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Purpose

 Historical estimate of 120,000 adult spring 
Chinook returning to upper Yakima 

 What are the factors that limit carrying 
capacity of juvenile spring Chinook salmon 
in the upper Yakima River?



Beverton/Holt and Ricker
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Importance of Density 
Dependence
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Capacity changes
Yakima River at Cle Elum 98-06

0

1000

2000

3000

4000

5000

6000

1/1 1/3
1 3/2 4/1 5/1 5/3

1
6/3

0
7/3

0
8/2

9
9/2

8
10

/28
11

/27
12

/27

D
is

ch
ar

ge
 (c

fs
)

Managed
Natural



Discharge vs. Cross Sectional 
Area

Nelson
R2 = 0.4244
P  = 0.34

Cle Elum
R2 = 0.8227
P  = 0.09
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Food vs. Flow (2006)

R2 = 0.41
P  = 0.004

-6

-5

-4

-3

-2

-1

0

0 0.5 1 1.5
Flow (m/s)

D
ri

ft
 (l

n 
g/

h)



Length vs. Focal Velocity
98-06

R2 = 0.9561
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What happens to habitable 
area of juvenile Chinook when 

discharge increases 
dramatically relative to 

normal?



Normal vs. Managed 
Measures

Yakima River at Cle Elum 98-06
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Habitat area goes down
(2005-2006)
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% of habitable area (05-06)
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Nelson Hydrograph
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Increase in habitable area (05-
06)
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Distribution of SPC (Nelson)

Flow



If flow is influencing habitable 
space, then what is the 
magnitude of impact to 
juvenile spring Chinook 

salmon and the 
supplementation program?



Assumptions

 Ksp (minimum number of spawners to produce 
asymptotic number of juvenile progeny) is limited 
to 750 redds because of artificially high discharge 
during the summer

 Artificially high discharge limits availability of 
food and space to juvenile Chinook (below natural 
levels)

 Normal capacity without artificial discharge is 
2,250 redds



Hypothetical Flow Mortality
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Until effects of artificial flows 
and passage are addressed 

then the scope of 
supplementation success will 

be limited by the current 
capacity
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Cle Elum

R2 = 0.9864
P  = 0.007
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Nelson

R2 = 0.7362
P  = 0.14
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Chart8

		310.76906696

		183.63626684

		222.48240021

		208.35653353



Discharge (cfs)

Habitable area (m2)

R2 = 0.7362
P = 0.14
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discharge vs hab area

		

										Mean				Mean				Percent		discharge

						Site		n		Area (m2)		SD		Habitable Area (m2)		SD		Habitable		cfs

						Summer 05

						Cle Elum		9		31.8		9.8		8.0		5.0		25.1		3174.78853633

						Nelson		24		15.1		3.2		14.5		3.7		96.0		310.76906696

						Fall 05

						Cle Elum		22		17.2		4.8		16.2		5.0		94.1		448.49626709

						Nelson		25		11.2		2.9		10.8		3.3		95.9		183.63626684

						Summer 06

						Cle Elum		11		54.4		11.3		6.9		6.5		12.7		3866.95600365

						Nelson		15		15.7		6.2		13.3		3.6		84.6		222.48240021

						Fall 06

						Cle Elum		11		20.8		5		17.2		6.8		82.6		483.81093379

						Nelson		15		13.5		6.4		10.4		3.5		77.1		208.35653353

						x		y

				Site		discharge (cfs)		Habitable Area (m2)

				Cle Elum		3174.78853633		8.0

				Cle Elum		448.49626709		16.2

				Cle Elum		3866.95600365		6.9

				Cle Elum		483.81093379		17.2

				Site		discharge (cfs)		Habitable Area (m2)

