 3 (3) 0 202 0 2 (2) 0
29-31 Oct 23 475 0 1 (1) 0 140 0 0 0

7-9 Nov 24 471 0 2 (3) 0 229 0 0 0
11-12 Nov 25 359 0 0 0 99 0 0 0

Total 10887 9 (23) 97 (190) 20 (23) 6023 8 (19) 74 (160) 15 (18)

Walrus
Other 
Seala

Bearded 
SealWalrus

Other 
Seala

Bearded 
Seal

Useable SightingsAll Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 

 
TABLE D.9. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2010.  “All sightings” include incidental 
sightings. 

Date in 2010
Survey 

No.
Total 
km

Transect 
km

20-21 Jul 1 906 3 (4) 0 20 (27) 743 1 (1) 0 6 (10)
24 Jul 2 578 0 0 14 (15) 555 0 0 0

29 Jul - 1 Aug 3 138 0 0 11 (12) 108 0 0 10 (11)
3-5 Aug 4 842 1 (1) 0 13 (16) 619 1 (1) 0 2 (2)

14-15 Aug 5 1018 0 0 5 (5) 931 0 0 4 (4)
23-24 Aug 6 628 0 0 25 (28) 585 0 0 22 (25)

0 Aug - 1 Sep 7 558 0 0 1 (3) 535 0 0 1 (3)
2-4 Sep 8 587 0 0 8 (9) 565 0 0 3 (3)

7 Sep 9 265 0 0 0 259 0 0 0
17-18 Sep 10 799 0 2 (2) 4 (5) 758 0 0 3 (3)

11 Oct 11 233 0 0 3 (4) 218 0 0 2 (3)
Total 6553 4 (5) 2 (2) 104 (124) 5876 2 (2) 0 53 (64)

All Sightings Useable Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale
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TABLE D.10 Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 736 5 (10) 0 4 (5) 644 5 (10) 0 1 (1)
18-19 Jul 2 745 0 0 11 (13) 624 0 0 10 (12)
21-23 Jul 3 657 0 0 24 (29) 546 0 0 4 (4)

24-Jul 4 581 1 (50) 0 8 (8) 507 0 0 4 (4)
26-27 Jul 5 452 0 0 12 (14) 390 0 0 9 (10)

28-Jul 6 341 0 0 10 (20) 307 0 0 9 (19)
7-8 Aug 7 1004 0 1 (4) 8 (14) 705 0 0 6 (11)

15-16 Aug 8 546 0 0 5 (6) 261 0 0 2 (2)
19-21 Aug 9 1048 3 (8) 0 24 (30) 681 0 0 2 (2)
22-23 Aug 10 1017 0 0 18 (21) 835 0 0 5 (6)
24-25 Aug 11 601 0 0 15 (15) 472 0 0 6 (6)
26-28 Aug 12 1022 0 0 1 (1) 912 0 0 1 (1)
29-31 Aug 13 930 0 0 11 (13) 803 0 0 5 (6)

8-Sep 14 214 0 0 0 53 0 0 0
11-13 Sept 15 832 0 1 (1) 0 609 0 0 0
14-16 Sept 16 696 0 2 (2) 4 (4) 519 0 2 (2) 2 (2)

18-Sep 17 276 0 0 0 257 0 0 0
22-24 Sept 18 743 0 0 6 (7) 531 0 0 1 (1)
26-27 Sept 19 695 0 0 6 (6) 460 0 0 5 (5)
28-30 Sept 20 1181 0 0 10 (12) 1026 0 0 6 (7)

1-Oct 21 532 0 0 5 (5) 415 0 0 2 (2)
5-6 Oct 22 1010 0 4 (5) 0 736 0 3 (4) 0
7-8 Oct 23 1022 0 0 1 (1) 882 0 0 1 (1)

9-Oct 24 470 0 0 1 (1) 429 0 0 0
12-13 Oct 25 720 0 1 (1) 0 536 0 0 0

Total 18071 9 (68) 9 (13) 184 (225) 14139 5 (10) 5 (6) 81 (102)

All Sightings Useable Sightings
Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale
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TABLE D.11. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 327 0 0 0 56 0 0 0
17-18 Jul 2 889 16 (102) 0 25 (34) 705 15 (101) 0 7 (7)
22-24 Jul 3 824 0 0 7 (7) 681 0 0 5 (5)
25-28 Jul 4 461 0 0 0 386 0 0 0
29-30 Jul 5 910 6 (228) 0 17 (24) 686 6 (228) 0 16 (22)

31 Jul-2 Aug 6 941 0 0 11 (12) 699 0 0 7 (7)
6-8 Aug 7 1047 2 (2) 0 16 (21) 802 2 (2) 0 11 (16)

9-11 Aug 8 961 4 (6) 0 31 (37) 941 4 (6) 0 30 (36)
12-Aug 9 459 3 (98) 0 16 (17) 430 3 (98) 0 14 (15)
17-Aug 10 388 0 0 0 362 0 0 0

21-23 Aug 11 1045 11 (17) 0 3 (5) 917 10 (16) 0 3 (5)
24-Aug 12 605 0 0 11 (15) 557 0 0 9 (13)

28-30 Aug 13 674 4 (5) 0 3 (3) 541 2 (2) 0 2 (2)
2-3 Sept 14 666 1 (3) 0 0 625 1 (3) 0 0
6-7 Sept 15 1006 0 0 5 (5) 898 0 0 4 (4)
11-Sep 16 647 1 (1) 0 7 (9) 584 1 (1) 0 6 (8)
14-Sep 17 616 0 0 1 (3) 527 0 0 0

18-19 Sept 18 961 0 0 2 (2) 654 0 0 2 (2)
21-Sep 19 431 0 0 6 (6) 191 0 0 1 (1)
26-Sep 20 182 0 0 0 90 0 0 0

30 Sept-2 Oct 21 254 0 1 (1) 0 112 0 1 (1) 0
3-5 Oct 22 663 0 1 (1) 0 332 0 1 (1) 0
6-7 Oct 23 643 0 4 (4) 0 504 0 3 (3) 0
8-9 Oct 24 337 0 0 0 60 0 0 0
11-Oct 25 N/A - - - N/A - - -

17-18 Oct 26 304 0 4 (4) 0 49 0 1 (1) 0
20-21 Oct 27 483 0 0 0 284 0 0 0
23-25 Oct 28 845 4 (4) 6 (7) 0 590 4 (4) 6 (7) 0
27-28 Oct 29 235 0 0 0 79 0 0 0

3-4 Nov 30 864 1 (1) 2 (2) 0 360 0 1 (1) 0
Total 18666 53 (467) 18 (19) 161 (200) 13703 48 (461) 13 (14) 117 (143)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Useable SightingsAll Sightings

 
N/A denotes no survey flown on this date. 
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TABLE D.12. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of cetaceans in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 649 5 (13) 1 (1) 5 (7) 552 4 (10) 0 4 (6)
15-Jul 2 687 3 (8) 1 (1) 2 (2) 611 3 (8) 1 (1) 1 (1)
18-Jul 3 517 0 0 5 (8) 230 0 0 1 (2)
20-Jul 4 578 0 1 (1) 1 (1) 476 0 1 (1) 1 (1)

23-24 Jul 5 849 0 0 2 (4) 786 0 0 2 (4)
25-Jul 6 823 0 0 3 (4) 760 0 0 3 (4)

23-Aug 7 551 0 0 1 (3) 429 0 0 1 (3)
28-30 Aug 8 861 1 (1) 0 0 505 1 (1) 0 0

31 Aug-1 Sept 9 1019 0 0 0 598 0 0 0
3-Sep 10 362 0 0 0 264 0 0 0

5-6 Sept 11 648 0 0 0 467 0 0 0
11-12 Sept 12 657 1 (2) 0 0 405 0 0 0
14-15 Sept 13 1018 0 0 0 850 0 0 0
21-23 Sept 14 951 1 (1) 3 (3) 1 (2) 647 1 (1) 1 (1) 1 (2)
24-25 Sept 15 1038 4 (4) 0 2 (2) 881 4 (4) 0 2 (2)

30 Sept-2 Oct 16 912 0 1 (1) 0 840 0 0 0
6-Oct 17 643 0 0 1 (1) 596 0 0 1 (1)

11-Oct 18 288 1 (1) 1 (1) 0 217 0 1 (1) 0
14-15 Oct 19 779 0 0 1 (1) 587 0 0 0
18-20 Oct 20 837 1 (5) 0 0 549 0 0 0
21-23 Oct 21 998 0 1 (1) 1 (1) 751 0 1 (1) 1 (1)
25-26 Oct 22 1010 5 (5) 0 0 529 5 (5) 0 0
29-31 Oct 23 1015 1 (1) 0 0 621 1 (1) 0 0

7-9 Nov 24 600 0 3 (6) 0 268 0 2 (2) 0
11-12 Nov 25 942 1 (5) 11 (17) 0 700 1 (5) 10 (16) 0

Total 19232 24 (46) 23 (32) 25 (36) 14119 20 (35) 17 (23) 18 (27)

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Beluga 
Whale

Bowhead 
Whale

Gray 
Whale

Useable SightingsAll Sightings

 
 

 

TABLE D.13. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2010.  “All sightings” include incidental 
sightings. 

Date in 2010
Survey 

No.
Total 
km

Transect 
km

20-21 Jul 1 906 37 (274) 11 (12) 0 312 20 (248) 8 (9) 0
24 Jul 2 578 2 (2) 24 (26) 0 459 1 (1) 19 (20) 0

29 Jul - 1 Aug 3 138 0 0 0 67 0 0 0
3-5 Aug 4 842 5 (6) 56 (61) 1 (1) 447 2 (3) 33 (36) 1 (1)

14-15 Aug 5 1018 6 (6) 20 (23) 2 (2) 313 3 (3) 13 (16) 1 (1)
23-24 Aug 6 628 36 (52) 18 (22) 3 (3) 240 8 (12) 7 (10) 1 (1)

30 Aug - 1 Sep 7 558 324 (601) 13 (13) 4 (4) 261 58 (112) 5 (5) 0
2-4 Sep 8 587 129 (240) 14 (16) 0 379 73 (115) 9 (11) 0

7 Sep 9 265 23 (312) 4 (4) 0 59 21 (310) 0 0
17-18 Sep 10 799 43 (114) 52 (75) 3 (3) 515 18 (32) 45 (65) 3 (3)

11 Oct 11 233 1 (1) 11 (11) 2 (2) 83 1 (1) 9 (9) 1 (1)
Total 6553 606 (1608) 223 (263) 15 (15) 3134 205 (837) 148 (181) 7 (7)

Bearded 
Seal

Other 
Seala

All Sightings Useable Sightings

WalrusWalrus Other Seala
Bearded 

Seal

 

 a includes all records of ringed, spotted, and unidentified seals. 
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TABLE D.14. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2008.  “All sightings” include incidental 
sightings. 

Date in 2008
Survey 

No.
Total 
km

Transect 
km

15-16 Jul 1 736 10 (84) 4 (4) 1 (1) 316 8 (64) 1 (1) 1 (1)
18-19 Jul 2 745 20 (102) 3 (3) 1 (1) 289 14 (90) 2 (2) 1 (1)
21-23 Jul 3 657 26 (173) 0 0 317 19 (165) 0 0

24-Jul 4 581 39 (80) 15 (16) 2 (2) 440 35 (73) 11 (12) 1 (1)
26-27 Jul 5 452 59 (223) 40 (46) 7 (7) 312 45 (196) 34 (39) 5 (5)

28-Jul 6 341 2 (7) 14 (15) 2 (2) 204 2 (7) 12 (13) 1 (1)
7-8 Aug 7 1004 30 (77) 38 (49) 6 (7) 429 24 (71) 31 (36) 5 (6)

15-16 Aug 8 546 12 (38) 5 (5) 0 18 0 0 0
19-21 Aug 9 1048 2 (2) 112 (126) 5 (5) 429 0 51 (55) 5 (5)
22-23 Aug 10 1017 3 (3) 205 (295) 43 (50) 489 3 (3) 116 (170) 22 (22)
24-25 Aug 11 601 7 (14) 50 (63) 11 (11) 109 1 (2) 26 (34) 7 (7)
26-28 Aug 12 1022 5 (6) 86 (108) 40 (43) 714 2 (2) 75 (97) 29 (32)
29-31 Aug 13 930 4 (5) 22 (26) 8 (8) 397 2 (3) 13 (14) 4 (4)

8-Sep 14 214 0 0 0 0 - - -
11-13 Sept 15 832 7 (24) 72 (82) 6 (6) 238 7 (24) 27 (29) 2 (2)
14-16 Sept 16 696 2 (2) 56 (67) 5 (5) 248 1 (1) 40 (50) 5 (5)

18-Sep 17 276 1 (1) 2 (4) 3 (4) 90 1 (1) 1 (1) 0
22-24 Sept 18 743 0 93 (107) 23 (25) 193 0 25 (32) 9 (10)
26-27 Sept 19 695 2 (2) 61 (101) 70 (110) 182 0 30 (58) 62 (100)
28-30 Sept 20 1181 43 (499) 85 (106) 42 (44) 618 14 (437) 55 (69) 32 (34)

1-Oct 21 532 3 (6) 1 (1) 3 (3) 113 2 (4) 1 (1) 1 (1)
5-6 Oct 22 1010 4 (4) 3 (12) 0 86 0 1 (1) 0
7-8 Oct 23 1022 7 (9) 7 (7) 4 (4) 469 7 (9) 4 (4) 4 (4)

9-Oct 24 470 0 2 (2) 2 (2) 40 0 1 (1) 0
12-13 Oct 25 720 0 3 (3) 1 (1) 117 0 () 0

Total 18071 288 (1361) 979 (1248) 285 (341) 6858 187 (1152) 557 (719) 196 (241)

Bearded 
Seal

Other 
Seala

All Sightings Useable Sightings

WalrusWalrus Other Seala
Bearded 

Seal

 
a includes all records of ringed, spotted, and unidentified seals. 
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TABLE D.15. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2007.  “All sightings” include incidental 
sightings. 

Date in 2007
Survey 

No.
Total 
km

Transect 
km

10-11 Jul 1 327 0 0 1 (1) 0 - - -
17-18 Jul 2 889 0 33 (36) 1 (1) 486 0 31 (34) 1 (1)
22-24 Jul 3 824 0 3 (3) 0 230 0 1 (1) 0
25-28 Jul 4 461 0 2 (2) 1 (1) 353 0 2 (2) 1 (1)
29-30 Jul 5 910 0 3 (26) 0 361 0 2 (2) 0

31 Jul-2 Aug 6 941 1 (3) 7 (7) 0 566 0 7 (7) 0
6-8 Aug 7 1047 0 13 (21) 0 443 0 12 (20) 0

9-11 Aug 8 961 1 (1) 20 (26) 0 791 1 (1) 19 (25) 0
12-Aug 9 459 13 (31) 21 (21) 0 357 13 (31) 21 (21) 0
17-Aug 10 388 1 (3) 3 (3) 0 239 0 1 (1) 0

21-23 Aug 11 1045 35 (60) 75 (86) 0 878 31 (55) 69 (79) 0
24-Aug 12 605 56 (301) 1 (1) 3 (3) 557 46 (276) 1 (1) 3 (3)

28-30 Aug 13 674 13 (22) 8 (9) 0 474 8 (11) 4 (5) 0
2-3 Sept 14 666 19 (46) 4 (4) 0 400 9 (19) 1 (1) 0
6-7 Sept 15 1006 33 (66) 4 (4) 0 789 21 (44) 1 (1) 0
11-Sep 16 647 23 (40) 0 0 435 15 (29) 0 0
14-Sep 17 616 12 (26) 0 0 413 6 (15) 0 0

18-19 Sept 18 961 19 (40) 0 1 (1) 265 9 (23) 0 0
21-Sep 19 431 4 (5) 0 0 0 - - -
26-Sep 20 182 1 (2) 0 0 18 0 0 0

30 Sept-2 Oct 21 254 3 (202) 0 0 8 0 0 0
3-5 Oct 22 663 5 (9) 6 (7) 1 (1) 117 4 (4) 4 (5) 1 (1)
6-7 Oct 23 643 6 (9) 75 (146) 0 349 5 (8) 65 (125) 0
8-9 Oct 24 337 0 3 (8) 0 4 0 0 0
11-Oct 25 N/A - - - N/A - - -

17-18 Oct 26 304 3 (7) 3 (3) 1 (2) 23 1 (5) 0 0
20-21 Oct 27 483 2 (3) 13 (110) 6 (15) 148 2 (3) 7 (103) 2 (3)
23-25 Oct 28 845 40 (73) 35 (74) 18 (22) 444 29 (52) 20 (36) 9 (10)
27-28 Oct 29 235 0 7 (7) 2 (2) 64 0 4 (4) 0

3-4 Nov 30 864 13 (18) 11 (27) 22 (41) 326 4 (5) 2 (16) 8 (10)
Total 18666 303 (967) 350 (631) 57 (90) 9536 204 (581) 274 (489) 25 (29)

Walrus
Other 
Seala

Bearded 
Seal Walrus

Other 
Seala

Bearded 
Seal

Useable SightingsAll Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 
N/A denotes no survey flown on this date. 
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TABLE D.16. Summary of sawtooth aerial survey effort and number of sightings (number of 
individuals) of pinnipeds in the Alaskan Chukchi Sea, 2006.  “All sightings” include incidental 
sightings. 

Date in 2006
Survey 

No.
Total 
km

Transect 
km

9-10 Jul 1 649 20 (337) 7 (7) 11 (12) 538 15 (303) 7 (7) 11 (12)
15-Jul 2 687 24 (354) 3 (25) 5 (6) 492 18 (320) 3 (25) 4 (5)
18-Jul 3 517 3 (6) 1 (3) 4 (4) 138 2 (4) 1 (3) 3 (3)
20-Jul 4 578 12 (955) 1 (45) 0 419 8 (938) 1 (45) 0

23-24 Jul 5 849 47 (130) 13 (45) 3 (3) 644 44 (110) 12 (44) 2 (2)
25-Jul 6 823 15 (24) 19 (102) 7 (8) 745 14 (21) 19 (101) 7 (8)

23-Aug 7 551 0 0 0 372 0 0 0
28-30 Aug 8 861 2 (2) 29 (48) 2 (2) 438 2 (2) 29 (48) 2 (2)

31 Aug-1 Sept 9 1019 0 1 (1) 0 227 0 1 (1) 0
3-Sep 10 362 0 2 (2) 2 (3) 179 0 1 (1) 2 (3)

5-6 Sept 11 648 2 (22) 38 (50) 5 (5) 385 2 (22) 31 (41) 4 (4)
11-12 Sept 12 657 0 16 (23) 4 (4) 200 0 15 (22) 3 (3)
14-15 Sept 13 1018 0 51 (93) 4 (5) 762 0 42 (82) 4 (5)
21-23 Sept 14 951 2 (2) 52 (65) 12 (17) 268 1 (1) 32 (36) 5 (6)
24-25 Sept 15 1038 2 (13) 86 (128) 34 (37) 493 2 (13) 54 (57) 19 (22)

30 Sept-2 Oct 16 912 2 (12) 35 (39) 8 (8) 806 1 (6) 24 (27) 6 (6)
6-Oct 17 643 0 2 (2) 0 329 0 2 (2) 0

11-Oct 18 288 0 1 (1) 0 14 0 0 0
14-15 Oct 19 779 0 28 (33) 1 (1) 200 0 9 (11) 0
18-20 Oct 20 837 4 (11) 93 (118) 3 (3) 289 1 (2) 48 (58) 2 (2)
21-23 Oct 21 998 1 (2) 13 (14) 3 (3) 267 0 6 (7) 2 (2)
25-26 Oct 22 1010 0 11 (13) 1 (1) 180 0 2 (2) 0
29-31 Oct 23 1015 0 2 (2) 0 87 0 0 0

7-9 Nov 24 600 0 3 (3) 1 (1) 227 0 1 (1) 1 (1)
11-12 Nov 25 942 0 0 0 445 0 0 0

19232 136 (1870) 507 (862) 110 (123) 9144 110 (1742) 340 (621) 77 (86)

Walrus
Other 
Seala

Bearded 
Seal Walrus

Other 
Seala

Bearded 
Seal

All Sightings Useable Sightings

 
a includes all records of ringed, spotted, and unidentified seals. 
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TABLE D.17. Location and numbers of walruses at beach 
haulouts on the northwestern Alaskan coast observed and 
during aerial surveys in 2007. 

