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a sub sample of reaches?
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Main points

* Redd locations are geographically clumpy



Main points

* This produces much more variable estimates
(from sample to sample).



Main points

There are effective strategies for reducing this
variability.

— Spatially balanced designs

— Stratified designs

— Regression estimators
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Approach

* Bin redds into 1km reaches.



Germany, Abernathy, and Mill, Steelhead 2007



Redds

50

40

30

20

10

Abernathy Germany Mill Other
[ I I I [ I I I [ I I I [ I I I I
5 10 15 0 5 10 15 0O 5 10 15 0 5 10 15 20

0

River Km



2011

2010

2009

Year

2008

2007

2006

2005

MAG popultion

Abernathy

w
~
—_
—_
—
(6]

7

11

15 0 4

River Km

8

12

5

9

13

Germany Mill Other
Lﬂ__EE-__E-____ﬁ_____
oollego|| e ow —

—— ———— —— =
D i o e | | o e o
ﬁ-ﬂ&:i___l:&_-__
L i i | | S =
[TTTTTTTTTTITTTITT m

17




Year

2011

2010

2009

2008

2007

2006

2005

2010

2009

2008

2004

2003

MAG population

EFL population

Abernathy Germany Mill Other
Ahzﬂ—__ﬂ__ii___ﬁ
Azd:h:l:k _Elr—rm:rLrﬂ:D—El S ] - —
_‘EL—EE_ S |
L:ﬂ;ﬂﬂ; .
Lﬂmﬁ‘#
__J_z-._dj:.:ﬁ-_i__ - =
[T T (T T T Hm
| | [ | | | | [
3 7 11 3 7 N 0 4 8 12 1 5 9 13
CWM population
Mainstem Other

River Km

2007 _w
2006 _m

2005

12 20 28



Approach

e Select a random sample from the reaches.
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Approach

* Repeat many times for each sampling design.
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Approach

e Summarize results.
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Sampling approaches

e Simple random sampling (SRS)



Sampling approaches
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Sampling approaches

* SRS
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Sampling approaches

e GRTS (Generalized Random Tesselation Stratified)
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Sampling approaches

e Stratified GRTS
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Sampling approaches

* Peak count census + regression estimator



Peak count census + regression estimator
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Redd distribution

Mill, Abernathy &

Germany Cr Coweeman River |East Fork Lewis River
Variance / mean 10.23 9.30 7.70
AutoCorr 0.55 0.32 0.03




Peak count census + regression estimator
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Redd distribution
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Conclusions

* Redd locations are geographically clumpy

* This produces much more variable estimates
(from sample to sample).

 There are effective strategies for reducing this
variability (GRTS, stratified, regression).



Implications

Great data set that is likely representative of
many other systems.

Spatially balanced GRTS is a no-brainer.

Stratified design effectiveness depends on the
strata.

Regression estimator depends on the auxiliary
variable. Peak count census works well.



Further work

* Panel designs, etc...
e Other aux. vars. for regression estimators
* Redds to spawners expansion.
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Sampling approaches

e Stratified GRTS
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Sampling approaches

* Peak count census + regression estimator



Describe spatial distribution



