UNITED STATES DEPARTMENT OF COMMERCE

GWT OF
g" y“q"'. National Oceanic and Atmospheric Administration
s % | NATIONAL MARINE FISHERIES SERVICE
< s | PORTLAND OFFICE
% ég 1201 NE Lloyd Boulevard, Suite 1100
*rans ot PORTLAND, OREGON 97232-1274

Distributed by E-mail
September 9, 2013

RE: Sovereign review of the 2013 Draft Supplemental Biological Opinion (BiOp) for the Federal
Columbia River Power System. F/NWR/2013-9562

Dear Sovereigns:

As you know, NOAA Fisheries is consulting with the Federal Columbia River Power System
(FCRPS) Action Agencies to develop a Biological Opinion to supplement its 2008/2010
Biological Opinions on the operation and maintenance of the FCRPS. This action is pursuant to
the August 2, 2011 order by the U.S. District Court in Oregon in the matter of NWF v. NMFS.
We now are soliciting your review and comments on the 2013 Draft Supplemental BiOp. The
draft opinion and overview materials are available at:

www.nwr.noaa.gov/hydropower/fcrps_opinion/federal_columbia_river_power_system.html.

As directed by the Court’s remand order, NOAA Fisheries will issue a final supplemental BiOp
for the FCRPS by January 1, 2014. To ensure that NOAA'’s final BiOp is informed by the best
available scientific and commercial information, NOAA Fisheries and the Action Agencies seek
any information, comments, and suggestions you would recommend we consider for this
opinion. In order to have sufficient time to consider your written comments on the 2013 Draft
Supplemental BiOp, NOAA Fisheries must receive them no later than October 7, 2013. You can
submit written comments to 2013DraftFCRPS @noaa.gov. Alternately, you can send comments
to:

Danalyn Loitz

NOAA Fisheries

1201 NE Lloyd Blvd, Suite 1100
Portland, OR 97232

We thank you for your review and ensuring we have considered all relevant information in this
draft Supplemental Biological Opinion.

Sincerely, W

Bruce Suzumoto

Assistant Regional Administrator
Northwest Region Hydropower Division
NOAA'’s National Marine Fisheries Service



CC:

Bonneville Power Administration

U.S. Army Corps of Engineers

U.S. Bureau of Reclamation

State of Washington

State of Oregon

State of Idaho

State of Montana

Confederated Tribes of the Colville Reservation
Spokane Tribe

Confederated Tribes of the Umatilla Reservation
Confederated Tribes of the Warm Spring Reservation
Shoshone-Bannock Tribes

Nez Perce Tribes

Confederated Salish-Kootenai Tribes

Confederated Tribes of the Yakama Nation

Kootenai Tribe of 1daho

Columbia Inter-Tribal Fish Commission

Upper Columbia United Tribes

Confederated Tribes of the Grand Ronde Community of Oregon
Cowlitz Indian Tribe



Endangered Species Act Section 7(a)(2)
Biological Opinion

Supplemental Consultation on Remand for Operation of the
Federal Columbia River Power System

Action Agencies: U.S. Army Corps of Engineers (Corps)
Bonneville Power Administration (BPA)
U.S. Bureau of Reclamation (Reclamation)

Consultation Conducted by:  NOAA'’s National Marine Fisheries Service
(NOAA Fisheries)

Northwest Region
NOAA Fisheries Log Number: NWR-2013-9562
Date Issued:
Issued by:

Will Stelle
Regional Administrator

Sovereign Review Draft



This page intentionally left blank.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



Contents | 3

Contents
(70T 01 (=T 1 S TP 3
LISt Of TADIES ... et e e e e e eeaanaas 8
ISy Ao e 1P 15
Abbreviations and ACIONYMS ....ccciiiiiiiiee e e e e e e e e e e e e e e e e eaneaa s 21
Terms and DefinitioNS ..o 25
SeCtion L: INTrOAUCTION .. 33
1.1 CoNSUALION OVEIVIEW ..ot et e e e e e e e e e eeeata e e e e eeeeeenees 35
1.2 Overview of the 2008/2010 Reasonable and Prudent Alternative.................... 39
Section 2: New Information Updating the 2008/2010 BiOPS.......coeveeeeerveeeriiinnnnnnn. 41

2.1 Rangewide Status of Salmon and Steelhead and Designated Critical Habitat ..

............................................................................................................................. 43
2.1.1 Rangewide Status of Interior Columbia Basin Salmon and Steelhead..............ccccccoeieens 45
2.1.2 Rangewide Status of Lower Columbia Basin Salmon and Steelhead ...............ccccceeninee. 119
2.1.3 Rangewide Status of Designated Critical Habitat ..................cccooo i 135
2.1.4 Recent Climate Observations and New Climate Change Information............................... 139
2.2 Environmental Baseline ..o 167
2.2.1 Hydrosystem EffECES ......cooiiiiii e 171
2.2.2 Tributary Habitat EffeCtS..........ooii e 175
2.2.3 Estuary and Plume Habitat EffectS ... 179
2.2.4 Predation EffeCtS ... ... e e 183
2.2.5 HatChery EffECES .....ooiiiii i 191
2.2.6 Harvest ©ffECES ......ooiiiiiii e e reee e 195
2.2.7 Climate and Climate Change EffeCtS .........ccccceiiiiciiiiiii e 201
2.2.8 Overall Relevance of New Environmental Baseline Information to the 2008/2010 BiOps’
N T == 203
2.3 CUMUIALIVE EFfECES ..oiiiiiiiiiiiiiiiieieeeee ettt 207

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



4 | Contents

Section 3: RPA Implementation Through 2018 for Salmon and Steelhead...... 209
3 RPA Implementation for Salmon and Steelhead ... 211
3.1 Tributary Habitat RPA ACHIONS ..., 213

3.1.1 Tributary Habitat Analytical Methods ..........c..uuiiiiiiiii e 215
3.1.2 Effects of the RPA Tributary Habitat Program on Interior Columbia ESUs/DPSs ............. 247
3.2 Estuary Habitat RPA ACHIONS .......uuuiiiii i e e 299
3.2.1 Description of the RPA Estuary Habitat Program ............cccooiiiiii e 300
3.2.2 Estuary Habitat Program Implementation ... 309
3.2.3 RPA Action 38—Piling and Piling Dike Removal Program ...........ccccceeeeeeeieeieie e, 321
3.2.4 RME in the Columbia RIiver PIUME...........coiiiiiiiie et 323
3.3 Hydropower RPA ACLIONS ..o e e e e eaaees 325
3.3.1 Mainstem Project Configuration and Operations .............cccoviiiiiiiiiiini e 325
3.3.2 Flow Operations for Mainstem Chum Salmon Spawning and Incubation.......................... 327
3.3.3 Juvenile and Adult Survival Rates Based on RPA Implementation ..............ccccceeeeeinnnnee. 328
3.3.4 Snake River Steelhead Kelt Management Plan............ccccovieiiiiiiiieiie e 355
3.3.5 Effects on Critical Habitat ...........cooiiiiic e 359
3.4 HatChery RPA ACHIONS ...t e e e e e e aeaanes 361
3.4.1 Description of Hatchery RPA ACIONS............uuiiiiiii e 361
3.4.2 MethOds fOr ANAIYSIS ......uvveiiiiie i e e e e e e e e e e e e e e s et eeaaeeeaennsnreees 361
3.4.3 Best Available SCIENCE .......cocuuiiiie e e e 362
3.4.4 Implementation of Hatchery RPA ACHONS .........ooiiiiiiiiiiieiee e 367
3.4.5 Effectiveness of Hatchery RPA ACLIONS ..........oviiiiiiiiiiee e 367
3.4.6 RPA Hatchery Program Benefits Not Considered in the 2008 BiOp’s Analysis ................ 373
3.4.7 Effects on Critical Habitat ......... ... 373
3.5 Predation RPA ACHIONS ...t e et e e e e e e eeeees 375
3.5.1 NOrthern PIKEMINNOW .........ooiiiiiiiiiiieie e e e e e e e e enanrees 375
3.5.2 Terns and COIMOTANTS .......coiiuiiiiiiiiiie ettt e et e e e et e e s et e e e e s s e e e e eneeeeeeneeeeeennees 375
B TS BN o o1 a1 o =T RS 379
3.5.4 Effects on Critical Habitat ... 381
3.6 Harvest RME RPA ACHION ..o e e e e eeeees 383
3.7 AMIP Contingency Planning .........ooouuiiiiiii e 385
3.7.1 Early Warning Indicator and Significant Decline Trigger.........ccccviiiiiiiei e 385
3.7.2 Decision Framework to Implement Rapid Response and Long-Term Contingency Actions
..................................................................................................................................................... 390
3.7.3 Relevance to the 2008/2010 RPA ... it 393
3.8 Effects of RPA RME Program ..........coiiiioiiiieiiiie e eeeas e e e e e enanns 395
3.8.1 Effects of 2014—-2018 RME on ESU/DPS AbundancCe ...........cooooiiiiiieaiiiiiieieeee e 397
3.8.2 Effects of 2014-2018 RME on ESU/DPS Critical Habitat.............ccccceviieniiiieeeeee 401

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



Contents | 5

3.9 RPA Implementation to Address Effects of Climate Change...........ccccceee.... 403
3.9.1 Planning Processes and Climate Change ...........cccceeiiiiiiiiiii e 405
3.9.2 Tributary Habitat Mitigation and Climate Change ............ccccceveiii i, 407
3.9.3 Mainstem and Estuary Habitat Mitigation and Climate Change ..............ccccccoiiiinis 409
3.9.4 Mainstem Hydropower Mitigation and Climate Change.............cccooiieiiiiieiiiice s 411
3.9.5 Harvest Mitigation and Climate Change .............cooiiiiiiiiiiiii e 413
3.9.6 Summary of RPA Implementation for Climate Change .............cccooviiiiiiiiiiiici s 413

3.10 Effects of RPA Implementation on Lower Columbia Basin Salmon and

Y (=T =1 Y= To RPN 415
3.10.1 Effects of Tributary Habitat RPA Actions on Lower Columbia Basin Salmon and Steelhead
..................................................................................................................................................... 415
3.10.2 Effects of Estuary Habitat RPA Actions on Lower Columbia Basin Salmon and Steelhead
..................................................................................................................................................... 415

3.10.3 Effects of Hydropower RPA Actions on Lower Columbia Basin Salmon and Steelhead 417
3.10.4 Effects of Predation RPA Actions on Lower Columbia Basin Salmon and Steelhead.....419
3.10.5 Effects of the RPA RME Program on Lower Columbia Basin Salmon and Steelhead....419
3.10.6 Effects of RPA Actions to Address Effects of Climate Change...........ccocccceiviiiiiiiiennns 419

3.11 Relevance of RPA Implementation to the 2008/2010 BiOps’ Analyses ........ 421
3.11.1 Relevance of RPA Implementation to Interior Columbia Basin Salmon and Steelhead..421
3.11.2 Relevance of RPA Implementation to Lower Columbia Basin Salmon and Steelhead

SPECIES ... 429
3.11.3 Relevance of RPA Implementation to Designated Critical Habitat ................ccccccoeoiis 429
Section 4: Conclusions for Salmon and Steelhead ............cccevvvviiiiiii e, 431

4.1 2013 Determinations for Interior Columbia Basin Salmon and Steelhead....433
4.1.1 Effects of Habitat Mitigation Projects for 2014—2018 are Reasonably Certain to Occur...435

4.1.2 Prospective Habitat Mitigation Satisfies Performance Standards............cccccoceeiiienennnen. 435
4.1.3 Methodology to Determine the Efficacy of Habitat Mitigation Uses Best Available

1) o] 0.0 = o] o I R 437
4.1.4 RPA Implementation is Consistent with the 2008/2010 BiOps’ Expectations ................... 437
4.1.5 New Information Reveals No Significant Deviation from Expected Effects of the RPA.....439
4.1.6 Conclusions for Interior Columbia Basin Salmon and Steelhead ............cccoccocveiiienennne. 449

4.2 2013 Determinations for Lower Columbia Basin Salmon and Steelhead...... 451

4.3 2013 Determinations for Effects of the 2008/2010 RPA on Critical Habitat...455

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



6 | Contents

Section 5: Southern Resident Killer Whale DPS............ccooiiiiiiiiiieiecee, 457
5.1 New Information Relevant to the 2008/2010 BiOPS ..ccvvvuiiiieerriieiiiiiiiieeeeeeeenens 459
5.1.1 Updates to Abundance and Productivity .........ccoooeeeeiiieiii e, 459
5.1.2 Updates to Spatial Distribution and Diversity ............ooooeiiiiioiiiii e 459
5.1.3 Updates to Limiting FaCOrs........oooiiiiii e 461
5.1.4 Relevance to the 2008 BiOp’s Analysis and RPA ..o 461

5.2 Updates to Habitat Conditions and Ecological Interactions Affecting the
Southern Resident Killer Whale .........ccooo oo 463
5.2.1 New Scientific Information to Update the 2008/2010 BiOps’ Analysis..........cccccceeeeeennneen. 463
5.2.2 Relevance to the 2008/2010 BiOps’ Analysis and RPA............cccoiiiiiii i 467
5.3 Conclusions for Southern Resident Killer Whale DPS............cccooooevviiiiiiinnnn.. 469
Section 6: Southern DPS North American Green Sturgeon ........cccceeeeeeeevveennnnns 471
6.1 New Information and Conclusions for Southern DPS Green Sturgeon........ 473
6.1.1 BACKGIOUNG ...ttt e bbbt e e e e e eanes 473
6.1.2 Update to Rangewide Status of Southern DPS Green Sturgeon...........cccccovieiiiiienenne 473
6.1.3 Management Changes Affecting Southern DPS Green Sturgeon ...........ccccoeceeeeiiiieeeeee 475
6.1.4 Status of Southern DPS Green Sturgeon in the Action Area.........cccccovvieiiiiiiiiiiniee e 477
6.1.5 New Information on Effects of the 2008/2010 RPA on Green Sturgeon...........ccc.ccceeuuneee. 477
6.1.6 Relevance to the 2008/2010 RPA ... it 478
6.2 Designated Critical Habitat for Southern DPS of Green Sturgeon................ 481
6.2.1 Status of Designated Critical Habitat ... 481
6.2.2 Effects of the RPA on Designated Critical Habitat for Green Sturgeon ............cccccceeene 485
6.2.3 Summary and Not Likely to Adversely Affect Determination ............ccccccoeiviiieiiee i, 490
Section 7: Southern DPS Eulachon ..o, 493
7 Southern DPS EUlaChon .........ouiiiii e 495
Section 8: Incidental Take Statement for Salmon and Steelhead ..................... 497
8 Incidental Take Statement for Salmon and Steelhead ............cccooeiviiiiiininnnnne. 499
8.1 Amount or EXtent of TaKe ..., 499
8.2 Effect Of the TaKe. ... e a e e e 503
8.3 Reasonable and Prudent MEASUIES .......ccooeiuiiiiiiiie e e e 503
8.4 Terms and CoNAitIONS ....couuuiii e 503
=T (=T O 1 (=T o PP 507

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



Contents | 7

Y o] o 1= 0 o [T od =3RRI 541
Appendix A Extended Base Period Metrics for 1990-Present Time Period ............. A-1
Appendix B Hinrichsen (2013) Extinction Risk Analysis—Detailed Results............ B-1
Appendix C Recruits-per-Spawner in base versus current time periods—do they
0 i = RPN C-1
Appendix D Literature Reviews for Impacts of Climate Change on Columbia River
7= 12 o SRR D-1

Appendix D.1 Impacts of climate change on Columbia River Salmon: Review of the scientific
literature published inN 2012 ... ... e e e e e e D-3
Appendix D.2 Literature review for 2010: Biological effects of climate change........................... D-7
Appendix D.3 Literature review for 2011: Biological effects of climate change........................... D-9
Appendix E 2013 Update to Hatchery Effects in the Environmental Baseline ......... E-1
Appendix F Estimating Survival Benefits of Estuary Habitat Improvement Projects...
....................................................................................................................................... F-1
Appendix F.1 History and Development of a Method to Assign Survival Benefit Units ............... F-3
Appendix F.2 ERTG SCoriNg Criteria .......ccueeiiiiiiiiiiee e e e e e eneeeeeea e F-5
Appendix F.3 ERTG Template for LCRE Habitat Restoration Project Summary ........................ F-7
Appendix F.4 Feedback on Inputs to the Calculator to Assign Survival Benefit Units................. F-9

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



8 | Contents

This page intentionally left blank.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Tables | 9

List of Tables

Table 2.1. ESA-Listed Species and designated critical habitat considered in the 2008 FCRPS
(=1 o] [oTe Tor=1 K ®] o112 o] o T PP PPRPRR 43

Table 2.1-1. Summary of recovery viability metrics for extant populations of interior Columbia basin
species from the most recent 5-year status review (FOrd 2011). .......ooovveiiiiiiiiiiieeee e 49

Table 2.1-2. Summary of 10-year abundance trend determinations from the 2012 GPRA Report (Ford
0 12 TS 50

Table 2.1-3. New Chinook salmon information in the NWFSC Salmon Population Summary database
that has become available since the 2008 BiOP. ....o.ooiiiiiiiiiiie e 66

Table 2.1-4. New steelhead salmon information in the NWFSC Salmon Population Summary database
that has become available since the 2008 BiOP. ....ccoooi i 67

Table 2.1-5 Comparison of Chinook Base Period 10-year geometric mean abundance reported in the
2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC SPS database that has become available since

LE LI 0101 = 1 o TSRS 69

Table 2.1-6. Comparison of steelhead Base Period 10-year geometric mean abundance reported in
the 2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOP. ... 71

Table 2.1-7. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the
2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOP. .......uuiiiiiiei i e e e e e e 74

Table 2.1-8. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the
2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is
approximated at <5% eXtiNCHON FISK. ... ... 76

Table 2.1-9. Comparison of Chinook Base Period geometric mean returns-per-spawner (R/S) reported
in the 2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOp. ..., 79

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



10| List of Tables

Table 2.1-10. Comparison of steelhead Base Period geometric mean returns-per-spawner (R/S)
reported in the 2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base
Period estimates based on new information in the NWFSC Salmon Population Summary database
that has become available since the 2008 BiOP. ......cc.euiiiiieiiiceeee e a e 81

Table 2.1-11. Chinook median population growth rate (lambda) under the assumption that hatchery-
origin spawners are not reproductively effective (HF=0).. .........ccccoiiiiiiiiiii e, 84

Table 2.1-12. Steelhead median population growth rate (lambda) under the assumption that hatchery-
origin spawners are not reproductively effective (HF=0)... ........cccociriiiiiiii e, 86

Table 2.1-13. Chinook median population growth rate (lambda) under the assumption that hatchery-
origin spawners are as reproductively effective as natural-origin spawners (HF=1). ........cccccoiiennn 89

Table 2.1-14. Steelhead median population growth rate (lambda) under the assumption that hatchery-
origin spawners are as reproductively effective as natural-origin spawners (HF=1). ........cccccoiiiennn 91

Table 2.1-15. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp
and extended Base Period estimates based on new information in the NWFSC Salmon Population
Summary database that has become available since the 2008 BiOPp. .......ccccoiviiiiiiiiiii e, 94

Table 2.1-16. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp
and extended Base Period estimates based on new information in the NWFSC Salmon Population
Summary database that has become available since the 2008 BiOPp. .......ccccoiviiiiiiiiieee e, 96

Table 2.1-17. Qualitative summary of factors influencing survival of brood years comprising the 2008
BiOp’s Base Period and more recent years for Snake River spring/summer Chinook." ..................... 102

Table 2.1-18. Hatchery and natural sockeye returns to Sawtooth Basin, 1999-2012 (Source: Baker
D2 T 1LY s B T SRR 112

Table 2.1-19. Preliminary estimates of abundance for the Grays River, Washougal, and Lower Gorge
fall-run chum salmon populations (Hillson, 2013). ... 121

Table 2.1-20. Ocean ecosystem indicators, 1998—-2012, and rank scores (among the 15 years) upon
which color-coding of ocean ecosystem indicators is based. ...........cccceeeeiiiiiiiiii e, 147

Table 2.2-1. Simulated mean monthly Columbia River flows at Bonneville Dam under current
conditions including the full build-out of Reclamation’s Odessa Subarea Groundwater Replacement
L (0] =T od SR PRI 171

Table 2.2-2. Comparison of the Base-to-Current Integrated Productivity Increases (Appendix E:
Update to Hatchery Effects in the Environmental Baseling). ..., 193

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Tables | 11

Table 2.2-3. Harvest rate for natural-origin populations of Snake River spring/summer Chinook salmon
in the Middle Fork Salmon, South Fork Salmon, or the Upper Salmon MPGs..........ccccccoiiiiiiiiinnnenn. 197

Table 2.2-4. Harvest rate for supplemented populations of Snake River spring/summer Chinook
salmon in the Middle Fork Salmon, South Fork Salmon, or the Upper Salmon MPGs........................ 197

Table 2.2-5. List of the natural fish populations, Critical Abundance Thresholds, and Minimum
Abundance Thresholds for the Middle Fork Salmon, South Fork Salmon, and the Upper Salmon
Y T USSR 198

Table 2.2-6. Harvest rate for natural-origin populations of Snake River spring/summer Chinook salmon
in the Grande Ronde/Imnaha MPG. ... ... e e e e 199

Table 2.2-7. List of the natural fish populations, Critical Abundance Thresholds, and Minimum
Abundance Thresholds for the Grande Ronde/Imnaha MPG.............ccccoiiiiiiiiiiiiiicce, 199

Table 2.2-8. New information relevant to effects of the environmental baseline, summarized from
SeCtions 2.2.2 throUGN 2.2.7. ...t 203

Table 3.1-1. HQls estimated from actions implemented through 2011 and projected from actions to be
implemented through 2018. Numbers represent percent changes in survival. ............cccooeiiiiiiiiiiinnn. 253

Table 3.1-2. Populations for which implementation of actions through 2011 was sufficient to achieve
250% of the HQI performance Standard.”................ooiiooioeeeoeeee oo 259

Table 3.1-3. Populations for which implementation of actions through 2011 was sufficient to achieve
>33% of the HQI performance StANAArd. " ............coooeeeeeeeeeee e eeee ettt ee e et et eee s e e eeeeens 260

Table 3.1-4. Populations for which implementation of actions through 2011 was sufficient to achieve
<33% of the HQI performance SEANAANT. ..ottt ettt 261

Table 3.1-5. Populations not projected to meet HQI performance standards based on 2012 expert
panel evaluation of actions for implementation through 2018 e, 263

Table 3.1-6. Snake River spring/summer Chinook salmon populations with supplemental actions
and/or <33% of HQI performance standard estimated to be achieved based on actions implemented
BFOUGN 2071, ettt ettt ettt ettt et en e en e 270

Table 3.1-7. Upper Columbia River spring Chinook salmon populations with supplemental actions
and/or <33% of HQI performance standard estimated to be achieved based on actions implemented
EAFOUGN 20711, oo, 282

Table 3.1-8. Snake River steelhead populations with supplemental actions and/or <33% of HQ
performance standard estimated to be achieved based on actions implemented through 2011."..... 287

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



12| List of Tables

Table 3.2-1. Membership in the ERTG, which evaluates the survival benefits of estuary habitat
improvement projects as required by RPA 37. ... e 306

Table 3.2-2. Summary of improvements (miles and acres) and Survival Benefit Units (ocean- and
stream-type fish) by year, 2007-2013. (Source: Section 3, Attachment 4, Table 1, 2013 Draft CE; with
SOMeE ValuES FOUNAEA OFf)......cciiiiiiiii e e e e e e e e e e st e e e e e e e e e sannreaeeaaeeas 313

Table 3.2-3. Summary of improvements (miles and acres) and Survival Benefit Units (ocean- and
stream-type fish) by year, 2014—2018. ........ooriiiiiiiiiieeee e e e e e e e aeeaa e 315

Table 3.3-1. Summary of adult salmon and steelhead survival estimates (adjusted for reported harvest
and natural rates of straying) based on PIT tag conversion rate analysis of Snake River and Upper

Columbia River ESUs from Bonneville (BON) to McNary (MCN) dams, McNary to Lower Granite dams
(LGR), and Bonneville to Lower Granite dams.. ..o 330

Table 3.3-2. Juvenile dam passage survival performance standard test results since 2008 (Modified
from 2013 Draft CE, Table 2) ... ettt e e et e e e e e e e et e e e e e e e e e e nnnneeeas 335

Table 3.3-3. Estimated percentage of juvenile wild Spring Chinook expected to be transported in the
2008 BiOp and the actual percentage transported by year. .........ccccccoovieiiiiiii e, 345

Table 3.3-4. Estimated percentage of juvenile wild steelhead expected to be transported in the 2008
BiOp and the actual percentage transported by Year. ............ooviiiiiiiiiiiiiiiee e 346

Table 3.3-5. Wild spring Chinook and wild steelhead date at which transport started at Lower Granite
Dam and TIR by year as reported by CSS 2012, .....cooiiiiiii e 346

Table 3.3-6. Date at which transport started at LGR and D values reported by the CSS for wild Snake
River spring Chinook and steelhead (Source: Fish Passage Center 2013). .......cccveiiiieiiiiiieneiiieenn, 351

Table 3.3-7. SARs of wild Snake River spring Chinook and steelhead (all detection histories through
August 18, 2013) returning to Lower Granitie Dam (LGR) by year for fish tagged above LGR (Source:
NWFSC unpubliShed data). ......ccccoiiiiiiiiiiiiee et e e e e e e e e e e eeeaaeeeennnes 352

Table 3.4-1. Summary of implementation and effectiveness of hatchery RPA Actions considered in
FCRPS BiOp’s aggregate @nalysSisS. ..........c..ciiiiiiiiiiiiee ettt e e e e e st e e e e e e st ae e e e e e e s e saannaaeeaaeeeennnes 368

Table 3.8-1. Numbers of ESA-listed species estimated to be handled and resulting incidental mortality
as a percentage of estimated 2008—2012 IUN SIZES. .....ciiieiiiiiiiiiiii et a e 400

Table 5.2-1. Mean abundance of prey by age class (percentage) and kills by age class................... 464

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Tables | 13

Table 6.1-1. Location of green sturgeon harvest in commercial gillnets from the mainstem Columbia
River during 1981 through 2006 as reported by WDFW (Langness 2013), at which time the sale of this
species became unlawful in Washington State. ... 477

Table 6.2-1. Primary constituent elements of designated critical habitat for Southern DPS green
STUFGEON (NIMFS 2009). .. ..eiiiiiiie ittt e e e e e e e e et e e e e e e e e st aeeeeeeeeesnnbsaeeaaeeeeannnnrens 482

Table 8-1. Average estimates of non-lethal take and incidental mortality associated with
implementation of the Smolt Monitoring Program (including Corps monitoring at Ice Harbor Dam) and
the Comparative Survival Study as a percent of recent run size estimates. .........ccccccoeecivieeieeiiinns 500

Table 8-2. Average estimates of non-lethal take and incidental mortality associated with
implementation of research, monitoring, and evaluation activities as a percent of recent run size
L= 1 E= LT T OSSP PPPPRTPPR 501

Table 8-3. Average estimates of non-lethal take and incidental mortality associated with
implementation of the ISEMP and other Status Monitoring programs as a percent of recent run size
B SIMIAEES . e e e e e e e e e e e e e e e e e e e nnree s 502

Table A-1. 1990-present Chinook median population growth rate (lambda) under the assumption that
hatchery-origin spawners are not reproductively effective (HF=0) and under the assumption that
hatchery-origin spawners are as reproductively effective as natural-origin spawners (HF=1)................. 4

Table A-2. 1990-present steelhead median population growth rate (lambda) under the assumption that
hatchery-origin spawners are not reproductively effective (HF=0) and under the assumption that
hatchery-origin spawners are as reproductively effective as natural-origin spawners (HF=1)................ 5

Table A-3. 1990-present Chinook BRT abundance trend (trend of In[abundance+1]). These extended
Base Period estimates are based on new information in the NWFSC SPS database that has become
available SiNCe the 2008 BiOP. ......uuuiiiiiiiiiiiiiiiiiiiieieeererereeeeeeeaerererereeereaerererererererererrrereerrrrerrrrrrrrrrerrrrrrrrree 6

Table A-4. 1990-present steelhead BRT abundance trend (trend of In[abundance+1]). These extended
Base Period estimates are based on new information in the NWFSC SPS database that has become
available SINCE the 2008 BiOP. .. ..uuiiiiiiiiie e e e e et e e et e e e e b e e naeas 7

Table E-1. Summary the 2008 BiOp’s hatchery reform multipliers with a 2013 update....................... E-4

Table E-2. Estimation of Base-to-Current survival multiplier for the Upper Grande Ronde population of
Snake River spring/summer ChinooK SalIMON.........c.oiouiiiiiiiiiii e E-11

Table E-3. Estimation of Base-to-Current survival multiplier for the Lostine River population of Snake
River spring/summer ChinOOK SaIMON. ........ooiuiiiiiiiiie e E-12

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



14 | List of Tables

Table E-4. Estimation of Base-to-Current survival multiplier for the Catherine Creek population of
Snake River spring/summer ChiNOOK SalMON. ..........coiiiiiiii e E-13

Table E-4. Estimation of Base-to-Current survival multiplier for the Catherine Creek population of
Snake River spring/summer ChinOoK SaIMON. ...........coiiiiiiiiiiiiiiiee e e e e E-14

Table E-6. Estimation of Base-to-Current survival multiplier for the Wenaha River population of Snake
River spring/summer ChinOOK SaIMON. .........coiiiiiiiiiiii e e e e e e e e e e e e e enns E-15

Table E-7. Estimation of Base-to-Current survival multiplier for the Wenatchee River population of
Upper Columbia River SteelNEAd. ............ooiiiiiiii e e e a e e e E-16

Table E-8. Estimation of Base-to-Current survival multiplier for the Entiat River population of Upper
Columbia River steeln@ad. ... ..o e e e e e e e e e E-17

Table E-9. Estimation of Base-to-Current survival multiplier for the Methow River population of Upper
Columbia River steelN@ad. ........ oo et a e e e e e e e e e e E-18

Table E-10. Low estimation of Base-to-Current survival multiplier for the Okanogan River population of
Upper Columbia River StEeINEAU. ............ooiiiiiiiie e e e e e e e e E-19

Table E-11. High estimation of Base-to-Current survival multiplier for the Okanogan River population
of Upper Columbia River steelh@ad. ..............cooiiiiiiiiiiiic e E-20

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Figures | 15

List of Figures

Figure 2.1-1. Annual abundance of adult natural-origin spawners and total (including hatchery-origin)
spawners for the Tucannon River population of Snake River spring/summer Chinook. T.................... 54

Figure 2.1-2. The most recent 10-year (1997—-2006) geometric mean abundance of natural-origin
spawners at the time of the 2008 FCRPS BiOp was 82 spawners for the Tucannon population of SR
spring/summer Chinook. 95% confidence limits for that mean (not shown) range from 35 to 193........ 55

Figure 2.1-3. Addition of five years of new spawner estimates for the Tucannon population of SR
LS o] Te A0 0 010 0 1= S O 1 0o o SRS 56

Figure 2.1-4. BRT abundance trend fit to two periods for the Tucannon population of SR
LS o] Te AU 10 010 0 1= O 11 0o o S 57

Figure 2.1-5. Tucannon population of SR spring/summer Chinook median population growth rate
(lambda), fit to four-year running sums for two time periods. ..........cccooi i 59

Figure 2.1-6. Returns-per-spawner for the Tucannon Chinook population during the 2008 BiOp Base
Period and the extended Base Perioqd. .........c.oo i 61

Figure 2.1-7. Returns-per-spawner for the Tucannon Chinook population, including geometric mean
R/S for the 2008 BiOp Base Period (1981-2000 brood years) and the extended Base Period (1981-
2006 DrOOMA YEAIS). ..ceeeeiiiiiiiieeie e e e e ettt e e et e ettt e e e e e e et a e e e e e e e ea s aabaeeeaaeeesaaasstaeeeeaeeesanssbeneeaaeeeannnrnrnees 62

Figure 2.1-8 Example of method used to calculate the quasi-extinction risk of the Tucannon River
Chinook population, from HInrichSen (2013).. .....eeiiiiiiie e 63

Figure 2.1-9 Comparison of Chinook 2008 BiOp Base Period10-year geometric mean abundance,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on
new in information in the NWFSC Salmon Population Summary database that has become available
SINCE the 2008 BiOP. .. ... iiiiiiiiii ettt e e e e e e e e e e e s et e et e e e e e saatateeeeaaeeesansrsaeeeaeeeeeansreneees 70

Figure 2.1-10. Comparison of steelhead 2008 BiOp Base Period10-year geometric mean abundance,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on
new in information in the NWFSC Salmon Population Summary database that has become available
SINCE the 2008 BiOP.......eiiiiiiiie ettt e e e e e e e e e e e e e e e ee bt e e e e aaeeesansaaeeeaaeeeeaansssaeeeaeeseaannsenenes 72

Figure 2.1-11. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the
2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOP. ..o 75

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



16 | List of Figures

Figure 2.1-12. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the
2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period
estimates based on new information in the NWFSC Salmon Population Summary database that has
become available since the 2008 BiOP.......cciiiiiiiiiiiee e e e e e s e e e e e e e e aenrnreees 77

Figure 2.1-13 Comparison of Chinook Base Period geometric mean returns-per-spawner (R/S)
reported in the 2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base
Period estimates based on new information in the NWFSC Salmon Population Summary database
that has become available since the 2008 BiOP.......cc..uuiiiiieii i e a e 80

Figure 2.1-14 Comparison of steelhead Base Period geometric mean returns-per-spawner (R/S)
reported in the 2008 BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base
Period estimates based on new information in the NWFSC Salmon Population Summary database
that has become available since the 2008 BiOp. ... 82

Figure 2.1-15. Chinook median population growth rate (lambda) under the assumption that hatchery-
origin spawners are not reproductively effective (HF=0).. ........cccccoiiiiiiiinii e 85

Figure 2.1-16. Steelhead median population growth rate (lambda) under the assumption that hatchery-
origin spawners are not reproductively effective (HF=0). .........cccccoiiiiiini e 87

Figure 2.1-17. Chinook median population growth rate (lambda) under the assumption that hatchery-
origin spawners are as reproductively effective as natural-origin spawners (HF=1). ...........cccccvvveeen.n. 90

Figure 2.1-18. Steelhead median population growth rate (lambda) under the assumption that hatchery-
origin spawners are as reproductively effective as natural-origin spawners (HF=1). ...........c.cccccccce. 92

Figure 2.1-19. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp
and extended Base Period estimates based on new information in the NWFSC Salmon Population
Summary database that has become available since the 2008 BiOp. .....ccooeiiiiiiiiiiiiiiiiiieeeeeees 95

Figure 2.1-20. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp
and extended Base Period estimates based on new information in the NWFSC Salmon Population
Summary database that has become available since the 2008 BiOp. ......cccooviiieieiiiiiee e 97

Figure 2.1-21. Annual abundance of natural-origin spawners, expressed as a percentage of ICTRT
AbUNAANCE ThrESNOIAS. ..ot e e e e e e e e e s e e e e e e e e e e 99

Figure 2.1-22. Annual abundance of total natural-origin and hatchery-origin spawners, expressed as a
percentage of ICTRT abundance thresholds ........ ... 100

Figure 2.1-23. Brood year R/S expressed on a logarithmic scale (0 is equivalent to the 2008 BiOp goal
of an average of one returning adult Per SPAWNEN). .......cooiii i 101

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Figures | 17

Figure 2.1-24. Example of natural logarithms of returns-per-spawner (In[R/S]) versus total adult
spawners for the Secesh River population of SR spring/summer Chinook...........c..cccooiiiiiiiiiiiiiene 103

Figure 2.1-25. Ln(Recruits/Spawner) versus spawners for Interior Columbia River spring and summer
(01 o1 TaTeTo] [ oTe] o101 =1 i o] =PSRRI 105

Figure 2.1-26. Ln(Recruits/Spawner) versus spawners for Interior Columbia River spring and summer
Chinook populations, CONLINUET. ...........ciiiiiiiiiie e e e e e e e e e e e e e e e e e snnraaeeeaees 106

Figure 2.1-27. Ln(Recruits/Spawner) versus spawners for Interior Columbia River steelhead
[oT0] o101 F= 11T o < 7 107

Figure 2.1-28. Ln(Recruits/Spawner) versus spawners for Interior Columbia River steelhead
POPUIAtioNS, CONLINUEA. ... 108

Figure 2.1-29. Overlap of proposed critical habitat designation for LCR coho with that previously
designated for other species of salmon and steelhead (Source: Exhibit 2.1 in IEc 2012). ................. 136

Figure 2.1-30. Pacific decadal oscillation (PDO) index 1946—2012. .........cccoiiiiiiiiiiiieiriee e 142

Figure 2.1-31. Histograms showing the frequency of mean spring (April through June) PDO indices.143

Figure 2.1-32. Values of the Oceanic Nifio Index (ONI), 1955 through 2012..........cccceeeeeiiiciiiieeeeeennn. 145

Figure 2.1-33 Anomalies (differences between the 1946—-2012 mean and individual yearly values) of
the average April and May coastal Upwelling Index, 1946—2012..........cccooeiiiiiiiiiiiiiiiees 146

Figure 2.1-34. Anomalies (differences between the 1946-2011 mean and individual yearly values) of
the average September and October streamflow in the Salmon River at Salmon, Idaho, 1946—2012.149

Figure 2.1-35. Anomalies (differences between the 1946-2011 mean and individual yearly values) of
the average April 15 through May 31 Columbia River flow at Bonneville Dam in thousand cubic feet
LS g ToTet o o Lo I (o3 ) T ST ST UP PP 150

Figure 2.1-36. Anomalies (differences between the 1960-2010 mean and individual yearly values) of
the average May through August air temperatures from meteorological stations in the Salmon River
7T | o 1R PP PP UROTUPPPTPTN 152

Figure 2.1-37. lllustration of the points in the salmon life history where climate change may have an
effect. Reproduced from ISAB (2007) Figure 24. ..........ccuuiiieeie ettt a e 154

Figure 2.2-1. Schematic showing the method of applying survival changes that have occurred during
the Base Period to a “Base-to-Current” productivity adjustment factor and method of applying

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



18 | List of Figures

expected prospective survival changes (i.e., RPA actions) to a “current-to-future” productivity

AAJUSTMENT TACTON. ...ttt e s b e e bt e e e b 168
Figure 3.1-1. Fundamental logic of and primary inputs for tributary habitat analytical methods ......... 216
Figure 3.2-1. Diked Areas in the Columbia River Estuary (NMFS 2011). .......cccooiiiiiiiiiiiieeee e, 303

Figure 3.3-1. Recent (2008—2012) annual adult conversion rate estimates (adjusted for reported
harvest and natural rates of straying) for known origin, PIT tagged salmon and steelhead that migrated
inriver as juveniles compared to 2008 BiOp Adult Performance Standards (2008 SCA , Adult Survival
oy (0 F= L (TSI Y o] o 1= T (o 11 RSSO PUPRRRY 331

Figure 3.3-2. Lower Granite to Bonneville dam survival estimates (standard error) for wild Snake River
spring/summer Chinook salmon (2008—2012) compared to Base Period (bottom horizontal dashed
line), Current (middle horizontal dashed line), and Prospective (top horizontal dashed line) average
estimates (ranges are indicated by vertical bars) in the 2008 FCRPS BiOPp. .......ccccooviiiiieiiiniieecee 339

Figure 3.3-3. Lower Granite to Bonneville dam survival estimates (standard error) for wild Snake River
steelhead (2008-2012) compared to Base Period (bottom horizontal dashed line), Current (middle
horizontal dashed line), and Prospective (top horizontal dashed line) average estimates (ranges are
indicated by vertical bars) in the 2008 FCRPS BiOP. .....ccccuuiiiiiieei et 339

Figure 3.3-4. McNary to Bonneville dam survival estimates (standard error) for hatchery UCR spring
Chinook salmon (2008-2012) compared to Base Period (bottom horizontal dashed line), Current
(bottom horizontal dashed line), and Prospective (top horizontal dashed line) average estimates
(ranges are indicated by vertical bars) in the 2008 FCRPS BiOp.......ccoociiiiiiiiiiiiiiiee e 340

Figure 3.3-5. McNary to Bonneville dam survival estimates (standard error) for hatchery UCR
steelhead (2008-2012) compared to Base Period (bottom horizontal dashed line), Current (middle
horizontal dashed line), and Prospective (top horizontal dashed line) average estimates (ranges are
indicated by vertical bars) in the 2008 FCRPS BiOP. ......cociiiiiiiiiiiieiiie e 340

Figure 3.3-6. McNary to Bonneville dam survival estimates (standard error) for wild Snake River
sockeye salmon (2008-2012) compared to Current (bottom horizontal dashed line) and Prospective
(top horizontal dashed line) average estimates (ranges are indicated by vertical bars) in the 2008
FORP S BIOP. oottt e e ettt e e et e e e e bt e e e e e ta e e e e ebae e e e e abeeeeaaaeeeeatreeeeanreeeeaareeean 341

Figure 3.3-7. Estimated survival rates from two-week cohorts of juvenile subyearling Snake River fall
Chinook salmon between Lower Granite and McNary Dams from 1998 to 2011.......cccccoiiiiiieennn. 341

Figure 3.3-8 Estimated mean Base Period, "Current" and "Prospective" (minimum, mean, and
maximum estimates of transSPOrt rates .........cooooiiiiiiii i 347

Figure 3.3-9. Color-coded summary of daily model-averaged (descriptive models) Transport:Bypass
ratios (T:B) from Lower Granite Dam for Snake River wild spring/summer Chinook salmon.............. 348

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



List of Figures | 19

Figure 3.3-10. Color-coded summary of daily model-averaged (descriptive models) Transport:Bypass
ratios (T:B) from Lower Granite Dam for Snake River wild steelhead.................c.ccooiiiiiiee. 349

Figure 3.7-1. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for Snake River fall Chinook salmon at Lower Granite Dam. ...........cccooiiiiiiiiiie e 387

Figure 3.7-2. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for Snake River spring/summer Chinook salmon at Lower Granite Dam (plus Tucannon River). ...... 387

Figure 3.7-3. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for Snake River steelhead at Lower Granite Dam. .........coooiiiiiiiii e 388

Figure 3.7-4. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for UCR spring Chinook salmon at Rock Island Dam............c.c..eeevieiiiiiiiiieeee e a e 388

Figure 3.7-5. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for UCR steelhead at Priest Rapids Dam. .........cccuiiiiiii it a e e e e 389

Figure 3.7-6. Annual abundance and the 4-year running average of annual abundance in relation to
the Adaptive Management and Implementation Plan’s Early Warning and Significant Decline triggers
for MCR steelhead in the Yakima Basin at Prosser Dam. ... 389

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



20 | List of Figures

This page intentionally left blank.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



Abbreviations and Acronyms | 21

Abbreviations and Acronyms

Action Agencies U.S. Bureau of Reclamation, U.S. Army Corps of Engineers, and
the Bonneville Power Administration

AMIP Adaptive Management Implementation Plan

BiOp Biological Opinion

BPA Bonneville Power Administration

BRT Biological Review Team (NOAA Fisheries)

BY brood years

CBWTP Columbia Basin Water Transactions Program

CE Comprehensive Evaluation

CEERP Columbia Estuary Ecosystem Restoration Program

CHaMP Columbia Habitat Monitoring Program

CHW Remand Collaboration Habitat Workgroup
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Corps U.S. Army Corps of Engineers

CR Columbia River
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CTUIR Confederated Tribes of the Umatilla Indian Reservation

DDT dichlorodiphenyltrichloroethane
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ENSO El Nino-Southern Oscillation

ERTG Estuary Regional Technical Group

ESA Endangered Species Act
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FERC Federal Energy Regulatory Commission

FCRPS Federal Columbia River Power System

FMEP Fisheries Management and Evaluation Plan

FPC Fish Passage Center

GIS Geographic Information System
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IP Action Implementation Plan

ISAB Independent Scientific Advisory Board

ISEMP Integrated Status and Effectiveness Monitoring Program
ISRP Independent Scientific Review Panel

kcfs thousand cubic feet per second

lambda median population growth rate

LCFRB Lower Columbia Fish Recovery Board of the NWPCC
LCR Lower Columbia River

LCRE Lower Columbia River Estuary

LCREP Lower Columbia River Estuary Partnership

In natural logarithmic scale

MAT minimum abundance thresholds

MCR Mid-Columbia River

MPG major population group

NEPA National Environmental Policy Act

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NPCC Northwest Power and Conservation Council
NWFSC Northwest Fisheries Science Center

ODFW Oregon Department of Fish and Wildlife

ONI Oceanic Nino Index

OSGRP Odessa Subarea Groundwater Replacement Project
P multiyear means for recent climate scenario
PCBs polychlorinated biphenyls

PCE primary constituent element

PDO Pacific Decadal Oscillation

PIT passive integrated transponder

PUD Public Utility District
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RIOG Regional Implementation Oversight Group
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SPS Salmon Population Summary

SR Snake River

SRSRB Snake River Salmon Recovery Board
SWCD Soil and Water Conservation District
T:B ratio transported (T) and by-passed (B) fish
TDG Total Dissolved Gas

TIR transport-to-inriver

UCR Upper Columbia River

USBR U.S. Bureau of Reclamation

USEPA U.S. Environmental Protection Agency
USFS U.S. Forest Service

USFWS U.S. Fish and Wildlife Service

UWR Upper Willamette River

WILCTRT Willamette/Lower Columbia TRT
WDFW Washington Department of Fish and Wildlife
WTT water travel time
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Terms and Definitions

Abundance

Acre-feet

Adaptive Management

All-H

Anadromous Fish

Beverton-Holt Function

Brood cycles

Cleptoparasitism

Compensatory Mortality

Compliance Monitoring

Delisting Criteria

Dissolved Gas Level
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In the context of salmon recovery, abundance refers to the number
of adult fish returning to spawn.

A common measure of the volume of water in the river system. It is
the amount of water it takes to cover one acre (43,560 square feet)
to a depth of one foot.

The process of adjusting management actions and/or directions
based on new information.

The idea that contingency actions could be taken to improve the
status of a species by reducing adverse effects of the hydrosystem,
predators, hatcheries, habitat, and/or harvest.

Species that are hatched in freshwater, migrate to and mature in salt
water, and return to freshwater to spawn.

This function predicts the number of progeny that will return to
spawn from a given number of parental spawners.

Salmon and steelhead mature at different ages so their progeny
return as spawning adults over several years. When all progeny at
all ages have returned to spawn, the brood cycle is complete.

A form of feeding in which one animal takes prey or other food from
another that has caught, collected, or otherwise prepared the food

Refers to mortality that would have occurred for another reason.

Monitoring to determine whether a specific performance standard,
environmental standard, regulation, or law is met.

Criteria incorporated into ESA recovery plans that define both
biological viability (biological criteria) and alleviation of the causes
for decline (threats criteria based on the five listing factors in ESA
section 4[a][1]), and that, when met, would result in a determination
that a species is no longer threatened or endangered and can be
proposed for removal from the Federal list of threatened and
endangered species.

As falling water hits the river surface, it drags in air as it plunges.
With increasing water pressure, the air dissolves into the water and
increases the levels of pre-existing dissolved gases.
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Distinct population
segment (DPS)

Diversion

Diversity

Dredging

Early Warning Indicator

Effectiveness Monitoring

ESA Recovery Plan

Evolutionarily significant
unit (ESU)

A listable entity under the ESA that meets tests of discreteness and
significance according to USFWS and NOAA Fisheries policy. A
population is considered distinct (and hence a “species” for
purposes of conservation under the ESA) if it is discrete from and
significant to the remainder of its species based on factors such as
physical, behavioral, or genetic characteristics, it occupies an
unusual or unique ecological setting, or its loss would represent a
significant gap in the species’ range.

Refers to taking water out of the river channel for municipal,
industrial, or agricultural use. Water is diverted by pumping directly
from the river or by filling canals.

All the genetic and phenotypic (life history, behavioral, and
morphological) variation within a population. Variations could include
anadromy vs. lifelong residence in freshwater, fecundity, run timing,
spawn timing, juvenile behavior, age at smolting, age at maturity,
egg size, developmental rate, ocean distribution patterns, male and
female spawning behavior, physiology, molecular genetic
characteristics, etc.

The act of removing sediment from the river bottom to keep the
channel at the proper depth for navigation. The continual moving
and shifting of sediment makes dredging an ongoing activity.

The Early Warning Indicator alerts NOAA Fisheries and the Action
Agencies to a decline in a species’ natural adult abundance level
that warrants further scrutiny. This indicator is a combination of 5-
year abundance trends and rolling 4-year averages of abundance,
based on the most recent 20 to 30 years of adult return data,
depending on the species. The Early Warning Indicator would be
tripped if the running 4-year mean of adult abundance dropped
below the 20th percentile, or if the trend metric dropped below the
10th percentile and the abundance metric was below the 50th
percentile.

Monitoring set up to test cause-and-effect hypotheses about
recovery actions: Did the management actions achieve their direct
effect or goal? For example, did fencing a riparian area to exclude
livestock result in recovery of riparian vegetation?

A plan to recover a species listed as threatened or endangered
under the U.S. Endangered Species Act (ESA). The ESA requires
that recovery plans, to the extent practicable, incorporate (1)
objective, measurable criteria that, when met, would result in a
determination that the species is no longer threatened or
endangered; (2) site-specific management actions that may be
necessary to achieve the plan's goals; and (3) estimates of the time
required and costs to implement recovery actions.

A group of Pacific salmon or steelhead trout that is (1) substantially
reproductively isolated from other conspecific units and (2)
represents an important component of the evolutionary legacy of the
species.
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Fall Chinook Salmon

Fish Ladder

Flood Control

Flow Augmentation

Freshet

Implementation
monitoring

Indicator

Intrinsic Productivity

Iteroparity

Kelts

Lambda

Large woody debris
(LWD)

Legacy Effects

Levees

Terms and Definitions | 27

This salmon stock returns from the ocean in late summer and early
fall to head upriver to its spawning grounds, distinguishing it from
other stocks which migrate in different seasons.

A series of stair-step pools that enables salmon to get past the
dams. Swimming from pool to pool, salmon work their way up the
ladder to the top where they continue upriver.

Streamflows in the Columbia River Basin can be managed to keep
water below damaging flood levels in most years. This level of flood
control is possible because storage reservoirs on the river can
capture and store heavy runoff as it occurs.

Water released from system storage at targeted times and places to
increase streamflows to benefit migrating salmon and steelhead

The heavy runoff that occurs in the river when streams are at their
peak flows with spring snowmelt. Before the dams were built, these
freshets moved spring juvenile salmon quickly downriver

Monitoring to determine whether an activity was performed and/or
completed as planned.

A variable used to forecast the value or change in the value of
another variable.

The average of adjusted recruits per spawner estimates for only
those brood years with the lowest spawner abundance levels.

The ability to reproduce more than once during a lifetime.

Steelhead that have spawned but may survive to spawn again,
unlike most other anadromous fish.

Also known as Population growth rate, or the rate at which the
number of fish in a population increases or decreases.

A general term for wood naturally occurring or artificially placed in
streams, including branches, stumps, logs, and logjams. Streams
with adequate LWD tend to have greater habitat diversity, a natural
meandering shape, and greater resistance to flooding.

Impacts from past activities (usually a land use) that continue to
affect a stream or watershed in the present day.

A levee is a raised embankment built to keep out flood waters.
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Limiting Factor

Major population group
(MPG)

Management unit

Morphology

Northern Pikeminnow

Parr

Peak Flow

Persistence Probability

Photic Zone

Piscivorous

Productivity

Proposed Action

Prospective Actions

Physical, biological, or chemical features (e.g., inadequate spawning
habitat, high water temperature, insufficient prey resources)
experienced by the fish at the population, intermediate (e.g., stratum
or major population grouping), or ESU levels that result in reductions
in viable salmonid population (VSP) parameters (abundance,
productivity, spatial structure, and diversity). Key limiting factors are
those with the greatest impacts on a population’s ability to reach its
desired status.