Date Time Latitude Longitude Number
28-Aug-07 14:58:14 68 52.824 165 03.207 300+
2-Sep-07 14:51:28 68 53.114 166 12.138 300+

11-Sep-07 12:28:24 70 19.763 161 07.538 750+
11-Sep-07 12:44:02 70 18.844 161 37.875 1500+
11-Sep-07 12:47:54 70 20.312 161 55.697 200+
11-Sep-07 12:53:42 70 12.695 162 19.816 1500+
11-Sep-07 13:12:38 69 51.564 162 55.852 1500+
18-Sep-07 17:53:56 70 12.833 162 15.405 1500+
18-Sep-07 18:18:10 70 19.451 161 06.948 1000+
18-Sep-07 19:15:47 70 54.318 157 41.451 200+
19-Sep-07 16:20:50 68 52.996 165 06.278 200+
21-Sep-07 13:48:55 70 19.583 161 07.041 100+
2-Oct-07 15:42:07 70 54.055 157 42.460 500+
3-Oct-07 15:21:13 70 55.231 157 39.402 500+
8-Oct-07 14:15:00 70 54.055 157 42.460 800+
9-Oct-07 16:56:11 70 54.055 157 42.460 200+  
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Part 2: English Units Tables and Figures from Chapter 4 and this Appendix 
 

 

FIGURE D.4.2E.  Cetacean aerial survey effort for the coastline surveys in the eastern Chukchi 
Sea, 2006–2010. (A) Survey effort (on-transect) in each year 2006–2010, (B) Survey effort in 
each Beaufort wind force category in each year 2006–2010. 
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FIGURE D.4.3E.  Pinniped survey effort (on-transect) 
for coastline surveys of the Chukchi Sea, 2006–2010. 
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FIGURE D.4.4E.  Cetacean aerial survey effort for the sawtooth surveys in the Chukchi Sea, 
2006–2010. (A) Survey effort (on-transect) for 2006–2010, (B) Survey effort in each Beaufort 
wind force category in 2006–2010. 
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FIGURE D.4.5E.  Pinniped aerial survey effort (on-
transect) for the sawtooth surveys of the Chukchi Sea 
nearshore areas, 2006, 2007, 2008 and 2010. 
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FIGURE D.4.9E.  Cetacean aerial survey effort at various distances–from–shore bins during (A) 
coastline and sawtooth surveys in 2006, 2007, 2008 and 2010, and (B) combined 2006–2010 
coastline and sawtooth surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–
2010. 
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FIGURE D.4.10E.  Distribution of beluga whale sighting rates vs. distance from shore (3.1–mi 
bands).  Figures are based on aerial surveys of the combined coastline and sawtooth transects 
in the Alaskan Chukchi Sea, Jul to Nov 2006–2010.  (A) Sightings and (B) individuals per 1000 
mi of survey effort.  See Fig. 4.9A for survey effort vs. distance from shore. 
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FIGURE D.4.11E.  Distribution of bowhead whales vs. distance from shore (3.1–mi bands).  
Figures are based on aerial surveys of the combined coastline and sawtooth transects in the 
Alaskan Chukchi Sea, Jul to Nov 2006–2008.  (A) Sightings and (B) individuals per 1000 mi of 
survey effort.  See Fig. 4.9A for survey effort vs. distance from shore. 
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FIGURE D.4.12E.  Distribution of gray whales vs. distance from shore (3.1–mi bands).  Figures 
are based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan 
Chukchi Sea, Jul to Nov 2006–2010.  (A) sightings and (B) individuals per 1000 mi of survey 
effort.  See Fig. 4.9A for survey effort vs. distance from shore. 
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FIGURE D.4.13E.  Cetacean aerial survey effort by month:  (A) combined coastline and sawtooth 
surveys in 2006, 2007, 2008 and 2010, and (B) combined 2006–2010 coastline and sawtooth 
surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2010. 
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FIGURE D.4.14E.  Seasonal pattern of beluga whale observations in 2006, 2007, 2008 and 2010 
from aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) 
individuals per 1000 mi of survey effort. 
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FIGURE D.4.15E.  Seasonal pattern of beluga (WW), bowhead (BW) and gray (GW) whale 
observations in the combined 2006–2010 field seasons.   Figures are based on aerial surveys 
of the combined coastline and sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 2006–
2010.  (A) sightings and (B) individuals per 1000 mi of survey effort.  See Fig. 4.13B for survey 
effort vs. month. 
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FIGURE D.4.16E.  Seasonal pattern of bowhead whales in 2006, 2007, 2008 and 2010, based on 
aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) 
individuals per 1000 mi of survey effort. 
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FIGURE D.4.17E.  Seasonal pattern of gray whales in 2006, 2007, 2008 and 2010, based on 
aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) 
individuals per 1000 mi of survey effort. 
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FIGURE D.4.25E.  Pinniped aerial survey effort at various distances from shore of (A) combined 
coastline and sawtooth surveys in 2006, 2007, 2008 and 2010, (B) combined 2006–2010 
coastline and sawtooth surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–
2010. 
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FIGURE D.4.26E.  Distribution of walrus vs. distance from shore (3.1–mi bands).  Figures are 
based on aerial surveys of the combined coastline and sawtooth transects in the Alaskan 
Chukchi Sea, Jul through Nov 2006–2010.  (A) Sightings and (B) individuals per 1000 mi of 
survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 
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FIGURE D.4.27E.  Distribution of bearded seals vs. distance from shore (3.1–mi bands).  Figures 
are based on aerial surveys of both the combined coastline and sawtooth transects in the 
Alaskan Chukchi Sea, Jul to Nov 2006–2010.  (A) Sightings and (B) individuals per 1000 mi of 
survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 

 



D–30     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 

A

0

2

4

6

8

10

12

14

16

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40

Distance From Shore (mi)

Si
gh

tin
gs

/1
00

0 
m

i

B

0

5

10

15

20

25

30

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40

Distance From Shore (mi)

In
di

vi
du

al
s/

10
00

 m
i

 

FIGURE D.4.28E.  Distribution of bearded seals vs. distance from shore (3.1–mi bands) in the 
combined 2006–2010 field season.   Figures are based on aerial surveys of both the coastline 
and sawtooth transects in the Alaskan Chukchi Sea, Jul–Nov 2006–2010.  (A) Sightings and 
(B) individuals per 1000 mi of survey effort.  See Fig. 4.25B for survey effort vs. distance from 
shore. 
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FIGURE D.4.29E.  Distribution of ringed and spotted seals vs. distance from shore (3.1–mi 
bands).  Figures are based on aerial surveys of both the coastline and sawtooth transects in the 
Alaskan Chukchi Sea, Jul to Nov 2006–2010.  (A) Sightings and (B) individuals per 1000 mi of 
survey effort.  See Fig. 4.25A for survey effort vs. distance from shore. 
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FIGURE D.4.30E.  Pinniped aerial survey effort at monthly intervals of (A) combined coastline and 
sawtooth surveys in 2006, 2007, 2008 and 2010, (B) combined 2006–2010 coastline and 
sawtooth surveys.  Based on aerial surveys in the Chukchi Sea, Jul–Nov 2006–2010. 
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FIGURE D.4.31E.  Seasonal pattern of walrus in 2006, 2007, 2008 and 2010, based on aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 mi of survey effort. 
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FIGURE D.4.32E.  Seasonal pattern of bearded seals in 2006, 2007, 2008 and 2010 from aerial 
surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and (B) individuals 
per 1000 mi of survey effort. 

 

 

 

A

0
20
40
60
80

100
120
140
160
180
200

Jul Aug Sep Oct Nov

Month

Si
gh

tin
gs

/1
00

0 
m

i

2006
2007
2008
2010

B

0

50

100

150

200

250

Jul Aug Sep Oct Nov

Month

In
di

vi
du

al
s/

10
00

 m
i

2006
2007
2008
2010

 

FIGURE D.4.33E.  Seasonal pattern of ringed and spotted seals in 2006, 2007, 2008 and 2010, 
based on aerial surveys in the Chukchi Sea during summer and fall.  Includes (A) sightings and 
(B) individuals per 1000 mi of survey effort. 
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TABLE D.4.2E.  Estimated numbers of whales near the coastline in the eastern Chukchi Sea 
survey area by month in 2010, 2008, 2007 and 2006 including allowance for f(0), and ga(0) 
correction factors. 

Species
Month

Beluga
July 0.0 0 38.0 30 26.0 13 210.2 88
August 0.0 0 0.0 0 48.5 36 0.0 0
September 0.0 0 0.0 0 16.4 14 0.0 0
Oct-Nov - - 0.0 0 27.6 13 10.1 9

Bowhead 0.0 0.0 0.0
July 0.0 0 4.8 4 0.0 0 18.0 16
August 0.0 0 1.3 1 1.6 1 0.0 0
September 0.0 0 0.0 0 0.0 0 11.1 10
Oct-Nov - - 0.0 0 56.8 50 15.0 13

Gray 0.0 0.0 0.0
July 0.0 0 12.2 11 20.4 18 8.0 7
August 12.4 11 11.8 10 48.1 41 15.4 13
September 11.0 10 0.0 0 4.8 4 3.0 3
Oct-Nov - - 0.0 0 0.0 0 8.6 8

Density 
(No./1000mi2)a

Est. No. 
Whalesa

aCalculated using Bootstrap resampling of the individual abundance estimates calculated by the DISTANCE program for each survey, including 
use of f(0) and ga(0) correction factors.

2010
Density 

(No./1000mi2)a
Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

2008 2007 2006

 

 

TABLE D.4.5E.  Estimated numbers of whales in the sawtooth survey area of the eastern Chukchi 
Sea by month in 2010, 2008, 2007 and 2006 including allowance for f(0), and ga(0) correction 
factors. 

Species
Month

Beluga
July 2.0 14 9.5 69 329.6 1645 24.9 183
August 1.2 9 0.0 0 49.0 185 3.9 29
September 0.0 0 0.0 0 6.2 45 10.1 75
Oct-Nov - - 0.0 0 6.3 47 11.9 88

Bowhead 0.0 0.0 0.0
July 0.0 0 0.0 0 0.0 0 3.3 24
August 0.0 0 0.0 0 0.0 0 0.0 0
September 0.0 0 3.7 27 0.0 0 7.1 53
Oct-Nov - - 15.9 115 86.1 634 79.6 594

Gray 0.0 0.0 0.0
July 61.2 449 99.7 729 41.0 301 17.6 130
August 49.1 366 31.2 230 59.9 438 12.8 95
September 17.0 125 23.7 174 18.7 137 5.2 38
Oct-Nov - - 3.8 28 0.0 0 0.6 4

Density 
(No./1000mi2)a

Est. No. 
Whalesa

aCalculated using Bootstrap resampling of the individual abundance estimates calculated by the DISTANCE program for each survey, including 
use of f(0) and ga(0) correction factors.

2010
Density 

(No./1000mi2)a
Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

Density 
(No./1000mi2)a

Est. No. 
Whalesa

2008 2007 2006
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TABLE D.4.8E.  Comparison of cetacean sighting rates (sightings/1000 mi) in the 
Chukchi Sea during the combined coastline and sawtooth surveys 2006–2010 
to sighting rates reported by Moore et al. (2000).  Compares the combined 
2006–2010 data to an earlier study by season. 

Beluga Bowhead Gray Data Sourcea

Summerb

1982-1986 - - 12.62 Moore et al. (2000)
2006-2010 3.73 0.39 11.70 Current study

Fallb

1982-1991 2.25 1.61 4.72 Moore et al. (2000)
2006-2010 1.45 2.00 2.49 Current study

a For the Moore et al. (2000) paper, data were taken from the northern Chukchi Sea area in the 
<115 ft depth regime.

b Summer includes Jul through Aug, and fall includes Sep through Oct.  
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APPENDIX E.1: AUTOMATED DETECTION AND CLASSIFICATION OF 
MARINE MAMMAL VOCALIZATIONS1

Introduction 

 

This appendix describes the methods developed by JASCO Applied Sciences for automated detection of 
beluga whistles, bowhead moans, bowhead songs, and walrus grunts within the data collected during the 
winter 2009–2010 and summer 2010 Chukchi Sea Joint Acoustic Monitoring Programs (AMPs). The 
algorithms and their performance are described.  

Methods for automated detection and classification of marine mammal vocalizations in digital acoustic 
recordings have been developed over several decades. The variability of the target vocalizations influences the 
performance of detection algorithms. Some species such as fin and blue whales produce highly stereotyped 
vocalizations that are easier to detect automatically than are more variable sounds. For these stereotyped 
vocalizations, template-matching methods such as matched filter (Stafford 1995) and correlation of 
spectrograms (Mellinger and Clark 1997, 2000, Mouy et al. 2009) are generally effective (Mellinger et al. 
2007). Other species produce more variable and complex tonal sounds that are more difficult to detect and 
classify. Such vocalizations generally require band-limited energy summation for detection, followed by 
statistical classification techniques for species identification (Fristrup and Watkins 1993, Oswald et al. 2003). 
Several classification methods have been investigated for belugas (Clemins and Johnson 2006, Mouy et al. 
2008), dolphins (Oswald et al. 2007), humpback whales (Abbot et al. 2010), elephants (Clemins et al. 2005), 
and birds (Kogan and Margoliash 1998).  

The performance of detection algorithms is also influenced by the acoustical surroundings. Noise 
generated by anthropogenic activities (shipping, seismic exploration) or weather (wind, rain, waves) may be 
mistaken as biological in origin. Increased ambient noise reduces the signal-to-noise ratio of vocalizations, 
making them harder to detect and classify. The sound propagation characteristics of the study area can alter the 
spectral and temporal structure of received vocalizations which can interfere with detection and classification 
algorithms that work well in a different propagation environment. Finally, the presence of other marine 
animals vocalizing in the frequency band of interest greatly increases the risk of misclassification. The 
influences of these factors generally also vary with time. Consequently, methods shown to be successful for a 
specific location, season, and species may not be successful under different circumstances. 

The Chukchi Sea AMP recordings contain vocalizations produced by several species of marine 
mammals, including bowhead (Balaena mysticetus), beluga (Delphinapterus leucas), gray (Eschrichtius 
robustus), fin (Balaenoptera physalus), and killer (Orcinus orca) whales, walrus (Odobenus rosmarus), and 
various ice seals. Vocalizations produced by several of these species share frequency bands and can occur at 
the same period of the year. For instance, certain vocalizations produced by bowheads and walrus have similar 
durations and frequency ranges. While an experienced human analyst can usually distinguish between those 
vocalizations, training an automated machine to do the same is no simple task.  

Multiple sources contribute to ambient noise in the eastern Chukchi Sea. In winter, ice noise is highly 
problematic for automated detection algorithms. Ice cracking sounds can be emitted at surprisingly regular 
intervals and can resemble walrus knocks. Ice squeaking sounds are often in the frequency range of beluga 
vocalizations. Detection algorithms therefore must be well adapted to the variable and overlapping 

                                                 
 
1 Although many sounds made by marine mammals do not originate from vocal cords, the term “vocalization” is 

used as a generic term to cover all sounds discussed in this report that are produced by marine mammals. The 
term “call” will also be used in this sense for brevity. 
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vocalizations of the species that frequent the eastern Chukchi Sea as well as robust against the surrounding 
noise background. Because many terabytes of data are collected during the Chukchi Sea AMPs, the automated 
analysis methods must also be computationally efficient, with computing times no less than 5 times real time 
(per processor). 

Methods 

Bowhead and Beluga Call Detection and Classification 
The bowhead acoustic repertoire includes low-frequency moans (< 1000 Hz) produced in summer and 

higher-frequency, more complex songs produced in fall and early winter (Delarue et al. 2009). Belugas 
produce tonal whistles in the 1–8 kHz frequency band (Karlsen et al. 2002). Because these three sound-types 
are produced in different frequency bands, three unique detectors and classifiers were created for: (1) bowhead 
winter (and fall) songs, (2) bowhead summer moans, and (3) beluga whistles. Each detector had unique 
frequency, duration, and FFT settings to optimize performance on the call type of interest. The output of each 
detector was then run through its associated classifier. 

The detection/classification process consists of the following steps (see Figure E.1):  
1. Creating the normalized spectrogram. 

2. Extracting the time-frequency contours using the tonal detector developed by Mellinger et al. (2009). 

3. Extracting 46 features from each contour to create binary random forest models.  

4. Classifying the contours as either ‘target species’ (bowhead or beluga) or ‘other’ with the random forest 
models. 

5. Post-processing of bowhead moans and songs to combine parts of single calls that were detected 
separately.  

Once random forest models were created for bowhead moans, bowhead songs, and beluga whistles, 
they were tested on the test datasets described in the Performance Evaluation section. The 
detection/classification process is described in detail in the following sections. 
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FIGURE E.1. Steps in the detection/classification process. 

Step 1: Spectrogram Processing 
The first step of the detection process was the calculation of the spectrogram. Spectrogram resolutions 

differed for each species to ensure accurate time-frequency representation of the calls (Table E.1). To attenuate 
long spectral rays in the spectrogram due to vessel noise and to enhance weaker transient biological sounds, 
the spectrogram was normalized in each frequency band (i.e., each row of the spectrogram) with a split-
window normalizer. The size of the window and the notch of the normalizer are indicated in Table E.1. For the 
processing of beluga whistles the spectrogram was smoothed by convolving it with a 2-D Gaussian kernel 
(Gillespie 2004). Gaussian smoothing was not used for analyzing bowhead calls as it did not improve the 
performance of the contour extraction. 
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TABLE E.1. Spectrogram parameters for each call type. 

 Bowhead 
winter songs 

Bowhead 
summer moans 

Beluga 
whistles 

Analysis frame size (samples) 4096 4096 1024 
Overlap between frames (samples) 3500 3500 896 
FFT size (sample) 16,384 16,384 1024 
Window function Hanning Hanning Blackman 
Normalizer window size (s) 1.5 1.5 0.7 
Normalizer notch size (s) 0.4 0.4 0.1 
Gaussian kernel size (bins) n/a n/a 3×3 

 

Step 2: Contour Extraction 
Vectors representing the time-evolution of the fundamental frequency of marine mammal calls (referred 

to as contours) were extracted from the spectrograms with the MATLAB® version of a tonal detector 
developed by Mellinger et al. (2009). This tonal detector is implemented in the latest version of the widely-
used Ishmael acoustic analysis software (Mellinger 2001). The algorithm works as follows based on user-
defined parameters (chosen empirically, Table E.2): First, candidate frequency peaks are identified for each 
time slice of the spectrogram in the frequency band [f0, f1]. Peaks of height h [dB] above the noise threshold 
(defined as the percentile Pbg of the spectrum values) that are the highest point in their neighborhood (n Hz 
wide) are selected. Second, successive peaks differing in frequency by less than fd are connected together. 
Third, to accurately follow simultaneous calls, the location of the next candidate peak is estimated by fitting a 
line to the most recent k seconds of the contour and looking for spectral peaks where the line continues. 
Finally, candidate contours must persist for a minimum duration d. Figure E.1 above shows an example of 
contours extracted from a recording containing beluga whistles. 

TABLE E.2. Contour extraction parameters for each call type. 

