
Update on Untrawlable Survey Research in RACE
Research Goals – long term
1) Map untrawlable regions within the survey area
2) Estimate rockfish abundance in untrawlable areas

Objective for FY19
Design a GOA-wide index survey for rockfish species in untrawlable habitat that can 
be run in parallel to the current trawl and longline surveys and provide data on 
trends and size structure for stock assessors.

How big is the problem (how much untrawlable area is there)?
What have we done so far?
Untrawlable Habitat Strategic Initiative results
What works/doesn’t work?



How Big Is The Problem?
Mapping Untrawlable Areas

Ongoing Projects
Trawlability grid (Palsson, Von Szalay)
Modeling – Smooth Sheets (Baker, Zimmermann)
Modeling – ES60 (Von Szalay, Jorgensen)
Modeling – ME70 (Stienessen, Pirtle)
Mapping – Multibeam (McConnaughey)

Total Area: 338,660 km2

23,530 cell-strata combinations

Known Area: 188,361 km2 (44% of total area)
Untrawlable: 26,782 km2  (17.8% of known area)

Baker & Zimmermann model

Stienessen & Pirtle



Study #1 – Zhemchug Ridges

Study #2 – The Snakehead



Daytime

Nightime

1. Calibrated acoustic data
2. Determine distribution by substrate type (trawlable or untrawlable)



Biomass Estimate for Zhemchug ridges (~60 km2)

500 t

14,900 t

920 t



1. Collect calibrated acoustic data along survey path

2. Determine distribution by substrate type (trawlable or untrawlable)

< 2 m off seafloor
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		Sum of Dusky		Area

		year		Chirikof		Kodiak		Grand Total

		1990		1188.7		16153.1		17341.8

		1993		12879.5		23780.3		36659.8

		1996		19216.8		36037.5		55254.3

		1999		9156.7		33729.3		42886

		2001		2061.7		23589.8		25651.5

		2003		46728.8		7191.9		53920.7

		2005		38215.5		60096.8		98312.3

		2007		38349.8		19481.8		57831.6

		2009		4075.1		40836		44911.1

		Grand Total		171872.6		260896.5		432769.1





Sheet1

		Area		year		Area KM2		Dusky		dusky variance		st dev		Northern		northern variance		st dev		Harlequin		harlequin variance		st dev

		Chirikof		1984		63,458		6,911.20		20,825,779.00		4,564		5,164.50		3,610,521.36		1,900		29		416		20

		Chirikof		1987		63,458		4,222.20		1,382,127.55		1,176		13,794.30		36,273,243.45		6,023		407		115,017		339

		Chirikof		1990		63,458		1,188.70		245,473.77		495		5,791.90		9,147,905.07		3,025		434		173,289		416

		Chirikof		1993		63,457		12,879.50		85,446,231.12		9,244		40,445.60		628,191,526.57		25,064		258		31,187		177

		Chirikof		1996		68,057		19,216.80		259,790,352.98		16,118		40,447.10		327,290,944.51		18,091		258		22,516		150

		Chirikof		1999		68,057		9,156.70		29,805,089.79		5,459		29,946.40		147,340,555.75		12,138		167		20,176		142

		Chirikof		2001		68,053		2,061.70		767,202.44		876		24,489.50		214,761,760.73		14,655		221		15,352		124

		Chirikof		2003		68,053		46,728.80		1,092,859,898.23		33,058		49,793.00		997,373,399.54		31,581		968		879,317		938

		Chirikof		2005		68,053		38,215.50		641,622,305.68		25,330		102,604.50		3,174,548,782.89		56,343		222		7,713		88

		Chirikof		2007		68,053		38,349.80		1,083,079,098.72		32,910		92,250.00		3,977,939,755.03		63,071		1,814		2,072,499		1,440

		Chirikof		2009		68,053		4,075.10		4,698,481.34		2,168		8,842.40		14,486,498.77		3,806		74		1,299		36

		Kodiak		1984		97,529		4,425.00		2,119,814.78		1,456		6,448.00		9,572,790.20		3,094		1,284		411,297		641

		Kodiak		1987		97,529		49,559.80		668,479,837.54		25,855		77,084.20		1,236,139,645.20		35,159		19,842		95,874,993		9,792

		Kodiak		1990		97,529		16,153.10		59,704,490.74		7,727		68,044.00		1,804,036,591.45		42,474		13,150		78,675,997		8,870

		Kodiak		1993		97,529		23,780.30		99,115,656.13		9,956		49,998.10		667,529,497.42		25,837		8,271		19,188,944		4,381

		Kodiak		1996		101,494		36,037.50		767,109,912.17		27,697		30,212.20		246,489,231.02		15,700		2,625		1,691,433		1,301

		Kodiak		1999		101,494		33,729.30		331,440,898.78		18,206		166,665.00		21,094,238,925.28		145,239		8,396		17,010,143		4,124

		Kodiak		2001		101,489		23,589.80		76,922,856.10		8,771		225,832.80		39,792,089,248.15		199,480		5,157		10,264,083		3,204

		Kodiak		2003		101,489		7,191.90		9,913,692.82		3,149		7,366.10		9,411,136.03		3,068		530		96,756		311

		Kodiak		2005		101,489		60,096.80		1,063,617,821.05		32,613		25,123.40		169,162,934.01		13,006		1,708		734,478		857

		Kodiak		2007		101,489		19,481.80		78,293,410.45		8,848		20,559.20		154,801,779.47		12,442		89		1,776		42

		Kodiak		2009		101,489		40,836.00		251,148,881.13		15,848		36,290.60		388,785,647.83		19,718		766		176,756		420

		Snakehead		2009				2,249						287						137

								14%						0.4%						1.0%

								9%						0.6%						1.7%

								6%						0.9%						5.2%

								7%						0.2%						1.6%

								10%						0.1%						2.7%

								31%						3.9%						25.8%

								4%						1.1%						8.0%

								12%						1.4%						154.3%

								6%						0.8%						17.9%
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Northern stratum

		SURVEY		YEAR		SUMMARY_AREA		SPECIES_CODE		HAUL_COUNT		CATCH_COUNT		MEAN_WGT_CPUE		VAR_WGT_CPUE		MEAN_NUM_CPUE		VAR_NUM_CPUE		AREA_BIOMASS		BIOMASS_VAR		MIN_BIOMASS		MAX_BIOMASS		AREA_POP		POP_VAR		MIN_POP		MAX_POP

		GOA		1984		929		30150		199		40		101.56		4,496.81		89.30		3,051.10		6,911		20,825,779		- 0		16,257		6,076,525		14,130,352,994,199		- 0		13,775,031

		GOA		1984		929		30420		199		38		75.88		779.60		131.24		2,373.94		5,165		3,610,521		1,324		9,005		8,931,801		10,994,259,008,199		2,230,652		15,632,950

		GOA		1984		929		30535		199		5		0.43		0.09		1.60		1.26		29		416		- 0		71		109,215		5,851,686,742		- 0		265,420

		GOA		1984		939		30150		286		75		43.60		205.81		44.91		204.36		4,425		2,119,815		1,513		7,337		4,558,066		2,104,873,066,032		1,656,430		7,459,702

		GOA		1984		939		30420		286		47		63.53		929.41		132.31		4,364.90		6,448		9,572,790		130		12,766		13,428,105		44,957,920,437,358		- 0		27,119,851

		GOA		1984		939		30535		286		18		12.65		39.93		39.79		461.01		1,284		411,297		- 0		2,580		4,038,351		4,748,319,343,333		- 0		8,442,239

		GOA		1987		929		30150		204		65		62.04		298.44		48.99		173.73		4,222		1,382,128		1,846		6,598		3,334,507		804,597,136,541		1,521,683		5,147,331

		GOA		1987		929		30420		204		61		202.72		7,832.31		336.93		18,715.07		13,794		36,273,243		1,496		26,093		22,930,530		86,673,846,163,105		3,919,757		41,941,303

		GOA		1987		929		30535		204		10		5.98		24.84		33.53		925.45		407		115,017		- 0		1,163		2,281,742		4,285,970,502,673		- 0		6,894,278

		GOA		1987		939		30150		242		86		488.34		64,901.68		478.77		70,743.36		49,560		668,479,838		- 0		101,813		48,588,911		728,648,396,791,791		- 0		103,142,750

		GOA		1987		939		30420		242		60		759.54		120,014.91		1,181.33		222,441.48		77,084		1,236,139,645		5,290		148,878		119,890,347		2,291,121,524,053,170		22,148,667		217,632,027

		GOA		1987		939		30535		242		40		195.50		9,308.36		1,583.39		779,320.59		19,842		95,874,993		- 0		41,990		160,695,390		8,026,911,967,850,660		- 0		363,354,836

		GOA		1990		929		30150		156		26		18.87		61.78		16.92		45.30		1,189		245,474		198		2,180		1,067,283		180,001,833,577		218,751		1,915,815

		GOA		1990		929		30420		156		50		91.88		2,302.32		169.66		7,045.53		5,792		9,147,905		- 0		11,841		10,693,610		27,994,279,240,568		111,686		21,275,534

		GOA		1990		929		30535		156		5		6.88		43.61		33.45		1,063.66		434		173,289		- 0		1,504		2,108,537		4,226,281,216,985		- 0		7,393,979

		GOA		1990		939		30150		215		42		167.83		6,444.79		106.73		2,303.21		16,153		59,704,491		- 0		32,619		10,272,017		21,336,887,167,321		428,530		20,115,504

		GOA		1990		939		30420		215		34		706.95		194,736.36		1,023.23		308,641.08		68,044		1,804,036,591		- 0		160,595		98,485,587		2,859,249,355,189,630		- 0		215,000,964

		GOA		1990		939		30535		215		29		136.63		8,492.66		498.81		99,131.85		13,150		78,675,997		- 0		32,052		48,009,678		918,356,976,527,376		- 0		112,588,366