An aggregate of independent populations within an ESU that share
similar genetic and spatial characteristics.

A geographic area defined for recovery planning purposes on the
basis of state, tribal or local jurisdictional boundaries that
encompass all or a portion of the range of a listed species, ESU, or
DPS.

The form and structure of an organism, with special emphasis on
external features.

A giant member of the minnow family, the Northern Pikeminnow
(formerly known as Squawfish) is native to the Columbia River and
its tributaries. Studies show a Northern Pikeminnow can eat up to 15
young salmon a day.

The stage in anadromous salmonid development between
absorption of the yolk sac and transformation to smolt before
migration seaward.

The maximum rate of flow occurring during a specified time period
at a particular location on a stream or river.

The depth of the water in a lake or ocean that is exposed to
sufficient sunlight for photosynthesis to occur.

Describes fish that prey on other fish for food.

A measure of a population’s ability to sustain itself or its ability to
rebound from low numbers. The terms “population growth rate” and
“population productivity” are interchangeable when referring to
measures of population production over an entire life cycle. Can be
expressed as the number of recruits (adults) per spawner or the
number of smolts per spawner.

A proposed action or set of actions

Actions from both the FCRPS Biological Assessment and Upper
Snake Biological Assessment, August 2007
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Redd

Resident Fish

Riparian area

River Reach

Runoff

Salmonid
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This is the point at which a population has become too small to
reliably reproduce itself, even though there may be a few fish
remaining. Since there is debate about the exact population level at
which this condition occurs, several possible levels (50, 30, 10, 1)
are considered. Results from short-term quasi-extinction probability
modeling are used to help assess near-term (24-year) extinction
risk.

The term refers to a length of stream between two points.

Recommended alternative actions identified during formal
consultation that can be implemented in a manner consistent with
the purposes of the action, that can be implemented consistent with
the scope of the Federal agency’s legal authority and jurisdiction,
that are economically and technologically feasible, and that the
Service believes would avoid the likelihood of jeopardizing the
continued existence of the listed species or the destruction or
adverse modification of designated critical habitat.

Goals incorporated into a locally developed recovery plan. These
goals may go beyond the requirements of ESA de-listing by
including other legislative mandates or social values.

A statement that identifies the assumptions and logic—the
rationale—for the species’ recovery program.

Generally, a population would be deemed to be “trending toward
recovery” if average population growth rates (or productivities) are
expected to be greater than 1.0.

A nest constructed by female salmonids in streambed gravels where
eggs are deposited and fertilization occurs.

Fish that are permanent inhabitants of a water body. Resident fish
include trout, bass, and perch.

Area with distinctive soils and vegetation between a stream or other
body of water and the adjacent upland. It includes wetlands and
those portions of floodplains and valley bottoms that support riparian
vegetation.

A general term used to refer to lengths along the river from one
point to another, as in the reach from the John Day Dam to the
McNary Dam.

Precipitation, snowmelt, or irrigation water that runs off the land into
streams or other surface water.

Fish of the family Salmonidae, including salmon, trout, chars,
grayling, and whitefish. In general usage, the term usually refers to
salmon, trout, and chars.
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Significant Decline
Trigger

Smolt

Snowpack

Spatial structure

Spill

Stakeholders

Streamflow

Technical Recovery Team
(TRT)

Threats

Tule

Turbine

The Significant Decline Trigger detects notable declines in the
abundance of listed species. This trigger is also a combination of 5-
year abundance trends and rolling 4-year averages of abundance.
The levels were set based on the same set of historical values used
for the Early Warning Indicator. The Significant Decline Trigger
would be tripped if the abundance metric dropped below the 10th
percentile, or if the trend metric dropped below the 10th percentile
and the abundance metric was below the 20th percentile. The
Significant Decline trigger, if tripped, results in the implementation of
rapid response actions (if not already implemented pursuant to an
Early Warning Indicator) to minimize or mitigate for an unforeseen
downturn

A juvenile salmon or steelhead migrating to the ocean and
undergoing physiological changes to adapt from freshwater to a
saltwater environment.

The accumulation of snow in the mountains that occurs during the
late fall and winter.

The geographic distribution of a population or the populations in an
ESU.

Water released from a dam over the spillway instead of being
directed through the turbines.

Agencies, groups, or private citizens with an interest in recovery
planning, or who will be affected by recovery planning and actions

Streamflow refers to the rate and volume of water flowing in various
sections of the river. Streamflow records are compiled from
measurements taken at particular points on the river, such as The
Dalles, Oregon.

Teams convened by NOAA Fisheries to develop technical products
related to recovery planning. TRTs are complemented by planning
forums unique to specific states, tribes, or regions, which use TRT
and other technical products to identify recovery actions. See SCA
Section 7.3 for a discussion of how TRT information is considered in
these Biological Opinions.

Human activities or natural events (e.g., road building, floodplain
development, fish harvest, hatchery influences, volcanoes) that
cause or contribute to limiting factors. Threats may exist in the
present or be likely to occur in the future.

An enclosed rotary type of prime mover that drives an electric
generator to produce power.
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Viability criteria Criteria defined by NOAA Fisheries-appointed Technical Recovery
Teams based on the biological parameters of abundance,
productivity, spatial structure, and diversity, which describe a viable
salmonid population (VSP) (an independent population with a
negligible risk of extinction over a 100-year time frame) and which
describe a general framework for how many and which populations
within an ESU should be at a particular status for the ESU to have
an acceptably low risk of extinction. See SCA Section 7.3 for a
discussion of how TRT information is considered in these Biological

Opinions.
Viable salmonid An independent population of Pacific salmon or steelhead
VSP Parameters Abundance, productivity, spatial structure, and diversity. These

describe characteristics of salmonid populations that are useful in
evaluating population viability. See NOAA Technical Memorandum
NMFS-NWFSC-42, “Viable salmonid populations and the recovery
of evolutionarily significant units,” McElhany et al., June 2000.
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1.1 Consultation Overview

This section describes the Endangered Species Act (ESA) analysis and determinations
NOAA'’s National Marine Fisheries Service (hereafter NOAA Fisheries) is making in this
supplemental biological opinion for the Federal Columbia River Power System (FCRPS).
This opinion supplements NOAA Fisheries” FCRPS Biological Opinion issued May 5, 2008
(NMFS 2008a, hereafter 2008 BiOp) that recommended a Reasonable and Prudent
Alternative (RPA) for the FCRPS, which was then adopted for implementation by the FCRPS
Action Agencies (U.S. Corps of Engineers, U.S. Bureau of Reclamation, and the Bonneville
Power Administration). In litigation challenging the 2008 BiOp, NWF v. NMFS, the Court
ordered NOAA Fisheries to issue a new or supplemental biological opinion for the FCRPS by
2014 (U.S. District Court 2005). This supplemental biological opinion complies with that
court order.

The purpose of a biological opinion is for NOAA Fisheries to evaluate the likely effects of a
proposed action on listed species and critical habitat and to apply the statutory standards set
forth in Section 7(a)(2) of the ESA, 16 U.S.C. § 1536(a)(2). Similarly, along with other
requirements, an RPA to a proposed action must also meet those standards by avoiding the
likelihood of either jeopardizing the continued existence of listed species or resulting in the
destruction or adverse modification of critical habitat. Sometimes, after consultation is
completed, questions arise about whether the original ESA consultation should be reinitiated
as required by the consultation regulations, 50 CFR §402.16. Reinitiation is appropriate in this
instance to comply with the court-ordered remand to address concerns raised with the 2008
BiOp. In addition, since the 2008 BiOp was issued, NOAA Fisheries has listed an additional
species, the southern distinct population segment (DPS) of eulachon, and designated critical
habitat for the eulachon and for the southern DPS of North American green sturgeon. Thus,
NOAA Fisheries has engaged in a reinitiated consultation on the FCRPS RPA for this species
and these critical habitats.
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Development of the Reasonable and Prudent Alternative

The FCRPS RPA is unique and therefore warrants explanation. The RPA’s origins are
informed by litigation over a series of biological opinions for the FCRPS issued first in 2000
and then in 2004. Although, in a typical consultation, an RPA is proposed by NOAA Fisheries
as an alternative to the Action Agencies’ proposed action, in this case, the Action Agencies
presented an RPA in the 2007 Biological Assessment (USACE et al. 2007b). The proposed
RPA was a product of collaboration between states, tribes, NOAA Fisheries and the FCRPS
Action Agencies, as called for by a court ordered remand (NWF v. NMFS, Case No. 01-640,
Order issued October 7, 2005). NOAA Fisheries further modified, supplemented, and refined
the RPA program of actions proposed by the Action Agencies and concluded, in the 2008
BiOp, that the RPA recommended by NOAA Fisheries met the regulatory definition for an
RPA, and, in particular, would likely avoid jeopardizing the continued existence of, or
destroying or adversely modifying critical habitat for thirteen species of salmon and steelhead
affected by the FCRPS. Among other things, the resulting 2008 RPA consisted of a new
FCRPS operation plan designed to reduce the adverse effects of the FCRPS on listed salmon
and steelhead as well as a number of strategies and actions intended to improve the
productivity and survival of those listed species and the function of their habitat.

The 2008 RPA is intended to be implemented over a 10-year period, from 2008 through 2018.
The RPA calls for review of the Action Agencies’ implementation of the FCRPS operations
and mitigation program in 2013 and 2016. For assessments in 2013 and 2016, the Action
Agencies prepare a Comprehensive Evaluation (CE) and, for all three assessments, an action
Implementation Plan (IP; RPA Actions 1 and 3). The stated purpose of NOAA Fisheries’
assessment is “determining if the RPA is being implemented as anticipated in this Biological
Opinion or, conversely, if reinitiation triggers defined in 50 CFR 402.16 have been
exceeded.” (RPA Action 3).

In 2009, NOAA Fisheries conducted a thorough review of the 2008 BiOp and the best
available science and information, and determined that reinitiation of that consultation and
biological opinion was not required. NOAA Fisheries’ determination was particularly
informed by the 2009 Adaptive Management Implementation Plan (AMIP) that provided for a
more detailed and aggressive implementation of the 2008 BiOp’s RPA. In 2010, NOAA
Fisheries and the Action Agencies reinitiated consultation during a court ordered remand to
incorporate the AMIP into the RPA through NOAA’s 2010 Supplemental Biological Opinion
(NMFS 2010a, hereafter 2010 Supplemental BiOp). This review coincided with NOAA
Fisheries’ review of the Action Agencies’ 2009 Implementation Plan called for by RPA
Action 1.

The RPA has now been reevaluated again for this 2011 court ordered remand, and this
reinitiated consultation analyzes the revised RPA with continued reliance on the
determinations of the 2008 BiOp in the context of current information regarding the species,
environmental baseline, and past and prospective implementation of RPA actions.
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Components of this Supplemental Biological Opinion

Specific Mitigation Projects 2014-2018

This supplemental opinion was prepared to comply with the 2011 Court Remand Order,
which required more specific identification of habitat mitigation projects for the 2014 through
2018 period (NWF v. NMFS, Order issued August 2, 2011).

Specifically Judge James A. Redden determined, in the Remand Order, that:

[t]he no jeopardy decision for the entire ten-year term of the BiOp is arbitrary and capricious
because NOAA Fisheries has failed to identify specific mitigation plans beyond 2013, that are
reasonably certain to occur. Because the 2008/2010 BiOp provides some protection for listed
species through 2013, however, I order NOAA Fisheries to fund and implement the BiOp until
then. [from NWF v. NMFS, Remand Order, p. 17]

The Court directed that “[n]o later than January 1, 2014, NOAA Fisheries shall produce a new
or supplemental BiOp that corrects this BiOp’s reliance on mitigation measures that are not
reasonably certain to occur.” [Remand Order, p. 23]. Accordingly, this supplemental opinion
addresses the Court’s concern for the certainty of habitat mitigation to be implemented in
2014 through 2018.

In this supplemental opinion, NOAA Fisheries evaluates the RPA analyzed in the 2008 and
2010 BiOps, as buttressed by the habitat mitigation projects the Action Agencies have
identified for implementation in 2014 through 2018. In doing so, NOAA Fisheries is
addressing the following principal questions:

= whether the effects of the habitat RPA actions, including those from the newly
developed projects, are reasonably certain to occur;

= whether the projects the Action Agencies have identified for implementation after
2014, when added to projects implemented since 2007, are likely to achieve the
RPA’s Habitat Quality Improvement objectives set forth in RPA Action 35, Table
5, and the associated survival improvements for listed salmonids in tributary
habitat, as well as the estuary survival improvements objectives set forth in RPA
Actions 36 and 37; and

= whether the methodology used by the Action Agencies to determine the efficacy of
the habitat actions uses the best science available.

Consultation for New Species and Critical Habitats

Since 2008, the eulachon was listed for ESA protection as a threatened species. Furthermore,
critical habitat for eulachon and green sturgeon has been designated since 2008. Critical
habitat for Lower Columbia River coho salmon is also now proposed for designation. All of
these are considered for the first time for ESA § 7(a)(2) purposes in this supplemental opinion
as species or habitat that may be affected by implementation of the FCRPS RPA.
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Current Validity of 2008 and 2010 BiOp Analysis
NOAA Fisheries has also evaluated the current validity of the ESA analysis contained in the
2008 and 2010 FCRPS BiOps. To do so NOAA Fisheries has considered:

=  Whether there is new data concerning the status of the listed species, changes to
the environmental baseline, and cumulative effects. NOAA Fisheries also
considers the information about effectiveness of the RPA’s implementation to
date. These determinations are informed by the current development of the RPA’s
Research, Monitoring, and Evaluation program.

=  Whether the Action Agencies have implemented the RPA as intended, or whether
any significant discrepancies deviate from the effects expected to result from the
RPA actions.

NOAA Fisheries concludes that the §7(a)(2) analysis of the 2008 BiOp remains valid, as
supplemented in 2010, and further by the additional project definition and analysis contained
in this supplemental opinion. Therefore, this biological opinion supplements without
replacing the 2008 and 2010 FCRPS BiOps.

For each affected listed species and designated critical habitat, NOAA Fisheries reaches new
determinations pursuant to ESA § 7(a)(2) and its implementing regulations based on the
analysis in the prior BiOps, and further supported by the analysis provided in this
supplemental opinion. In this regard, the determinations herein are similar to that made by
NOAA Fisheries in its 2010 Supplemental BiOp where it reaffirmed the validity of its ESA
determinations made in the 2008 BiOp.

Incidental Take Statement Revisions

Finally, NOAA Fisheries considers the Incidental Take Statement for the FCRPS operation
and mitigation and makes adjustments consistent with the RPA’s implementation to date and
with currently available information regarding the extent of take and opportunities for
minimization. The amount or extent of take described in the Incidental Take Statement is
consistent with the analysis in this supplemental opinion.

2013 Assessment

This supplemental opinion also includes the determinations that NOAA Fisheries is required
to make in connection with the 2013 assessment concerning adequacy of the Action
Agencies’ progress toward implementing the RPA. Although a supplemental biological
opinion is not required for the purposes of the 2013 assessment, as the court noted, the date
for the supplemental biological opinion coincides with the 2013 assessment (Remand Order,

p. 19).
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1.2 Overview of the 2008/2010 Reasonable and

Prudent Alternative

The RPA for the FCRPS is a comprehensive program to protect listed species of salmon and
steelhead in the Columbia basin by adopting operations and configuration changes for the
FCRPS dams that reduce adverse effects to the species migrating through the FCRPS while, at
the same time, implementing habitat restoration actions in spawning and rearing habitat in
upstream Columbia River tributaries and in migration and rearing habitat in the River’s
estuary downstream. Additional RPA actions reduce predation and minimize the adverse
effects of FCRPS-funded mitigation hatchery programs, committing some of those programs
to conserve the listed species. This RPA program is complemented by a commensurate
monitoring and research program to refine and improve the science on which it is based to
better guide its implementation and confirm its effects.

In 1999, the Action Agencies proposed a program for the FCRPS that coupled improvements
at the dams with mitigation actions in salmon habitat. NOAA Fisheries found, in its 2000
FCRPS BiOp, that the proposal was likely to jeopardize the interior Columbia basin salmonid
species, largely because the habitat mitigation actions were not sufficiently defined. NOAA
Fisheries developed an RPA in that BiOp (NMFS 2000) that improved upon the Action
Agencies’ proposal with more specific actions and objectives. After several rounds of
litigation and court decisions concerning the adequacy of the RPA, the Action Agencies and
NOAA Fisheries, in 2005 through 2007, collaborated with Columbia basin states and tribes to
develop the current RPA, adopted in the 2008 BiOp. After careful review in 2009, NOAA and
the Action Agencies further defined the 2008 RPA in the AMIP, which NOAA Fisheries
integrated into the 2008 RPA in the 2010 Supplemental BiOp. The Action Agencies and
NOAA Fisheries now provide in this supplemental opinion further description and analysis of
habitat restoration actions to be implemented in the tributaries and estuary.

Hydropower Actions

The first focus of the RPA 1is for improving the survival of salmon and steelhead migrating in
the mainstem Columbia and Snake rivers. Fish survival is affected by the operation and
configuration of the FCRPS mainstem dams and reservoirs through which the fish must
migrate and is further affected by the management of water released from the FCRPS upriver
storage reservoirs. The RPA specifies a program of actions for the operation and structural
modification of the mainstem dams to achieve fish survival performance standards coupled
with storage and release of water to maintain adequate river migration flows (RPA Actions 4—
33 and 50-55). Juvenile salmon and steelhead survival is also limited in the mainstem by fish
and bird predators that inhabit the dams and reservoirs. Marine mammals also prey on adult
salmonids in the lower Columbia River and estuary. The RPA calls for programs to reduce
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predation on listed salmonids through relocation, hazing, and bounties, guided by an ongoing
research program (RPA Actions 43—49 and 66-70).

Habitat Actions

The RPA’s next focus is on enhancing the function of upriver habitat where salmon spawn
and rear, as well as down river estuary habitat where salmon transition to the ocean
environment. By restoring these habitats, the numbers and fitness of wild salmon and
steelhead populations are expected to increase. The RPA specifies biological performance
standards that determine the extent to which habitat function, and therefore fish survival, must
be improved. The actions undertaken for this purpose are developed by local experts and
guided by current salmon research and monitoring. Projects aim to increase stream flows,
reduce water temperature, remove barriers to fish access, and increase pools, spawning
gravels and side channel habitats (RPA Actions 34-38 and 56-61).

Hatchery Actions

The FCRPS also funds over 100 hatchery programs in the Columbia River basin. Hatcheries
can be used to support wild fish until they can be sustained in the wild, but hatchery fish can
also compete with wild fish for food and habitat, transmit hatchery diseases, and, through
interbreeding, interfere with the wild fish’s genetic adaptation to its environment. The RPA
calls for scrutiny of the FCRPS-funded hatchery programs to identify those that can contribute
to the conservation of wild fish and to reform those that pose a threat to wild fish (RPA
Actions 39-42 and 63-65).

Planning, Reporting, and Monitoring Actions

Finally, the RPA requires comprehensive program planning, reporting, and progress
monitoring, to ensure this program is effective for ensuring the FCRPS continues to avoid
jeopardizing listed salmonid species and adversely modifying their critical habitat (RPA
Actions 1-3 and 71-73).
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2.1 Rangewide Status of Salmon and Steelhead and

Designated Critical Habitat

In the 2008 BiOp, NOAA Fisheries considered the rangewide status of listed salmon and
steelhead species and designated critical habitat affected by the RPA. Those listed species and
critical habitat designations are displayed in Chapter 4 of the 2008 Supplemental Comprehensive
Analysis (NMFS 2008c, hereafter 2008 SCA), including the Federal Register citations. They are
summarized in Table 2.1 below.

Table 2.1. ESA-listed species and designated critical habitat considered in the 2008 FCRPS Biological Opinion.

ESA-Listed Species by ESU ESA Listing Status ESA Critical Habitat Designa’ted?1

Interior Columbia Basin Species

Snake River (SR) fall Chinook

salmon Threatened Yes
SR spring/summer Chinook salmon Threatened Yes
SR steelhead Threatened Yes
gﬁﬁ&iﬂ;?gﬁ River (UCR) spring Endangered Yes
UCR steelhead Threatened ? Yes
Middle Columbia River steelhead Threatened Yes
SR sockeye salmon Endangered Yes

Lower Columbia Basin Species

Columbia River chum salmon Threatened Yes
Lower Columbia River (LCR)
Chinook salmon Threatened Yes
Under development at the time of the
LCR coho salmon Threatened 2008 BiOp.3
LCR steelhead Threatened Yes
Upper Willamette River (UWR) Threatened Yes
Chinook salmon
UWR steelhead Threatened Yes

' Critical habitat is defined as: (1) specific areas within the geographical area occupied by the species at the time of listing, if they
contain physical or biological features essential to conservation, and those features may require special management
considerations or protection; and (2) specific areas outside the geographical area occupied by the species if the agency determines
that the area itself is essential for conservation.

2UCR steelhead listing status was changed from Endangered to Threatened on June 18, 2009 by court order.

® NOAA Fisheries has published a proposed rule for the designation of critical habitat for LCR coho salmon (NMFS 2013a).
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In the following sections (Section 2.1.1 through 2.1.3) of this supplemental opinion, NOAA
Fisheries updates the rangewide status of the species considered in the 2008/2010 BiOps and
their designated critical habitat based on new information available. In addition, we discuss the
rangewide status of critical habitat proposed for Lower Columbia River (LCR) coho salmon
(Section 2.1.3).
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2.1.1 Rangewide Status of Interior Columbia Basin Salmon
and Steelhead

This section presents NOAA Fisheries’ evaluation of the available scientific and commercial
data and the analyses that supplement the species status information considered for the 2008
BiOp and 2010 Supplemental BiOp for Columbia basin salmon and steelhead (Table 2.1).
NOAA Fisheries’ regional staff and its Northwest Fisheries Science Center (NWFESC') gathered
additional information relevant to the 2008 BiOp for this remand. We also considered additional
information reported by the Action Agencies in the 2013 Comprehensive Evaluation (BPA et al.
2013a, hereafter 2013 Draft CE).

Although information from regional status reviews on Snake River sockeye (SR sockeye) salmon
is provided throughout this section, the current rangewide status of this species is discussed in
detail in Section 2.1.1.6. NOAA Fisheries treats SR sockeye differently in this analysis; the
viability status of this evolutionary significant unit (ESU) cannot be quantified as for other
interior Columbia species because its persistence depends on implementation of the captive
broodstock and reintroduction program, as discussed below.

This section reviews new information to determine if the updated status of interior Columbia
basin salmonids” differs from our understanding in the 2008 BiOp and reveals effects of the
action that may affect the listed species in a manner or to an extent not previously considered.
We do this in the following manner:

= First, we review new information regarding recovery goals and the status of listed
species relative to those goals in Sections 2.1.1.1, 2.1.1.2, and 2.1.1.3. We find that
neither recovery goals nor the qualitative risk categories indicative of recovery have
changed since the 2008 BiOp and that NWFSC analyses indicate that the overall
trends for all listed interior Columbia basin species (except SR sockeye, for which
this question is not relevant, as noted above) have been stable over the last 10 years.

= We review the Base Period population-level jeopardy indicator metrics that informed
the 2008 BiOp’s jeopardy analysis in Section 2.1.1.4. These Base Period metrics are
derived from empirical observations of population status and do not rely on estimates
of improved survival resulting from the RPA actions or estimates of underlying
changes in environmental baseline processes, which are the subject of other sections
of this supplemental opinion. The Base Period indicator metric estimates, which are
now informed by several new years of empirical observations, form the starting point

' The NWFSC is one of six regional science centers for NOAA Fisheries. Their work supports the conservation and
management of living marine resources and their habitats in the northeast Pacific Ocean and beyond. The NWFSC
research assists resources managers in making sound decisions that build sustainable fisheries, recover endangered
and threatened species, sustain healthy ecosystems, and reduce risks to human health.

2 0f, belonging to, or characteristic of the family Salmonidae, which includes salmon, steelhead, trout, and
whitefish. In this document, it refers to listed steelhead distinct population segments (DPS) and salmon
evolutionarily significant units (ESU).
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for the quantitative analyses conducted for six interior Columbia basin species in the
2008 BiOp. It is therefore important to determine if this starting point has changed in
a manner that would affect other parts of the 2008 BiOp’s jeopardy analysis.

0 In Section 2.1.1.4.1 we present a review of the metrics indicative of the
survival prong of the jeopardy standard (24-year extinction risk) and the
recovery prong of the standard (three productivity metrics indicative of a
population’s ability to grow). Figures illustrate the time periods relevant to
these metrics and the steps in generating the calculations.

0 In Section 2.1.1.4.2, we describe updated population-level data that is
available for updated analyses.

0 In Section 2.1.1.4.3, we update the indicator metrics with the new years of
observations, producing estimates for an “extended Base Period.” These
new estimates also incorporate corrections to the original data analyzed in
the 2008 BiOp, as provided by the agencies that collect the monitoring
information. The corrected and extended Base Period estimates indicate
that relative to the estimates in the 2008 BiOp:

* Nearly all new estimates are within the range of uncertainty
described in the 2008 BiOp. The main exception is mean
abundance, which is higher than expected for many populations.

» Point estimates of mean abundance and the abundance trend
productivity metric have increased for most populations.

* Point estimates of 24-year extinction risk have either decreased
(i.e., there is less chance of extinction) or remained the same for
most populations.

* Point estimates of productivity based on the lambda metric are
lower for most Chinook populations but higher or equally mixed
for steelhead, depending upon hatchery assumptions.

» Point estimates based on the return-per-spawner (R/S) metric are
lower for nearly all populations.

0 In Section 2.1.1.4.4 we evaluate the significance of the extended Base
Period results relative to 2008 BiOp expectations, including a statistical
analysis of the density-dependent effects of unusually high abundances in
some years resulting in low R/S, as described in the 2008/2010 BiOps.

= In Section 2.1.1.5, we review aggregate population information from dam counts that
does not directly correspond to population-level indicator metrics, but which gives an
indication of likely returns in more recent years. We also review projections for future
returns based on ocean indicators.
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= In Section 2.1.1.6, we review status information specifically relevant to SR sockeye
salmon.

= In Section 2.1.1.7, we review all of the available information regarding the status of
interior Columbia basin salmon and steelhead and conclude that new information in
Section 2.1.1 regarding the status of interior Columbia basin species is very similar to
that described in the 2010 Supplemental BiOp. Additional years of data and new
analyses provide support for NOAA Fisheries’ continued reliance on the 2008 BiOp’s
description of the rangewide status of these species and the Base Period metrics
applied in the 2008 BiOp’s quantitative aggregate analysis.

2.1.1.1 Interior Columbia Recovery Plans

NOAA Fisheries (NMFS 2007a, 2009a) completed the Upper Columbia Spring Chinook Salmon
and Steelhead Recovery Plan® in 2007 and the Middle Columbia River Steelhead Recovery Plan®
in 2009. Neither plan has been revised since that time. The plans include population structure for
Upper Columbia River (UCR) spring Chinook, UCR steelhead, and Middle Columbia River
(MCR) steelhead, as well as recovery criteria that are consistent with Interior Columbia Basin
Technical Recovery Team (ICTRT) viability criteria. They also include a set of actions designed
to move listed species towards recovery, including FCRPS actions.

NOAA Fisheries currently is developing a recovery plan for the four listed Snake River species:
SR steelhead, SR spring/summer Chinook, SR fall Chinook, and SR sockeye. The target for
releasing a proposed plan is early 2014. It is our intent to optimize recovery plan implementation
through stakeholder involvement in developing draft products, particularly through NOAA
Fisheries’ Snake River Coordination Group. The target for final plan completion is 2015. In the
interim, several draft products are available.” As of August 2013, these draft products include
management unit plans for northeast Oregon, southwest Washington, and Idaho; a draft SR
sockeye salmon recovery plan; chapters of the SR fall Chinook recovery plan; and draft hydro
and harvest modules that will accompany the final Snake River recovery plans.

The recovery products described above are informed by viability criteria and considerations
developed by the ICTRT, which were the primary recovery factors considered in the 2008 BiOp.
More detailed viability criteria and an updated status assessment are being developed for SR fall
Chinook. These should be available in early 2014 and may alter the SR fall Chinook gap
analyses included in the 2008 SCA’s Appendix B.

3http://www.nwr.noaa.gov/p_rotected species/salmon_steelhead/recovery planning_and implementation/upper_colu

mbia/upper columbia spring chinook steelhead recovery plan.html

4http://www.nwr.noaa.gov/p_rotected species/salmon_steelhead/recovery planning_and implementation/middle_col

umbia/middle columbia river steelhead recovery plan.html
5

http://www.nwr.noaa.gov/protected_species/salmon_steelhead/recovery planning_and implementation/snake_river
/current _snake river recovery plan documents.html
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2.1.1.2. Five-Year Status Review (2011)

NOAA Fisheries completed 5-year status reviews for interior Columbia basin species in 2011
(76 FR 50448) and concluded that the listing status of all species was unchanged from the
previous status review (Good et al. 2005), which was relied upon in the 2008 BiOp. Ford (2011)
provided detailed supporting information regarding the demographic status of populations for the
S-year status review. The following table (Table 2.1-1) summarizes key findings regarding the
risk of each population with respect to ICTRT (2007a) viability metrics.

Most populations had increased abundance, decreased intrinsic productivity, and little or no
change in spatial structure or diversity compared to population risk metrics at the time of the
previous 5-year review (2005). Overall risk ratings were “high” for all populations of UCR
Chinook, UCR steelhead, and SR spring/summer Chinook. There was a mixture of risk
categories for SR steelhead, while most populations of MCR steelhead and SR fall Chinook were
rated either “Maintained” or “Viable.” For SR sockeye salmon, it was not possible to quantify
the viability ratings. Ford (2011) determined that the SR sockeye captive broodstock-based
program has made substantial progress, but natural production levels of anadromous returns
remain extremely low for this species. Although the risk status of SR sockeye appears to be on
an improving trend, the new information considered did not indicate a change in the biological
risk category since the previous status review.
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most recent 5-year status review (Ford 2011). Exact definitions of each rating are found in ICTRT (2007a), and
methods of calculation and time periods over which empirical information was evaluated are in Ford (2011).

Major 1 2 T
ESU Population Pl\étlgrlr}lt;?iro?]fs Integ|r;:i1't§(d3 AIP Integrg}gEBSS/D Oversgtmgphty
Group
Upper Columbia Eastern
River Spring 3 3 — High 3 — High 3 — High Risk
. Cascades
Chinook
Upper Columbia Eastern . . . .
River Steelhead Cascades “ = bl = bl = Ll s
Cascades 2—Low 1 - Low 2 — Viable
Eastern Slope 5 1 — Moderate 4 — Moderate 1 — Maintained
2 — High 2- High Risk
John Day 5 1—Very Low 1—-Low 1 — Highly Viable
River 4 — Moderate 4 — Moderate 4 — Maintained
Middle Columbia Umatilla / 2 _ Moderate
Steelhead - - — Maintai
Walla Walla 3 1 High 3 — Moderate 3 — Maintained
1 — Viable
Yaki 4 3 — Moderate 3 — Moderate (Maintained)
axima 1 — High 1 — High 2 — Maintained
1 — High Risk
Lower Snake 1 High Moderate High Risk
Grande Ronde . 5 — Moderate . .
/ Imnaha 6 6 — High 1 - High 6 — High Risk
1 — Moderate
South Fork . 3 - Low . .
Snake River Salmon “ ) ?_ "#QB 1 - Moderate 4 — High Risk
Spring/Summer — Insuff. Data
Chinook . 3 - Low
Lo lel5 elS 9 9 — High 5 — Moderate 9 — High Risk
Salmon )
1 - High
U Sal 2 —Low
pper saimon 8 8 — High 2 — Moderate 8 — High Risk
River .
4 — High
Snake River Fall Mainstem and -
Chinook Lower Tribs 1 Moderate Moderate Maintained
1 — Maintained 1 — Maintained?®
Lower Snake 2 1 — High 2 — Moderate 1 — High Risk?
1-Very Low 1 — Highly Viable
1 — Moderate 2 —Low Lo
Grande Ronde 4 . 2 — Maintained
1 — High? 2 - Moderate . .
1 _ Insuff. Dat 1 — High Risk?
Snake River — Insuft. Vata
Steelhead Imnaha 1 Moderate? Moderate Maintained?
Clearwater 5 1 — Moderate? 3 - Low 1 — Maintained?
4 - High 2 — Moderate 4 — High Risk?
5—-Low o
_ — ?
Salmon 12 v Mod.erate 6 — Moderate g MalnFalned ’
5 - High 1 - High 6 — High?

" A/P = abundance and productivity
238s/D = spatial structure and diversity
% |CTRT (2007a) A/P and SS/D risk ratings range from High (greatest risk of extinction) to Very Low (least risk of extinction).
*ICTRT (20074a) overall viability ratings, which combine the A/P and SS/D risk ratings, are High Risk (at greatest overall risk of
extinction), Maintained, Viable, and Highly Viable (at least overall risk of extinction).

® 2 = uncertain due to lack of data, only a few years of data, or large gaps in the data series.
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2.1.1.3. U.S. Department of Commerce FY 2012 Performance and Accountability
Report

NOAA Fisheries reported to Congress on Government Performance and Results Act (GPRA)
performance measures for listed species in the Pacific Northwest as of fiscal year 2012 (Ford
2012). This report summarizes the most recent 10-year trend as being stable, increasing, or
decreasing, using methods described in the 2010 Supplemental BiOp, Section 2.1.1.1.2.

The trend for each population within an ESU or DPS for which data were available was
calculated as the slope of the linear regression of log-transformed natural-origin spawning
abundance over the last 10 years of available data. Each population trend was classified as
“stable” if the slope of the trend was not significantly (P < 0.05) different from zero;
“increasing” if the trend was significantly greater than zero; and “decreasing” if the trend was
significantly less than zero. The trend for the ESU or DPS was inferred from the population-level
trends as follows: if 75% or more of the population-level trends were either significantly
increasing or decreasing, then the ESU or DPS trend was reported as that category, otherwise,
the ESU or DPS trend was reported as either “mixed” or “stable” (i.e., no statistically significant
trend), as deemed appropriate.

The results are very similar to those of the 2009 GPRA report, which were described in the 2010
Supplemental BiOp, Section 2.1.1.1.2. Most populations (47 out of 51) were considered stable,
with two populations decreasing and two populations increasing (Table 2.1-2). At the species
level, all interior Columbia species were considered stable except SR sockeye salmon, which
was considered “mixed.”

Table 2.1-2. Summary of 10-year abundance trend determinations from the 2012 GPRA Report (Ford 2012).

Number of Populations For Which Trend® Overall
Most Recent Could Be Determined: Species
s . . 1 n T A
Listed Species Year(s) in Trend Decreasing Stable Increasing Rating
MCR Steelhead 2008-2010 1 13 1 Stable
UCR Steelhead 2010 0 4 0 Stable
SR Spring/
pnng’ 2011 1 23 0 Stable
Summer Chinook
UCR Sprin
'~ SPring 2010 0 3 0 Stable
Chinook
SR Fall Chinook 2008/2009* 0 1 0 Stable
SR Steelhead 2010 0 3 0 Stable
SR Sockeye 2011 0 0 1 Mixed®
' For some species, the most recent year in the 10-year trend varied among populations.
2Population trends were considered stable if the slope of the trend was not significantly (P<0.05) different from zero and increasing or decreasing if it
was significantly different.
3 Species were considered increasing or decreasing if 75% or more of the populations were in that category.
4 Methodologies for estimating spawning abundance for this ESU are currently being re-evaluated. Based on past estimates of wild spawning
abundance through 2008, the trend of this ESU is stable. Updated estimates for 2009 through 2011 are generally high, indicating continued stability of
this ESU.
® The total abundance (hatchery + wild) was at recent highs in 2008-2011, and the 10-year (2002—2011) trend of sockeye counts over Lower Granite
Dam is significantly positive (slope = 1.74, P = 0.004). However, in the past the status of this ESU has been reported as “mixed,” in part because of
the degree of artificial propagation necessary to maintain the ESU. It again was designated as “mixed” in the FY 2012 report.
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2.1.1.4 Updated BiOp Metrics for Six Interior Columbia Basin Salmon and
Steelhead Species

The information and metrics presented in Sections 2.1.1.1 through 2.1.1.3 are primarily intended
to track the status of listed species relative to achievement of long-term recovery goals. The
focus of Section 2.1.1.4 is quantitative metrics indicative of the 2008 BiOp’s application of the
jeopardy standard, as described in Section 1 of this supplemental opinion and in the following
subsections. The 2008 BiOp considered the quantitative metrics and other relevant data in
making a qualitative judgment on whether the RPA is likely to jeopardize listed species or
adversely modify critical habitat. Each metric and consideration—like average abundance—
shows something relevant to the inquiry. All factors, including abundance data, inform a
qualitative assessment of the survival and recovery prongs of the jeopardy standard.

The 2008 BiOp’s indicator metrics focused on abundance trends and productivity because
operation of the FCRPS primarily influences these factors. In describing the current status of
interior Columbia species relative to spatial structure and diversity, we primarily rely on Ford
(2011), described in Section 2.1.1.2, which indicates no change in those factors since the last
status review.

The 2008 BiOp evaluated the effects of the RPA relevant to the survival and recovery prongs of
the jeopardy standard in a manner consistent with recovery planning criteria and analyses,

= first, at the individual population level;
= second, at the major population group (MPG) level; and
= finally, reaching conclusions at the species level.®

The metrics described in this section informed the 2008 BiOp’s analysis at the population level.
These metrics apply to the six interior Columbia basin species for which sufficient quantitative
information is available’. The data included in this section are the most current available and
include recent years not available for the 5-Year Status Review and 2012 GPRA report.

% Within an ESU or DPS, independent populations are organized into larger groups that share similarities, known as
MPGs. They are defined on the basis of genetic, geographic (hydrographic), and habitat considerations (ICTRT
2005). The ESA Section 7(a)(2) standards are applied at the ESU or DPS level, and not at the MPG or population
level.

7 Snake River spring/summer Chinook, SR fall Chinook, SR steelhead, UCR spring Chinook, UCR steelhead, and
UCR steelhead
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2.1.1.4.1 Review of the 2008 BiOp Indicator Metrics
The 2008 BiOp relies primarily on four population-level indicator metrics for the quantitative
portion of its analysis:

= 24-year extinction risk

= Average returns-per-spawner (R/S) productivity
= Median population growth rate (lambda)

= Abundance trends

The geometric mean of the most recent 10 years of natural spawner abundance was also
considered as part of the broader analysis, as described above.

As described in the 2008 BiOp, Chapter 7.1, 24-year extinction risk was considered indicative of
the survival prong of the jeopardy standard and the three productivity estimates, along with other
relevant information such as abundance data, informed the recovery prong of the jeopardy
standard. Each of the productivity metrics provides a complementary but slightly different view
of the same underlying population processes. As described in the 2008 BiOp, Chapters 7.1.1.1
and 7.1.1.2, each metric has its strengths and weaknesses, particularly with respect to the most
recent returns included in the analysis, the treatment of hatchery-origin fish, and the level of
complexity (number of assumptions) and data requirements. The narrative below describes the
metrics in more detail.

Productivity estimates in the 2008 BiOp were generally derived from 20- to 24-year periods
beginning in approximately 1980 and ending with adult returns through 2003-2006, depending
on the population. These return years correspond to completed brood cycles® from approximately
1980-2000.° The 2008 BiOp referred to these historical empirical observations as the “Base
Period” to distinguish them from projections that take into account estimated effects of current
and future actions for which empirical data have not yet been gathered or do not yet exist, and
that the 2008 BiOp referred to as “prospective” estimates. The ICTRT (2007b) used 1980 as the
start of their period of recent observations, primarily because it represented completion of the
hydropower system, and the 2008 BiOp adopted the same period. Lambda and abundance trend
estimates were based on natural-origin adult returns through 2003-2006 depending on the
population. Twenty-four year quasi-extinction risk estimates were developed at the population
level using a Base Period that began in brood year 1978 and included all subsequent years of
data available at that time.

¥ Salmon and steelhead mature at different ages so their progeny return as spawning adults over several years. When
all progeny at all ages have returned to spawn, the brood cycle is complete.

? The exact years for each population correspond to the time periods applied in the ICTRT (2007b) “gap analysis”
report, with the initial year generally ranging from 1979 to 1981. These time periods have been applied consistently
to key metrics such as R/S productivity, but for some metrics such as lambda, the statistical program requires a
common start date for all populations, which was set at 1980.
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For this supplemental opinion, NOAA Fisheries used new empirical information (see Section
2.1.1.4.2) to update and extend the 2008 BiOp’s Base Period using the same methods applied in
the 2008 BiOp to analyze the Base Period data. The new information, in some cases, corrects
historical estimates previously considered in the 2008 BiOp. Additionally, we extended the Base
Period from the 2008 analysis by adding several years of additional data to those previously
available. We then analyzed the data of the extended Base Period to calculate the Base Period
metrics used in the 2008 BiOp.

The various Base Period indicator metrics can be confusing so, in this section, we describe them
and other relevant information such as average abundance graphically and show how they inter-
relate. We begin with the simplest estimates and build to estimates that are more complex:

Spawners and average abundance

Biological Review Team (BRT) Abundance Trend
Lambda

Average returns-per-spawner (R/S)

Extinction Risk
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Spawners

The starting point for all calculations is the estimate of the annual number of naturally spawning
adults in a population, which is produced by state and Federal agencies, tribes, and some other
entities such as public utility districts, in coordination with NOAA Fisheries. Considerable work
goes into developing these estimates because many populations are not completely censused, so
estimates from sampled spawning areas need to be expanded to represent the entire population.
Additionally, different areas may be sampled using different methods (e.g., redd'® counts versus
video weirs), and information regarding factors such as fish-per-redd, age structure, sex ratio,
and hatchery fraction needs to be applied to the entire population. In many cases, it takes a year
or more after spawning occurs to generate estimates that can be used for our purposes. Figure
2.1-1 shows an example of a 2008 BiOp Base Period time series of spawners.

Tucannon Chinook
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Figure 2.1-1. Annual abundance of adult natural-origin spawners and total (including hatchery-origin) spawners for
the Tucannon River population of Snake River spring/summer Chinook. The spawner estimates include potential
spawners that were removed for hatchery broodstock. This time series of spawners (1981-2006) corresponds to the
Base Period for this population in the 2008 BiOp. The spawner numbers displayed in this figure include corrections
from the numbers available in 2008 for some years. The ICTRT (2007a) natural spawner recovery abundance
threshold of 750 fish is indicated for reference.

"% A nest constructed by female salmonids in streambed gravels where eggs are deposited and fertilization occurs.
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The 2008 BiOp included calculations of the most recent 10-year geometric mean'"' of natural-
origin spawners as one of the descriptors of the status of species. Unlike the other metrics
described in this section, the 2008 BiOp did not set an average abundance goal indicative of
either the survival or recovery prong of the jeopardy standard, and the Base Period average
abundance was not adjusted prospectively to reflect estimated effects of the RPA. However,
average abundance is important to track as an element of species status because it indicates
current status relative to recovery abundance goals and because we can determine if we are
getting closer to the recovery goals over time. (Note that the trend in abundance and prospective
adjustment in that trend is captured in the BRT abundance trend indicator metric described
below). Figure 2.1-2 shows the geometric mean for the 2008 BiOp Base Period.

Tucannon Chinook
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Figure 2.1-2. The most recent 10-year (1997-2006) geometric mean abundance of natural-origin spawners at the
time of the 2008 BiOp was 82 spawners for the Tucannon population of SR spring/summer Chinook. The 95%
confidence limits for that mean (not shown) range from 35 to 193. The spawner numbers and geometric mean (119)
displayed in this figure include corrections from the numbers available in 2008 for some years. The displayed time
series represents return years included in the 2008 BiOp Base Period for this population.

' The geometric mean is a type of mean or average, which indicates the central tendency or typical value of a set of
numbers by using the product of their values (as opposed to the arithmetic mean which uses their sum). The
geometric mean is defined as the nth root (where n is the count of numbers) of the product of the numbers. It is most
appropriate for determining the mean value of a series of rates (such as survival rates or R/S) or for any series of
observations that follows a geometric distribution of many small observations and a long tail with few large
observations. We applied it to abundance estimates in the 2008 BiOp because the ICTRT (2007a) used it for this
purpose, in part because it discounts the influence of infrequent high numbers and is in this sense more conservative
than an arithmetic mean.
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Additional years of spawner abundance estimates have become available since 2008. When these
are added to the previous years to create an extended Base Period, a new 10-year average
abundance can be calculated and compared to that calculated for the 2008 BiOp (Fig. 2.1-3). In
this example, the new mean abundance is greater than that calculated in the 2008 BiOp.

Tucannon Chinook - Mean Abundance
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Figure 2.1-3. Addition of five years of new spawner estimates for the Tucannon population of SR spring/summer
Chinook. The additional data result in an updated 10-year (2002—-2011) geometric mean abundance (375) that can be
compared to the mean abundance reported in the 2008 BiOp (86) and the corrected mean for the same years (119;
see Figure 2.1-2). The 95% confidence limits (not shown) for the extended Base Period geometric mean range from
246 to 570.

Biological Review Team Abundance Trend

The “BRT trend” productivity indicator metric essentially fits a trend line through the spawner
data to determine if the population is growing or declining and by how much. Section 7.1.1.2 of
the 2008 BiOp describes this metric in detail. It is also the “trend” metric used in NOAA
Fisheries’ 5-Year Status Review (Section 2.1.2.2, above) and GPRA Report (Section 2.1.2.3,
above), although those reports calculate the trends for different time periods. Biologists have
generally observed that populations follow exponential (curved) growth trajectories, rather than
linear (straight-line) trajectories, so this metric represents a curved line that best fits the spawner
data. However, it is computationally easier to transform the data to a natural logarithmic scale
(In) and then fit a straight line to the transformed data, which is what we do for this metric. When
we leave the resulting line in the transformed units, a slope of 1.0 represents a flat line (no trend),
a slope greater than 1.0 indicates that the population has been increasing, and a slope less than
1.0 indicates that it has been declining. The 2008 BiOp’s prospective action goal for this metric
is BRT trend greater than 1.0.
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When transforming the original spawner counts to a logarithmic scale, we added 1.0 to all
spawner counts because the natural logarithm of zero is undefined and, in some years for some
populations, the spawner estimate was zero. Figure 2.1-4 displays the log-transformed natural-
origin (spawner +1) data from Figure 2.1-3; the BRT trend line calculated for the 2008 BiOp
Base Period; and the BRT trend for the extended Base Period. In this example, the trend has been
declining throughout the Base Period and the extended Base Period, ' but the slope of the
extended Base Period line represents less of a decline than that in the 2008 BiOp.

Tucannon Chinook - BRT Trend
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Figure 2.1-4. BRT abundance trend fit to two periods for the Tucannon population of SR spring/summer Chinook.
The 2008 BiOp’s prospective action goal for this metric is BRT trend greater than 1.0. The trend for the 2008 BiOp
Base Period (1981-2006) is 0.92 (i.e., abundance is declining at 8% a year) and the BRT trend for the extended
Base Period (1981-2011) is 0.98, a 2% per year decline. Therefore, in this example, although the extended Base
Period trend continues to indicate that natural-origin spawner abundance has declined over the time period beginning
in 1981, the decline is now less than that estimated in the 2008 BiOp. The extended Base Period slope falls within the
95% confidence intervals (not shown) for the 2008 BiOp BRT trend, indicating that the extended Base Period trend is
within the range of statistical uncertainty described in the 2008 BiOp. The 2008 BiOp Base Period spawners
displayed in this figure are corrected values, although the 2008 BiOp base BRT trend was calculated from the original
values in the 2008 BiOp. A slope of 1.0 (no trend) also falls within the 95% confidence limits and, because the trend
is not statistically significant, the 2012 GPRA Report described in Section 2.1.1.3 classifies this population as “stable.”

"> The GPRA Report (Ford 2012a) classifies this population as “stable” rather than as declining. This difference is
because (1) the GPRA Report only analyzed the last 10 years of data, rather than the 2008 FCRPS BiOp’s 25-year
base period or the 30-year extended base period; and (2) the 95% confidence intervals for the trend lines in Figure D
(not shown) encompass a slope of 1.0, so the declining trend is not statistically significant.
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Median Population Growth Rate (Lambda)

Median population growth rate (lambda) is another measure of productivity and was the primary
metric applied in the 2000 FCRPS Biological Opinion (NMFS 2000). The 2008 BiOp, Section
7.1.1.2, explains lambda in more detail. Lambda describes the median annual change in 4-year
running sums of population abundance. Running sums are used instead of individual year
estimates to filter out sampling error and high volatility in salmon data caused by age-structured
cycles (i.e., variable maturation rates, the time between birth and reproduction, and iteroparity '
[McClure et al. 2003]). Like the BRT trend, populations grow when lambda is greater than 1.0,
they decline when it is less than 1.0, and they are stable when it is 1.0. The 2008 BiOp’s
prospective action goal for this metric is lambda greater than 1.0.

Figure 2.1-5 shows the same log-transformed spawner estimates as in the BRT trend figure (2.1-
4), the four-year running sums of those spawner estimates, and lambda calculated for the
Tucannon Chinook population’s 2008 BiOp Base Period and extended Base Period. Note that the
number of running sums is three less than the number of spawner estimates. In this example,
hatchery-origin natural spawners are not included in the estimates, similar to the way we fit the
BRT trend only to the natural-origin spawners and not to the total spawners. The inherent
assumption of this approach in the lambda calculations is that the hatchery-origin spawners are
not contributing to the subsequent generation, either because they are unable to reproduce
successfully or because their progeny do not survive. We denote this assumption as HF=0
(hatchery-origin spawner reproductive effectiveness is zero). We also calculated lambda under
the assumption that hatchery-origin spawners contribute just as much to the next generation as
natural-origin spawners (HF=1; not shown). We do not know how effective hatchery-origin
spawners are compared with natural-origin spawners for most populations, so these assumptions
bookend the possibilities and we include lambda estimates under both assumptions to capture the
complete range.

13 Jteroparity is the ability to reproduce more than once during a lifetime. For example, a proportion of steelhead are
able to survive initial spawning and return in subsequent years as repeat spawners.
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Tucannon Chinook - Lambda HF=0
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Figure 2.1-5. Tucannon population of SR spring/summer Chinook median population growth rate (lambda), fit to 4-
year running sums for two time periods. The 2008 BiOp’s prospective action goal for this metric is lambda greater
than 1.0. In this example, we assume that hatchery-origin spawners do not contribute to the subsequent generation
(HF=0). The median population growth rate for the 2008 BiOp Base Period (1981-2006) is 0.96 (i.e., the population is
declining at 4% per year) and the median growth rate for the extended Base Period (1981-2011) is 1.01, a 1% per
year increase. Therefore, in this example, inclusion of the additional years and correction of some previous estimates
result in an improvement in the lambda point estimate, compared to that estimated in the 2008 BiOp, including a shift
to positive population grow. The extended Base Period slope falls within the 95% confidence intervals (not shown) for
the 2008 BiOp BRT trend, indicating that the extended Base Period trend is within the range of statistical uncertainty
described in the 2008 BiOp. The 2008 BiOp Base Period spawners displayed in this figure are corrected values,
although the 2008 BiOp base lambda was calculated from the original values in the 2008 BiOp.

