NOAA Technical Memorandum NMFS-NWFSC-109

Technical background for an
Integrated Ecosystem Assessment
of the California Current

Groundfish, Salmon, Green Sturgeon,
and Ecosystem Health

April 2011

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service



NOAA Technical Memorandum

NMFS-NWFSC Series

The Northwest Fisheries Science Center of the National
Marine Fisheries Service, NOAA, uses the NOAA Technical
Memorandum NMFS-NWFSC series to issue scientific and
technical publications. Manuscripts have been peer reviewed
and edited. Documents published in this series may be cited
in the scientific and technical literature.

The NMFS-NWFSC Technical Memorandum series of the
Northwest Fisheries Science Center continues the NMFS-
F/NWC series established in 1970 by the Northwest & Alaska
Fisheries Science Center, which has since been split into the
Northwest Fisheries Science Center and the Alaska Fisheries
Science Center. The NMFS-AFSC Technical Memorandum
series is now used by the Alaska Fisheries Science Center.

Reference throughout this document to trade names does not
imply endorsement by the National Marine Fisheries Service,
NOAA.

This document should be referenced as follows:
Levin, P.S., and F.B. Schwing (eds.) 2011. Technical
background for an integrated ecosystem assessment of the
California Current: Groundfish, salmon, green sturgeon, and
ecosystem health. U.S. Dept. Commer., NOAA Tech. Memo.
NMFS-NWFSC-109, 330 p.



NOAA Technical Memorandum NMFS-NWFSC-109

Technical background for an
Integrated Ecosystem Assessment
of the California Current

Groundfish, Salmon, Green Sturgeon,

and Ecosystem Health

Edited by Phillip S. Levin and Franklin B. Schwing"

From contributions by the editors and Cameron H. Ainsworth,
Kelly S. Andrews, Steven J. Boggrad,l Merrick Burden,?

Shallin Busch, William Cheung,

John Dunne,4 Tessa B. Francis,

Elizabeth A. Fulton,®> Churchill B. Grimes,® Elliott L. Hazen,"
Peter J. Horne, David Huff,” Isaac C. Kaplan, Steve T. Lindley,6
Thomas Okey,? Jameal F. Samhouri, Isaac D. Schroeder,*
William J. Sydeman,® Sarah A. Thompson,® Nick Tolimieri,
Brian K. Wells,® and Gregory D. Williams

Northwest Fisheries Science Center
2725 Montlake Boulevard East
Seattle, Washington 98112

'Southwest Fisheries Science Center
1352 Lighthouse Avenue
Pacific Grove, California 93950

*Pacific Fishery Management Council
7700 Northeast Ambassador Place, Suite 101
Portland, Oregon 97220

3Universi'[y of East Anglia
School of Environmental Sciences
Norwich, United Kingdom NR4 7TJ

4Geophysical Fluid Dynamics Laboratory
Princeton University Forrestal Campus
201 Forrestal Road

Princeton, New Jersey 08540

April 2011

°CSIRO
Castray Esplanade
Hobart, Tasmania 7000, Australia

®Southwest Fisheries Science Center
110 Shaffer Road
Santa Cruz, California 95060

7University of California Santa Cruz
100 Shaffer Road
Santa Cruz, California 95060

8University of British Columbia
2329 West Mall
Vancouver, British Columbia V6T 1Z4

°Farallon Institute
P.O. Box 750756
Petaluma, California 94952

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Marine Fisheries Service



Most NOAA Technical Memorandums
NMFS-NWFSC are available online at the
Northwest Fisheries Science Center
Web site (http://www.nwfsc.noaa.gov)

Copies are also available from:

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161

phone orders (1-800-553-6847)

e-mail orders (orders@ntis.fedworld.gov)

il



Table of Contents

LISt OF FIUIES . .vieuvieiieiiesiie ettt ettt et e ettt et e st e e s et e esseens e esseesaesseessseasseansaesseesseenssesssesnsesssennseensenns vii
3 o 21 o) U< OSSPSR xiii
EXCCULIVE SUMMATY ...eiiiiiiiiiiiiee ettt ettt et e e st e e e taeestveeesteeesbaeessaeesseesssaeessseessseaassseessseesssensssens XV
ACKNOWIEAZIMENLS. ... eeviiiiiiiiiiieiiei et stte s te e eb e et e e e et esteessbeseseesseesseessaesseesssesssessseesseesseesssenssenssensses XXV
AbDreviations and ACTOTYITIS .......cccuerveruerrueerieerieesteesteeseeseesseesseesssesssesseesseesseessessssesssesssesssessssesssesnses XXVii
Introduction: An Incremental Approach to the California Current Integrated Ecosystem Assessment ....... 1
By Phillip S. Levin and Franklin B. Schwing
The California Current ECOSYSEIM .......ccuiiiiierieiierieiieeieesieeseeseesresteeteesseessaesssessseesseessaessaesssesssenssennns 1
What is an Integrated ECOSYStem ASSESSIMENT? ........ccuieiieiieriieniieeieeie et esteesieesite e eeeenteesbeesaeesanesaseeane 3
SCOPE OF thiS REPOTT ....vvieeiiieeiiiecie ettt et e et e e s tbe e e tbeessbaeestbeessbeeensaeesseeessseenssens 4
EBM Dirivers, Pressures, and Components in the California Current Ecosystem..........cccccoocvevverreennenne. 4
EBM Dirivers, Pressures, and Components Addressed in the California Current [EA..............cccoceeneee. 6
Next Steps for the California Current IEA ..........oooiiiiiiieiiee et 6
Selecting and Evaluating Indicators for the California Current...........c.cceeceeveveeeiiecieeseeriesciesieereeveesreeseeens 7

