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* Coho species historically
present in most upper
tributaries of the Yakima river |
and annual return was 45,000 |
to 100,000

* Extirpated by 1985 and since
then, Yakama Nation has
implemented a reintroduction |
program that has successfully |
achieved some level of natural
production and local
adaptation.




Collection of Adults

e Adults are
maintained at the
Prosser Hatchery
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Populations
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Yakima Coho Returns

Brood Smolts Parr | Total InBasin
Year | Released | Released | Production
2010 522,027 | 30,000 552,027
2011 1,022,460 | 438,607 1,461,067
2012 446,295 | 40,120 486,415
2013 524967 | 27,232 552,199
2014 974,561 | 185,548 1,160,109
2015 204,358 0 204,358
2016 205,967 0 205,967
2017 641,589 | 252,765 894,354
Average | 567778 | 121784 689562
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Achievements:

e Established a Naturally Spawning Population of Coho
Salmon (Currently not self sustaining but it is stable).

* Established an In basin Hatchery Brood stock.

* Increased average annual adult returns from 0 in 1985
to: 6780

* During Phase | the Naches River seemed to provide the
most opportunity for rearing and spawning, however it
has been discovered that the Upper Yakima River’s
potential may be far greater than the Naches River.
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Introduction

The majority of studies have found that, for several populations of

anadromous fish species, fish released as yearlings have higher rate of
survival than subyearling releases

Survival rates have been shown to increase with larger smolt size at release
but there are differences between geographical regions

Low survival probability and poor returns are thought to be associated with
the small size of subyearlings and declining environmental conditions.

— Coho are unusual among salmon species as they have an affinity for low-
velocity habitat throughout their freshwater existence.

— Coho are known to move in order to avoid temperatures greater than
23.4 °Cor low flows

— Limited information is available for Coho hatchery populations



Research Questions

Do the Smolt-adult return (SAR) and outmigration
survival rates differ between parr and smolt and
how do they differ among the sites at which they
were released?

* If alarger size of smolt had higher survival rate for
Chinook, can we expect similar patterns for Coho?

 Which environmental variables are important for
Coho survival rate and return rate (SAR)?

— What are the relative effects of freshwater versus marine
conditions?

— Are the SAR and survival rates higher for coho which were released
in the lower Yakima river (at or below Prosser dam)?
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Parr
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Coho smolt release populations
& locations (Experimental)

¢\
>

RLSLOC 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 total
Ahtanm O 0 0 0 0 0 0 0 0 0 1 8 869 878
Boone 2488 5052 2501 0 0 0 0 0 0 0 0 0 0 10041
Bucksk 0 0 0 0 0 0 0 0 0 0 1572 1247 2501 5320
Chandl 2 2026 913 2343 198 372 520 351 1281 1249 O 0 0 9255
CleElm 0O 3331 11999 11998 11917 11933 O 0 0 0 0 0 0 51178
Cowich 0 0 0 0 0 817 1248 1272 1277 2495 1249 1250 0O 9608
Easton 2501 O 0 0 2500 0 0 1272 2547 O 0 0 0 8820
Holmes 2522 0 2512 2460 2493 2512 2516 2520 2508 O 0 0 0 20043
LostCr 2444 5232 2491 2501 2499 2508 2505 2502 0 2531 O 2506 2502 30221
Marion 0 0 0 0 3013 0 0 0 0 0 0 0 0 3013
Prossr 0 0 0 2499 0 2506 1371 5036 3811 2520 3004 1265 2501 24513
RattSn 0 0 0 0 0 0 1144 0 1274 1263 0 1249 0 4930
Roza 1 6667 O 0 19 73 7 22 35 1229 1500 3 2793 12349
Stiles 2457 0 2490 2449 2492 2515 2501 O 0 2504 2505 2520 2503 24936
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Coho parr release populations
and locations (Experimental)

RLSLOC 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 sum

Ahtanm 0 0 0 0 3002 3054 3003 4003 1813 1544 1349 1648 19416
Big Cr 0 0 0 3001 3003 3006 3003 3013 3028 3047 3003 3013 27117
Boone 2529 1026 0 2519 0 0 0 0 0 0 0 0 6074
Bucksk 0 0 1026 0 0 0 216 0 0 0 0 0 1242
BumplLk 0 0 3002 0 0 0 0 0 0 0 0 0 3002
CleElm 0 3004 2998 0 0 0 0 0 0 0 0 3015 9017
Cowich 0 0 0 3001 3007 3004 3049 3024 3003 3014 3017 3005 27124
Crystl 0 0 0 0 3003 0 0 0 0 0 0 0 3003
Hanson 1991 2015 2052 0 0 0 0 0 0 0 0 0 6058
Holmes 2527 1024 1048 0 0 0 0 0O 69 0 0 0 4668
Hundly 0 0 0 0 0 0 0 0 0 0 1531 0 1531
LitNac 0 0 0 3001 9008 6088 9080 9047 6031 6046 9040 3008 60349
LostCr 2529 1022 1026 0 0 0 10 0 0 0 0 0 4587
Mercer 0 0 0 0 0 0 0 0 3004 0 0 3066 6070
Naches 0 30 0 0 0 0 0 0 0 0 0 3017 3047
NileCr 0 0 0 2984 2999 3055 3126 3017 3033 3026 0 0 21240
Quartz 0 0 0 0 0 0 0 3008 3007 3039 3012 0 12066
RattSn 0 0 0 0 0 3053 0 0 3002 3011 1606 3032 13704
Reecer 0 0 0 3001 2965 3015 3004 3055 3032 3031 3026 0 24129
Thorp 0 0 0 0 0 0 0 2499 0 0 0 0 2499
Wilson 0 0 0 3000 3007 3050 3008 3020 3020 3024 3027 3011 27167
Yakima 0 70 0 0 60 0 0 0 0 0 0 0 130