Under the HF=0 assumption, lambda estimates tend to be similar to BRT abundance trend
estimates, and a comparison of Figures 2.1-6 and 2.1.-7 shows the similarity in slope estimated
by the two metrics. For this particular example, the lambda estimates (0.96 Base and 1.01
extended Base) are a bit higher than the BRT abundance trend estimates (0.92 Base and 0.98
extended Base). The results also differ qualitatively since the BRT abundance trend indicates a
declining population in both periods, but the extended base lambda estimate indicates that the
population has been growing at 1% per year. Under the HF=1 assumption, estimates of lambda
are generally lower (if hatchery-origin spawners are present) and more similar to the R/S
productivity estimates described below. For the Tucannon River Chinook population, lambda
HF=1 was 0.87 for the 2008 BiOp’s Base Period estimate and 0.90 for the extended Base Period

estimate.
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Returns-per-Spawner

Returns-per-spawner (also referred to as recruits-per-spawner) is a productivity measure that
determines whether a population is maintaining itself, declining, or growing. The change is
measured as a per-generation rate, rather than as an annual rate like the BRT trend and lambda
productivity metrics. If 100 parental spawners produce 100 progeny that survive to maturity (i.e.,
return to the spawning area over several years, since salmonids can mature at variable ages), then
R/S = 1.0 and the population abundance has been maintained over that brood cycle. If, however,
only 80 progeny survive to spawn, then R/S = 0.8 and the population is not replacing itself and
will be declining unless there is an additional source of spawners; e.g., from straying or hatchery
programs. Since each female produces thousands of eggs, there is also the potential for much
higher return rates. For example, 200 progeny might survive to spawn, which would result in
R/S =2.0. In this case, the population abundance has doubled in one generation. The 2008
BiOp’s goal for this metric was mean R/S greater than 1.0.

We calculated R/S for each generation using the ICTRT (2007a) method, which includes both
natural-origin and hatchery-origin spawners in the denominator (S), but only natural-origin
returning spawners in the numerator (R), since all of the progeny of the original spawners are by
definition of natural origin, regardless of their parents’ ancestry. We do not assume the
effectiveness of the hatchery-origin spawners, as in the lambda calculations, because we have
empirical data that indicate the returns from the combination of all spawners. Figure 2.1-6 shows
the total hatchery- and natural-origin spawners for the Tucannon Chinook population as a black
line and the returning progeny (combined for all maturation ages and return years) as a blue line.
When returns exceed the number of spawners (i.e., when the blue line is above the black line),
R/S exceeds 1.0 (i.e., circles are above the 1.0 red line).
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Figure 2.1-6. Returns-per-spawner for the Tucannon Chinook population during the 2008 BiOp Base Period and the
extended Base Period. The 2008 BiOp prospective action goal for this metric is a geometric mean R/S that is greater
than 1.0 (red line). Total spawners (natural- and hatchery-origin) and natural-origin returns from those spawners are
displayed for each brood year (BY). The 2008 BiOp Base Period spawners and returns displayed in this figure are
corrected values, although the 2008 BiOp base R/S points represent the original estimates in the 2008 BiOp.

We summarized the R/S estimates using a geometric mean and compared the mean to 1.0. Figure
2.1-7 shows Tucannon River Chinook geometric means that are calculated for the 2008 BiOp’s
Base Period (1981-2000 brood years) and the extended Base Period (1981-2006 brood years). In
this example, there was no difference in the estimates between the two periods, but those
estimates (R/S = 0.72) were considerably lower than the estimates obtained from other

productivity metrics.
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Figure 2.1-7. Returns-per-spawner for the Tucannon Chinook population, including geometric mean R/S for the 2008
BiOp Base Period (1981-2000 brood years) and the extended Base Period (1981-2006 brood years). The 2008 BiOp
prospective action goal for this metric is a geometric mean R/S that is greater than 1.0. In this example, the estimate
for both periods is 0.72. The 95% confidence limits for the means (not shown) range from 0.48-1.10 for the Base
Period and 0.47—-1.10 for the extended Base Period. BY = brood year.

Extinction Risk

Extinction risk is the most complex indicator metric included in the 2008 BiOp. As described in
the 2008 BiOp, Attachment I, Aggregate Analysis Appendix, quantitative assessment of short-
term (24-year) extinction risk is calculated in a manner that is similar to that used by the ICTRT
for calculating long-term (100-year) extinction risk. Observed abundance and productivity
estimates during the Base Period are used to define a stock-recruitment function that predicts the
number of progeny that will return to spawn from a given number of parental spawners. The
production functions are the Beverton-Holt (for spring Chinook ESUs) and Ricker (for steelhead
DPSs and SR fall Chinook), which are standard in fisheries literature.*

Estimates of extinction probability are based on simulations. These start with current abundance
and then project a 24-year time series of future spawners. Each projection will have a different
outcome due to random error and autocorrelation terms, so the projections are repeated
thousands of times to generate a range of outcomes. The proportion of simulation runs that fall

' See discussion of density dependence in Section 2.1.1.4.4 and Appendix C in this document for details, as well as
Ricker (1954) and Hilborn and Walters (1992). Briefly, production functions specify the expected number of fish in
the next generation as a function of the number of fish in the parental generation. At low parental numbers (low
density), the number of progeny exceeds the number of parents; at carrying capacity the number of progeny equals
the number of parents; and above carrying capacity the Beverton-Holt model remains at an asymptotic level while
the Ricker model predicts a steep decline in the number of progeny compared to the number of parents because of
strong density dependence.
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below the quasi-extinction threshold (QET'®) within the 24-year time period represents the
probability of short-term extinction. That is, of 1000 simulations, if 300 predict salmon
abundance that is below a QET at the end of the 24 years there is a 30% risk of extinction.

Figure 2.1-8 shows an example of this method for the Tucannon River Chinook population. The
black line that ends in 2012 represents the observed time series of spawners over the extended
Base Period. Many simulations of future population tracks beginning in 2013 are generated from
the original data and a certain number of them will fall below the quasi-extinction criteria. In this
example, one of the 14 simulations indicated quasi-extinction, resulting in an extinction
probability of 7%. (When thousands of simulations are performed, the actual extinction risk
estimate for this population is 3%, as displayed in Table 2.1-7).

Figure 2.1-8 Example of method used to calculate the quasi-extinction risk of the Tucannon River Chinook
population, from Hinrichsen (2013; included as Appendix B in this supplemental opinion). The black line indicates
empirical estimates of adult spawners through 2012. Fourteen simulations of abundance from 2013-2037 (24 years)
are shown in various colors. One of these simulations drops below a quasi-extinction threshold of 50 fish for four
consecutive years, so for this simulation the population is considered “extinct.” The risk of 24-year extinction shown in
this example is 7% (1/14); the estimate we use for this supplemental opinion is 3%, based on thousands of
simulations (Table 2.1-7).

13 Section 7.1.1.1 of the 2008 BiOp defined extinction as falling below a quasi-extinction threshold (QET) four years
in a row (representing a full brood cycle of mature male and female spawners) per recommendations of the ICTRT
(2007b). The 2008 BiOp used a QET rather than absolute extinction (one fish) as a criterion because it is very
difficult to predict the dynamics of populations at extremely low abundance. Various reviews since the 2000 FCRPS
Biological Opinion, which relied upon absolute extinction, suggested that it would be more appropriate to evaluate
extinction risk relative to a higher quasi-extinction threshold. Such a threshold does not necessarily represent true
biological extinction, but it represents an abundance below which there is great concern from a management
perspective and high analytical uncertainty regarding persistence. Choice of an appropriate QET range was the
subject of considerable discussion in the 2008 BiOp Section 7.1.1.1.
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A number of factors are important in defining extinction risk analyses and the criteria for
evaluation. The 2008 BiOp Section 7.1.1.1 presents a detailed discussion of these factors,
including choice of the 24-year period to represent short-term extinction risk (i.e., there is greater
precision over shorter periods than longer periods; it is more than twice the duration of the
biological opinion; and precedent from the 2000 FCRPS BiOp) and primary reliance on a QET
of 50 fish (i.e., a level higher than 0 is necessary to account for uncertainty in data and
population processes at low abundance, and the choice of the specific level of 50 fish is
consistent with ICTRT methods). It also points out why some of the factors are conservative for
at least a subset of populations (e.g., some populations have dropped below the 50 fish QET in
the past and returned to higher abundance levels; these analyses assume that all hatchery
production ceases immediately). The 2008 BiOp did not set an explicit numeric goal for “low
short-term risk of extinction,” but approximated it as 5% or less.'°

2.1.1.4.2 New Information in Northwest Fisheries Science Center Salmon Population Summary
Database

The NWFSC maintains the Salmon Population Summary (SPS) database,'” which contains
population-level information from state agencies, tribes, and other sources. This database
includes four to nine new years of data for most interior Columbia basin populations, as well as
data for some populations for which quantitative information was lacking in the 2008 BiOp'®. In
addition to inclusion of new years of data, the data set includes corrections to population
estimates from previous years for many populations based on new research that affected factors
such as expansion terms for index redd counts and estimation of hatchery fractions. A summary
of the new information is included in Tables 2.1-3 and 2.1-4. The 2008 BiOp relied primarily
upon calculations that were based on an approximately 20-year period, beginning in
approximately 1980.'" A few populations with shorter time series beginning as late as 1985 were
included in these calculations. The 2008 BiOp also included calculations based on a shorter time
frame (2008 BiOp, Appendix B) beginning in approximately 1990, but because those results
were generally more optimistic than results based on the longer time period, they were given less

' NOAA Fisheries has not identified quantitative values of metrics that would indicate a sufficiently low short-term
risk of extinction because the estimation of extinction risk is dependent on specific model functions and assumptions
(such as quasi-extinction abundance threshold, QET, and treatment of listed hatchery fish) about which there is
considerable uncertainty. The ability of a particular set of actions to achieve a goal of no more than any assumed
percentage risk of extinction may vary considerably among models and assumptions. For convenience, the SCA
includes estimates of survival gaps necessary to reduce 24-year extinction risk to no more than 5%, given the range
of assumptions considered in the analysis. Ultimately, the acceptable level of short-term extinction risk is a
qualitative policy determination made by NOAA Fisheries consistent with the ESA and its implementing regulations
(2008 BiOp, pp. 7.7 and 7.8).

17 https://www.webapps.nwfsc.noaa.gov/apex/f?p=238:home:0

'8 Not all data submitted to the SPS database have been entered on the publicly accessible web site as of August 18,
2013. The data used for analyses in this draft of the supplemental opinion were obtained from M. Brick, NWFSC, in
the spreadsheet “2012 SPS formatted update 70913 inc fch.xls”, which is available from NOAA Fisheries, as are
spreadsheets and SPAZ output files that used the SPS data to calculate BiOp metrics.

1 Specific start dates varied by population. The particular time frame was chosen to match the time period used in
ICTRT (2007b) survival “gap” calculations.
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weight. In the subsequent calculations in Section 2.1.1.4.3 (Extended Base Period Productivity
and Extinction Risk Indicator Metrics Calculated from Updated Population Information) we
follow the convention of including populations with time series that begin no later than 1985 in
the longer-term calculations. We have also included Appendix A, which evaluates metrics from
1990 to present and includes populations with time series that begin after 1985.

Empirical information for SR steelhead is restricted to three populations (Table 2.1-4), which
was also the case for the 2008 BiOp. The ICTRT (2007a, 2007b) determined the average
abundance of “A-run” and “B-run” steelhead® based on dam counts, classification of each
population as A-run or B-run (or a mixture of the two), and assumptions about the distribution of
steelhead among populations. The 2008 BiOp applied the ICTRT’s average A-run or average B-
run estimates to each uncensused population, based on its classification, in order to evaluate the
prospective effects of population-specific tributary habitat RPA actions on SR steelhead (2008
BiOp, Section 7.1.2.3). The approach used to apply dam count estimates to uncensused
populations in the 2008 BiOp is no longer valid, based on recent studies that indicate a more
complex structure of SR steelhead populations than is indicated by the previous A- and B-run
classifications (Cooney 2013a) and an alternative method will not be reliable until more
information is available from ongoing studies (probably two to three more years). Until an
alternative approach is developed, the aggregate dam count is the main information available for
most populations of SR steelhead (see Section 2.1.1.5.1). We continue to rely on the
performance measures in the 2008 BiOp, which were based on the average A- and B-run
method, for lack of an alternative method, but do not attempt to calculate extended Base Period
average A-run and average B-run estimates.

%% Inland steelhead of the Columbia River basin, especially the Snake River subbasin, are commonly referred to as
either A-run or B-run. These designations are based on a bimodal migration of adult steelhead at Bonneville Dam
(first mode is A-run; second mode is B-run), differences in age (A-run generally spend one year in the ocean; B-run
two years), and adult size (A-run are smaller; B-run bigger) observed among Snake River steelhead. It is unclear,
however, if the life-history and body size differences observed upstream are correlated back to the groups forming
the bimodal migration observed at Bonneville Dam. Furthermore, the relationship between patterns observed at the
dams and the distribution of adults in spawning areas throughout the Snake River Basin is not well understood.
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Table 2.1-3. New Chinook salmon information in the NWFSC SPS database that has become available since the

2008 BiOp.
Completed Brood 1
Adult Return Years Last Adult P Last Complete
) ) . |Number of New| Cycles (Brood Years) | Brood Cycle (Brood | Number of
R Included in 2008 BiOp | Return Yearin B N R
ESU MPG Population " o " Return Years Included in 2008 BiOp| VYear) Includedin | New Brood
Base Period' Extended Base . - " o o
- Available "Base Period" Base |[YearsA
Period' .
Period"
First | Last First Last
Tucannon 1981 2006 2011 5 1981 2000 2006 6
Lower Snake = - =
Asotin - Functionally Extirpated
Catherine Creek 1981 2005 2011 6 1981 2000 2006 6
Upper Grande Ronde 1981 2005 2011 6 1981 2000 2006 6
Minam River 1981 2005 2012 7 1981 2000 2007 7
Grande Wenaha River 1981 2005 2012 7 1981 2000 2007 7
Ronde /- [[55tine/Wallowa Rivers 1981 2005 2011 6 1981 2000 2006 6
Imnaha
. 1981 2005 2011 6 1981 2000 2006 6
Imnaha River
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1979 2003 2012 9 1979 1998 2007 9
Secesh River 1981 2005 2011 6 1981 2000 2006 6
East Fork S. Fork Salmon (includin;
South Fork { € 1979 2003 2012 9 1979 1998 2007 9
Salmon |Johnson)
snake River Little Salmon River (including Rapid R.)
Spring/
Chinook Salmon 1980 2004 2012 8 1980 1999 2007 8
Big Creek
1979 2003 2012 9 1979 1998 2007 9
Bear Valley/Elk Creek
Middle Fork Marsh Creek 1979 2003 2012 9 1979 1998 2007 9
salmon |Sulphur Creek 1979 2003 2012 9 1979 1998 2007 9
Camas Creek 1980 2004 2012 8 1980 1999 2007 8
Loon Creek 1980 2004 2012 8 1980 1999 2007 8
Chamberlain Creek® N/A N/A 2012 27 N/A N/A 2007 22
Lower Middle Fork Salmon (below Ind. Cr.)|
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1979 2003 2012 9 1979 1998 2007 9
Valley Creek 1979 2003 2012 9 1979 1998 2007 9
Yankee Fork 1979 2003 2011 8 1979 1998 2006 8
Upper Salmon River (above Redfish L.) 1981 2005 2012 7 1981 2000 2007 7
Upper "
salmon North Fork Salmon River
Lower Salmon River (below Redfish L.) 1981 2005 2012 7 1981 2000 2007 7
East Fork Salmon River 1981 2005 2012 7 1981 2000 2007 7
Pahsimeroi River 1986 2005 2012 7 1986 2000 2007 7
Panther - Extirpated
. Wenatchee R. 1979 2003 2011 8 1979 1998 2006 8
Upper Columbia
N . Eastern Methow R. 1979 2003 2011 8 1979 1998 2006 8
Spring Chinook -
salmon Cascades |EntiatR. 1979 2003 2011 8 1979 1998 2006 8
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
i 1977 2004 2012 8 1977 1999 2007 8
Snake River Fall Main Stem Recent BY
Chinook Salmon® and Lower
Tributaries |Lower Mainstem Fall Chinook 1990-Most 1980 2004 2012 s 1980 1999 2007 8

Recent BY

* Chamberlain Creek was not included in 2008 Biop quantitative estimates. Data is now available for 1985-2012 (1986-2007 BY).

2 If returns from oldest-aged spawners are rare (approx. 5% or less) for a population, numbers represent near-complete brood years (lacking oldest age returns).
Use of near-complete brood years slightly underestimates R/S.

? Snake River Fall Chinook estimates are preliminary and expected to change prior to completion of the final Supplemental BiOp.
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Table 2.1-4. New steelhead salmon information in the NWFSC SPS database that has become available since the

2008 BiOp.
Adult Return Years Completed Brood Cycles Last Complete
Included in 2008 BiOp Last Adult. Number of (Brood Years) Included in 2008 | Brood Cycle (Brood| Number of
ESU MPG Population "Base Period" Re"turn Yearin New Return BiOp "Base Period"* Year) Included in | New Brood
Extend'ed Years " ded Base |Years Available|
. Base Period" . .
First Last First Last Period"
Upper Wenatchee 1981 2006 2011 5 1981 2000 2006 6
Columbia Eastern Methow 1981 2006 2011 5 1981 2000 2006 6
River Cascades Entiat 1981 2006 2011 5 1981 2000 2006 6
Steelhead Okanogan 1981 2006 2011 5 1981 2000 2006 6
Lower Snake Tuca.nnon | |
Asotin
Imnaha River [Imnaha R. (Camp Cr) 1980 2005 2010 5 ] [ 1980 1999 2005 6
Upper Mainstem 1981 2006 2010 4 1981 2000 2005 5
Lower Mainstem
Grande Ronde |, ohcr. 1981 2005 2010 5 1981 2000 2005 5
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater [Lochsa River
River Selway River
Snake River South Fork
steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fo-rk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1985 2004 2012 8 1985 1999 2007 8
Yakima Naches 1985 2004 2012 8 1985 1999 2007 8
Toppenish 1985 2004 2012 8 1985 1999 2007 8
Satus 1985 2004 2012 8 1985 1999 2007 8
Deschutes W. 1980 2005 2011 6 1980 1999 2006 7
Deschutes East’ 1990 2005 2011 6 1990 1999 2006 7
Eastern Klickitat
Cascades Fifteenmile Cr. 1985 2005 2011 6 1985 1999 2006 7
Mid Rock Cr.
(o White Salmon - Extirpated
Steelhead
Umatilla 1981 2004 2011 7 1981 2000 2006 6
Umawa‘wa”a Walla-Walla® N/A N/A 2011 19 N/A N/A 2006 14
o Touchet® N/A N/A 2012 26 N/A N/A 2007 21
Lower Mainstem) 1979 2005 2011 6 1979 1998 2006 8
North Fork 1979 2005 2011 6 1979 1998 2006 8
John Day Upper Mainstem 1979 2005 2011 6 1979 1998 2006 8
Middle Fork 1979 2005 2011 6 1979 1998 2006 8
South Fork 1979 2005 2011 6 1979 1998 2006 8

Only the populations with empirical estimates are shown. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.

% Deschutes East population was only analyzed for "1990 - present” metrics in the 2008 BiOp.
3Walla Walla population was not used for 2008 BiOp metrics because the time series was too short (1993-2003, with partial 2004 and 2005 info; 1993-2000 BY). New information is 1993-2011 (1993-2006 BY).
“1f returns from oldest-aged spawners are rare (approx. 5% or less) for a population, numbers represent near-complete brood years (lacking oldest age returns).

Use of near-complete brood years slightly underestimates R/S.

®Touchet population was not available for the 2008 BiOp. Because time series does not begin until 1987, it is only used to calculate "1990-present” metrics.
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2.1.1.4.3 Extended Base Period Productivity and Extinction Risk Indicator Metrics Calculated From
Updated Population Information

Abundance

Mean abundance for the most recent 10-year period was reported in the 2008 BiOp status
descriptions for each population. Updated geometric mean abundance point estimates are higher
than those presented in the 2008 BiOp are for all Chinook populations and for 17 out of 20
steelhead populations (Tables 2.1-5 and 2.1-6; Figures 2.1-9 and 2.1-10). The three populations
with lower mean abundance estimates were the Fifteenmile Creek, Lower Mainstem John Day,
and Middle Fork John Day populations of MCR steelhead. Even with the decline, the Fifteenmile
Creek estimate is higher than the ICTRT abundance threshold for this population. The mean
abundance estimates in the 2008 BiOp were taken from ICTRT (2007b), which did not include
confidence intervals but did include ranges. All new mean abundance estimates are within those
ranges. Most new abundance estimates are within the 2008 BiOp’s 95% confidence limits,
indicating that the new results are within the range of statistical uncertainty described in the 2008
BiOp. However, extended Base Period mean abundance for 11 of the 27 Chinook populations
and 6 of the 20 steelhead populations were higher than the 2008 BiOp’s 95% confidence limits.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



isplayed.

New Information | 2.1 Rangewide Status | 69

the 2008 BiOp. Extended Base Period mean
Isod

Ince

-origin spawners are a

the NWFSC SPS database that has become available s
abundance is higher than the 2008 BiOp mean for all Chinook populations. Recent total spawners (including

corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
hatchery-origin spawners) and percent of natural

Table 2.1-5 Comparison of Chinook Base Period 10-year geometric mean abundance reported in the 2008 BiOp,

n

2008 BiOp New Information
Most Recent 10-Year:
. ICTRT Threshold | Most Recent 10- Corrected 2008 Most Recent 10-
ESU MPG Population f Lower 95% | Upper 95% " " Most Recent 10- | Lower 95% | Upper 95% Geomenan Total
Goal | vear y - Return Years | BiOp Estimate y y Year Geomean
Ce Ce N Year [« Ce Return Years Adult Spawners
Abundance . . (2008 BiOp) . . N Percent Natural-
3 Limit Limit Abundance Limit Limit (Including Hatchery- | ..
BiOp) . Origin Spawners
Origin)
Tucannon 750 82 35 193 1997-2006 119 375 246 570 2002-2011 600 0.53
Lower Snake - " F
Asotin - Functionally Extirpated
Catherine Creek 1000 107 67 171 1996-2004 89 137 82 227 2002-2011 304 0.35
Upper Grande Ronde 1000 38 21 70 1996-2005 47 65 2 100 2002-2011 171 0.19
Minam River 750 337 250 454 1996-2006 336 489 416 576 2003-2012 525 0.92
Grande
Ronde / Wenaha River 750 376 250 564 1996-2007 380 436 364 522 2003-2012 465 0.92
Imnaha [Lostine/Wallowa Rivers 1000 276 187 409 1996-2008 212 370 251 546 2002-2011 847 033
Imnaha River 750 380 215 672 1996-2009 486 460 304 696 2002-2011 1288 0.30
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1000 601 359 1006 1994-2003 504 813 634 1041 2003-2012 1269 0.65
Secesh River 750 403 238 680 1996-2005 483 605 408 897 2002-2011 635 0.96
East Fork S. Fork Salmon (includin,
South Fork ¢ € 1000 105 55 202 1994-2003 215 282 199 400 2003-2012 425 050
salmon |Johnson)
Snake River
Spring/ Summer Little Salmon River (including Rapid R.)
Chinook Salmon
Big Creek 1000 90 35 236 1995-2004 91 181 115 286 2003-2012 184 1.00
Bear Valley/Elk Creek 750 182 75 442 1994-2003 189 471 328 677 2003-2012 479 1.00
Marsh Creek 500 42 10 165 1994-2004 53 221 130 377 2003-2012 225 1.00
) Sulphur Creek 500 21 8 52 1994-2005 19 58 37 91 2003-2012 59 1.00
_S_Mn“_m Fork Camas Creek 500 28 10 76 1995-2004 29 47 28 77 2003-2012 47 1.00
almon
Loon Creek 500 51 16 152 1995-2005 46 77 49 119 2003-2012 78 1.00
Chamberlain Creek 500 N/A N/A N/A N/A N/A 648 502 836 2003-2012 658 1.00
Lower Middle Fork Salmon (below Ind. Cr.
Upper Middle Fork Salmon (above Ind. Cr.)|
Lembhi River 2000 79 39 162 1994-2003 79 81 58 112 2003-2012 81 1.00
Valley Creek 500 34 15 78 1994-2003 34 101 75 135 2003-2012 102 1.00
Yankee Fork 500 13 5 35 1994-2003 12 16 7 36 2002-2011 32 1.00
U Upper Salmon River (above Redfish L.) 1000 246 157 388 1996-2005 250 360 285 455 2003-2012 433 0.84
mmnﬂwﬂ_ North Fork Salmon River
Lower Salmon River (below Redfish L.) 2000 103 65 163 1996-2005 108 125 102 153 2003-2012 127 1.00
East Fork Salmon River 1000 148 69 320 1996-2005 135 320 210 487 2003-2012 324 1.00
Pahsimeroi River 1000 127 85 190 1996-2005 129 223 174 286 2003-2012 306 0.73
Panther - Extirpated
N Wenatchee R. 2000 222 108 458 1994-2003 215 568 443 727 2002-2011 1531 0.32
Upper Columbia
Spring Chinook Eastern |Methow R. 2000 180 76 427 1994-2003 170 398 264 601 2002-2011 1587 0.21
P wM.EO: Cascades |EntiatR. 500 59 33 107 1994-2003 59 148 114 191 2002-2011 275 0.54
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
Main Stem 3000 1273 699 2320 1995-2004 1189 4655 3489 6209 1999-2008 15091 0.31
Snake River Fall Recent BY
Chinook salmon | "4 Lower
il i L Mainstem Fall Chinook 1990-Most
Tributaries | ower Mainstem Fafl thinoo s 3000 1273 699 2320 1995-2004 1189 4655 3489 6209 1999-2008 15001 031

Recent BY
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Figure 2.1-9 Comparison of Chinook 2008 BiOp Base Period10-year geometric mean abundance, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new in information in the
NWFSC SPS database that has become available since the 2008 BiOp. Means are displayed relative to ICTRT
(2007a) recovery-threshold abundance goals.
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Table 2.1-6. Comparison of steelhead Base Period 10-year geometric mean abundance reported in the 2008 BiOp,

corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information

in the NWFSC SPS database that has become available since the 2008 BiOp. Extended Base Period mean

abundance is higher than the 2008 BiOp mean for 17 of 20 steelhead populations. Recent total spawners (including

hatchery-origin spawners) and percent of natural-origin spawners are also displayed.

2008 BiOp New
Mot Recant 10 Most Recent 10-Year | Most Recent 10-
ESU MPG Population ICTRT Threshold | "\ eomean |  Lower95% Upper95% | Retumvears | COeCted 2008 | MostRecent10- |\ oco Upper 95% GeomenanTotal | Year Geomean
Abundance Goal - ¥ . Y BiOp Estimate | Year Geomean ° e i “ | Retumvears | Adultspawners Percent
Limit| ¢ Limit| (2008 Biop) Confidence Limit | Confidence Limit ‘ .
(2008 810p) Abundance (Including Hatchery- | Hatchery-Origin
Origin) Spawners
Upper Wenatchee 1000 500 N/A N/A 1997-2006 560 978 696 1374 2002-2011 2636 037
Columbia | Eastern  [Methow 1000 281 N/A N/A 1997-2006 288 609 49%0 757 2002-2011 4451 0.14
River Cascades  [Entiat 500 9 N/A N/A 1997-2006 7 139 101 1% 2002-2011 602 0.23
Steelhead Okanogan 1000 104 N/A N/A 1997-2006 78 178 139 229 2002-2011 2307 0.08
| |
Asotin
imnaha River [imnaha R. (Camp Cr)’ 1000 N/A N/A N/A 19962005 | N/A N/A N/A N/A 2001-2010 | N/A 100
Upper Mainstem 1500 1226 923 1630 1997-2006 1229 1341 1120 1605 2001-2010 1387 0.97
Lower Mainstem
Grande Ronde |, eph cr. 500 2132 1695 2681 1997-2006 2169 2187 1722 2777 2001-2010 2187 100
WallowaR.
Lower Mainstem
Lolo Creek
Clearwater ~ [Lochsa River
) River  [Selway River
Snake River
South Fork
steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
 [North Fork
Salmon River - -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1500 85 57 127 1995-2004 85 202 151 271 2003-2012 207 0.98
vakima[Naches 1500 ”n 312 714 1995-2004 470 1051 795 139 2003-2012 1078 0.97
Toppenish 500 32 176 588 1995-2004 306 556 433 713 2003-2012 570 0.97
Satus 1000 379 278 516 1995-2004 a2 1039 739 1461 2003-2012 1066 0.97
Deschutes W. 1000 456 305 682 1996-2005 463 663 512 358 2002-2011 79% 0.84
Deschutes East 1000 1599 895 2858 1996-2005 1854 2129 1667 2720 2002-2011 2653 0.80
Eastern  [Klickitat
Cascades  [Fifteenmile Cr. 500 703 478 1032 1996-2005 698 615 405 936 2002-2011 620 0.99
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
Umatilla/Walla |22 1500 1472 1204 1799 1995-2004 1466 2364 1927 2901 2002-2011 3135 0.75
i 7 | walla-Walla 1000 650 460 919 1996-2005 2 927 714 1202 2002-2011 957 0.97
Touchet 39 316 49 2003-2012 523 0.76
Lower Mainstem) 2250 1800 1065 3044 1996-2005 1776 1480 909 2409 2002-2011 1872 0.79
North Fork 1500 1740 1362 2223 1996-2005 1763 1927 1356 2737 2002-2011 2107 091
John Day  [Upper Mainstem 1000 524 402 683 1996-2005 519 608 13 89 2002-2011 665 091
Middle Fork 1000 756 503 138 1996-2005 766 693 42 1128 2002-2011 758 0.91
South Fork 500 259 166 404 1996-2005 263 490 358 670 2002-2011 536 0.1

*Only the populations with empirical estimates are shown, as in the 2008 BiOp.

2 Data represents only the Camp Creek area of the Imnaha, so abundance estimates are not comparable to the ICTRT thresholds. However, the Camp Creek data can be used to
assess trends. The Camp Creek abundance estimate increased from 68 to 102 between the two periods.
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Figure 2.1-10. Comparison of steelhead 2008 BiOp Base Period 10-year geometric mean abundance, corrected
estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new in information in the
NWFSC SPS database that has become available since the 2008 BiOp. Means are displayed relative to ICTRT
(2007a) recovery-threshold abundance goals.
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24-Year Extinction Risk
Hinrichsen (2013; included as Appendix B) updated Base Period extinction risk estimates using

new data in the SPS database and methods identical to those applied in the 2008 BiOp. Appendix
B includes estimates of extinction risk based on four QETs, but because the ICTRT and the 2008
BiOp focused primarily on a QET of 50 fish, only the QET 50 results are presented in Tables
2.1-7 and 2.1-8 and Figures 2.1-11 and 2.1-12. As described in Section 2.1.1.4.1 (above), the
2008 BiOp’s goal for prospective actions (including projected effects of the RPA and
continuation of current management practices) for this metric is approximated at <5% extinction
risk. Point estimates of extinction risk based on new information remained either unchanged or
declined, compared with 2008 BiOp estimates, for nearly all populations (16 of 20 Chinook and
15 of 19 steelhead populations [including directional change for Imnaha Camp Creek]).
Extended Base Period extinction risk estimates decreased from >5% to <5% for six populations
(Tucannon, Minam, Lostine/Wallowa, Imnaha, and Bear Valley SR spring/summer Chinook and
Entiat UCR Chinook). As in the 2008 BiOp, 95% confidence intervals are wide for most
populations, indicating considerable uncertainty associated with this metric. All new estimates
are within the 2008 BiOp’s 95% confidence limits, indicating that the new results are within the
range of statistical uncertainty described in the 2008 BiOp. New estimates based on alternative
QET levels (30, 10, and 1 fish) indicate extinction risks that are the same (if 0% risk) or lower
than the QET 50 estimates for all populations.
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Table 2.1-7. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <6% extinction risk. Extended Base Period extinction risk estimates are
lower than the 2008 BiOp risk estimates for 16 of 20 Chinook populations; however, all new estimates are within the
2008 BiOp’s 95% confidence limits. Source of new estimates is Hinrichsen (2013; included as Appendix B in this
document).

2008 BiOp New Information
. Base Period Corrected 2008|  Extended Base
ESU MPG Population A ) Lower 95% Upper 95% . . X o Lower95% | Upper95%
Extinction Risk - N N BiOp Estimate | period Extinction . Ny
Confidence Confidence . Confidence | Confidence
24 Years at L L Risk - 24 Years at L L
Limit Limit Limit Limit
QET=50 QET=50
Tucannon 0.07 0.00 0.71 0.04 0.03 0.00 0.56
Lower Snake - - -
Asotin - Functionally Extirpated
Catherine Creek 0.45 0.01 0.98 N/A 0.37 0.05 0.95
Upper Grande Ronde 0.70 0.07 0.97 0.51 0.48 0.07 0.94
Minam River 0.06 0.00 0.68 0.04 0.01 0.00 0.47
Grande N
Ronde / Wenaha River 0.26 0.00 0.83 0.18 0.10 0.00 0.64
Imnaha |Lostine/Wallowa Rivers 0.18 0.00 0.81 0.07 0.04 0.00 0.51
Imnaha River 0.09 0.00 0.73 0.00 0.00 0.00 0.94
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.00 0.00 0.13 0.00 0.00 0.00 0.19
Secesh River 0.02 0.00 0.42 0.00 0.00 0.00 0.37
South Fork 1 ks, Fork Salmon (mdludi
ast Fork S. Fork Salmon (including
Salmon . . . .
Johnson) 0.04 0.00 048 0.07 0.00 0.00 0.37
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 0.37 0.00 0.93 0.45 0.29 0.01 0.86
Bear Valley/Elk Creek 0.09 0.00 0.71 0.09 0.02 0.00 0.45
Marsh Creek 0.56 0.00 0.95 0.51 0.39 0.01 0.92
. Sulphur Creek 0.55 0.00 0.92 N/A 0.67 0.21 1.00
Middle Fork [ ras Creek 092 0.43 1.00
Salmon
Loon Creek
Chamberlain Creek
Lower Middle Fork Salmon (below Ind. Cr.)
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River
Valley Creek 0.75 0.07 0.99 0.81 0.76 0.17 0.99
Yankee Fork
U Upper Salmon River (above Redfish L.) 0.00 0.00 0.71 0.01 0.00 0.00 0.44
pper North Fork Salmon River
Salmon " "
Lower Salmon River (below Redfish L.) 0.37 0.00 0.99 0.31 0.23 0.00 0.78
East Fork Salmon River 0.23 0.01 0.73
Pahsimeroi River 0.00 0.00 0.00
Panther - Extirpated
U Columbi Wenatchee R. 0.02 0.00 0.82 0.06 0.04 0.00 0.64
er Columbia
pp' ) Eastern |Methow R. 0.10 0.00 0.74
Spring Chinook -
Salmon Cascades |EntiatR. 0.19 0.00 0.82 0.12 0.05 0.00 0.79
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most
Main Stem 0.01 0.00 1.00 0.01 0.03 0.00 0.46
Snake River Fall Recent BY
hinook Sal and Lower
Chinook Salmon Tributaries |Lower Mainstem Fall Chinook 1990-Most
Recent BY
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Figure 2.1-11. Comparison of Chinook Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <6% extinction risk (red line).
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Table 2.1-8. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <6% extinction risk. Extended Base Period extinction risk estimates are
lower than the 2008 BiOp risk estimates for 16 of 19 steelhead populations; however, all new estimates are within the
2008 BiOp’s 95% confidence limits. Source of estimates is Hinrichsen (2013; included as Appendix B).

2008 BiOp New Information
Base Period Extended Base
ESU MPG Population Extinction Risk - Lower 95% gop;:::z i?g:cg;?n?:?: Period Extinction Lower 95% g:;:::z
24 Years at Confidence Limit L. Risk - 24 Years at | Confidence Limit ..
Limit Limit
QET=50 QET=50
Upper Wenatchee 0.27 0.00 0.92 0.29 0.20 0.00 0.82
Columbia Eastern Methow 0.47 0.02 1.00 0.76 0.88 0.31 1.00
River Cascades Entiat 0.99 0.10 1.00 0.85 0.89 0.25 1.00
Steelhead Okanogan 1.00 0.77 1.00 1.00 1.00 0.78 1.00
Lower Snake Tuca'nnon | |
Asotin
Imnaha River |Imnaha R. (Camp Cr)* I | | |
Upper Mainstem 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Lower Mainstem
Grande Ronde |, ohcr. 0.00 0.00 0.19 0.00 0.00 0.00 0.08
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
N River Selway River
Snake River
N South Fork
Steelhead North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fo.rk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 0.68 0.08 1.00 0.69 0.78 0.54 0.99
Yakima Naches 0.34 0.00 0.87 0.34 0.46 0.17 0.74
Toppenish 0.79 0.00 0.97 0.70 0.72 0.49 0.97
Satus 0.00 0.00 0.30 0.00 0.31 0.00 0.79
Deschutes W. 0.01 0.00 0.90 0.01 0.00 0 0.37
Deschutes East®
Eastern Klickitat
Cascades Fifteenmile Cr. 0.00 0.00 0.44 0.00 0.00 0.00 0.26
Mid Rock Cr.
Columbi White Salmon - Extirpated
Steelhead
Umatilla 0.00 0.00 0.37 0.00 0.00 0.00 0.02
Umatilla/Walla "
Walla-Walla
Walla R
Touchet
Lower Mainstem) 0.00 0.00 0.38 0.00 0.00 0.00 0.06
North Fork 0.00 0.00 0.07 0.00 0.00 0.00 0.02
John Day Upper Mainstem 0.00 0.00 0.67 0.00 0.00 0.00 0.35
Middle Fork 0.00 0.00 0.44 0.00 0.00 0.00 0.33
South Fork 0.03 0.00 0.69 0.04 0.01 0.00 0.34

Only the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
2 Data represents only the Camp Creek area of the Imnaha, so extinction risk for entire population can't be estimated. "Average-A" estimates were included for 2008 BiOp.

However, the Camp Creek data can be used to assess trends. The Camp Creek extinction risk estimates decreased from 0.54 to 0.33 when original data were corrected and new years were added.

3 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. As in 2008 BiOp, it is included in shorter-term estimates in an appendix.

4 Walla Walla population data not available for 2008 BiOp. New data, beginning in 1993, is included in appendix with shorter-term estimates.

®Touchet population was not available for the 2008 BiOp. Because time series does not begin until 1987, it is only used to calculate "1990-present" metrics.
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Figure 2.1-12. Comparison of steelhead Base Period 24-year extinction risk at QET 50 reported in the 2008 BiOp,
corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new information
in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective
actions for this metric is approximated at <56% extinction risk (red line).
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Productivity: Returns-per-Spawner

Average R/S was estimated as described in the 2008 BiOp Chapter 7.1, using new information in
the SPS database for the extended Base Period (Tables 2.1-9 and 2.1-10; Figures 2.1-13 and 2.1-
14). New point estimates of average R/S were lower than estimates in the 2008 BiOp for most
populations (17[18]*' of 27 Chinook and 12 of 19 steelhead populations). As described in
Section 2.1.2.4.1 (above), the 2008 BiOp’s goal for prospective actions (including projected
effects of the RPA and continuation of current management practices) for this metric is R/S
greater thanl.0. All new estimates were within the 2008 BiOp’s 95% confidence intervals,
indicating that the results are within the range of statistical uncertainty described in the 2008
BiOp. Although average R/S declined for most populations, a number of the populations with
lower estimates continued to exhibit extended Base Period mean R/S that was greater than 1.0
(5[6]*' of 17[18] Chinook and 7 of 12 steelhead populations).

2! Snake River fall Chinook metrics were calculated using two different methods, as in the 2008 BiOp and ICTRT
(2007b) survival gap analyses, and the results differed for the two methods.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



New Information | 2.1 Rangewide Status | 79

Table 2.1-9. Comparison of Chinook Base Period geometric mean returns-per-spawner (R/S) reported in the 2008
BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new
information in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for
prospective actions for this metric is R/S greater than 1.0. Extended Base Period mean R/S estimates are lower than
the 2008 BiOp estimates for most Chinook populations; however, all new estimates are within the 2008 BiOp’s 95%
confidence limits.

2008 BiOp New Information
Corrected 2008
ESU MPG Population L 9 BiOp Mean L
Mean Base ow'er 95% Upp'er 95% P Mean Extended ow.er 95% Upp'er 95%
. Confidence Confidence Estimate . Confidence | Confidence
Period R/S . . Base Period R/S . .
Limit Limit Limit Limit
Tucannon 0.72 0.48 1.10 0.68 0.72 0.47 1.10
Lower Snake
Asotin - Functionally Extirpated
Catherine Creek 0.44 0.22 0.84 0.38 0.38 0.22 0.64
Upper Grande Ronde 0.32 0.18 0.57 0.35 0.36 0.22 0.59
Minam River 0.80 0.47 137 0.80 0.85 0.57 1.27
Grande
Wenaha River 0.66 0.41 1.08 0.65 0.67 0.47 0.96
Ronde /
1 h Lostine/Wallowa Rivers 0.72 0.41 1.26 0.73 0.69 0.45 1.06
Imnaha River 0.59 0.40 0.86 0.75 0.56 0.39 0.80
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.86 0.59 1.28 0.87 0.76 0.57 1.02
Secesh River 119 0.81 176 119 1.05 0.74 1.50
South Fork - -
East Fork S. Fork Salmon (including
Salmon 0.97 0.67 141 1.04 0.96 0.67 1.38
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.20 0.66 2.19 1.16 1.12 0.67 1.86
Bear Valley/Elk Creek 1.35 0.82 2.22 1.34 1.21 0.82 1.78
Marsh Creek 0.95 0.52 175 0.99 0.98 0.60 1.60
. Sulphur Creek 0.97 0.45 2.09 1.02 1.05 0.62 1.79
M':dl'e Fork [Camas Creek 0.79 0.39 162 0.79 0.69 0.41 117
almon
Loon Creek 111 0.54 231 122 0.91 0.52 1.60
Chamberlain Creek 1.06 0.55 2.07
Lower Middle Fork Salmon (below Ind. Cr.
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1.08 0.63 1.84 110 0.95 0.62 1.47
Valley Creek 1.07 0.61 1.87 1.08 1.09 0.72 1.66
Yankee Fork 0.61 0.28 1.29 0.63 0.50 0.26 0.97
U Upper Salmon River (above Redfish L.) 1.51 0.84 2.72 1.56 1.23 0.76 1.99
pper North Fork Salmon River
Salmon
Lower Salmon River (below Redfish L.) 1.20 0.75 1.92 1.20 1.04 0.72 1.49
East Fork Salmon River 1.06 0.54 2.08 1.22 1.18 0.70 2.00
Pahsimeroi River 0.51 0.22 1.18 0.56 0.59 0.32 1.08
Panther - Extirpated
U Columbi Wenatchee R. 0.75 0.46 1.22 0.68 0.59 0.41 0.86
er Columbia
pperColumbia) - e stern  [Methow R. 073 0.42 1.27 0.72 051 032 0.81
Spring Chinook -
Cascades |EntiatR. 0.72 0.49 1.05 0.72 0.66 0.50 0.89
Salmon
Okanogan R. (extirpated)
L Mainstem Fall Chinook 1977-Most
Main Stem [ or raimstem Fail £hinoo o3 0.81 0.46 121 0.91 0.82 0.64 108
Snake River Fall Recent BY
Chinook Salmon and Lower Il ch K
ibutaries |L i F i 1
Tributarles RZ:I:r:t'\g?(mStem all Chinook 1990-Most 1.24 0.93 1.66 147 1.07 0.80 143
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Figure 2.1-13 Comparison of Chinook Base Period geometric mean returns-per-spawner (R/S) reported in the 2008
BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new
information in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for
prospective actions for this metric is R/S greater than 1.0 (red line).
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Table 2.1-10. Comparison of steelhead Base Period geometric mean returns-per-spawner (R/S) reported in the 2008
BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new
information in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for
prospective actions for this metric is R/S greater than 1.0. Extended Base Period mean R/S estimates are lower than
the 2008 BiOp estimates for most steelhead populations; however, all new estimates are within the 2008 BiOp’s 95%
confidence limits.

2008 BiOp New Information
Corrected 2008
EsU MPG Population Mean Base Lower 95% gop"ziedr::zz BiOp Mean Mean Extended Lower 95% g:npf?;:::
Period R/S Confidence Limit L Estimate Base Period R/S | Confidence Limit .
Limit Limit
Upper Wenatchee 035 0.22 0.55 0.34 0.35 0.24 0.50
Columbia Eastern Methow 0.21 0.15 0.30 0.19 0.18 0.14 0.23
River Cascades Entiat 0.52 0.37 0.73 0.43 0.37 0.28 0.50
Steelhead Okanogan 0.08 0.06 0.11 0.07 0.07 0.06 0.10
Lower Snake Tuca'nnon | |
Asotin
Imnaha River |[Imnaha R. (Camp Cr) | 1.45 0.94 2.24 | 1.45 | 1.30 0.93 1.83 |
Upper Mainstem 0.93 0.65 1.33 0.93 0.96 0.71 129
Grande Ronde Lower Mainstem
Joseph Cr. 1.26 0.84 1.89 126 1.15 0.81 1.62
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
| River Selway River
Snake River South Fork
Steelhead’ North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fo.rk -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1.02 0.69 1.51 1.02 117 0.86 1.59
Yakima Naches 1.02 0.69 1.51 1.02 113 0.85 1.52
Toppenish 1.46 0.89 2.39 1.41 1.25 0.88 1.77
Satus 0.86 0.62 1.20 0.90 1.11 0.84 1.47
Deschutes W. 0.92 0.67 125 0.87 0.82 0.70 0.97
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 117 0.84 1.63 1.18 0.93 0.67 1.30
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
X Umatilla 0.94 0.73 1.22 0.98 0.80 0.66 0.97
Umatilla/Walla Walla-Walla®
Walla
Touchet®
Lower Mainstem) 1.24 0.76 2.04 1.44 1.05 0.65 1.68
North Fork 1.17 0.79 1.75 1.18 1.07 0.77 1.49
John Day Upper Mainstem 1.07 0.71 1.59 1.08 1.04 0.75 1.46
Middle Fork 117 0.82 1.69 119 1.00 0.70 1.42
South Fork 0.99 0.64 1.54 1.00 1.03 0.72 147

1 0nly the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
2 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. As in 2008 BiOp, it is included in shorter-term estimates in an appendix.
3 Walla Walla population data not available for 2008 BiOp. New data, beginning in 1993, is included in appendix with shorter-term estimates.

“Touchet population was not available for the 2008 BiOp. Because time series does not begin until 1987, it is only used to calculate "1990-present” metrics.
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Figure 2.1-14 Comparison of steelhead Base Period geometric mean returns-per-spawner (R/S) reported in the 2008
BiOp, corrected estimates for the 2008 BiOp’s Base Period, and extended Base Period estimates based on new
information in the NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for
prospective actions for this metric is R/S greater than 1.0 (red line).
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Productivity: Median Population Growth Rate (Lambda)

Lambda HF=0

Lambda was estimated as described in the 2008 BiOp Chapter 7.1 using new information in the
SPS database for the extended Base Period (Tables 2.1-11 and 2.1-12; Figures 2.1-15 and 2.1-
16). As described in Section 2.1.1.4.1 (above), the 2008 BiOp’s goal for prospective actions
(including projected effects of the RPA and continuation of current management practices) for
this metric is lambda greater than 1.0. New point estimates of lambda under the assumption that
hatchery-origin spawners are not reproductively effective (HF=0) were generally lower than
estimates in the 2008 BiOp for Chinook (18[19]** of 26 populations), but estimates generally
increased for steelhead (11 of 18 populations). All new estimates were within the 2008 BiOp’s
95% confidence intervals, indicating that the results are within the range of statistical uncertainty
described in the 2008 BiOp. Although lambda HF=0 estimates were lower than in the 2008 BiOp
for many populations, most of the populations that declined continued to exhibit Base Period
productivity estimates that were greater than 1.0 (14 of 18[19]** Chinook and 5 of 7 steelhead
populations).

22 Snake River fall Chinook metrics were calculated using two different methods, as in the 2008 BiOp and ICTRT
(2007b) survival gap analyses, and the results differed for the two methods.
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Table 2.1-11. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are compared
with extended Base Period estimates based on new information in the NWFSC SPS database that has become
available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater than

1.0. Extended Base Period lambda HF=0 estimates are lower than the 2008 BiOp estimates for most Chinook

populations; however, all new estimates are within the 2008 BiOp’s 95% confidence limits.

Recent BY

2008 BiOp New Information
ESU MPG Population Lower95% | Upper95% [ Extended B: Lower95% | Upper95%
Base Period Probability w.er pp'er i X .en ed Base Probability own'er i ppfer
Confidence Confidence | Period Lambda Confidence | Confidence
LambdaHF=0 | Lambda>1.0 L L Lambda >1.0 . L
Limit Limit HF=0 Limit Limit
Tucannon 0.96 0.39 0.67 1.38 1.01 0.53 0.77 133
Lower Snake 5 " n
Asotin - Functionally Extirpated
Catherine Creek 0.93 0.29 0.66 1.30 0.97 0.40 0.74 1.28
Upper Grande Ronde 0.95 0.26 0.77 1.169 0.97 0.35 0.81 1.16
Minam River 1.05 0.69 0.82 135 1.05 0.73 0.88 125
Grande N
Ronde / Wenaha River 1.04 0.66 0.80 1.37 1.03 0.65 0.85 124
Imnaha |Lostine/Wallowa Rivers 1.03 0.60 0.78 1.36 1.04 0.67 0.84 1.28
Imnaha River 1.00 0.50 0.74 1.36 0.99 0.46 0.79 1.24
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1.09 0.80 0.83 143 1.04 0.75 0.90 121
Secesh River 1.06 0.76 0.86 1.32 1.05 0.75 0.88 1.26
SOt Fork J Fork s. Fork Salmon (indludi
ast Fork S. Fork Salmon (includin
Salmon 8 1.06 0.80 0.88 1.28 1.03 0.64 0.84 1.26
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/
Chinook Salmon Big Creek 1.09 0.74 0.78 1.53 1.05 0.69 0.81 1.37
Bear Valley/Elk Creek 111 0.80 0.79 1.55 1.07 0.75 0.85 133
Marsh Creek 1.09 0.75 0.78 1.52 1.06 0.71 0.83 135
Sulphur Creek 1.07 0.67 0.68 1.68 1.05 0.70 0.82 135
Middle Fork [~ < creek! 1.04 0.60 0.69 157 0.98
Sall
FMON i oon Creek! 112 0.79 0.79 1.58 1.01
Chamberlain Creek’ 0.94
Lower Middle Fork Salmon (below Ind. Cr.)
Upper Middle Fork Salmon (above Ind. Cr.)|
Lemhi River 1.03 0.57 0.66 1.59 1.00 0.49 0.75 133
Valley Creek 1.07 0.69 0.72 1.59 1.03 0.62 0.81 132
Yankee Fork’ 1.06 0.65 0.67 1.68 0.97
Upper Upper Salmon River (above Redfish L.) 1.04 0.61 0.74 1.46 1.03 0.63 0.81 1.32
North Fork Salmon River
Salmon
Lower Salmon River (below Redfish L.) 1.03 0.60 0.76 1.40 1.01 0.55 0.81 1.27
East Fork Salmon River 1.05 0.61 0.70 1.57 1.04 0.62 0.77 1.40
Pahsimeroi River 124 0.96 0.96 159
Panther - Extirpated
u Columbi Wenatchee R. 0.96 0.39 0.61 1.51 0.97 0.37 0.77 1.22
er Columbia
Pp. u ! Eastern |Methow R. 1.02 0.55 0.59 1.78 0.99 0.47 0.74 133
Spring Chinook -
salmon Cascades |EntiatR. 0.97 0.40 0.72 131 0.99 0.44 0.81 1.20
Okanogan R. (extirpated)
Le Mainstem Fall Chi k 1977-Most
Main Stem |- cr namstem Fall thinoo 08 1.09 0.87 091 1.30 110 0.92 0.95 127
Snake River Fall Recent BY
Chinook Salmon and Lower
Tributaries |Lower Mainstem Fall Chinook 1990-Most 118 0.4 0.89 156 0.54 0.26 o 123

* Valid lambda confidence limit estimates could not be obtained for these populations.
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Figure 2.1-15. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are compared
with extended Base Period estimates based on new information in the NWFSC SPS database that has become
available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater than 1.0

(red line).
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Table 2.1-12. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are
compared with extended Base Period estimates based on new information in the NWFSC SPS database that has
become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater
than 1.0. Extended Base Period lambda HF=0 estimates are higher than the 2008 BiOp estimates for most steelhead
populations; however, all new estimates are within the 2008 BiOp’s 95% confidence limits.