Symbol Description Bowhead 
winter songs 

Bowhead 
summer moans 

Beluga 
whistles 

Pbg Percentile for estimating background noise 50 50 50 
h Height above that estimate (dB) 2 2 1.2 
n Neighborhood width (Hz) 50 50 250 
fd Frequency difference from one step to the next (Hz) 25 25 300 
d Minimum duration (s) 0.5 0.5 0.3 
k Duration for estimating next spectral peak location (s) 0.2 0.2 0.2 
f0 Minimum frequency (Hz) 1000 50 50 
f1 Maximum frequency (Hz) 1000 50 8000 

 

Step 3: Feature Extraction 
Using custom MATLAB software, 46 features were measured from each extracted time-frequency 

contour. These features describe the frequency content, duration, and shape of the contour (slopes, number of 
inflection points, etc.; Table E.3).  
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TABLE E.3. The 46 features measured from each time-frequency contour. 

Feature Definition 

Beginning sweep Slope at the beginning of the call (1=positive, -1=negative, 0=flat) 
Beginning up Binary variable: 1=beginning slope is positive, 0=beginning slope is negative 
Beginning down Binary variable: 1=beginning slope is negative, 0=beginning slope is positive 
End sweep Slope at the end of the call (1=positive, -1=negative, 0=flat) 
End up Binary variable: 1=ending slope is positive, 0=ending slope is negative 
End down Binary variable: 1=ending slope is negative, 0=ending slope is positive 
Duration Call duration (s) 
Beginning frequency Frequency at start of call (Hz) 
End frequency Frequency at end of call (Hz) 
Minimum frequency, fmin Minimum frequency (Hz) 
Maximum frequency, fmax Maximum frequency (Hz) 
Frequency range fmax – fmin (Hz) 
Mean frequency Mean of frequency values (Hz) 
Median frequency Median of frequency values (Hz) 
Standard deviation frequency Standard deviation frequency values (Hz) 
Frequency spread Difference between the 75th and 25th percentiles of the frequency 
Quarter frequency Frequency at one-quarter of the duration (Hz) 
Half frequency Frequency at one-half of the duration (Hz) 
Three-quarter frequency Frequency at three-quarters of the duration (Hz) 
Center frequency, fc (fmax – fmin)/2 + fmin 
Relative bandwidth (fmax – fmin)/fc 
Maxmin fmax / fmin 
Begend Beginning frequency/end frequency 
Steps Number of steps (≥10% increase or decrease in frequency over two contour pts) 
Inflection points Number of inflection points (changes from positive to negative slope or vice versa) 
Max delta Maximum time between inflection points 
Min delta Minimum time between inflection points 
Maxmin delta Max delta/Min delta 
Mean delta Mean time between inflection points 
Standard deviation delta Standard deviation of the time between inflection points 
Median delta Median of the time between inflection points 
Mean slope Overall mean slope 
Mean positive Mean positive slope 
Mean negative Mean negative slope 
Mean absolute Mean absolute value of the slope 
Ratio posneg Mean positive slope/Mean negative slope 
Percent up Percentage of the call having positive slope 
Percent down Percentage of the call having negative slope 
Percent flat Percentage of the call having zero slope 
Up-down Number of inflection points going from positive to negative slope 
Up-flat Number of times the slope changes from positive to zero 
Flat-down Number of times the slope changes from zero to negative 
Step-up Number of steps with increasing frequency 
Step-down Number of steps with decreasing frequency 
Step-duration Number of steps/Duration 
Inflection-duration Number of inflection points/Duration 

 

Step 4: Classification 
A random forest classifier was created for each call type (bowhead winter songs, bowhead summer 

moans, and beluga whistles). Each of these random forests was a binary classifier, so contours were classified 
as ‘target species’ (i.e., bowhead or beluga whale) or ‘other’. A random forest is a collection of decision trees 
that are grown using binary partitioning of the data based on the value of one of the 46 features (see Table E.3) 
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at each branch, or node. Randomness is injected into the tree-growing process by choosing the feature to use as 
the splitter based on a random subsample of the features at each node (Breiman 2001).  

The number of decision trees to include in each random forest was determined by empirical trials on 
datasets of calls extracted from annotated recordings. Recordings made during the previous year’s AMPs were 
used to train and optimize the random forests: winter 2008–2009 AMP data for the bowhead winter song and 
beluga whistle detectors, and summer 2009 AMP data for the bowhead summer moan detector. Contours were 
detected and extracted based on parameters specific to bowhead or beluga sounds (see Table E.2). Sample 
sizes for each trial dataset are given in Table E.4. These datasets were first randomly sampled so that each 
class (‘target species’ and ‘other’) had equal sample size. Sampling was performed such that the proportion of 
species and call-types within species in the ‘other’ class reflected those in the full dataset. Next, a random 
forest analysis was run on the sampled data. The sampling and random forest analysis was repeated 100 times. 
The output for each random forest analysis included out-of-bag error estimates for forests consisting of one to 
800 trees. To calculate out-of-bag error, each tree was grown using about two-thirds of the trial data. The 
remaining third of the trial data was used as the ‘out-of-bag’ test data to evaluate the performance of the tree. 
The out-of-bag error estimates were averaged over the 100 runs (Figure E.2). The point at which the out-of-
bag error approaches its asymptote was considered the number of decision trees to include in the random forest 
because after this point, little gain was made in classification success with the addition of more trees. Based on 
these analyses, all three random forests consisted of 300 decision trees.  

TABLE E.4. Sample size of the trial datasets used to train and optimize the random forest 
classifiers for each call type. 

Class Winter 2008–2009 
beluga whistles 

Winter 2008–2009 
bowhead songs 

Summer 2009 
bowhead moans 

Beluga 1295 24 0 
Bowhead 2837 3989 754 
Bearded seal 20,331 17,887 269 
Non-biological noise 9443 6491 536 
Ribbon seal 530 0 0 
Unknown 864 1148 1177 
Walrus 483 199 625 
Killer whale 0 0 13 
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FIGURE E.2. Out-of-bag (OOB) error rates averaged over 100 random forest runs 
(example of the beluga whistle classifier). 

Another output of the random forest analysis is the Gini importance index (Breiman et al. 1984), which 
measures how strongly each feature contributes to the random forest model predictions. The optimal subset of 
features to include in each random forest was determined based on this importance index. Feature importance 
was averaged over all 100 runs described above (Figure E.3). The features most important to the model 
predictions were chosen for inclusion in the three random forests (Table E.5). 

TABLE E.5. Features included in bowhead moan, bowhead song, and beluga whistle 
random forests, listed in order of importance to the model. 

Bowhead moan Bowhead song Beluga whistle 
Minimum frequency Maximum frequency Mean frequency 
Median frequency Center frequency End frequency 
Mean frequency Beginning frequency Median frequency 
Three-quarter frequency Mean frequency Three-quarter frequency 
End frequency End frequency Center frequency 
Half frequency Mean slope Half frequency 
Quarter frequency Median frequency Maximum frequency 
Beginning frequency Quarter frequency Quarter frequency 
Duration Three-quarter frequency Minimum frequency 
Center frequency Half frequency Beginning frequency 
Mean negative slope Mean absolute slope  
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FIGURE E.3. Gini feature importance indices averaged over 100 random forest runs. 

Step 5: Post-Processing 
Bowhead calls recorded in the winter 2009–2010 AMP generally consisted of several harmonics that 

the automated detector considered as separate calls. This tended to overestimate the number of bowhead calls 
in the recordings. To avoid this, all bowhead detections overlapping in time were merged together to form a 
single detection. In addition, only detections occurring below 300 Hz were considered. No post-processing was 
performed on beluga detections. 

Walrus Grunt Detection and Classification 
The algorithm first calculated the spectrogram and normalized it for each frequency band. The 

spectrogram was analyzed in consecutive 0.7 s frames overlapped by 50%. For each frame, a set of features 
representing salient characteristics of the spectrogram were extracted in the frequency band 50–800 Hz. 
Extracted features were presented to a two-class random forest classifier to determine the class of the sound in 
the analyzed frame (i.e., ‘walrus grunt’ or ‘other’). During the training phase, features of known sounds (i.e., 
manual annotations) were extracted to create the random forest model. The detection process is illustrated in 
Figure E.4. 
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FIGURE E.4. Steps of the walrus grunt detector. 

Step 1: Spectrogram Processing 
The spectrogram resolution was chosen to ensure accurate time-frequency representation of the walrus 

grunts (Table E.6). The spectrogram was normalized by the averaged spectrum calculated over every 80 s of 
the recording. 

TABLE E.6. Spectrogram parameters used in the walrus grunt 
detector. 

Spectrogram parameters Walrus Grunts 

Analysis frame size (samples) 1024 
Overlap between frames (samples) 896 
FFT size (sample) 2048 
Window function Blackman 

 

Step 2: Feature Extraction 
The spectrogram was analyzed in consecutive 0.7 s frames overlapped by 50%. Each 0.7 s frame was 

represented by 20 features. Several features were calculated following Fristrup and Watkins (1993) and 
Mellinger and Bradbury (2007). Features were calculated using the spectrogram (Figure E.5a), frequency 
envelope (Figure E.5b), and amplitude envelope (Figure E.5c) of the signal. The frequency envelope is the 
sum of the spectrogram amplitude for each frequency. The maximum of the frequency envelope was 
normalized to 1. The amplitude envelope is the sum of the spectrogram amplitude values for each time step. 
The measured features are as follows:  
• Median frequency, fmed (F1): Based on the frequency envelope. The cumulative sum of the spectrum was 

calculated by moving from low to high frequencies. The median frequency is the frequency at which the 
cumulative energy reaches 50% of the total energy (green dashed line in Figure E.5b). 

• Spectral inter-quartile range (F2): Calculated by defining the 25th percentile of the energy on each side of 
the median frequency (dashed blue lines in Figure E.5b). Each quartile was defined as frequency for which 
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the cumulative energy calculated from the median frequency equals 25% of the total energy. The spectral 
inter-quartile range is the difference between the higher quartile (fQ3) and the lower quartile (fQ1). 

• Spectral asymmetry (F3): Skewness of the spectral envelope calculated as  
(fQ1 + fQ3 – 2fmed)/(fQ1 + fQ3). 

• Spectral concentration (F4): Calculated by ranking amplitude values of the spectral envelope from largest 
to smallest. The cumulative sum of ranked amplitude values was computed beginning with larger values 
until 50% of the total energy was reached. The lowest frequency index included in the additive set was 
considered the minimum and the highest index was considered the maximum. Their difference provides 
the spectral concentration (red box in Figure E.5b). 

• Maximum frequency peak (F5): Frequency of the highest amplitude peak in the spectral envelope (red dot 
in Figure E.5b). 

• Maximum frequency peak width (F6): Width (Hz) of the maximum frequency peak measured at the point 
where amplitude values on each side of the peak reached the 75th percentile of all the spectral envelope 
amplitude values (red vertical line in Figure E.5b). 

• Second frequency peak (F7): Frequency of the second highest peak in the spectral envelope. 
• Comparison of the maximum and second frequency peaks (F8, F9): Amplitude ratio and frequency 

difference between the maximum and second frequency peaks.  
• Variance and kurtosis of frequency envelope (F10, F11): These describe the distribution of the amplitude 

in the spectral envelope (Balanda and MacGillivray 1988). 
• Frequency modulation index (F12): Calculated as follows: First, the maximum frequency of the maximum 

amplitude peak was extracted for each time slice of the spectrogram. Frequency values of the selected 
peaks were stored in the vector Fmax and their associated energy values in the vector Emax. Only peaks 
whose amplitude value exceeded the median amplitude of the spectrogram were considered (white dots in 
Figure E.5a). Second, the weighted maximum frequency offset vector O was defined as  
O = (Fmax – Xmed)·Emax/max(Emax), where Xmed is a scalar representing the median frequency of the vector 
Fmax. The frequency modulation index was defined as the standard deviation of the vector O. 

• Asymmetry of the maximum frequencies (F13): The skewness of the vector O defined above. 
• Duration (F14): Number of spectrogram frames with a maximum amplitude value above the 90th 

percentile of the amplitude values of the spectrogram. The resultant number of frames was then multiplied 
by the spectrogram time resolution to give the duration in seconds. 

• Amplitude modulation index (F15): The 90th percentile of the first derivative of the amplitude envelope. 
An example of the derivative of the amplitude envelope is shown in Figure E.5d. 

• Signal-to-noise ratio (F16): Ratio of the 100th percentile and 25th percentile of the amplitude values of the 
spectrogram. 

• Overall spectral entropy (F17): The Shannon entropy (Erbe and King 2008) calculated for each time slice 
of the spectrogram in the frequency band 50–600 Hz (Figure E.5e). The overall spectral entropy is the 10th 
percentile of these values.  

• Kurtosis of the spectral entropy (F18): Kurtosis of the Shannon entropy values calculated on each time 
slice of the spectrogram. 

• Minimum of the spectral entropy (F19): Minimum of the Shannon entropy values calculated on each time 
slice of the spectrogram. 
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• Overall harmonicity (F20): Harmonicity was calculated for each time slice of the spectrogram by 
calculating the Shannon entropy of the Harmonic Product Spectrum (e.g., Figure E.5f; see Ding et al. 
2006). Low harmonicity means the frequency content of the analyzed signal is harmonic. The overall 
harmonicity is the 10th percentile of all the harmonicity values.  

 
FIGURE E.5. Extraction of features used in the walrus grunt 
classifier: (a) spectrogram of the analyzed frame; (b) Frequency 
envelope (black line), with the median frequency (green line), the 
upper and lower quartiles (blue lines), the maximum frequency 
peak (red dot), and the spectral concentration (red box); 
(c) Amplitude envelope; (d) first derivative of the amplitude 
envelope; (e) spectral entropy; (f) harmonicity index. 
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Step 3: Classification 
Classification was performed using a random forest classifier (Breiman 2001). The random forest 

classifier was trained using all manual annotations in recordings from the summer 2009 AMP. The random 
forest was defined with two classes, ‘walrus grunt’ and ‘other’. Training of the classifier, optimization of the 
number of decision trees in the forest and the selection of the most relevant features based on the Gini index 
were performed using the same process as described for bowhead and beluga call detection (Bowhead and 
Beluga Call Detection and Classification section). The optimal number of decision trees was 600. The 
importance of the features is illustrated in Figure E.6. Because feature importance did not decrease abruptly, all 
20 features were used for classification. 

 
FIGURE E.6. Gini feature importance indices averaged over 100 random forest runs. 

Step 4: Post-Processing 
Seismic airgun pulses can be distorted by propagation effects and appear similar to walrus grunts. To 

minimize false alarms due to seismic pulses, walrus grunt detections concurrent with airgun shots detected by 
the seismic detector were removed. 

Bearded Seal Call Detection 
The automated detection and classification of bearded seal calls is performed in four steps: 1) the 

calculation and binarization of the spectrogram, 2) the definition of time-frequency objects, 3) the feature 
extraction, and 4) the classification. 

Step 1: Spectrogram Processing  
The first step of the detection process was the calculation of the spectrogram. The spectrogram 

parameters used are in the Table E.7. To attenuate long spectral rays in the spectrogram due to vessel noise and 
to enhance weaker transient biological sounds, the spectrogram was normalized in each frequency band (i.e., 
each row of the spectrogram) with a median normalizer. The size of the window used by the normalizer is 
indicated in Table E.7. The normalized spectrogram was binarized by setting all the time-frequency bins 
exceeding a normalized amplitude of 4 (no unit) to 1 and the other bins to 0. 
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TABLE E.7. Spectrogram parameters 

 Bearded seal calls 

Analysis frame size (samples) 4096 
Overlap between frames (samples) 3072 
FFT size (sample) 4096 
Window function Reisz 
Normalizer window size (s) 120 
Binarization threshold (no unit) 4 

 

Step 2: Definition of Time-Frequency Objects 
The second step of the detection process consisted in defining time-frequency objects (or events) by 

associating together contiguous bins in the binary spectrogram. The algorithm implemented is a variation of 
the flood-fill algorithm (Nosal 2008). Every spectrogram bins that equals 1 and separated by less than 3 bins in 
both time and frequency are connected together. Figure E.7 illustrates the search area used to connect a 
spectrogram bin to another one. The bin connection process moves from oldest data to newest and from lowest 
frequency to highest. Also, a spectrogram bin can only belong to a single time-frequency object. Each group of 
connected bins is referred to as a time-frequency object.   
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FIGURE E.7. Illustration of the search area used to connect spectrogram bins together. The white bin 
represents a bin of the binary spectrogram equaling 1 and the green bins represent the potential bins that it 
could be connected to. The algorithm advances from left to right; therefore gray cells left of the test cell need 
not be checked. However, checking the far left cells may join broken contours.  

The definition of time-frequency objects is sensitive to noise generated by small pleasure craft or fishing 
vessels near a recorder, which can generate many time-frequency objects that may be mistaken for marine life 
calls. Therefore, a vessel detector is incorporated into the time-frequency event definition process to reduce 
false detections. Vessel noise is considered detected when at least five frequencies have detected contours for 
5 s. Files with at least two vessel detections are omitted from further processing. 

Step 3: Feature extraction 
The third step consists of representing each of the time-frequency objects extracted in the previous step 

by a set of features. Features were defined as the start time (date), the duration (s), the minimum and maximum 
frequency (Hz), and the bandwidth (Hz) of the time-frequency objects.  
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Step 4: Classification 
The final step consists of classifying the time-frequency objects by comparing their features against a 

dictionary defining the features of the vocalizations present in the Chukchi Sea based on the literature and 
analysts observations. In the present study, only bearded seal calls were represented in the dictionary 
(Table E.8). Notice that the classification process has the ability to handle vocalizations that are made of 
several time-frequency objects such as vocalizations with harmonics (referred to as 
MultiFrequencyComponents) and vocalizations made of a succession of time-frequency objects such as seal 
trills and groups of beluga, dolphin, or beaked whale whistles (referred to as MultiTimeComponents). 
Vocalizations in the dictionary are defined by the following features: 
1. Minimum frequency 

2. Maximum frequency—either the maximum frequency expected for the call type, or the maximum 
frequency in the data, whichever is lower. 

3. Minimum duration—at least one spectrogram time slice. 

4. Maximum duration. 

5. Minimum bandwidth. 

6. Maximum bandwidth—not often used. 

7. MultiFrequencyComponent (Boolean): for call types where contours should be grouped in frequency with 
some time overlap before applying the frequency, duration, and bandwidth constraints. Each contour that 
is added to the multi-component contour has the following constraints applied: 

a. minComponentDuration—minimum duration for a contour to be added to the multi-component 
contour. 

b. minComponentBW—minimum bandwidth for a contour to be added to the multi-component contour. 
c. Minimum and maximum frequencies as per the global definition. 

8. MultiTimeComponent (Boolean): for call types where contours should be grouped in time before applying 
the frequency, duration, and bandwidth constraints. Each contour that is added to the multi-time-
component contour has the following constraints applied: 

a. minTimeComponentDuration—minimum duration for a contour to be added to the multi-time-
component contour. 

b. minTimeComponentBW—minimum bandwidth for a contour to be added to the multi-time-
component contour. 

c. Minimum and maximum frequencies as per the global definition. 

Figure E.8 shows a block diagram of the several stages of the classification algorithm.  
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TABLE E.8. Dictionary defining the time-frequency features of bearded seal calls in the Chukchi Sea in 
summer and winter. 

 
Call Type 

Min / Max 
frequency 
(Hz) 

Min / Max 
duration 
(s) 

Min / Max 
bandwidth 
(Hz) 

Min / Max 
sweep rate 

Multi-frequency-
component settings 

Multi-time-
component 
settings 

Winter 
calls 

Full Trill 250 / 5000 5 / 60 500 / - -100 / -10 

Min BW = 30 
Max BW = 200 
Min Dur = 0.5 
Max Dur =5 
MaxFreqShift = 100 

0 

Trill end 250 / 1200 10 / 60 100 / - -50 / -5 

Min BW = 20 
Max BW = 100 
Min Dur = 0.5 
Max Dur = 8 
MaxFreqShift = 100 

0 

Summer 
calls 

Downsweep 200 / 1500 0.6 / 10 38 / - -200 / -20 N/A 0 
Upsweep 200 / 1500 0.6 / 4.5 100 / - 50 / 250 N/A 0 
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FIGURE E.8. Block diagram of the classification algorithm. 