		GOA		1993		929		30150		172		30		204.31		21,504.91		341.86		82,733.64		12,880		85,446,231		- 0		31,755		21,549,681		328,728,585,246,020		- 0		58,572,925

		GOA		1993		929		30420		172		49		641.66		158,101.78		850.81		238,065.94		40,446		628,191,527		- 0		92,578		53,630,149		945,916,014,540,100		- 0		117,602,104

		GOA		1993		929		30535		172		11		4.09		7.85		15.84		107.86		258		31,187		- 0		619		998,531		428,574,756,229		- 0		2,335,339

		GOA		1993		939		30150		240		52		247.04		10,699.02		172.81		5,115.34		23,780		99,115,656		3,869		43,692		16,632,818		47,388,483,868,631		2,864,959		30,400,677

		GOA		1993		939		30420		240		55		519.45		72,056.33		816.09		199,608.15		49,998		667,529,497		- 0		102,214		78,546,999		1,849,168,860,662,550		- 0		165,453,967

		GOA		1993		939		30535		240		51		85.93		2,071.35		308.77		26,644.08		8,271		19,188,944		- 0		17,242		29,719,789		246,830,602,428,752		- 0		61,895,596

		GOA		1996		929		30151		183		3		2.21		3.87		2.27		3.32		139		15,377		- 0		400		143,243		13,176,053,303		- 0		384,410

		GOA		1996		929		30152		183		28		304.85		65,383.43		195.67		25,505.91		19,217		259,790,353		- 0		52,420		12,332,648		101,343,544,468,467		- 0		33,070,571

		GOA		1996		929		30420		183		38		641.68		82,371.82		779.77		104,227.91		40,447		327,290,945		4,265		76,629		49,151,767		414,132,524,209,128		8,451,274		89,852,260

		GOA		1996		929		30535		183		9		4.08		5.67		10.67		32.49		258		22,516		- 0		566		672,631		129,076,364,739		- 0		1,409,857

		GOA		1996		939		30151		210		2		0.61		0.26		0.45		0.12		59		2,381		- 0		158		43,073		1,111,974,436		- 0		111,266

		GOA		1996		939		30152		210		30		374.43		82,805.52		253.23		34,173.23		36,038		767,109,912		- 0		92,594		24,372,897		316,580,611,589,475		- 0		60,705,616

		GOA		1996		939		30420		210		34		313.89		26,607.23		440.08		63,704.50		30,212		246,489,231		- 0		61,942		42,357,515		590,158,155,839,111		- 0		91,454,014

		GOA		1996		939		30535		210		16		27.28		182.58		163.90		8,521.44		2,625		1,691,433		- 0		5,807		15,774,954		78,942,585,873,297		- 0		37,516,461

		GOA		1999		929		30151		168		1		0.46		0.21		0.68		0.47		31		975		- 0		100		46,610		2,172,473,068		- 0		149,198

		GOA		1999		929		30152		168		28		134.54		6,435.67		109.62		3,729.76		9,157		29,805,090		- 0		20,676		7,460,753		17,273,396,885,380		- 0		16,230,182

		GOA		1999		929		30420		168		32		440.03		31,814.54		513.88		38,321.02		29,946		147,340,556		5,415		54,478		34,971,746		177,473,600,900,399		8,048,142		61,895,350

		GOA		1999		929		30535		168		2		2.45		4.36		6.84		29.57		167		20,176		- 0		502		465,354		136,948,005,476		- 0		1,340,557

		GOA		1999		939		30151		246		1		0.49		0.23		0.35		0.12		49		2,406		- 0		150		35,034		1,227,364,477		- 0		107,063

		GOA		1999		939		30152		246		27		332.36		32,179.09		207.70		11,660.95		33,729		331,440,899		- 0		71,979		21,078,896		120,106,400,709,720		- 0		44,104,399

		GOA		1999		939		30420		246		49		1,642.22		2,048,007.35		2,175.78		3,583,793.43		166,665		21,094,238,925		- 0		486,335		220,816,340		36,912,657,904,310,000		- 0		643,687,144

		GOA		1999		939		30535		246		17		82.72		1,651.49		323.05		41,001.43		8,396		17,010,143		- 0		16,818		32,785,400		422,310,014,371,045		- 0		74,748,873

		GOA		2001		929		30151		140		1		0.24		0.06		0.24		0.06		15		230		- 0		46		14,940		223,191,365		- 0		45,447

		GOA		2001		929		30152		140		19		32.71		193.09		33.85		194.88		2,062		767,202		240		3,884		2,132,427		774,306,553,120		302,137		3,962,717

		GOA		2001		929		30420		140		39		388.50		54,050.74		567.37		88,048.06		24,490		214,761,761		- 0		54,415		35,763,528		349,844,561,449,020		- 0		73,957,366

		GOA		2001		929		30535		140		9		3.52		3.86		7.67		16.55		221		15,352		- 0		478		483,477		65,773,519,841		- 0		1,015,382

		GOA		2001		939		30151		210		1		0.37		0.14		0.58		0.33		36		1,265		- 0		108		55,125		3,038,754,934		- 0		167,690

		GOA		2001		939		30152		210		37		245.10		8,303.42		208.44		7,760.58		23,590		76,922,856		6,049		41,131		20,062,656		71,893,942,507,928		3,104,597		37,020,715

		GOA		2001		939		30420		210		51		2,346.33		4,295,348.86		2,952.59		6,459,911.12		225,833		39,792,089,248		- 0		639,553		284,186,026		59,844,582,606,514,200		- 0		791,551,807

		GOA		2001		939		30535		210		16		53.57		1,107.95		157.56		9,511.67		5,157		10,264,083		- 0		11,862		15,164,245		88,116,099,587,938		- 0		34,811,273

		GOA		2003		929		30151		172		1		0.76		0.57		0.95		0.91		49		2,426		- 0		150		61,883		3,829,491,638		- 0		188,248

		GOA		2003		929		30152		172		25		719.05		258,763.66		699.26		310,366.83		46,729		1,092,859,898		- 0		114,234		45,443,145		1,310,800,181,635,180		- 0		119,373,703

		GOA		2003		929		30420		172		35		766.19		236,154.69		871.83		291,300.39		49,793		997,373,400		- 0		114,282		56,657,688		1,230,275,201,195,070		- 0		128,281,408

		GOA		2003		929		30535		172		6		14.89		208.20		69.05		4,648.57		968		879,317		- 0		2,883		4,487,041		19,632,727,249,452		- 0		13,534,905

		GOA		2003		939		30151		248		2		0.15		0.01		0.29		0.04		16		122		- 0		38		28,698		415,459,576		- 0		69,464

		GOA		2003		939		30152		248		43		73.39		1,032.36		48.57		395.63		7,192		9,913,693		753		13,631		4,760,591		3,799,185,208,078		774,580		8,746,602

		GOA		2003		939		30420		248		45		75.16		980.03		106.09		1,882.78		7,366		9,411,136		1,231		13,502		10,396,170		18,080,209,661,233		1,892,004		18,900,336

		GOA		2003		939		30535		248		11		5.40		10.08		20.04		126.78		530		96,756		- 0		1,166		1,964,473		1,217,420,767,871		- 0		4,217,550

		GOA		2005		929		30151		177		1		5.71		32.64		6.24		38.86		389		151,152		- 0		1,200		424,210		179,954,484,812		- 0		1,309,113

		GOA		2005		929		30152		177		30		561.55		138,542.43		343.52		51,248.08		38,216		641,622,306		- 0		89,940		23,377,902		237,341,809,065,253		- 0		54,836,753

		GOA		2005		929		30420		177		30		1,507.72		685,465.10		1,891.16		1,316,204.04		102,605		3,174,548,783		- 0		216,474		128,699,184		6,095,647,915,557,630		- 0		286,488,012

		GOA		2005		929		30535		177		17		3.27		1.67		7.36		7.26		222		7,713		40		404		500,430		33,606,419,099		120,223		880,637

		GOA		2005		939		30151		293		3		23.14		528.00		22.35		490.20		2,348		5,438,291		- 0		7,061		2,268,414		5,049,052,081,058		- 0		6,809,620

		GOA		2005		939		30152		293		56		592.15		103,265.03		378.45		41,859.42		60,097		1,063,617,821		- 0		125,323		38,407,699		431,147,171,187,425		- 0		79,935,866

		GOA		2005		939		30420		293		66		247.55		16,423.77		334.07		27,366.89		25,123		169,162,934		- 0		51,409		33,903,333		281,875,758,972,202		- 0		67,834,217

		GOA		2005		939		30535		293		22		16.83		71.31		50.19		625.04		1,708		734,478		- 0		3,477		5,093,684		6,437,798,942,618		- 0		10,330,634

		GOA		2007		929		30151		199		2		0.88		0.48		0.87		0.54		60		2,221		- 0		155		60,019		2,522,092,322		- 0		161,515

		GOA		2007		929		30152		199		19		563.53		233,864.08		403.54		116,470.11		38,350		1,083,079,099		- 0		105,881		27,463,620		539,400,260,682,505		- 0		75,121,304

		GOA		2007		929		30420		199		35		1,355.54		858,937.46		1,673.91		1,469,098.17		92,250		3,977,939,755		- 0		221,041		113,912,813		6,803,736,316,622,250		- 0		282,346,701

		GOA		2007		929		30535		199		9		26.66		447.50		55.24		1,963.77		1,814		2,072,499		- 0		4,779		3,759,599		9,094,684,907,843		- 0		9,972,022

		GOA		2007		939		30151		274		5		9.24		67.48		7.54		45.78		938		695,074		- 0		2,641		765,644		471,488,177,905		- 0		2,167,783

		GOA		2007		939		30152		274		57		191.97		7,601.39		130.96		3,797.59		19,482		78,293,410		1,290		37,674		13,291,022		39,114,716,567,517		432,436		26,149,608

