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*\Why the research was started
1. All steelhead populations above Bonneville Dam are listed under ESA.
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*\Why the research was started
2. Kelt steelhead seem abundant above the mainstem dams.
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*\Why the research was started

3. Repeat spawner rates are low in the Columbia above mainstem dams.
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Management Strategies

Direct Release (capture & release in-river @
Prosser, WA)

No-term (capture, transport via truck & release
below Bonneville Dam)

Short-term (feed 4-8 weeks, transport &
release below Bonneville Dam)

Long-term (feed 7-9 months & release above
Prosser, WA




Evaluation of No-Term and Short-Term
Treatments

Ho: Artificially reconditioned kelt steelhead and non
reconditioned kelts survive at the same rate during
their downstream migration.

Ho: Artificially reconditioned kelt steelhead and non
reconditioned kelts have similar migration metrics.



Biotelemetry
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Data

		Survival

		NT		% Survival		95% Upper CI		95% Lower CI

		River RM 90		80.9%		10.2%		8.7%

		Estuary RM 25		71.6%		18.7%		18.6%

		Ocean RM 2		50.3%		27.9%		28.0%

		ST		% Survival		95% Upper CI		95% Lower CI

		River RM 90		83.4%		16.1%		16.1%

		Estuary RM 25		56.9%		45.5%		45.5%

		Ocean RM 2		41.0%		40.2%		33.0%

		Travel Times

		NT		Mean (d)		95% Upper CI		95% Lower CI

		River RM 90		3.26		1.23		1.18

		Estuary RM 25		5.13		2.04		2.04

		Ocean RM 2		6.14		1.64		1.63

		ST		Mean (d)		95% Upper CI		95% Lower CI

		River RM 90		2.13		1.01		1.01

		Estuary RM 25		3.88		2.01		2

		Ocean RM 2		5.22		2.07		2.08
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		Estuary RM 25		0.569		0.187		0.186		0.455		0.455

		Ocean RM 2		0.41		0.279		0.28		0.402		0.33
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		Estuary RM 25		3.88		2.04		2.04		2.01		2

		Ocean RM 2		5.22		1.64		1.63		2.07		2.08
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Data

		Survival

		NT		% Survival		95% Upper CI		95% Lower CI

		River RM 90		80.9%		10.2%		8.7%

		Estuary RM 25		71.6%		18.7%		18.6%

		Ocean RM 2		50.3%		27.9%		28.0%

		ST		% Survival		95% Upper CI		95% Lower CI

		River RM 90		83.4%		16.1%		16.1%

		Estuary RM 25		56.9%		45.5%		45.5%

		Ocean RM 2		41.0%		40.2%		33.0%

		Travel Times

		NT		Mean (d)		95% Upper CI		95% Lower CI

		River RM 90		3.26		1.23		1.18

		Estuary RM 25		5.13		2.04		2.04

		Ocean RM 2		6.14		1.64		1.63

		ST		Mean (d)		95% Upper CI		95% Lower CI

		River RM 90		2.13		1.01		1.01

		Estuary RM 25		3.88		2.01		2

		Ocean RM 2		5.22		2.07		2.08
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Survival as a function of travel time for no-term (NT) and short-

term (ST) kelt steelhead groups released in 2004, 05, and 06.
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08
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Survival as a function of travel time from release to ocean
detection for no-term (NT) and short-term (ST) kelt steelhead

groups released in 2004, 05, and 06.
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY						207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER						167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY						167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER						256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY						256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER						326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY						326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER						335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY						335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY						237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER						256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY						256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER						180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER						335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY						335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER						224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY						224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Flow 180,000 cfs @ Bonn
Water Temperature 18.9C
S to the ocean 0%

Average travel time to the river
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Data

		Date		Treatment		N		Reach		Survival		Travel time		flow		Temp						NT		Survival		Travel time

		4/29/04		NT		28		ESTUARY		0.7143		4.125		207		12.6						ESTUARY		0.7143		4.125		207		12.6

		4/29/04		NT		28		OCEAN		0.5355		5.167		207		12.6						OCEAN		0.5355		5.167		207		12.6				OCEAN		0.5355		5.167		207		12.6

		5/11/04		ST		26		ESTUARY		0.7308		4.94		237		13.9						RIVER		0.733		4.354		167.8		10.8				OCEAN		0.1667		7.58		167.8		10.8

		5/11/04		ST		26		OCEAN		0.5358		6.166		237		13.9						ESTUARY		0.4583		7.956		167.8		10.8				OCEAN		0.4076		7.292		256.7		13.8

		4/22/05		NT		30		RIVER		0.733		4.354		167.8		10.8						OCEAN		0.1667		7.58		167.8		10.8				OCEAN		0.6806		6.156		326.65		7.18

		4/22/05		NT		30		ESTUARY		0.4583		7.956		167.8		10.8						RIVER		0.8148		2.896		256.7		13.8				OCEAN		0.7222		4.531		335		9.18

		4/22/05		NT		30		OCEAN		0.1667		7.58		167.8		10.8						ESTUARY		0.7778		4.469		256.7		13.8				OCEAN		0.5358		6.166		237		13.9