The algorithm consists of two loops. The outer loop iterates through all the time-frequency objects. For 
each time-frequency object that has not yet been classified, the object’s features are compared to each call in 
the dictionary. If the call is a multi-frequency-component or multi-time-component type, the list of time-
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frequency objects is searched for unsorted objects that meet the multi-components settings (see Table E.8). 
The total time-frequency object duration, minimum and maximum frequencies, and frequency bandwidth are 
compared to the calls definitions in the dictionary. If the object features fall within the call type’s bounds, then 
the bandwidth (BWi) and duration (Ti) indices are computed: 

dictionary

object
i BW

BW
BW =      

dictionary

object
i T

T
T =  

If either of these indices exceed an empirically chosen threshold of 1.5 times the current best index, then 
the current best-match call type is updated. The 1.5 threshold for updating the best-match call type means that 
the algorithm prefers call types that are defined earlier. Therefore if for a particular recording, killer whales are 
more likely to occur than singing humpbacks, the killer whale call definitions should occur first in the 
mammalContours.xml definition file.  

The classification algorithm also implements a time-based filter. Since the classification algorithm is 
intended to count calls of species that are expected in an area, it is reasonable to limit the algorithm with a 
priori knowledge. For instance, we will not detect any bowhead calls before 1 Sep or after 1 Jan in the Chukchi 
Sea. The detection of extra-limital species and unusual detections as a function of time is left to the manual 
analysis. Figure E.9 shows an example of detection and classification of bearded seal calls. 

 
FIGURE E.9. Pressure in digital units (top) and spectrogram (bottom) of bearded seal trills (500–200 Hz; 
downsweeps in center) detected using the multi-time component contour type. Beluga and bowhead calls are 
visible in this figure as well. (16 kHz sample rate, 4096-pt STFT, 1024-pt advance).  
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Performance Evaluation 

Test Datasets  
The automated detectors/classifiers must be verified with a test dataset that represents the spatio-

temporal variations of the marine mammal calls and background noise in the entire dataset. Since the acoustic 
environment in the eastern Chukchi Sea differs between winter and summer, a unique test dataset was used to 
test the detection/classification algorithms for each season. For the winter 2009–2010 AMP data, marine 
mammal calls were fully manually annotated in the first 2 min of each day for recordings from Stations B05, 
CL50, PL50, W35, and WN40. This yielded a test dataset of 1376 2 min fully-annotated samples. For the 
summer 2010 AMP data, marine mammal calls were fully manually annotated in the first 1.5 min after 
midnight and the first 1.5 min after noon of each day for Stations B05, B30 (until 23 Oct 2010), W05 (until 25 
Aug 2010), W35, WN20A (until 6 Oct 2010), CL20, CLN90, KL01, PL20, PL50, and SO01. This yielded a 
test dataset of 1779 1.5 min fully-annotated samples.  

Performance Metrics  
The decisions made by detectors/classifiers can be represented as a confusion matrix. The confusion 

matrix consists of four categories: true positives (TP), false positives (FP), true negatives (TN) and false 
negatives (FN). Table E.9 depicts the confusion matrix, where E is the signal event we want to detect/classify 
and E  is a non-event that we want to ignore (i.e., noise). The definition of E  varies depending on the detector 
or classifier.  

TABLE E.9. Confusion matrix. 

  
True 
result 

  E E  

Detection/ 
classification 
result 

E TP FP 

E  FN TN 

 
A true positive (TP) corresponds to a signal of interest being correctly classified as such. A false 

negative (FN) is a signal of interest being classified as noise (i.e., missed). A false positive (FP) is a noise 
classified as a signal of interest (i.e., a false alarm). A true negative (TN) is a noise correctly classified as such. 

The numbers of TPs, FPs, and FNs were calculated for each detector and test dataset by comparing the 
manual annotations of marine mammal calls (considered true results, i.e., ground truth) with the automated 
detections/classifications. Numbers of FPs, TPs and FNs were calculated on all dataset samples containing 
annotations of the target call type. If a manually-annotated call was automatically detected/classified, then the 
detection was considered a TP, if undetected, it was a FN. Each automated detection occurring in the sample 
that did not correspond to a manually-annotated call was considered a FP. 
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Precision and Recall  
To assess the performance of the detectors/classifiers, precision (P) and recall (R) metrics were 

calculated based on the numbers (N) of TPs, FPs, and FNs:  

 

FPTP

TP

NN
NP
+

=  
FNTP

TP

NN
NR
+

=  (1) 

P can be seen as a measure of exactness, and R is a measure of completeness. For instance, a P for 
beluga of 0.9 means that 90% of the detections classified as beluga were in fact beluga calls, but says nothing 
about whether all beluga vocalizations in the dataset were identified. An R for beluga of 0.8 means that 80% of 
all beluga calls in the dataset were classified, but says nothing about how many beluga classifications were 
wrong. Thus, a perfect detector/classifier would have P = R = 1. Neither P nor R alone can describe the 
performance of a detector/classifier on a given dataset; both metrics are required. 

The P-R metric presents advantages over the True-Positive Rate (TPR) and False-Positive Rate (FPR) 
generally used in Receiver Operating Characteristic (ROC) curves. Firstly, the P-R metric is more adapted to 
skewed datasets. Secondly, it has been demonstrated that an algorithm dominates in ROC space if and only if 
it dominates in P-R space (Davis and Goadrich 2006). Finally, a significant advantage of P-R values over ROC 
values comes in defining NTN in continuous data. A subjective criterion is necessary to define the length of time 
that counts as one TN value over a continuous recording that contains no targeted vocalizations, whereas NTN 
need not be calculated for the P-R metric. Therefore, using P-R values is better suited to the analysis of these 
time-continuous data. 

Signal-to-Noise Ratio 
The signal-to-noise ratio (SNR) is the ratio of signal power (Ps) to noise power corrupting the signal 

(Pn). It compares the level of the desired signal to the level of the background noise. The greater this ratio, the 
less obtrusive the background noise. SNR is defined in decibels as: 

 SNR 








n

s

P
P

10log10=  (2) 

The signal power of a call in a spectrogram is the average power of the call within the frequency range 
of the vocalization, and the noise power is the average power before and after the call within the same 
frequency band (Mellinger 2004; Mellinger and Clark 2006). The duration of the noise signal measured before 
and after the call equals the duration of the call (Figure E.10). This calculation was performed on the original 
spectrogram without noise reduction. To quantify detector performance for various SNRs, NFN and NTP were 
calculated for SNR intervals of < 0 dB, 0–5 dB, 5–10 dB, and > 10 dB. Values of P are influenced by the 
background noise and not by the SNR of the calls. Therefore P values per SNR intervals were not calculated 
since these values are less relevant.  
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FIGURE E.10. Calculation of the signal-to-noise ratio (SNR). The power of 
the call (Ps) is calculated in the red box and the power of the noise (Pn) is 
calculated in the black boxes on either side of the call. 

Call Count Estimation  
Because the detectors/classifiers are imperfect (having false alarms and missed calls), the number of 

automated detections is not exactly equal to the actual number of calls present in the recordings. A better 
estimate can be achieved using P and R. These values characterize the relationship between the 
detector/classifier and the dataset. Therefore, these values are specific to, and depend on, both the 
detector/classifier and the dataset. Provided that the subset of data used to characterize P and R are 
representative of the entire dataset, P and R can be used to extrapolate the total number of vocalizations from 
the number of detected vocalizations. The total number of detections (Ndet) found by the detector/classifier is 
the sum of the number of true and false positives:  

 FPTP NNN +=det  (3) 

and from the definition of P (Equation 1), NTP can be defined as: 

 det)( NPNNPN FPTPTP ⋅=+⋅=  (4) 

The total number of vocalizations in the data (Nvoc) is the sum of those correctly identified (TP) and those that 
were missed (FN): 

 FNTPvoc NNN +=  (5) 

Therefore R (Equation 1) becomes: 

 
voc

TP

FNTP

TP

N
N

NN
NR =
+

=  (6) 

Combining Equations 4 and 6 yields the total number of vocalizations in terms of P, R, and the number of 
detections: 

 
R
NP

R
NN TP

voc
det⋅

==
 

(7) 

All call-count estimation plots in the main report (bubble-plots) were produced using Equation 7. 
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Detector/Classifier Performance Results 
The performance of each automated detector/classifier is provided for test datasets of both the winter 

2009–2010 and summer 2010 AMPs. The test datasets consist of all fully manually-annotated data samples for 
each AMP. For each detector/classifier and AMP season dataset, the precision (P) and recall (R) of the 
detector/classifier on the entire test dataset are given. The SNR distribution of the test dataset over four SNR 
intervals and the R value calculated for each SNR interval are shown in figure panels (a) and (b), respectively. 

Bowhead Winter Songs 
The bowhead winter song detector/classifier was tested against the fully manually-annotated recordings 

of the winter 2009–2010 AMP. The test dataset had a total of 1006 manually-annotated bowhead songs. The 
performance of the bowhead song detector/classifier on the test dataset yielded P = 0.5 and R = 0.44. As 
expected, the detector/classifier was able detect more calls at higher SNRs. The highest R value was 0.7, 
obtained for calls with SNR > 10 dB.  

 
FIGURE E.11. Performance of the bowhead winter song detector/classifier on the winter 2009–2010 test 
dataset: (a) signal-to-noise ratio (SNR) distribution of calls in the test dataset; (b) Recall of the 
detector/classifier per call SNR interval. 

Bowhead Summer Moans 
The bowhead summer moan detector/classifier was tested against fully-annotated recordings collected 

during the summer 2010 AMP. The test dataset had a total of 406 manually-annotated bowhead moans. The 
performance of the bowhead moan detector/classifier on the test dataset yielded P = 0.84 and R = 0.22. As 
expected, R increased with increasing SNR. 

a) b) 
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FIGURE E.12. Performance of the bowhead summer moan detector/classifier on the summer 2010 test dataset: 
(a) signal-to-noise ratio (SNR) distribution of calls in the test dataset; (b) Recall of the detector/classifier per call 
SNR interval. 

Beluga Whistles 
The beluga whistle detector/classifier was used for analysis of only the winter 2009–2010 AMP data 

because no beluga whistles occurred in the summer 2010 AMP data. The test dataset had a total of 2191 
manually-annotated beluga whistles. Most annotated whistles had a SNR between 0 and 5 dB. The beluga 
whistle detector/classifier had P = 0.66 and R = 0.26. R for calls with a SNR < 0 dB is higher than that for calls 
with a SNR of 0–5 dB due to bias in the estimation of SNR for concurrent beluga whistles. The highest R was 
0.75, obtained for whistles with SNR > 10 dB. 

 
FIGURE E.13. Performance of the beluga whistle detector/classifier on the winter 2009–2010 test dataset. 
(a) signal-to-noise ratio (SNR) distribution of calls in the test dataset. (b) Recall of the detector/classifier per call 
SNR interval. 

Walrus Grunts 
Walrus grunts were recorded only in summer, which included the last few days of the winter 2009–

2010 AMP (i.e., late June) and the entire summer 2010 AMP. Consequently, the performance of the walrus 
grunt detector/classifier was calculated using the summer 2010 and winter 2009–2010 test datasets combined 
(i.e., one set of P and R values for both datasets). The combined test dataset had a total of 2228 manually-
annotated walrus grunts. Most annotated calls had low SNR (1500 annotations with SNR = 0–5 dB). The 
detector/classifier had P = 0.52 and R = 0.26. R increased gradually with increasing SNR.  

a) b) 

a) b) 
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FIGURE E.14. Performance of the walrus grunt detector/classifier on the winter 2009–2010 and summer 2010 
test datasets. (a) signal-to-noise ratio (SNR) distribution of calls in the combined test datasets. (b) Recall of the 
detector per call SNR interval. 

Bearded Seal Calls 
Bearded seal calls were detected and classified in both winter 2009–2010 and summer 2010, with a 

greater vocal presence in the winter. The performance of the bearded seal call detector/classifier was evaluated 
separately for each AMP season. 

Winter 2009–2010 AMP 
The winter 2009–2010 AMP test dataset had a total of 6344 manually-annotated bearded seal calls. P 

and R were calculated on many more calls for the winter test dataset than for the summer (6344 vs. 86, 
respectively) due to high vocal presence of bearded seals in winter. The bearded seal call detector/classifier 
had P = 0.68 and R = 0.5 for the winter 2009–2010 AMP test dataset.  

 
FIGURE E.15. Performance of the bearded seal detector/classifier on the winter 2009–2010 test dataset. (a) 
signal-to-noise ratio (SNR) distribution of calls in the test dataset. (b) Recall of the detector/classifier per call 
SNR interval. 

Summer 2010 AMP 
The summer 2010 AMP test dataset had a total of 86 manually-annotated bearded seal calls. The 

detector/classifier has P = 0.65 and R = 0.17. R for calls with SNR greater than 10 dB is null because few 
manually-annotated bearded seal calls had SNR greater than 10 dB. 

a) b) 

a) b) 
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FIGURE E.16. Performance of the bearded seal detector/classifier on the summer 2010 test dataset. (a) signal-
to-noise (SNR) distribution of calls in the test dataset. (b) Recall of the detector/classifier per call SNR interval. 

Summary 

TABLE E.10. Precision (P) and recall (R, for all 
SNRs) of each detector/classifier. 

Detector R P 

Bowhead winter songs 0.44 0.5 
Bowhead summer moans 0.22 0.84 
Beluga whistles 0.26 0.66 
Walrus grunts 0.26 0.52 
Bearded seal calls, summer 0.17 0.65 
Bearded seal calls, winter 0.5 0.68 

 

a) b) 
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Discussion 
Performance calculations are essential in developing automated acoustic detectors and classifiers. It 

quantifies how well the detector/classifiers work and allows estimation of the total number of calls present in 
recordings (both detected and undetected). Detector/classifier performance can also be evaluated by comparing 
the number of automated detections per day with the daily acoustic presence/absence of the target species 
(based on manual annotations) over a long period of time. Although this approach is less quantitative than the 
precision (P) and recall (R) metrics, it can provide context for the calculated performance metrics.  

Bowhead Winter Songs and Summer Moans 
Figure E.17 shows the manual and automated detection/classifications of bowhead moans for the 

summer 2010 Station S01. Although the bowhead winter song and summer moan detectors/classifiers both had 
R < 0.5, they allowed the acoustic presence-absence of bowheads to be captured for most days during which 
they were detected manually. Figure E.17 shows few false alarms occurred. Most false alarms in the summer 
2010 AMP data were caused by noise from the mooring. Figure E.18 shows an example of mooring line noise 
detected and classified as bowhead moans. Such mooring noise was less common in the 2009 data than in the 
2008 data. Therefore, because the bowhead summer moan random forest was trained with the 2009 data, 
mooring noise was under-represented during creation of the classification model. Further work will include 
accounting for mooring noise during training of the classification algorithm to reduce the number of false 
alarms. 

 
FIGURE E.17. Detection/classification of bowhead summer moans at Station S01, 30 Jul to 13 Oct 2010: 
(top) Average broadband sound pressure level (SPL) of ambient noise, presence of seismic survey activity 
(from the automated seismic detector), and presence of vessels with time, and (bottom) number of automated 
detection/classifications compared to presence/absence of manual detections of bowhead summer moans.  

Mooring noise 
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FIGURE E.18. Spectrogram of mooring line noise falsely detected and classified 
as bowhead moans. 

Beluga Whistles 
Figure E.19 compares the manual and automated detections/classifications of beluga whistles for winter 

2009–2010 Station B05. No seismic activity was detected during this period. Most false beluga detections 
were due to ice noise. Even though ice noise was considered during training of the classification algorithm, 
some ice recordings that were very similar in duration and frequency to beluga calls (Figure E.20) were falsely 
detected.  

A possible solution to avoid false alarms by the beluga detector is to add an ‘ice’ class to the random 
forest classifier. This would better represent ice sounds in the classification model and avoid them being 
swamped by calls of other species in the ‘other’ class. Alternatively, the random forest model could be created 
such that the proportions of contours for each class in the ‘other’ category are equal, rather than representing 
that found in the performance test dataset (see Bowhead and Beluga Call Detection and Classification section 
above). Both possibilities will be investigated in future. 

 
FIGURE E.19. Detection/classification of beluga whistles at winter 2009–2010 AMP Station B05, 12 Nov 2009 
to 9 Jun 2010: (top) Average broadband SPL of ambient noise, and the presence of vessels with time (no 
seismic activity occurred); and (bottom) number of automated detections/classifications compared to 
presence-absence of manual detections of beluga whistles. 

Ice noise 
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FIGURE E.20. Spectrogram of ice squeaking noise falsely detected 
and classified as beluga calls. 

Walrus Grunts 
Figure E.21 compares the manual and automated detections/classifications of walrus grunts for summer 

2010 AMP Station W35. Most walrus false alarms were caused by seismic pulses. To minimize these false 
alarms, detection/classifications concurrent with automated seismic detections were removed in post-
processing. 

 
FIGURE E.21. Detection/classification of walrus grunts at summer 2010 AMP Station W35, 30 Jul 2010 to 
11 Oct 2010: (top) Average broadband sound pressure level (SPL) of ambient noise, presence of seismic 
survey activity (from the automated seismic detector), and presence of vessels with time, and (bottom) number 
of automated detection/classifications compared to presence/absence of manual detections of walrus grunts. 

Seismic 
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Summary 
The detector/classifier performances depend greatly on the choice of parameters, such as spectrogram 

resolution (i.e., FFT size, overlap, etc.). Most parameters were chosen empirically by testing a set of 
parameters on a small trial dataset of the previous year’s AMP detections and choosing the set of parameters 
that provided the best detection results. The large number of detection parameters precludes testing all possible 
combinations of said parameters. Therefore, future work should include optimization of algorithms to 
determine the best set of parameters. The detector/classifier performances also depend on the choice of 
features used to characterize the calls. The bowhead and beluga classifiers used very different features than the 
walrus classifier, and these are just two examples of feature sets that could be chosen. Many additional or 
alternate features are possible, which will be investigated in future. 
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APPENDIX E.2: LOCALIZATION OF BOWHEAD WHALE CALLS AND SONGS 

Introduction 
Bowhead whale (Balaena mysticetus) sounds recorded on the Burger and Klondike cluster recorder 

arrays were localized using a localization process developed by JASCO Applied Sciences. This appendix 
discusses JASCO’s approach to performing the localization process. A localization engine, that models the 
problem with synthetic data, was implemented to evaluate the performance of the localization algorithm. The 
localization engine consists of two parts: a data simulator and a localization processor (Figure E.22). 

 
FIGURE E.22. (Left) Data simulator and (right) localization processor of JASCO’s localization engine. 
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Source Localization 
The localization processor constitutes the second block in the localization engine. The data simulator 

(first block) will be described in detail in the following section. The localization processor was designed and 
developed in MATLAB version 7.11.0.584 (R2010b). The methodology consists of five main stages:  

1. Time-Alignment 
2. Data Extraction 
3. Calls Associated with Multiple Recorders 
4. Time Difference Of Arrival (TDOA) synchronization 
5. Source Localization 

A general overview of the localization processor is given in Figure E.23.  
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FIGURE E.23. Block diagram of the localization processor. 

Time-alignment 

Since the recorders have a drift in sampling time over the months of deployment it is essential to 
align the time on each recorder to perform localization. The time drift of each recorder, relative to an 
arbitrary reference recorder Rref is therefore: 

Time Drift =
Rref Samples 

Eff Sampling rate
 – Rref Time + ∆Sync 
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where:  
∆Sync is the delta sync time over the period of the deployment on each recorder, 
Rref Time is the calculated time of reference recorder, 
Rref Samples is the number of time on the reference recorder, and 

Eff Sampling rate is the effective sampling rate calculated on each recorder. 