		GOA		2007		939		30420		274		58		202.58		15,029.47		235.61		18,226.17		20,559		154,801,779		- 0		46,003		23,911,903		187,727,459,835,118		- 0		51,931,199

		GOA		2007		939		30535		274		11		0.87		0.17		3.23		2.04		89		1,776		4		174		327,758		21,010,970,848		34,811		620,705

		GOA		2009		929		30151		190		2		1.08		0.59		0.83		0.35		74		2,712		- 0		180		56,278		1,628,205,955		- 0		138,675

		GOA		2009		929		30152		190		27		59.89		1,014.52		42.37		436.97		4,075		4,698,481		- 0		8,508		2,883,989		2,023,704,757,010		- 0		5,793,144

		GOA		2009		929		30420		190		42		129.93		3,128.00		134.55		2,944.79		8,842		14,486,499		1,230		16,455		9,155,317		13,638,001,671,382		1,769,384		16,541,250

		GOA		2009		929		30535		190		9		1.09		0.28		2.91		2.07		74		1,299		- 0		148		197,916		9,589,009,908		- 0		397,876

		GOA		2009		939		30151		280		5		0.76		0.14		0.78		0.14		76		1,421		1		152		78,914		1,474,604,711		2,113		155,715

		GOA		2009		939		30152		280		44		402.38		24,383.66		273.38		9,616.16		40,836		251,148,881		8,475		73,197		27,744,452		99,045,336,484,003		7,422,157		48,066,747

		GOA		2009		939		30420		280		46		357.59		37,746.60		364.62		34,823.62		36,291		388,785,648		- 0		75,726		37,004,566		358,679,256,699,560		- 0		74,882,225

		GOA		2009		939		30535		280		18		7.54		17.16		32.52		412.43		766		176,756		- 0		1,607		3,300,136		4,247,938,784,292		- 0		7,422,242





Harlequin stratum

		Area		year		Area KM2		nmi2		Dusky		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		15,811		35,818,671.00		5,985		1.252				3.65		6.07		14.2%

		Kodiak		2003		43,332		12,634		6,753		9,877,238.00		3,143		0.535				1.56				33.3%

		Kodiak		2005		43,332		12,634		57,873		1,062,360,536.00		32,594		4.581				13.36				3.9%

		Kodiak		2007		43,332		12,634		12,934				- 0		1.024				2.98				17.4%

		Kodiak		2009		43,332		12,634		38,242				- 0		3.027				8.83		6.07		5.9%		18.1

		snakehead		2009				41		2,249						54.865				159.96

				kg/t		nmi2/ha

				1000		0.0029155335
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Sheet3

		Area		year		Area KM2		nmi2		Northern		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		222,274.00		39,784,523,032.00		199,461		17.594				51.30				0.1%

		Kodiak		2003		43,332		12,634		4,955.00		6,164,107.00		2,483		0.392				1.14				5.8%

		Kodiak		2005		43,332		12,634		12,517.00		49,065,670.00		7,005		0.991				2.89				2.3%

		Kodiak		2007		43,332		12,634		19,710				- 0		1.560				4.55				1.5%

		Kodiak		2009		43,332		12,634		19,486				- 0		1.542				4.50		12.87		1.5%		4.5

		snakehead		2009				41		287						7.000				20.41

				kg/t		nmi2/ha

				1000		0.0029155335
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		Area		year		Area KM2		nmi2		Harlequin		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		5,102				- 0		0.404				1.18				2.7%

		Kodiak		2003		43,332		12,634		525				- 0		0.042				0.12				26.1%

		Kodiak		2005		43,332		12,634		1,350				- 0		0.107				0.31				10.1%

		Kodiak		2007		43,332		12,634		77				- 0		0.006				0.02				177.9%

		Kodiak		2009		43,332		12,634		742				- 0		0.059				0.17		0.36		18.5%		56.9

		snakehead		2009				41		137						3.341				9.74

				kg/t		nmi2/ha

				1000		0.0029155335
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		Sum of Dusky		Area

		year		Chirikof		Kodiak		Grand Total

		1990		1188.7		16153.1		17341.8

		1993		12879.5		23780.3		36659.8

		1996		19216.8		36037.5		55254.3

		1999		9156.7		33729.3		42886

		2001		2061.7		23589.8		25651.5

		2003		46728.8		7191.9		53920.7

		2005		38215.5		60096.8		98312.3

		2007		38349.8		19481.8		57831.6

		2009		4075.1		40836		44911.1

		Grand Total		171872.6		260896.5		432769.1





Sheet1

		Area		year		Area KM2		Dusky		dusky variance		st dev		Northern		northern variance		st dev		Harlequin		harlequin variance		st dev

		Chirikof		1984		63,458		6,911.20		20,825,779.00		4,564		5,164.50		3,610,521.36		1,900		29		416		20

		Chirikof		1987		63,458		4,222.20		1,382,127.55		1,176		13,794.30		36,273,243.45		6,023		407		115,017		339

		Chirikof		1990		63,458		1,188.70		245,473.77		495		5,791.90		9,147,905.07		3,025		434		173,289		416

		Chirikof		1993		63,457		12,879.50		85,446,231.12		9,244		40,445.60		628,191,526.57		25,064		258		31,187		177

		Chirikof		1996		68,057		19,216.80		259,790,352.98		16,118		40,447.10		327,290,944.51		18,091		258		22,516		150

		Chirikof		1999		68,057		9,156.70		29,805,089.79		5,459		29,946.40		147,340,555.75		12,138		167		20,176		142

		Chirikof		2001		68,053		2,061.70		767,202.44		876		24,489.50		214,761,760.73		14,655		221		15,352		124

		Chirikof		2003		68,053		46,728.80		1,092,859,898.23		33,058		49,793.00		997,373,399.54		31,581		968		879,317		938

		Chirikof		2005		68,053		38,215.50		641,622,305.68		25,330		102,604.50		3,174,548,782.89		56,343		222		7,713		88

		Chirikof		2007		68,053		38,349.80		1,083,079,098.72		32,910		92,250.00		3,977,939,755.03		63,071		1,814		2,072,499		1,440

		Chirikof		2009		68,053		4,075.10		4,698,481.34		2,168		8,842.40		14,486,498.77		3,806		74		1,299		36

		Kodiak		1984		97,529		4,425.00		2,119,814.78		1,456		6,448.00		9,572,790.20		3,094		1,284		411,297		641

		Kodiak		1987		97,529		49,559.80		668,479,837.54		25,855		77,084.20		1,236,139,645.20		35,159		19,842		95,874,993		9,792

		Kodiak		1990		97,529		16,153.10		59,704,490.74		7,727		68,044.00		1,804,036,591.45		42,474		13,150		78,675,997		8,870

		Kodiak		1993		97,529		23,780.30		99,115,656.13		9,956		49,998.10		667,529,497.42		25,837		8,271		19,188,944		4,381

		Kodiak		1996		101,494		36,037.50		767,109,912.17		27,697		30,212.20		246,489,231.02		15,700		2,625		1,691,433		1,301

		Kodiak		1999		101,494		33,729.30		331,440,898.78		18,206		166,665.00		21,094,238,925.28		145,239		8,396		17,010,143		4,124

		Kodiak		2001		101,489		23,589.80		76,922,856.10		8,771		225,832.80		39,792,089,248.15		199,480		5,157		10,264,083		3,204

		Kodiak		2003		101,489		7,191.90		9,913,692.82		3,149		7,366.10		9,411,136.03		3,068		530		96,756		311

		Kodiak		2005		101,489		60,096.80		1,063,617,821.05		32,613		25,123.40		169,162,934.01		13,006		1,708		734,478		857

		Kodiak		2007		101,489		19,481.80		78,293,410.45		8,848		20,559.20		154,801,779.47		12,442		89		1,776		42

		Kodiak		2009		101,489		40,836.00		251,148,881.13		15,848		36,290.60		388,785,647.83		19,718		766		176,756		420

		Snakehead		2009				2,249						287						137

								14%						0.4%						1.0%

								9%						0.6%						1.7%

								6%						0.9%						5.2%

								7%						0.2%						1.6%

								10%						0.1%						2.7%

								31%						3.9%						25.8%

								4%						1.1%						8.0%

								12%						1.4%						154.3%

								6%						0.8%						17.9%
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Northern stratum

		SURVEY		YEAR		SUMMARY_AREA		SPECIES_CODE		HAUL_COUNT		CATCH_COUNT		MEAN_WGT_CPUE		VAR_WGT_CPUE		MEAN_NUM_CPUE		VAR_NUM_CPUE		AREA_BIOMASS		BIOMASS_VAR		MIN_BIOMASS		MAX_BIOMASS		AREA_POP		POP_VAR		MIN_POP		MAX_POP

		GOA		1984		929		30150		199		40		101.56		4,496.81		89.30		3,051.10		6,911		20,825,779		- 0		16,257		6,076,525		14,130,352,994,199		- 0		13,775,031

		GOA		1984		929		30420		199		38		75.88		779.60		131.24		2,373.94		5,165		3,610,521		1,324		9,005		8,931,801		10,994,259,008,199		2,230,652		15,632,950

		GOA		1984		929		30535		199		5		0.43		0.09		1.60		1.26		29		416		- 0		71		109,215		5,851,686,742		- 0		265,420

		GOA		1984		939		30150		286		75		43.60		205.81		44.91		204.36		4,425		2,119,815		1,513		7,337		4,558,066		2,104,873,066,032		1,656,430		7,459,702

		GOA		1984		939		30420		286		47		63.53		929.41		132.31		4,364.90		6,448		9,572,790		130		12,766		13,428,105		44,957,920,437,358		- 0		27,119,851