2008 BiOp New
ESU MPG Population Base Period Probability Lower 95% Upper 95% Ext;ended Base Probability Lambda Lower 95% Upper 95%
LambdaHF=0 | Lambda>1.0 [ Confidence Limit| Confidence Limit Pe"":::omhda >10 Confidence Limit | Confidence Limit
Upper Wenatchee 107 0.74 0.83 138 1.08 0.81 0.88 132
Columbia Eastern Methow 1.09 0.78 0.83 1.43 1.09 0.84 0.89 134
River Cascades Entiat 1.05 0.70 0.82 136 1.06 0.77 0.87 1.30
Steelhead Okanogan 105 072 085 131
Lower Snake Tucar\non
Asotin
Imnaha River [Imnaha R. (Camp Cr) 1.06 0.71 0.82 137 1.04 0.69 0.85 127
Upper Mainstem 0.99 0.42 0.83 117 1.00 0.51 0.88 115
Lower Mainstem
Grande Ronde |, ooh cr. 105 0.68 0.82 135 103 0.6 0.85 126
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
) River Selway River
Snake River South Fork
Steelhead" North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
. North Fork
Salmon River — -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lembhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 101 0.55 0.74 139 103 0.66 0.85 125
Yakima Naches 1.02 0.57 0.74 141 1.04 0.68 0.85 126
Toppenish 1.09 0.75 0.76 157 1.05 0.71 0.85 1.29
Satus 0.98 0.39 0.76 125 1.03 0.67 0.86 124
Deschutes W. 1.02 0.58 0.81 129 1.01 0.55 0.85 1.20
Deschutes East”
Eastern Klickitat
Cascades Fifteenmile Cr. 1.03 0.65 0.83 128 0.99 0.42 0.80 121
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
Umatilla 1.04 0.68 0.86 125 103 0.72 0.90 118
Umatilla/Walla 3
Walla Walla-\l\{‘alla
Touchet
Lower Mainstem) 1.01 0.53 0.71 1.43 1.00 0.49 0.74 1.35
North Fork 1.00 0.51 0.80 1.26 1.01 0.54 0.84 121
John Day Upper Mainstem 0.99 0.47 0.77 1.28 1.00 0.49 0.82 1.22
Middle Fork 101 0.53 0.80 127 0.99 0.47 0.80 123
South Fork 0.99 0.47 0.74 133 1.00 0.50 0.80 125

*Only the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.

2 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. As in 2008 BiOp, it is included in shorter-term estimates in an appendix.

3 Walla Walla population data not available for 2008 BiOp. New data, beginning in 1993, is included in appendix with shorter-term estimates.

“*Touchet population data not available for 2008 BiOp. New data, beginning in 1987, are included in appendix with shorter-term estimates.
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Figure 2.1-16. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are not reproductively effective (HF=0). Base Period estimates that were reported in the 2008 BiOp are
compared with extended Base Period estimates based on new information in the NWFSC SPS database that has
become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is lambda greater

than 1.0 (red line).
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Lambda HF=1

Lambda was estimated as described in the 2008 BiOp Chapter 7.1 using new information in the
SPS database for the extended Base Period (Tables 2.1-13 and 2.1-14; Figures 2.1-17 and 2.1-
18). As described in Section 2.1.1.4.1 (above), the 2008 BiOp’s goal for prospective actions
(including projected effects of the RPA and continuation of current management practices) for
this metric is lambda greater than 1.0. New point estimates of lambda under the assumption that
hatchery-origin spawners are as reproductively effective as natural-origin spawners (HF=1) were
generally lower than estimates in the 2008 BiOp for Chinook (20 of 26 populations declined),
but estimates increased and decreased in equal proportions for steelhead (9 of 18 populations
increased). All new estimates were within the 2008 BiOp’s 95% confidence intervals, indicating
that the results are within the range of statistical uncertainty described in the 2008 BiOp.
Although lambda HF=1 estimates were lower than in the 2008 BiOp for many populations, many
of the populations that declined continued to exhibit Base Period productivity estimates that were
greater than 1.0 (8 of 20 Chinook populations and 3 of 9 steelhead populations).
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Table 2.1-13. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were reported in the
2008 BiOp are compared with extended Base Period estimates based on new information in the NWFSC SPS
database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this
metric is lambda greater than 1.0. Extended Base Period lambda HF=1 estimates are lower than the 2008 BiOp
estimates for most Chinook populations; however, all new estimates are within the 2008 BiOp’s 95% confidence
limits.

2008 BiOp New Information
ESU MPG Population Lower95% | Upper95% | Extended Ba: Lower95% | Upper 95%
Base Period Probability C::;:ence Copnpfie;en:e P’e(r?:d famb:: Probability C:r‘::ie;en:e Cop:f:enc;
Lambda HF=1 Lambda >1.0 L L. Lambda >1.0 L L
Limit Limit HF=1 Limit Limit
Tucannon 0.87 0.16 0.63 121 0.90 0.18 0.70 116
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.81 0.13 0.53 1.26 0.83 0.10 0.59 116
Upper Grande Ronde 0.82 0.08 0.59 1.13 0.78 0.03 0.60 1.02
Minam River 0.98 0.44 0.71 1.36 0.99 0.47 0.79 1.25
Grande -
Ronde / Wenaha River 0.93 0.30 0.65 1.33 0.94 0.27 0.74 1.20
Imnaha |Lostine/Wallowa Rivers 0.94 0.33 0.68 1.32 0.92 0.20 0.72 1.17
Imnaha River 0.85 0.07 0.67 1.09 0.84 0.06 0.67 1.06
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 0.99 0.47 0.74 133 0.95 0.21 0.80 111
Secesh River 1.06 0.74 0.85 131 1.04 0.72 0.87 1.25
South Fork | orks. Fork Salmon (ndludi
ast Fork S. Fork Salmon (includin,
Salmon 8 1.05 0.76 0.87 126 0.98 0.38 0.79 120
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.09 0.74 0.78 153 1.05 0.69 0.81 137
Bear Valley/Elk Creek 111 0.80 0.79 1.55 1.07 0.75 0.85 133
Marsh Creek 1.09 0.75 0.78 1.52 1.06 0.71 0.83 1.35
Sulphur Creek 1.07 0.67 0.68 1.68 1.05 0.70 0.82 135
Middle Fork [ = Creek! 1.04 0.60 0.69 157 0.98
Sal
aimon Loon Creek’ 112 0.79 0.79 1.58 101
Chamberlain Creek’ 0.94
Lower Middle Fork Salmon (below Ind. Cr.
Upper Middle Fork Salmon (above Ind. Cr.)
Lemhi River 1.03 0.57 0.66 1.59 1.00 0.49 0.75 133
Valley Creek 1.07 0.69 0.72 1.59 1.03 0.62 0.81 1.32
Yankee Fork" 1.06 0.65 0.67 1.68 0.89
Upper Upper Salmon River (above Redfish L.) 0.98 0.43 0.69 1.38 0.98 0.40 0.76 1.26
North Fork Salmon River
Salmon
Lower Salmon River (below Redfish L.) 1.03 0.60 0.76 1.40 1.01 0.55 0.81 1.27
East Fork Salmon River 1.02 0.54 0.66 1.56 1.02 0.55 0.74 1.40
Pahsimeroi River 0.99 0.46 0.80 123
Panther - Extirpated
Wenatchee R. 0.91 0.25 0.61 1.36 0.86 0.07 0.70 1.07
Upper Columbia
. N Eastern |Methow R. 0.94 0.36 0.58 153 0.85 0.10 0.63 113
Spring Chinook -
salmon Cascades |EntiatR. 0.92 0.21 0.71 121 0.91 0.12 0.77 1.09
Okanogan R. (extirpated)
L Mainstem Fall Chi k 1977-Most
Main stem | 2" Vainstem Fall Lhinoo s 0.95 021 0.80 112 0.91 0.10 0.78 1.07
Snake River Fall Recent BY
hinook Sal and Lower
Chinook Salmon Tributaries |Lower Mainstem Fall Chinook 1990-Most
Recent BY 1.01 0.53 0.79 127 0.94 0.26 0.72 123

* Valid lambda confidence limit estimates could not be obtained for these populations.
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Figure 2.1-17. Chinook median population growth rate (lambda) under the assumption that hatchery-origin spawners
are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were reported in the
2008 BiOp are compared with extended Base Period estimates based on new information in the NWFSC SPS
database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions for this
metric is lambda greater than 1.0 (red line).
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Table 2.1-14. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were
reported in the 2008 BiOp are compared with extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is lambda greater than 1.0. Extended Base Period lambda HF=1 estimates are the same or higher than
the 2008 BiOp estimates for half of the steelhead populations (9/18) and are lower for the remaining populations
(9/18). All new estimates are within the 2008 BiOp’s 95% confidence limits.

2008 BiOp New Information
ESU MPG Population Base Period Probability Lower 95% Upper 95% ::ie:::::::: Probability Lambda|  Lower 95% Upper 95%
Lambda HF=1 Lambda>1.0 | Confidence Limit| Confidence Limit HF=1 >1.0 Confidence Limit [ Confidence Limit
Upper Wenatchee 0.80 0.04 0.62 103 0.81 0.02 0.66 0.99
Columbia Eastern Methow 0.67 0.00 0.56 0.81 0.68 0.00 0.59 0.78
River Cascades Entiat 0.81 0.02 0.67 0.97 0.80 0.01 0.68 0.95
Steelhead Okanogan 0.56 0.00 0.47 0.68
Lower Snake Tucahnon
Asotin
Imnaha River Ilmnaha R. (Camp Cr) 1.06 0.71 0.82 137 1.04 0.69 0.85 127
Upper Mainstem 0.96 0.25 0.81 113 0.97 0.32 0.85 112
Grande Ronde Lower Mainstem
Joseph Cr. 1.05 0.68 0.82 135 1.03 0.66 0.85 1.26
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
) River Selway River
Snake River South Fork
Steelhead® North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
Salmon River North Fork
Lower Middle Fork Tribs
Little Salmon/Rapid
Lemhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 1.01 0.53 0.74 139 1.03 0.64 0.85 125
Yakima Naches 1.00 0.51 0.72 139 1.02 0.61 0.84 1.25
Toppenish 1.07 0.71 0.74 155 1.03 0.65 0.84 1.27
Satus 0.96 0.31 0.75 123 1.02 0.60 0.84 1.23
Deschutes W. 0.97 0.35 0.78 120 0.96 0.27 0.81 113
Deschutes East
Eastern Klickitat
Cascades Fifteenmile Cr. 1.03 0.65 0.83 128 0.99 0.42 0.80 121
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
) Umatilla 0.99 0.41 0.83 117 0.98 0.33 0.86 111
Umatilla/Walla Walla-Walla®
Walla
Touchet"
Lower Mainstem) 1.00 0.50 0.71 141 0.98 0.44 0.73 133
North Fork 1.00 0.48 0.79 125 1.00 0.49 0.83 120
John Day Upper Mainstem 0.99 0.44 0.77 1.27 0.99 0.45 0.81 1.21
Middle Fork 1.00 0.50 0.79 1.26 0.98 0.43 0.80 1.22
South Fork 0.98 0.44 0.74 132 0.99 0.45 0.80 123

]Only the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.

2 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. As in 2008 BiOp, it is included in shorter-term estimates in an appendix.

3 Walla Walla population data not available for 2008 BiOp. New data, beginning in 1993, is included in appendix with shorter-term estimates.
“*Touchet population data not available for 2008 BiOp. New data, beginning in 1987, are included in appendix with shorter-term estimates.
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Figure 2.1-18. Steelhead median population growth rate (lambda) under the assumption that hatchery-origin
spawners are as reproductively effective as natural-origin spawners (HF=1). Base Period estimates that were
reported in the 2008 BiOp are compared with extended Base Period estimates based on new information in the
NWFSC SPS database that has become available since the 2008 BiOp. The 2008 BiOp’s goal for prospective actions
for this metric is lambda greater than 1.0 (red line).
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Productivity: Trend of In(Abundance+1) (BRT Trend)

BRT abundance trends were estimated as described in the 2008 BiOp Chapter 7.1 using new
information in the SPS database for the extended Base Period (Tables 2.1-15 and 2.1-16; Figures
2.1-19 and 2.1-20). As described in Section 2.1.1.4.1 (above), the 2008 BiOp’s goal for
prospective actions (including projected effects of the RPA and continuation of current
management practices) for this metric is trend of In(abundance+1) greater than 1.0. New point
estimates of BRT trend were higher than estimates in the 2008 BiOp for most populations
(19[20]% of 26 Chinook and 16 of 18 steelhead populations). All but three new estimates were
within the 2008 BiOp’s 95% confidence intervals, indicating that the results are within the range
of statistical uncertainty described in the 2008 BiOp. The Upper Grande Ronde Chinook estimate
was 1% below the 2008 BiOp’s lower confidence limit while the Wenaha and Imnaha Chinook
population estimates were 2% to 3% above the higher confidence limit. Although BRT trend
declined for a few populations, nearly all continued to exhibit base-period estimates that were
greater than 1.0: 5 of 6 [or 6 of 7]*° Chinook populations and both of the two steelhead
populations.

2 Snake River fall Chinook metrics were calculated using two different methods, as in the 2008 BiOp and ICTRT
(2007b) survival gap analyses, and the results differed for the two methods.
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Table 2.1-15. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is BRT trend greater than 1.0. Extended Base
Period BRT abundance trend estimates are higher than the 2008 BiOp estimates for most Chinook populations. All
but one new estimate is within or above the 2008 BiOp’s 95% confidence limits.

2008 BiOp New Information
ESU MPG Population L 95! Upper 95% | Extended B: L 95! Upper 95
Base Period BRT ow.er % pp(.er % X en. ec Base Probability BRT uwm.er % pp.er %
Confidence Confidence Period BRT Confidence | Confidence
Trend . . Trend >1.0 L L.
Limit Limit Trend Limit Limit
Tucannon 0.92 0.85 0.99 0.98 0.25 0.92 1.04
Lower Snake = = =
Asotin - Functionally Extirpated
Catherine Creek 0.92 0.87 0.98 0.96 0.06 0.92 1.01
Upper Grande Ronde 1.01 0.96 1.06 0.95 0.01 0.91 0.99
Minam River 1.02 0.97 1.07 1.04 0.99 1.01 1.07
Grande -
Ronde / Wenaha River 0.98 0.94 1.02 1.05 1.00 1.02 1.08
1 h. Lostine/Wallowa Rivers 1.04 0.99 1.10 1.02 0.87 0.98 1.06
Imnaha River 0.92 0.87 0.97 0.99 0.22 0.96 1.02
Big Sheep Creek - Functionally Extirpated
Lookingglass- Functionally Extirpated
South Fork Salmon Mainstem 1.05 1.01 1.10 1.03 1.00 1.01 1.05
Secesh River 1.05 1.01 1.09 1.04 1.00 1.02 1.07
South Fork East Fork S. Fork Sal (includi
salmon [-25t Ork > Foriesaimon fincluding 1.02 0.97 1.08 101 0.76 0.98 1.04
Johnson)
Snake River Little Salmon River (including Rapid R.)
Spring/ Summer
Chinook Salmon Big Creek 1.02 0.94 1.10 1.03 0.90 0.98 1.08
Bear Valley/Elk Creek 1.05 0.98 1.13 1.05 1.00 1.01 1.09
Marsh Creek 1.01 0.92 1.10 1.03 0.95 0.99 1.07
: Sulphur Creek 1.02 0.94 111 1.03 0.88 0.98 1.07
Middle Fork [, ras Creek 1.00 0.93 1.07 1.00 0.42 0.95 1.04
Salmon
Loon Creek 1.07 0.98 1.16 1.04 0.96 0.99 1.09
Chamberlain Creek 1.06 0.99 1.01 111
Lower Middle Fork Salmon (below Ind. Cr.)
Upper Middle Fork Salmon (above Ind. Cr.)|
Lemhi River 0.98 0.92 1.05 0.99 0.27 0.96 1.02
Valley Creek 1.03 0.96 111 1.04 0.98 1.00 1.08
Yankee Fork 1.05 0.96 1.15 1.01 0.62 0.96 1.06
U Upper Salmon River (above Redfish L.) 1.01 0.95 1.06 1.03 0.94 0.99 1.06
pper North Fork Salmon River
Salmon - "
Lower Salmon River (below Redfish L.) 1.00 0.95 1.05 1.01 0.75 0.98 1.04
East Fork Salmon River 1.01 0.94 1.09 1.04 0.95 0.99 1.09
Pahsimeroi River 124 1.00 1.19 1.30
Panther - Extirpated
. Wenatchee R. 0.89 0.83 0.95 0.95 0.00 0.91 0.98
Upper Columbia
. N Eastern Methow R. 0.90 0.80 1.01 0.96 0.03 0.91 1.00
Spring Chinook -
Cascades |EntiatR. 0.93 0.89 0.98 0.98 0.11 0.95 1.01
Salmon
Okanogan R. (extirpated)
Lower Mainstem Fall Chinook 1977-Most 1.09 106 113 112 1.00 1.00 114
Main St . . . . . X .
Snake RiverFall [ o >¢™ [Recent BY
Chinook Salmon and Lower
Tributaries ;Z:’:;t'\gi'"smm Fall Chinook 1990-Most 1.23 116 131 1.19 1.00 115 1.23
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Figure 2.1-19. Comparison of Chinook Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is R/S greater than 1.0 (red line).
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Table 2.1-16. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is BRT trend greater than 1.0. Extended Base
Period BRT abundance trend estimates are higher than the 2008 BiOp estimates for most Chinook populations;
however, all new estimates are within or above the 2008 BiOp’s 95% confidence limits.

2008 BiOp New
ESU MPG Population Base Period BRT Lower 95% Upper 95% Extended Base Probability BRT Lower 95% Upper 95%
Trend Confidence Limit | Confidence Limit | Period BRT Trend Trend >1.0 Confidence Limit | Confidence Limit
Upper Wenatchee 1.04 1.00 111 1.04 1.00 1.02 107
Columbia Eastern Methow 1.07 1.03 114 1.07 1.00 1.05 110
River Cascades Entiat 1.04 1.01 112 1.05 1.00 1.02 1.07
Steelhead Okanogan 1.04 0.99 1.01 1.07
Lower Snake Tuca.nnon
Asotin
Imnaha River [Imnaha R. (Camp Cr) | 1.03 0.99 114 | 1.03 0.98 1.00 1.06
Upper Mainstem 0.99 0.95 1.07 1.00 0.34 0.97 1.02
Grande Ronde Lower Mainstem
Joseph Cr. 1.01 0.97 111 1.01 0.70 0.98 1.04
Wallowa R.
Lower Mainstem
Lolo Creek
Clearwater |Lochsa River
River Selway River
Snake River South Fork
Steelhead® North Fork - (Extirpated)
Upper Middle Fork Tribs
Chamberlain Cr.
South Fork Salmon
Panther Creek
Secesh River
N North Fork
Salmon River - -
Lower Middle Fork Tribs
Little Salmon/Rapid
Lembhi River
Pahsimeroi River
East Fork Salmon
Upper Mainstem
Upper Yakima 101 0.95 117 1.05 1.00 1.02 1.08
Yakima Naches 1.02 0.96 118 1.05 1.00 1.02 1.08
Toppenish 1.09 1.02 132 1.07 1.00 1.04 111
Satus 0.98 0.93 1.12 1.04 0.99 1.01 1.07
Deschutes W. 0.99 0.96 117 1.01 0.65 0.98 1.03
Deschutes East’
Eastern Klickitat
Cascades Fifteenmile Cr. 1.03 0.98 115 1.01 0.63 0.97 1.04
Mid Rock Cr.
Columbia White Salmon - Extirpated
Steelhead
Umatilla 1.01 0.98 113 1.02 0.97 1.00 1.04
Umatilla/Walla 3
Walla-Walla
Walla 4
Touchet
Lower Mainstem) 0.98 0.94 114 0.98 0.07 0.95 1.01
North Fork 0.99 0.95 116 1.00 0.53 0.97 1.03
John Day Upper Mainstem 0.95 0.92 1.03 0.96 0.01 0.94 0.99
Middle Fork 0.97 0.93 1.06 0.97 0.01 0.94 0.99
South Fork 0.95 0.91 1.09 0.98 0.07 0.95 1.01

1 0nly the populations with empirical estimates are shown, as in the 2008 BiOp. In the 2008 BiOp, other populations were analyzed using "average A- and B-run" estimates, as understood at the time.
2 Deschutes East populationwas not included in 2008 BiOp "1980-present" metrics because data set doesn't begin until 1990. As in 2008 BiOp, it is included in shorter-term estimates in an appendix.

3 Walla Walla population data not available for 2008 BiOp. New data, beginningin 1993, is included in appendix with shorter-term estimates.

“Touchet population data not available for 2008 BiOp. New data, beginning in 1987, are included in appendix with shorter-term estimates.
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Figure 2.1-20. Comparison of steelhead Base Period BRT abundance trend reported in the 2008 BiOp and extended
Base Period estimates based on new information in the NWFSC SPS database that has become available since the
2008 BiOp. The 2008 BiOp’s goal for prospective actions for this metric is R/S greater than 1.0 (red line).
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2.1.1.4.4 Comparison of Extended Base Period Metrics with Estimates in the 2008 BiOp

Overview of Patterns of Abundance and Productivity

When the 2008 BiOp’s Base Period indicator metrics are corrected based on new information
and extended to include additional years with new empirical estimates of population
performance, virtually all of the new extended Base Period estimates fall within the statistical
confidence limits of the previous estimates. This is in part due to many of the annual estimates
being common to both the original and extended Base Periods; the relatively small changes in
most point estimates; and the variability inherent in the original data set. The lack of statistically
significant changes is consistent with the 2012 GPRA Report described in Section 2.1.1.3—
which concluded that no statistically significant trends can be detected for most populations—
and with the Ford (2011) status review, which made almost no changes to the relative risk and
recovery status of these interior Columbia populations based on information available since the
previous status review.

While the new information indicates no statistically significant changes in Base Period metrics,
some of the point estimates did change, with point estimates of abundance and BRT abundance
trend generally higher, and estimates associated with productivity generally lower, than those in
the 2008 BiOp were.

The 2010 Supplemental BiOp (e.g., Section 4, p. 8) pointed out that annual variations are to be
expected based on the historical record and the statistical variance associated with the original
estimates. The 2010 Supplemental BiOp also described the observed pattern in the abundance
and productivity point estimates as being consistent with an expectation that interference or
competition for resources is likely to occur at high abundance and density, resulting in fewer
returns (also referred to as “recruits”) produced per spawner. Such density-dependent mortality
in Pacific salmonids is a well-established principle in fishery population dynamics (e.g., Ricker
1975; Hilborn and Walters 1992; Zabel et al. 2006). Matrix model projections displayed in
Chapter 7.1 of the 2008 BiOp showed how abundance and productivity are expected to interact
over time in response to a survival improvement in a single life stage, such as one expected from
an RPA action. Due to time limitations of the 2010 voluntary remand, this pattern of observed
abundance and productivity was not analyzed in detail. The following discussion further
elaborates on the pattern of abundance and productivity indicator metrics since the 2008 BiOp.

Figure 2.1-21 shows the pattern of abundance for natural-origin Snake River spring/summer
Chinook salmon populations as an indicator of the general pattern of abundance for interior
Columbia basin salmonids. Figure 2.1-22 shows the same information for total spawners,
including hatchery-origin fish that spawn naturally along with the natural-origin spawners for
some populations (especially those in the Lower Salmon, Grande Ronde, and South Fork MPGs).
The abundances are expressed as a percentage of each population’s ICTRT abundance threshold
(ICTRT 2007a) so that the same figure can display large and small populations. These thresholds
also are relevant because they are the abundance levels associated with population viability and,
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as a rule of thumb, density-dependent effects would be expected as the number of total spawners
approaches approximately 75% of the threshold (Cooney 2012).

Figure 2.1-21. Annual abundance of natural-origin spawners, expressed as a percentage of ICTRT abundance
thresholds.
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Figure 2.1-22. Annual abundance of total natural-origin and hatchery-origin spawners, expressed as a percentage of
ICTRT abundance thresholds.

The Base Period for the 2008 BiOp generally included spawners through 2003 or 2004,
depending upon the population, and new observations go through 2010, 2011, or 2012 for most
populations. During this period, abundance was

= variable during the 1980s and early 1990s,

= consistently low from 1994 to 1999,

= generally high to very high from about 2001 to 2003 or 2004,
= consistently low from about 2005 to 2008 or 2009, and

= generally high to very high since that time.

The abundance of returning natural-origin progeny (mostly at age 4 and age 5 for the SR
spring/summer Chinook example) resulted in the pattern of R/S displayed in Figure 2.1-23. Most
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populations had natural returns that more than replaced the parents (i.e., leading to population
growth) for early 1980s, late 1990s, and mid- to late-2000s brood years. Conversely, populations
generally did not replace themselves through natural production (i.e., declined) for the late
1980s, early 1990s, and early 2000s brood years.

Figure 2.1-23. Brood year R/S expressed on a logarithmic scale (0 is equivalent to the 2008 BiOp goal of an average
of one returning adult per spawner).

When the patterns of spawner abundance and R/S are compared with the pattern of
environmental conditions described in Section 2.1.4.1.4 (Ocean Ecosystem Indicators and
Overall Pattern of Ocean Conditions; particularly Table 2.1-20), it appears that ocean conditions
may have reduced marine survival, adding to the reduced freshwater survival caused by density
dependence in some years (Table 2.1-17). For example, 2001-2003 spawner abundance was
relatively high for many SR spring/summer Chinook populations, suggesting that effects of
density may have reduced survival of progeny. When the progeny of those brood years entered
the ocean in 2003-2005, they encountered poor conditions, further reducing survival. The result
was low R/S productivity for the 2001-2003 brood years. The low productivity of the 2001—
2003 brood years was the main factor influencing lower extended Base Period average
productivities, compared to the original Base Period averages.
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Table 2.1-17. Qualitative summary of factors influencing survival of brood years comprising the 2008 BiOp’s Base

Period and more recent years for Snake River spring/summer Chinook."

Ocean Entry

Abundance of

Spawner Years Natural Spawner Conditions Returning Progeny R/S for Brood
(= Brood Years) Abundance? (+2 years) (+4 to +5 years) Years
1996-97: N/A
1998-99: L
19041066 VeryLow 98: Poor 2000 Moo 1994-96: Mixed
(weaker density 1999-2000: Good ' _ 1997-99: High
dependence) : 2001-04: High
2001: Intermediate
2000 Mixed 2002: Good 2004: High 2000: Mostly High
' 2005: Low ' yHi9
High to Very High 2003-05: Poor 2005-08: Low 2001-03: Very Low
2001-2004 | (stronger density 2006 Intermediate 2009: Low/Mixed 2004: Mixed
dependence) ) ) ’
2007: Intermediate
Low to Very Low 2008: Good 2009: Low/Mixed
2005-2008 (weaker density ' . 2010-12: High 2005-08: High
2009: Intermediate
dependence) 2013: N/A
2010: Poor
Low to Mixed
2009 (relatively weak 2011: Intermediate 2013-14: N/A N/A
density dependence)
High
2010-2012 (stronger density 2012: Good 2014-17: N/A N/A
dependence)

' The qualitative descriptions of abundance and R/S are derived from the patterns for most populations, based on Figures 2.1-21
and 2.1-23, while the general characterization of ocean entry conditions is based on Table 2.1-20.

2 Note that R/S is determined by the combination of natural- and hatchery-origin spawners, which exacerbates the high spawner
abundances for some populations per Figure 2.1-23.

The Influence of Density Dependence

In the previous section, we described the patterns of abundance, productivity, and environmental
conditions during the 2008 BiOp’s Base Period and the extended Base Period. As in the 2010
Supplemental BiOp, we proposed that density dependence affecting brood years with high
spawner abundance contributed to lower average productivity in the extended Base Period, as
would be expected from the scientific literature regarding salmon population dynamics and the

discussion of results from matrix modeling analyses presented in the 2008 BiOp. In this section,
we further explain the influence of density dependence on the results and summarize an analysis
performed by the NWFSC (Zabel and Cooney 2013; included as Appendix C) to quantitatively
test whether the productivity observed in recent years is within the expectations of the 2008
BiOp.

First, it is useful to rearrange annual estimates of R/S so that, instead of plotting R/S by year as
displayed in Figure 2.1-7 for Tucannon River spring Chinook, it is plotted against the number of
parental spawners. An example is displayed for the Secesh River population of SR
spring/summer Chinook (Figure 2.1-24), which (unlike the Tucannon River population) had a
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lower point estimate of average R/S for the extended Base Period than the 2008 BiOp’s point
estimate for the Base Period (Table 2.1-9). Figure 2.1-24 presents the natural logarithm of R/S
(In[R/S]) because this results in a linear arrangement of points, rather than a more complicated
curved relationship. The spawners on the horizontal axis are total spawners, since both natural-
origin and hatchery-origin adults that spawned naturally contribute to the returning natural-origin
progeny. In the Secesh River example, hatchery-origin spawners made up 1% to 9% of the total
spawners in recent years.

Secesh CH
3 -
I | ICTRT Abundance Threshold = 750
2 ﬁ ]
* |
RS So
’
0 * 4 _2004
T |
2 |
e & b 2 2002
1 v v | ki
s O O2003 + 1981-2000 (BiOp)
. 4 |
_ = [12001-2006 (N
2 I Ha001 (New)
-3 |
|
A I
5 I
0 500 1000 1500 2000

Total Natural- and Hatchery-Origin Spawners

Figure 2.1-24. Example of natural logarithms of returns-per-spawner (In[R/S]) versus total adult spawners for the
Secesh River population of SR spring/summer Chinook. Dashed line represents the ICTRT (2007a) viability
abundance threshold of 750 spawners. Hatchery-origin spawners made up approximately 1% to 9% of total spawners
in these years.

Figure 2.1-24 shows that at relatively low total spawner levels, most R/S estimates are above
replacement (In[R/S] = 0, which is equivalent to R/S = 1), although there was considerable
variability during the 2008 BiOp’s Base Period. In contrast, four of the new brood years included
in the extended Base Period had parental spawner abundances that were greater than the ICTRT
abundance threshold and R/S estimates that were well below replacement. Those four years are
the 2001-2004 brood years described above and in Table 2.1-17 as having high abundance and
low productivity, driving down the extended Base Period average R/S estimates. Density
dependence was hypothesized as a key factor explaining the low productivity for those brood

years.

The pattern of decreasing productivity with increasing abundance over a range of environmental
conditions suggests that density dependent mortality is occurring. Zabel and Cooney (2013;
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Appendix C) statistically tested whether the pattern of In(R/S) versus spawner abundance during
the Base Period was consistent with a density-dependent model commonly used in fisheries
management (Ricker 1954), and whether the new estimates contributing to the extended Base
Period were within the prediction limits generated from the model using the Base Period data. If
so, the new R/S estimates can be considered consistent with the Base Period R/S estimates for a
given abundance of spawners.

As described in Appendix C, 20 out of 26 Chinook populations demonstrated statistically
significant density-dependent relationships using Base Period data (Figures 2.1-25 and 2.1-26).
When the more recent data points were plotted against the 95% prediction intervals, only one
point fell below the interval and four points fell above, “providing no support for the hypothesis
that recent conditions are less productive than those experienced during the Base Period” (Zabel
and Cooney 2013). Eighteen out of 18 steelhead populations demonstrated statistically
significant density-dependent relationships using Base Period data; only three points fell below
the prediction intervals and 14 points fell above (Figures 2.1-27 and 2.1-28). The steelhead
results provided “little support for the hypothesis that recent conditions are less productive than
those experienced during the Base Period” (Zabel and Cooney 2013; included as Appendix C).

Zabel and Cooney (2013; included as Appendix C) concluded that these analyses provide strong
support for the hypothesis that density-dependent recruitment is occurring in these populations.
Further, when “recent” data points were plotted onto relationships derived from the Base Period
data, the vast majority of these points fell with the 95% prediction intervals, providing strong
support for the hypothesis that productivity has not decreased for these populations when
comparing base to recent time periods but that the decreased R/S resulted from density-
dependent processes as a result of the increased abundance observed recently.
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Figure 2.1-25. Ln(Recruits/Spawner) versus spawners for interior Columbia basin spring and summer Chinook
populations. Open black points represent the 2008 BiOp Base Period (approximately 1980 to 2000 brood years) and
red points represent the recent period. Based on linear regression, if P<0.10, the black line is the best fit and the
dashed lines are the 95% prediction interval for the data. Figure reproduced from Zabel and Cooney (2013; Appendix

C).
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Figure 2.1-26. Ln(Recruits/Spawner) versus spawners for interior Columbia basin spring and summer Chinook
populations, continued.
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Figure 2.1-27. Ln(Recruits/Spawner) versus spawners for interior Columbia basin steelhead populations. Open black
points represent the 2008 BiOp Base Period (approximately 1980 to 2000 brood years) and red points represent the
recent period. Based on linear regression, if P<0.10, the black line is the best fit and the dashed lines are the 95%
prediction interval for the data. Figure reproduced from Zabel and Cooney (2013; Appendix C).
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Figure 2.1-28. Ln(Recruits/Spawner) versus spawners for interior Columbia basin steelhead populations, continued.

2.1.1.5 Other Information on the Abundance of Interior Columbia Basin Salmon
and Steelhead

The preceding four subsections present retrospective population status information, which is
generally based on empirical estimates of spawners reaching each population’s spawning ground.
It is also useful to consider very recent aggregate population estimates derived from dam counts,
which may include more up-to-date data than that available for individual populations;
projections of returning spawners in future years based on observations of cohorts at earlier life
stages; and on environmental conditions likely to affect their survival to adults.

2.1.1.5.1 AMIP Dam Count Data for the Most Recent Years

The AMIP developed a set of triggers for declines that were not anticipated in the 2008 BiOp,
which are evaluated using aggregate population data derived from dam counts (Section 3.7.1,
Early Warning Indicator and Significant Decline Trigger in this document). Aggregate
population information is used because it is more immediately available than population-level
data. The Action Agencies’ 2013 Draft CE presents the most recent aggregate population data in
Section 1: 2008-2012 Fish Status and Environmental Conditions, Fish Status, Adult Fish
Returns and Trends. The following is a brief overview of information additional to the
population-level data presented in preceding subsections of this supplemental opinion.
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SR Fall Chinook

Information available for SR fall Chinook in the SPS database ends in 2012. The 2013 Draft CE
also includes preliminary abundance estimates of this species’ single extant population through
2012. Both sources of information indicate that natural-origin SR fall Chinook abundance has
been very high since 2008, with returns among the highest recorded in decades.

SR Spring/Summer Chinook

Information available for SR spring/summer Chinook in the SPS database extends through either
2011 or 2012, depending upon population. The 2013 Draft CE includes aggregate dam counts of
natural-origin spring and summer Chinook at Lower Granite Dam through 2012. These estimates
indicated that 2010 through 2012 aggregate population estimates were similar and at a higher
level than abundances during 2005 through 2008. Therefore, for populations that were only
updated through 2011, it is likely that 2012 abundance will be relatively high and similar to
2011, reinforcing the increasing abundance trends reported in previous subsections.

SR Steelhead

As described in Section 2.1.1.4.2, information is only available for three SR steelhead
populations in the SPS database, and that information extends through 2010. The approach used
to apply dam count estimates to uncensused populations in the 2008 BiOp is no longer valid
(Cooney 2013a), so until an alternative approach is developed, the aggregate dam count is the
main information available for most populations. The aggregate population abundance was high
in the early 2000s, low in the mid-2000s, increased again to high levels in 2009 and 2010, and
has again been declining in 2011 and 2012. The abundance in 2011 and 2012, while declining, is
still much higher than in the 1990s and mid-2000s. The 2013 Draft CE reports that the
abundance trend has been positive based on 1990 through 2012 estimates. No information is
presented for the trend beginning in 1980.

UCR Spring Chinook

Information available for UCR spring Chinook in the SPS database extends through 2011, while
the 2013 Draft CE includes aggregate abundance of natural-origin spring Chinook at Rock Island
Dam through 2012. The aggregate abundance in 2012 increased above levels observed during the
previous 10 years, approaching the high abundances of 2000 and 2001. This suggests there will
be an increase in the abundance trend once 2012 returns are added to the database.

UCR Steelhead

Information available for UCR steelhead in the SPS database extends through 2011, while the
2013 Draft CE includes aggregate abundance of natural-origin spring Chinook at Rock Island
Dam through 2012. The aggregate abundance in 2012 is similar to the aggregate abundance in
2011, which is about half the aggregate abundance in 2009 and 2010. This pattern does not
match the abundance pattern in the SPS database through 2011, which indicates for the three
available populations that 2010 and 2011 were about twice as high 2008 and 2009. Because the
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patterns do not appear to match for years in common, it is difficult to determine how to interpret
the aggregate abundance data relative to the population-level data.

MCR Steelhead

Information available for MCR steelhead in the SPS database extends through 2011 or 2012,
depending upon population. Data for the Yakima MPG populations extended through 2012. The
2013 Draft CE includes aggregate abundance of Yakima MPG natural-origin steelhead at Prosser
Dam through 2012. Because the aggregate population count covers the same period, it does not
inform future returns of MCR steelhead.

2.1.1.5.2 US v Oregon Projections for Future Years

The Washington Department of Fish and Wildlife (WDFW) and the Oregon Department of Fish
and Wildlife (WDFW and ODFW 2013) fisheries managers forecast the 2013 run of natural-
origin Snake River fall Chinook at the Columbia River mouth at 31,600 fish, 272% of the 2003—
2012 average. This would be the highest return on record (since construction of the lower Snake
River Dams).

2.1.1.5.3 NWFSC Ocean Indicators and the AMIP Projection Model for Future Years
Two methods predicted that Chinook abundance would be relatively high in 2013, and one of
two methods predicts relatively high abundance for 2014 as well.

The ocean ecosystem indicators described in Section 2.1.4.1.4 allow for projections of the
relative abundance of adult spring Chinook returns one to two years after the ocean conditions
associated with juvenile ocean entry are observed (Peterson et al. 2012). Based on observed
ocean indicators through 2012, returns of adult spring Chinook salmon to the Columbia River in
2013 and 2014 are expected to be well above average.>* These projections apply to multiple
species and populations, including SR spring/summer Chinook and UCR spring Chinook. They
also include both hatchery-origin and natural-origin fish. Estimates of returning adult fall
Chinook, including SR fall Chinook, are also projected to be well above average in 2013 and
2014.

A related projection is generated using the method of Burke et al. (2013). This method uses a
broader suite of 32 indicators in a maximum covariance analysis, and is able to project adult
returns at a finer taxonomic scale. The Burke et al. (2013) approach predicted that approximately
97,000 SR spring/summer Chinook, expanded for harvest,” will return to Ice Harbor Dam in
2013. This estimate is slightly above the most recent 10-year average. They also predicted that
19,500 UCR spring Chinook, expanded for harvest, will return to Priest Rapids Dam in 2013.
Confidence limits on these predictions are very wide.

2 Web site http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/g-forecast.cfm accessed on May 15, 2013.
23 «Bxpanded for harvest” means that the adult return predictions are adjusted to reflect pre-harvest numbers.
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As described in Section 2.1.1.5.1 above, preliminary estimates of 2013 combined natural-origin
and hatchery-origin Snake River spring/summer Chinook salmon returns are much lower than
the 10-year average, while corresponding estimates for UCR spring Chinook are higher than the
10-year average. Therefore, the predictions for the 2013 fall Chinook run and 2014 returns
should be viewed with caution. Scientists are currently exploring additional variables indicative
of survival at other points in the ocean life phase, such as zooplankton and larval/juvenile fish
abundances in the Gulf of Alaska, which may improve predictions (see Section 2.2.3.1: Plume
conditions—bottom-up control of salmon survival (food webs)).

2.1.1.6 Rangewide Status of Snake River Sockeye Salmon

The endangered SR sockeye ESU includes populations of anadromous sockeye salmon in the
Snake River basin, Idaho (the single extant population occurs in the Sawtooth Valley), as well as
residual sockeye salmon in Redfish Lake, Idaho, and one captive propagation hatchery program.
Four of the historical populations are extirpated (Alturas Lake, Pettit Lake, Yellowbelly Lake
and Stanley Lake; NMFS 2011a).

Between 1991 and 1998, all 16 of the natural-origin adult sockeye salmon that returned to the
weir at Redfish Lake were incorporated into the captive broodstock program, as well as
outmigrating smolts captured between 1991 and 1993, and residual sockeye captured between
1992 and 1995 (Hebdon et al. 2004). The program has used multiple rearing sites to minimize
chances of catastrophic loss of broodstock and has produced several million eggs and juveniles,
as well as several thousand adults, for release into the wild.

Estimates of annual returns are now available through 2012 (Table 2.1-18). Between 1999 and
2007, more than 355 adults returned from the ocean from captive broodstock releases (Flagg et
al. 2004), primarily due to large return (257 fish) in the year 2000. Returns for 2003 through
2007 were lower, but increased beginning in 2008. The return of 257 adults in 2012 was lower
than in 2008 through 2011, but still the fifth highest return since the captive broodstock program
began. Adults returning in 2012 were released as smolts in 2010 when survival from the
Sawtooth Valley through the Salmon and lower Snake rivers and Lower Granite Reservoir was
very low (about 18% compared with an average for 2006 through 2012 of about 50%). In
addition, average annual survival rates of adults in the mainstem reach from Bonneville to
McNary dams were lower in 2010 through 2012 than in 2006 and 2007 (Section 3.3.3.1). Other
factors, such as an unknown effect of ocean conditions, may have influenced the size of the 2012
adult return.
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Table 2.1-18. Hatchery and natural sockeye returns to Sawtooth Basin, 1999-2012 (Source: Baker 2013).

R\((aél;rrn Total Return g::':j:ﬁ!l_ Hatchery Return (N(o)tb _T_fé;;gi d)
1999 7 0 7 0
2000 257 10 233 14
2001 26 4 19 3
2002 22 6 9 7
2003 3 0 2 1
2004 27 4 20 3
2005 6 2 4 0
2006 3 1 2 0
2007 4 3 1 0
2008 650 142 457 51
2009 833 85 732 16
2010 1,355 179 1,143 33
2011 1,118 146 955 17
2012 257 52 190 15

' Adult returns from natural production from Redfish, Alturus, and Pettit lakes.

The increased production from the captive broodstock program resulted in sufficient numbers of
fry for initial evaluations of alternative supplementation strategies (Hebdon et al. 2004), i.e.,
acclimating some fry to natural waters and allowing them to emigrate to the ocean and return to
spawn naturally.

Monitoring and evaluation focus on identifying and prioritizing the most successful
reintroduction strategies. Sawtooth Basin to Sawtooth Basin smolt-to-adult return rates for
anadromous adults from the 2004 through 2006 brood years varied by release strategies.
Averaged across all release strategies, SARs ranged from a low of 0.29% for brood year 2004 to
a high of 0.74% for brood year 2006 releases (NMFS 2013b). Within brood year 2006, SARs
ranged from a low of 0.35% for adults produced from outplanted pre-smolts returning to the
Redfish Lake trap to a high of 2.48% for adults from naturally produced smolts that emigrated
from Redfish Lake.

2.1.1.6.1 Limiting Factors and Threats

Snake River sockeye salmon have been—and continue to be—affected by hydropower impacts;
low abundance (making the single extant population vulnerable to catastrophic loss and posing
significant risks to genetic diversity); water quality impairment in the upper Salmon River
drainage; predation by birds, pinnipeds, and fish; and the effects of climate change.

2.1.1.6.2 ESU Risk Summary

The captive propagation program has likely forestalled extinction of this population and the
ESU. This program has increased the total number of anadromous adults and has preserved what
genetic diversity remained after the decline. However, the longer this program relies on captive
broodstock to maintain the population, the greater the risks of domestication become. Although
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the program has increased the number of anadromous adults in some years, it has only begun to
yield large numbers of returning adults (in part due to larger smolt releases and in part because of
out-of-basin effects such as improved ocean conditions).

In recent years, sufficient numbers of returning hatchery adults and their eggs and smolts have
been available to make it feasible to use supplementation strategies to increase the abundance of
natural spawners. Limnological studies and direct experimental releases are being conducted to
learn more about production potential in the three Sawtooth Valley lakes that are candidates for
sockeye restoration. Lake habitat rearing potential, juvenile downstream passage survivals, and
adult upstream survivals are also being studied. However, substantial increases in survival rates
across all life history stages must occur in order to reestablish sustainable natural production
(e.g., Hebdon et al. 2004; Keefer et al. 2008). Although the risk status of the Snake River
sockeye salmon ESU appears to be on an improving trend, the risk of extinction is still high and
the ESU continues to be listed as endangered (Ford 2011).

2.1.1.7 Relevance of Updated Status of Interior Columbia Basin Salmon and
Steelhead to the 2008/2010 BiOps’ Analyses

New information in Section 2.1.1 regarding the status of interior Columbia basin species is very
similar to that described in the 2010 Supplemental BiOp. Additional years of data and new
analyses provide support for NOAA Fisheries’ continued reliance on the 2008 BiOp’s
description of the rangewide status of these species and the Base Period metrics applied in the
2008 BiOp’s quantitative aggregate analysis. As described in the introduction to Section 2.1.1,
this conclusion is significant because the Base Period metrics were the starting point for all
subsequent calculations in the 2008 BiOp’s quantitative analysis for six interior Columbia basin
species. The following is a review of information reviewed in earlier subsections of Section
2.1.1, which supports this conclusion.

New information in Sections 2.1.1.1 through 2.1.1.3 regarding recovery goals and the status of
species and their constituent populations relative to those recovery goals is nearly identical to the
recovery status in the 2008 BiOp, as updated by the 2010 Supplemental BiOp.

= Recovery plans and goals have not changed since the 2008/2010 BiOps.

= NOAA Fisheries completed 5-year status reviews for interior Columbia basin species
in 2011 and concluded that the listing status of all species was unchanged from the
2005 status review, which was relied upon in the 2008/2010 BiOps.

= NOAA Fisheries’ latest report to Congress concluded that the trends of six of seven
interior Columbia species have been stable, while the SR sockeye trend is described
as “mixed” because of the high level of artificial propagation necessary to maintain
the species. This is identical to the conclusions of the 2009 report to Congress, which
was described in the 2010 Supplemental BiOp.
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When the trends of individual populations were evaluated, NOAA’s report to
Congress indicated that 47 populations of interior Columbia Chinook and steelhead
were stable, two were decreasing, and two were increasing.

When individual populations of Chinook and steelhead were evaluated relative to
recovery criteria, the new 5-year status review indicated that most populations had
increased abundance, decreased intrinsic productivity, and little or no change in
spatial structure or diversity compared to population risk metrics at the time of the
previous 5-year review. These are the same characteristics described in the 2010
Supplemental BiOp, and they are discussed in more detail below relative to the 2008
BiOp metrics.

0 Overall risk ratings continued to be “high” for all populations of UCR
Chinook, UCR steelhead, and SR spring/summer Chinook. There was a
mixture of risk categories for SR steelhead, while most populations of
MCR steelhead and the single population of SR fall Chinook were rated
either “Maintained” or “Viable.”

0 For SR sockeye salmon, it was not possible to quantify the risk rating,
although this species appears to be on an improving trend.

New information in Section 2.1.1.4 regarding 2008 BiOp indicator metrics, which have been
updated and extended to reflect the most recent return years, are consistent with the expectations
of the 2008 BiOp, as updated by the 2010 Supplemental BiOp. These metrics apply to six

interior Columbia basin species with sufficient information to conduct a quantitative analysis.
The extended Base Period estimates include four to nine additional years of return data beyond
the years included in the 2008 BiOp for most populations.

Virtually all of the new extended Base Period estimates fall within the statistical
confidence limits of the 2008 BiOp Base Period metric estimates.

While the new information indicates no statistically significant changes in Base
Period metrics, some of the point estimates did change. Point estimates of abundance
and BRT abundance trend were generally higher, estimates of extinction risk were
generally lower, and estimates associated with productivity were generally lower,
than those in the 2008 BiOp were. This pattern is nearly identical to that described in
the 2010 Supplemental BiOp.

0 Mean abundance point estimates for the most recent 10-year period were
higher than estimates in the 2008 BiOp for all populations of Chinook and
nearly all populations of steelhead.

0 Extinction risk (24-years, QET 50) point estimates were unchanged or
lower than estimated in the 2008 BiOp for nearly all populations.
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0 Mean R/S productivity point estimates were lower than estimates in the
2008 BiOp for most populations (although over 1/3 of the populations that
were lower still had average Base Period R/S greater than 1.0, the 2008
BiOp’s goal for prospective actions);

0 Median population growth rate (lambda) point estimates, under the
assumption that hatchery-origin spawners do not contribute to productivity
(HF=0), were lower than in the 2008 BiOp for most populations of
Chinook but higher than in the 2008 BiOp for most populations of
steelhead. For those populations with lower estimates, over two-thirds still
had average Base Period lambda greater than 1.0.

0 Median population growth rate (lambda) point estimates, under the
assumption that hatchery-origin spawners are as effective as natural-origin
spawners (HF=1), were lower than in the 2008 BiOp for most populations
of Chinook, but half of the steelhead populations were higher and half
were lower. For those populations with lower estimates, over two-thirds
still had average Base Period lambda greater than 1.0, the 2008 BiOp’s
goal for prospective actions.

0 BRT abundance-trend point estimates were higher than in the 2008 BiOp
for most populations. For the few populations with lower estimates, all but
one still had a trend greater than 1.0.

The observed pattern in the abundance and productivity point estimates is consistent
with an expectation that interference or competition for resources is likely to occur at
high abundance and density, resulting in fewer returns produced per spawner. Such
density-dependent mortality was anticipated in the 2008 BiOp; described as the
explanation for lower productivity point estimates in the 2010 Supplemental BiOp;
and confirmed in this supplemental biological opinion.

0 Section 2.1.1.1.4 (Comparison of Extended Base Period Metrics with
Estimates in the 2008 BiOp) includes a detailed review of the patterns of
abundance, productivity, and climate factors affecting brood years in the
extended Base Period, which shows the likely effects of density
dependence on a brood-year basis. The total spawner abundances in brood
years contributing to low average productivity estimates were in many
cases the highest in the Base Period and near or above the ICTRT
abundance thresholds.

0 Section 2.1.1.4.4 (The Influence of Density Dependence; see also
Appendix C) includes a quantitative test of whether the productivity
observed in recent years is within the expectations of the 2008 BiOp.
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*  Most Chinook populations demonstrated statistically significant
density-dependent relationships using Base Period data. When the
more recent data points were plotted against the 95% prediction
intervals, only one point fell below the interval and four points fell
above, “providing no support for the hypothesis that recent
conditions are less productive than those experienced during the
Base Period.”

» All steelhead populations with sufficient data for the analysis
demonstrated statistically significant density-dependent
relationships using Base Period data; only three points fell below
the prediction intervals and 14 points fell above. The steelhead
results provided “little support for the hypothesis that recent
conditions are less productive than those experienced during the
Base Period.”

In summary, these results provide “strong support for the hypothesis that density-
dependent recruitment is occurring in these populations” and “strong support for the
hypothesis that productivity has not decreased for these populations when comparing
base to recent time periods but that the decreased R/S resulted from density-
dependent processes as a result of the increased abundance observed recently.”