By Kelly S. Andrews, Gregory D. Williams, Isaac C. Kaplan, Nick Tolimieri, Jameal F. Samhouri, and
Phillip S. Levin (Groundfish and Ecosystem Health); Brian K. Wells, Steven J. Bograd, Churchill B.
Grimes, Elliott L. Hazen, David Huff, Steven T. Lindley, and Isaac D. Schroeder (Salmon and Sturgeon)

Selecting Ecosystem Indicators for the California CUrrent ............cocceeveeereieeciieniieseesieniesreereeieeseeseeens 7
Evaluating Potential Indicators for the California Current: Groundfish and Ecosystem Health............ 11
Evaluating Potential Indicators for the California Current: Salmon and Green Sturgeon...................... 49
Suite of Indicators for the California CUITENL . .........ccceiiiieiiiieee e 53
Status of the California Current Ecosystem: Major EBM Components ...........cccoeeueeieerieeneeneeneeseeennenn. 60

By Nick Tolimieri, Gregory D. Williams, Kelly S. Andrews, and Phillip S. Levin (Groundfish and
Ecosystem Health); Brian K. Wells, Steven J. Bograd, Churchill B. Grimes, Elliott L. Hazen, David
Huff, Steven T. Lindley, and Isaac D. Schroeder (Salmon and Sturgeon)

INELOAUCTION ...ttt et ettt sa e st et et e e s bt e saeesaeeeateeabeeabeesseasnseenseenseenseenseeseans 60
EBM Component: Central California Salmon.............ccccveiiiiiiiiiiiiiie et ree e 60
EBM COmMPONENE: StUTZEOM ......eeieiiiiiiieeeiee ettt eeiteeite ettt e stteesite e st e eeateesabeesntaessnteesseeessseesnseesanseesseenns 67
EBM Component: GroundfiShes ...........coooiiiiiiiiiiiiiieeeeee ettt st 68
EBM Component: Ecosystem Health............ccooiiiiiiiiiiiie et 80
EBM Component: FOrage FiSh..........ccccciiiiiiiiiiicicieciece ettt sre e eve e sae e ssreessaessaesnae s 93
EBM Component: Vibrant Coastal COMMUNILIES ........cccuerevrerieeriierierierreeieeieeseeseeseeseeeseeseenseesseens 95

il



Status of the California Current Ecosystem: Major EBM Drivers and Pressures.........c.cccoovevienveeveenneene, 99
By Elliott L. Hazen, William J. Sydeman, Isaac D. Schroeder, Sarah A. Thompson, Brian K. Wells,
Steven T. Lindley, Churchill B. Grimes, Steven J. Bograd, and Franklin B. Schwing

IMAIN FINAINES ....eeuviiiieiiiciieieee ettt et e ettt et et e sebestbe e s s e esseesseesssesssessseasseesseesssesssessseassessseessenssenns 99
EBM Driver and Pressure: CHMALE ........c.eeoiiiieierieiieiesieeiesie ettt ettt nne s 100
EBM Driver and Pressure: FISNETIES .......cc.cooiiiiiiiiiiiiicciie ettt et e 110
EBM Driver and Pressure: Habitat degradation .............cccooeviiiiiiiiiiieniie e 110
Ecosystem Risk Assessment: A Case Study of the Puget Sound Marine Food Web ............cccvevuvennnnnen. 111
By Jameal F. Samhouri and Phillip S. Levin
INELOAUCTION ..ottt h e sttt et e bt e s bt e sheesatesateeabeebe e beesbeanaeesneas 111
1Y (531 1o Y& TSRS PRS 112
RESULLS ...ttt b e ettt b ettt a et e sb e et eb e e st et b e et e saeente b 134
IS CUSSION. ...uvteeetie ettt ettt e et e ettt e et eeteeesereeebaeeseseeesseeesseeessesassseassesassssessseaansesessaesnsasenssaesssesanseeenssens 138
The Evaluation of Management STrateZIES ........cccuueeruiercrieeiieeeiiieesreeeereeesveeeseeessseesseesssseesssesassesssseeenes 141