Data Extraction  

The automated localization technique applied on this project constitutes a dependent algorithm of the 
automated detector output. Bowhead calls identified by the automated detector are saved into MATLAB .MAT 
files. A MATLAB function loads all the files and extracts the necessary information into a new.MAT file: 
recorder number, start and stop time of the file when the event was detected, delay-time, minimal and 
maximum frequency, file-number, and date and time of the event. Figure E.24 shows a block diagram 
summary of the data extraction.  

Automatic 
Detector 
Resutls

Loading Files
Recorder RecStartTime     RecStopTime     DelayTime     Fmin     Fmax     Filename     Date     Time

Call Detections 
Sorted

Data Extraction

 
FIGURE E.24. Block diagram of the data extraction from the automated detector. 

Calls Associated with Multiple Recorders  

To avoid misleading information, JASCO has developed an association method that eliminates 
redundant information from the rest of the receivers and secondly, discriminates false TDOAs that would 
generate false source locations. In addition, this procedure lessens the algorithm computing time. The aim is to 
find call detections of the same vocalization event as recorded by various receivers with different delay times. 
All call detection events are sorted and classified by frequency band, date and an elapsed delay time. A call 
associated with multiple recorders is a candidate for potential localization if the call was detected by at least 
three recorders. Figure E.25 shows a flow diagram of the event association.  
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FIGURE E.25. Block diagram of the automated calls 
associated with multiple recorders. 

TDOA Synchronization 

The association stage identifies events across multiple recorders that are in the same frequency bands, 
and occur at approximately the same time. The synchronization stage determines the exact time delay of 
arrival between a reference recorder, and each of the other recorders that detected the event. The TDOAs are 
computed via cross-correlation of the other recorder’s data with the reference recorder. It then adds the time 
drift factor according to the date of the call detection and synchronizes the times of the different recorders to 
obtain accurate sets of TDOAs. Figure E.26 illustrates the synchronization in a block diagram.  
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per Call Event
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FIGURE E.26. Flow diagram of the TDOA synchronization stage. 

Source Localization 

Figure E.27 shows a block diagram of the event localization process, which computes the source 
location for each set of event TDOAs. The accuracy obtained in whale localization depends on the ambient 
noise, the acoustic characteristics of the calls, the instrumentation, and the localization technique. Of those, we 
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have control of the last two. JASCO’s event localization approach produces a candidate source location based 
on hyperbolic fixing of a set of TDOAs from three separate recorders. The location is validated by a linear 
equation algorithm, and we check that both results are similar. The following sections explain both techniques 
in detail. 

1 < eccentricity < Inf

Hyperbolic fixing

Linear Equation 
Validation

Set of 
TDOAs

Approximate Source 
Localization

Accurate Source 
Localization

Event Localization 

 
FIGURE E.27. Flow diagram of the event localization. 

Hyperbolic Fixing Technique 
Hyperbolic fixing continues to be the most widely used technique for localization research (Watkins and 

Schevill 1972, Spiesberger and Fristrup 1990) because of its simplicity and strong dependence on three main 
variables: TDOA, receiver position and sound velocity of the medium. TDOAs are easily obtained by cross-
correlation methods. Sound velocity is measured in situ with Conductivity, Temperature and Depth (CTD) 
sensors. Hyperbolic fixing can be adapted to various scenarios. By using detection-classification methods and 
adequate receiver array geometries, TDOA measurements may cover cetacean vocalizations of a wide 
frequency range from 10 Hz to 200 kHz, including calls that vary from clicks to groans, buzzes, chirps and 
whistles. Hyperbolic fixing provides accurate two-dimensional localization for shallow underwater scenarios 
(Vallarta 2009).  

In the source localization problem, the active source represents a point along the hyperbola solution. 
Each hyperbola focus point represents a passive receiver element. The difference in arrival times of a source 
signal between a pair of receivers is the TDOA. When multiplying the TDOA by the sound velocity of the 
medium, the constant value that defines a hyperbola is obtained. By using several receiver pairs, the 
intersecting hyperbolas will give an indication of source location.  

The accuracy of hyperbolic fixing depends greatly on the number of receiver pairs and their relative 
locations. The absolute position of each receiver and TDOA must be accurately known for this localization to 
be effective. The intersection of several hyperbolas provides sufficient information of the source location 
including range and bearing (azimuth; Vallarta 2009).  

Linear Equation Approach 
The linear equation approach describes the algebraic relation between the TDOA and the locations of 

the source and the receivers. It yields the same mathematical form for 2-D and 3-D recorder arrays. Defining 
Receiver 1 as the origin, the source location (s) is obtained from a three-receiver array as: 
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Substituting Equation 3 into Equation 1, the source location s is obtained. Two positive solutions correspond to 
two possible source positions. Negative and complex solutions are discarded as they have no physical solution 
or meaning (Wahlberg et al. 2001, Vallarta 2009).  

Source Locations 
The intersections of the hyperbolas may delineate a region of uncertainty rather than an intersection 

point, due to the ambiguity of source positions within the discrete pair of intersection points of two hyperbolas. 
Hence, those source locations are considered approximate locations with higher uncertainty. JASCO has 
employed the eccentricity as a measure of localization uncertainty:  

 𝑒(TDOA) =
2𝑑

𝑐 TDOA
 (5) 

where e is eccentricity of the localization hyperbola, d is the separation distance of the receivers, c is the sound 
velocity of the medium, and TDOA is the time difference of arrival of the signal. Eccentricity is a measure of 
the curvature (or wideness) of the hyperbola. An eccentricity greater than one ensures hyperbolic intersection, 
an eccentricity equal to one generates ambiguous end-fire locations, and an eccentricity smaller than one 
produces elliptical areas that do not generally intersect. Hyperbolas with eccentricity tending to infinity are also 
discarded if they do not intersect with another curve. Therefore, the hyperbolic eccentricity is used as a 
function of the TDOA to minimize the ambiguity of source localizations. We required that the eccentricity be 
greater than one.  

Data Simulation 
The data simulator was designed in MATLAB version 7.11.0.584 (R2010b). The simulator is synthetic 

with respect to generating whale calls within a random interval; however, receiver locations and all other 
aspects of the simulator are based on real data. The simulator provides controlled test data for validating the 
localization algorithm and implementation. Its main advantages are complete control in the development of the 
localization processor algorithm, a systematic approach to understanding the role of internal processes in the 
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localization algorithm chain, and a modular/segmented tool allowing efficient tracking of the localization 
processor including identifying errors in parameter estimates relevant to localization. 

Inputs to the data simulator are: 
• GPS locations of recorder deployments 
• Whale call rate, whale call duration, whale speed and track time 
• Choice of tracking option: linear, directional, or omnidirectional movement 
Outputs of the data simulator are: 
• A synthetic whale path (track-line) 
• Position of synthetic calls along the path 
• Set of TDOAs of the synthetic whale calls at receivers 

Bowhead Call Synthesis 

The data simulator synthesizes a bowhead whale call from a chirp signal—a group of samples of a 
linear swept-frequency cosine signal. Figure E.28 shows a sample synthetic bowhead call between 150 and 
350 Hz of 2 s duration (Ljungblad et al. 1982), with white Gaussian noise added. 

 
FIGURE E.28. (Left) Spectrogram and (right) power spectrum of a synthetic 
bowhead call generated from a chirp signal of 2 s duration and 200 Hz bandwidth. 

Track Line Synthesis 

The data simulator generates a synthetic track line with a random number of calls. Three tracking 
patterns (linear, directional, and omnidirectional movement) are generated based on the types of movement 
observed via satellite monitoring of radio-tagged bowhead whales in the Beaufort and Chukchi Seas in 1992 
(Mate et al. 2000). An average speed of 4 knots was assumed.  

A linear track consists of an artificial bowhead whale following a simple linear path, for example, 
movement with no perceptible randomness in direction (Figure E.29, top). A directional track consists of a 
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bowhead whale following a random path but in a specific direction, for example, a random migratory motion 
along a directional path (Figure E.29, middle). An omnidirectional track consists of a bowhead whale 
following a non-migratory random path, typically localized within a given area. For example, feeding or 
resting/socializing activities (Figure E.29, bottom). Tracks incorporating mixed directional and omnidirectional 
movements can also be generated, consisting of a combination of random movements in small areas 
interspersed with directional tracks. 

 
FIGURE E.29. (Left) Synthetic tracks of a bowhead whale within the Burger array and (right) the associated 
calls generated by the data simulator for a (top) linear track, (middle) directional track, and (bottom) 
omnidirectional track. 
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Sound File and TDOA Synthesis 

The data simulator creates WAV files and detector logs that are structurally identical to the real acoustic 
recordings. Time of arrivals (TOAs) for each call log is measured and recorded in a single file for each 
receiver. Next, a set of TDOAs for all the call logs is grouped in one master file. Figure E.30 shows three 
synthetic WAV files, the top panel represents the source in real time, and the middle and bottom panels 
represent receivers at different positions. The difference of the TOAs to the start of the call gives the 
appropriate TDOA.  

 
FIGURE E.30. Synthetic bowhead whale calls (top) at the source and (middle and bottom) as recorded by Receivers r1 and r2. 
The TOA and TDOA for each set of receivers are recorded in one master TDOA file. 

Localization of Synthesized Calls 

To evaluate and validate the accuracy of the localization processor, a series of synthetic calls (chirp 
signals) was generated with the data simulator, as described previously. WAV and MAT files containing the 
detection call data were produced and used as input to the localization engine. Figure E.31 shows an individual 
source localized on a Cartesian plane within the Burger recorder array using hyperbolic fixing. A sequence of 
source localizations for a synthetic bowhead track line is shown in Figure E.32. 
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r1 TDOA12 

r2 TOA2 
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FIGURE E.31. Localization by hyperbolic fixing of a synthetic bowhead 
call within the Burger recorder array. 

 
FIGURE E.32. Source localizations by hyperbolic fixing for a synthetic 
bowhead whale track line. 
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APPENDIX E.3: AMBIENT NOISE RESULTS 

Winter 2009–2010 

Power Spectral Density Levels 

 
FIGURE E.33. Percentile 1-min power spectral density levels for winter 2009–2010 Stations (top left) B05, (top 
right) CL50, (bottom left) PL50 and (bottom right) PLN40, October 2009 to August 2010. 
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FIGURE E.1. Percentile 1-min power spectral density levels for winter 2009–2010 Stations (top left) PLN80, (top 
right) W35, (bottom left) W50 and (bottom right) WN40, October 2009 to August 2010. 



Appendix E:  Chukchi Sea Acoustic Monitoring Program     E–41 
 

 

Sound Pressure Levels 

 
FIGURE E.2. Broadband and decade-band sound pressure levels (SPL) for winter 2009–2010 Stations (top 
left) B05, (top right) CL50, (bottom left) PL50 and (bottom right) PLN40, October 2009 to August 2010. 
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FIGURE E.3. Broadband and decade-band sound pressure levels (SPL) for winter 2009–2010 Stations (top 
left) PLN80, (top right) W35, (bottom left) W50 and (bottom right) WN40, October 2009 to August 2010. 
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Spectrograms 

 
FIGURE E.4. Spectrogram of underwater sound at winter 2009–2010 Stations (top left) B05, (top right) CL50, 
(bottom left) PL50 and (bottom right) PLN40, October 2009 to August 2010. 
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FIGURE E.5. Spectrogram of underwater sound at winter 2009–2010 Stations (top left) PLN80, (top right) W35, 
(bottom left) W50 and (bottom right) WN40, October 2009 to August 2010. 
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Summer 2010 

Power Spectral Density Levels 

 
FIGURE E.6. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) B05, (top right) 
B15, (bottom left) B30, and (bottom right) B50, July to October 2010. 
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FIGURE E.7. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) BG01, (top 
right) BG02, (bottom left) BG03, and (bottom right) BG04, July to October 2010. 
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FIGURE E.8. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) BG05, (top 
right) BG06, and (bottom) BG07, July to October 2010. 
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FIGURE E.9. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) CL05, (top right) 
CL20, (middle left) CL50, (middle right) CLN40, (bottom left) CLN90, and (bottom right) CLN120, July to 
October 2010. 
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FIGURE E.10. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) KL01, (top 
right) KL02, (middle left) KL03, (middle right) KL04, (bottom left) KL06, and (bottom right) KL07, July to 
October 2010. 
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FIGURE E.11. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) PL05, (top 
right) PL20, (bottom left) PL35, and (bottom right) PL50, July to October 2010. 
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FIGURE E.12. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) PLN40, (top 
right) PLN60, and (bottom) PLN80, July to October 2010. 
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FIGURE E.13. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) S01, (top right) 
S02, (bottom left) S03, and (bottom right) S04, July to October 2010. 
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FIGURE E.14. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) S05, (top right) 
S06, and (bottom) S07, July to October 2010. 



E–54     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 
 

 
FIGURE E.15. Percentile 1-min power spectral density levels for summer 2010 Stations (top left) W05, (top 
right) W35, (middle left) WN20A, (middle right) WN20B, and (bottom) WN40, July to October 2010. 
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Sound Pressure Levels 

 
FIGURE E.16. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) B05, (top right) B15, (bottom left) B30, and (bottom right) B50, July to October 2010. 
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FIGURE E.17. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) BG01, (top right) BG02, (bottom left) BG03, and (bottom right) BG04, July to October 2010. 
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FIGURE E.18. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) BG05, (top right) BG06, and (bottom) BG07, July to October 2010. 
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FIGURE E.19. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) CL05, (top right) CL20, (middle left) CL50, (middle right) CLN40, (bottom left) CLN90, and (bottom right) 
CLN120, July to October 2010. 
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FIGURE E.20. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) KL01, (top right) KL02, (middle left) KL03, (middle right) KL04, (bottom left) KL06, and (bottom right) KL07, 
July to October 2010. 
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FIGURE E.21. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) PL05, (top right) PL20, (bottom left) PL35, and (bottom right) PL50, July to October 2010. 
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FIGURE E.22. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) PLN40, (top right) PLN60, and (bottom) PLN80, July to October 2010. 
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FIGURE E.23. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) S01, (top right) S02, (bottom left) S03, and (bottom right) S04, July to October 2010. 
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FIGURE E.24. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) S05, (top right) S06, and (bottom) S07, July to October 2010. 



E–64     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 
 

 
FIGURE E.25. Broadband and decade-band sound pressure levels (SPL) for summer 2010 Stations (top 
left) W05, (top right) W35, (middle left) WN20A, (middle right) WN20B, and (bottom) WN40, July to October 
2010. 
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Spectrograms 

 
FIGURE E.26. Spectrogram of underwater sound at summer 2010 Stations (top left) B05, (top right) B15, 
(bottom left) B30, and (bottom right) B50, July to October 2010. 
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FIGURE E.27. Spectrogram of underwater sound at summer 2010 Stations (top left) BG01, (top right) BG02, 
(bottom left) BG03, and (bottom right) BG04, July to October 2010. 
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FIGURE E.28. Spectrogram of underwater sound at summer 2010 Stations (top left) BG05, (top right) BG06, 
and (bottom) BG07, July to October 2010. 
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FIGURE E.29. Spectrogram of underwater sound at summer 2010 Stations (top left) CL05, (top right) CL20, 
(middle left) CL50, (middle right) CLN40, (bottom left) CLN90, and (bottom right) CLN120, July to October 
2010. 
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FIGURE E.30. Spectrogram of underwater sound at summer 2010 Stations (top left) KL01, (top right) KL02, 
(middle left) KL03, (middle right) KL04, (bottom left) KL06, and (bottom right) KL07, July to October 2010. 
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FIGURE E.31. Spectrogram of underwater sound at summer 2010 Stations (top left) PL05, (top right) PL20, 
(bottom left) PL35, and (bottom right) PL50, July to October 2010. 
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FIGURE E.32. Spectrogram of underwater sound at summer 2010 Stations (top left) PLN40, (top right) PLN60, 
and (bottom) PLN80, July to October 2010. 
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FIGURE E.33. Spectrogram of underwater sound at (top left) S01, (top right) S02, (bottom left) S03, and (bottom 
right) S04, July to October 2010. 
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FIGURE E.34. Spectrogram of underwater sound at (top left) S05, (top right) S06, and (bottom) S07, July to 
October 2010. 



E–74     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 
 

 
FIGURE E.35. Spectrogram of underwater sound at (top left) W05, (top right) W35, (middle left) WN20A, 
(middle right) WN20B, and (bottom) WN40, July to October 2010. 
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APPENDIX F:  BEAUFORT SEA VESSEL-BASED MONITORING 
RESULTS  

Part 1: Tables and Figures Referenced from Chapter 6 
TABLE F.1.  Observation effort (in km) for cetaceans by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

0 1 2 3 4 5 Total

≥160 dB 2 4 5 11 0 0 22
159-120 dB 2 4 5 11 0 0 22
<120  dB 245 1420 794 537 293 112 3400

2006 Total 250 1427 804 558 293 112 3445

≥160 dB 0 49 80 305 340 110 884
159-120 dB 0 166 87 254 414 106 1028
<120  dB 433 1334 1553 1371 815 387 5893

2007 Total 433 1549 1720 1930 1570 604 7804

≥160 dB 59 388 1174 947 523 165 3255
159-120 dB 225 848 1788 1443 867 362 5534
<120  dB 253 1781 3908 3775 2531 1166 13,413

2008 Total 538 3017 6869 6164 3921 1694 22,203

≥160 dB 0 0 0 0 0 0 0
159-120 dB 0 0 0 0 0 0 0
<120  dB 53 279 696 441 117 36 1621

2009 Total 53 279 696 441 117 36 1621

≥160 dB 44 120 116 135 63 17 496
159-120 dB 44 121 120 137 63 17 502
<120  dB 95 628 1413 1525 1346 1193 6199

2010 Total 184 868 1649 1797 1472 1227 7197

2006-2010 Total 1456 7140 11,738 10,889 7374 3673 42,270

2010

Beaufort Wind Force

2006

2007

Year and Recevied 
Sound Level

2008

2009
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TABLE F.2.  Observation effort (in km) for cetaceans by vessel type and received sound 
level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the criteria 
for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 22 0 0 22
159-120 dB 22 0 0 22
<120  dB 3308 0 93 3400

2006 Total 3352 0 93 3445

≥160 dB 180 703 0 884
159-120 dB 248 779 0 1028
<120  dB 1348 1364 3181 5893

2007 Total 1777 2846 3182 7804

≥160 dB 1293 1962 0 3255
159-120 dB 1220 4313 1 5534
<120  dB 4666 3442 5306 13,413

2008 Total 7179 9717 5306 22,203

≥160 dB 0 0 0 0
159-120 dB 0 0 0 0
<120  dB 0 0 1621 1621

2009 Total 0 0 1621 1621

≥160 dB 0 496 0 496
159-120 dB 5 496 1 502
<120  dB 1130 2361 2708 6199

2010 Total 1136 3352 2709 7197

2006-2010 Total 13,444 15,915 12,911 42,270

Vessel Role

2009

2010

Year and Recevied 
Sound Level

2006

2007

2008
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TABLE F.3.  Number of sightings (number of individuals) of cetaceans by vessel role 
and received sound level in the Beaufort Sea, 2006-2010.  Sightings shown are from 
periods that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting 
Rate Data). 