More recent aggregate population dam counts and predictions from factors influencing earlier
ages of some cohorts (Section 2.1.1.5) indicate that:

abundance of SR fall Chinook, SR spring/summer Chinook, and UCR Chinook
(which end in 2012, 2011 [some populations], and 2011 [all populations],
respectively, in the SPS database) has remained high through 2012.

abundance of SR steelhead (which ends in 2010 in the SPS population-specific
database) has declined from recent peaks in 2011 and 2012, but still remains above
average.

in spite of predictions of above-average SR spring/summer Chinook returns in 2013,
preliminary information indicates that returns this year were below average for the
first time in several years. Above-average returns are still predicted for 2014, based
on ocean indicators.

UCR Chinook are predicted to have higher than average returns in 2013 and 2014 and
preliminary information for 2013 indicates that this is the case.

predictions for SR fall Chinook are for much higher than average returns in 2013 and
higher than average returns in 2014.

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



New Information | 2.1 Rangewide Status | 117

In addition to the description of the recovery status of SR sockeye salmon (above), a review of
the captive broodstock and reintroduction programs in Section 2.1.1.6 indicates that these aspects
of SR sockeye status are functioning the same or better than as anticipated in the 2008/2010
BiOps.
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2.1.2 Rangewide Status of Lower Columbia Basin Salmon
and Steelhead

NOAA Fisheries has updated its status assessments for lower Columbia basin salmon and
steelhead (Table 2.1) since the 2008/2010 BiOps. The following sections summarize the updated
information for each species of lower Columbia basin (including the upper Willamette River)
salmon and steelhead.

Hydrosystem Effects on Rangewide Status of Lower Columbia Basin Salmon and Steelhead
Flow management operations at large storage reservoirs in the interior of the Columbia basin
(Grand Coulee, Dworshak, etc.) affect all juvenile Columbia River salmon and steelhead in the
lower mainstem and estuary, and potentially in the plume—primarily by altering flow volume
and timing. These alterations impair sediment routing, influence habitat forming processes,
reduce access to peripheral habitat, and change the dynamics of the Columbia River plume and
the estuarine food web. The reservoirs associated with the run-of-river mainstem dams contribute
to elevated water temperatures below Bonneville Dam in late summer and fall, which affects
each ESU and DPS to a different degree depending on the timing of its juvenile and adult
migrations, as described in the following sections. These lower basin species are substantially
less affected by the FCRPS compared to listed species that range into the interior Columbia
basin, and therefore migrate past multiple FCRPS projects. The generally poor status of the
lower Columbia species is primarily the result of other limiting factors and threats, as described
below.

2.1.2.1 Columbia River Chum Salmon

The threatened Columbia River chum (CR chum) salmon ESU consists of 17 historical
populations in the three eco-geographic strata, Coastal, Cascade, and Gorge, plus three artificial
propagation programs.

At the time of the 2008 BiOp, we thought that the Grays River and Lower Gorge were the only
chum salmon populations with consistent natural spawning. However, there is new information
(i.e., not previously considered in NOAA Fisheries’ 5-year status reviews or the 2008/2010
BiOps) that indicates there has been consistent spawning, predominantly by natural-origin fish,
since at least 2002 in the Washougal population in the Cascade stratum. Based on recent mark-
recapture studies, the estimated numbers of spawners during 2009 through 2012 (including those
in the mainstem near Interstate Highway 205) has ranged from 1,132 to 4,947 (Table 2.1-19).
Spawner estimates for the Grays River and Lower Gorge populations also have been moderately
high (Table 2.1-19).

Small numbers of adult chum salmon are found in other Washington and Oregon streams, but
numbers are too sparse to convert to estimates of abundance (Ford 2011). For example, ODFW
survey crews reported a peak count of 12 adults in Big Creek and another four adults in Little
Creek, one of Big Creek’s tributaries, during 2012 (Jacobson 2013). The origin of these fish is

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



120 | New Information

not known; the first fry raised at ODFW’s Big Creek Hatchery were released during spring 2010
and adult returns are not expected until fall 2013.
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Table 2.1-19. Preliminary estimates of abundance for the Grays River, Washougal, and Lower Gorge fall-run chum salmon populations (Hillson 2013).

Population 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Grays River' 12,041 16,974 15,157 4,327 6,232 3,966 2,807 2,833 6,399 11,519 10,114
Washougal® 3,468 2,844 2,102 1,009 862 544 626 1,132 2,105 4,947 2,483
Lower Gorge® | 7,883 4,480 1,857 944 1,564 432 458 534 1,404 2,594 1,255

' The Grays River population includes spawners in Crazy Johnson Creek, the West Fork Grays, and the mainstem Grays River.
2The Washougal population includes the mainstem spawners near |-205, Rivershore, and Woods Landing.

% The Lower Gorge population incudes spawners in the mainstem Columbia near Multnomah Falls, St. Cloud, and Horsetail creeks, near lves Island, and tributary spawners in
Duncan, Hardy, and Hamilton creeks and Hamilton Spring Channel.
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In the 2008 BiOp, we assumed that the Upper Gorge population was extirpated by inundation
behind Bonneville Dam. However, a total of 177 chum fry have been recorded by the Smolt
Monitoring Program between spring 2010 and 2013 (Fish Passage Center 2013), indicating
spawning in the reservoir reach. The fry seen at Bonneville Dam could have originated in the
White Salmon River where WDFW has recovered a few chum carcasses (Hillson 2013).
Alternately, these fry could be the progeny of spawners in Eagle Creek, which is less than one
mile above Bonneville Dam (Hillson 2013).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall ESU trend as “unknown” because due to lack of
hatchery fraction data, the trends for the two populations with available data (Gray River and
Lower Gorge) were both unknown.

Limiting Factors and Threats

NOAA Fisheries (NMFS 2013c) has finalized its ESA recovery plan for lower Columbia basin
species including CR chum salmon. This species has been affected by the loss and degradation of
spawning and rearing habitat, the impacts of mainstem hydropower dams on upstream access and
downstream habitats, and the legacy effects of historical harvest. Together, these factors have
reduced the risk of extinction of all populations. Although we now know that there are three
populations with consistent natural spawning, the constrained spatial structure of the ESU, which
is related to conversion, degradation, and inundation of habitat, contributes to very low
abundance and low genetic diversity in most populations, thereby increasing the risk to the ESU
from local disturbances (NMFS 2013c).

With respect to the hydrosystem, passage at Bonneville Dam and the inundation of historical
habitat under Bonneville Reservoir is a primary limiting factor for the Upper Gorge Tributaries
chum salmon population (Table 8-3 in NMFS 2013c). Juvenile chum salmon are rearing in and
migrating through the mainstem in February through July (peak during May) and adults are
migrating during November and December, so it is unlikely that elevated mainstem temperatures
have a significant impact on this ESU. For the Lower Gorge population, the availability of
tailrace spawning habitat is affected by flows from the Columbia River hydropower system
during fall and winter and early spring flows are critical to prevent dewatering of redds before
emergence.

ESU Risk Summary

None of the CR chum salmon ESU’s three strata meet recovery criteria: most (15 out of 17)
remain at very high risk (NMFS 2011b). The Grays River and Lower Gorge populations showed
sharp increases in adult abundance in 2002, declined back to relatively low levels, and then
increased again in recent years. A focused look at the Washougal population could alter the
biological risk category for that population and the Cascade stratum at the time of NOAA
Fisheries’ next status review. In any case, there is no new information to indicate that extinction
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risk for the CR chum salmon ESU has increased significantly compared to our understanding in
2008 and 2010.

2.1.2.2 Lower Columbia River Chinook Salmon

The threatened LCR Chinook salmon ESU consists of 32 historical populations in six strata:
Coastal fall-run, Cascade spring-run, Cascade fall-run, Cascade late fall-run, Gorge fall-run, and
Gorge spring-run, plus 17 artificial propagation programs.

The last status review included abundance data for most LCR Chinook salmon populations up to
the year 2001. For the more recent review, Ford (2011) compiled data through 2008 or 2009 for
most populations.”® Abundance of all LCR Chinook salmon populations increased during the
early 2000s but has since declined back to levels close to those in 2000 for all but one
population. Abundance of the Sandy spring Chinook salmon population has declined from levels
in the early 2000s but remains higher than its 2000 level. In general, abundance of LCR Chinook
salmon populations has not changed considerably since the previous status review (Ford 2011).

Assessments conducted as part of recovery planning indicate that most LCR tule fall Chinook
salmon populations are at high to moderate risk for issues related to diversity and at relatively
low risk for issues related to spatial structure (Ford 2011). The two LCR late fall Chinook
salmon populations are at moderate to low risk for issues related to diversity and spatial
structure. Lower Columbia River spring Chinook salmon populations range from very high to
moderate risk because of diversity, and most are at very high risk due to spatial structure
concerns.

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall ESU trend as “stable.”

Limiting Factors and Threats

The spring-run component of the LCR Chinook salmon ESU has been—and continues to be—
affected by habitat degradation, hydropower impacts, harvest, and hatchery production that,
together, have reduced the persistence probability of all populations. One of the largest factors
limiting the spring-run component has been the existence of tributary dams that block access to
core headwater spawning areas in upper subbasins. Spatial structure, productive potential, and
survival are further constrained by widespread degradation of tributary habitat in downstream
areas. In addition, the high historical harvest rates and the effects of hatchery fish on natural
populations have undermined the genetic and life history diversity of spring Chinook salmon
populations and contributed to significant losses in production and abundance (NMFS 2013c).

The tule fall Chinook salmon component of the LCR Chinook salmon ESU is limited by a
combination of factors: widespread habitat degradation both in tributaries and the Columbia

26 Data were available only through 2006 for the Clatskanie fall and Sandy late fall Chinook salmon populations.
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River estuary; a history of high harvest rates and large scale hatchery production with associated
population depletions, reductions in productivity, and loss of genetic diversity; the effects of
tributary dams and the FCRPS on habitat; and predation by native fish, birds, and marine
mammals. In addition, the ongoing straying of hatchery fish continues to affect productivity and
diversity of fall Chinook salmon, and harvest impacts continue to be significant. For some
populations, spatial structure is constrained by tributary dams; for many more populations,
urban, agricultural, and transportation development in lowland areas constrains spatial structure;
and development contributes to losses in abundance as habitat quality is reduced.

With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures downstream in late summer and fall when adults from
tule and late fall Chinook populations are moving upstream to tributary spawning areas.
Juveniles move downstream to the ocean in the spring or to rearing habitat in the estuary
throughout the year. For populations above Bonneville Dam, NOAA Fisheries identifies the
passage issues at Bonneville as a secondary limiting factor for the White Salmon and Hood
populations and inundation of historical spawning habitat by Bonneville Reservoir as a
secondary limiting factor for the Hood population®’ in its proposed recovery plan (NMFS
2013c).

ESU Risk Summary

Three recent evaluations of LCR Chinook salmon status, all based on the criteria developed by
the Willamette Lower Columbia Technical Recovery Team’s (W/LCTRT), have been conducted
as part of the recovery planning process (McElhany et al. 2007; LCFRB 2010, Vol. 1, Ch. 2;
ODFW 2010). All three evaluations concluded that none of the ESU’s six strata meet recovery
criteria. Of the 32 historical populations in the ESU, 28 are considered at very high risk (and
some may be extirpated or nearly so) and only two populations are considered viable.

Overall, the new information did not indicate a change in the biological risk category since
NOAA Fisheries’ last status review. Although this ESU has made little progress toward meeting
its recovery criteria, there is no new information to indicate that its extinction risk has increased
significantly.

*" The exact extent to which Bonneville Reservoir inundated habitats for any species is unknown. Some
biologists have hypothesized impacts to spring Chinook salmon as a result of inundation. Based on
spawning habitat preferences, it is likely that impacts of inundation were greatest on fall Chinook and chum
salmon (NMFS 2013 = final LCR recovery plan).

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



New Information | 2.1 Rangewide Status | 125

2.1.2.3 Lower Columbia River Coho Salmon

The threatened LCR coho salmon ESU consists of 24 historical populations in three strata:
Coastal, Cascade, and Gorge, plus 25 artificial propagation programs.

The 2005 BRT status evaluation (Good et al. 2005) included abundance data for the Clackamas
population for the years 1957 to 2002 and for the Sandy population from 1977 to 2002. Spawner
data for Oregon LCR coho salmon populations from 2002 through 2004 indicated relatively low
numbers of natural-origin fish (averaging less than 500 spawners) for all Oregon populations
except the Clackamas and Sandy. Despite these low abundances, it appears that there is also
some natural production in the Clatskanie and Scappoose populations. Neither the Clackamas or
Sandy population shows a clear long-term trend in natural-origin abundance over that full time
series, but both indicate a positive trend over the years 1995 to 2008. Ford (2011) observed a
negative growth rate for the Clackamas and Sandy populations when considering the entire time
series and assuming that hatchery-origin fish have the same reproductive success as natural-
origin fish.

Spawner surveys have been conducted for Washington’s Mill/Germany/Abernathy population
since 2005. Data for the 2006 spawning year show an estimated 3,150 spawners—over half of
them hatchery-origin fish. This large fraction of hatchery-origin spawners in a population with
no direct hatchery releases suggests that those with direct hatchery releases are not likely to be
self-sustaining.”® Data on smolt production in the Mill/Germany/Abernathy population indicate
some natural production (Ford 2011).

Assessments conducted as part of recovery planning since the last status review indicate that
Oregon LCR coho salmon populations are at moderate to low risk as a result of spatial structure
and at high to moderate risk from issues related to diversity (Ford 2011). Similar assessments for
Washington LCR coho salmon populations also indicate moderate to low risk from spatial
structure and, in general, high risk from issues related to diversity (Ford 2011). Hatchery releases
have remained relatively steady since the previous review. Overall hatchery production remains
relatively high, and most populations in the ESU are likely to have a substantial fraction of
hatchery-origin spawners (although data are limited, particularly for Washington populations).
Efforts to shift hatchery production to certain areas (e.g., Youngs Bay and Big Creek) to reduce
hatchery-origin spawners in other populations (e.g., the Scappoose and Clatskanie) are relatively
recent, and their success is unknown (Ford 2011).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall ESU trend as “stable.”

% Direct data on the fraction of hatchery-origin spawners are available for only one of Washington’s 17 coho
salmon populations (Mill/Germany/Abernathy) for a single year (2006) (Ford 2011).

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



126 | New Information

Limiting Factors and Threats

Lower Columbia River coho salmon have been—and continue to be—affected by habitat
degradation, hydropower impacts, harvest, and hatchery production. The combined effects of
these factors have reduced the persistence probability of all LCR coho salmon populations.
Extensive channelization, diking, wetland conversion, stream clearing, and, in some subbasins,
gravel extraction have significant negative impacts on juvenile coho salmon throughout the ESU
and are identified as primary limiting factors (NMFS 2013c¢). Land uses both past and present
have created sediment issues in the mainstem Columbia. The ongoing straying of hatchery fish
has affected the productivity and diversity of LCR coho salmon, and harvest impacts continue to
be significant for some populations (e.g., Youngs Bay and Big Creek).

With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures in late summer and fall when adult coho are moving to
their tributary spawning areas. The downstream migration of juveniles peaks in mid-April
through mid-July before mainstem temperatures become elevated enough to have a significant
impact. For populations above Bonneville Dam—the Upper Gorge/Hood and Upper
Gorge/White Salmon populations—NOAA Fisheries (NMFS 2013c¢) identified passage issues at
Bonneville and inundation of historical spawning habitat by Bonneville Reservoir as secondary
limiting factors.

ESU Risk Summary

Three evaluations of LCR coho salmon status, all based on W/LCTRT criteria, have been
conducted since the last status review, as part of the recovery planning process (McElhany et al.
2007; LCFRB 2010; ODFW 2010). All three evaluations concluded that none of the ESU’s three
strata meet recovery criteria. Of the 24 historical populations in the ESU, 21 are considered at
very high risk. The remaining three (Sandy, Clackamas, and Scappoose) are considered at high
to moderate risk. All of the Washington populations are considered at very high risk because the
limited studies available suggest most of the populations have returns that are greater than 90%
hatchery fish. However, uncertainty about population status is high because of a lack of regular,
comprehensive adult spawner surveys. Smolt traps indicate some natural production in
Washington populations, though given the high fraction of hatchery-origin spawners suspected to
occur in these populations, it is not clear that any are self-sustaining.

Overall, the new information considered does not indicate a change in the biological risk
category since the time of the last status review. Although this ESU has made little progress
toward meeting its recovery criteria, there is no new information to indicate that its extinction
risk has increased significantly.
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2.1.2.4 Lower Columbia River Steelhead

The threatened LCR steelhead DPS consists of 23 historical populations in four strata: Cascade
winter-run, Cascade summer-run, Gorge winter-run, and Gorge summer-run, plus 10 artificial
propagation programs.

All LCR steelhead populations increased in abundance during the early 2000s, generally peaking
in 2004, but the abundance of most populations has since declined back to levels close to the
long-term mean. However, across the DPS, LCR steelhead populations do not show any
sustained, dramatic changes in abundance since the 2005 status review (Ford 2011).

Total releases of hatchery steelhead in the LCR steelhead DPS have increased since the last
status review (Good et al. 2005), from about 2 million to around 3 million fish per year. Some
populations (e.g., Hood River and Kalama) have relatively high fractions of hatchery-origin
spawners, whereas others (e.g., Wind) have relatively few (Ford 2011). Assessments since the
last status review indicate that Oregon LCR steelhead populations are generally at moderate risk
because of diversity issues and low risk because of spatial structure (Ford 2011). Similar
assessments for Washington LCR steelhead populations also indicate moderate risk because of
diversity issues, in general, and moderate to low risk because of spatial structure (Ford 2011).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall DPS trend as “stable.”

Limiting Factors and Threats

Lower Columbia River steelhead are affected by a legacy of habitat degradation, harvest,
hatchery production, and hydropower development that together have reduced the persistence
probability of almost every population. Historically, high harvest rates contributed to population
depletions, while stock transfers and straying of hatchery-origin fish reduced productivity and
genetic and life history diversity (NMFS 2013c). Construction of tributary and mainstem dams
has constrained the spatial structure of some steelhead populations by blocking or impairing
access to historical spawning areas. Over time, tributary and mainstem habitat alterations have
reduced population abundance and productivity. Habitat alterations in the Columbia River
estuary also have contributed to increased predation on steelhead juveniles. Today, widespread
habitat degradation, predation, and the lingering effects of hatchery-origin fish continue to be
significant limiting factors for most steelhead populations.

With respect to the hydrosystem, the reservoirs associated with the mainstem run-of-river dams
contribute to elevated water temperatures in late summer and fall when some adults are moving
to their tributary spawning areas. Juveniles move downstream to the ocean primarily in April
through June so that elevated mainstem temperatures are unlikely to have a significant impact on
that life stage. For populations above Bonneville Dam—the Upper Gorge winter steelhead, Wind
summer steelhead, and both populations of Hood steelhead—NOAA Fisheries (NMFS 2013c¢)
identified the impacts of Bonneville Dam on passage and habitat quantity as secondary limiting
factors.
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DPS Risk Summary

Three evaluations of LCR steelhead status, all based on W/LCTRT criteria, have been conducted
as part of recovery planning since the last status review (McElhany et al. 2007; LCFRB 2010,
Vol. 1, Ch. 2; ODFW 2010). All three evaluations concluded that none of the DPS’s four strata
meet recovery criteria. Of the 23 historical populations in the DPS, 16 are considered at high or
very high risk.

Overall, the new information considered does not indicate a change in the biological risk
category since the 2005 status review. Although this DPS has made little progress toward
meeting its recovery criteria, there is no new information to indicate that its extinction risk has
increased significantly.

2.1.2.5 Upper Willamette River Chinook Salmon

The threatened Upper Willamette River (UWR) Chinook salmon ESU includes all naturally
spawned populations of spring-run Chinook salmon in the Clackamas River and in the
Willamette River and its tributaries above Willamette Falls, Oregon. Fish produced in six
artificial propagation programs are included in the ESU.*

The W/LCTRT consider the Clackamas and McKenzie populations to be at moderate to low risk
of extinction for abundance and productivity; the remaining five are in the very high risk
category (NMFS 2011c). Returns at the North Fork Dam on the Clackamas River peaked in 2004
at over 12,000 hatchery- and natural-origin fish, but dropped to approximately 2,000 in 2009 and
2010 (Ford 2011). The geometric mean number of natural-origin spawners for the last five years
(ending in 2010) is 850 fish per year. Returns to the McKenzie population increased in
abundance, peaking in 2004, but dropped to previous levels of little more than 1,000 unmarked
fish crossing Leaburg Dam and remained flat in 2010. NOAA Fisheries (NMFS 201 1c¢) stated its
concern that this signaled a failure of the natural population to respond to improved ocean
conditions, but noted that not all factors had been completely evaluated. The Willamette Falls
count averaged about 40,000 fish (hatchery- and natural-origin) and the estimated number of
unmarked (mostly natural-origin) spawners above Leaburg Dam has recently averaged about
2,000 fish.

The Clackamas population is at very low risk of extinction for spatial structure, the Molalla and
McKenzie populations are at low to moderate risk, while the remaining four populations are at
very high risk due to lack of access to historical habitat above Willamette Project dams. The
majority of natural production in the Clackamas occurs upstream of the North Fork Dam in
historically accessible habitat, although there is some spawning, primarily by hatchery-origin
fish, downstream of the dam. Most of the natural-origin spawning in the McKenzie population
occurs above Leaburg Dam.

% Seven artificial propagation programs were considered part of the ESU at the time of listing, but the South
Santiam hatchery adult outplanting program ended in 2005 (NMFS 2011 = 5-yr review for UWR spp.).
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The Clackamas and McKenzie rivers contain the only two populations in the ESU that have
substantial natural production and both are at moderate risk of extinction for the diversity metric.
The other five populations are at moderate to high risk for diversity. The Molalla, North Santiam,
South Santiam, Calapooia, and Middle Fork Willamette spawning populations continue to be
dominated by hatchery-origin fish and are not likely to be self-sustaining (McElhany et al. 2007;
Schroeder et al. 2007; ODFW 2010). In addition, these populations appear to be experiencing
significant risks from pre-spawning mortality of adults (Schroeder et al. 2005, 2007; McElhany
et al. 2007).

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall ESU trend as “stable.”

Limiting Factors and Threats

Upper Willamette River Chinook salmon are threatened by the ongoing development of low-
elevation habitats in private ownership; lack of access to spawning and rearing habitat above
Willamette Project flood-control dams; altered flow levels and elevated water temperature below
the dams; a high proportion (greater than 90%) of hatchery-origin fish on the spawning grounds;
predation by birds, pinnipeds, and fish; and climate change impacts (NMFS 2011c). NOAA
Fisheries completed consultation on the Willamette Project in 2008 (NMFS 2008d), providing an
RPA that addresses many of the factors limiting the viability of this species. The Willamette
Project action agencies have implemented a number of RPA measures of benefit to both UWR
Chinook salmon and UWR steelhead, including the following, to date:

= New adult fish collection facilities

0 At the base of Cougar Dam in the South Fork McKenzie River (completed
in 2010), allowing the safe collection and transport of naturally produced
UWR Chinook salmon to historical spawning habitat above the reservoir.
In its second full year of operation (2012), over 500 fish were collected, of
which 350 were produced above the reservoir.

0 At Minto, below Big Cliff Dam on the North Santiam River (completed in
April 2013), which now allows the collection, sorting, and handling of
adult UWR Chinook and UWR winter steelhead, as well as hatchery
broodstock, while reducing delay and stress for fish holding below Minto
trap. Until downstream fish passage improves through Detroit Dam, only
hatchery-origin adults are released above the dam.

0 At the base of Foster Dam on the South Santiam River (slated for
completion in June 2014), which will allow the collection, sorting, and
handling of adult UWR Chinook and UWR steelhead as well as hatchery
broodstock (Chinook and summer steelhead). Unmarked adult Chinook
and winter steelhead will be released above Foster Dam to access
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spawning habitat in the South Santiam River and Middle Santiam below
Green Peter Dam.

= (QOperational water temperature control

0 Improved water temperatures below Detroit and Big Cliff dams on the
North Fork Santiam River (beginning in 2009) by passing water through
the spillway and regulating outlets at Detroit Dam as well as the turbines
to improve water temperatures in the North Santiam below Big Cliff Dam.
Before this measure was implemented, water was cooler through the
summer and warmer in the fall than under a normative condition. This
regime caused UWR steelhead egg incubation to be protracted in the
summer, reducing the growth period during fry and subyearling life stages.
The cool water in the summer caused adult Chinook to delay upstream
migration and the warm water in the fall after the spawning period caused
accelerated egg incubation, resulting in early (winter) emergence when
rearing conditions were less suitable. This operation has improved passage
and incubation conditions for UWR Chinook and incubation and rearing
for UWR steelhead. However, operations have not been able to maintain
cooler temperatures throughout the fall. A structural temperature control
facility, also called for in the Willamette Project RPA, which would
achieve temperature goals throughout the year, is in the early design
stages.

0 Improved water temperatures below Lookout Point and Dexter dams on
the Middle Fork Willamette River (beginning in 2012) by passing water
through the spillways and regulating outlets as well as the turbines. The
previous temperature regime caused extremely high temperatures in early
fall, resulting in high mortality of UWR Chinook eggs in redds below
Dexter Dam. Even when temperatures did not exceed lethal levels,
incubation was accelerated in the fall, resulting in early emergence in
winter when rearing conditions are less suitable. Initial monitoring results
from 2012 show that operations improved water temperatures through the
summer, but that temperature targets were exceeded, although not above
lethal levels, in the fall.

0 Improved water temperatures below Fall Creek Dam on Fall Creek, a
tributary to the Middle Fork Willamette (beginning in 2009), by operating
“fish horns,”*” combined at times with the regulating outlets. Temperature
targets were achieved for most of the spring and summer in 2012, but

%% The fish horns are water intakes for the adult fish trap located at the base of the dam, but because they are located
at three different reservoir elevations, they can draw water from different elevations and take advantage of the water
temperature stratification in the reservoir.
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temperatures were elevated during part of September and all of October.
This operation appears to create more normative passage conditions for
adult UWR Chinook salmon to spawning areas above Fall Creek Dam
through the summer.

¢ Constructing new or improving adult release sites (in 2013) for releasing
adult Chinook into historical habitat above Cougar Dam on the South Fork
McKenzie River; adult Chinook and steelhead into historical habitat above
Detroit Dam on the North Santiam River; and adult Chinook into
historical habitat above Fall Creek and Dexter dams on the Middle Fork
Willamette River. Combined with the new adult trapping facilities, the
release sites will reduce stress and injury to adult UWR Chinook and
steelhead and are expected to reduce rates of prespawning mortality.

These measures, and others that will be implemented over the 15-year term of the Willamette
Project RPA, are addressing many of the factors limiting the abundance, productivity, and spatial
structure of this species.

With respect to effects of the Columbia River hydrosystem on the species’ biological
requirements, adult spring Chinook migrate to the mouth of the Willamette during spring and
early summer before temperatures become elevated in the lower Columbia River. Juveniles
move downstream to the ocean in the spring or to rearing habitat in the estuary throughout the
year.

ESU Risk Summary

Two related status evaluations of UWR Chinook salmon have been conducted since the last
status update (McElhany et al. 2007; ODFW 2010). Both evaluations concluded that the ESU is
substantially below the viability criteria recommended by the W/LCTRT. Of the seven historical
populations in the ESU, five are considered at very high risk. The remaining two (Clackamas and
McKenzie) are considered at moderate to low risk. Recent data verify the high fraction of
hatchery-origin fish (in some cases more than 90% of total returns). The new data also highlight
the substantial risks associated with pre-spawning mortality of adults. Although recovery plans
are targeting key limiting factors for future actions, there have been no significant on-the-ground
actions to resolve the lack of access to historical habitat above dams since the last review; nor
have there been substantial actions removing hatchery fish from the spawning grounds. Overall,
new information considered does not indicate a change in the biological risk category since the
time of the previous status review.
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2.1.2.6 Upper Willamette River Steelhead

The threatened UWR steelhead DPS includes all naturally spawned populations of winter-run
steelhead in the Willamette River, Oregon, and its tributaries upstream from Willamette Falls to
(and including) the Calapooia River. This DPS does not include any artificially propagated
steelhead.”!

In the previous status review (Good et al. 2005), data were only available to the year 2002 when
population abundance peaked. However, since then, population abundance has returned to the
relatively low levels of the 1990s—with the total abundance of winter steelhead at Willamette
Falls in 2008 reaching 4,915. In 2009, the late-returning abundance for the entire DPS was 2,110
fish. All four populations are in the moderate risk-of-extinction category for abundance and
productivity (Ford 2011).

Winter steelhead hatchery releases within the boundary of the Upper Willamette River DPS
ended in 1999. However, there is still a substantial hatchery program for non-native summer
steelhead, and in recent years, the number of non-native summer steelhead returning to the upper
Willamette outnumbered that of native winter-run steelhead, raising genetic (diversity) concerns.
Thus, all four Upper Willamette River populations are considered to be in the moderate risk
category for diversity. The W/LCTRT considers the Molalla population to be in the low risk
category for spatial structure, and the other three populations to be in the moderate to high risk
categories because Willamette Project dams block access to the upper watersheds in the North
and South Santiam watersheds. Water quality problems in the Calapooia River limit spatial
structure there. South Santiam steelhead have access to the upper basin via trap and haul at
Foster Dam.

In NOAA Fisheries’ report to Congress on GPRA performance measures for listed species as of
2012, Ford (2012) categorized the overall DPS trend as “stable.”

Limiting Factors and Threats

Upper Willamette River steelhead are threatened by the ongoing development of low-elevation
habitats in private ownership; lack of access to spawning and rearing habitat above Willamette
Project flood control dams; altered flow levels and elevated water temperature below the dams;
non-native summer steelhead hatchery releases; predation by birds, pinnipeds, and fish; and
climate change impacts (NMFS 2011c). As described in Section 2.1.2.5 (UWR Chinook
Salmon), NOAA Fisheries completed consultation on the Willamette Project in 2008, providing
an RPA that addresses many of the factors limiting the viability of this species. The Willamette
Project action agencies have implemented a number of RPA measures of benefit to both UWR
Chinook salmon and UWR steelhead, including those described in Section 2.1.2.5, above. These
and other measures that will be implemented over the 15-year term of the Willamette Project

3! Hatchery summer-run steelhead in the Willamette Basin are the progeny of an out-of-basin (Skamania) stock that
is not part of the DPS.
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RPA, are addressing many of the factors limiting the abundance, productivity, and spatial
structure of this species.

DPS Risk Summary

Overall, the new information considered does not indicate a change in the biological risk
category since the time of the last status review. Although direct biological performance
measures for this DPS indicate little realized progress to date toward meeting its recovery
criteria, there is no new information to indicate that its extinction risk has increased significantly.
This DPS remains at a moderate risk of extinction.

2.1.2.7 Relevance of Updated Status of Lower Columbia Basin Salmon and
Steelhead to the 2008/2010 BiOps’ Analyses

NOAA Fisheries completed 5-year status reviews for lower Columbia basin species in 2011 and
concluded that the listing status of all species was unchanged from the 2005 status review, which
was relied upon in the 2008/2010 BiOps. We report some new information on spawning in the
Gorge and Cascade strata of the CR chum ESU (Section 2.1.2.1), which could indicate that the
status of this species is better than previously thought. This information will be considered in the
next 5-year status review. Until then, we consider the status of CR chum salmon, LCR Chinook
salmon, LCR coho salmon, LCR steclhead, UWR Chinook salmon, and UWR steelhead to be
stable.
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2.1.3 Rangewide Status of Designated Critical Habitat

NOAA Fisheries described the rangewide status of critical habitat designated for 12 species of
Columbia basin salmon and steelhead in Section 4.2 of the 2008 SCA. This included the primary
constituent elements (PCEs) of critical habitat for each ESU and DPS and the conservation value
ratings for the fifth field hydrologic units within the designated area. Those descriptions remain
current without change for this consultation.

Habitat alterations that have resulted in the loss of important spawning and rearing habitat and
the loss or degradation of migration corridors were described in Chapter 8 of the 2008 BiOp. In
general, critical habitat is still not able to serve its conservation role in many of the designated
watersheds.

2.1.3.1 Additional Critical Habitat Designation Proposed for LCR Coho Salmon

On January 14, 2013, NOAA Fisheries published a proposed rule for the designation of critical
habitat for a thirteenth species of Columbia basin salmonid, LCR coho salmon (NMFS 2013d).
NOAA Fisheries also published a draft biological report that includes habitat quality assessments
for this designation (NMFS 2012a), that informs the proposed designation rule. Of the 55
occupied watersheds evaluated, 34 were assigned a conservation value of “high,” 18 a value of
“medium,” and three a value of “low” (Table A-2 in NMFS 2012a). The specific areas proposed
for designation include approximately 2,288 mi (3,681 km) of freshwater and estuarine habitat in
Oregon and Washington. These overlap with existing critical habitat designations for LCR
steelhead and Chinook, and CR chum, and in the case of the mainstem Columbia River below
the confluence of the Big White Salmon River, Washington, and the Hood River, Oregon, with
existing designations for salmonid species that spawn in the middle and upper Columbia rivers
and in the Snake River (Figure 2.1-29). Given the shared general life history characteristics of
these anadromous salmonids, the essential habitat features (“primary constituent elements” or
“PCEs”) of critical habitat are also similar to those for the existing salmon and steelhead
designations.
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Figure 2.1-29. Overlap of proposed critical habitat designation for LCR coho with that previously designated for other
species of salmon and steelhead (Source: Exhibit 2.1 in IEc 2012).

The four additional watersheds in Figure 2.1-29 that NMFS proposed as critical habitat for LCR
coho are the Upper Lewis River, Muddy River, Swift Reservoir, and Yale Reservoir. All are
located above PacifiCorps’ Merwin Dam and are accessible to LCR coho salmon via trap and
haul operations (NMFS 2007).

The PCEs (physical and biological features) of the critical habitat designations proposed for LCR
coho salmon are identical to those for the other species in the overlapping areas. These are sites
for spawning, rearing, migration, and foraging and are essential to support one or more life
stages of the ESU. These sites in turn contain physical or biological features essential to the
conservation of the ESU (e.g., spawning gravels, water quality and quantity, side channels,
forage species). Specific types of sites and the features associated with them (both of which are
referred to as “PCEs”) include the following (NMFS 2013d):
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“1. Freshwater spawning sites with water quantity and quality conditions and
substrate supporting spawning, incubation, and larval development.

2. Freshwater rearing sites with water quantity and floodplain connectivity to
form and maintain physical habitat conditions and support juvenile growth and
mobility; water quality and forage supporting juvenile development; and natural
cover such as shade, submerged and overhanging large wood, log jams and beaver
dams, aquatic vegetation, large rocks and boulders, side channels, and undercut
banks.

3. Freshwater migration corridors free of obstruction with water quantity and
quality conditions and natural cover such as submerged and overhanging large
wood, aquatic vegetation, large rocks and boulders, side channels, and undercut
banks supporting juvenile and adult mobility and survival.

4. Estuarine areas free of obstruction with water quality, water quantity, and
salinity conditions supporting juvenile and adult physiological transitions between
fresh- and saltwater; natural cover such as submerged and overhanging large
wood, aquatic vegetation, large rocks and boulders, and side channels; and
juvenile and adult forage, including aquatic invertebrates and fishes, supporting
growth and maturation.

5. Nearshore marine areas free of obstruction with water quality and quantity
conditions and forage, including aquatic invertebrates and fishes, supporting
growth and maturation; and natural cover such as submerged and overhanging
large wood, aquatic vegetation, large rocks and boulders, and side channels.”

Of these, freshwater rearing sites and migration corridors, and estuarine areas in the lower
Columbia River below the Big White Salmon River, Washington, and the Hood River, Oregon,
are within the action area for this consultation. The lower Columbia River received a
conservation value rating of “high” for connectivity between designated areas (Table A-2 in
NMES 2012a).
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2.1.3.2 Relevance of Updated Status of Designated Critical Habitat to the
2008/2010 BiOps’ Analyses

With the exception of proposing to designate critical habitat for LCR coho salmon, NOAA
Fisheries’ determinations regarding the rangewide status of critical habitat for Columbia basin
salmon and steelhead in Section 4.2 of the 2008 SCA continue to be appropriate in 2013. In
general, habitat function is still not sufficient for critical habitat to serve its conservation role in
many of the designated watersheds. The tributary areas proposed for designation for LCR coho
salmon and the PCEs of critical habitat overlap with the existing designated areas and PCEs for
LCR steelhead and Chinook, and CR chum salmon. Likewise, designated areas and PCEs in
mainstem reaches of the lower Columbia River overlap with those for listed Upper Columbia
River, Snake River, and Middle Columbia River salmon and steelhead.
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2.1.4 Recent Climate Observations and New Climate Change
Information

Qualitative considerations of weather and climate, as they affect salmon and steelhead survival,
were described in Section 5.7 of the 2008 BiOp, and quantitative aspects were described in
Section 7.1.1. Several indices of climate, such as the Pacific Decadal Oscillation (PDO), the El
Nifio-Southern Oscillation (ENSO), and freshwater flows (caused by precipitation and runoff
patterns) are correlated with survival of listed salmon and steelhead (e.g., Logerwell et al. 2003;
Scheuerell and Williams 2005; Petrosky and Schaller 2010; Haeseker et al. 2012; Peterson et al.
2012; Burke et al. 2013) and therefore affect the rangewide status of the species.

The 2008 BiOp applied three future climate scenarios to prospective quantitative estimates of
interior Columbia basin salmon and steelhead extinction risk and productivity to capture a
reasonable range of future ocean survivals based on recommendations of the Interior Columbia
River Technical Recovery Team (ICTRT and Zabel 2007). Future climate scenarios explicitly
incorporated the climate indicators described further in this section. The three climate scenarios
were:

= 1980 through 2001 (“Recent” Climate, with mostly warm years and mostly poor
survival);

= 1977 through 1997 (“Warm PDO” Climate, with almost exclusively warm years and
poor survival); and

= 1946 through 2001 (“Historical” Climate, with a mixture of cool years with good
survival and warm years with poor survival).

The 2008 BiOp gave the greatest weight to projections based on the Recent climate scenario.

To apply these scenarios to projections of future survival (e.g., to evaluate prospective actions in
the 2008 BiOp), ICTRT and Zabel (2007) expressed combined estuary and ocean survival as
functions of climate indices, such as upwelling and the PDO, because of significant correlations
of these factors with survival. Each future climate scenario was therefore defined by specific
climate variables, such as upwelling and the PDO, and the historical occurrence of those
variables over the three periods described above.

The 2008 BiOp also included Comprehensive Fish Passage (COMPASS) model estimates of
juvenile survival during mainstem migration. Survival projections using the COMPASS model
were based in part on Snake and Columbia River flow rates over a wide range of conditions.

In Section 2.1.4.1, NOAA Fisheries examines recent climate patterns, with an emphasis on those
relied upon in the 2008 BiOp analysis, and compares the observations with the 2008 BiOp’s
analytical assumptions. Additionally, in Section 2.1.4.2, we review new information on climate
change and its effects on salmon and steelhead, updating reviews in the 2008 and 2010 BiOps.
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New information regarding our understanding of physical and biological processes in the
Columbia River estuary and plume are reviewed separately in Section 2.2.3.1. Although most of
the new information does not directly address climate and climate change, the new information
regarding plume dynamics, fish behavior, and habitat use indicate the importance to plume
dynamics of climate factors reviewed in this section, such as Columbia River outflow and wind-
generated nearshore processes, including coastal upwelling.

Eulachon survival is associated with many of the same climate factors as salmon and steelhead
(Gustafson et al. 2010). Although the discussion of climate in this section focuses on impacts to
salmon and steelhead, we also consider it relevant to eulachon survival and productivity.

2.1.4.1 Recent Climate Observations

In this section, we highlight climate variables that have been discussed in previous FCRPS
BiOps, especially those variables and indices that were used to calculate the three ocean climate
scenarios that were incorporated into the 2008/2010 BiOps’ analyses for interior Columbia basin
salmonids (ICTRT and Zabel 2007; see discussion above). The primary purpose of this review is
to determine if recent climate conditions have been within the range of climate conditions relied
upon in the 2008/2010 BiOps’ analyses.

2.1.4.1.1 Pacific Decadal Oscillation

The PDO is a measure of north Pacific sea-surface temperature variability, but the index is
correlated with both terrestrial and oceanic climate effects (Mantua et al. 1997). Pacific
Northwest salmon and steelhead survival is generally high when ocean temperatures are cooler
(negative PDO) and survival is generally low when ocean temperatures are warm (positive
PDO), although this pattern is reversed for Alaskan stocks (e.g., Hare et al. 1999; Peterson et al.
2012). While this pattern reflects a general correspondence, the PDO is not always a good
indicator of salmon survival, as demonstrated by lower returns in 2013 than were predicted based
on the PDO and other ocean indicators (see Section 2.1.1.5.3 NWFSC Ocean Indicators and the
AMIP Projection Model for Future Years).

The 2008 BiOp included a general discussion of the PDO in Section 5.7.2 and Figure 5.7.1-2
displayed a time series of estimates through Jan 2008. The PDO during spring months of ocean
entry relevant to salmon and steelhead ocean survival was one of the factors used to model the
future climate scenarios in the 2008 BiOp, as described above. The 2010 Supplemental BiOp
updated the PDO index through September 2009 and Figure 2.2.1.3.1.6 demonstrated that there
had been a higher proportion of negative PDO years (cool, with presumably higher survival)
since 2001 than would be predicted by the Recent climate scenario.

The 2008 BiOp Section 5.7.2 described a pattern of PDO cycles over the last century, with cool
(negative: “good” Pacific Northwest salmon survival) PDO regimes prevailing in 1890-1924 and
again in 1947-1976 and warm (positive: “poor” Pacific Northwest salmon survival) regimes
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from 1925-1946 and from 1977 through at least the late 1990s (Mantua and Hare 2002). It is
now possible to further update the PDO observations and compare them with the 2008 BiOp’s
assumptions (Figures 2.1-30 and 2.1-31). Recently, the sign of the PDO has changed more
frequently than in the past, with shifts since the late 1990s occurring on approximately 2- to 6-
year intervals rather than on decadal or multi-decadal intervals. From 2002 to 2013, six years had
a positive mean spring PDO (warm, lower survival), with 2003 through 2006 being the years
with the highest values. Six years had a negative mean spring PDO (cold, higher survival). The
distribution of 2002 through 2012 PDO observations is more similar to the Historical climate
scenario, which resulted in a mixture of good and poor years for salmon survival, than to either
the Recent or Warm PDO climate assumptions in the 2008 BiOp, which were both dominated by
poor survival years. The overall mean spring PDO for the entire 2002 through 2013 time period
is lower (i.e., cooler) when compared to multi-year means for the Recent (P = 0.02*?) climate
scenario and Warm PDO (P < 0.01) climate scenario described in the 2008 BiOp (Figure 2.1-31),
but does not differ from the Historical climate scenario (P = 0.88).

*2 The p-value (P), or probability value, is the probability of observing an outcome (in this case, that the 20022013
mean is different from the Recent period mean), given that the null hypothesis is true (i.e., that the two means are
actually the same, which, if true, would be apparent if there was an infinitely large sample size or number of
replicate samples). A small p-value indicates that it is unlikely that the two means are actually the same. Often a
probability of 5% or less (P<0.05) indicates that a difference in means can be considered “statistically significant.”
Probabilities greater than 5% do not necessarily prove that there is “no difference” between the means; these results
have to be evaluated in the context of a power analysis to ensure that the sample size was sufficient to have detected
a difference.
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Apr-June Average PDO Through 2013
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Figure 2.1-30. Pacific decadal oscillation (PDO) index 1946—-2012. Positive values are warmer than average and are
associated with poor survival of Pacific Northwest salmon and steelhead. Negative values are cooler than average
and are associated with higher survival of salmon and steelhead (Source: University of Washington PDO web

page: http://jisao.washington.edu/pdo/ - downloaded August 20, 2013.) Time periods corresponding to ocean climate
scenarios in the 2008 BiOp are displayed.
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Figure 2.1-31. Histograms showing the frequency of mean spring (April through June) PDO indices. The distribution
and mean of new observations since the 2008 BiOp (2002—-2013) can be compared with PDO distributions and
means represented by three sets of future climate assumptions considered in the 2008 BiOp. Positive values are
warmer than average and are associated with poor survival of salmon and steelhead. Negative values are cooler than
average and are associated with higher survival of salmon and steelhead (Source of data: University of Washington
PDO web page: http://jisao.washington.edu/pdo/ accessed on August 20,2013).
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2.1.4.1.2 El Nifio - Southern Oscillation

Coastal waters off the Pacific Northwest are influenced by atmospheric and ocean conditions not
only in the north Pacific Ocean (as indexed by the PDO), but also in equatorial waters, especially
during El Nifo events. Strong El Nifio events result in the transport of warm equatorial waters
northward along the coasts of Central America, Mexico, and California and into the coastal
waters off Oregon and Washington. El Nifio events are of shorter duration than PDO phases,
generally lasting six to 18 months. El Nifio conditions are generally associated with poor survival
of salmon and steelhead (e.g., Scheuerell and Williams 2005; Peterson et al. 2012) due to lower
productivity and changes in the distribution of predator and prey species. Unusually cool water
(La Nifia) conditions are generally beneficial to salmon and steelhead. El Nifio and La Nifia
conditions also affect terrestrial climate and hydrology (e.g., Barlow et al. 2001).

The 2008 BiOp Section 5.7.1 described the ENSO in more detail and presented a time series of
estimates through November 2007. The ENSO was not included as a predictor variable in
modeling the three future climate scenarios in the 2008 BiOp; however, El Nifio conditions are
likely to have influenced salmonid marine survival during the climate scenario time periods. The
2010 Supplemental BiOp Section 2.2.1.3.1.6 extended the time series through April 2010 and
compared conditions in the last decade with those during the time periods associated with the
three climate scenarios considered in the 2008 BiOp. It concluded that El Nifio conditions in the
past decade had not been as strong as those predicted by either the Recent climate scenario or the
Warm PDO climate scenario evaluated in the 2008 BiOp.

It is now possible to further update the ENSO observations and compare them with the 2008
BiOp’s assumptions (Figure 2.1-32). During the time periods encompassed by the Recent and
Warm PDO climate scenarios, the pattern is described by Peterson et al. (2012) as consisting of
two “very large” El Nifio events (1983—1984 and 1997-1998), two smaller events (1986 and
1987), and a prolonged event from 1990 to 1995. Since 2001, El Nifio events of the same or
lower magnitude as the 1986 and 1987 events occurred in 2002 through 2005 and from spring
2009 through May 2010. La Nifa conditions occurred in many of the other years.

We used the National Weather Service Climate Prediction Center’s definition of warm events™
to objectively determine if the frequency of warm El Nifio events has changed compared to the
time periods represented by the 2008 BiOp’s three climate assumptions. The frequency of warm
event months, defined in this manner, was nearly identical for the time periods represented by
the three climate scenarios (25% to 28%) and the period from 2002-2012 (24%). We also
compared means of the Oceanic Nifio Index (ONI) for all months encompassed by warm events
in each of the four BiOp climate periods. We found that the average magnitude of warm events
was lowest for the 20022012 period, the averages varied by only 0.3°C from the lowest (2002—

3 Warm and cold episodes are based on a threshold of + 0.5°C for the ONI (3 month running mean of ERSST.v3b
SST anomalies in the Nifio 3.4 region [5°N-5°S, 120°-170°W]), based on centered 30-year base periods updated
every 5 years. For historical purposes cold and warm episodes are defined when the threshold is met for a minimum
of 5 consecutive over-lapping seasons.
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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2012; 0.9°C) to the highest (Recent; 1.2°C) climate periods. In summary, in years since those
comprising the climate scenarios relied upon in the 2008 BiOp, El Nifio conditions have not been
stronger or more frequent than those implicitly captured in the 2008 BiOp’s assumptions.

Historical ‘1946-2001)

1
_ _Warm PDO (1977-1997). New (2002-
Recent (1980-2001) | 2012)

Figure 2.1-32. Values of the Oceanic Nifio Index (ONI), 1955 through 2012. Red (positive) values indicate warm
conditions in the equatorial Pacific; blue (negative) values indicate cool conditions in equatorial waters. Large and
prolonged El Nifio events are indicated by large, positive values of the index: note the ONI greater than +2 associated
with the 1972, 1983, and 1998 events. Note cool anomalies (La Nifia) during 1999-2002 and 2007-spring 2009. A La
Nifia event developed in equatorial waters from mid-2010 to June 2011, but transitioned to positive values in 2012.
Figure and caption are reproduced from Peterson et al. (2012). Time periods corresponding to ocean climate
scenarios in the 2008 BiOp have been added.

2.1.4.1.3 Upwelling Index

Upwelling is a wind-driven process that brings nutrients up from depth into the photic zone,
increasing ocean productivity and the availability of food for juvenile salmon (Peterson et al.
2012). The 2008 BiOp included a general discussion of upwelling in Section 5.7.2. Salmon
survival is generally higher when upwelling is more intense during months corresponding to
early ocean growth of juvenile salmon (e.g., Scheuerell and Williams 2005; Petrosky and
Schaller 2010), although Peterson et al. (2012) cautions that knowledge of upwelling intensity
alone does not always provide good predictions of salmon survival. Factors such as the source of
bottom water that is upwelled, and whether El Nifio conditions are occurring, can influence the
expected upwelling signal as well. Peterson et al. (2012) hypothesize that although upwelling is
necessary to stimulate plankton production, its impact is greatest during negative phases of the
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PDO. The onset and duration of the upwelling season are also important factors that influence
salmon survival (Peterson et al. 2012).

Spring and summer upwelling (exact months dependent upon species) were among the factors
used to model the 2008 BiOp’s future climate scenarios. Spring (April-May) upwelling intensity
was lower than the long-term average in most of the new years subsequent to those represented
in the 2008 BiOp’s future climate scenarios (Figure 2.1-33). Exceptions were 2007 through
2009, which were greater than the long-term average. The average intensity of spring upwelling
in 2002 through 2012 (11.7 m*/s/100 km) did not differ significantly (P > 0.24) from mean
estimates associated with the 2008 BiOp’s Recent and Warm PDO climate scenarios (11.9 and
10.9 m*/s/100 km, respectively) but was lower than the Historical average (17.2 m*/s/100 km, P
=0.05).
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Figure 2.1-33 Anomalies (differences between the 1946—2012 mean and individual yearly values) of the average
April and May coastal Upwelling Index, 1946—-2012. Positive values represent above-average upwelling and negative
values represent below-average upwelling. Units are m*/s/100 km coastline. Data from NOAA Pacific Fisheries
Environmental Laboratory http://www.pfeg.noaa.gov/products/pfel/modeled/indices/upwelling/upwelling.html. Time
periods corresponding to ocean climate scenarios in the 2008 BiOp are displayed.
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2.1.4.1.4 Ocean Ecosystem Indicators and Overall Pattern of Ocean Conditions

Peterson et al. (2012)—using data collected along the Newport Hydrographic Line and from
other Oregon sites and broad areas affecting the Pacific northwest—developed a set of 18 marine
indices that represent climatic and biological factors influencing survival of juvenile salmon and
steelhead during their first year in the ocean. These indicators include large-scale climate factors
described above (PDO, upwelling, and ONI); more local measures of temperature and salinity of
coastal waters; and biological drivers such as the copepod community structure, and direct
salmon measurements, which were the catches of juvenile Chinook and coho salmon in surveys
conducted during their first summer at sea. The indicators are combined into a qualitative
assessment of whether the ocean entry conditions in a given year are representative of “good” or
“poor” survival of juvenile salmon and steelhead (Table 2.1-20).