		GOA		1984		939		30535		286		18		12.65		39.93		39.79		461.01		1,284		411,297		- 0		2,580		4,038,351		4,748,319,343,333		- 0		8,442,239

		GOA		1987		929		30150		204		65		62.04		298.44		48.99		173.73		4,222		1,382,128		1,846		6,598		3,334,507		804,597,136,541		1,521,683		5,147,331

		GOA		1987		929		30420		204		61		202.72		7,832.31		336.93		18,715.07		13,794		36,273,243		1,496		26,093		22,930,530		86,673,846,163,105		3,919,757		41,941,303

		GOA		1987		929		30535		204		10		5.98		24.84		33.53		925.45		407		115,017		- 0		1,163		2,281,742		4,285,970,502,673		- 0		6,894,278

		GOA		1987		939		30150		242		86		488.34		64,901.68		478.77		70,743.36		49,560		668,479,838		- 0		101,813		48,588,911		728,648,396,791,791		- 0		103,142,750

		GOA		1987		939		30420		242		60		759.54		120,014.91		1,181.33		222,441.48		77,084		1,236,139,645		5,290		148,878		119,890,347		2,291,121,524,053,170		22,148,667		217,632,027

		GOA		1987		939		30535		242		40		195.50		9,308.36		1,583.39		779,320.59		19,842		95,874,993		- 0		41,990		160,695,390		8,026,911,967,850,660		- 0		363,354,836

		GOA		1990		929		30150		156		26		18.87		61.78		16.92		45.30		1,189		245,474		198		2,180		1,067,283		180,001,833,577		218,751		1,915,815

		GOA		1990		929		30420		156		50		91.88		2,302.32		169.66		7,045.53		5,792		9,147,905		- 0		11,841		10,693,610		27,994,279,240,568		111,686		21,275,534

		GOA		1990		929		30535		156		5		6.88		43.61		33.45		1,063.66		434		173,289		- 0		1,504		2,108,537		4,226,281,216,985		- 0		7,393,979

		GOA		1990		939		30150		215		42		167.83		6,444.79		106.73		2,303.21		16,153		59,704,491		- 0		32,619		10,272,017		21,336,887,167,321		428,530		20,115,504

		GOA		1990		939		30420		215		34		706.95		194,736.36		1,023.23		308,641.08		68,044		1,804,036,591		- 0		160,595		98,485,587		2,859,249,355,189,630		- 0		215,000,964

		GOA		1990		939		30535		215		29		136.63		8,492.66		498.81		99,131.85		13,150		78,675,997		- 0		32,052		48,009,678		918,356,976,527,376		- 0		112,588,366

		GOA		1993		929		30150		172		30		204.31		21,504.91		341.86		82,733.64		12,880		85,446,231		- 0		31,755		21,549,681		328,728,585,246,020		- 0		58,572,925

		GOA		1993		929		30420		172		49		641.66		158,101.78		850.81		238,065.94		40,446		628,191,527		- 0		92,578		53,630,149		945,916,014,540,100		- 0		117,602,104

		GOA		1993		929		30535		172		11		4.09		7.85		15.84		107.86		258		31,187		- 0		619		998,531		428,574,756,229		- 0		2,335,339

		GOA		1993		939		30150		240		52		247.04		10,699.02		172.81		5,115.34		23,780		99,115,656		3,869		43,692		16,632,818		47,388,483,868,631		2,864,959		30,400,677

		GOA		1993		939		30420		240		55		519.45		72,056.33		816.09		199,608.15		49,998		667,529,497		- 0		102,214		78,546,999		1,849,168,860,662,550		- 0		165,453,967

		GOA		1993		939		30535		240		51		85.93		2,071.35		308.77		26,644.08		8,271		19,188,944		- 0		17,242		29,719,789		246,830,602,428,752		- 0		61,895,596

		GOA		1996		929		30151		183		3		2.21		3.87		2.27		3.32		139		15,377		- 0		400		143,243		13,176,053,303		- 0		384,410

		GOA		1996		929		30152		183		28		304.85		65,383.43		195.67		25,505.91		19,217		259,790,353		- 0		52,420		12,332,648		101,343,544,468,467		- 0		33,070,571

		GOA		1996		929		30420		183		38		641.68		82,371.82		779.77		104,227.91		40,447		327,290,945		4,265		76,629		49,151,767		414,132,524,209,128		8,451,274		89,852,260

		GOA		1996		929		30535		183		9		4.08		5.67		10.67		32.49		258		22,516		- 0		566		672,631		129,076,364,739		- 0		1,409,857

		GOA		1996		939		30151		210		2		0.61		0.26		0.45		0.12		59		2,381		- 0		158		43,073		1,111,974,436		- 0		111,266

		GOA		1996		939		30152		210		30		374.43		82,805.52		253.23		34,173.23		36,038		767,109,912		- 0		92,594		24,372,897		316,580,611,589,475		- 0		60,705,616

		GOA		1996		939		30420		210		34		313.89		26,607.23		440.08		63,704.50		30,212		246,489,231		- 0		61,942		42,357,515		590,158,155,839,111		- 0		91,454,014

		GOA		1996		939		30535		210		16		27.28		182.58		163.90		8,521.44		2,625		1,691,433		- 0		5,807		15,774,954		78,942,585,873,297		- 0		37,516,461

		GOA		1999		929		30151		168		1		0.46		0.21		0.68		0.47		31		975		- 0		100		46,610		2,172,473,068		- 0		149,198

		GOA		1999		929		30152		168		28		134.54		6,435.67		109.62		3,729.76		9,157		29,805,090		- 0		20,676		7,460,753		17,273,396,885,380		- 0		16,230,182

		GOA		1999		929		30420		168		32		440.03		31,814.54		513.88		38,321.02		29,946		147,340,556		5,415		54,478		34,971,746		177,473,600,900,399		8,048,142		61,895,350

		GOA		1999		929		30535		168		2		2.45		4.36		6.84		29.57		167		20,176		- 0		502		465,354		136,948,005,476		- 0		1,340,557

		GOA		1999		939		30151		246		1		0.49		0.23		0.35		0.12		49		2,406		- 0		150		35,034		1,227,364,477		- 0		107,063

		GOA		1999		939		30152		246		27		332.36		32,179.09		207.70		11,660.95		33,729		331,440,899		- 0		71,979		21,078,896		120,106,400,709,720		- 0		44,104,399

		GOA		1999		939		30420		246		49		1,642.22		2,048,007.35		2,175.78		3,583,793.43		166,665		21,094,238,925		- 0		486,335		220,816,340		36,912,657,904,310,000		- 0		643,687,144

		GOA		1999		939		30535		246		17		82.72		1,651.49		323.05		41,001.43		8,396		17,010,143		- 0		16,818		32,785,400		422,310,014,371,045		- 0		74,748,873

		GOA		2001		929		30151		140		1		0.24		0.06		0.24		0.06		15		230		- 0		46		14,940		223,191,365		- 0		45,447

		GOA		2001		929		30152		140		19		32.71		193.09		33.85		194.88		2,062		767,202		240		3,884		2,132,427		774,306,553,120		302,137		3,962,717

		GOA		2001		929		30420		140		39		388.50		54,050.74		567.37		88,048.06		24,490		214,761,761		- 0		54,415		35,763,528		349,844,561,449,020		- 0		73,957,366

		GOA		2001		929		30535		140		9		3.52		3.86		7.67		16.55		221		15,352		- 0		478		483,477		65,773,519,841		- 0		1,015,382

		GOA		2001		939		30151		210		1		0.37		0.14		0.58		0.33		36		1,265		- 0		108		55,125		3,038,754,934		- 0		167,690

		GOA		2001		939		30152		210		37		245.10		8,303.42		208.44		7,760.58		23,590		76,922,856		6,049		41,131		20,062,656		71,893,942,507,928		3,104,597		37,020,715

		GOA		2001		939		30420		210		51		2,346.33		4,295,348.86		2,952.59		6,459,911.12		225,833		39,792,089,248		- 0		639,553		284,186,026		59,844,582,606,514,200		- 0		791,551,807

		GOA		2001		939		30535		210		16		53.57		1,107.95		157.56		9,511.67		5,157		10,264,083		- 0		11,862		15,164,245		88,116,099,587,938		- 0		34,811,273

		GOA		2003		929		30151		172		1		0.76		0.57		0.95		0.91		49		2,426		- 0		150		61,883		3,829,491,638		- 0		188,248

		GOA		2003		929		30152		172		25		719.05		258,763.66		699.26		310,366.83		46,729		1,092,859,898		- 0		114,234		45,443,145		1,310,800,181,635,180		- 0		119,373,703

		GOA		2003		929		30420		172		35		766.19		236,154.69		871.83		291,300.39		49,793		997,373,400		- 0		114,282		56,657,688		1,230,275,201,195,070		- 0		128,281,408

		GOA		2003		929		30535		172		6		14.89		208.20		69.05		4,648.57		968		879,317		- 0		2,883		4,487,041		19,632,727,249,452		- 0		13,534,905

		GOA		2003		939		30151		248		2		0.15		0.01		0.29		0.04		16		122		- 0		38		28,698		415,459,576		- 0		69,464

		GOA		2003		939		30152		248		43		73.39		1,032.36		48.57		395.63		7,192		9,913,693		753		13,631		4,760,591		3,799,185,208,078		774,580		8,746,602

		GOA		2003		939		30420		248		45		75.16		980.03		106.09		1,882.78		7,366		9,411,136		1,231		13,502		10,396,170		18,080,209,661,233		1,892,004		18,900,336

		GOA		2003		939		30535		248		11		5.40		10.08		20.04		126.78		530		96,756		- 0		1,166		1,964,473		1,217,420,767,871		- 0		4,217,550

		GOA		2005		929		30151		177		1		5.71		32.64		6.24		38.86		389		151,152		- 0		1,200		424,210		179,954,484,812		- 0		1,309,113