Cetaceans

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 3 (4) 3 (4)

2006 Total 0 0 3 (4) 3 (4)

Source Vessels 0 0 7 (15) 7 (15)
Monitoring Vessels 6 (10) 6 (9) 7 (21) 19 (40)
Support Vessels 0 0 20 (34) 20 (34)

2007 Total 6 (10) 6 (9) 34 (70) 46 (89)

Source Vessels 0 0 19 (25) 19 (25)
Monitoring Vessels 6 (8) 17 (24) 12 (29) 35 (61)
Support Vessels 0 0 37 (60) 37 (60)

2008 Total 6 (8) 17 (24) 68 (114) 91 (146)

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 4 (5) 4 (5)

2009 Total 0 0 4 (5) 4 (5)

Source Vessels 0 0 29 (47) 29 (47)
Monitoring Vessels 0 0 27 (39) 27 (39)
Support Vessels 0 0 12 (15) 12 (15)

2010 Total 0 0 68 (101) 68 (101)

Total Cetaceans 12 (18) 23 (33) 177 (294) 212 (345)

Total
Exposure level in dB re 1µPa (rms)

2006

2007

2008

<120159-120≥160

2009

2010
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TABLE F.4.  Observation effort (in km) for pinnipeds by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data). 

0 1 2 3 4 5 Total

≥160 dB 2 4 5 11 0 0 22
159-120 dB 2 4 5 11 0 0 22
<120  dB 245 1425 794 543 293 112 3412

2006 Total 250 1433 804 565 293 112 3457

≥160 dB 3 52 108 321 397 255 1136
159-120 dB 3 220 117 289 494 201 1323
<120  dB 435 1358 1611 1503 849 423 6178

2007 Total 440 1630 1836 2113 1740 878 8637

≥160 dB 70 689 1645 1782 988 479 5653
159-120 dB 268 1186 2317 1983 1183 636 7574
<120  dB 290 2034 4385 4143 2983 1427 15,263

2008 Total 628 3909 8348 7908 5155 2542 28,489

≥160 dB 0 0 0 0 0 0 0
159-120 dB 0 0 0 0 0 0 0
<120  dB 53 279 696 443 127 36 1632

2009 Total 53 279 696 443 127 36 1632

≥160 dB 44 120 118 137 63 17 499
159-120 dB 44 120 123 140 63 17 508
<120  dB 117 657 1443 1565 1391 1298 6472

2010 Total 206 896 1685 1842 1518 1333 7479

2006-2010 Total 1576 8146 13,368 12,871 8832 4901 49,695

2009

2010

2008

Year and Recevied 
Sound Level

Beaufort Wind Force

2006

2007
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TABLE F.5.  Observation effort (in km) for pinnipeds by vessel type and received sound 
level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the criteria 
for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 22 0 0 22
159-120 dB 22 0 0 22
<120  dB 3319 0 93 3412

2006 Total 3364 0 93 3457

≥160 dB 360 776 0 1136
159-120 dB 355 968 0 1323
<120  dB 1423 1520 3235 6178

2007 Total 2138 3264 3235 8637

≥160 dB 3320 2333 0 5653
159-120 dB 2095 5478 1 7574
<120  dB 5488 4374 5401 15,263

2008 Total 10,903 12,185 5401 28,489

≥160 dB 0 0 0 0
159-120 dB 0 0 0 0
<120  dB 0 0 1632 1632

2009 Total 0 0 1632 1632

≥160 dB 499 0 0 499
159-120 dB 499 8 0 508
<120  dB 2468 1179 2826 6472

2010 Total 3466 1187 2826 7479

2006-2010 Total 19,871 16,637 13,187 49,695

2009

2010

2008

Year and Recevied 
Sound Level

Vessel Role

2006

2007

 



F–6     Joint Monitoring Program in the Chukchi & Beaufort Seas, 2006–2010 

TABLE F.6.  Number of sightings (number of individuals) of seals by vessel role and 
received sound level in the Beaufort Sea, 2006-2010.  Sightings shown are from periods 
that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate 
Data). 

Seals

Source Vessels 0 0 292 (319) 292 (319)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 4 (4) 4 (4)

2006 Total 0 0 296 (323) 296 (323)

Source Vessels 3 (3) 3 (3) 99 (105) 105 (111)
Monitoring Vessels 11 (11) 22 (22) 21 (29) 54 (62)
Support Vessels 0 0 152 (212) 152 (212)

2007 Total 14 (14) 25 (25) 272 (346) 311 (385)

Source Vessels 161 (171) 17 (20) 309 (403) 487 (594)
Monitoring Vessels 166 (230) 368 (435) 225 (265) 759 (930)
Support Vessels 0 0 128 (135) 128 (135)

2008 Total 327 (401) 385 (455) 662 (803) 1374 (1659)

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 180 (266) 180 (266)

2009 Total 0 0 180 (266) 180 (266)

Source Vessels 21 (22) 4 (4) 167 (171) 192 (197)
Monitoring Vessels 0 0 64 (68) 64 (68)
Support Vessels 0 0 95 (96) 95 (96)

2010 Total 21 (22) 4 (4) 326 (335) 351 (361)

Total Seals 362 (437) 414 (484) 1736 (2073) 2512 (2994)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008

2009

2010
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TABLE F.7.  Number of sightings (number of individuals) of Pacific walruses by vessel role 
and received sound level in the Beaufort Sea, 2006-2010.  Sightings shown are from 
periods that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting 
Rate Data). 

Pacific Walruses

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2006 Total 0 0 0 0

Source Vessels 0 0 0 0
Monitoring Vessels 1 (2) 1 (1) 0 2 (3)
Support Vessels 0 0 3 (6) 3 (6)

2007 Total 1 (2) 1 (1) 3 (6) 5 (9)

Source Vessels 0 0 0 0
Monitoring Vessels 1 (1) 0 0 1 (1)
Support Vessels 0 0 0 0

2008 Total 1 (1) 0 0 1 (1)

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2009 Total 0 0 0 0

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2010 Total 0 0 0 0

Total Pacific Walruses 2 (3) 1 (1) 3 (6) 6 (10)

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total

2006

2007

2008

2009

2010
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TABLE F.8.  Number of sightings (number of individuals) of Polar bears by vessel role and 
received sound level in the Beaufort Sea, 2006-2010.  Sightings shown are from periods 
that met the criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate 
Data). 

Polar Bears

Source Vessels 0 0 3 (4) 3 (4)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 0 0

2006 Total 0 0 3 (4) 3 (4)

Source Vessels 0 1 (4) 7 (11) 8 (15)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 1 (3) 1 (3)

2007 Total 0 1 (4) 8 (14) 9 (18)

Source Vessels 1 (1) 0 5 (22) 6 (23)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 3 (3) 3 (3)

2008 Total 1 (1) 0 8 (25) 9 (26)

Source Vessels 0 0 0 0
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 1 (3) 1 (3)

2009 Total 0 0 1 (3) 1 (3)

Source Vessels 0 0 3 (5) 3 (5)
Monitoring Vessels 0 0 0 0
Support Vessels 0 0 1 (1) 1 (1)

2010 Total 0 0 4 (6) 4 (6)

Total Polar Bears 1 (1) 1 (4) 24 (52) 26 (57)

2006

2007

2008

2009

2010

Exposure level in dB re 1µPa (rms)
≥160 159-120 <120 Total
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Part 2: English Units Tables and Figures from Part 1 of this Appendix and Chapter 5  
TABLE F.1E.  Observation effort (in mi) for cetaceans by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

0 1 2 3 4 5 Total

≥160 dB 2 2 3 7 0 0 14
159-120 dB 2 2 3 7 0 0 14
<120  dB 152 882 493 333 182 70 2112

2006 Total 155 886 499 347 182 70 2139

≥160 dB 0 30 50 189 211 68 549
159-120 dB 0 103 54 158 257 66 638
<120  dB 269 828 964 851 506 241 3660

2007 Total 269 962 1068 1198 975 375 4847

≥160 dB 36 241 729 588 325 102 2022
159-120 dB 140 527 1110 896 539 225 3437
<120  dB 157 1106 2427 2344 1572 724 8330

2008 Total 334 1873 4266 3828 2435 1052 13,788

≥160 dB 0 0 0 0 0 0 0
159-120 dB 0 0 0 0 0 0 0
<120  dB 33 173 432 274 73 22 1006

2009 Total 33 173 432 274 73 22 1006

≥160 dB 27 74 72 84 39 11 308
159-120 dB 27 75 75 85 39 11 312
<120  dB 59 390 877 947 836 741 3850

2010 Total 114 539 1024 1116 914 762 4469

2006-2010 Total 904 4434 7289 6762 4579 2281 26,249

2006

2007

2009

2010

2008

Year and Recevied 
Sound Level

Beaufort Wind Force
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TABLE F.2E.  Observation effort (in mi) for cetaceans by vessel type and received 
sound level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 14 0 0 14
159-120 dB 14 0 0 14
<120  dB 2054 0 58 2112

2006 Total 2082 0 58 2139

≥160 dB 112 437 0 549
159-120 dB 154 484 0 638
<120  dB 837 847 1976 3660

2007 Total 1103 1768 1976 4847

≥160 dB 803 1218 0 2022
159-120 dB 758 2679 0 3437
<120  dB 2897 2137 3295 8330

2008 Total 4458 6034 3295 13,788

≥160 dB 0 0 0 0
159-120 dB 0 0 0 0
<120  dB 0 0 1006 1006

2009 Total 0 0 1006 1006

≥160 dB 0 308 0 308
159-120 dB 3 308 1 312
<120  dB 702 1466 1682 3850

2010 Total 705 2082 1682 4469

2006-2010 Total 8348 9884 8017 26,249

2007

2008

2009

2010

Year and Recevied 
Sound Level

2006

Vessel Role
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TABLE F.4E.  Observation effort (in mi) for pinnipeds by Beaufort wind force and received 
sound level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the 
criteria for detection reliability (see Chapter 3, Criteria for Sighting Rate Data). 

0 1 2 3 4 5 Total

≥160 dB 2 2 3 7 0 0 14
159-120 dB 2 2 3 7 0 0 14
<120  dB 152 885 493 337 182 70 2119

2006 Total 155 890 499 351 182 70 2147

≥160 dB 2 32 67 200 247 158 705
159-120 dB 2 137 73 179 307 125 822
<120  dB 270 843 1000 934 527 262 3837

2007 Total 273 1012 1140 1312 1081 546 5364

≥160 dB 44 428 1022 1107 614 298 3511
159-120 dB 167 737 1439 1231 735 395 4703
<120  dB 180 1263 2723 2573 1853 886 9478

2008 Total 390 2427 5184 4911 3201 1579 17,692

≥160 dB 0 0 0 0 0 0 0
159-120 dB 0 0 0 0 0 0 0
<120  dB 33 173 432 275 79 22 1014

2009 Total 33 173 432 275 79 22 1014

≥160 dB 27 74 74 85 39 11 310
159-120 dB 27 74 77 87 39 11 315
<120  dB 73 408 896 972 864 806 4019

2010 Total 128 557 1046 1144 942 828 4645

2006-2010 Total 979 5059 8302 7993 5485 3044 30,861

2007

2008

2009

2010

Year and Recevied 
Sound Level

Beaufort Wind Force

2006
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TABLE F.5E.  Observation effort (in mi) for pinnipeds by vessel type and received sound 
level (dB re 1 µPa rms) in the Beaufort Sea, 2006-2010.  Effort shown met the criteria 
for detection reliability (see Chapter 3, Criteria for Sighting Rate Data).   

Source Monitoring Support Total

≥160 dB 14 0 0 14
159-120 dB 14 0 0 14
<120  dB 2061 0 58 2119

2006 Total 2089 0 58 2147

≥160 dB 224 482 0 705
159-120 dB 220 601 0 822
<120  dB 884 944 2009 3837

2007 Total 1328 2027 2009 5364

≥160 dB 2062 1449 0 3511
159-120 dB 1301 3402 0 4703
<120  dB 3408 2716 3354 9478

2008 Total 6771 7567 3354 17,692

≥160 dB 0 0 0 0
159-120 dB 0 0 0 0
<120  dB 0 0 1014 1014

2009 Total 0 0 1014 1014

≥160 dB 310 0 0 310
159-120 dB 310 5 0 315
<120  dB 1532 732 1755 4019

2010 Total 2153 737 1755 4645

2006-2010 Total 12,340 10,331 8189 30,861

2007

2008

2009

2010

Year and Recevied 
Sound Level

2006

Vessel Role
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TABLE F.6.1E.  Average area (mi2) covered by >10% ice 
during the period 1 Aug – 3 Oct, by year from 2006–
2010.  Area considered for this analysis in the Beaufort 
Sea is represented by the shaded area in Chapter 6, Fig. 
6.1. 

2006 2007 2008 2009 2010
27,543 5,391 9,434 39,157 42,141

Average area covered by >10% ice (mi2)                   
1 Aug - 3 Oct 
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FIGURE A.3.2E.  Number of square miles with at least 10% ice cover by week in 2006–2010 in the 
Beaufort Sea within the shaded area shown in Fig 6.1 in Chapter 6.  
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TABLE F.6.2E.  Comparison of measurements of the ≥190, 180, 17 0, 160 and 120 dB (rms) 
distances (in mi) for sound pulses from seismic survey airgun arrays deployed in the Beaufort Sea, 
Alaska, 2006–2010.   

Region ≥190 ≥180 ≥170 ≥160 ≥120

Henry C. 4 Airguns 280 in3 Camden Bay 0.056 0.155 0.423 1.087 13.794

Gilavar 24 Airguns 3147 in3 Camden Bay 0.534 1.398 3.722 8.333 46.603
Gilavar 1 Airgun 30 in3 Camden Bay 0.006 0.015 0.289 0.889 15.286
Henry C. 2 Airguns 20 in3 Harrison Bay 0.007 0.032 0.114 0.624 15.676
Henry C. 1 Airgun 10 in3 Harrison Bay 0.003 0.012 0.053 0.207 5.052
Henry C. 2 Airguns 20 in3 Camden Bay 0.007 0.317 0.114 0.371 6.664

Gilavar 24 Airguns 3147 in3 Harrison Bay 0.572 1.802 3.666 5.965 36.040
Gilavar 1 Airgun 30 in3 Harrison Bay 0.008 0.037 0.168 0.684 14.913
Gilavar 24 Airguns 3147 in3 Camden Bay 0.534 1.429 3.728 8.326 46.603
Gilavar 1 Airgun 30 in3 Camden Bay 0.006 0.015 0.292 0.870 15.286
Henry C. 2 Airguns 20 in3 Camden Bay 0.006 0.023 0.087 0.304 10.128
Henry C. 1 Airgun 10 in3 Camden Bay 0.002 0.011 0.045 0.174 9.818
Alpha Helix 2 Airguns 20 in3 Camden Bay 0.028 0.075 0.199 0.516 11.185
Alpha Helix 1 Airgun 10 in3 Camden Bay 0.033 0.075 0.162 0.367 8.699

Mt. Mitchell 4 Airguns 40 in3 Harrison Bay 0.022 0.068 0.385 1.056 4.785
Mt. Mitchell 1 Airgun 10 in3 Harrison Bay 0.002 0.014 0.093 0.373 3.107

2007

2008

Number 
of Guns

Total 
Airgun 

Volume

Distance (mi) to Received Levels (dB rms)

Vessel Name

2010

2006
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Figure 6.3.  Location and amount of vessel-based effort (mi) that occurred in the Beaufort Sea, 2006 – 
2010.  Grid cells are 9.7 mi2 . 
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FIGURE F.6.4E.  Marine mammal observer effort (mi) in the Beaufort Sea during 
vessel operations, 2006–2010. 
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FIGURE F.6.5E.  Marine mammal observer effort (mi) by seasonal period in the Beaufort 
Sea during vessel operations, 2006–2010. 
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FIGURE F.6.6E.  Marine mammal observer effort (mi) by seasonal period in the 
Beaufort Sea during vessel operations, 2006–2010. 
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FIGURE F.6.7E.  Marine mammal observer effort (mi) by year and received sound level 
in the Beaufort Sea during vessel operations, 2006–2010. 
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FIGURE F.6.8E.  Marine mammal observer effort (mi) by vessel role and received 
sound level in the Beaufort Sea during vessel operations, 2006–2010. 
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FIGURE F.6.9E.  Marine mammal observer effort (mi) by ice conditions in 
the Beaufort Sea during vessel operations, 2006–2010.  Note all effort in 
this figure occurred in areas with at least some measureable ice.  See 
Figure 3.12 for effort in ice-free areas. 
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FIGURE F.6.10E.  Marine mammal observer effort (mi) by distance from ice in the 
Beaufort Sea during vessel operations, 2006–2010.  Note all effort in this figure 
occurred in areas without ice.  See Figure 3.11 for effort in areas with ice. 
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FIGURE F.6.11E.  Marine mammal observer effort (mi) by water depth in the Beaufort Sea 
during vessel operations, 2006–2010. 
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FIGURE F.6.12E.  Cetacean sighting rates by seasonal period and year in the Beaufort Sea 
during vessel operations, 2006–2010. The italicized value is based on 199 mi (250 km). 
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FIGURE F.6.13E.  Cetacean sighting rates by Beaufort wind force in the Beaufort Sea 
during vessel operations, 2006–2010.  Rates not shown for 2006 Bf 0 and 5, 2009 Bf 0, 4 
and 5, and for 2010 Bf 0 because <155 mi (<250 km) of effort occurred in those bins. 
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FIGURE F.6.14E.  Cetacean sighting rates by received sound level in the Beaufort 
Sea during vessel operations, 2006–2010.  Rates not shown for Support Vessels 
received sound levels ≥160 and 159 –120 dB (rms) because <155 mi (<250 km) of 
effort occurred in those bins.   
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FIGURE F.6.15E.  Cetacean sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2010.  Rates not shown for 2006 and 2010 water depths of 164–656 and 
>656 ft (50–200 and >200 m) because <155 mi (<250 km) of effort occurred in those bins. 

 

 
 
 
 
 

TABLE F.6.5E.  Closest point of approach of cetaceans to vessels operating in the Beaufort 
Sea by received sound level, 2006–2010..   

Vessel 
Category

Received Sound Level 
(dB re 1 µPa rms )

Mean CPAa 

(ft) s.d. Range (ft) n

   Source  ≥160 - - - 0

   Monitoring ≥160 4802 3867 827-11,529 12

   Source <120 4227 2875 164-12,077 55

   Monitoring <120 4251 2678 262-11,791 46

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to the
observer station.  
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FIGURE F.6.16E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans exposed to ≥160 dB (rms) 
received sound levels observed from source and monitoring vessels in the Beaufort Sea during 2006–2010 vessel operations.  n = 0 for source 
and n = 12 for monitoring vessels. 
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FIGURE F.6.17E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans exposed to <120 dB (rms) 
received sound levels observed from source and monitoring vessels in the Beaufort Sea during 2006–2010 vessel operations.  n = 55 for 
source and n = 46 for monitoring vessels. 
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FIGURE F.6.18E.  Percent of cetacean sightings as a function of initial distance from the vessel for cetaceans observed from short (< 36 ft or 11 
m) and tall (>36 ft or 11 m) observation platforms in the Beaufort Sea during seismic and other marine surveys, 2006–2010.  All sightings were 
of cetaceans exposed to <120 dB (rms) received sound levels (n = 156 for short and n = 21 for tall platforms). 
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TABLE F.6.7E. Cetacean density estimates and 95% confidence intervals (CIs) based on observations in locations 
where received sound levels were ≥160 and <120 dB (rms) in the Beaufort Sea during 2006 –2010 vessel operations. 
Densities are corrected for f(0) and g(0) biases. 