Table 2.1-20. Ocean ecosystem indicators, 1998-2012, and rank scores (among the 15 years) upon which color-
coding of ocean ecosystem indicators is based. Lower numbers indicate better ocean ecosystem conditions, or
"green lights" for salmon growth and survival, with ranks 1-5 green/medium gray, 6—10 yellow/light gray, and 11-15
red/dark gray. To arrive at these rank scores, 15 years of sampling data were compared across years (within each
row), and each year received a rank between 1 and 15 (Reproduced from Peterson et al. 2012).

Based on the suite of ocean ecosystem indicators, 1998, 2003 through 2005, and 2010 were years
in which ocean entry conditions were generally unfavorable for salmon survival. Favorable years
were 1999 through 2000, 2002, 2008, and 2012. It is difficult to compare these qualitative
assessments to those predicted by the 2008 BiOp’s three future climate scenarios because the
rankings are based on a 15-year period that is largely subsequent to the years represented by the
scenarios.

This assessment, or a more quantitative model based on 32 indicators (Burke et al. 2013), has
been used to predict adult returns 1-2 years in the future. The 2010 Supplemental BiOp
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discussed this index in Section 2.2.1.3.2.7 and predicted relatively high Chinook returns in 2010
and intermediate returns in 2011, based on the 2008 and 2009 ocean ecosystem indicators. As
described in Section 2.1.1.4.4 (Overview of Patterns of Abundance and Productivity) and in
Figure 2.1-21, Chinook returns were above average in these years, as predicted. Future
predictions of the ocean ecosystem indicators are considered in Section 2.1.2.5 (Other
Information on the Abundance of Interior Columbia Basin Salmon and Steelhead), including the
need to investigate possible inclusion of additional factors to explain lower than predicted returns
in 2013.

2.1.4.1.5 Freshwater Stream Flow

Tributary stream flow is relevant to survival of listed salmon and steelhead during the first 1-2
years of life when juvenile salmon and steelhead are rearing in freshwater and when mainstem
flows are relevant to smolt survival during seaward migration and following ocean entry. We
discuss each in more detail below and compare new observations with those considered directly
or indirectly in the 2008 BiOp.

Tributary Stream Flow (Salmon River)

For interior Columbia basin salmon and steelhead that generally rear in snowmelt-fed streams,
the lowest flow levels generally occur in late summer or early fall. The level of flow can affect
available habitat area; the distribution and availability of prey; refuges from predators; water
temperature; and other factors (e.g., Arthaud et al. 2010; Poff and Zimmerman 2010; Nislow and
Armstrong 2012; Roni et al. 2013a). This can potentially affect growth and survival of juvenile
salmonids. Consistent with these expectations, mean fall (September and October) flow levels in
Salmon River tributaries correlate positively with parr-to-smolt survival of juvenile
spring/summer Chinook salmon (Crozier and Zabel 2006; Crozier et al. 2008; Crozier and Zabel
2013 DRAFT). Tributary stream flow was not a factor in the ocean climate scenarios evaluated
in the 2008 BiOp and previous FCRPS biological opinions have not presented empirical tributary
flow observations.

We present streamflow from the Salmon River in Idaho (Figure 2.1-34) because that is the site
used by Crozier and Zabel (2006, 2013 DRAFT) after they determined that it correlated strongly
with stream flow within various tributaries of the Salmon River. This site also has a long
historical flow record with few data gaps. Figure 2.1-37 indicates that the approximately 1980
through 2001 Base Period included a range of mean fall flows that were nearly equally
distributed above and below the 1946 to 2012 long-term average. In contrast, most of the recent
observations have been lower than the long-term average, with the mean fall flow level for the
recent years (1,020 cfs) lower than the Base Period mean (1,158 cfs). This suggests that
streamflow conditions have been less favorable to parr-to-smolt survival since the 2008 BiOp’s
Base Period, at least for interior Columbia basin spring/summer Chinook. Because of similarities
in juvenile rearing requirements, this is likely true for juvenile steelhead in the interior Columbia
basin as well.
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Salmon River at Salmon, Idaho
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Figure 2.1-34. Anomalies (differences between the 1946-2011 mean and individual yearly values) of the average
September and October streamflow in the Salmon River at Salmon, Idaho, 1946-2012. Positive values represent
above-average flows and negative values represent below-average flows. Units are cubic feet per second (cfs). The
2008 BiOp’s Base Period of approximately 1980—2000 is indicated by the red box, followed by new observations.
Data are from U.S. Geological Survey Station 13302500, available

from: http://waterdata.usgs.gov/id/nwis/uv/?site no=13302500&PARAmeter_cd=00065,00060,00010

Mainstem Snake/Columbia Stream Flow

Section 5.1.3 of the 2008 BiOp describes several effects of mainstem Snake and Columbia River
flow on survival of smolts during seaward migration. Increased flow generally increases
migration speed, which decreases exposure to factors such as predation and temperature stress in
reservoirs (e.g., Ferguson 1995), and it affects ocean entry timing and early ocean survival
(Scheurell et al. 2009). Juvenile survival through the hydropower system is correlated with water
travel time (Haeseker et al. 2012), which is in part a function of flow. Water travel time, derived
from mean springtime Columbia River flow at Bonneville Dam, was included as a factor in
determining the three future ocean climate conditions in the 2008 BiOp (ICTRT and Zabel
2007).

Consistent with ICTRT and Zabel (2007), we compared mean springtime flow at Bonneville
Dam after 2001 with Columbia River flows during the 2008 BiOp’s Base Period (Recent climate
scenario) and the periods represented by the Historical and Warm PDO climate scenarios (Figure
2.1-35). Columbia River spring flows during the years since the 2008 BiOp (2002-2011)
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averaged 263 thousand cubic feet per second (kcfs), which was nearly identical to the mean flow
of 262 kcfs during the 1980-2001 Base Period (and Recent climate scenario). Lowest Columbia
River flows during the new years were in 2005 and 2010 (affecting smolt migration of the 2003
and 2008 brood years of spring Chinook and steelhead), while the highest flows were in 2006
and 2011 (2004 and 2009 brood years). Mean flows during the years corresponding to the Warm
PDO climate scenario were lower (256 kcfs) than the more recent means; and the mean for the
Historical climate scenario was higher (289 kcfs) than the more recent means.

Bonneville Dam April 15-May 31 Mean Flow Anomaly
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Figure 2.1-35. Anomalies (differences between the 1946-2011 mean and individual yearly values) of the average
April 15 through May 31 Columbia River flow at Bonneville Dam in thousand cubic feet per second (kcfs). Periods
corresponding to ocean climate scenarios in the 2008 BiOp are indicated. Raw data from Corps of Engineers,
summarized by the Fish Passage Center (spreadsheet: WTT calcs 29-11 from cp w UC.xIs).
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2.1.4.1.6 Freshwater Stream Temperatures

Stream temperature can affect growth and survival of juvenile salmon and steelhead rearing in
interior Columbia basin streams. The Independent Scientific Advisory Board (ISAB 2007)
reviewed temperature effects on juvenile salmon, including

= excluding fish from reaches with temperatures at or near their thermal tolerance;

* increasing metabolism at higher temperatures, thereby either increasing or decreasing
fish growth rate, depending upon the availability of food;

= increasing the metabolism of predators at higher temperatures, thereby increasing
predation rates on salmonids;

= affecting susceptibility to pathogens and parasites, which increases when fish become
thermally stressed;

= affecting migration timing; and

= affecting survival in subsequent life stages based on the fish size and migration
timing determined in part by temperature during juvenile rearing.

Consistent with these expectations, mean summer (May through August) temperatures in Salmon
River tributaries negatively correlate with parr-to-smolt survival of some populations of juvenile
spring/summer Chinook salmon, while having a neutral or positive effect on other populations
(Crozier et al. 2010; Crozier and Zabel 2013 DRAFT). Tributary temperature was not a factor in
defining the ocean climate scenarios evaluated in the 2008 BiOp. Previous FCRPS biological
opinions have not presented tributary temperature data.

Crozier et al. (2010) found that cumulative growing degree-days®* measured in various streams
in the Salmon River basin correlate strongly with mean May—August air temperature, which was
also a strong predictor of fish length. An advantage of using air temperature, rather than stream
temperature, is that most of the stream temperature data sets in the interior Columbia basin are of
relatively short duration or of irregular length. We therefore present mean monthly air
temperature in the Salmon River basin, as used by Crozier et al. (2010) and Crozier and Zabel
(2013 Draft) in Figure 2.1-36.

4 “Growing degree-days” are defined as the sum of daily mean temperatures in Celsius during the period of salmon
growth.
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Salmon River Mean May-Aug Air Temperature Anomalies
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Figure 2.1-36. Anomalies (differences between the 1960-2010 mean and individual yearly values) of the average
May through August air temperatures from meteorological stations in the Salmon River basin. As described in the
text, air temperatures correlate strongly with stream temperatures and fish growth. Time periods corresponding to the
2008 BiOp’s Base Period and more recent observations are indicated. Raw data provided by the NOAA Western
Regional Climate Center (http://www.wrcc.dri.edu/climsum.html ) and basin averages provided by L. Crozier, NOAA
Fisheries.

Figure 2.1-36 indicates that new observations since the 2008 BiOp include a higher percentage
of years with above-average mean temperatures than the percentage of above-average years in
the 2008 BiOp’s approximate Base Period. The mean temperature of all years in the new period
was higher than that of the Base Period (12.1°C versus 11.7°C). Based on Crozier and Zabel
(2013 DRAFT), these higher temperatures in recent years could be associated with lower parr-to-
smolt survival for some Salmon River spring/summer Chinook populations. However, it could
also have resulted in higher growth rates and larger smolt sizes—which would lead to higher
survival rates in other life stages that could compensate for reduced survival at the parr-to-smolt
life stage.
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2.1.4.2 Recent Information Regarding Climate Change

The 2008 BiOp included information on climate change that was published through 2007. The
primary sources of information were the ISAB’s review of climate change impacts on Columbia
River basin fish and wildlife (ISAB 2007), the ICTRT’s ocean climate scenarios for use in
quantitative analyses (ICTRT and Zabel 2007), and a modeling analysis of potential effects of
climate change on freshwater stages of SR spring Chinook (Crozier et al. 2008). This
information was used to assess effects of the RPA under climate change and to develop elements
of the RPA that would implement climate change mitigation actions recommended by the ISAB
(2007) in the 2008 BiOp Section 8.1.3.

Section 2.2.1.3 of the 2010 Supplemental BiOp reviewed subsequently available climate change
literature (through 2009) that was relevant to Pacific Northwest salmonids and made the
following conclusions:

= New observations and predictions regarding physical effects of climate change were
within the range of assumptions considered in the 2008 BiOp and the AMIP.

= New studies of biological effects of climate change on salmon and steelhead provided
additional details on effects previously considered and suggest that the adult life stage
may need particular attention through monitoring and proactive actions envisioned in
the AMIP. (The 2010 Supplemental BiOp included amendments to the AMIP to
address this point).

= The types of potentially beneficial actions identified by ISAB (2007) and
implemented through the RPA are consistent with the types of adaptation actions
described in current literature.

This section briefly reviews the climate change effects considered in the 2008 BiOp and
discusses additional information regarding climate change that has become available since the
2008 BiOp was issued. It concludes that, while additional details regarding observed and
forecasted effects of climate change on Pacific Northwest salmonids have become available in
recent years, the effects remain consistent with those described in the 2008 BiOp.
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2.1.4.2.1 Review of Climate Change Effects Considered in the 2008 BiOp

The 2008 BiOp relied primarily upon the review of climate change effects on salmonids prepared
by the Northwest Power and Conservation Council’s (NPCC) Independent Scientific Advisory
Board (ISAB 2007). This report summarized the key effects of climate change and related them
to salmon life history in a figure that is reproduced here as Figure 2.1-37.

Figure 2.1-37. lllustration of the points in the salmon life history where climate change may have an effect.
Reproduced from ISAB (2007) Figure 24.

The effects of climate change that were summarized from ISAB (2007) and other sources in the
2008 SCA Section 5.7.3, and incorporated by reference into the 2008 BiOp’s description of the
environmental baseline, included the following.

Freshwater Environment
Climate records show that the Pacific Northwest has warmed about 1.0°C since 1900 or about

50% more than the global average warming over the same period. The warming rate for the
Pacific Northwest over the next century is projected to be in the range of 0.1°C to 0.6 °C per
decade. Although total precipitation changes are predicted to be minor (+ 1% to 2%), increasing
air temperature will alter the snowpack, stream flow timing and volume, and water temperature
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in the Columbia River basin. Climate experts predict the following physical changes to rivers
and streams in the Columbia basin:

Warmer temperatures will result in more precipitation falling as rain rather than
SNOw.

Snowpack will diminish, and stream flow volume and timing will be altered.

0 More winter flooding is expected in transient™ and rainfall-dominated
basins.

0 Historically transient watersheds will experience lower late summer flows.
A trend towards loss of snowmelt-dominant and transitional basins is predicted.

Summer and fall water temperatures will continue to rise.

These changes in air temperatures, river temperatures, and river flows are expected to cause
changes in salmon and steelhead distribution, behavior, growth, and survival. Although the
magnitude and timing of these changes currently are poorly understood and specific effects are
likely to vary among populations, the following effects on listed salmon and steelhead in
freshwater are likely:

Winter flooding in transient and rainfall-dominated watersheds may scour redds,
reducing egg survival.

Warmer water temperatures during incubation may result in earlier fry emergence,
which could be either beneficial or detrimental depending on location and prey
availability.

Reduced summer and fall flows may reduce the quality and quantity of juvenile
rearing habitat, strand fish, or make fish more susceptible to predation and disease.

Reduced flows and higher temperatures in late summer and fall may decrease parr-to-
smolt survival.

Warmer temperatures will increase metabolism, which may either increase or
decrease juvenile growth rates and survival, depending on availability of food.

Overwintering survival may be reduced if increased flooding reduces suitable habitat.

Timing of smolt migration may be altered such that there is a mismatch with ocean
conditions and predators.

*> Transient watersheds have streamflow that is strongly influenced by both direct runoff from rainfall and
springtime snowmelt because surface temperatures in winter typically fluctuate around the freezing point. Over the
course of a given winter, precipitation in transient watersheds frequently fluctuates between snow and rain
depending on relatively small changes in air temperature (Mantua et al. 2009).

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



156 | New Information

= Higher temperatures during adult migration may lead to increased mortality or
reduced spawning success as a result of lethal temperatures, delay, increased fallback
at dams, or increased susceptibility to disease and pathogens.

The degree to which phenotypic or genetic adaptations may partially offset these effects is being
studied but currently is poorly understood.

Estuarine Environment
Climate change also will affect salmon and steelhead in the estuarine and marine environments.
Effects of climate change on salmon and steelhead in estuaries include the following:

=  Warmer waters in shallow rearing habitat may alter growth, disease susceptibility,
and direct lethal or sublethal effects.

= Increased sediment deposition and wave damage may reduce the quality of rearing
habitat because of higher winter freshwater flows and higher sea level elevation.

= Lower freshwater flows in late spring and summer may lead to upstream extension of
the salt wedge, possibly influencing the distribution of salmonid prey and predators.

= Increased temperature of freshwater inflows and seasonal expansion of freshwater
habitats may extend the range of warm-adapted non-indigenous species that are
normally found only in freshwater.

In all of these cases, the specific effects on salmon and steelhead abundance, productivity, spatial
distribution and diversity are poorly understood.

Marine Environment

Effects of climate change in marine environments include increased ocean temperature,
increased stratification of the water column, and changes in intensity and timing of coastal
upwelling. Hypotheses differ regarding whether coastal upwelling will decrease or intensify but,
even if it intensifies, the increased stratification of the water column may reduce the ability of
upwelling to bring nutrient-rich water to the surface. There are also indications in climate models
that future conditions in the North Pacific region will trend towards conditions during warm
phases of the PDO. Hypoxic conditions observed along the continental shelf in recent years
appear to be related to shifts in upwelling and wind patterns, which may be related to climate
change.

These continuing changes are expected to alter primary and secondary productivity, the structure
of marine communities (particularly the distribution of predators and prey), and in turn, the
growth, productivity, survival, and migrations of salmonids, although the degree of impact on
listed salmonids currently is poorly understood. A mismatch between earlier smolt migrations
(because of earlier peak spring freshwater flows and decreased incubation period) and altered
upwelling may reduce marine survival rates. Ocean warming also may change migration
patterns, increasing distances to feeding areas.
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In addition, rising atmospheric carbon dioxide concentrations drive changes in seawater
chemistry, increasing the acidification of seawater. This reduces the availability of carbonate for
shell-forming invertebrates (e.g., pteropods, which are prey for some species of salmon and prey
for some forage fish that are consumed by salmon), reducing their growth and survival. This
process of acidification is underway, has been well documented along the Pacific coast of the
U.S, and is predicted to accelerate with increasing emissions.

2.1.4.3 Updated Climate Change Information Since the 2010 Supplemental BiOp

In addition to the 2007—2009 scientific literature on climate change that was reviewed in the
2010 Supplemental BiOp, NOAA Fisheries reviewed hundreds of scientific papers published
from 2010 through 2012 that are relevant to effects of climate change on Pacific Northwest
salmonids (Crozier 2011, 2012, 2013). The Crozier (2011 and 2012) reports were included as
attachments to the Action Agencies’ annual progress reports.*® All three reviews (Crozier 2011,
2012, 2013) are included as Appendix D of this supplemental opinion.

Other recent reviews of ongoing and expected changes in Pacific Northwest climate that are
relevant to listed salmon and steelhead include the U.S. Global Change Research Program’s
national climate change impacts assessment (Karl et al. 2009; NCADAC 2013 DRAFT), the
Washington Climate Change Impacts Assessment (CIG 2009), and the Oregon Climate
Assessment (OCCRI 2010). The NCADAC (2013) includes a chapter that specifically reviews
physical and biological climate change impacts in the Pacific Northwest (Mote and Snover
2013). These climate change assessments include empirical observations and climate model
projections. The regional climate assessments include projections from the International Panel on
Climate Change global climate models (IPCC 2007), which were then downscaled to reflect
regional terrestrial and aquatic conditions (e.g., Salathe 2005) and ocean conditions (e.g., Stock
etal. 2011). A new IPCC global climate assessment is currently underway, with new global
climate projections expected by 2014.

Recent information concerning climate impacts on oceans and coastal resources is reviewed in
Griffis and Howard (2012). Additional reviews of marine climate effects relevant to the Pacific
Northwest, such as ocean acidification and sea level change, are included in the Oregon and
Washington climate assessments (Huppert et al. 2009; Mote et al. 2010; Ruggiero et al. 2010).
Key research on ocean acidification is reviewed in Feely et al. (2012) and includes Feely et al.
(2008). Mote et al. (2009), Ruggiero et al. (2010), and NRC (2012) described observed sea level
height changes along the Pacific coast and reviewed literature projecting sea level changes in the
Pacific Northwest, which can affect rearing habitat of salmonids. Various localized studies of
projected sea level height changes are also available (e.g., Glick et al. 2007; Sharp et al. 2013).

%% These reviews are also available on the Northwest Fisheries Science Center web site:
http://www.nwfsc.noaa.gov/trt/lcm/docs/Climate%20Literature%20Review_py2011.pdf and
http://www.nwfsc.noaa.gov/trt/lcm/docs/Climate%20Literature%20Review_py2010.pdf
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Recent reviews of the effects of climate change on the biology of salmon and steelhead in the
Columbia River basin and the California Current region, subsequent to ISAB (2007) and
additional to Crozier (2011, 2012, 2013) reviews, include sections of the Oregon and
Washington climate assessments (Huppert et al. 2009; Mantua et al. 2009, 2010; Hixon et al.
2010), Stout et al. (2010) and Ford (2011). Adaptation strategies that contain measures to reduce
impacts of climate change on Pacific Northwest salmon and steelhead include, in addition to
ISAB (2007), the interim Washington Climate Change Response Strategy (WDOE 2011 ); the
Oregon Climate Change Adaptation Framework (ODLCD 2010 ); the National Fish, Wildlife,
and Plants Climate Adaptation Strategy (NFWPCAP 2012 ); and the North Pacific Landscape
Conservation Cooperative’s reviews of marine and freshwater adaptation strategies (Tillmann
and Siemann 2011a,b). Beechie et al. (2012) produced an important description of best methods
for restoring salmon and steelhead habitat in the face of climate change (see Section 2.1.4.5 for
details).

Overall, new climate change information subsequent to the 2008 BiOp supports and adds detail
to the information relied upon in that biological opinion. Crozier (2011, 2012, 2013; Appendix D
in this supplemental opinion) describes results of hundreds of scientific papers relevant to effects
of climate on Pacific Northwest salmon and steelhead that have been published since the
literature reviewed in the 2008/2010 BiOps. We refer the reader to those reviews for more
information, but in the remainder of this section briefly describe a few examples of studies that
are relevant to the current and future status of listed species, and relevant to expected effects of
the RPA.

2.1.4.4 Physical Effects of Climate Change

2.1.4.4.1 Recent Observations

Recent observations of climate trends are generally consistent with expectations in the 2008
BiOp, and the capacity for monitoring these trends in the Pacific Northwest is increasing. For
example, a variety of recent studies found significant trends in temperature, precipitation, and
flow both within the Columbia River basin and over broader spatial scales.

Arismendi et al. (2012) and Isaak et al. (2012) found stream temperatures getting warmer within
the Columbia River basin, although results were dependent upon length of the time series and
whether the rivers were regulated or not. Arismendi et al. (2012) found significant warming
trends when longer records were available—roughly 44% of streams with records prior to 1987
had significant warming trends. However, cooling trends predominated in the shorter time series,
despite significant warming of air temperature in many cases. The authors noted a correlation
between base flow and riparian shading with these cooling trends. Human-impacted sites showed
less variability over time, likely due to flow regulation and reservoir heat storage. Isaak et al.
(2012) demonstrated statistically significant warming trends from 1980 to 2009 on seven
unregulated streams in the Pacific Northwest in summer (0.22°C per decade), fall, and winter,
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producing a net warming trend annually despite a cooling trend in spring. Stream temperature
trends were strongly correlated with air temperature, showing the expected signal from regional
climate warming. Trends in 11 regulated streams were in the same direction, but were not
statistically significant, indicating that modified flows, in some cases explicitly for temperature
management, can limit stream thermal response to climate drivers.

To increase the capability to monitor and project stream temperatures, Isaak and colleagues have
assembled a Pacific Northwest stream temperature database®’ that was compiled from
temperature records provided by hundreds of biologists and hydrologists working for numerous
resource agencies. It contains more than 45,000,000 hourly temperature recordings at more than
15,000 unique stream sites. These temperature data are being used with spatial statistical stream
network models to develop a more accurate and consistent baseline for describing current
conditions and comparing the impact of future scenarios. NOAA Fisheries and Action Agency
contributions to this regional database constitute the primary implementation of AMIP
Amendment 3 (2010 Supplemental BiOp, Section 3.2; also see Section 3.9 of this supplemental
biological opinion RPA Implementation to Address the Effects of Climate Change).

As another example, consistent with the expectation of changes in hydrology, Jefferson (2011)
found that transitional areas in 29 watersheds in the Pacific Northwest demonstrate significant
historical trends of increasing winter and decreasing summer discharge. Snow-dominated
watersheds showed changes in the timing of runoft (22 to 27 days earlier) and lower low-flows
(5% to 9% lower) than in 1962.

Crozier (2011, 2012, 2013) also reviewed studies of observed trends in the marine environment,
including studies that:

= Reviewed the chemistry of offshore waters near Vancouver Island and the Strait of
Juan de Fuca, that indicated increases in dissolved carbon dioxide levels (associated
with ocean acidification), which correlated with increases in atmospheric carbon
dioxide.

= Described variable reports of trends in coastal upwelling intensity along the Pacific
coast, with one recent comprehensive study concluding that upwelling events have
become less frequent, stronger, and longer in duration off Oregon and California.

= Tracked low-oxygen (hypoxic) conditions in the Columbia River estuary that are
associated with upwelling and may be exacerbated with climate change, and
documented decreased oxygen levels off Newport, Oregon and a thickening of the
oxygen minimum zone.

= Described changes in sea level height along the Pacific coast, including the effects of
local geology and other factors.

37 NorWest: http://www.fs.fed.us/rm/boise/ AW AE/projects/NorWeST.html
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2.1.4.4.2 Climate Change Projections

In addition to the reviews of observed changes in climate to date, a considerable body of
literature has developed that uses models to project continuing climate change in the Pacific
Northwest. These projections are generally consistent with expectations in the 2008 BiOp.

A particularly relevant example is a projection of mainstem Columbia River hydrology under
climate change (Brekke et al. 2010; USBR et al. 2011). The Action Agencies are using these
projections to plan for flood control, power management, and fish impacts (e.g., summer flow
targets per RPA 4) in response to effects of climate change. Hydroregulations based on these
climate projections also are being considered in the ongoing Columbia River Treaty review.
Numerous other climate projections produced since the 2008 BiOp are included in the state and
national climate assessments described above and in Crozier (2011, 2012, 2013).

There have also been advances in projecting tributary temperature and hydrologic changes. A
recent example is Wu et al. (2012), who projected decreased summer streamflow (19.3% in
2020s to 30.3% in 2080s) in Pacific Northwest streams and increases in mean summer stream
temperatures from 0.92°C to 2.10°C. The simulations indicate that projected climate change will
have greater impacts on snow dominant streams, with lower summer streamflows and warmer
summer stream temperature changes relative to transient and rain dominant regimes. Lower
summer flows combined with warmer stream temperatures suggest a future with widespread
increased summertime thermal stress for cold-water fish in the Pacific Northwest region.

An example of new projections of marine effects is Gruber et al. (2012), who estimated changes
in ocean acidification in the California Current under two climate change scenarios. Their model
projected that by the 2050s, 70% of the euphotic zone (top 60m) of nearshore (within 10km of
the coast) habitat will be undersaturated for aragonite (the form of calcium carbonate generally
used in shell formation) during the entire summer, and over 50% will be undersaturated year-
round, regardless of emissions scenario.

The Pacific Northwest has increased its capacity to both develop downscaled climate projections
and to interpret and apply them in recent years. In particular, two consortiums of academic and
agency researchers have been formed to address Pacific Northwest climate research and outreach
needs: the Climate Impacts Research Consortium®® and the Northwest Climate Science Center.>”
The Interior Department has formed two Landscape Conservation Cooperatives*” that generate
applied climate research, outreach, and management planning for the Columbia River basin; and

¥ The Climate Impacts Research Consortium is a NOAA-funded consortium of seven universities in Oregon,
Washington, Idaho, and western Montana that provides information and tools for making decisions about landscape
and watershed management in a changing climate. http://pnwclimate.org/

** The Northwest Climate Science Center is an Interior-Department—funded consortium of three universities in
Washington, Oregon, and Idaho that develops climate science and decision support tools to address conservation and
management issues in the Pacific Northwest Region. http://www.doi.gov/csc/northwest/index.cfm

0 The Interior Department funds Landscape Conservation Cooperatives (LCC), which are public-private
partnerships throughout the U.S. designed to respond to landscape-scale stressors, with an emphasis on climate
change. Two LCCs cover most of the Columbia River basin: the Great Northern LCC (http://greatnorthernlcc.org/ )
and the North Pacific LCC (http://northpacificlcc.org/About ).
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a variety of other public and private entities are providing and applying climate projections to
support adaptation planning in the region.

2.1.4.5 Biological Effects of Climate Change on Salmonids

Recent scientific studies regarding biological effects of climate change are generally consistent
with expectations in the 2008 BiOp; however, some studies provide new details and have
implications that are particularly relevant to listed salmonids in the Columbia River basin. A few
examples follow—details are in Crozier (2011, 2012, 2013) and Crozier and Zabel (2013
DRAFT).

A key piece of new information regarding likely effects of climate change on juvenile salmonid
survival is Crozier and Zabel (2013 DRAFT). The 2008 BiOp Section 7.1.1 discussed an earlier
version of this analysis (Crozier et al. 2008), which predicted an 18% to 34% decline in parr-to-
smolt survival for spring Chinook in the Salmon River Basin in 2040, compared to survival
under current climate conditions, as well as a significant increase in extinction risk. We did not
quantitatively apply these results to the 2008 BiOp analysis for reasons that included the time
frame of the Crozier et al. (2008) analysis, but instead applied a qualitative approach to
evaluating the adequacy of the RPA with respect to implementing ISAB (2007)
recommendations for climate adaptation actions (2008 BiOp Sections 7.1.2.1 and 8.1.3). The
new Crozier and Zabel (2013 DRAFT) analysis updates both the expected climate conditions and
the relationship between juvenile survival, summer stream temperature, and fall stream flow. The
most recent climate downscaling and hydrological models predict that, although summer stream
temperatures will increase, fall precipitation may also increase in the Salmon River basin,
reducing some of the impact from rising air temperatures. The analysis found that four of the
nine populations evaluated responded negatively to warmer historical temperatures; four had
neutral or slightly positive responses, and one population in a very cold stream showed a positive
response in warmer years. In model projections that included climate change, abundance
declined in five of the populations, but the remaining populations stayed about the same on
average across models, or increased. The impact of population declines on the extinction risk
within 25 years was minor for all but one population.

Crozier (2011, 2012, 2013) identifies many other recent studies relevant to effects of climate
change on freshwater life stages of Pacific Northwest salmon and steelhead. These include
studies elucidating effects of temperature and flow (coupled with density) on juvenile growth,
survival, and migration timing, as well as projections of expected changes in response to climate
change. Results of these studies add detail but are generally consistent with descriptions in ISAB
(2007) and the 2008 BiOp. Additional information, particularly for the Fraser River, continues to
accumulate for the effects of increasing temperature on adult salmon migration and prespawning
survival. As described in the 2010 Supplemental BiOp, this is a key area of concern requiring
ongoing monitoring and evaluation. Amendments to the AMIP in the 2010 Supplemental BiOp
help to address these concerns.
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New projections of the effects of ocean warming on salmon marine distributions are an example
of an effect generally considered in the 2008 BiOp, but which new information indicates may be
greater than previously anticipated. As described in ISAB (2007) and summarized in the 2008
BiOp, a major concern is the extent to which natural responses to climate change must include
range shifts or range contractions, because the current habitat will become unsuitable. Abdul-
Aziz et al. (2011) illustrate this point dramatically for Pacific Northwest salmon by showing that
climate scenarios imply a large contraction (30%—50% by the 2080s) of the summer thermal
range suitable for chum, pink, coho, sockeye, and steelhead in the marine environment, with an
especially large contraction (86%—88%) of Chinook salmon summer range under two
commonly-used IPCC (2007) greenhouse gas scenarios. Previous analyses focusing on sockeye
salmon (Welch et al. 1998) came to similar conclusions, but updated climate change projections
and the multi-species perspective make this a particularly relevant study.

As described above, a considerable body of literature regarding actions to allow salmon and
steelhead to persist in the face of climate change (“‘adaptation’) has become available since the
2008 BiOp (e.g., the Oregon and Washington climate adaptation plans and the National Climate
Adaptation Plan, referenced above). Additionally, new research such as Beechie et al. (2012)
describes the best methods to apply for restoring salmon habitat in particular types of
environments (e.g., streams in which the hydrology is determined by rainfall, melting snowfall,
or a combination of the two). They found that restoring floodplain connectivity, restoring stream
flow regimes, and re-aggrading incised channels are the actions most likely to ameliorate stream
flow and temperature changes and increase habitat diversity and population resilience. By
contrast, they found that most restoration actions focused on instream rehabilitation*' and
controlling erosion and sediment delivery, while important for other reasons, are unlikely to
ameliorate climate change effects. This study helps to focus our evaluation in Section 3.9 of the
effectiveness of the RPA in promoting adaptation to climate change. Other studies such as
Donley et al. (2012) suggest methods and provide case studies for prioritizing recovery actions,
such as restoring instream flow, in the face of climate change.

2.1.4.6 Relevance of Climate Information to the 2008/2010 BiOp’s Analysis

New observations and predictions regarding physical effects of climate change, as described in
Sections 2.1.4.1 and 2.1.4.2, continue to be within the range of assumptions considered in the
2008 BiOp and 2010 Supplemental BiOp. This information applies to both interior and lower
Columbia basin salmon and steelhead.

I Beechie et al. (2012) defined “instream rehabilitation” as adding stream meanders and channel realignment,
addition of rock or wood structure, and adding gravel to streams. Although these are generally less effective at
ameliorating climate change effects than other restoration actions, Beechie et al. (2012) did describe particular
circumstances under which these actions could also contribute. In addition to the three most effective categories of
restoration actions described above, other categories described by Beechie et al. (2010) that ameliorate effects of
climate change include barrier removal and restoration of riparian functions (e.g., grazing removal and tree
planting).

09/09/13 Sovereign Review Draft | FCRPS Supplemental Biological Opinion | NOAA Fisheries



New Information | 2.1 Rangewide Status | 163

= (Qcean conditions considered in the 2008 BiOp extended through approximately 2001
(e.g., the ICTRT [2007] “Recent” ocean climate scenario represented climate
conditions between 1980 and 2001). Climate patterns reflected in the PDO, El Nifio
indices, upwelling indices, and other ocean ecosystem indicators between 2002 and
2012 are within the range of the three ocean-climate scenarios considered in the 2008
BiOp.

0 Average 2002 through 2012 conditions, as defined by the PDO, were more
similar to the “Historical” climate scenario than to the “Recent” or “Warm
PDO” scenarios, which are less favorable to salmon survival, for factors
such as the PDO and El Nifio indices. Recent El Nifio and upwelling
conditions either did not differ or were generally more favorable than the
Recent and Warm PDO scenarios. Because the 2008 BiOp primarily relied
upon the “Recent” climate scenario in the quantitative analysis for interior
Columbia Basin species, average ocean conditions to date have been
similar or more favorable for salmon survival than assumed in the 2008
BiOp.

0 Although the average ocean conditions between 2002 and 2012 have been
similar or more favorable for salmon survival than Base Period
assumptions under the Recent climate scenario, poor ocean conditions still
occurred during this period, particularly in 2003, 2004, 2005, and 2010.

= Predictions of future ocean conditions as climate continues to change are also within
the range of expectations in the 2008 BiOp. New information continues to add detail
to the previous expectations, including predictions of northward-shifting isotherms,
increasing ocean acidity, and higher sea levels. Some marine effects of climate
change remain uncertain, such as the future pattern of upwelling (whether it will
intensify or diminish) and the future pattern of broad-scale indices such as the PDO.

= The 2008 BiOp did not include freshwater climate change scenarios or estimate
resulting changes in salmon and steelhead survival. Instead, continuing Base Period
(through approximately 2001) freshwater climate conditions were implicit in
quantitative analyses for interior Columbia basin salmonids and future freshwater
climate change was considered qualitatively. Some freshwater climate factors have
remained consistent with observations during the 2008 BiOp’s Base Period, while
others are more consistent with the 2008 BiOp’s qualitative expectations for future
climate.

0 Average flow in the mainstem Columbia River since 2001 has been nearly
identical to average Columbia River flow during the 2008 BiOp’s Base
Period.
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0 Average fall streamflow in the Salmon River basin since 2001 has been
lower than the average fall streamflow during the 2008 BiOp’s Base
Period, which is consistent with qualitative expectations under climate
change in the 2008 BiOp.

0 Average summer stream temperature (as inferred from air temperature per
Section 2.1.4.1.5) in the Salmon River basin since 2001 has been higher
than the average temperature during the 2008 BiOp’s Base Period,
although the difference is not statistically significant. The higher summer
stream temperatures were anticipated as a result of climate change in the
2008 BiOp.

More recent predictions of freshwater streamflow and temperature are generally
unchanged from those included in the 2008 BiOp (e.g., increasing temperatures and
changes in seasonal hydrology with higher winter and spring flows and lower summer
and fall flows due to a decrease in the percentage of precipitation falling as snow).

New studies of biological effects of climate change on salmon and steelhead, as described in
Section 2.1.4.2, are generally consistent with expectations in the 2008 BiOp, but provide
additional details on those effects.

The 2008 BiOp indicated that warming stream temperatures could have positive or
negative effects on juvenile salmonid growth, depending on available food and
density. New studies provide a greater understanding of the interactions between
stream temperature, food availability, fish density, and growth of juvenile salmonids,
indicating the situations under which increasing stream temperatures will be
beneficial, detrimental, or have little effect.

The 2008 BiOp generally assumed that parr-to-smolt survival of interior Columbia
basin spring Chinook would decline substantially for most, if not all, populations. A
new study indicates that this is most likely the case for populations with survival
correlated primarily with summer stream temperatures. However, survival is likely to
increase for populations more dependent upon fall stream flow. In this study, most of
the Salmon River populations examined were in the first category. The impact of
these projected survival changes on extinction risk was minor over the next 25 years
for all but one of the nine populations in the study.

Juvenile studies confirm general expectations in the 2008 BiOp of changes in
mainstem migration timing and life history strategies in response to higher
temperatures.

The new information on non-indigenous fishes provides additional detail to the
general response of warm-water predators considered in the 2008 BiOp: their ranges
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are expected to expand and predation rates are likely to increase as temperatures
warm.

=  Most studies related to climate effects on estuary and ocean productivity offer new
details on biological effects but do not differ substantively from factors previously
considered in the 2008 BiOp. Examples include predictive modeling of reduced ocean
salmon survival and a decline in fisheries as ocean temperatures warm and available
marine habitat moves northward and becomes compressed and new predictive
modeling of ocean acidification off Oregon and California.

= As described in the 2010 Supplemental BiOp, new studies document effects of higher
temperatures on modified adult migration timing and on reduced adult survival and
spawning success in the Snake and Columbia rivers. These factors were considered
generally in the 2008 BiOp, but new studies provide greater detail. Tributaries in the
lower Columbia are identified as containing thermal refugia for both steelhead and
Chinook. Some new studies indicate that the utility of thermal refugia is reduced by
harvest targeting fish in thermal refugia. Amendments added to the AMIP in the 2010
Supplemental BiOp help to address this growing concern with adult migration.

New research and plans for climate change adaptation are consistent with ISAB (2007) and
expectations of the 2008 BiOp. The types of monitoring and adaptation actions identified by
ISAB (2007) and implemented through the RPA are consistent with the types of adaptation
actions described in current literature. New literature such as Beechie et al. (2012) provides
additional guidance on the habitat restoration actions most likely to be effective in responding to
climate change.
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2.2 Environmental Baseline

The environmental baseline includes “the past and present impacts of all Federal, state, or private
actions and other human activities in the action area, including the anticipated impacts of all
proposed Federal projects in the action area that have undergone Section 7 Consultation and the
impacts of state and private actions that are contemporaneous with the consultation in progress”
(50 CFR § 402.02, “effects of the action™). Chapter 5 of the 2008 Supplemental Comprehensive
Analysis (SCA), which NOAA Fisheries incorporated by reference into Chapter 5 of the 2008
BiOp, discussed the environmental baseline in detail for multiple species. Additionally,
individual species chapters (Chapters 8.2—8.14) discussed the effects of past and ongoing human
and natural factors on the current status of each species and its habitats and ecosystems within
the action area. That analysis included effects on designated critical habitat.

The 2008 BiOp considered environmental baseline effects qualitatively for all species.
Additionally, for six interior Columbia basin salmonid species, NOAA Fisheries quantified
expected changes in population survival, compared with average survival rates associated with
the 2008 BiOp’s Base Period (see Section 2.1.1.4.1: Review of the 2008 BiOp Indicator Metrics
and What They Represent). As described in the 2008 BiOp, Section 7.1.1, quantitative analyses
were based on the retrospective performance of populations during a historical Base Period
(reviewed for a longer “extended Base Period” in Section 2.1.2). The fundamental assumption in
the analyses is that all factors influencing population performance during the Base Period would
continue into the future, within a range of observed variation, unless some factor affecting the
survival or reproduction of the population has changed, or is expected to change, from the
average historical condition.

The 2008 BiOp identified “current” management actions and other factors such as predation
rates that had changed, relative to mean survival associated with that factor during the Base
Period. Note that the survival rate changes associated with current actions were not necessarily
those occurring at the time of the 2008 BiOp, but were expected after current actions were fully
implemented and survival changes were expressed over the entire life cycle. For example, some
types of habitat actions may take years before they are fully implemented if changes in
vegetation or streambed morphology are expected, and all actions might take multiple
generations before productivity changes resulting from the actions can be detected. In the 2008
BiOp’s quantitative aggregate analysis (Figure 7.1-1 and Table 8.3.3-1 of the 2008 BiOp; Figure
2.2-1 in this supplemental opinion), the change from a factor’s Base Period average survival rate
to the Current action survival rate was expressed as a Base-to-Current survival multiplier.
Section 7.1.1 of the 2008 BiOp describes the details of this calculation, which was based on the
ICTRT (2007) “gap analysis” method.
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Figure 2.2-1. Schematic showing the method of applying survival changes that have occurred during the Base Period
to a “Base-to-Current” productivity adjustment factor and method of applying expected prospective survival changes
(i.e., RPA actions) to a “Current-to-Future” productivity adjustment factor. This example is reproduced from the 2008
BiOp Figure 7.1-1 and detailed methodology is described in the 2008 BiOp Section 7.1.1. This example uses average
returns-per-spawner (R/S) as the productivity estimate, applied to the Marsh Creek population of Snake River
spring/summer Chinook. Numbers reflect those available at the time of the 2008 BiOp.
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Sections 2.2 through 2.7 of the 2010 Supplemental BiOp reviewed new information that was
relevant to both the environmental baseline and implementation of the 2008 BiOp’s RPA for
each of the effects listed above. These reviews concluded that the new information was generally
in accordance with the expectations, assumptions, and analyses of the 2008 BiOp. One area that
was identified as needing further review was the historical pattern of cormorant predation and its
potential effect on the 2008 BiOp’s quantitative analysis for some species.

In this supplemental opinion, we again review new information relevant to the environmental
baseline. We consider climate and climate change in Section 2.1.4 because it affects listed
species and critical habitat both within and outside of the action area and it can significantly
affect current and future status of the species. New information regarding effects of hydrosystem,
tributary habitat, and estuary and plume habitat actions that have resulted from implementation
of the 2008 BiOp’s RPA are described in Section 3. In this section, we review new information
regarding all of the factors influencing the environmental baseline that were discussed in the
2008 BiOp.

For the six interior Columbia basin species included in the 2008 BiOp’s quantitative aggregate
analysis, we review the methods and information used to calculate the Base-to-Current survival
multipliers for each environmental baseline impact*? included in the 2008 BiOp’s aggregate
analysis. Because we have concluded in Section 2.1.1.4.3 that the underlying Base Period status
of each species has not changed with the inclusion of additional years of demographic data—and
because all years of RPA implementation are included in effects of the RPA (rather than in the
environmental baseline)—we did not recalculate Base-to-Current multipliers to reflect time
periods that differed from those in the 2008 BiOp analysis. Instead, we reviewed Base Period
and current management actions and their effects (at the time of the 2008 BiOp) to determine if
new information suggested modifying the 2008 BiOp’s Base-to-Current survival change
estimates.

* Prospective effects of ongoing FCRPS operations are properly included only in the proposed action (RPA), rather
than in prospective effects of the environmental baseline. However, because the 2008 BiOp’s aggregate analysis is
based on proportional changes from survival during the Base period for which salmonid demographic information
was available, and because the Base-to-Current and Current-to-Prospective survival multipliers are cumulative,
Base-to-Current FCRPS hydrosystem survival changes were described with other Base-to-Current survival changes
in the environmental baseline sections of the 2008 BiOp (e.g., Section 8.3.3.1 for SR spring/summer Chinook).
Mathematically, it makes no difference whether the FCRPS hydro effects are divided in this manner or if a single
Base-to-Prospective survival multiplier is estimated for the effects of the RPA FCRPS hydro actions.
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2.2.1 Hydrosystem Effects

2.2.1.1 New Hydrosystem Environmental Baseline Effects

In January 2013, NOAA Fisheries issued a biological opinion (NMFS 2013e) on Reclamation’s
proposed Odessa Subarea Groundwater Replacement Project (OSGRP). The project entails
replacing the groundwater source for irrigating 70,000 acres within the existing boundaries of the
Columbia Basin Project with surface water from the Columbia River at Lake Roosevelt.
Following full implementation, the OSGRP would withdraw an average of 164,000 acre-feet of
water annually from Lake Roosevelt via the Keys Pumping Plant at Grand Coulee Dam. The
project was substantially changed during the ESA consultation process to reduce impacts to
ESA-listed salmon and steelhead. The project will divert water at the John W. Keys III Pump-
Generating Plant primarily during October each year, with much smaller amounts (not more than
350 cfs) of diversions from November through March if it is not possible to divert the entire
164,000 acre-feet during October. The newly diverted water would be used to refill Banks Lake.
During the irrigation season, Banks Lake would be drafted to serve lands receiving OSGRP
water. No additional withdrawals of water from the Columbia River during the irrigation season
(April through September) would occur.

Reclamation anticipates it will take over 10 years to fully implement the project and, as of May
2013, construction work had not yet begun. For this consultation, we are evaluating the
environmental baseline as if this project were fully developed and operating as proposed. Adding
this project changes the hydrologic conditions described in Section 5 of the 2008 SCA, thus it
increases the total depletion of October flow at Bonneville Dam by 2,667 cfs, raising the total
October depletion to 5,545 cfs—which would reduce the Current average flow for October to
110,350 cfs (see 2008 SCA, Table 5.1-3)—still substantially higher than estimated average
unregulated flows of 87,115 cfs at Bonneville Dam (see 2008 SCA, Figure 5.1-2). Table 2.2-1
depicts the current hydrologic baseline conditions at Bonneville Dam for this supplemental
opinion, including full build out of the OSGRP.

Table 2.2-1. Simulated mean monthly Columbia River flows at Bonneville Dam under current conditions including the

full build-out of Reclamation’s Odessa Subarea Groundwater Replacement Project (Sources: Figure 5.1.2 in NMFS
2008 SCA; NMFS 2013e).

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
g&;gegtCA 113017|128641|149403|189076 | 175921 |172150|225689 | 293948313930 218523 | 157935 |109020
Odessa -2667 0 0 0 0 0 0 0 0 0 0 0
gg\éveline 110350128641 |149403|189076| 175921 |172150|225689 293948313930 |218523|157935|109020

The Corps estimated that a 2,700 cfs flow reduction at Grand Coulee Dam would change river
stage at Portland by about two hundredths of a foot for short periods during the tidal cycle. The
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anticipated 2.4% flow reduction in October corresponds with active adult migration for fall-run
Chinook salmon from the Snake and lower Columbia River ESUs, LCR coho salmon, and CR
chum salmon. This small relative change in flow is not likely to affect the behavior of adult
migrants, but could reduce, very slightly, the availability of suitable spawning habitat for early
spawning chum salmon in shallow mainstem habitat used by the Lower Gorge and Washougal
populations.*’

Contingent withdrawals during November through January could reduce the availability of
suitable spawning habitat or the ability to maintain flow over established, incubating redds in
shallow mainstem habitat. The contingent withdrawals represent 0.26% to 0.19% of the average
monthly flows in the lower Columbia River below Bonneville Dam during November through
March. In the event that a contingent withdrawal for the Odessa Project occurred when chum
spawning flows were already not being met under RPA 17, the Odessa Project withdrawal would
be limited to 100 cfs, a 0.07% reduction, which would have negligible further effects on
spawning and incubating chum.

Some juvenile salmon and steelhead from each interior and lower Columbia basin ESU and DPS
could be in the mainstem during October through March. Effects on these individuals are likely
to be limited to small lateral changes in position relative to the shoreline to maintain position in
the preferred section of the flow field.

2.2.1.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Hydrosystem

The 2008 BiOp’s Appendix E reported estimates of FCRPS juvenile “system survival”
(combined inriver and transported fish survival), including post-Bonneville effects of
transportation and estuary arrival timing on smolt-to-adult returns (SAR), for a Base Period of
1980 through 2001 outmigration years and a Current operation defined as 2004 FCRPS BiOp
operations and actions implemented through 2006 (2008 BiOp Section 7.2.1.1). NOAA Fisheries
used the COMPASS model (Zabel et al. 2007) to estimate juvenile survival under continuing
Current operations (at the time of the 2008 BiOp), averaged across a range of hydrologic
conditions. We used empirical estimates of historical inriver and transport percentages and
juvenile survival rates to generate Base Period system survival estimates consistent with I[CTRT
analyses (ICTRT and Zabel 2007), and then factored in average post-Bonneville effects using the
COMPASS-derived Current SARs (2008 BiOp, Appendix E, Footnotes 1 and 2). The 2008
BiOp’s aggregate analysis for six interior Columbia basin species relied on the Appendix E
Base-to-Current multipliers derived from these SAR estimates (e.g., 1.20 for SR spring/summer
Chinook in first table of Appendix E and in Table 8.3.3-1). The conservative assumption
inherent in this approach was that post-Bonneville Base-to-Current juvenile survival did not
change, even though juvenile system survival improved (2008 BiOp Section 7.2.1.1, Footnote 3).

* The Washougal population of CR chum salmon includes the mainstem spawners near the Interstate Highway 205
bridge.
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Additionally, NOAA Fisheries implicitly assumed that adult survival through the FCRPS did not
change from the Base to the Current condition.

NOAA Fisheries found no changes in the methods or data used to generate the hydro Base-to-
Current estimates in the 2008 BiOp. The historical hydro survival estimates used by ICTRT and
Zabel (2007) have not changed and the COMPASS model has not been modified in a manner
that would change the estimates of survival associated with 2004 FCRPS BiOp operations.
Therefore, NOAA Fisheries continues to rely on the hydro Base-to-Current estimates included in
the 2008 BiOp.

2.2.1.3 Hydrosystem Effects on Critical Habitat under the Environmental Baseline

In the 2008 BiOp, we reviewed the effects of the Columbia basin development for hydropower,
flood control, navigation, and irrigation, which includes water storage operations in Canada and
the Columbia and upper Snake basins, as well as the past effects of the existence and operation
of the mainstem run-of-river FCRPS and similar projects, on the PCEs of designated critical
habitat (see species-specific discussions in the 2008 BiOp, such as in sections 8.2.3.3 for SR fall
Chinook salmon, 8.3.3.3 for SR spring/summer Chinook salmon, 8.4.3.7 for SR sockeye salmon,
etc.). These descriptions of the environmental baseline remain accurate for this consultation.
Effects to critical habitat PCEs include:

= Juvenile and adult mortality in the mainstem lower Snake and lower Columbia River
hydropower system (PCEs are juvenile and adult migration corridors with safe

passage)

= Scarcity of cover in mainstem reservoirs as refuge from fish predators such as
smallmouth bass and northern pikeminnows (PCEs are juvenile and adult migration
corridors with safe passage)

= Altered seasonal flow and temperature regimes (PCEs are water quantity and quality)

= Reduced mainstem spawning/rearing habitat for SR fall Chinook salmon due to
inundation by the reservoirs behind Lower Granite Dam and Idaho Power Company’s
Hells Canyon Complex and for the Lower Gorge population of CR chum salmon in
the Bonneville tailrace (PCEs are spawning areas with gravel, water quality,
cover/shelter, riparian vegetation, and space to support egg incubation and larval
growth and development)

As described in the 2008 BiOp, the Action Agencies have taken a number of actions in recent
years to improve the conservation value of PCEs in the migration corridor for all listed Columbia
basin salmonids. For example, the essential feature of safe passage for ESA-listed outmigrating
juvenile salmonids at FCRPS dams in the lower Snake and Columbia rivers has been improved
by a number of structural improvements and operations described in Section 4.3.1.1 of the 2007
Comprehensive Analysis (USACE et al. 2007a, hereafter 2007 CA). These include the
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construction and operation of surface bypass routes at all eight projects and new spill patterns to
provide attraction flows to surface bypass weirs.