		GOA		2005		929		30152		177		30		561.55		138,542.43		343.52		51,248.08		38,216		641,622,306		- 0		89,940		23,377,902		237,341,809,065,253		- 0		54,836,753

		GOA		2005		929		30420		177		30		1,507.72		685,465.10		1,891.16		1,316,204.04		102,605		3,174,548,783		- 0		216,474		128,699,184		6,095,647,915,557,630		- 0		286,488,012

		GOA		2005		929		30535		177		17		3.27		1.67		7.36		7.26		222		7,713		40		404		500,430		33,606,419,099		120,223		880,637

		GOA		2005		939		30151		293		3		23.14		528.00		22.35		490.20		2,348		5,438,291		- 0		7,061		2,268,414		5,049,052,081,058		- 0		6,809,620

		GOA		2005		939		30152		293		56		592.15		103,265.03		378.45		41,859.42		60,097		1,063,617,821		- 0		125,323		38,407,699		431,147,171,187,425		- 0		79,935,866

		GOA		2005		939		30420		293		66		247.55		16,423.77		334.07		27,366.89		25,123		169,162,934		- 0		51,409		33,903,333		281,875,758,972,202		- 0		67,834,217

		GOA		2005		939		30535		293		22		16.83		71.31		50.19		625.04		1,708		734,478		- 0		3,477		5,093,684		6,437,798,942,618		- 0		10,330,634

		GOA		2007		929		30151		199		2		0.88		0.48		0.87		0.54		60		2,221		- 0		155		60,019		2,522,092,322		- 0		161,515

		GOA		2007		929		30152		199		19		563.53		233,864.08		403.54		116,470.11		38,350		1,083,079,099		- 0		105,881		27,463,620		539,400,260,682,505		- 0		75,121,304

		GOA		2007		929		30420		199		35		1,355.54		858,937.46		1,673.91		1,469,098.17		92,250		3,977,939,755		- 0		221,041		113,912,813		6,803,736,316,622,250		- 0		282,346,701

		GOA		2007		929		30535		199		9		26.66		447.50		55.24		1,963.77		1,814		2,072,499		- 0		4,779		3,759,599		9,094,684,907,843		- 0		9,972,022

		GOA		2007		939		30151		274		5		9.24		67.48		7.54		45.78		938		695,074		- 0		2,641		765,644		471,488,177,905		- 0		2,167,783

		GOA		2007		939		30152		274		57		191.97		7,601.39		130.96		3,797.59		19,482		78,293,410		1,290		37,674		13,291,022		39,114,716,567,517		432,436		26,149,608

		GOA		2007		939		30420		274		58		202.58		15,029.47		235.61		18,226.17		20,559		154,801,779		- 0		46,003		23,911,903		187,727,459,835,118		- 0		51,931,199

		GOA		2007		939		30535		274		11		0.87		0.17		3.23		2.04		89		1,776		4		174		327,758		21,010,970,848		34,811		620,705

		GOA		2009		929		30151		190		2		1.08		0.59		0.83		0.35		74		2,712		- 0		180		56,278		1,628,205,955		- 0		138,675

		GOA		2009		929		30152		190		27		59.89		1,014.52		42.37		436.97		4,075		4,698,481		- 0		8,508		2,883,989		2,023,704,757,010		- 0		5,793,144

		GOA		2009		929		30420		190		42		129.93		3,128.00		134.55		2,944.79		8,842		14,486,499		1,230		16,455		9,155,317		13,638,001,671,382		1,769,384		16,541,250

		GOA		2009		929		30535		190		9		1.09		0.28		2.91		2.07		74		1,299		- 0		148		197,916		9,589,009,908		- 0		397,876

		GOA		2009		939		30151		280		5		0.76		0.14		0.78		0.14		76		1,421		1		152		78,914		1,474,604,711		2,113		155,715

		GOA		2009		939		30152		280		44		402.38		24,383.66		273.38		9,616.16		40,836		251,148,881		8,475		73,197		27,744,452		99,045,336,484,003		7,422,157		48,066,747

		GOA		2009		939		30420		280		46		357.59		37,746.60		364.62		34,823.62		36,291		388,785,648		- 0		75,726		37,004,566		358,679,256,699,560		- 0		74,882,225

		GOA		2009		939		30535		280		18		7.54		17.16		32.52		412.43		766		176,756		- 0		1,607		3,300,136		4,247,938,784,292		- 0		7,422,242





Harlequin stratum

		Area		year		Area KM2		nmi2		Dusky		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		15,811		35,818,671.00		5,985		1.252				3.65		6.07		14.2%

		Kodiak		2003		43,332		12,634		6,753		9,877,238.00		3,143		0.535				1.56				33.3%

		Kodiak		2005		43,332		12,634		57,873		1,062,360,536.00		32,594		4.581				13.36				3.9%

		Kodiak		2007		43,332		12,634		12,934				- 0		1.024				2.98				17.4%

		Kodiak		2009		43,332		12,634		38,242				- 0		3.027				8.83		6.07		5.9%		18.1

		snakehead		2009				41		2,249						54.865				159.96

				kg/t		nmi2/ha

				1000		0.0029155335
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		Area		year		Area KM2		nmi2		Northern		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		222,274.00		39,784,523,032.00		199,461		17.594				51.30				0.1%

		Kodiak		2003		43,332		12,634		4,955.00		6,164,107.00		2,483		0.392				1.14				5.8%

		Kodiak		2005		43,332		12,634		12,517.00		49,065,670.00		7,005		0.991				2.89				2.3%

		Kodiak		2007		43,332		12,634		19,710				- 0		1.560				4.55				1.5%

		Kodiak		2009		43,332		12,634		19,486				- 0		1.542				4.50		12.87		1.5%		4.5

		snakehead		2009				41		287						7.000				20.41

				kg/t		nmi2/ha

				1000		0.0029155335
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		Area		year		Area KM2		nmi2		Harlequin		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		5,102				- 0		0.404				1.18				2.7%

		Kodiak		2003		43,332		12,634		525				- 0		0.042				0.12				26.1%

		Kodiak		2005		43,332		12,634		1,350				- 0		0.107				0.31				10.1%

		Kodiak		2007		43,332		12,634		77				- 0		0.006				0.02				177.9%

		Kodiak		2009		43,332		12,634		742				- 0		0.059				0.17		0.36		18.5%		56.9

		snakehead		2009				41		137						3.341				9.74

				kg/t		nmi2/ha

				1000		0.0029155335
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		Sum of Dusky		Area

		year		Chirikof		Kodiak		Grand Total

		1990		1188.7		16153.1		17341.8

		1993		12879.5		23780.3		36659.8

		1996		19216.8		36037.5		55254.3

		1999		9156.7		33729.3		42886

		2001		2061.7		23589.8		25651.5

		2003		46728.8		7191.9		53920.7

		2005		38215.5		60096.8		98312.3

		2007		38349.8		19481.8		57831.6

		2009		4075.1		40836		44911.1

		Grand Total		171872.6		260896.5		432769.1





Sheet1

		Area		year		Area KM2		Dusky		dusky variance		st dev		Northern		northern variance		st dev		Harlequin		harlequin variance		st dev

		Chirikof		1984		63,458		6,911.20		20,825,779.00		4,564		5,164.50		3,610,521.36		1,900		29		416		20

		Chirikof		1987		63,458		4,222.20		1,382,127.55		1,176		13,794.30		36,273,243.45		6,023		407		115,017		339

		Chirikof		1990		63,458		1,188.70		245,473.77		495		5,791.90		9,147,905.07		3,025		434		173,289		416

		Chirikof		1993		63,457		12,879.50		85,446,231.12		9,244		40,445.60		628,191,526.57		25,064		258		31,187		177

		Chirikof		1996		68,057		19,216.80		259,790,352.98		16,118		40,447.10		327,290,944.51		18,091		258		22,516		150

		Chirikof		1999		68,057		9,156.70		29,805,089.79		5,459		29,946.40		147,340,555.75		12,138		167		20,176		142

		Chirikof		2001		68,053		2,061.70		767,202.44		876		24,489.50		214,761,760.73		14,655		221		15,352		124

		Chirikof		2003		68,053		46,728.80		1,092,859,898.23		33,058		49,793.00		997,373,399.54		31,581		968		879,317		938

		Chirikof		2005		68,053		38,215.50		641,622,305.68		25,330		102,604.50		3,174,548,782.89		56,343		222		7,713		88

		Chirikof		2007		68,053		38,349.80		1,083,079,098.72		32,910		92,250.00		3,977,939,755.03		63,071		1,814		2,072,499		1,440

		Chirikof		2009		68,053		4,075.10		4,698,481.34		2,168		8,842.40		14,486,498.77		3,806		74		1,299		36

		Kodiak		1984		97,529		4,425.00		2,119,814.78		1,456		6,448.00		9,572,790.20		3,094		1,284		411,297		641

		Kodiak		1987		97,529		49,559.80		668,479,837.54		25,855		77,084.20		1,236,139,645.20		35,159		19,842		95,874,993		9,792

		Kodiak		1990		97,529		16,153.10		59,704,490.74		7,727		68,044.00		1,804,036,591.45		42,474		13,150		78,675,997		8,870

		Kodiak		1993		97,529		23,780.30		99,115,656.13		9,956		49,998.10		667,529,497.42		25,837		8,271		19,188,944		4,381

		Kodiak		1996		101,494		36,037.50		767,109,912.17		27,697		30,212.20		246,489,231.02		15,700		2,625		1,691,433		1,301

		Kodiak		1999		101,494		33,729.30		331,440,898.78		18,206		166,665.00		21,094,238,925.28		145,239		8,396		17,010,143		4,124

		Kodiak		2001		101,489		23,589.80		76,922,856.10		8,771		225,832.80		39,792,089,248.15		199,480		5,157		10,264,083		3,204