Species Density CIs Density CIs Density CIs Density CIs
2006
    Bowhead whale 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified mysticete whale 0.0 - 0.0 - 0.0 - 0.0 -
    Gray whale 0.0 - 4.522 (0.692 - 29.572) 0.0 - 0.0 -
    Unidentified whale 0.0 - 1.507 (0.179 - 12.693) 0.0 - 0.0 -
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2006 Total Cetacean Density 0.0 - 6.029 (1.188 - 30.599) 0.0 - 0.0 -
2007
    Bowhead whale 0.0 - 29.185 (4.397 - 193.722) 9.823 (1.961 - 49.211) 18.785 (4.921 - 71.709)
    Unidentified mysticete whale 0.0 - 5.102 (0.933 - 27.900) 22.921 (4.691 - 111.991) 8.511 (1.371 - 52.822)
    Gray whale 0.0 - 1.390 (0.187 - 10.351) 0.0 - 0.0 -
    Unidentified whale 0.0 - 1.161 (0.162 - 8.304) 0.0 - 1.321 (0.250 - 6.967)
    Minke whale 0.0 - 0.0 - 0.0 - 0.339 (0.040 - 2.865)

2007 Total Cetacean Density 0.0 - 36.838 (7.234 - 187.592) 32.745 (9.030 - 118.742) 28.956 (9.612 - 87.228)
2008
    Bowhead whale 0.0 - 16.286 (6.091 - 43.541) 3.931 (0.875 - 17.664) 12.466 (2.545 - 61.052)
    Unidentified mysticete whale 0.0 - 0.369 (0.046 - 2.958) 3.931 (1.232 - 12.537) 9.436 (3.599 - 24.739)
    Gray whale 0.0 - 0.738 (0.095 - 5.711) 0.0 - 1.715 (0.340 - 8.638)
    Unidentified whale 0.0 - 0.565 (0.069 - 4.610) 0.0 - 3.429 (0.758 - 15.524)
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2008 Total Cetacean Density 0.0 - 17.958 (7.213 - 44.706) 7.861 (2.860 - 21.606) 27.045 (10.757 - 67.994)
2009
    Bowhead whale 0.0 - 2.119 (0.250 - 17.984) 0.0 - 35.616 (5.379 - 235.820)
    Unidentified mysticete whale 0.0 - 0.0 - 0.0 - 0.0 -
    Gray whale 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified whale 0.0 - 0.0 - 0.0 - 0.0 -
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2009 Total Cetacean Density 0.0 - 2.119 (0.250 - 17.984) 0.0 - 35.616 (5.379 - 235.820)
2010
    Bowhead whale 0.0 - 0.0 - 0.0 - 19.759 (5.863 - 66.594)
    Unidentified mysticete whale 0.0 - 0.327 (0.023 - 4.623) 0.0 - 11.291 (2.386 - 53.450)
    Gray whale 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified whale 0.0 - 1.309 (0.192 - 8.900) 0.0 - 2.823 (0.406 - 19.647)
    Minke whale 0.0 - 0.0 - 0.0 - 0.0 -

2010 Total Cetacean Density 0.0 - 1.636 (0.282 - 9.483) 0.0 - 33.873 (13.027 - 88.078)

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0. 

No. individuals / 1000 mi2
Jul – Aug Sep – Nov

≥160 <120 ≥160 <120
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TABLE F.6.8E.  Estimated areas (mi2) ensonified to various sound levels during Beaufort Sea 
seismic surveys, 2006–2008 and 2010. No seismic activity occurred in the Beaufort Sea in 
2009.  

Area (mi2) 120 160 170 180 190

2006 Jul-Aug
Including Overlap Area 1103 41 15 5 2

Excluding Overlap Area 1031 41 15 5 2
2006 Sep-Oct

Including Overlap Area 2198 154 57 20 7
Excluding Overlap Area 1617 119 53 20 7

2006 Totals
Including Overlap Area 3302 195 71 26 9

Excluding Overlap Area* 2590 160 68 25 9

2007 Jul-Aug
Including Overlap Area 512 19 5 2 0

Excluding Overlap Area 347 12 3 1 0
2007 Sep-Oct

Including Overlap Area 301,469 26,257 8729 2639 933
Excluding Overlap Area 9534 1446 768 398 249

2007 Totals
Including Overlap Area 301,981 26,275 8734 2641 933

Excluding Overlap Area 9882 1458 771 398 250

2008 Jul-Aug
Including Overlap Area 23,607 542 158 44 13

Excluding Overlap Area 2103 269 119 37 11
2008 Sep-Oct

Including Overlap Area 853,431 63,357 25,023 8966 2741
Excluding Overlap Area 15,402 2325 1337 798 506

2008 Totals
Including Overlap Area 877,038 63,898 25,180 9010 2754

Excluding Overlap Area 17,505 2595 1456 835 517

2010 Jul-Aug
Including Overlap Area 4234 506 154 25 8

Excluding Overlap Area 468 105 56 20 7
2010 Sep-Oct

Including Overlap Area 14,036 1584 470 75 23
Excluding Overlap Area 462 178 126 55 20

2010 Totals
Including Overlap Area 18,527 2092 624 99 31

Excluding Overlap Area* 701 227 148 68 26

* Survey "Totals Exluding Overlap" are less than the sum of seasonal period non-overlap areas in some
years because many of the same areas w ere ensonif ied during both seasonal periods.  

Level of ensonification in dB re1μPa (rms)    
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FIGURE F.6.23E.  Seal sighting rates by season in the Beaufort Sea during vessel 
operations, 2006–2010.  The italicized value is based on 200 mi (322 km) of effort. 
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FIGURE F.6.24E.  Seal sighting rates by Beaufort wind force in the Beaufort Sea during 
vessel operations, 2006–2010.  Rates not shown for 2006 Bf 0 and 5, 2009 Bf 0, 4 and 5, 
and for 2010 Bf 0 because <155 mi (<250 km) of effort occurred in those bins. 
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FIGURE F.6.25E.  Seal sighting rates by received sound level and vessel role in the 
Beaufort Sea during vessel operations, 2006–2010.  Rates not shown for Support Vessels 
received sound levels ≥160 and 159 –120 dB (rms) because <155 mi (<250 km) of effort 
occurred in those bins. 
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FIGURE F.6.26E.  Seal sighting rates by ice conditions in the Beaufort Sea 
during vessel operations, 2006–2010. Rates not shown are due to <155 mi 
(<250 km) of effort occurring in those bins. 
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FIGURE F.6.27E.  Seal sighting rates by distance from ice in the Beaufort Sea 
during vessel operations, 2006–2010. Rates not shown for 2006, 2007, 2009 
and 2010 are due to <155 mi (<250 km) of effort occurring in those bins. 
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FIGURE F.6.28E.  Seal sighting rates by water depth in the Beaufort Sea during vessel 
operations, 2006–2010.  Rates not shown for 2006 and 2009 water depths of 164–656 ft 
and >656 ft (50–200 and >200 m) because <155 mi (<250 km) of effort occurred in those 
bins. 
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TABLE F.6.11E.  Comparison of seal CPA-to-observer-station distances by vessel category 
and received sound level in the Beaufort Sea during vessel operations, 2006–2010.  Only 
seals recorded in water were considered. 

Vessel 
Category

Received Sound 
Level (dB re 1 µPa 

rms )
Mean CPAa 

(ft) s.d. Range (ft) n

   Source  ≥160 1412 1040 66-6033 185

   Monitoring ≥160 536 630 16-3872 177

   Source <120 794 803 3-6562 859

   Monitoring <120 638 734 16-5577 310

a CPA = Closest Point of Approach.  This value is the marine mammal's closest point of approach to the observer 
station.  

 
 
 
 

TABLE F.6.13E.  Comparison of seal CPA-to-airgun distances for source vessels by 
received sound level in the Beaufort Sea during vessel operations, 2006–2010.  
Only seals recorded in water were considered. 

Received Sound Level 
(dB re 1 µPa rms )

Mean CPAa 

(ft) s.d. Range (ft) n

 ≥160 2051 1137 249-6900 185

<120 923 822 3-6742 699

a CPA = Closest Point of Approach. This value is the marine mammal's closest point of approach to
the airgun array.  
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FIGURE F.6.29E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were ≥160 dB (rms) in the Beaufort Sea during 2006–2010 seismic operations from source and monitoring vessels.  All sightings were of 
seals in water initially detected within 0.6 mi (1 km) from the vessel (n = 169 for source, n = 174 for monitoring vessels).   
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FIGURE F.6.30E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed in areas where received sound 
levels were <120 dB (rms) in the Beaufort Sea during 2006–2010 seismic operations from source and monitoring vessels.  All sightings were of 
seals in water initially detected within 0.6 mi (1 km) from the vessel (n = 845 for source, n = 305 for monitoring vessels).  
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FIGURE F.6.31E.  Percent of seal sightings as a function of initial distance from the vessel for seals observed from short (< 36 ft or 11 m) and tall 
(>36 ft or 11 m) observation platforms in the Beaufort Sea during seismic and other marine surveys, 2006–2010.  All sightings were of seals 
initially detected in water within 0.6 mi (1 km) of the vessel and exposed to <120 dB (rms) received sound levels (n = 1131 for short and n = 
549 for tall platforms). 
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TABLE 6.14.  Seal density estimates and 95% confidence intervals based on observations in locations where received sound 
levels were ≥160 and <120 dB (rms) in the Beaufort Sea during 2006 –2010 vessel operations. Densities are corrected for 
f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006
    Bearded seal 0.0 - 83.286 (34.509 - 201.009) 0.0 - 19.850 (2.789 - 141.180)
    Ringed seal 0.0 - 122.527 (18.638 - 805.512) 0.0 - 446.592 (156.023 - 1278.314)
    Spotted seal 0.0 - 56.058 (9.834 - 319.579) 0.0 - 486.291 (133.379 - 1772.950)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 0.0 -
    Unidentified seal 0.0 - 336.745 (191.247 - 592.952) 0.0 - 1379.477 (680.967 - 2794.493)
        2006 Total 0.0 - 598.614 (321.410 - 1114.886) 0.0 - 2332.206 (1334.307 - 4076.408)
2007
    Bearded seal 0.0 - 147.466 (44.457 - 489.171) 0.0 - 149.279 (35.340 - 630.558)
    Ringed seal 0.0 - 143.232 (36.322 - 564.825) 76.568 (11.652 - 503.131) 374.792 (211.208 - 665.083)
    Spotted seal 0.0 - 480.251 (165.433 - 1394.165) 57.425 (8.752 - 376.791) 102.880 (20.140 - 525.509)
    Unidentified pinniped 0.0 - 0.0 - 0.0 - 8.184 (1.207 - 55.503)
    Unidentified seal 0.0 - 832.723 (225.176 - 3079.496) 149.447 (32.730 - 682.384) 293.368 (77.723 - 1107.323)
       2007 Total 0.0 - 1603.674 (706.766 - 3638.804) 283.441 (90.774 - 885.051) 928.503 (501.709 - 1718.379)
2008
    Bearded seal 64.693 (9.391 - 445.607) 46.814 (15.532 - 141.103) 61.717 (12.590 - 302.562) 77.656 (37.011 - 162.936)
    Ringed seal 301.905 (47.367 - 1924.309) 399.283 (75.780 - 2103.795) 595.933 (163.309 - 2174.606) 355.276 (171.636 - 735.401)
    Spotted seal 0.0 - 235.562 (46.946 - 1181.967) 10.391 (1.528 - 70.603) 25.615 (3.921 - 167.287)
    Ribbon seal 0.0 - 0.0 - 0.0 - 3.660 (0.495 - 27.091)
    Unidentified pinniped 0.0 - 11.976 (1.854 - 77.311) 0.790 (0.104 - 6.061) 1.412 (0.189 - 10.541)
    Unidentified seal 64.693 (7.892 - 530.326) 252.405 (115.065 - 553.662) 551.903 (165.531 - 1840.109) 802.997 (204.026 - 3160.407)
       2008 Total 431.293 (96.500 - 1927.599) 946.040 (368.115 - 2431.274) 1220.731 (503.460 - 2959.890) 1266.613 (488.860 - 3281.722)
2009
    Bearded seal 0.0 - 110.727 (47.586 - 257.652) 0.0 - 137.140 (20.510 - 916.959)
    Ringed seal 0.0 - 1217.996 (282.288 - 5255.319) 0.0 - 0.0 -
    Spotted seal 0.0 - 127.762 (38.816 - 420.510) 0.0 - 0.0 -
    Unidentified pinniped 0.0 - 0 - 0.0 - 0.0 -
    Unidentified seal 0.0 - 758.053 (133.172 - 4315.050) 0.0 - 0.0 -
       2009 Total 0.0 - 2214.538 (739.729 - 6629.696) 0.0 - 137.140 (20.510 - 916.959)
2009
    Bearded seal 66.529 (8.733 - 506.861) 106.630 (15.084- 753.764) 129.844 (35.817 - 470.730) 78.220 (12.251 - 499.401)
    Ringed seal 66.529 (8.733 - 506.861) 189.828 (29.723 - 1212.399) 32.460 (4.644 - 226.857) 140.797 (56.045 - 353.715)
    Spotted seal 66.529 (7.822 - 565.886) 39.492 (5.949 - 262.133) 0.0 - 9.386 (1.375 - 64.050)
    Unidentified pinniped 0.0 - 38.011 (4.851 - 297.849) 0.0 - 10.956 (1.544 - 77.803)
    Unidentified seal 598.769 (93.882 - 3818.911) 284.873 (47.016 - 1726.046) 162.304 (21.171 - 1244.360) 269.079 (126.886 - 570.600)
       2009 Total 798.359 (171.043 - 3726.397) 658.833 (205.137 - 2115.968) 324.608 (85.498 - 1232.420) 508.438 (278.488 - 928.252)

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
≥160 <120 ≥160 <120

Note: densities in italics were based on <500 km (311 mi) of effort; CIs could not be calculated for density values of 0.0.  
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TABLE F.6.18E.  Pacific walrus density estimates and 95% confidence intervals based on observations in 
locations where received sound levels were ≥160 and <120 dB (rms) in the Beaufort Sea during 2006 –
2010 vessel operations. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 0.0 - 0.0 - 0.0 -
2007 0.0 - 0.0 - 30.194 (3.743 - 243.679) 16.371 (2.126 - 126.104)
2008 0.0 - 0.0 - 2.003 (0.275 - 14.636) 0.0 -
2009 0.0 - 0.0 - 0.0 - 0.0 -
2010 0.0 - 0.0 - 0.0 - 0.0 -

≥160 <120

Note: densities in italics were based on <311 mi of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
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FIGURE F.6.36E.  Polar bear sighting rates by season in the Beaufort Sea during vessel 
operations, 2006–2010. The italicized value is based on 200 mi (322 km) of effort. 
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TABLE F.6.22E.  Polar bear density estimates and 95% confidence intervals based on observations in 
locations where received sound levels were ≥160 and <120 dB (rms) in the Beaufort Sea during 2006 –
2010 vessel operations. Densities are corrected for f(0) and g(0) biases. 

Year Density CIs Density CIs Density CIs Density CIs
2006 0.0 - 1.488 (0.166 - 13.452) 0.0 - 0.775 (0.098 - 6.151)
2007 0.0 - 0.0 - 0.0 - 0.0 -
2008 1.334 (0.153 - 11.704) 0.601 (0.088 - 4.144) 0.0 - 0.0 -
2009 0.0 - 0.0 - 0.0 - 0.0 -
2010 0.0 - 0.0 - 0.0 - 0.0 -

≥160 <120

Note: densities in italics were based on <311 mi of effort; CIs could not be calculated for density values of 0.0. 

≥160 <120

No. individuals / 1000 mi2

Jul – Aug Sep – Nov
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APPENDIX G:  BEAUFORT SEA AERIAL SURVEY RESULTS 
 

Part 1: Tables and Figures Referenced from Chapter 7 
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FIGURE G.1. Kilometers of useable survey effort compared to maximum predicted wind speed (km/hr), by 
date, 26 Aug through 24 Sep 2006. 

. 

 
FIGURE G.2. Kilometers of useable survey effort compared to maximum predicted wind speed (km/hr), by 
date, 22 Aug through 8 Oct 2007. 
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FIGURE G.3. Kilometers of useable survey effort compared to maximum predicted wind speed (km/hr), by 
date, (A) 6 Jul through 24 Aug and (B) 25 Aug through 11Oct 2008. 

 



Appendix G:  Beaufort Sea Aerial Survey Results     G–3 

 

0
200
400
600
800

1000
1200
1400

16
 J

ul

19
 J

ul

22
 J

ul

25
 J

ul

28
 J

ul

31
 J

ul

3 
A

ug

6 
A

ug

9 
A

ug

12
 A

ug

15
 A

ug

18
 A

ug

21
 A

ug

24
 A

ug

27
 A

ug

Date

Ef
fo

rt
 (k

m
)

0
10
20
30
40
50
60
70

W
in

d 
Sp

ee
d 

(k
m

/h
r)

Effort
Max Wind Speed

(A) 16 Jul - 27 Aug

0
200
400
600
800

1000
1200
1400

28
 A

ug

31
 A

ug

3 
S

ep

6 
S

ep

9 
S

ep

12
 S

ep

15
 S

ep

18
 S

ep

21
 S

ep

24
 S

ep

27
 S

ep

30
 S

ep

3 
O

ct

6 
O

ct

9 
O

ct

Date

Ef
fo

rt
 (k

m
)

0
10
20
30
40
50
60
70

W
in

d 
Sp

ee
d 

(k
m

/h
r)Effort

Max Wind Speed

(B) 28 Aug - 9 Oct

 
FIGURE G.4. Kilometers of useable survey effort compared to maximum predicted wind speed (km/hr), by 
date, (A) 16 Jul through 27 Aug and (B) 28 Aug through 9 Oct 2010. 
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TABLE G.1. Days with useable survey effort (km) on aerial surveys of the central Beaufort 
Sea, 2006–2010.  Number of sightings of beluga whales made on–transect and during 
useable sighting conditions, and number of individual belugas observed, by day, are also 
listed.  

Year Date Effort 
(km)

Beluga 
Sightings

Beluga 
Individuals Year Date Effort 

(km)
Beluga 

Sightings
Beluga 

Individuals
2006 2008, cont'd

26 Aug 433 0 0 6 Sep 629 0 0
03 Sep 459 0 0 9 Sep 328 0 0
04 Sep 430 0 0 10 Sep 383 0 0
06 Sep 445 9 33 12 Sep 908 1 1
12 Sep 99 0 0 13 Sep 734 0 0
13 Sep 403 4 11 14 Sep 38 0 0
14 Sep 263 0 0 18 Sep 516 0 0
23 Sep 24 0 0 19 Sep 1090 0 0
24 Sep 131 0 0 22 Sep 175 0 0

2007 23 Sep 193 0 0
22 Aug 869 0 0 24 Sep 113 1 1
24 Aug 281 0 0 25 Sep 680 0 0
3 Sep 339 0 0 26 Sep 671 0 0
10 Sep 882 0 0 27 Sep 937 5 13
11 Sep 1074 25 43 28 Sep 582 0 0
14 Sep 457 0 0 29 Sep 591 0 0
18 Sep 708 0 0 1 Oct 187 0 0
19 Sep 7 0 0 2 Oct 455 0 0
20 Sep 485 0 0 6 Oct 421 0 0
21 Sep 1178 0 0 8 Oct 144 0 0
26 Sep 47 0 0 9 Oct 389 0 0
30 Sep 241 0 0 10 Oct 325 0 0
2 Oct 92 0 0 11 Oct 323 0 0
3 Oct 551 0 0 2010
7 Oct 134 0 0 16 Jul 599 3 3
8 Oct 18 0 0 22 Jul 509 7 8

2008 23 Jul 458 0 0
6 Jul 636 2 5 29 Jul 291 0 0
7 Jul 665 4 7 30 Jul 685 0 0
8 Jul 501 0 0 31 Jul 667 0 0
9 Jul 732 62 167 1 Aug 597 1 1

10 Jul 617 11 17 2 Aug 1224 0 0
11 Jul 527 1 3 3 Aug 818 1 1
12 Jul 704 7 18 4 Aug 514 0 0
13 Jul 18 0 0 5 Aug 444 1 1
14 Jul 599 10 18 8 Aug 279 0 0
22 Jul 220 0 0 13 Aug 415 0 0
25 Jul 31 0 0 14 Aug 433 0 0
27 Jul 405 1 1 16 Aug 947 0 0
28 Jul 328 2 2 21 Aug 934 0 0
1 Aug 190 0 0 24 Aug 506 2 4
2 Aug 471 7 7 29 Aug 284 0 0
4 Aug 646 1 1 31 Aug 119 0 0
5 Aug 542 0 0 2 Sep 299 0 0
6 Aug 398 0 0 8 Sep 281 0 0
8 Aug 205 0 0 12 Sep 580 0 0
11 Aug 607 2 2 13 Sep 366 0 0
16 Aug 189 0 0 21 Sep 599 0 0
18 Aug 565 0 0 23 Sep 295 0 0
19 Aug 104 0 0 24 Sep 191 0 0
23 Aug 701 1 1 30 Sep 593 0 0
25 Aug 717 0 0 1 Oct 417 0 0
28 Aug 17 0 0 6 Oct 631 0 0
29 Aug 795 0 0 7 Oct 704 0 0
30 Aug 3 0 0 8 Oct 378 0 0
31 Aug 75 0 0 9 Oct 478 0 0
5 Sep 466 0 0  
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FIGURE G.5. Ringed (RS), Spotted (SS) seal sightings made on aerial surveys conducted in the central 
Beaufort Sea, flown from 26 Aug through 24 Sep 2006.  Species indicated by symbol and seismic state at 
time of sighting indicated by shading. 