With respect to flow management and water quality, Idaho Power Company began voluntarily
stabilizing outflows from Hells Canyon Dam during late October and November in 1991,
keeping SR fall Chinook redds established during that period “watered” through emergence in
April. The functioning of mainstem spawning habitat for CR chum salmon has improved in
recent years with FCRPS flow operations that provide fall and winter flows for spawning,
incubation, and emergence in the tailrace of Bonneville Dam. These flows also provide access to
spawning areas in Hardy and Hamilton creeks.

To improve water quality, the Corps began drafting Dworshak Reservoir in 1993 to add cooler
water to the lower Snake juvenile migration corridor during summer. Reclamation also provides
flow augmentation from the upper Snake basin that enhances flows (water quantity) in the lower
Snake and Columbia rivers during July and August.

Hydrosystem effects on recently proposed critical habitat for LCR coho salmon are identical to
those for other Columbia basin salmon and steelhead in the mainstem migration corridor below
The Dalles Dam. Specifically, coho populations in the Columbia River gorge are subject to
juvenile and adult mortality at Bonneville Dam (migration corridors with safe passage). The
functioning of this PCE for all juvenile outmigrants, including LCR coho salmon, improved with
the addition of the Bonneville Powerhouse 2 corner collector.
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2.2.2 Tributary Habitat Effects

2.2.2.1 New Tributary Habitat Environmental Baseline Effects

In NMFS (2008), we reviewed the status of the listed species and their habitat in both the interior
and lower Columbia basin tributaries under the environmental baseline.** Several dams that were
previously licensed by the Federal Energy Regulatory Commission and had limited the spatial
structure of Chinook, coho, and steelhead populations in lower Columbia tributaries are now
removed (Portland General Electric’s Bull Run Project on the Sandy River—Marmot and Little
Sandy dams; Powerdale Dam on the Hood River; and Condit Dam on the White Salmon River)
as anticipated in the 2008 BiOp. These watersheds are now recovering their habitat function and
are expected to produce natural-origin populations of LCR spring- and fall-run Chinook salmon,
LCR coho salmon, and LCR steelhead in the coming years. With respect to UWR Chinook
salmon and steelhead, the Willamette Project action agencies have implemented a number of
measures since 2008 to address factors limiting the viability of these species (Section 2.1.2.5).

New information on the conditions of spawning populations and habitat within the interior
Columbia basin tributaries is developed through the tributary habitat RME program (RPA
Actions 56 and 57). This work includes “status and trends” monitoring through which the Action
Agencies are characterizing fish—habitat relationships at the ESU/DPS, MPG, and population
levels across the interior Columbia basin. This program (called the Columbia Habitat Monitoring
Program or CHaMP) is under development with oversight by the NPCC and the Independent
Science Review Panel. Preliminary results are available at this time and are discussed in Section
3.1. This program will inform future biological opinions on the FCRPS and other Federal
actions.

With respect to NOAA Fisheries’ ongoing Section 7 consultation program, Federal agencies
continue to implement projects within these areas such as forest thinning, grazing, bridge repairs,
bank stabilization, and road construction/maintenance that have neutral or short- or even long-
term adverse effects on viability. Other Federal actions benefit the viability of the affected
populations by improving access to blocked habitat, preventing entrainment into irrigation pipes,
increasing channel complexity, and creating thermal refuges. Some restoration actions have
negative effects during construction, but these are expected to be minor, occur only at the project
scale, and persist for a short time (no more and typically less than a few weeks). All of these
actions have met the ESA standards for avoiding jeopardy.

These same types of projects continue to affect the functioning of the PCEs of safe passage,
spawning gravel, substrate, water quantity, water quality, cover/shelter, food, and riparian
vegetation. Projects implemented for purposes other than habitat restoration (forest thinning,
grazing, bridge repairs, etc.) have neutral or have short- or even long-term adverse effects on

* Columbia basin tributaries are within the action area for this consultation because they are the locations where the
RPA habitat and hatchery mitigation programs (RPA Actions 54 and 55 and 39 through 42, respectively) are
implemented.
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some of these PCEs. However, all of these actions have met the ESA standards for avoiding any
adverse modification of critical habitat.

2.2.2.2 Review of 2008 BiOp’s Base-to-Current Estimates for Tributary Habitat

NOAA Fisheries included Base-to-Current tributary habitat survival estimates ranging from 0%
to 8.5% improvements (i.e., 1.00 to 1.085 survival multipliers) in the 2008 BiOp, Tables 8.2.3-1
(SR fall Chinook); 8.3.3-1 (SR spring/summer Chinook); 8.5.3-1 (SR steelhead); 8.6.3-1 (UCR
spring Chinook); 8.7.3-1 (UCR steelhead); and 8.8.3-1 (MCR steelhead). These estimates
represented the incremental (compared to pre-2000) survival improvements expected from
tributary habitat projects implemented by the Action Agencies between 2000 and 2006. The
Action Agencies estimated these survival changes using the methods described and reviewed in
Section 3.1.1 of this supplemental opinion. Base-to-current estimates for most populations were
based on what is referred to as the “updated method” in Section 3.1.1 (the “hybrid method” of
the 2007 CA, Appendix C, Attachment C-1), which was developed by the Remand Collaboration
Habitat Work Group, with estimates informed by a series of meetings with local experts in 2006
and 2007. Base-to-Current estimates for MCR steelhead were based on the “Appendix E
method” described in Section 3.1.1, which NOAA Fisheries had applied in the 2004 FCRPS
BiOp.

As described in Section 3.1 of this supplemental opinion, NOAA Fisheries finds the tributary
habitat survival methodology applied in the 2008 BiOp used the best available scientific
information for assessing the effects of actions occurring across the Columbia River basin and
affecting multiple ESUs and DPSs. The expert panel process has not modified the original
estimates of effects of 2000—2006 projects, so NOAA Fisheries continues to rely upon the
tributary habitat Base-to-Current estimates included in the 2008 BiOp.

2.2.2.3 Tributary Habitat Effects on Critical Habitat under the Environmental
Baseline

In the 2008 BiOp, we reviewed the effects of tributary habitat conditions, including human
activities, on the PCEs of critical habitat used by stream-type fish for spawning and rearing (see
species-specific discussion in the 2008 BiOp, sections 8.3.3.3 for SR spring/summer Chinook
salmon, 8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.). These descriptions are
still accurate today. Effects include

= physical passage barriers such as culverts, push-up dams, and low flows (PCEs are
freshwater migration corridors free of obstruction);

= reduced usable stream area and altered channel morphology due to urban and rural
development, low flows, bank hardening, and livestock use of riparian areas (PCEs
are freshwater rearing sites with water quantity and floodplain connectivity to form
and maintain physical habitat conditions and support juvenile growth and mobility) ;
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= excess sediment in gravel due to roads, mining, agricultural practices, livestock use of
riparian areas, and recreation (PCEs are freshwater spawning sites with substrate
supporting spawning, incubation, and larval development); and

= clevated summer temperatures and, in some cases, chemical pollution from mining
(PCE:s are freshwater spawning sites with water quality supporting spawning,
incubation, and larval development).

In recent years, the Action Agencies, in cooperation with numerous non-Federal partners, have
implemented actions to address limiting factors for listed salmonids in spawning and rearing
areas of their critical habitat. These include acquiring water to increase streamflow, installing or
improving fish screens at irrigation facilities to prevent entrainment, removing passage barriers
and improving access, improving channel complexity, and protecting and enhancing riparian
areas to improve water quality and other habitat conditions.

Tributary habitat effects on recently proposed critical habitat for LCR coho salmon under the
environmental baseline are identical to those for LCR Chinook salmon and steelhead. In addition
to the general effects described above, dam removal actions at FERC-licensed hydroelectric
projects in the White Salmon and Hood rivers have addressed key factors limiting the
functioning of PCEs for LCR coho salmon, which has spawning populations in those tributary
watersheds.
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2.2.3 Estuary and Plume Habitat Effects

2.2.3.1 New Estuary and Plume Habitat Environmental Baseline Effects

In NMFS (2008), we reviewed the status of the listed species and their habitat under the
environmental baseline in the lower Columbia River estuary and the plume. New information on
the conditions of juvenile salmonids and rearing and migration habitat is developed through the
RME program (RPA Actions 58 through 61). The Action Agencies describe their results to date
in the 2013 Draft CE with some important points summarized below.

Estuarine land use: New information since the 2010 Supplemental BiOp includes the Lower
Columbia Estuary Partnership’s (LCEP) characterization of net habitat change on the floodplain
below Bonneville Dam. They compared land cover data for 2010 to Geographic Information
System (GIS) interpretations of late-1800s survey maps; the first time that current habitat has
been compared to the “pre-development™ condition for the entire tidally-influenced lower
Columbia River. The LCEP’s objective was to identify the natural habitat diversity that existed
previously in the lower Columbia and then those habitats for which significant coverage is now
lost or rare. The comparison showed a 70% loss of vegetated tidal wetlands and 55% of forested
uplands (Corbett 2013). There has also been a significant conversion of tidal wetlands to non-
tidal wetlands. Most of these losses were due to the conversion of land for agriculture and urban
development. The LCEP’s goal is to prioritize the remaining intact areas of these habitat types
for protection or for restoration where practical.

In addition, the Action Agencies are developing information on the status of estuary habitat
through the RPA’s RME program (Actions 58 through 61; see description of accomplishments in
Section 2 of the 2013 Draft CE). As part of this work, Diefenderfer et al. (2013) measured trends
in habitat condition on the estuary floodplain in the ten-year period between 1996 and 2006.
Urbanization has reduced the floodplain habitat by 8.3 km” and loss of forest cover has altered
habitat function in another 13.3 km”.** In comparison, the Action Agencies’ estuary habitat
program has reconnected and improved the condition of about 10.8 km? of floodplain land area.
Over the same time period, large areas of habitat in the watersheds that contribute to the lower
Columbia River also were lost to urbanization (48.4 km?) or altered by a decrease in forest cover
(189.0 km?). These losses may be having additional adverse effects on the condition of estuary
habitat.

Estuarine water quality: In terms of changes in estuarine conditions away from the shoreline,
Roegner et al. (2011) observed that low oxygen sea water intruded along the bottom of the lower
estuary during the summers of 2006 through 2008, with minimum oxygen concentrations close
to the hypoxic threshold of 2.0 mg/L. In contrast, concentrations in the overlying Columbia
River water were within the normal range (from greater than 6 to about 9 mg oxygen/L). Low

4 Conversion: 1 km = 0.621371 miles
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oxygen water intruded the farther along the bottom in the estuary and stayed there longer during
strong coastal upwelling events that coincided with neap (weak) tides.*® Upwelled waters are
naturally acidic (i.e., low pH) due to the respiration of marine organisms and the added
contribution of anthropogenic carbon dioxide. Acidic marine waters can become corrosive to
shell-forming organisms such as oyster larvae, clams, mussels, crabs, and pteropods.

Future effects of Federal actions in the Columbia River estuary with completed Section 7
consultations: With respect to NOAA Fisheries’ ongoing Section 7 consultation program,
Federal agencies continue to implement projects within the estuary such as maintenance
dredging, bridge repairs, bank stabilization, and road construction/maintenance that have neutral
or short- or even long-term adverse effects on viability. Other Federal actions benefit the
viability of the affected populations by improving access to blocked habitat and creating thermal
refuges. Some restoration actions have negative effects during construction, but these are
expected to be minor, occur only at the project scale, and persist for a short time (no more and
typically less than a few weeks). All of these actions have met the ESA standards for avoiding
jeopardy.

These same types of projects continue to affect the functioning of the PCEs safe passage,
substrate, water quantity, water quality, cover/shelter, food, and riparian vegetation. Projects
implemented for purposes other than habitat restoration have neutral or have short- or even long-
term adverse effects on some of these PCEs. However, all of these actions have met the ESA
standards for avoiding any adverse modification of critical habitat.

Plume conditions—bottom-up control of salmon survival (food webs): Jacobson et al. (2012)
describe new scientific information on conditions in the plume and nearshore ocean, developed
in response to RPA Actions 58 through 61 (see description of Action Agency accomplishments
in Section 2 of the 2013 Draft CE). Results suggest that juvenile salmon survival is set within the
first year of marine residency and is partially related to food-web structure and growth conditions
in the plume and coastal ocean. As salmon grow older (and larger) during their first summer at
sea, the frequency of juvenile fishes in their stomachs tends to dominate over that of krill and
other invertebrates. This shift to a fish-based diet appears to be important to the marine growth
and survival of juvenile Chinook and coho salmon. The ocean projects have focused on
understanding interannual variation in prey quantity and quality (lipid content). From 1999 to
2012, there was strong evidence that source waters for the Northern California Current drove the
composition of the plankton community that anchored the food web and juvenile salmon growth
and survival and thus adult returns. If the source waters originated from the north, then the
plankton communities were dominated by “northern” copepods, which have a high fat content

* The physical structure within the estuary normally alternates between two conditions: one that is weakly stratified,
occurring during low flow periods with strong tides, and one that has a salt-wedge, and thus stratification. The salt-
wedge travels up and down the river, commensurate with the balance between river flow and tides (Newton et al.
2012). When the sun and moon are at right angles to each other, the Sun’s effect on the tide partially cancels out the
Moon’s effect, producing moderate tides known as neap tides.
(http://oceanservice.noaa.gov/education/kits/tides/media/supp_tideO6a.html)
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and high levels of omega-3 fatty acids. Conversely, if source waters originated from offshore, the
plankton community was dominated by small “subtropical” species with low lipid content. Given
that subtropical species are deficient in omega-3 fatty acids and rich in saturated fat, it is logical
to assume that salmon growth and survival would be higher during years when lipid-rich
northern copepods dominate, since they result in lipid-rich forage fish and krill upon which
salmon feed. However, the 2013 spring Chinook return to the Columbia River was low, despite
observations of a nearshore food web anchored by northern copepods in 2011 and good juvenile
growth. Low zooplankton and larval/juvenile fish abundances in the Gulf of Alaska in 2011 may
have resulted in this discrepancy (Beckman 2013), indicating that control of adult returns can
happen at different points in the ocean life phase.

Plume conditions—top-down control of salmon survival (marine bird predation): Bird predators,
especially common murres (Uria aalge) and sooty shearwaters (Puffinus griseus) are
significantly more abundant in the plume than elsewhere on the Oregon or Washington
continental shelf. Surveys along five transects radiating out from the mouth of the Columbia
River showed that murres and shearwaters not only aggregated in the plume, but were typically
within the region containing the most recently discharged river water (Zamon et al. 2013). There
are no direct estimates of marine mortality caused by avian predators in the ocean.

2.2.3.2 Review of 2008 BiOp’s Base-to-Current Estimates for Estuary Habitat

NOAA Fisheries included Base-to-Current estuary habitat survival estimates ranging from 0.7%
for SR fall Chinook to 0.3% for the other five interior Columbia species included in the 2008
BiOp’s quantitative aggregate analysis (2008 BiOp, Tables 8.2.3-1, 8.3.3-1, 8.5.3-1, 8.6.3-1,
8.7.3-1, and 8.8.3-1). These estimates represented the incremental (compared to pre-2000)
survival improvements expected from 21 estuary habitat projects implemented by the Action
Agencies between 2000 and 2006. The Action Agencies estimated these survival changes using
the methods described in the 2007 CA, Appendix D, which were based on NOAA Fisheries’
draft Columbia River Estuary Recovery Plan Module (NMFS 2006).

As described in Section 3.2 in this supplemental opinion, current methods for estimating survival
improvements from estuary projects have been improved and NOAA Fisheries concludes that it
represents the best available approach. Estimates based upon the earlier method used to
characterize the projects implemented in 2000 to 2006 may be somewhat less certain, but no
update of the estimates are available. Because the estimated Base-to-Current estuary
improvements in the 2008 BiOp were extremely low, it is unlikely that recalculation using the
new expert group and methodology would have a discernible impact on the 2008 BiOp’s
assumptions or analyses. Therefore, NOAA Fisheries continues to rely upon the estuary Base-to-
Current survival estimates included in the 2008 BiOp.
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2.2.3.3 Estuary Habitat*’ Effects on Critical Habitat under the Environmental
Baseline

In the 2008 BiOp, we reviewed the effects of habitat conditions in the lower Columbia River
estuary, including human activities, on the PCEs of critical habitat used by juvenile salmonids
for rearing and migration (see sections 8.2.3.3 for SR fall Chinook salmon, 8.3.3.3 for SR
spring/summer Chinook salmon, 8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.).
The conditions described in 2008 and 2010 remain relevant without change for this 2013
consultation. The principal effects are the loss of shallow water, low velocity habitat that could
provide sites used for rearing by some juveniles and export prey to the main channel for others.
These changes are the result of diking for agriculture and urban/rural development and reduced
spring flows from upper Columbia basin water management. Recent habitat improvement
projects have restored riparian areas and breached or lowered dikes and levees to provide access
to the cover/shelter, food, and riparian vegetation required by juvenile migrants. These effects
also apply to recently proposed critical habitat for LCR coho.

4 Although Columbia basin salmonids spend part of their first year in the ocean in the Columbia River plume,
NOAA Fisheries has not designated critical habitat in marine waters.
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2.2.4 Predation Effects

Section 5.4 of the 2008 BiOp described environmental baseline effects of predation by warm-
water fish species, birds, and pinnipeds (seals and sea lions).

Because the RPA includes actions to address fish predation, this factor is discussed under RPA
implementation in Section 3. No Base-to-Current survival changes were estimated for predation
by predatory fish and we found no new information that would change this conclusion.

The 2008 BiOp described environmental baseline effects of predation by a number of bird
species, including Caspian terns, double-crested cormorants, ring-billed and California gulls, and
American white pelicans. All are addressed to some extent by the RPA, and Section 3 of this
supplemental opinion describes progress on the relevant RPA Actions. Trends in predation by
cormorants have particular relevance to the environmental baseline (see review in the 2010
Supplemental BiOp, Section 2.2.5.1) and to the 2008 BiOp’s estimates of Base-to-Current
survival changes, so these effects are detailed in this section.

The 2008 BiOp described environmental baseline effects of pinniped predation, including effects
of the state and tribal sea lion removal program (2008 SCA, Section 5.4.1.3 and Appendix G).
The 2010 Supplemental BiOp, Section 2.2.5.3, updated this information and we review the most
recent scientific information in this section.

2.2.4.1 New Predation Environmental Baseline Effects

Avian Predation

New studies of cormorant predation since the 2008/2010 BiOps are described in Fredericks
(2013) and summarized here. The number of double-crested cormorants inhabiting colonies in
the Columbia River estuary increased from an estimated 150 pairs in the early 1980s to over
6,000 pairs in the late 1990s. Numbers increased in the early 2000s, but appear to have finally
stabilized, varying between about 11,000 to 13,500 pairs during the past ten years (Fredricks
2013). Double-crested cormorant consumption rates of juvenile salmon and steelhead increased
throughout this period as well, peaking in 2006, when double-crested cormorants are estimated
to have consumed about 13% of the interior Columbia basin juvenile steelhead and over 4% of
the juvenile yearling Chinook salmon. Juvenile subyearling Chinook salmon from the Lower
Columbia and Upper Willamette River ESUs are also consumed at relatively high rates—more
likely similar to rates estimated for steelhead than for yearling Chinook salmon assuming they
spend more time rearing in the estuary than do interior basin yearling Chinook smolts. In
contrast, SR fall Chinook salmon, which are typically larger than fall Chinook juveniles from
lower Columbia basin ESUs when they enter the estuary, are assumed to spend relatively little
time rearing as juveniles in the vicinity of the cormorant colonies. For these reasons, NOAA
Fisheries assumes that the yearling Chinook salmon estimate (—1.1%) is the most appropriate
estimate to use as a Base-to-Current adjustment for SR fall Chinook salmon.
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There is new information on cormorant consumption of sockeye salmon smolts in the estuary, as
well. These were taken at an average rate of 1.3% during 1998 to 2012 (Fredricks 2013).

NOAA Fisheries did not assume any compensatory mortality*® for predation by Caspian terns in
the estuary in the 2008 BiOp and has no clear indication that the case would be different, or
substantial, for predation by double-crested cormorants. Thus, the increasing loss of juvenile
salmon and steelhead in the estuary due to cormorant predation has likely reduced the
productivity (i.e., Recruit-per-Spawner estimates, Lambda estimates, etc.) of all Columbia River
basin populations since the 1980s and, absent human intervention, would be expected to continue
into the future.

Pinniped Predation

Pinniped Population Status

NOAA Fisheries (NMFS 2010a) previously summarized information relating to predation by
pinnipeds and its likely effect on ESA-listed salmon and steelhead adults in the lower Columbia
River (from the river’s mouth upstream to Bonneville Dam). This section evaluates new
information available since May, 2010 to determine if NOAA Fisheries’ previous conclusions
regarding these effects can be reaffirmed or if the environmental baseline conditions have been
substantially altered.

Lower Columbia River and Estuary

The eastern DPS of Steller sea lions* has increased from an estimated 18,040 animals in 1979 to
an estimated 63,488 animals in 2009 with an overall rate of increase of 4.3% per year. Most of
the overall increase in population abundance was due to increases in the northern portion of the
range in Southeast Alaska and British Columbia, but the smaller population in the south (Oregon
and California) also increased in abundance (NMFS 2012b).%° Recent estimates of Steller sea
lion abundance in the Columbia River estuary are lacking, however, increasing numbers
throughout the eastern DPS indicates that numbers of Steller sea lions in the Columbia River
estuary have likely also increased in recent years.

California sea lions in the U.S. are not listed as “endangered” or “threatened” under the ESA.
Also, they are not listed as “depleted” or “strategic” under the Marine Mammal Protection Act
because the human-caused mortality is less than the calculated potential biological removal and
is considered insignificant (NMFS 2011d). The optimum sustainable population status of this
population has not been formally determined, however, continued exponential growth indicated

* Mortality that would have occurred for another reason.

* Steller sea lions were listed under the ESA as threatened throughout their range on December 4, 1990. United
States populations of Steller sea lions comprise the Western and Eastern DPSs. On June 4, 1997, the Western DPS
was listed as an endangered DPS and the Eastern DPS remained listed as threatened.

*%In 2012, after receiving two petitions to delist, NOAA Fisheries proposed to remove the eastern DPS of Steller sea
lions from the list of Endangered and Threatened Wildlife. According to NOAA Fisheries’ proposal, the delisting is
warranted based on findings from a draft comprehensive status review indicating the DPS has recovered and no
longer meets the definition of threatened species under the ESA (NMFS 2012b).
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from the 2006 to 2008 pup counts suggests that the population is not yet at optimum sustainable
population status (Scordino 2010). California sea lion pup counts continue to rise in recent years
(Carretta et al. 2013) indicating recent management activities at FCRPS projects are not having
substantial negative impacts on overall California sea lion population growth. Recent estimates
of California sea lion abundance in the Columbia River estuary are lacking, however, increasing
numbers throughout their range indicates that numbers of California sea lions in the Columbia
River Estuary have likely also increased in recent years.

The total effect of marine mammals on the productivity and abundance of Columbia River basin
ESA-listed salmon populations is still uncertain, but it is clear that adult Chinook salmon
contribute considerably to the diets of pinnipeds in the lower Columbia River and estuary. A
two-year study conducted by Rub et al. (2012a, 2012b) produced initial estimates of mortality
attributed to pinnipeds, and unknown sources, for adult spring/summer Chinook salmon from
Rice Island (river kilometer’' [rkm] 45; river mile [RM] 28) to Bonneville Dam. Adult
spring/summer Chinook salmon were collected, PIT tagged, and released back to the Columbia
River estuary. Using genetic stock identification, it was determined that 174 PIT-tagged fish in
2010 and 445 PIT-tagged fish in 2011 were destined for tributaries above Bonneville Dam. After
accounting for estimated gear harvest mortality, survival from release to Bonneville was
estimated at 0.88 in 2010 (Rub et al. 2012a) and 0.85 in 2011 (Rub et al. 2012b). These estimates
are inclusive of pinniped predation at the Bonneville Dam tailrace. Since adult spring/summer
Chinook survival below rkm 45 (RM 28) was not accounted for in this study, this estimate may
be biased high as an estimate of survival from river mouth to Bonneville Dam. Based on spring
Chinook returns to Bonneville, these estimates suggest a minimum of 33,300 in 2010 and 29,500
in 2011 adult spring Chinook salmon from interior Columbia basin ESUs were removed by
pinnipeds or other unknown factors in the Columbia River estuary and Bonneville Dam tailrace.

The pinniped abundance and diet composition information currently available is insufficient to
accurately assess the Base-to-Current impact of California sea lions and Steller sea lions on listed
salmonids in the lower Columbia River and estuary. Recent information clearly indicates region-
wide numbers of California sea lions and Steller sea lions are increasing, and predation from the
estuary to Bonneville Dam is substantial. It seems probable that a proportional increase in the
number of California and Steller sea lions residing in the lower Columbia River is occurring, and
thus, the overall consumption of salmon and steelhead (especially spring Chinook salmon and
winter steelhead), eulachon, and green sturgeon in the lower river and estuary is increasing as
well. However, losses in the estuary are spread amongst all of the Columbia River ESUs and
DPSs, including lower Columbia basin species and the large numbers of hatchery produced
adults spend substantial time in this area. Together, these factors should minimize proportional
increases (beyond the 12% to 15% total losses estimated by Rub et al. (2012a, 2012 b) to natural-
origin interior basin spring Chinook salmon ESUs and winter steelhead populations upstream of
Bonneville Dam.

5! Conversion: 1 km = 0.621371 mile
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Bonneville Dam Tailrace and Upstream

The earliest returning spring Chinook salmon are most affected by pinniped predation (Naughton
et al. 2011; Keefer et al. 2012). While they are the best information available, generic salmonid
consumption estimates do not take into account these disproportionate impacts to specific
populations within ESUs.>* Further research may be necessary to evaluate if more intensive
management strategies are required to protect these endangered ESUs. The proportion of fish
with injuries too severe to migrate up the fish ladder to the observation window is still unknown;
however, recent research indicates pinniped injuries on fish observed at Bonneville Dam do not
consistently reduce adult survival to interior basin spawning tributaries (Naughton et al. 2011).

Standardized efforts to observe and document pinniped presence and predation have occurred in
the immediate vicinity of Bonneville Dam since 2002. Stansell et al. (2011, 2013) summarize the
recent information regarding the abundance of California sea lions and Steller sea lions in the
tailrace of Bonneville Dam and their estimated consumption of salmonids. Minimum estimated
numbers of California sea lions from years 2010-2012 were 89, 54, and 39 respectively.
Minimum estimated number of Steller sea lions from years 2010-2012 were 75, 89, and 73
respectively. Minimum estimated numbers of Harbor seals from years 2010-2012 was 2, 1, and
0 respectively (Stansell et al. 2012). In 2013, 45 California sea lions and 77 individual Steller sea
lions were observed up to May 2 (Stansell et al. 2013). These numbers are indicative of the
recent annual trend of increasing numbers of Steller sea lions and decreasing numbers of
California sea lions in the Bonneville Dam tailrace.

The estimated percentage of the adult salmonid run consumed from January 1 through May 31 in
the Bonneville Dam tailrace has declined steadily in recent years from a high of 4.7% in 2007 to
a low of 1.4% in 2012 (Stansell et al. 2012). The estimated percentage of adult salmonids
consumed at the tailrace in 2010 and 2011 is 2.4% and 1.8% respectively. Preliminary estimates
from 2013 indicate a continuing trend of declining numbers of California sea lions observed and
fewer salmonids consumed (Stansell et al. 2013). Increased intensive hazing efforts in
combination with lethal removal have coincided with these recent annual California sea lion
declines and reduced salmon consumption.

The annual trend of proportionally fewer adult salmonids consumed has been observed despite
numbers of Steller sea lions observed at the tailrace remaining relatively stable. Decreased
impacts to salmonids are expected because a large portion of Steller sea lion diet at Bonneville
Dam consists of white sturgeon. Potential explanations for this include: higher flow years, later
spring Chinook runs, cleptoparasitism,® intense hazing, and lethal removal of California sea
lions (Stansell et al. 2012). Limited monitoring indicates that Steller sea lions arrive at
Bonneville Dam at increasing earlier dates during the October through May period, which could
negatively affect populations of winter steelhead migrating past Bonneville Dam during this

>2 Spring Chinook and steelhead returning to the Hood, Big White Salmon, and Wind River subbasins in the upper
gorge are also vulnerable to pinniped predation at the fish ladder entrances at Bonneville Dam.
>3 A form of feeding in which one animal takes prey or other food from another that has caught or collected the food.
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period, and chum salmon spawning in November and December downstream of Bonneville
Dam.

Between 2008 and 2010, 40 California sea lions were removed (30 lethal removals and 10
relocations; Carretta et al. 2013). In 2011, no California sea lions were euthanized at Bonneville
Dam (Stansell et al. 2011). In 2012, Oregon and Washington’s request for lethal removal
authority of California sea lions under Section 120 of the Marine Mammal Protection Act was
granted. The authorization allows the states to remove up to 93 California sea lions a year. In
2012, one California sea lion was relocated and 11 were euthanized (Stansell et al. 2012). As of
May 2013, two California sea lions were relocated and one was euthanized (Stansell et al. 2013).
From the available information, it appears the California sea lion removal program is
contributing to the reduction in California sea lion abundance and associated predation on
salmonids in the Bonneville Dam tailrace.

Multiple California sea lions have been identified upstream of Bonneville Dam. In April of 2011,
a California sea lion was confirmed to have passed through the navigation lock (Stansell et al.
2012). This California sea lion was identified at The Dalles Dam and has resided in the
Bonneville pool for multiple years. Several reports of other sea lions being observed in the
Bonneville pool have been made, and it is likely that up to four California sea lions are currently
upstream of Bonneville Dam. Efforts to remove pinnipeds from the Bonneville pool via trapping
have been initiated (Stansell et al. 2013). The proportion of adult salmonids consumed by
pinnipeds upstream of Bonneville Dam is currently unknown. Pinnipeds have been observed
feeding on kelt™ steelhead in the Bonneville forebay during winter months (Stansell et al. 2012).
Pinniped predation upstream of Bonneville Dam should be eliminated through California sea lion
removal by the states. If California sea lion removal upstream of Bonneville Dam is not
successful, modification to project operations will be considered to reduce delay and impacts to
downstream migrating steelhead ESUs.

> Steelhead that have spawned but may survive to spawn again, unlike most other anadromous fish.

NOAA Fisheries | FCRPS Supplemental Biological Opinion | 09/09/13 Sovereign Review Draft



188 | New Information

2.2.4.2 Review of 2008 BiOp’s Base-to-Current Estimates for Predation

Avian Predation

Following issuance of the 2008 BiOp, NOAA Fisheries found that a Base-to-Current adjustment
was needed to capture the relative effect of the substantially increased double-crested cormorant
populations in the estuary on the current (and, if no corrective action is taken, on the prospective)
productivity of salmon and steelhead populations and ESUs/DPSs. Using annual smolt
population, cormorant population, and smolt consumption estimates, NOAA Fisheries recently
estimated the average losses of smolts during the Base (1983-2002) and Current (2003—2009)
periods that resulted from double-crested cormorant predation in the estuary. Comparing these
two indices (Current rate/Base rate) provides an estimate of the “gap” or negative multiplier
indicating the average relative impact of these cormorants on current salmon and steelhead
productivity (Fredricks 2013). NOAA Fisheries currently estimates that steelhead (—3.6%,
multiplier of 0.964 = 0.935/0.971 [Current/Base]) have been the most affected by double-crested
cormorant colonies in the estuary between the Base and Current time periods. Estimates for
impacts to yearling Chinook salmon are substantially lower (—1.1%, multiplier of 0.989 =
0.978/0.988).

Based on the size of smolts when they reach Bonneville Dam, we assume that juvenile Snake
River fall Chinook salmon spend relatively little time rearing in the lower estuary in the vicinity
of cormorant colonies. These fish are typically substantially larger than fall Chinook juveniles
from lower Columbia basin ESUs when they enter the estuary and more likely to be ocean-ready.
For these reasons, NOAA Fisheries uses the estimate of predation rates for yearling Chinook
salmon [—1.1%, multiplier of 0.989] as the Base-to-Current adjustment for SR fall Chinook
salmon.

Juvenile subyearling Chinook salmon from the lower Columbia and Willamette River ESUs are
likely to rear in shallow water areas within the estuary for many weeks or months, increasing
their period of exposure to avian predators. We assume that the higher estimated predation rates
for steelhead apply to these fish rather than the rates we estimate for yearling Chinook salmon.
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Pinniped Predation
The 2008 SCA, Appendix G, did not include an estimate of changes in sea lion predation below
Bonneville Dam in the Base-to-Current calculations.

Adult losses of spring Chinook and winter steelhead have been substantially reduced as the
number of California sea lions has decreased substantially in the tailrace of Bonneville Dam as a
result of lethal removal activities there. Thus, for populations and ESUs/DPSs returning to natal
spawning areas upstream of Bonneville Dam, there has likely been an increase in survival (and
correspondingly to productivity) in recent years. If current trends continue, survival rates may be
less affected by pinnipeds in this area than was expected in the Base-to-Current assessment in the
2008 SCA (0.986 instead of 0.970). Similarly, populations of winter steelhead upstream of
Bonneville dam may also be less affected than 2008 SCA estimates (0.964 instead of 0.924)

Overall, more information is needed to determine the specific effect of pinniped predators on
ESA-listed species that are migrating through the lower Columbia River and estuary. However,
given the available information concerning overall increases in coastwide pinniped populations,
NOAA Fisheries deems it likely that average adult losses due to pinnipeds are increasing
slightly.

These factors, taken together, would suggest that losses of adult interior Columbia basin spring
Chinook ESUs and winter steelhead populations migrating upstream of Bonneville Dam as a
result of pinniped predation are equivalent to, or possibly even less than NOAA Fisheries’
estimates in the 2008 BiOp (2008 SCA). Thus, for SR spring/summer and UCR spring Chinook
salmon and populations of LCR winter-run steelhead residing upstream of Bonneville Dam,
NOAA Fisheries will continue to rely on the Base-to-Current estimates in the 2008 BiOp, rather
than adjust them upwards based on the new Bonneville Dam data.

In contrast, Chinook salmon and steelhead ESUs from the lower Columbia River or Willamette
River are likely experiencing slightly increasing losses of adults as pinniped populations increase
in the lower Columbia River and estuary, and NOAA Fisheries will qualitatively assume that
Base-to-Current impacts have increased slightly.

2.2.4.3 Predation Effects on Critical Habitat under the Environmental Baseline

In the 2008 BiOp, we reviewed the effects of predation on the PCEs of critical habitat (see
sections 8.2.3.3 for SR fall Chinook salmon, 8.3.3.3 for SR spring/summer Chinook salmon,
8.4.3.7 for SR sockeye salmon, 3.5.3.3 for SR steelhead, etc.). These conditions have not
significantly changed and thus remain relevant for this consultation. Effects on the PCE for safe
passage in juvenile and adult migration corridors include

= pinniped predation on spring Chinook and winter steelhead in the estuary and in the
tailrace at Bonneville Dam;

= habitat changes in the estuary that contributed to increased numbers of avian
predators; and
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= scarcity of cover in mainstem reservoirs that has increased the vulnerability of smolts
in the juvenile migration corridor to piscivorous fishes (e.g., native pikeminnows and
non-native smallmouth bass) and birds (Caspian terns and double-crested
cormorants).

The safe passage of juvenile salmon and steelhead in the estuary improved beginning in 1999
when Caspian terns were relocated from Rice to East Sand Island, but the numbers of double-
crested cormorants has grown since that time (see above). The hazing and lethal removal of
certain individually identified California sea lions that prey on adult spring-run Chinook and
winter steelhead in the tailrace of Bonneville Dam has improved the functioning of safe passage
in the adult migration corridor.

For the most part, predation effects on proposed critical habitat for LCR coho salmon are
identical to those for other Columbia basin salmon and steelhead in the mainstem migration
corridor below The Dalles Dam. Specifically, the functioning of safe passage for juvenile
migration is limited by fish and bird predation. Coho adults return to the lower Columbia during
summer when California sea lions are in coastal areas.
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2.2.5 Hatchery Effects

2.2.5.1 New Hatchery Environmental Baseline Effects

Most of the new hatchery actions affecting listed species are elements of the RPA, so are
discussed in Section 3 of this supplemental opinion. New information regarding the 2008 SCA
Appendix I assessment of effects of hatchery actions that occurred prior to the 2008 BiOp is
discussed below in Section 2.2.5.2. This section discusses new hatchery actions in the action area
that are not part of the RPA.

NOAA Fisheries expects to complete two ESA consultations in 2013 for issuance of permits for
hatchery programs in the Wenatchee River basin that are funded by Chelan County Public Utility
District (PUD) and Grant County PUD. These hatchery programs are not part of the RPA. The
hatchery programs release steelhead into the Chiwawa River, the mainstem of the Wenatchee
River, and Nason Creek; and they release spring Chinook salmon into the Chiwawa River, Nason
Creek, and White River. These programs reduce short-term extinction risk for Wenatchee River
steelhead and spring Chinook salmon populations. As a result of ESA consultation, these
programs will reduce the proportion of hatchery-origin fish on the spawning grounds, which will
increase the integrated productivity of the Wenatchee steelhead and spring Chinook salmon
populations. Grant County PUD will discontinue their White River spring Chinook hatchery
program in 2016.

In the two ESA consultations on PUD-funded hatchery programs in the Wenatchee River, we
considered whether effects on other salmonid species in the mainstem Columbia River, the
estuary, and the ocean should be included in the analysis. The potential concern was a
relationship between hatchery production and density dependent interactions affecting the
growth and survival of other ESUs and DPSs from the Snake, Mid-Columbia, Lower Columbia,
and Upper Willamette subbasins. However, NMFS determined that, based on best available
science, it was not possible to establish any meaningful causal connection between hatchery
production on the scale anticipated in the proposed programs and any such effects
(<Placeholder: citations for biological opinion(s) when completed>). Therefore, we assume that
the consultations on the PUD programs in the Wenatchee River do not affect the environmental
baseline for Snake, Mid-Columbia, Lower Columbia, and Upper Willamette salmon and
steelhead.

2.2.5.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Hatchery
Programs

In the 2008 BiOp, most benefits and risks from past and present hatchery practices were
embedded in the environmental baseline. However, because estimates of productivity and
extinction risk in the 2008 BiOp were based on the performance of populations during a 20-year
Base Period that ended in most cases with the 1999 brood year (with adults returning through
2003-2006, depending on the population), the Environmental Baseline had to be adjusted to
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account for the effects of hatchery reform actions for which empirical data had not yet been
gathered or did not yet exist. For example, the Base Period did not fully reflect the effects of
hatchery reform actions taken in the latter portion of the Base Period or after the Base Period
(e.g., elimination of an out-of-basin broodstock in the Upper Grande Ronde). The Stier and
Hinrichsen (2008) methodology was used to make Base-to-Current adjustments in survival from
completed hatchery reform actions. Survival adjustments were based on changes in the
productivity of the entire naturally spawning population, which includes hatchery-origin fish
when they spawn naturally. Therefore, hatchery management actions that improved the
productivity of hatchery-origin fish spawning naturally affected the Base-to-Current adjustment.
This methodology is described in Appendix I of the 2008 SCA.

In the 2008 BiOp, Base-to-Current adjustments for hatchery reform actions were only applied to
populations in the UCR steelhead DPS and SR spring/summer Chinook in the Grande Ronde
MPG (Table 2.2-2). NOAA Fisheries must determine whether there is new information that
reveals a change in the Environmental Baseline that would affect the conclusions made in the
2008 BiOp. Therefore, NOAA Fisheries updated the data used in the Stier and Hinrichsen (2008)
methodology to see if it affected the 2008 BiOp’s Base-to-Current integrated productivity
increase (See 2008 BiOp, Appendix E: 2013 Update to Hatchery Effects in the Environmental
Baseline).

After reviewing assumptions in developing the Base-to-Current multipliers for the 2008 BiOp,
NOAA Fisheries has determined that hatchery effects in the environmental baseline represent
greater improvements from Base Period survival for most populations in the upper Columbia
steelhead DPS and for some populations in the Grande Ronde MPG of the SR spring/summer
Chinook salmon ESU (Table 2.2-2). The only exceptions would be (1) the Minam and Weneha
spring/summer Chinook salmon populations, which had an increased number of strays in recent
years, reducing integrated productivity below what was anticipated in the 2008 BiOp, and (2) the
Entiat steelhead population, which falls within the range anticipated in the 2008 BiOp.
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Table 2.2-2. Comparison of the Base-to-Current Integrated Productivity Increases (Appendix E: Update to Hatchery
Effects in the Environmental Baseline).

2013
Supplemental
BiOp’s Base-to-
Current Integrated
Productivity
Increase as a

2008 BiOp’s Base-to
Current Integrated
Productivity
Increase as a Ratio”

ESU/DPS Population

Ratio
Snake River spring/summer Chinook salmon
Upper Grande Ronde 1.21 1.29
Spring/Summer Chinook Salmon
Lostine River Spring/Summer
Chinook Salmon 1.03 1.1
Catherine Creek Spring/Summer
Chinook Salmon 1.20 1.31
Minam River Spring/Summer
Chinook Salmon 1.22 1.16
Wenaha River Spring/Summer
Chinook Salmon 1.39 1.36
Upper Columbia River steelhead
Wenatchee River Steelhead 1.60 1.78
. . 0.82 (low)
Entiat River Steelhead 1.30 (high) 0.93
. 1.17 (low)
Methow River Steelhead 155 (high) 1.84
. 1.34 (low) 1.42 (low)
Okanogan River Steelhead 1.88 (high) 1.87 (high)

'Integrated productivity refers to the productivity resulting from the combination of both natural-origin and hatchery-origin spawners
and is identical to R/S productivity described in the 2008 BiOp, Section 7.1.1.2.
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2.2.6 Harvest effects

2.2.6.1 New Harvest Environmental Baseline Effects

The 2008 SCA’s Environmental Baseline Section 5.6, incorporated by reference into the 2008
BiOp’s Chapter 5, described historical and ongoing harvest actions affecting listed species. By
2002, the overall exploitation rate on LCR tule Chinook was reduced to 49%. By 2008, at the
time of the SCA, the exploitation rate limit was 41%. The 2010 Supplemental BiOp described an
additional 3% reduction in the exploitation rate for LCR tule Chinook to 38%. The exploitation
rate limit was further reduced in 2011 to 37%. Recently, NOAA Fisheries completed a new
biological opinion regarding the harvest of LCR Chinook salmon that approved an abundance-
based framework allowing the total annual exploitation rate to vary between 30% and 41%
depending on the preseason forecast of Lower River Hatchery Chinook salmon (NMFS 2012c¢).
Thus, risks to the LCR Chinook salmon ESU associated with harvest are reduced compared to
our assumptions in the 2008 and 2010 BiOps.

New terminal harvest agreements since the 2010 Supplemental BiOp are also relevant to the
environmental baseline and are described in the remainder of this section.

State and tribal fisheries in the Snake River basin are ongoing, and have occurred both prior to
and since the ESA listing. Though not all fisheries in the basin have gone through a formal ESA
review, ESA-listed fish have been exposed to these ongoing fisheries, which are therefore part of
the environmental baseline. In the past, fisheries targeting SR spring/summer Chinook salmon
and steelhead focused on the large numbers of hatchery-origin fish, but some harvest also has
occurred in natural production areas where the tribes have continued their traditional fishing
practices.

There is little historical tribal harvest information for SR spring/summer Chinook salmon and
steelhead in the Snake River basin, although documentation of the magnitude of impacts on
natural-origin fish has improved significantly in recent years. The abundance-based management
frameworks that both the states and tribes developed and implemented over the last 10 tol5 years
for spring/summer Chinook salmon, for example, provide a more formal construct for managing
fisheries in the Snake River basin. In terms of impacts on natural-origin fish, the fishing patterns
that NOAA Fisheries considered in the 2008/2010 BiOps continue to emphasize fisheries in
areas of high hatchery-origin abundance (i.e., limiting fisheries impacts on natural-origin
populations that are relatively depressed).

In 2011, NOAA Fisheries completed consultation on a Fisheries Management and Evaluation
Plan (FMEP) for SR steelhead in southeast Washington tributaries submitted by the WDFW
(NMEFS 2011e), and on an FMEP for SR spring/summer Chinook salmon for the Salmon River
basin (NMFS 2011f) submitted by the IDFG. Washington Department of Fish and Wildlife’s
FMEP provides ESA coverage for fisheries that have been ongoing as part of the environmental
baseline. The IDFG’s FMEP improves fishery management compared to the environmental
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baseline by the inclusion of additional abundance-based management frameworks that emphasize
recreational fisheries in areas with high numbers of hatchery-origin fish as described above. The
IDFG’s FMEP now also uses a natural-origin “population aggregate™ approach to shaping their
more terminal area fisheries. The ESA take resulting from the implementation of SR
spring/summer Chinook salmon fisheries is apportioned by population proportional to its
respective contribution to the natural-origin aggregate abundance affected by each of IDFG’s
fisheries in the Salmon River basin. Ultimately, population-specific ESA take limits constrain
fisheries by area and time.

In 2013, NOAA Fisheries completed consultation on a Tribal Resource Management Plan
submitted by the Shoshone-Bannock Tribes for spring/summer Chinook salmon fisheries in the
Salmon River basin (NMFS 2013f), most of which are ongoing and were thus part of the
environmental baseline in the 2008 BiOp. The Shoshone-Bannock Tribes’ Tribal Resource
Management Plan uses generic abundance-based harvest frameworks applied to each of the
affected populations separately. Table 2.2-3 presents the abundance-based schedule to be used
for natural-origin populations; Table 2.2-4 presents the abundance-based schedule to be used for
populations with active integrated supplementation hatchery programs. Both schedules are used
to calculate total allowable ESA take by population; and to account for ESA take by IDFG’s
fisheries and any other fisheries that may be considered in the future (i.e., Nez Perce Tribes
Salmon Basin Tribal Resource Management Plan, which is currently under development). Table
2.2-5 presents Critical Abundance and Minimal Abundance Thresholds to be used in conjunction
with Table 2.2-3 and Table 2.2-4.

Although there has been no recorded catch of sockeye salmon in the fishery since monitoring
began in 1979, the Shoshone-Bannock Tribe proposed a harvest rate limit of 1% of the Lower
Granite Dam escapement number in recognition of the fact that some sockeye could be caught
incidental to the fishery in the future (NMFS 2013f).

In 2013, NOAA Fisheries also completed consultation on a package of spring/summer Chinook
salmon fishery proposals for the Grande Ronde and Imnaha rivers (NMFS 2013g), most of
which are ongoing and thus were part of the environmental baseline in the 2008 BiOp. Grande
Ronde/Imnaha spring/summer Chinook salmon fisheries are now managed according to a
population-specific abundance-based schedule (Table 2.2-6). Table 2.2-6 is used to calculate
total allowable ESA take by population accounting for ESA take of all fisheries in the basins.
Table 2.2-6 presents Critical Abundance and Minimal Abundance Thresholds to be used in
conjunction with Table 2.2-7.
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Table 2.2-3. Harvest rate for natural-origin populations of Snake River spring/summer Chinook salmon in the Middle
Fork Salmon, South Fork Salmon, or the Upper Salmon MPGs.

Percent of Minimum
Abundance Threshold Harvest Rate
0-30% 1%
30.1-50% 3%
50.1-75% 5%
75.1-108% 8%
>108.1% 8% + 35% of the margin

Table 2.2-4. Harvest rate for supplemented populations of Snake River spring/summer Chinook salmon in the Middle
Fork Salmon, South Fork Salmon, or the Upper Salmon MPGs.

Percent of Minimum
Abundance Threshold Harvest Rate
0-30% 1%
30.1-50% 4%
50.1-75% 9%
75.1-108% 12%
>108.1% 12% + 42% of the margin
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Table 2.2-5. List of the natural fish populations, Critical Abundance Thresholds, and Minimum Abundance Thresholds
for the Middle Fork Salmon, South Fork Salmon, and the Upper Salmon MPGs.

Critical Minimum Abundance
Abundance Threshold Threshold
Name (adults/year) (adults/year)
South Fork Salmon MPG
Little Salmon River 225 750
South Fork Salmon River 300 1,000
Secesh River 225 750
East Fork South Fork Salmon 300 1,000
River
Middle Fork Salmon MPG
Chamberlain Creek 225 750
Middle Fork Lower Main 150 500
Big Creek 300 1,000
Camas Creek 150 500
Loon Creek 150 500
Middle Fork Upper Main 225 750
Sulphur Creek 150 500
Bear Valley Creek 225 750
Marsh Creek 150 500
Upper Salmon MPG
Panther Creek ' 150 500
North Fork Salmon River 150 500
Lemhi River * 300 1,000
Salmon River Lower Main 300 2,000
Pahsimeroi River' 300 500
East Fork Salmon River 300 1,000
Yankee Fork Salmon River 150 500
Valley Creek 150 500
Salmon River Upper Main 300 1,000
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Table 2.2-6. Harvest rate for natural-origin populations of Snake River spring/summer Chinook salmon in the Grande
Ronde/lImnaha MPG.

Expected return of natural-origin Total collective natural-origin
Fishery Scenario fish mortality
A Below Critical Threshold 1%

Critical to Minimum Abundance

o, H 1
B Threshold (MAT) A + 11% of margin above A

Cc MAT to 1.5X MAT B + 22% of margin above B
D 1.5X MAT to 2X MAT C + 25% of margin above C
E Greater than 2X MAT D + 40% of margin above D

' For Lookingglass Creek fisheries will be managed more liberally under fishery scenarios A and B: A = 10% total harvest
(tribal 8% and sport 2%); B = A + 16% of margin above critical (tribal 12% and sport 4%).

Table 2.2-7. List of the natural fish populations, Critical Abundance Thresholds, and Minimum Abundance Thresholds
for the Grande Ronde/Imnaha MPG

Critical Minimum Abundance
Thresholds Thresholds
Population (adults/year) (MAT) (adults/year)
Wallowa/Lostine 300 1000
Catherine/Indian’ 300 1000
Upper Grande Ronde R 300 1000
Wenaha R 225 750
Minam R 225 750
Lookingglass Cr 150 500
'When fisheries target only the Catherine Creek portion of the Catherine/Indian Population, then
the fisheries will be managed based on a Critical Threshold of 225 with a MAT of 750 as for an
Intermediate-sized population.

2.2.6.2 Review of the 2008 BiOp’s Base-to-Current Estimates for Harvest

The harvest-related Base-to-Current multipliers in the 2008 BiOp did not explicitly incorporate
tributary harvest into the calculations (2008 SCA, Appendix G), but implicitly assumed that
effects on listed species of ongoing tributary harvest practices would be equivalent to those that
occurred during the Base Period. Because of the abundance-based nature of the harvest
frameworks described above, average fishery-related mortality rates for SR spring/summer
Chinook salmon populations could be higher or lower when compared with Base Period fishing
mortality rates, depending on run size. That is, in years of low natural-origin abundance,
allowable population-specific ESA take limits will be lower than during the Base Period, and in
years of high natural-origin abundance, allowable population-specific ESA take limits will be
higher. Because of the current status of the affected populations, which would favor the lower
harvest rates, and the potential balance between the effects at different run sizes, NOAA
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Fisheries continues to rely upon the 2008 BiOp’s harvest Base-to-Current survival changes for
SR spring/summer Chinook.

Additionally, because average fishery-related mortality rates for SR steelhead populations have
not changed compared with the baseline, NOAA Fisheries continues to rely upon the 2008
BiOp’s harvest Base-to-Current survival changes for SR steelhead.
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2.2.7 Climate and Climate Change Effects

This factor, while included in the 2008 BiOp’s environmental baseline section, is discussed
under rangewide status in Section 2.1.4 of this supplemental opinion because of its importance
both within and outside of the action area.
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2.2.8 Overall Relevance of New Environmental Baseline
Information to the 2008/2010 BiOps’ Analyses

Sections 2.2.2 through 2.2.7 of this supplemental opinion described new information relevant to
the environmental baseline, which is summarized in Table 2.2-8.