		Kodiak		2003		101,489		7,191.90		9,913,692.82		3,149		7,366.10		9,411,136.03		3,068		530		96,756		311

		Kodiak		2005		101,489		60,096.80		1,063,617,821.05		32,613		25,123.40		169,162,934.01		13,006		1,708		734,478		857

		Kodiak		2007		101,489		19,481.80		78,293,410.45		8,848		20,559.20		154,801,779.47		12,442		89		1,776		42

		Kodiak		2009		101,489		40,836.00		251,148,881.13		15,848		36,290.60		388,785,647.83		19,718		766		176,756		420

		Snakehead		2009				2,249						287						137

								14%						0.4%						1.0%

								9%						0.6%						1.7%

								6%						0.9%						5.2%

								7%						0.2%						1.6%

								10%						0.1%						2.7%

								31%						3.9%						25.8%

								4%						1.1%						8.0%

								12%						1.4%						154.3%

								6%						0.8%						17.9%
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Northern stratum

		SURVEY		YEAR		SUMMARY_AREA		SPECIES_CODE		HAUL_COUNT		CATCH_COUNT		MEAN_WGT_CPUE		VAR_WGT_CPUE		MEAN_NUM_CPUE		VAR_NUM_CPUE		AREA_BIOMASS		BIOMASS_VAR		MIN_BIOMASS		MAX_BIOMASS		AREA_POP		POP_VAR		MIN_POP		MAX_POP

		GOA		1984		929		30150		199		40		101.56		4,496.81		89.30		3,051.10		6,911		20,825,779		- 0		16,257		6,076,525		14,130,352,994,199		- 0		13,775,031

		GOA		1984		929		30420		199		38		75.88		779.60		131.24		2,373.94		5,165		3,610,521		1,324		9,005		8,931,801		10,994,259,008,199		2,230,652		15,632,950

		GOA		1984		929		30535		199		5		0.43		0.09		1.60		1.26		29		416		- 0		71		109,215		5,851,686,742		- 0		265,420

		GOA		1984		939		30150		286		75		43.60		205.81		44.91		204.36		4,425		2,119,815		1,513		7,337		4,558,066		2,104,873,066,032		1,656,430		7,459,702

		GOA		1984		939		30420		286		47		63.53		929.41		132.31		4,364.90		6,448		9,572,790		130		12,766		13,428,105		44,957,920,437,358		- 0		27,119,851

		GOA		1984		939		30535		286		18		12.65		39.93		39.79		461.01		1,284		411,297		- 0		2,580		4,038,351		4,748,319,343,333		- 0		8,442,239

		GOA		1987		929		30150		204		65		62.04		298.44		48.99		173.73		4,222		1,382,128		1,846		6,598		3,334,507		804,597,136,541		1,521,683		5,147,331

		GOA		1987		929		30420		204		61		202.72		7,832.31		336.93		18,715.07		13,794		36,273,243		1,496		26,093		22,930,530		86,673,846,163,105		3,919,757		41,941,303

		GOA		1987		929		30535		204		10		5.98		24.84		33.53		925.45		407		115,017		- 0		1,163		2,281,742		4,285,970,502,673		- 0		6,894,278

		GOA		1987		939		30150		242		86		488.34		64,901.68		478.77		70,743.36		49,560		668,479,838		- 0		101,813		48,588,911		728,648,396,791,791		- 0		103,142,750

		GOA		1987		939		30420		242		60		759.54		120,014.91		1,181.33		222,441.48		77,084		1,236,139,645		5,290		148,878		119,890,347		2,291,121,524,053,170		22,148,667		217,632,027

		GOA		1987		939		30535		242		40		195.50		9,308.36		1,583.39		779,320.59		19,842		95,874,993		- 0		41,990		160,695,390		8,026,911,967,850,660		- 0		363,354,836

		GOA		1990		929		30150		156		26		18.87		61.78		16.92		45.30		1,189		245,474		198		2,180		1,067,283		180,001,833,577		218,751		1,915,815

		GOA		1990		929		30420		156		50		91.88		2,302.32		169.66		7,045.53		5,792		9,147,905		- 0		11,841		10,693,610		27,994,279,240,568		111,686		21,275,534

		GOA		1990		929		30535		156		5		6.88		43.61		33.45		1,063.66		434		173,289		- 0		1,504		2,108,537		4,226,281,216,985		- 0		7,393,979

		GOA		1990		939		30150		215		42		167.83		6,444.79		106.73		2,303.21		16,153		59,704,491		- 0		32,619		10,272,017		21,336,887,167,321		428,530		20,115,504

		GOA		1990		939		30420		215		34		706.95		194,736.36		1,023.23		308,641.08		68,044		1,804,036,591		- 0		160,595		98,485,587		2,859,249,355,189,630		- 0		215,000,964

		GOA		1990		939		30535		215		29		136.63		8,492.66		498.81		99,131.85		13,150		78,675,997		- 0		32,052		48,009,678		918,356,976,527,376		- 0		112,588,366

		GOA		1993		929		30150		172		30		204.31		21,504.91		341.86		82,733.64		12,880		85,446,231		- 0		31,755		21,549,681		328,728,585,246,020		- 0		58,572,925

		GOA		1993		929		30420		172		49		641.66		158,101.78		850.81		238,065.94		40,446		628,191,527		- 0		92,578		53,630,149		945,916,014,540,100		- 0		117,602,104

		GOA		1993		929		30535		172		11		4.09		7.85		15.84		107.86		258		31,187		- 0		619		998,531		428,574,756,229		- 0		2,335,339

		GOA		1993		939		30150		240		52		247.04		10,699.02		172.81		5,115.34		23,780		99,115,656		3,869		43,692		16,632,818		47,388,483,868,631		2,864,959		30,400,677

		GOA		1993		939		30420		240		55		519.45		72,056.33		816.09		199,608.15		49,998		667,529,497		- 0		102,214		78,546,999		1,849,168,860,662,550		- 0		165,453,967

		GOA		1993		939		30535		240		51		85.93		2,071.35		308.77		26,644.08		8,271		19,188,944		- 0		17,242		29,719,789		246,830,602,428,752		- 0		61,895,596

		GOA		1996		929		30151		183		3		2.21		3.87		2.27		3.32		139		15,377		- 0		400		143,243		13,176,053,303		- 0		384,410

		GOA		1996		929		30152		183		28		304.85		65,383.43		195.67		25,505.91		19,217		259,790,353		- 0		52,420		12,332,648		101,343,544,468,467		- 0		33,070,571

		GOA		1996		929		30420		183		38		641.68		82,371.82		779.77		104,227.91		40,447		327,290,945		4,265		76,629		49,151,767		414,132,524,209,128		8,451,274		89,852,260

		GOA		1996		929		30535		183		9		4.08		5.67		10.67		32.49		258		22,516		- 0		566		672,631		129,076,364,739		- 0		1,409,857

		GOA		1996		939		30151		210		2		0.61		0.26		0.45		0.12		59		2,381		- 0		158		43,073		1,111,974,436		- 0		111,266

		GOA		1996		939		30152		210		30		374.43		82,805.52		253.23		34,173.23		36,038		767,109,912		- 0		92,594		24,372,897		316,580,611,589,475		- 0		60,705,616

		GOA		1996		939		30420		210		34		313.89		26,607.23		440.08		63,704.50		30,212		246,489,231		- 0		61,942		42,357,515		590,158,155,839,111		- 0		91,454,014

		GOA		1996		939		30535		210		16		27.28		182.58		163.90		8,521.44		2,625		1,691,433		- 0		5,807		15,774,954		78,942,585,873,297		- 0		37,516,461

		GOA		1999		929		30151		168		1		0.46		0.21		0.68		0.47		31		975		- 0		100		46,610		2,172,473,068		- 0		149,198

		GOA		1999		929		30152		168		28		134.54		6,435.67		109.62		3,729.76		9,157		29,805,090		- 0		20,676		7,460,753		17,273,396,885,380		- 0		16,230,182

		GOA		1999		929		30420		168		32		440.03		31,814.54		513.88		38,321.02		29,946		147,340,556		5,415		54,478		34,971,746		177,473,600,900,399		8,048,142		61,895,350

		GOA		1999		929		30535		168		2		2.45		4.36		6.84		29.57		167		20,176		- 0		502		465,354		136,948,005,476		- 0		1,340,557

		GOA		1999		939		30151		246		1		0.49		0.23		0.35		0.12		49		2,406		- 0		150		35,034		1,227,364,477		- 0		107,063

		GOA		1999		939		30152		246		27		332.36		32,179.09		207.70		11,660.95		33,729		331,440,899		- 0		71,979		21,078,896		120,106,400,709,720		- 0		44,104,399

		GOA		1999		939		30420		246		49		1,642.22		2,048,007.35		2,175.78		3,583,793.43		166,665		21,094,238,925		- 0		486,335		220,816,340		36,912,657,904,310,000		- 0		643,687,144

		GOA		1999		939		30535		246		17		82.72		1,651.49		323.05		41,001.43		8,396		17,010,143		- 0		16,818		32,785,400		422,310,014,371,045		- 0		74,748,873

		GOA		2001		929		30151		140		1		0.24		0.06		0.24		0.06		15		230		- 0		46		14,940		223,191,365		- 0		45,447

		GOA		2001		929		30152		140		19		32.71		193.09		33.85		194.88		2,062		767,202		240		3,884		2,132,427		774,306,553,120		302,137		3,962,717

		GOA		2001		929		30420		140		39		388.50		54,050.74		567.37		88,048.06		24,490		214,761,761		- 0		54,415		35,763,528		349,844,561,449,020		- 0		73,957,366