				Nelson		310.76906696		14.5

				Nelson		183.63626684		10.8

				Nelson		222.48240021		13.3

				Nelson		208.35653353		10.4

										SUMMARY OUTPUT

										Cle Elum

										Regression Statistics

										Multiple R		0.9931851578

										R Square		0.9864167577

										Adjusted R Square		0.9796251366

										Standard Error		0.7674674915

										Observations		4

										ANOVA

												df		SS		MS		F		Significance F

										Regression		1		85.5474299678		85.5474299678		145.2402506124		0.0068148422

										Residual		2		1.1780127011		0.5890063506

										Total		3		86.7254426689

												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

										Intercept		18.0152205181		0.6259457073		28.7808036817		0.0012050598		15.3219916369		20.7084493994		15.3219916369		20.7084493994

										X Variable 1		-0.0029896062		0.0002480679		-12.0515663137		0.0068148422		-0.0040569568		-0.0019222556		-0.0040569568		-0.0019222556

										SUMMARY OUTPUT

										Nelson

										Regression Statistics

										Multiple R		0.8580032815

										R Square		0.736169631

										Adjusted R Square		0.6042544465

										Standard Error		1.2438674626

										Observations		4

										ANOVA

												df		SS		MS		F		Significance F

										Regression		1		8.6343832902		8.6343832902		5.5806284451		0.1419967184

										Residual		2		3.0944125291		1.5472062645

										Total		3		11.7287958193

												Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

										Intercept		5.1539935805		3.0648739641		1.6816331245		0.2346632426		-8.0331039279		18.3410910888		-8.0331039279		18.3410910888

										X Variable 1		0.0306497408		0.0129743393		2.3623353795		0.1419967184		-0.0251743746		0.0864738562		-0.0251743746		0.0864738562





discharge vs hab area
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par percent habitable
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par habitable area

		

						Nelson

				Fall Area		13.5

				Fall >1m/s		10.4

				Summer Area		15.7

				Summer >1m/s		13.3

						Nelson

				Normal summer		13.5

				Artificial summer		15.7
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Flow mortality (redds)
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ppt draft total and habitable

		

										percent hab				percent hab

						Nelson		Cle Elum River		Cle Elum River		Cle Elum		Cle Elum

				normal total		13.5		12.9				20.8

				normal habitable		10.4		12.2		95.2270471675		17.2		82.6260182593

				artificial total		15.7		41.3				54.4

				artifical habitable		13.3		6.5		15.7936521596		6.9		12.7189982417

				percent hab		percent hab

				Cle Elum River		Cle Elum

		Normal summer		95.2270471675		82.6260182593

		Artificial summer		15.7936521596		12.7189982417





ppt draft total and habitable

		



Normal summer

Artificial summer

Percent habitable



		

						Mean

						artificial summer		normal summer

				Site		Habitable Area (m2)

		Summer				Summer <1m/s		Fall <1m/s

				Cle Elum River		6.5		12.2

				Cle Elum		6.9		17.2

										C:\data\Data CJ\Spc intreract\2006\Transects and driftnets\PPT figure draft06.xls





		



Normal summer

Artificial summer

Habitable area (m2)



		

						Mean		Mean

				Site		Area (m2)		Habitable Area (m2)

		Summer				Summer Area		Summer <1m/s

				Cle Elum		54.4		6.9

				Cle Elum River		41.3		6.5

				Nelson		15.7		13.3

				Fall

				Cle Elum		20.8		17.2

				Cle Elum River		12.9		12.2

				Nelson		13.5		10.4

						Fall Area		Fall <1m/s

						Nelson		Cle Elum		Cle Elum River

				Fall Area		13.5		20.8		12.9

				Fall >1m/s		10.4		17.2		12.2

				Summer Area		15.7		54.4		41.3

				Summer >1m/s		13.3		6.9		6.5
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Discharge vs. Habitable Area

Nelson
R2 = 0.7362
P  = 0.14

Cle Elum
R2 = 0.9864
P  = 0.007
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Cle Elum
cross-sectional area

R2 = 0.8227
P  = 0.09
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Nelson

R2 = 0.4244
P  = 0.34

8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0

0 100 200 300 400
Discharge (cfs)

T
ot

al
 a

re
a 

(m
2 )



Genetic and Environ. Capacity
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