Methodology

* SAR was calculated based on McNary dam smolt
to McNary dam adult

e Survival probability was estlmated using
Capture-recapture models
Model was developed under GLM-with
selection procedures =7, &




Methodology

Variation partitioning: Multivariate Redundancy Analysis
(RDA) was used to tease apart the effects of freshwater
vs. Ocean effects on SAR

Ocean

[O | F] > Freshwater

Ocean condition P

Residual

Pandit et al., 2009, Ecology
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First detection at MCN = April 12, 2007 (7 days after releasing)
Last detection at MCN = Oct 06, 2007 (184 days after releasing) [¥6 months]
First detection at MCN as an adult= Sept 12, 2008 (332 days after last detection) [~11 months]
Last detection at MCN as an adult=Nov. 13, 2008 (404 days after last detection) [¥14 months]
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Detection frequency at McNary dam for the population that was released during 2016
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date

April 8, 2016 (4 days after releasing)

First detection at MCN

Oct 18, 2016 (197 days after releasing) [~*7 months]
First detection at MCN as an adult= Sept 21, 2016 (338 days after last detection) [~¥11 months]

Last detection at MCN

Oct. 30, 2008 (377 days after last detection) [~*13 months]

Last detection at MCN as an adult



Results

Are the Smolt-to-Adult Returns (SAR) of the populations that
were released at different locations significantly different?

SAR for Smolt
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SAR%

Results

Does the environmental condition of the release locations affect the SAR?

Mean.Water.Temp Average.Daily.Flow distance
[ ) [ ) [ )
) o e © (] )
6-
R2=0.01, p=0.45
o ® " R?=0.013,p=0.43 |® R#=0.00, p=0.91
[ ) ¢ [ )
4 -
() ° Y
] ° - . - ° q
[ ] [ ) ([ ]
7 "/./. ~ 2' '_ o [ ) -
o © & ) e
o °% ° . ® ¢ ° ° P
° o® ) ° . ! °
o ® o 0-. °
40 45 50 55 0 2500 5000 7500 150 200 250 300 350



SAR%

Yeor

Ecosystem Indicators
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SAR (smolt): Variation partitioning

Ocean Freshwater
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Smolt outmigration survival rate
(from released locations to McNary
dam)




Is the survival probability affected by @~
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Bill Bosch
Sticky Note
It looks like the survival increases as temperature increases, at the same time, survival also increases as distance decreases. Prosser Dam is closer to McNary, and also it had relatively high water temperature compared to other released sites. So the distance and temperature are confounded with each other, indicating that an univariate relationship can mislead and the confounding effects need to be removed. (see next slide)



Average.Daily.Flow

e

urvival Probability

80 1

2500 5000 7500
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Parameters

Estimate

Intercept
Average.Daily.Flow
Mean.Water.Temp

Distance from McNary

221.769 57.237

Total Variance Explained %

59.62%
<0.001



Bill Bosch
Sticky Note
When removing the effect of distance on temperature, the relationship between survival probability and temperature become negative (as temperature increases survival decreases); Similarly relationship between distance and survival rate after removing the effect of temperature on distance still negative. 
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Effects of environment and distance
on Coho smolt survival rate

NaterTemp. Distance

Daily.flow

Residuals = 0.439




Experimental Released Coho Parr
population
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Detection frequency at MCN for the parr population that was released during 2015
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date

First detection at MCN = April 21, 2016 (268 days after releasing)

Last detection at MCN = Sept 22, 2016 (412 days after releasing)

First detection at MCN as an adult= Sept 19, 2017 (372 days after last detection)
Last detection at MCN as an adult=October 27, 2017 (410 days after last detection)



Frequency

Detection frequency at MCN for the parr population that was released during 2007
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date

Released date: July 27, 2007

First detection at MCN = May 9, 2008 (287 days after releasing) [10 months]

Last detection at MCN = Nov 11, 2008 (473 days after releasing) [16 months]

First detection at MCN as an adult= Aug 23, 2008 (285 days after last detection) [9 months]
Last detection at MCN as an adult=Nov. 23, 2008 (377 days after last detection) [13 months]



Results

SAR for parr

Are the Smolt-to-Adult Survivals (SAR) of
the populations that were released as
parr at different locations significantly
different?

SAR for Parr

Average SAR Percent +/- 95% CI

Fs 26=1.503, p=0.1883
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SAR between parr and smolt release
strategies

Were the SARs of coho released as “parr” and “smolt” different?

N

Smolt-Adult-Return Percentage (%)
=

F1 ,3=1.1491, p=0.294

Pérr Srﬁolt
Groun



Summary

Survival rate decreased as water temperature in the river increased.

Hatchery coho released as “parr” generally had higher adult return
rate (SAR) than those released as “smolt”; however, statistically not
significant.

The return rate (SAR) was more affected by marine conditions than
freshwater conditions.

Survival rate was higher for coho released in the lower Yakima River
(at or below Prosser) compared to fish released in the upper Yakima
Basin, indicating that mortality in the Yakima River above Prosser is

relatively high.

Since there were no significant differences in SAR among the release
groups, it is recommended to continue current release strategies as
the presence of multiple life history types can ensure population
resiliency in the face of environmental change.



Ongoing

» Estimating SAR from McNary/Bonneville dam
for both release groups (parr and smolt)

e Estimating Survival probability using barker
capture-recapture models for both groups

* Analyzing the data to understand the effects
of harvesting in SAR and survival probability of
both life stage.



Questions?

Shubha Pandit@Yakama.com
Todd Newsome@Yakama.com
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