		GOA		2001		929		30535		140		9		3.52		3.86		7.67		16.55		221		15,352		- 0		478		483,477		65,773,519,841		- 0		1,015,382

		GOA		2001		939		30151		210		1		0.37		0.14		0.58		0.33		36		1,265		- 0		108		55,125		3,038,754,934		- 0		167,690

		GOA		2001		939		30152		210		37		245.10		8,303.42		208.44		7,760.58		23,590		76,922,856		6,049		41,131		20,062,656		71,893,942,507,928		3,104,597		37,020,715

		GOA		2001		939		30420		210		51		2,346.33		4,295,348.86		2,952.59		6,459,911.12		225,833		39,792,089,248		- 0		639,553		284,186,026		59,844,582,606,514,200		- 0		791,551,807

		GOA		2001		939		30535		210		16		53.57		1,107.95		157.56		9,511.67		5,157		10,264,083		- 0		11,862		15,164,245		88,116,099,587,938		- 0		34,811,273

		GOA		2003		929		30151		172		1		0.76		0.57		0.95		0.91		49		2,426		- 0		150		61,883		3,829,491,638		- 0		188,248

		GOA		2003		929		30152		172		25		719.05		258,763.66		699.26		310,366.83		46,729		1,092,859,898		- 0		114,234		45,443,145		1,310,800,181,635,180		- 0		119,373,703

		GOA		2003		929		30420		172		35		766.19		236,154.69		871.83		291,300.39		49,793		997,373,400		- 0		114,282		56,657,688		1,230,275,201,195,070		- 0		128,281,408

		GOA		2003		929		30535		172		6		14.89		208.20		69.05		4,648.57		968		879,317		- 0		2,883		4,487,041		19,632,727,249,452		- 0		13,534,905

		GOA		2003		939		30151		248		2		0.15		0.01		0.29		0.04		16		122		- 0		38		28,698		415,459,576		- 0		69,464

		GOA		2003		939		30152		248		43		73.39		1,032.36		48.57		395.63		7,192		9,913,693		753		13,631		4,760,591		3,799,185,208,078		774,580		8,746,602

		GOA		2003		939		30420		248		45		75.16		980.03		106.09		1,882.78		7,366		9,411,136		1,231		13,502		10,396,170		18,080,209,661,233		1,892,004		18,900,336

		GOA		2003		939		30535		248		11		5.40		10.08		20.04		126.78		530		96,756		- 0		1,166		1,964,473		1,217,420,767,871		- 0		4,217,550

		GOA		2005		929		30151		177		1		5.71		32.64		6.24		38.86		389		151,152		- 0		1,200		424,210		179,954,484,812		- 0		1,309,113

		GOA		2005		929		30152		177		30		561.55		138,542.43		343.52		51,248.08		38,216		641,622,306		- 0		89,940		23,377,902		237,341,809,065,253		- 0		54,836,753

		GOA		2005		929		30420		177		30		1,507.72		685,465.10		1,891.16		1,316,204.04		102,605		3,174,548,783		- 0		216,474		128,699,184		6,095,647,915,557,630		- 0		286,488,012

		GOA		2005		929		30535		177		17		3.27		1.67		7.36		7.26		222		7,713		40		404		500,430		33,606,419,099		120,223		880,637

		GOA		2005		939		30151		293		3		23.14		528.00		22.35		490.20		2,348		5,438,291		- 0		7,061		2,268,414		5,049,052,081,058		- 0		6,809,620

		GOA		2005		939		30152		293		56		592.15		103,265.03		378.45		41,859.42		60,097		1,063,617,821		- 0		125,323		38,407,699		431,147,171,187,425		- 0		79,935,866

		GOA		2005		939		30420		293		66		247.55		16,423.77		334.07		27,366.89		25,123		169,162,934		- 0		51,409		33,903,333		281,875,758,972,202		- 0		67,834,217

		GOA		2005		939		30535		293		22		16.83		71.31		50.19		625.04		1,708		734,478		- 0		3,477		5,093,684		6,437,798,942,618		- 0		10,330,634

		GOA		2007		929		30151		199		2		0.88		0.48		0.87		0.54		60		2,221		- 0		155		60,019		2,522,092,322		- 0		161,515

		GOA		2007		929		30152		199		19		563.53		233,864.08		403.54		116,470.11		38,350		1,083,079,099		- 0		105,881		27,463,620		539,400,260,682,505		- 0		75,121,304

		GOA		2007		929		30420		199		35		1,355.54		858,937.46		1,673.91		1,469,098.17		92,250		3,977,939,755		- 0		221,041		113,912,813		6,803,736,316,622,250		- 0		282,346,701

		GOA		2007		929		30535		199		9		26.66		447.50		55.24		1,963.77		1,814		2,072,499		- 0		4,779		3,759,599		9,094,684,907,843		- 0		9,972,022

		GOA		2007		939		30151		274		5		9.24		67.48		7.54		45.78		938		695,074		- 0		2,641		765,644		471,488,177,905		- 0		2,167,783

		GOA		2007		939		30152		274		57		191.97		7,601.39		130.96		3,797.59		19,482		78,293,410		1,290		37,674		13,291,022		39,114,716,567,517		432,436		26,149,608

		GOA		2007		939		30420		274		58		202.58		15,029.47		235.61		18,226.17		20,559		154,801,779		- 0		46,003		23,911,903		187,727,459,835,118		- 0		51,931,199

		GOA		2007		939		30535		274		11		0.87		0.17		3.23		2.04		89		1,776		4		174		327,758		21,010,970,848		34,811		620,705

		GOA		2009		929		30151		190		2		1.08		0.59		0.83		0.35		74		2,712		- 0		180		56,278		1,628,205,955		- 0		138,675

		GOA		2009		929		30152		190		27		59.89		1,014.52		42.37		436.97		4,075		4,698,481		- 0		8,508		2,883,989		2,023,704,757,010		- 0		5,793,144

		GOA		2009		929		30420		190		42		129.93		3,128.00		134.55		2,944.79		8,842		14,486,499		1,230		16,455		9,155,317		13,638,001,671,382		1,769,384		16,541,250

		GOA		2009		929		30535		190		9		1.09		0.28		2.91		2.07		74		1,299		- 0		148		197,916		9,589,009,908		- 0		397,876

		GOA		2009		939		30151		280		5		0.76		0.14		0.78		0.14		76		1,421		1		152		78,914		1,474,604,711		2,113		155,715

		GOA		2009		939		30152		280		44		402.38		24,383.66		273.38		9,616.16		40,836		251,148,881		8,475		73,197		27,744,452		99,045,336,484,003		7,422,157		48,066,747

		GOA		2009		939		30420		280		46		357.59		37,746.60		364.62		34,823.62		36,291		388,785,648		- 0		75,726		37,004,566		358,679,256,699,560		- 0		74,882,225

		GOA		2009		939		30535		280		18		7.54		17.16		32.52		412.43		766		176,756		- 0		1,607		3,300,136		4,247,938,784,292		- 0		7,422,242





Harlequin stratum

		Area		year		Area KM2		nmi2		Dusky		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		15,811		35,818,671.00		5,985		1.252				3.65		6.07		14.2%

		Kodiak		2003		43,332		12,634		6,753		9,877,238.00		3,143		0.535				1.56				33.3%

		Kodiak		2005		43,332		12,634		57,873		1,062,360,536.00		32,594		4.581				13.36				3.9%

		Kodiak		2007		43,332		12,634		12,934				- 0		1.024				2.98				17.4%

		Kodiak		2009		43,332		12,634		38,242				- 0		3.027				8.83		6.07		5.9%		18.1

		snakehead		2009				41		2,249						54.865				159.96

				kg/t		nmi2/ha

				1000		0.0029155335





Harlequin stratum

		



year

kg/ha

Kodiak 100-200 m Stratum



Sheet3

		Area		year		Area KM2		nmi2		Northern		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		222,274.00		39,784,523,032.00		199,461		17.594				51.30				0.1%

		Kodiak		2003		43,332		12,634		4,955.00		6,164,107.00		2,483		0.392				1.14				5.8%

		Kodiak		2005		43,332		12,634		12,517.00		49,065,670.00		7,005		0.991				2.89				2.3%

		Kodiak		2007		43,332		12,634		19,710				- 0		1.560				4.55				1.5%

		Kodiak		2009		43,332		12,634		19,486				- 0		1.542				4.50		12.87		1.5%		4.5

		snakehead		2009				41		287						7.000				20.41

				kg/t		nmi2/ha

				1000		0.0029155335
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		Area		year		Area KM2		nmi2		Harlequin		dusky variance		st dev		t/nmi2				kg/ha		avg		snakehead % of stratum

		Kodiak		2001		43,332		12,634		5,102				- 0		0.404				1.18				2.7%

		Kodiak		2003		43,332		12,634		525				- 0		0.042				0.12				26.1%

		Kodiak		2005		43,332		12,634		1,350				- 0		0.107				0.31				10.1%

		Kodiak		2007		43,332		12,634		77				- 0		0.006				0.02				177.9%

		Kodiak		2009		43,332		12,634		742				- 0		0.059				0.17		0.36		18.5%		56.9

		snakehead		2009				41		137						3.341				9.74

				kg/t		nmi2/ha

				1000		0.0029155335
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• Opportunistically assessing rockfish spp. 
abundance (primarily POP) during summer 
GOA walleye pollock acoustic-trawl surveys 
(2011 partial coverage, 2013, 2015, 2017).