		5/13/05		NT		27		RIVER		0.8148		2.896		256.7		13.8						OCEAN		0.4076		7.292		256.7		13.8				OCEAN		0.2132		6.292		256.7		13.8

		5/13/05		NT		27		ESTUARY		0.7778		4.469		256.7		13.8						RIVER		0.8605		3.104		326.65		7.18				OCEAN		0.45		4.928		335		9.18

		5/13/05		NT		27		OCEAN		0.4076		7.292		256.7		13.8						ESTUARY		0.8265		5.156		326.65		7.18				OCEAN		0.8519		3.499		224.5		14.08

		5/13/05		ST		30		RIVER		0.7822		2.948		256.7		13.8						OCEAN		0.6806		6.156		326.65		7.18				OCEAN		0		.		180.1		18.9

		5/13/05		ST		30		ESTUARY		0.5333		4.979		256.7		13.8						RIVER		0.8571		2.708		335		9.18

		5/13/05		ST		30		OCEAN		0.2132		6.292		256.7		13.8						ESTUARY		0.8048		3.969		335		9.18						0.0022644125

		7/1/05		ST		26		RIVER		0.7179		2.104		180.1		18.9						OCEAN		0.7222		4.531		335		9.18

		7/1/05		ST		26		ESTUARY		0		.		180.1		18.9

		7/1/05		ST		26		OCEAN		0		.		180.1		18.9						ST		Survival		Travel time

		4/24/06		NT		28		RIVER		0.8605		3.104		326.65		7.18						ESTUARY		0.7308		4.94		237		13.9

		4/24/06		NT		28		ESTUARY		0.8265		5.156		326.65		7.18						OCEAN		0.5358		6.166		237		13.9

		4/24/06		NT		28		OCEAN		0.6806		6.156		326.65		7.18						RIVER		0.7822		2.948		256.7		13.8

		5/15/06		NT		21		RIVER		0.8571		2.708		335		9.18						ESTUARY		0.5333		4.979		256.7		13.8

		5/15/06		NT		21		ESTUARY		0.8048		3.969		335		9.18						OCEAN		0.2132		6.292		256.7		13.8

		5/15/06		NT		21		OCEAN		0.7222		4.531		335		9.18						RIVER		0.7179		2.104		180.1		18.9

		5/15/06		ST		20		RIVER		0.935		2.083		335		9.18						RIVER		0.935		2.083		335		9.18

		5/15/06		ST		20		ESTUARY		0.5786		3.104		335		9.18						ESTUARY		0.5786		3.104		335		9.18

		5/15/06		ST		20		OCEAN		0.45		4.928		335		9.18						OCEAN		0.45		4.928		335		9.18

		6/27/06		ST		29		RIVER		0.9		1.396		224.5		14.08						RIVER		0.9		1.396		224.5		14.08

		6/27/06		ST		29		ESTUARY		1		2.531		224.5		14.08						ESTUARY		1		2.531		224.5		14.08

		6/27/06		ST		29		OCEAN		0.8519		3.499		224.5		14.08						OCEAN		0.8519		3.499		224.5		14.08

																						OCEAN		0		.		180.1		18.9

																						ESTUARY		0		.		180.1		18.9
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Collection and Return Migration History for No- and Short-term
Reconditioned Kelts

No-Term

Short-Term

Collection | Fish In | Returned to Bonn | Survival | FishIn | Returned to Bonn | Survival
year (%) (release (%) (release
to ocean) to ocean)
2002 - - - 479 43 (9%) -
2003 - - - 208 8 (4%) -
2004 75 5 (7%) 535% | 105 5 (5%) 53.6%
2005 98 1 (1%) 28.7% | 106 0 (0%) 10.7%
2006 55 na 70.1% 56 na 65.1%
average 3% 50.3% 6% 41%




Summary

Since the dams are highly selective against the kelt strategy, they could be
altering the evolutionary trajectory of steelhead populations.

No-term and short-term release strategies are low intervention management
scenarios that allow for the recruitment of marine nutrients and are low cost.

Kelt steelhead released below Bonneville Dam traveled quickly
downstream. Many reached the ocean in 5 to 6 days.

Short-term treated kelts traveled downstream faster than no-term treated
kelts, however survival estimates between the groups was not significantly
different.

About 50% of the kelt steelhead released below Bonneville Dam reached
the ocean. The mortality rate appears to be about constant from release to
ocean entry. (no reach seems more important than another). Perhaps we
should release fish closer to the ocean.

Environmental conditions greatly influence survival to the ocean. Flow
seems most important. High flow = greater survival.

Utilizing this previously lost resource could lead to novel approaches to
restoration.



Information Needs

Procedures to screen kelts to predict
survival.

Reproductive success of long-term fish.

Differential stock contribution to kelt
reconditioning programs.

Geographic replication.
Ocean survival.






Estuary Detection Patterns

1. Direct linear progression to the ocean.

2. Oscillating movement at the top of the
estuary (~RM30). Movements correlated
with tide. Ebb tide = downstream; Flood
tide = upstream movement.
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