 

 
FIGURE G.6. Ringed (RS) and Spotted (SS) seal sightings made on aerial surveys conducted in the 
central Beaufort Sea, flown from 22 Aug through 8 Oct 2007.  Species indicated by symbol and seismic 
state or received sound level at time of sighting indicated by shading. 
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FIGURE G.7. Ringed (RS) and Spotted (SS) seal sightings made on aerial surveys conducted in the 
central Beaufort Sea, flown from 6 Jul through 11 Oct 2008.  Species indicated by symbol and seismic 
state or received sound level at time of sighting indicated by shading. 
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FIGURE G.8. Ringed (RS) and Spotted (SS) seal sightings made on aerial surveys conducted in the 
central Beaufort Sea, flown from 16 Jul through 9 Oct 2010.  Species indicated by symbol and seismic 
state or received sound level at time of sighting indicated by shading. 

 

 
FIGURE G.9. Bearded seal (BS) sightings made on aerial surveys conducted in the central Beaufort Sea, 
flown from 26 Aug through 24 Sep 2006.  Species indicated by symbol and seismic state at time of 
sighting indicated by shading. 
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FIGURE G.10. Bearded seal (BS) sightings made on aerial surveys conducted in the central Beaufort Sea, 
flown from 22 Aug through 8 Oct 2007.  Species indicated by symbol and seismic state at time of sighting 
indicated by shading. 
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FIGURE G.11. Bearded seal (BS) and unidentified pinniped (UP) sightings made on aerial surveys 
conducted in the central Beaufort Sea, flown from 6 Jul through 11 Oct 2008.  Species indicated by 
symbol and seismic state or received sound level at time of sighting indicated by shading. 
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FIGURE G.12. Bearded seal (BS) sightings made on aerial surveys conducted in the central Beaufort Sea, 
flown from 16 Jul through 9 Oct 2010.  Species indicated by symbol and seismic state or received sound 
level at time of sighting indicated by shading. 
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Part 2: English Units Tables and Figures from Chapter 7 and this Appendix 
 

 
FIGURE G.1E. Miles of useable survey effort compared to maximum predicted wind speed (mi/hr), by date, 
26 Aug through 24 Sep 2006. 

. 

 
FIGURE G.2E. Miles of useable survey effort compared to maximum predicted wind speed (mi/hr), by date, 
22 Aug through 8 Oct 2007. 
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FIGURE G.3E. Miles of useable survey effort compared to maximum predicted wind speed (mi/hr), by date, 
(A) 6 Jul through 24 Aug and (B) 25 Aug through 11Oct 2008. 
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FIGURE G.4E. Miles of useable survey effort compared to maximum predicted wind speed (mi/hr), by date, 
(A) 16 Jul through 27 Aug and (B) 28 Aug through 9 Oct 2010. 
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TABLE G.1E. Days with useable survey effort (mi) on aerial surveys of the central Beaufort Sea, 
2006–2010.  Number of sightings of beluga whales made on–transect and during useable sighting 
conditions, and number of individual belugas observed, by day, are also listed.  
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FIGURE G.7.6E. Total aerial survey effort (mi) by year in the central Beaufort Sea, 2006–2010. 
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TABLE G.7.2E. Aerial survey effort (mi) and number of bowhead sightings and individuals, by 
date and month in the central Beaufort Sea from 2006 through 2010. 

Year Date Effort 
(mi)

Bowhead 
Sightings

Bowhead 
Individuals Year Date Effort 

(mi)
Bowhead 
Sightings

Bowhead 
Individuals

2006 2008, cont'd
26 Aug 269 3 3 6 Sep 391 7 11
03 Sep 285 3 3 9 Sep 204 0 0
04 Sep 267 7 11 10 Sep 238 0 0
06 Sep 276 14 20 12 Sep 565 6 7
12 Sep 61 0 0 13 Sep 456 12 17
13 Sep 251 4 6 14 Sep 23 0 0
14 Sep 164 3 5 18 Sep 321 7 11
23 Sep 15 1 1 19 Sep 677 17 25
24 Sep 82 0 0 22 Sep 109 2 2

2007 23 Sep 120 1 2
22 Aug 540 4 5 24 Sep 70 2 3
24 Aug 175 4 4 25 Sep 422 3 3
3 Sep 211 5 5 26 Sep 417 1 1
10 Sep 548 16 19 27 Sep 582 2 2
11 Sep 667 18 23 28 Sep 362 1 2
14 Sep 284 8 15 29 Sep 367 2 3
18 Sep 440 14 17 1 Oct 116 0 0
19 Sep 4 0 0 2 Oct 283 1 1
20 Sep 302 4 4 6 Oct 262 0 0
21 Sep 732 5 17 8 Oct 90 0 0
26 Sep 30 0 0 9 Oct 242 2 3
30 Sep 150 2 4 10 Oct 202 0 0
2 Oct 57 0 0 11 Oct 201 0 0
3 Oct 342 1 1 2010
7 Oct 83 0 0 16 Jul 372 0 0
8 Oct 11 0 0 22 Jul 317 1 1

2008 23 Jul 284 0 0
6 Jul 395 0 0 29 Jul 181 0 0
7 Jul 413 1 1 30 Jul 426 0 0
8 Jul 311 0 0 31 Jul 414 0 0
9 Jul 455 5 8 1 Aug 371 0 0

10 Jul 384 0 0 2 Aug 761 0 0
11 Jul 327 0 0 3 Aug 508 1 1
12 Jul 437 2 2 4 Aug 319 0 0
13 Jul 11 0 0 5 Aug 276 0 0
14 Jul 372 0 0 8 Aug 173 0 0
22 Jul 137 0 0 13 Aug 258 0 0
25 Jul 20 0 0 14 Aug 269 0 0
27 Jul 252 0 0 16 Aug 589 1 1
28 Jul 204 0 0 21 Aug 580 0 0
1 Aug 118 0 0 24 Aug 314 2 2
2 Aug 293 0 0 29 Aug 177 13 15
4 Aug 401 0 0 31 Aug 74 0 0
5 Aug 337 0 0 2 Sep 186 2 3
6 Aug 247 0 0 8 Sep 175 3 5
8 Aug 127 0 0 12 Sep 360 2 2
11 Aug 377 0 0 13 Sep 227 1 1
16 Aug 117 0 0 21 Sep 372 0 0
18 Aug 351 0 0 23 Sep 183 0 0
19 Aug 65 1 1 24 Sep 119 2 4
23 Aug 436 3 6 30 Sep 368 3 4
25 Aug 446 1 1 1 Oct 259 5 6
28 Aug 10 0 0 6 Oct 392 0 0
29 Aug 494 13 19 7 Oct 438 5 6
30 Aug 2 0 0 8 Oct 235 2 3
31 Aug 47 0 0 9 Oct 297 0 0
5 Sep 290 0 0
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FIGURE G.7.11E. Average bowhead whale sighting rates (sightings/1000 mi) by year, based on data 
collected from aerial surveys of the central Beaufort Sea, 2006–2010.   

 

TABLE G.7.3E. Chi–square Goodness–of–Fit test comparing bowhead whale sighting rates 
as observed on aerial surveys of the central Beaufort Sea from 2006–2010, among years. 

2006 2007 2008 2010 χ2 One-tailed p

Sightings (obs.) 35 81 92 43 92.7 <0.001
Sightings (exp.) 17 46 146 83
Effort (mi) 1670 4574 14,594 10,274

 
 
 
 

 

TABLE G.7.4E. Chi–square Goodness–of–Fit comparison of beluga whale sighting 
rates among years from aerial surveys of the central Beaufort Sea (2006–2010). 

2006 2007 2008 2010 χ2 One-tailed p

Sightings (obs.) 13 25 118 8 63.3 <0.001
Sightings (exp.) 9 24 77 54
Effort (mi) 1670 4574 14,594 10,274  
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FIGURE G.7.12E. Bowhead whale sighting rates (sightings/1000 mi) in the central Beaufort Sea by date, 2006–2010. Year indicated by shading. 
Survey period for each year is indicated by line (thick dotted line for 2006, solid line for 2007, thin dashed line for 2008, and dot-dashed line 2010).  
No rates are calculated for days with less than 155 mi survey effort.  Days with more than 155 mi of effort and no sightings are represented as an 
asterisk. 
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FIGURE G.7.18E. Beluga whale sighting rates (sightings/1000 mi) in the central Beaufort Sea, by date. Year indicated by shading.  Survey period 
for each year is indicated by line (thick dotted line for 2006, solid line for 2007, thin dashed line for 2008, and dot-dashed line for 2010).  No rates 
are calculated for days with less than 155 mi survey effort.  Days with more than 155 mi of effort and no sightings are represented as an asterisk.  
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FIGURE 7.23E.  Bowhead whale daily sighting rates from aerial survey data collected in the central Beaufort Sea, 2006–2008 (bars with shading 
indicating year).  Right hand vertical axis (line on graph) shows percentage (10–day moving average) of bowhead population observed on each 
day during aerial surveys conducted from 1979–2000; data from Miller et al. (2002).  Survey period for each year is indicated by horizontal lines at 
the top of the figures (thick dotted line for 2006, solid line for 2007, dashed line for 2008 and dot-dashed line for 2010). 
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TABLE G.7.5E. Peak bowhead sighting rates over time, from Aug to Oct, in the Alaskan Beaufort Sea, with 
respect to year and location of studies.  

Year Location
Period With Peak 

Sighting Rates 
(Aug - Oct)

Sighting rate 
(sightings/1000 mi) Author

1979-2000 Flaxman Is - Herschel Is 16-30 Sep 16.6 Miller et al. 2002
1996-1997 Harrison Bay - Flaxman Is 1-10 Sep 18.2 Miller et al. 1999

1998 Oliktok Pt - Flaxman Is 11-20 Sep 16.4 Miller et al. 1999
2006 Camden Bay 4 Sep 26.2 Current study
2007 Harrison Bay - Kaktovik 18 Sep 31.9 Current study
2008 Harrison Bay 29 Aug 26.4 Current study
2008 Camden Bay 16 Sep 33.5 Current study
2010 Camden Bay 29 Aug 73.5 Current study  

 

TABLE G.7.6E.  Relationships between location, ice cover, and peak sighting rates of bowhead whales by 
depth categories in the Alaskan Beaufort Sea. 

Year Location Ice Cover
Depth Bin (ft) with 
Peak Sighting Rate 

(Aug - Oct)
Author

1979-2000 Flaxman Is - Herschel Is Variable 66-656 Miller et al. 2002
1982-1991 Bering Strait - Canadian Border Heavy >656 Moore 2000
1982-1991 Bering Strait - Canadian Border Light/Moderate <164 Moore 2000

2006 Camden Bay Light/Moderate 164-656 Current study
2007 Harrison Bay - Kaktovik Light <164 Current study
2008 Harrison Bay - Kaktovik Light <164 Current study
2010 Harrison Bay - Camden Bay Light <164 Current study  
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FIGURE G.7.24E.  Mean depth (ft) of bowhead whale sightings during annual fall aerial surveys conducted 
by Minerals Management Service in the Alaskan Beaufort Sea from 1982 through 2000 (Treacy 2002).   
Striped columns represent data collected during this study. Numbers over bars indicate values that 
extend beyond the range of the y–axis.  
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FIGURE G.7.25E. Aerial survey effort (mi) in the central Beaufort Sea, 2007–2010 by seismic sound level 
category (dB). The “no detectable seismic” category includes time periods when there was no seismic 
activity or when seismic sound was below background levels. Year indicated by shading.   

 

 

 
FIGURE G.7.26E.  Average bowhead whale sighting rates in the Beaufort Sea at three different exposure 
levels to seismic sound that occurred within 3 minutes of aerial surveys. Seismic sound categories with 
<250 km of survey effort are identified with an asterisk.  The “no detectable seismic” category includes 
time periods when there was no seismic activity or when seismic sound was below background levels. 

 

TABLE G.7.10E. Results of chi-squared tests of bowhead whale sighting rates between 
different seismic categories. The “no detectable seismic” category includes time 
periods when there was no seismic activity or when seismic sound was below 
background levels. 

Observed Sightings 118 75 118 31
Expected Sightings 133 60 129 20
Effort (mi) 15229.40 6920.13 15229.40 2387.35
Chi-square
df
p

5.21
1

0.02

6.69
1

0.01

Comparison A Comparison B
No detectable 

seismic Seismic No detectable 
seismic ?120 dB
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FIGURE G.7.27E. Survey effort (mi) by 33 ft water–depth bins from aerial surveys of the central Beaufort 
Sea in 2007, 2008 and 2010. Seismic sound categories are indicated by shading.  The “no detectable 
seismic” category includes time periods when there was no seismic activity or when seismic sound was 
below background levels.  
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FIGURE G.7.28E.  Bowhead whale sighting rates by 33 ft water–depth bins recorded during aerial surveys 
of the central Beaufort Sea in 2007, 2008 and 2010.  Estimated received sound levels of seismic sounds 
in dB re 1 ųPa (rms) are indicated by shading. Depth bins with less than 250 km of effort in any seismic 
category are identified with an asterisk. The “no detectable seismic” category includes time periods when 
there was no seismic activity or when seismic sound was below background levels. 
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FIGURE G.7.29E.  Average depth and standard error for feeding bowhead whales at different seismic 
sound categories.  Data collected on aerial surveys of the central Beaufort Sea, 2007, 2008 and 2010.  
The “no detectable seismic” category includes time periods when there was no seismic activity or when 
seismic sound was below background levels. 
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FIGURE G.7.30E.  Average depth and standard error for traveling bowhead whales at different seismic 
sound categories.  Data were collected on aerial surveys of the central Beaufort Sea, 2007–2010.  The 
“no detectable seismic” category includes time periods when there was no seismic activity or when 
seismic sound was below background levels. 
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FIGURE G.7.35E. Mean distance from SOI seismic operations for feeding and traveling bowhead whales 
during seismic and non-seismic periods in the Beaufort Sea.  Standard errors are shown.   

 

TABLE G.7.12E. Estimated densities of bowhead whales in the central Beaufort Sea by year, location, 
and seismic state, along with number of bowhead whales estimated to have been exposed to 
received sound levels of ≥180 dB re 1µPa (rms) and ≥160 dB re 1µPa (rms) due to seismic activities 
conducted by SOI, PNR, and Eni in the central Beaufort Sea. 

>180 dB >160 dB >180 dB >160 dB
2007

Camden 58.4 32(4.9) 137(11.2) 119.5 65(4.9) 281(11.2)
Harrison -- -- -- 82.7 0 1(1.5)

2008
Camden (6 Jul-18 Aug) -- -- -- 23.4 1 (1.2) 7 (1.9)

Camden (late) 80.0 43(7.3) 174(18.0) 80.1 43(7.3) 175(18.0)
Harrison 36.7 26(7.3) 70(12.7) 75.5 53(7.3) 144(12.7)

2010
Harrison (16 Jul-13 Aug) -- -- -- 1.5 0.03(1.3) 0.7(9.5)

Harrison (late) 62.9 3.5(1.4) 28.8(31.0) 40.8 2.3(1.4) 18.7(31.0)

 Density 
(No./1000 mi2)

Individuals exposed 
Year Bay

 Density 
(No./1000 mi2)

Individuals exposed
Estimates from Seismic Period Estimates from Non-seismic Period
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APPENDIX H:  SUMMARY AND ASSESSMENT OF POTENTIAL 
EFFECTS ON MARINE MAMMALS 

 

English Units Tables and Figures from Chapter 10 
 

Table H.10.1E.  Average area (mi2) containing some level of ice cover during 
Jul through Oct in standardized areas of the Chukchi and Beaufort seas, 2006-
2010.  Values include varying amounts of ice measured within polygons and do 
not represent actual ice coverage.   

Year Chukchi Sea Beaufort Sea
2006 23,326 44,327
2007 628 8676
2008 24,299 15,182
2009 9237 63,018
2010 7864 67,819  
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FIGURE H.10.25E.  Miles of seismic survey activity using towed array from 1969 through 1994, and 2006 
through 2010 in the Chukchi and Beaufort seas.  Ocean-bottom cables (OBC) were used for seismic 
survey activity in 1996–2001 and in 2008 in the Beaufort Sea.  Total miles in 2008 includes both seismic 
and OBC survey activities.   
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TABLE H.10.5E.  Numbers of miles transited by seismic vessels during seismic, shallow 
hazards, and ocean bottom cable survey activity and various types of monitoring/support vessel 
activity in the Chukchi and Beaufort seas in 2006-2010.     

Chukchi Sea 2006 2007 2008 2009 2010
    Ocean Bottom Cable 0 0 0 0 0
    Shallow Hazards 0 0 1365 1107 0
    Deep Seismic 11,359 1812 905 0 2785
    Total Vessel Traffic 66,386 25,743 27,642 7618 30,035
Beaufort Sea
    Ocean Bottom Cable 0 0 3997 0 0
    Shallow Hazards 61 91 906 0 423
    Deep Seismic 0 492 1517 0 0
    Total Vessel Traffic 6189 23,865 34,906 2244 10,358

Year

 
 

 

 
TABLE H.10.7E.  Estimated number of miles of barge traffic by month 
in the Chukchi Sea, 2006–2010.  The 2009 and 2010 totals include 
one round trip of the Chukchi Sea by Sea-Link Marine Services 
(2009) and Island Tug & Barge (2010) for which timing of the activity 
was unknown.   

Year July August September October Total
2006 334 1001 667 0 2002
2007 667 2669 1668 334 5339
2008 334 3337 2336 667 6674
2009 1335 3337 1668 334 7341
2010 2002 7215 1668 0 11,553  

 

 
TABLE H.10.8E.  Estimated number of miles of non–seismic vessel 
traffic by month in the Beaufort Sea, 2006–2010.  The 2009 total 
includes one round trip of the Beaufort Sea by Sea-Link Marine 
Services for which timing of the activity was unknown.  The 2009 
values also do not include information on the activities for three 
Crowley barges operating in the Beaufort Sea in late Aug and early 
Sep which was not available or barge activity by BP.   

Year July August September October Total
2006 303 10,179 5257 0 15,739
2007 152 6327 2128 0 8606
2008 0 5146 1949 825 7920
2009 2787 11,699 1128 2799 19,238
2010 1125 5309 1208 99 8566  
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FIGURE H.10.26E.  Cumulative estimated number of miles of vessel traffic in the Chukchi and 
Beaufort seas resulting from seismic activities, general barge/vessel traffic, and localized 
vessel activity associated with offshore developments near Prudhoe Bay, 2006–2010.   
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