• Survey designed for pollock detection
• Trawl confirmation of species ID and size 

distribution
• Currently using generalized physoclist TS to 

obtain biomass

What have we done so far?
Acoustic-Trawl Surveys (2011-2017)



• Pilot project on Snakehead bank in 2009 to 
determine feasibility

• Opportunistic surveys of  BT “Trawlable” and 
“Untrawlable” grids using acoustics (splitbeam
and multibeam) and lowered stereo cameras

• Assess substrate type/trawlability and rockfish 
ID/abundance

• Conducted during summer GOA walleye 
pollock AT survey

• Primarily nighttime operations

What have we done so far?
Acoustic-Optic Surveys (2009-2017)

36 grids surveyed
- 18 trawlable,11 untrawlable
63 Lowered Stereo Camera deployments

2015
45 grids surveyed
- 18 trawlable, 19 untrawlable
89 Lowered Stereo camera deployments

2013

2017
29 grids surveyed
- 16 trawlable, 13 untrawlable
88 Lowered Stereo camera deployments



Species Harlequin RF Dusky RF Northern RF POP

Trawlable Density (#/ha) 0.45 3.46 1.74 11.57

Untrawlable Density (#/ha) 66.15 21.05 20.63 88.36

Available to bottom trawl 6.0% 40.7% 37.3% 52.0%

What have we done so far?
Q Estimation (HAIP Project – 2013 & 2015)

• Based on trawlability as determined 
from camera images

• Indication of the availability of select 
species to the bottom trawl
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Nearshore Fish Density within Central and 
Western Aleutian Stellar Sea Lion Summer 

Foraging Grounds



2016 – 47 transects
2017 – 17 transects

• Stereo Machine Vision Camera System
• US Fish and Wildlife R/V Tiglax
• Randomly selected sites from 1km x 1km 

grid (25-200m depth)
• 15 min tows, 1-1.5 knots

• 1-2 m off bottom controlled with winch and 
live feed of 8 frames per second

• SEBASTES software for data acquisition 
(numbers and size of fish, habitat 
classification)
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Untrawlable habitat surveying methods

- Stationary  cameras

- Volumetric density estimation

- Automated image processing



Moored, motion triggered or time lapse stereo camera systems (“TrigCams”)
Deployed similar to small pot fishing gear
Long duration collections (24 + h)
Minimally obtrusive
Low cost



Triggering operation – the basic idea… 

(configurable)



Triggercam operation example - detected 6 targets in 45 min



Test deployment – Zemchug Canyon, July 2014       Six units deployed for 12 hours

Depth (m)

Survey site

5 km

Triggercam
Survey track

38 kHz Echogram
0

50

100

De
pt

h 
(m

)

S
v

(d
B

 re
 1

 m
-1

)

-61

-42

-70

-34

-52



Test deployment results – triggering performance

Units 
deployed

6 (5 analyzed)

Trigger 
events

498 (790 possible)

False 
triggers

111 (70 % due to platform 
movement)

Fish targets 1629

Unid. Rockfish

Northern R.

Unid. Fish

P. Cod

Dusky R.

Ronquil

POP

Atka M.

Prowfish

Most triggers occurring 
immediately after 5 min 
“rest” period



Volumetric density estimation from stereo cameras

- Reconstruct 3D positions of fish and seafloor from stereo image analysis

- Estimate joint-camera imaging volume that is “above ground”

- Estimate fish range-detection loss function



Stereo data analysis – SEBASTES software • Fish counts by species
• Habitat assessment
• Accurate length 

measurements
• Fish position/orientation



- Fit plane to bottom points (magenta points)

- Estimate camera positions and view fields
from stereo calibration data (red = left, green = right)

- Normalize 3 d data to bottom plane

- Estimate “positive” joint camera volume 

- Divide fish count (blue dots) by “available” volume 
to yield #fish/m3

Problem….
Where to cut off volume estimate?

Volumetric density estimation from stereo cameras



Volumetric density estimation from stereo cameras

- Compute density by range using 
previous approach

- Estimating the “detection limit”     
where density starts to drop off

- Intercept is “true” density

- Variance estimate by bootsrap

Detection Limit

Density



Assessing fish distribution in the Acoustic Dead Zone (ADZ)

Acoustic 
beam

Seafloor

ADZ

Problem is much greater in high relief 
and sloping seafloor conditions

Size of the ADZ currently cannot be 
estimated from the acoustics

Fish distribution within the ADZ is
unknown

Theoretical ADZ can be estimated for 
a flat smooth seafloor



Assessing fish distribution in the Acoustic Dead Zone (ADZ)

Height off bottom: Comparison of 
acoustics and TrigCam derived 
density – Trigcam max vertical 
extent is 2 m

ADZ (flat bottom)

Highest densities are within ADZ, 
during day and nighttime 

Diel pattern with TrigCam observations



Automated image processing

- Collaborative effort with UW

- CamTrawl imagery (inside midwater trawls) already highly automated:
Fish detection, tracking, size estimation, and species classification

- Detecting and classifying fish in uncontrolled complex backgrounds is 
challenging – pattern based detection vs. threshold based (face recognition 
for fish)

- Primary focus of NOAA ASTWG Automated image analysis strategic initiative 
(AIASI) ending in 2018



Automated stereo-based length measurement



DPM fish detection for video with tracking (SWFSC)



Automated image processing

- Great potential for solving analysis “bottleneck”

- Trade-offs in accuracy and efficiency

- Accuracy is a moving target with continual improvements

- Will always require humans in the loop



Footprint bank density estimation – Williams/Rooper

Survey/Abundance/Density Estimation

Nine cameras were built
Deployments at 26 of 40 randomly selected sites
Depths from 96-150 m
3.5 days of at sea time
Habitats from Cobble to High Relief Bedrock
Soak times from 3 to 17 hours including overnight 
Many rockfish were observed



Lighting comparisons

• Differences not significant

• Probably a bit larger FOV with 
mono cameras/amber lights

• Need to correct for habitat 
type and possibly time of day

• Tending towards white



Time of day comparisons
Tides



Time since deployment
• Peak counts occur ~ 1.5 hours after deployment
• Consistent across size classes
• Haven’t accounted for factors (time of deployment)

1.5 hours 1.5 hours

Large rockfish onlyAll rockfishRaw data



Accounting for UT areas in the AI survey
• Not much change in trend 

(estimates highly 
correlated)

• CV’s slightly larger for 
trawlable only

• Estimates for most 
species about ½ of 
current (~53% 
Untrawlable)



Untrawlable Habitat Strategic Initiative
1. Assess the behavior of fish to the introduction of novel gears in the environment.
2. Estimate the change in local density attributed to a transiting vehicle.
3. Estimate the sampling efficiency and survey capabilities of each vehicle.
4. Calculate platform and species specific sighting functions.
5. Evaluate the effectiveness of the test-bed method of experimentation.
6. Vehicle and sampling recommendations

https://www.youtube.com/watch?v=RjzC1Dgh17A



Britt, L, and E. Loew.  Rough draft.  Determining the spectral sensitivity and 
reflectance of California Rockfishes (Sebastes).



Methods: Stereo Drop Camera

Data 
● Soft (sand, pebble, mud) or Hard (cobble, boulder, bedrock)
● Species ID
● Count



Results: Rockfish Density
Treatments = Red strobe (RS), white strobe (WS), constant white (CW)

p = 0.005

p = 0.523

Post-hoc
RS & WS > CW



UHSI Year-1 Southern California Bight Test Bed Experiment
Coordinators: Clarke, Wakefield, Yoklavich

Objective: 
To understand the effects of optical and acoustic survey vehicles on the behavior 
of rockfish species living on or near untrawlable (rocky) deep habitats

Challenges to Rockfish Surveys in Untrawlable Habitats
• Offshore deep water (100-150 m)
• Dark (requires arti f icial l ighting)
• Diverse rocky habitats with patchy spatial distributions 
• Diverse assemblage of species, many resembling one another



October 19-30, 2016: Deploy visual and acoustic cameras on fixed surveillance platforms on top of Bank
• Researchers from SWFSC, NWFSC, SEFSC, AFSC, UCSB
• Use of NOAA R/V Lasker and contracted R/V Velero IV 
• Monitor fish reactions to movement/noise/light associated with mobile survey tools

• Metric is change in fish behavior and abundance before, during, after passage by mobile tool 

Approach to Quantify Rockfish Reactions to Mobile Survey Gear 

NWFSC PIFSC SeaBED AUV DeepWorker Manned Submersible



• ~ 440 to 2500 transects 
depending on the target 
species/area

What have we done so far?
Sample Size Estimation
for DropCam Survey



Summary Research in Trawl Survey(?) 
Parlance

Acoustic-optic assessment
• Zhemchug

• Snakehead
• GOA AT Surveys (2013-

2017)
• Footprint Bank study -

UHSI

Availability to trawl survey
• Snakehead

• Q estimation project
• Aleutians SSL project
• Diel behavior studies

Gear efficiency/Behavior
• Puget sound RF 

lighting project

• Vision project
• UHSI vehicle response
• Dead zone projects

• Footprint study

Survey Design/Analysis
• Image processing automation

• Sample size estimates
• Q estimation project
• Volumetric density 

estimation

• Aleutian untrawlable area 
effect study

Conclusion
We know something about a lot of these things



Things that work
• Acoustic-optic methods (for some species)
• TrigCam (for all species)
• Towed camera (for some species)

Things that don’t work/need more work
• Demersal and semi-pelagic species – No one method will work for all?

– Partitioning the dead-zone
• Daytime surveys needed - Diel vertical and horizontal(?) migration
• Rockfish target strength – unknown
• Camera avoidance and attraction – Species specific
• Sample sizes (especially for TrigCams)
• ROV/AUV/SUB probably not an option (cost, large area)

What works/Doesn’t work/Needs more work
Topics for Friday Discussion



• Acoustic-optic methods 
• Towed camera transects
• Complemented by TrigCam experiments to get at some of the remaining 

questions

What we need to decide
• Ideally random placement of stations/transects/acoustics into 

untrawlable areas – is this feasible
• Sample design (stratified random only untrawlable or both)
• Others?

What are we proposing for survey
Topics for Friday Discussion



• What is the best platform? (Lasker in FY19?)

• How are we paying for this?

• Can we deliver results in parallel with survey (i.e. in the same year)?

Further Topics for Friday Discussion
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