Table 2.2-8. New information relevant to effects of the environmental baseline, summarized from Sections 2.2.2

through 2.2.7.

Environmental Baseline
Effect(2008 BiOp Ch. 5)

New Action or
Information

Qualitative Effect

Quantitative Effect on
Interior Columbia
Species Analysis

Hydro effects

Odessa Subarea
Groundwater Replacement
Project

Could slightly reduce the
availability of suitable
spawning habitat for early
spawning CR chum
salmon

N/A

FCRPS pre-RPA effects

No change in Base or
Current (pre-RPA)
estimates

No change in hydro Base-
to-Current survival
multipliers

Tributary habitat effects

No significant new non-
RPA tributary habitat
actions.

N/A

N/A

Pre-RPA tributary habitat
actions

No change in Base or
Current (pre-RPA)
estimates

No change in tributary
Base-to-Current survival
multipliers

Estuary and plume habitat
effects

No significant new non-
RPA estuary habitat
actions.

N/A

N/A

Pre-RPA estuary habitat
actions

No change in Base or
Current (pre-RPA)
estimates

No change in estuary
Base-to-Current survival
multipliers

Predation and disease
effects - Avian

Cormorant predation

Increase in predation since
Base Period higher than
2008 BiOp’s implicit
assumption of no change
for Chinook and steelhead.
May also apply to sockeye
but no Base Period
estimates for comparison.

New avian Base-to-
Current estimate 0.96 (-
3.6%) for steelhead and
0.99 (-1.1%) for stream-
type Chinook and SR fall
Chinook.

Other avian predation—no
change

N/A

N/A

Predation and disease

New information on

Magnitude of predation still

Probable reduced Base-to-
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Environmental Baseline
Effect(2008 BiOp Ch. 5)

New Action or
Information

Qualitative Effect

Quantitative Effect on
Interior Columbia
Species Analysis

effects — Pinniped

pinniped predation on
spring Chinook and winter
steelhead in estuary

Updated pinniped
predation estimates on
spring Chinook and winter
steelhead at Bonneville
Dam

Combined lower
Columbia and Bonneville
predation

unknown, but populations
increasing so likely higher
mortality in recent years
than in Base Period

Reduced predation
compared to 2008 BiOp
estimates

Mixture of higher- and
lower-than-expected
estimates

Current survival multipliers
compared to 2008 BiOp
implicit assumption of 1.0
(no change).

Base-to-current multi-plier
increased from 0.97 in the
2008 BiOp to 0.986 for SR
and UCR spring Chinook
and from 0.78 in the BiOp
to 0.8 for MCR steelhead

(1 pop)

No change in Base-to-
Current survival
multipliers

Hatchery effects

Issuance of new permits
for PUD-funded hatchery
programs for spring
Chinook salmon and
steelhead in the
Wenatchee river basin

Will reduce proportion of
hatchery-origin spawners
in Wenatchee River and its
tributaries

Unquantifiable increase in
productivity for Wenatchee
populations of UCR spring
Chinook salmon and
steelhead

Pre-RPA hatchery actions

Higher fraction of natural-
origin spawners or higher
effectiveness of hatchery-
origin spawners than
estimated in 2008 BiOp,
leading to higher
productivity for some
populations of SR
spring/summer Chinook
and UCR steelhead.

Lower productivity for
some populations of SR
spring/summer Chinook

Increased Base-to-Current
survival estimates for 3
populations of Grande
Ronde/Imnaha MPG SR
spring/summer Chinook :
Catherine Creek (+10%)1
Upper Grande Ronde
(+6%)

Lostine (+8%)

and for three populations
of UCR steelhead:
Wenatchee (+11%)
Methow (+19-57%)
Okanogan (+6%)

Decreased Base-to-
current survival estimates
for 2 populations of
Grande Ronde/Imnaha
MPG SR spring/summer
Chinook:

Minam (-5%)

Wenaha (-2%)

Harvest effects

LCR Chinook harvest
management plan

Lower than described in
2008 BiOp (-3% for some
populations)

N/A — no quantitative
analyses for LCR Chinook
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Environmental Baseline
Effect(2008 BiOp Ch. 5)

New Action or
Information

Qualitative Effect

Quantitative Effect on
Interior Columbia
Species Analysis

WA steelhead terminal
fishery mgmt. plan

ID spring/summer Chinook
terminal fishery mgmt. plan

Tribal spring/summer
Chinook terminal fishery
management plan

SR Steelhead — no change
from historical harvest (so
no change to baseline)

SR spring/summer
Chinook — reduced from
historical harvest at low
run sizes but can increase
above historical harvest
rates at higher run sizes
approaching ICTRT
recovery thresholds. No
change for rare sockeye
catch.

No change in harvest
Base-to-Current multipliers

No change in harvest
Base-to-Current multipliers

Pre-RPA BiOp harvest
rates for other fisheries

No change in Base or
Current estimates

No change in harvest
Base-to-Current multipliers

Large-scale environmental
variation (climate and
climate change)

Considered in Section
2.1.1 (Rangewide Status)

See Section 2.1.1

N/A

' Hatchery Base-to-Current proportional survival changes from 2008 BiOp estimates. Source: Appendix E, Tables E2-E11.

In general, new information indicates that effects of most factors influencing the environmental
baseline remain similar to those considered in the 2008 BiOp and that NOAA Fisheries should
continue to rely on most Base-to-Current survival estimates in the 2008 BiOp for the quantitative
analysis applied to six interior Columbia basin species. However, effects of some factors
influencing the environmental baseline differ in a manner that could affect the overall analysis of
effects of the action for some species:

Environmental baseline effects that are more favorable to listed salmon and steelhead than those
described in the 2008 BiOp:

= Updated estimates based on new information increase the 2008 BiOp’s

hatchery Base-to-Current survival estimates for three populations of Grande
Ronde/Imnaha MPG SR spring/summer Chinook and all populations of UCR
steelhead.
= Asdescribed in the 2010 Supplemental BiOp, LCR Chinook harvest rates are
lower than described for some populations, resulting in higher survival than

anticipated in the 2008 BiOp.

Environmental baseline effects that are less favorable to listed salmon and steelhead than those
described or implicitly assumed in the 2008 BiOp:
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= As previously described in the 2010 Supplemental BiOp, the 2008 BiOp
implicitly assumed that the average Current Period cormorant predation rate
was, and would remain, unchanged from predation rates during the Base
Period. New information indicates that the average Current Period cormorant
predation rate has been higher (and therefore salmon and steelhead survival
has been lower) than that occurring in the 2008 BiOp Base Period for some
species. The higher cormorant impact mainly applies to steelhead, but results
in a small change for Chinook.

= Updated estimates based on new information decrease the 2008 BiOp’s Base-
to-Current survival estimates for two populations of Grande Ronde/Imnaha
MPG SR spring/summer Chinook (Wenaha and Lostine).

= A new water management action may have a minor effect on the amount of
CR chum salmon spawning habitat. This action was the subject of a formal
Section 7 consultation and was found to meet the ESA standards for avoiding
jeopardy and the destruction or adverse modification of critical habitat.

Relevance of New Environmental Baseline Information for Lower Columbia Basin Species
Effects of the new environmental baseline information on lower Columbia basin salmon and
steelhead, especially with respect to conditions or activities in the mainstem below The Dalles
Dam and in the estuary and plume, are similar to those described above for interior ESUs and
DPSs. However, there are some differential effects as well. The Odessa Subarea Groundwater
Replacement Project (Section 2.2.1.1) is expected to reduce, very slightly, the availability of
suitable spawning habitat for early (i.e., October) spawning chum salmon in shallow mainstem
areas used by the Lower Gorge and Washougal populations. Avian predation rates on fish from
lower Columbia and upper Willamette populations may be higher than those on fish from interior
populations based on the amount of time spent rearing in the lower Columbia River. Our recent
biological opinion on the harvest of LCR Chinook salmon approved an abundance based
framework that allows the total annual exploitation rate to vary between 30% and 41%, further
reducing risks to the LCR Chinook salmon ESU under the environmental baseline compared to
our assumptions in the 2008 and 2010 opinions.

Relevance of New Environmental Baseline Information for Designated Critical Habitat

In general, the conditions identified in the 2008 BiOp that limit the functioning of designated
critical habitat for Columbia basin salmonids still continue today. Effects on PCEs of critical
habitat recently proposed for LCR coho salmon are identical to those for other Columbia basin
salmon and steelhead in the migration corridor below The Dalles Dam and in tributaries to the
lower Columbia used by LCR Chinook and coho salmon and LCR steelhead for spawning and
rearing.
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2.3 Cumulative Effects

In the 2008 BiOp, NOAA Fisheries described information provided by the states of Oregon,
Washington, and Idaho on ongoing, future, or expected projects that were reasonably certain to
occur and that were expected to benefit recovery efforts in the interior Columbia basin (see list in
Chapter 17, USACE et al. 2007b). All of those actions were either completed or ongoing and
were thus part of the environmental baseline, or were reasonably certain to occur and therefore
qualified as cumulative effects. They address the protection of adequately functioning habitat
and the restoration of degraded fish habitat including improvements to instream flows, water
quality, fish passage and access, and watershed or floodplain conditions that affect downstream
habitat. Significant actions and programs include growth management programs (planning and
regulation); a variety of stream and riparian habitat projects; watershed planning and
implementation; acquisition of water rights for instream purposes and sensitive areas; instream
flow rules; stormwater and discharge regulation; Total Maximum Daily Load implementation to
achieve water quality standards; and hydraulic project permitting. Responsible entities include
cities, counties, and various state agencies. NOAA Fisheries determined that many of these
actions would have positive effects on the viability (abundance, productivity, spatial structure,
and/or diversity) of listed salmon and steelhead populations and the functioning of PCEs in
designated critical habitat. Therefore, these activities were likely to have cumulative effects that
will significantly improve conditions for the species considered in that consultation.

NOAA Fisheries also noted that some types of human activities that contribute to cumulative
effects are expected to have negative effects on populations and PCEs, many of which were
activities that occurred in the recent past and were an effect of the environmental baseline.
NOAA Fisheries considered these to be reasonably certain to occur in the future because they
occurred frequently in the recent past—especially if authorizations or permits had not yet
expired. Within the freshwater portion of the action area for the Prospective Actions, non-
Federal actions were likely to include human population growth, water withdrawals (i.e., those
pursuant to senior state water rights), and land use practices. In coastal waters within the action
area, state, tribal, and local government actions were likely to be in the form of fishing permits.
Private activities are likely to be continuing commercial and sport fisheries, which have some
incidental catch of listed species, and resource extraction. All of these activities can contaminate
local or larger areas of the coastal ocean with hydrocarbon-based materials.

All of these factors are still ongoing to some extent and likely to continue in the future, although
the continuing level of activity depends on whether there are economic, administrative, and legal
impediments (or in the case of contaminants, safeguards). We are not aware of any non-Federal
actions that change our expectations for cumulative effects, whether beneficial or adverse.
Therefore, NOAA Fisheries finds that the analysis of cumulative effects in the 2008 BiOp is still
accurate for this supplemental opinion.
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3 RPA Implementation for Salmon and Steelhead

In this section, NOAA Fisheries reviews the progress made in implementing the RPA to date, the
certainty regarding the effects of remaining RPA action implementation through 2018, and new
information regarding effectiveness of RPA actions, with a particular emphasis on habitat
mitigation measures, as directed by the Remand Order. We compare this information with
expectations in the 2008 BiOp to determine if the findings and analyses in the 2008 BiOp
continue to be supported by best available science and information.

As described in Section 1.1, this review of RPA implementation serves two functions. The first is
to address the 2011 court remand order, which requires a more detailed implementation plan for
habitat mitigation projects for the 2014 through 2018 period. In this section, NOAA Fisheries
evaluates the habitat mitigation projects the Action Agencies have now identified in the 2013
Draft CE and the 2014-2018 Draft IP for implementation in 2014 through 2018. Based upon this
review, NOAA Fisheries addresses the following questions in Sections 3.1 and 3.2:

= whether effects of the newly developed projects are reasonably certain to
occur;

= whether the projects the Action Agencies have so identified for
implementation after 2014, when added to projects implemented since 2007,
are sufficient to achieve the RPA’s Habitat Quality Improvement objectives
set forth in RPA Action 35, Table 5, and the associated survival improvements
for listed salmonids in tributary habitat, as well as the estuary survival
improvements objectives set forth in RPA Action 36; and

= whether the methodology used by the Action Agencies to determine the
efficacy of the habitat actions uses the best science available.

The second purpose of this section is to support NOAA Fisheries’ evaluation of the current
validity of the ESA analysis contained in the 2008/2010 BiOps. To do so NOAA Fisheries
considers

=  Whether there is new data concerning the status of the listed species, changes
to the environmental baseline, and cumulative effects. NOAA Fisheries also
considers the information about effectiveness of the RPA’s implementation to
date. These determinations are informed by the current development of the
RPA’s Research, Monitoring, and Evaluation (RME) program.

= Whether the Action Agencies have implemented the RPA as intended, or
whether any significant discrepancies deviate from the effects expected to
result from the RPA actions.

As described in Section 1.2, effects of the action are added to the environmental baseline and
cumulative effects and viewed in the context of the status of the species and of critical habitat.
These aggregated effects are discussed in Section 4, Conclusions for Salmon and Steelhead.
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3.1 Tributary Habitat RPA Actions

The 2008 BiOp includes two RPA Actions to improve tributary habitat. Both require the Action
Agencies to provide funding and technical assistance to implement actions designed to improve
the quality and quantity of spawning and rearing habitat for specific populations of Snake River
and upper Columbia River Chinook and steelhead and middle Columbia steelhead. RPA Action
34 required that specific habitat improvement actions incorporated into the 2008 BiOp be
implemented during 2007 to 2009. RPA Action 35 requires implementation of habitat
improvement actions during 2010 to 2018. Table 5 of RPA Action 35 includes performance
standards for 56 salmon and steelhead populations.” These performance standards identify
specific habitat quality improvements (HQIs), which correspond to survival improvements, that
the Action Agencies are responsible for meeting for the 56 populations. RPA Action 35 also
includes specific direction to the Action Agencies on identification of habitat improvement
actions; use of expert panels to evaluate change in habitat function resulting from habitat
improvement actions; the use of replacement actions if necessary based on new information or
actions that prove infeasible to implement; and the reporting of implementation progress.

Other RPA Actions in the 2008 BiOp require the Action Agencies to ensure comprehensive
monitoring and evaluation to assess tributary habitat program progress and effectiveness. RPA
Actions 56 and 57 direct them to develop and implement a program to monitor and evaluate
tributary habitat conditions, limiting factors, and habitat-improvement action effectiveness. RPA
Action 50 requires them to conduct corresponding fish population monitoring designed to help
establish relationships between habitat improvement actions and fish population responses. RPA
Action 71 requires the Action Agencies to coordinate research, monitoring, and evaluation
activities with appropriate entities; RPA Action 72 requires them to ensure the use of appropriate
data management systems; and RPA Action 73 requires them to monitor action implementation
and maintain an implementation tracking system using specified metrics (2008 BiOp, Appendix,
Reasonable and Prudent Alternative Table).

In the 2008 BiOp, NOAA Fisheries determined that the approach the Action Agencies used to
estimate benefits of habitat improvement actions and the corresponding survival improvements
used the best science available for assessing the effects of actions occurring across the diverse
watersheds of the Columbia River basin, affecting a variety of listed salmonid ESUs/DPSs, and
that could consistently be applied over the Columbia River basin (2008 BiOp, Section 7.2.2). We
also determined that the identified survival improvements were likely to be realized (2008 BiOp,

> In this section, NOAA Fisheries uses the term “performance standard” to describe the population habitat quality
improvement, and associated survival improvement, commitments identified in RPA Action 35 Table 5 of the 2008
BiOp. In their 2013 Draft CE and 2014-2018 Draft IP, the Action Agencies generally refer simply to “habitat
quality improvements,” or “HQIs.” The Action Agencies calculated HQIs for actions evaluated by expert panels
using the Collaboration Habitat Workgroup method described in Appendix C of the 2007 CA and summarized
below in Section 3.1.1.7.
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Section 7.2.2), and incorporated those expectations into the aggregate analysis in the 2008 BiOp
(e.g., 2008 BiOp, Table 8.3.5-1 for Snake River spring/summer Chinook).

In the Section 2.2.3 of the 2010 Supplemental BiOp, NOAA Fisheries reviewed new scientific
information regarding the best methods for achieving the benefits needed from tributary habitat
improvement. Through our review, we found that the information supported the Action
Agencies’ approach to implementing the tributary habitat program. We concluded that the
tributary habitat RPA actions sufficiently addressed factors that had limited the functioning and
conservation value of spawning and rearing habitat and would increase the survival of the
affected populations to meet the BiOp RPA objectives.

In this supplemental opinion, we update our review of scientific information on the best methods
for achieving the survival benefits needed from tributary habitat improvement and conclude that
the information supports the Action Agencies’ approach to implementing the tributary habitat
program. We also review the Action Agencies’ method and implementation of the program to
date and conclude it represents the best science available for assessing the effects of actions
occurring across the diverse watersheds of the Columbia River basin, affecting a variety of listed
salmonid ESUs/DPSs, and that could consistently be applied over the Columbia River basin.

Section 3.1.1 below discusses the scientific foundation of and analytical methods used in the
tributary habitat program. Section 3.1.2 discusses implementation and effects of the program.
Sections 3.1.2.1 and 3.1.2.2 describe implementation of the program and effects on the interior
Columbia ESUs and DPSs generally. Sections 3.1.2.3 through 3.1.2.7 describe the effects of the
program individually on SR spring/summer Chinook salmon, UCR Chinook salmon, SR
steelhead, UCR steelhead, and MCR steelhead. We conclude that, overall, the tributary habitat
program established under RPA Actions 34 and 35 is directing resources to actions that
sufficiently address the limiting factors identified as most significant through a process based on
sound science and technical input, and that it is reasonably certain that the performance standards
in RPA Action 35 Table 5 will be met.
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3.1.1 Tributary Habitat Analytical Methods

This section begins with a brief introduction to the tributary habitat program analytical methods.
Sections 3.1.1.2, 3.1.1.3, and 3.1.1.4 then summarize the scientific foundation of the tributary
habitat program—our knowledge of basic relationships between fish and their habitat and what
the scientific literature tells us about how changes in fish habitat affect fish populations. We
conclude that there is a strong basis for our expectation that habitat improvement actions such as
those carried out to implement the RPA, which are designed to decrease the impact of “limiting
factors” (or habitat constraints on fish survival), are likely to improve fish population status to
meet the BiOp RPA objectives. In Section 3.1.1.4, we summarize a review of the information
available from the monitoring and evaluation program associated with the RPA’s tributary
habitat improvement program. Although available data are preliminary, they support our
expectation that the RPA habitat actions will result in increased fish population abundance and
productivity.

In Sections 3.1.1.5 through 3.1.1.8 we review the rationale for the methods the Action Agencies
used to predict changes in habitat condition and fish survival resulting from implementation of
RPA Actions 34 and 35. In Section 3.1.1.5 we review the feasibility of reaching the survival
improvements identified in RPA Action 35, Table 5. In Section 3.1.1.6 we describe the method
and rationale the Action Agencies use to estimate changes in habitat function expected from
implementing habitat improvement actions. We first describe the use of expert opinion in
conservation biology, and then briefly describe the method the Action Agencies use for
determining changes in habitat function as a result of implementing improvement actions. We
also reference alternative methods considered and the rationale for selecting the methods
currently applied. In Section 3.1.1.7 we describe the method and rationale the Action Agencies
use to estimate changes in population survival resulting from the estimated changes in habitat
function. In 3.1.1.8 we describe the evolution of the analytical methods, including improvements
in methods and procedures since the 2008 BiOp was completed and additional improvements
anticipated through 2018.

3.1.1.1 Introduction to Tributary Habitat Analytical Methods

The fundamental logic of the tributary habitat analytical approach is that by identifying the
factors limiting habitat productivity, and by implementing actions that alleviate those limiting
factors, habitat function will improve, and, ultimately, the freshwater survival of salmon and
steelhead will improve as well (see Figure 3.1-1).
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Figure 3.1-1. Fundamental logic of and primary inputs for tributary habitat analytical methods

The technical foundation of the tributary habitat program established under RPA Actions 34 and
35 is a method for estimating (1) the changes in habitat quality likely to result from
implementation of habitat improvement actions and (2) the corresponding change in fish survival
that is likely to occur as the productive capacity of habitat changes. The approach relies on
identifying the factors that limit the productivity of salmon and steelhead habitat; identifying
actions that would reduce the magnitude of those limiting factors, thereby improving the quality
and function of habitat; using expert judgment to estimate the change in habitat function as a
result of implementing those actions; and then using an empirically based model to estimate the
overall change in habitat quality and a corresponding change in egg-to-smolt survival that would
result from that change in habitat quality and function. A monitoring and evaluation program is
in place to track the effects of the program and to provide input for the adaptive management
framework within which the Action Agencies implement the program. As new data and tools
become available to inform estimates of habitat benefits of actions and resulting changes in
survival, the Action Agencies will continue to incorporate them into the program, in compliance
with RPA Action 35 (2008 BiOp, RPA Action 35a).

The Action Agencies have used two applications of the general approach described above. One
method, referred to as the “Appendix E method,” was first used by NOAA Fisheries in the 2004
BiOp to estimate benefits of tributary habitat improvements (NMFS 2004, Appendix E). This
approach used qualitative ratings (i.e., low, medium, high) and approximate ranges of survival
improvements associated with each qualitative category (e.g., “low” was approximately a 1%
survival change) to provide approximate survival improvements associated with tributary habitat
improvement actions. In their 2007 CA, the Action Agencies (sometimes in consultation with
local experts, although not through a formal expert panel process) used the Appendix E method
to estimate benefits of tributary habitat improvement actions for a subset of populations (see
2007 CA, Appendix C, Attachment C-1, Tables 1-5). Populations evaluated using the Appendix
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E method generally had relatively small HQI performance standards and little influence on the
life-cycle analysis in the 2007 CA’s Appendix A. In addition, implementation of most tributary
habitat improvement actions for these populations was underway at the time the 2008 BiOp was
finalized and was expected to be complete by 2009.

For most populations, however, in their 2007 CA the Action Agencies used an updated method
(see 2007 CA Appendix C, Attachment C-1, Tables 1-5). The Action Agencies applied the
updated method to the populations with the “greatest needs” and most relevance to the life-cycle
analysis (2007 CA, Appendix C, Section 1.2; 2007 CA, Appendix C, Annex 1, Section 2.2; the
Action Agencies refer to these as “priority populations™).’® Subsequently, they have applied the
updated method to all populations with the exception of middle Columbia steelhead populations
(see 2013 Draft CE, Section 2, Table 35), since those populations all had small habitat
improvement commitments and actions projected to achieve the commitments generally had
been implemented by 2009.°’

The updated method relies on both empirical data and expert opinion. It is summarized below in
Section 3.1.1.6 and more fully in Appendix C of the 2007 CA (Attachment C-1 and Annexes 1—
3) and in Appendix C of Milstein et al. (2013). The method was developed by the Remand
Collaboration Habitat Workgroup (CHW), which was convened in 2006 at the request of the
Policy Work Group formed as part of the court-ordered remand of NOAA Fisheries’ 2004
FCRPS BiOp. Members of the CHW represented the states, tribes, and Federal agencies
(including NOAA Fisheries) involved in the remand collaboration process and were selected for
their technical expertise. The group met regularly in 2006 to review and update the “Appendix
E” method NOAA Fisheries used to estimate the potential improvement from tributary habitat
mitigation actions in the 2004 FCRPS Biological Opinion. In developing its method, the CHW
considered multiple approaches, additional analyses, and information from recovery plans and
other efforts that had become available after the 2004 BiOp was issued (2007 CA, Appendix C,
Attachment C-1, and Annexes 1-3).

The workgroup developed methods based upon both expert opinion and review of scientific
information, such as known egg-to-smolt survival relationships for Chinook salmon and
steelhead, that could be applied consistently to all populations. Given the lack of adequate
quantitative data for many populations across the basin, it was not feasible to apply more formal
models and quantitative approaches across all populations. However, the CHW recommended
that where relevant model results or empirical data were available, panels should consider them
in developing estimates of habitat function and action effects (2007 CA, Appendix C, Annexes
1-2).

*% In the Action Agencies’ 2007 CA, the populations designated “priority populations,” and also referred to as
“populations of greatest need,” were those for which the life-cycle analysis in the Comprehensive Analysis indicated
that the specified tributary habitat survival improvements were needed to produce increased adult returns per
spawner to the spawning grounds (i.e., to achieve productivity metrics of returns per spawner >1).

>’ The Action Agencies have continued to implement habitat improvement actions for these populations to further
reduce risk.
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3.1.1.2 Scientific Basis of Tributary Habitat Program

At its most basic level, the tributary habitat program relies on the relationship between fish and
their habitat, and on our understanding of how habitat restoration actions affect habitat quantity,
quality, and function, and ultimately egg-to-smolt survival. There is a strong relationship
between freshwater habitat quantity and quality and salmon and steelhead survival and
productivity in freshwater—and this relationship is fundamental to the persistence of salmon and
steelhead over time (Roni et al. 2013a). Habitat quantity and quality requirements for Pacific
salmonids by life stage and species have been well documented in scientific literature. Roni et al.
(2013a) summarize these requirements for adult upstream migration and spawning, egg-to-fry
survival, and juvenile rearing in freshwater.

It is also well documented that anthropogenic activities can reduce habitat quantity or degrade
habitat quality, and that these changes in turn can adversely affect salmonid populations. Habitat
loss or isolation has greatly reduced the amount of salmon habitat available in the Columbia
basin as a result of blockages to fish migration, disconnection of river and floodplain habitats
through the construction of levees or bank revetments, and filling of floodplain channels through
the conversion of lands to agricultural or residential and urban uses. By reducing habitat
capacity, such actions can result in decreased abundance of, and other deleterious effects on,
salmon populations. Similarly, human actions such as logging, development, mining, road
building, and agriculture can degrade habitat quality through various mechanisms. For example,
road building increases sediment supply, and increased sediment can reduce egg-to-fry survival;
removal of riparian vegetation can reduce in-channel stream structure needed for spawning and
rearing, and increase water temperature. Reduced stream flow, as a result of water withdrawals
can lead to reduced survival and productivity (Roni et al. 2013a).

In reviewing available scientific information regarding the best methods for achieving the
benefits needed from tributary habitat improvement, we looked at several lines of evidence.
These include literature on the physical and biological effectiveness of restoration actions in the
Columbia River basin, as well as in other parts of the Pacific Northwest or the world; correlation
analyses; and preliminary results from intensively monitored watersheds>® (IMWs) underway
within the Columbia River basin to evaluate the effects of different actions on limiting factors
and on salmon and steelhead survival.

To understand how habitat affects fish, it is helpful to know something about the biological
structure of salmon and steelhead ESUs and DPSs and the range of habitats they occupy. Each
ESU or DPS consists of multiple independent populations that spawn in different watersheds
throughout the range of the ESU or DPS. Additionally, within an ESU or DPS, independent
populations are organized into larger groups known as major population groups (MPGs). MPGs

%% See Section 3.1.1.4, Overview of Research, Monitoring, and Evaluation Program, for more information about
intensively monitored watersheds.
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are groups of populations that share similarities within the ESU or DPS. They are defined on the
basis of genetic, geographic (hydrographic), and habitat considerations (ICTRT 2005).%

3.1.1.3 Scientific Basis of Tributary Habitat Program: Effects of Habitat
Restoration

The outcomes of habitat restoration are well documented and support the basis of the tributary
habitat program. Numerous studies have been published on the physical and biological
effectiveness of restoration actions in the Pacific Northwest and elsewhere. Roni et al. (2002,
2008, 2013a) have reviewed over 400 papers or readily available technical reports on the
effectiveness of habitat restoration actions, including 61 studies published since 2008. The
majority of published evaluations of habitat improvement are from North America (70%), with
most studies from the western United States and Canada (Roni et al. 2013a). In cases where
papers examine restoration efforts outside of the Columbia River basin and the Pacific
Northwest, the techniques used are similar to those used in the Columbia River basin, and in
many cases focus on salmonid fishes (Roni et al. 2013a). The results of these evaluations are
summarized below.

In addition, several long-term studies are underway within the Columbia River Basin, including
several IMWs being implemented under the BiOp, to evaluate the effects of different habitat
restoration actions on limiting factors and on salmon and steelhead survival. These efforts are,
however, relatively early in the implementation process, and only preliminary information on the
effects of actions on survival and productivity is available at this time (see Section 3.1.1.4 below
for discussion of preliminary results).

3.1.1.3.1 Effects at Stream Reach Scale

Habitat restoration actions have been well documented to provide benefits to fish at the stream
reach scale.®” Roni et al. (2013a) summarized conclusions from the literature on the effects of the
types of restoration actions used in the BiOp RPA Actions 34 and 35 tributary habitat program.
They found that many studies have reported improvements in physical habitat, particularly at a
stream reach scale, for various restoration techniques. While fewer studies have focused on
quantifying biological responses, Roni et al. (2013a) found that studies have shown reach-scale
increases in fish abundance, size, or growth in response to passage improvements, placement of
instream structures, and reconnection of tributary and floodplain habitat.

Some types of actions have been shown to have relatively immediate benefits. Removal of
barriers or installation of fish passage has consistently been reported as effective for increasing
fish numbers. Most studies evaluating the effectiveness of placement of instream structures such

> The ESA Section 7(a)(2) standards are applied at the ESU or DPS level, and not at the MPG or population level.
% The term “stream reach” refers to a length of stream between two points. Reaches can be defined for various
purposes. For instance, a reach can refer to a length of stream treated with a particular habitat improvement action,
such as placement of boulders and large wood to improve instream structure. This is contrasted with a watershed,
which refers to the drainage area of a stream or stream system (http://water.usgs.gov/wsc/glossary.html#D).
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as logs, logjams, cover structure, or boulders and gravel (to increase pool area, habitat
complexity, and spawning habitat) have also shown increased abundance of juvenile salmonids
after treatment.®' Studies of off-channel and floodplain habitat restoration have also consistently
shown rapid recolonization of newly accessible habitats by salmonids and other fishes and, in
some cases, have shown improved overwinter survival. Fish rearing in floodplain habitats
created or reconnected following levee removal or setbacks often have higher growth rates than
those in the mainstem. The literature has also shown that increases in base stream flow lead to
increases in fish and macroinvertebrate production, with responses most dramatic in stream
reaches that were previously dewatered or too warm to support fish due to water withdrawals
(Roni et al. 2013a). For example, while data are not published, ongoing studies in the Lembhi
River show increased spawner and juvenile fish numbers following restoration of instream flows
in tributaries (Roni et al. 2013a). Studies have also shown rapid recolonization of stream habitats
modified by reintroduced beaver. Recent studies have also shown that “beaver support
structures,” such as those constructed on Bridge Creek in the John Day watershed, can lead to
construction of beaver dams and aggradation of incised channels (Pollock et al. 2012 and
DeVries et al. 2012, cited in Roni et al. 2013a). Unpublished evidence from Bridge Creek also
indicates improvements in juvenile steelhead abundance and survival following placement of
beaver enhancement structures (Roni et al. 2013a).

Most monitoring of screening projects is compliance monitoring rather than effectiveness
monitoring, focusing on whether installing or upgrading screens has reduced entrainment of fish
into irrigation or water withdrawal systems. A modeling study in the Lembhi basin, however,
suggests that the screening of most diversions encountered by Chinook salmon in that basin has
potentially reduced mortality due to entrainment from 71.1% to 1.9% (Walters et al. 2012, cited
in Roni et al. 2013a).

Riparian treatments and restoration of the riparian zone, including riparian planting, fencing, and
removal of invasive species, lead to increased shade and bank stability, reduced fine sediment
and water temperature, and improved water quality and are often critical to the success of other
project types (e.g., projects to restore instream structure or floodplain function). Their effects,
however, are less direct or occur over a longer term. Monitoring of riparian planting has focused
on survival of plantings and has included monitoring of several BPA-funded projects, which
generally has shown relatively high survival rates of plantings and increases in shade in the first
few years following planting. Few studies have examined the response of instream habitat or fish
to riparian planting or thinning, in part because of the long time period between planting and
change in channel conditions or delivery of large wood. A few short-term studies have examined
the response of fish or other instream biota to various riparian treatments and have produced
variable results; however, response in the project area may be limited since most riparian

%! The lack of a response or small decrease in abundance reported in some studies is large because watershed
processes (e.g., sediment, water quality, etc.) were not addressed, monitoring had not occurred long enough to show
results, or the treatments resulted in little change in physical habitat (Roni et al. 2013a).
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treatments influence reach-scale conditions and processes while in-channel conditions are
generally more affected by upstream or watershed-scale features (Roni et al. 2013a).

Similar to riparian planting, studies examining the removal of invasive vegetation have focused
on the short-term response of vegetation changes. Roni et al. (2013a) found no published studies
that examined the effects on channel conditions or fish and aquatic biota. They note that the
success of projects to remove invasive species is highly dependent on the species in question,
local site conditions, and follow-up maintenance.

The effectiveness of riparian fencing to exclude livestock and of rest-rotation grazing (in which
livestock are excluded from certain areas for periods of time) has been the subject of several
studies. Improvements in riparian vegetation, bank erosion, channel width, depth, width:depth
ratios, and fine sediment levels have been well documented in most, particularly for complete
livestock exclusion. Fish response to rest-rotation grazing systems has been highly variable
(Roni et al. 2013a).

Efforts to reduce sediment delivery to streams fall into two major categories: (1) road restoration
or modifications and (2) agricultural treatments to reduce sediment. Most evaluations of road
treatments have focused on physical monitoring of landslides, fine sediment, and runoff. Little
monitoring has been done to examine fish or other biota response to road treatments. Likewise,
while the impacts of agriculture practices on streams and water quality have been well
documented, relatively little information exists on the effectiveness of different agriculture
practices in reducing fine sediment and improving salmon habitat (Roni et al. 2013a).

Studies examining changes in salmon or steelhead survival are much less numerous, in part
because directly measuring survival is complex. Of the nearly 400 studies that Roni et al.
(2013a) examined, 19 reported on changes in survival, rather than changes in fish numbers,
density, size, or growth. The studies that document survival benefits focused on treatments that
create or reconnect ponds or side channels and improve instream habitat. Of the 19 studies that
Roni et al. (2013a) evaluated, about 13 suggested that survival improved post-restoration or was
equivalent to that found in high-quality reference sites. Roni et al. (2013a) concluded that, in
general, it appears that floodplain creation or reconnection leads to survival rates for coho and
Chinook salmon that are equivalent to that found in natural floodplain habitats. They note that
several researchers have determined that placement of large wood and instream structures can
lead to increased survival for salmon and trout (Roni et al. 2013a).°* Roni et al. (2013a) also note
that studies have found that improvement of spawning habitat through the addition of gravel or
of gravel retention structures appears to lead to some improvements in egg-to-fry survival for
salmon and trout.

82 Most of the evidence on which this conclusion is based was for coho salmon.
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3.1.1.3.2 Effects at Watershed or Population Scale

Establishing relationships between habitat improvement and fish response at the watershed or
population scale is also complex. For example, if there are 20 stream reaches in a watershed and
only two are treated with restoration actions, the overall signal in the watershed would likely still
be dominated by the untreated reaches. This makes detecting a change difficult, and researchers
must look for situations where they can treat enough of a watershed to measure an effect. For this
reason, completed population-scale assessments of the effectiveness of restoration actions are
rare, although this scale is most meaningful for understanding relationships between habitat
improvement and fish population response. The simplest such studies are of barrier removals,
and a number of studies show dramatic population-level responses to reopening access to large
amounts of habitat (Roni et al. 2013a). These studies clearly indicate that where habitat capacity
has been reduced, restoring lost capacity results in relatively large and rapid population increases
(Roni et al. 2013a). Most of the evidence for increases that resulted from restoring lost capacity
comes from areas where downstream survivals are sufficient to allow for replacement (i.e., for
spawner-to-recruit ratios of 1:1) on average over a period of years. For some ESUs and DPSs in
the Columbia River basin this is not necessarily the case, and achieving “large and rapid”
population increases from restoring capacity may also require improving survivals in other life
stages.

Of studies looking at other types of restoration actions, Roni et al. (2013a) consider Solazzi et al.
(2000) the most robust to date. Solazzi et al. (2000) demonstrated that creation of winter rearing
habitat increased winter survival for coho salmon as well as the number of smolts leaving the
stream in spring. In these experiments, construction of wood-formed pools and excavated
alcoves increased winter rearing area by roughly 700%, and overwinter survival and number of
smolts increased by about 200%.

For another study in the Strait of Juan de Fuca IMW in northwestern Washington, although the
population abundance analyses have not yet been completed, early results show that increased
pool area due to restoration activities may have increased coho salmon survival in the treated
watershed (Roni et al. unpublished, cited in Roni et al. 2013a).

3.1.1.3.3 Correlation Analyses

Correlation analyses are another way to examine relationships between habitat quality and fish
abundance. These analyses do not prove cause and effect, but they do provide associations and
linkages that are helpful in evaluating whether multiple habitat improvements gain enough
cumulative influence to have a positive effect on entire populations or species. The results of
these analyses demonstrate that protected lands, high-quality stream habitat, and habitat
improvement actions such as those proceeding under the 2008 BiOp are associated with
significantly higher juvenile fish survival (BPA and Reclamation 2013a).

Paulsen and Fisher (2001, cited in BPA and Reclamation 2013a) compared the survival of fish
from 20 different watersheds, each with different land-use characteristics, to evaluate
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relationships between the parr-to-smolt survival of wild Snake River spring/summer Chinook
salmon and two indices of land use: mean road density and land use classifications such as
agricultural or wilderness. The study found that fish from areas of reduced human development
survived at a higher rate than those from areas of more intensive land use.

In another correlation analysis, Paulsen and Fisher (2005, cited in BPA and Reclamation 2013a)
found that habitat improvements accounted for significantly higher survival for fish from areas
with the most actions. This evidence emerged from the analysis of data from 33 wild juvenile
fish tagging sites in the Snake River basin. The study compared the proportion of fish from each
site that survived to reach Lower Granite Dam, the first dam they would pass on their migration
to the ocean. Paulsen and Fisher correlated survival with numbers of the kind of habitat
improvements they considered most likely to affect juvenile salmon survival. The analysis
showed that juvenile fish from areas with large numbers of habitat actions survived at as much as
20% higher rates compared with those from areas with fewer actions. The authors concluded that
if the relationship between habitat and fish survival was indeed causal, substantial increases in
juvenile survival rates might be feasible for many of the stocks considered in the analysis (BPA
and Reclamation 2013a).

In 2011, Paulsen and Fisher updated their 2005 analysis with new data through 2009 and found
that the same relationships held true. They also expanded the analysis to detect relationships
between habitat improvements and the number of juvenile fish that survive to return as adults.
They found that the influence of habitat improvements carried through to adulthood, and that fish
from areas with the most habitat actions survived their downstream migration and years at sea
and returned as adults at a higher rate than those from areas with fewer actions (Paulsen and
Fisher, unpublished manuscript, 2011, cited in BPA and Reclamation 2013a). The results of this
study indicate that large numbers of habitat improvements such as those underway through the
BiOp may benefit salmon not only in their early life as juveniles, but also through their return to
spawning streams as adults (BPA and Reclamation 2013a).

Other correlations appeared to explain the relationship between habitat actions and increased
survival. Relatively higher numbers of habitat actions were associated with larger juvenile fish,
suggesting that fish rearing in streams with more habitat improvements grow faster and begin
their migration downstream earlier. Larger fish that begin the trip to the ocean sooner were, in
turn, more likely to survive their trip down the river and their years in the ocean to return as
adults (Paulsen and Fisher, unpublished manuscript, 2011, cited in BPA and Reclamation
2013a).

Other analyses (McHugh et al. 2004 and Budy and Schaller 2007, cited in BPA and Reclamation
2013a) modeled the potential for habitat improvements to benefit Snake River salmon
populations. Budy and Schaller (2007) found potential for an average of 104% increase in total
life cycle survival from tributary habitat improvements, but concluded that was not enough—in
the absence of survival increases in other parts of the life cycle—to ensure the viability of most
populations. They noted that the analysis considered only physical factors associated with stream
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degradation that influences temperature and substrate, excluding factors such as irrigation
diversions and exotic species. Still, the finding underscores the purpose of the All-H, life-cycle
approach to salmon protection that includes major improvements and performance standards at
dams. The authors noted that all populations are at risk of habitat degradation and that access to
adequate habitat has likely kept some populations from going extinct. They suggested that
similar modeling could help focus habitat actions on populations where they will make the most
difference.

Another analysis by Roni et al. (2010, cited in BPA and Reclamation 2013a) used results from
evaluations of habitat actions in western Washington and Oregon to predict how different
concentrations of restoration actions would affect juvenile coho salmon and steelhead in the
Puget Sound basin. The results generally agreed with other estimates of how habitat
improvements increased fish numbers. Simulations by Roni et al. showed that habitat restoration
across a watershed could considerably increase juvenile fish numbers, which is generally
consistent with the findings of Paulsen and Fisher (2005). Roni et al. concluded that about 20%
of floodplain and in-channel habitat would have to be restored to produce a 25% increase in
juvenile fish, the minimum increase considered detectable under most monitoring programs, and
that additional habitat improvements would provide greater certainty of a detectable increase in
fish numbers.

3.1.1.4 Preliminary Results from the 2008 BiOp Tributary Habitat Monitoring
Program

Although large-scale studies and reviews have provided evidence for the benefits of habitat
improvement, they have consistently called for more detailed and long-term research to further
our understanding of the mechanics of fish—habitat relationships and, in turn, to better inform and
guide the planning and execution of future habitat improvement actions (BPA and Reclamation
2013a). Under the 2008 BiOp and the FCRPS AMIP (adopted as part of the 2008 BiOp and its
2010 Supplement; see Section 1.1), the Action Agencies are implementing an extensive tributary
habitat monitoring program (under RPA Actions 56 and 57), paired with fish population status
monitoring (under RPA Action 50), to define the benefits of habitat improvements (2008 BiOp,
2010 BiOp, AMIP). This research, monitoring, and evaluation (RME) program is part of an
adaptive management approach designed to inform and shape future habitat actions so they
deliver increasingly meaningful and cost-effective results (BPA and Reclamation 2013a). The
program is described briefly below (and in more detail in the 2013 Draft CE, BPA 2013, and
BPA and Reclamation 2013a). While data from the program are still preliminary, the habitat
status and trend data and paired fish status monitoring results have added to our knowledge
regarding important relationships between habitat treatments and effects on fish.

3.1.1.4.1 Overview of Research, Monitoring, and Evaluation Program

Monitoring to evaluate the fish response to cumulative effects of multiple habitat actions at the
watershed or population scale is underway through the BiOp’s Integrated Status and
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Effectiveness Monitoring Program (ISEMP), which includes IMWs that undergo detailed
monitoring and tracking of adult and juvenile fish. IMWs may test specific hypotheses through
before-after-control-impact experiments, which monitor stream reaches before and after habitat-
improvement actions are implemented, so that results between reaches with improvements and
reaches without improvements can be compared. The use of comparisons can help researchers
more clearly gauge the benefits of habitat improvements. Researchers examine and analyze the
data for evidence of the most important habitat variables, for the details of how improvement
actions can reshape those variables and, finally, for how future actions might influence fish
populations. Additional data is supplied by monitoring conducted using the Columbia Habitat
Monitoring Protocol (CHaMP), which monitors habitat conditions at hundreds of sites across the
Columbia basin and is strategically paired with population status monitoring (BPA and
Reclamation 2013a; BPA 2013).

Such programs must have robust experimental design, including data of sufficient size, duration,
and spatial scale and resolution, to detect change despite environmental variation (i.e., the
designs must have sufficient statistical power). Otherwise, for example, a positive change in
habitat could result in an increase in juvenile abundance, but could go undetected without an
adequate level of accuracy and precision in estimating fish abundance. For this reason, adult and
juvenile status and trend monitoring (under RPA Action 50) in IMWs, and in additional
watersheds being monitored under the CHaMP, has been a key element in pairing “fish in/fish
out” numbers with the overall status of habitat in a watershed. As the monitoring program
evolves, the Action Agencies, based in part on input from the Independent Scientific Review
Panel (ISRP), will continue to look for opportunities to improve collaboration with other habitat
monitoring efforts to improve sampling efficiencies and promote coordination (e.g., with the
PACFISH/INFISH Biological Opinion Effectiveness Monitoring Program).

The CHaMP sites will be distributed across the Columbia basin such that at least one population
per MPG is monitored for both habitat and fish abundance. The intent is to obtain sufficient data
to calibrate mathematical models simulating the overall effects of habitat improvement on
changes in habitat condition and, in turn, the effects of changes in habitat condition on fish
abundance and productivity within each MPG and each ESU or DPS within the interior
Columbia basin. The models would provide information on change in habitat and fish population
status for many of the watersheds where RPA Action 35, Table 5, identified major habitat quality
improvement (and corresponding survival improvement) needs. Over time, these data would
augment the analytical approaches used to evaluate changes in habitat condition and fish
population response by providing quantitative data for specific watersheds and for extrapolation
to other watersheds.® The information would also help detect trends in habitat condition over
broader geographic scales, including effects of climate change. Fish population and habitat status

5 For more detailed discussion of methods currently used to evaluate changes in habitat and fish population
response, see the 2007 CA, Appendix C, and Sections 3.1.1.6 and 3.1.1.7 below.
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information is now being collected for the seven Chinook salmon populations and eight of the 11
steelhead populations identified as priorities in Table 5 of RPA Action 35 of the 2008 BiOp.
CHaMP monitoring is being conducted for another 11 steelhead populations and seven Chinook
salmon populations included in Table 5 of RPA Action 35.

In addition to monitoring designed to detect changes at the watershed and fish population level,
research and monitoring of specific actions (under RPA Action 73) or limited reaches is also
under way. Such efforts operate under more controlled conditions with fewer variables and can
more clearly expose the relationships between actions and results. The monitoring can take
different forms, from basic implementation monitoring that determines whether actions have
been completed properly and are functioning as anticipated, to experiments that compare the
results of specific habitat actions to control areas that are left alone (BPA and Reclamation
2013a).
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3.1.1.4.2 Preliminary Results

Data from the 2008 BiOp RME program are preliminary but appear to be confirming that
implementation of tributary habitat improvement actions under RPA Actions 34 and 35 is
contributing to improvements in fish population abundance and productivity. Example results are
noted below. For a more extensive summary of preliminary results, see BPA and Reclamation

2013a):

In the Entiat River, the IMW is being used to assess whether engineered log
structures added to streams, channels, and other habitat improvements increase
habitat complexity and diversity enough to produce a population-level increase in
salmon abundance or productivity. Preliminary findings include increased numbers of
pools and greater densities of juvenile Chinook and steelhead in pools created by the
log structures during early summer (Dretke et al. 2012, cited in BPA and Reclamation
2013a).

The Methow River IMW design focuses on how actions influence habitat over a
watershed scale to increase available food supply to salmonids. The design strategy
uses models to guide the planning of field work as well as to support analysis. The
effects of habitat actions on fish growth rates and survival will be placed in the
context of a full life-cycle model (USBOR 2013). An analysis of recent smolts-per-
redd data indicates that freshwater habitat is limiting juvenile salmon. Two
monitoring studies conducted under the 2008 BiOp have shown positive trends in fish
abundance as a result of habitat improvement actions. An extensive monitoring effort
in Beaver Creek (Weigel et al. 2013) after a fish barrier was removed has
demonstrated recolonization by wild steelhead spawners above the barrier.
Monitoring of a levee removal and side channel reconstruction project at Elbow
Coulee in the Twisp River shows an increased abundance of listed spring Chinook
and steelhead (Crandall 2009, 2010, 2013). Results of these and other actions will be
analyzed for watershed-level effects.

In the Upper Middle Fork John Day watershed, steelhead spawner abundance
increased in the treatment area from 2008 to 2011 (primary actions included re-
meandering and placement of wood revetments to provide bank stability and reduce
sediment loading) compared to abundance in the South Fork of the John Day, which
is the control watershed (Abraham and Curry 2012). Further monitoring may more
clearly indicate whether the increases result from the restoration actions.

Overall, these site-specific and large-scale studies are confirming the scientific basis for
protecting and improving habitat to promote salmon and steelhead survival and abundance. The
evidence comes not from a single study but rather from the increasing weight of the literature,
supported by preliminary data from monitoring at various spatial scales and emerging results of
experimental studies in the Columbia River Basin. The preliminary results from the RME
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program also provide confidence that the program can detect and gauge improvements in habitat
conditions and fish populations.

Research is establishing relationships between habitat quality and fish survival and is identifying
the factors that most influence juvenile salmon and steelhead productivity. An understanding of
those relationships, combined with detailed watershed and population assessments, is helping
biologists and managers target the most critical habitat issues and more accurately estimate the
benefits for fish. This in turn is helping the Action Agencies better focus the location, types, and
distribution of tributary habitat improvement actions to achieve greater benefits. The above
information supplements the information summarized in Appendix C of the 2007 CA and in the
2008 and 2010 BiOps, and further supports the efficacy of the tributary habitat program.

3.1.1.5 Feasibility of Achieving Survival Improvements

In addition to describing the theoretical and empirical support for the tributary habitat program in
the 2008 BiOp and the 2010 Supplemental BiOp, NOAA Fisheries discussed the feasibility of
meeting the specific habitat quality improvement (HQI) performance standards, and their
associated survival improvements, identified in Table 5 of RPA 35, noting that the performance
standards were within the range of potential survival benefits identified in already completed or
developing recovery plans (2008 BiOp, Section 7.2.2).

The Action Agencies have further demonstrated the feasibility of meeting the HQI performance
standards by estimating the benefits of habitat improvement actions implemented through 2011
or identified for implementation through 2018. Their analysis, using results from expert panel
evaluations and other methods developed through the collaborative BiOp remand process,
indicates that implementation of actions through 2011 was sufficient to meet or exceed the HQI
performance standards for 35 of the 56 populations in Table 5 of RPA Action 35.°*% For the
remaining 21 populations, the Action Agencies worked with local partners to identify actions for
implementation through 2018. In 2012 they convened expert panels to evaluate the changes in
limiting factors that implementation of these actions would be projected to achieve. Using the
methods described below (see Sections 3.1.1.6 and 3.1.1.7; also see Section 3.1.2.2 for more
detail on the Action Agencies’ 2012 process), the Action Agencies converted the expert panel
results to the HQI and associated survival improvement expected from implementation of those
actions.® Their analysis indicates that implementation of the actions evaluated would meet or
exceed the HQI performance standard for all but one population in Table 5 of RPA Action 35.
For the one exception, the Catherine Creek spring Chinook salmon population, the Action

% The HQI performance standards for these populations were generally small (less than 5%), with the exception of
the Lembhi spring Chinook, Pahsimeroi spring Chinook, and Pahsimeroi steelhead populations.

% Note that there are actually 58 “populations” listed in Table 5 of RPA Action 35; however, the Joseph Creek (OR)
and Joseph Creek (WA) populations are considered a single population, parts of which are managed by two states,
and there is no target for the Hells Canyon steelhead population—so there are 56 populations with targets.

% As also discussed below, in Section 3.1.2.2,for some actions identified and evaluated after the 2012 expert panels
had met, the Action Agencies did a preliminary evaluation of benefits; benefits for these projects will be re-
evaluated by the expert panels in 2015.
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Agencies have outlined a strategy for selecting additional actions that is reasonably certain to
achieve the HQI performance standard.

This further demonstrates that the habitat response potential exists to meet the HQI performance
standards. In addition, as discussed in Section 3.1.2.2, the Action Agencies have established
momentum in the tributary habitat program, developed institutional c