By Isaac C. Kaplan, Peter J. Horne, and Phillip S. Levin (Management Strategy Evaluation 1);
Cameron H. Ainsworth, Jameal F. Samhouri, Shallin Busch, William Cheung, John Dunne, and
Thomas Okey (Management Strategy Evaluation 2); and Isaac C. Kaplan, Phillip S. Levin, Merrick
Burden, and Elizabeth A. Fulton (Management Strategy Evaluation 3)

TIEEOAUCTION ..ttt e e e e e et e e e e e s e e e bt e eeeesesssnaaaeeeeessessanneaseeeeesssssnnraaereeesens 141

MSE 1: Influence of Some Fisheries Management Options on Trade-offs between Groundfish and

Ecosystem Health ODJECHIVES ......ccvviviieriieiieeieeie et eteste v v e eere e e e e e sreesraestaessbeesseesseesseesssenssensnas 142

MSE 2: Potential Impacts of Climate Change on California Current Marine Fisheries and Food

[ ATZ=] o OO PSSP 183

MSE 3: Fishing Catch Shares in the Face of Global Change, a Framework for Integrating

Cumulative Impacts and Single Species Management ..........c..ccvevvievieereeriencrenereereesseesseessessessesssens 185
LSS 53 (=) 1 (o1 OO 189

Appendix A: Performance Testing of Ecosystem Indicators at Multiple Spatial Scales for the
California Current IEA using the Atlantis Ecosystem Model...........cccoovevierieniiniieiiciecesee e 219
By Isaac C. Kaplan and Peter J. Horne

INEFOAUCTION ...ttt ettt e et e et e e e bt eetee e ebeeesbaeeesseeenseeesseeensaeensseesssesenseeenssens 219
IMEThOAS: ALIANIEES ...eneiieieiieiiee ettt ettt ettt et et e et e st e e st e eneesseesteneeeseeneesseeneesesseenseneas 221
Methods: Model of the California CUITENL .........cecueiirieriiniiiereeee ettt 221
Methods: Attributes and INAICALOLS ........cccueieiiiiiiiieiie ettt e e e e srae e veeeaaeeeaveas 222
IMEthOAS: SCENMATIOS. ...eeutieiiiiiiieiie ettt ettt ettt s e ettt e bt e s bt e sbeesateeabeembeenbeenbeesbeesmeeenees 226
Methods: Spatial Scaling of Attributes and INdiCAtOTS ..........ccvvevvieriierieiieeie e 242
RESUILS ..ttt b e ettt h et bt e a e s b bt et s bt et e bt bt et e saeete b 242
IS CUSSION. ¢ttt ettt h e ettt et e bt e b e s bt e sa e e ea bt ea bt ea bt e bt e sbeesheesateeabe et e e b e e bt e bt e nneeeaees 267

v



Appendix B: Emerging Analyses Using Moving Window Multivariate Autoregressive Models for
Leading Indicators of Regime SHifts .........cccccvvviiiiiiiiieiieiesece ettt 269
By Tessa B. Francis

APPENAIX C: DAt SOUICES ....uviiviiiiiiiieiiieiie e eteeteeteesteesttestaesbesebeesbeesseeseesseesssesssessseasseesseesssesssesssensses 275
By Nick Tolimieri, Gregory D. Williams, Kelly S. Andrews, and Phillip S. Levin (Groundfish and
Ecosystem Health); Elliott L. Hazen, William J. Sydeman, Isaac D. Schroeder, Sarah A. Thompson,

Brian K. Wells, Steven T. Lindley, Churchill B. Grimes, Steven J. Bograd, and Franklin B. Schwing
(Driver and Pressure: Climate)

EBM Component: GrOUNATISNES .........cccuevieriiiiieiieieeiesiesee sttt s sve e esseeseessaesnnesnnes 275
EBM Component: Ecosystem Health...........cccoooiiiiiiiiiiiccee et 278
EBM Driver and Pressure: CHMALE ........o.eeoiiiieieieeiesie ettt ettt see e enee e 282
Appendix D: National Marine SAnCLUATIES ...........cccvereerereerieerieeseesresreereesseesseesseesssessseesseesseessaessesssenns 285
By Nick Tolimieri and Kelly S. Andrews
OLymPIc CoaSt NS ....oiiiiiiiieece ettt e et e e ta e e st e e tbeeesbeeessaeessseeesseesssaeesssaesssesasseenssens 285
Cordell Bank NIMS ...ttt sttt s b et b e e et et e bt et esbe et enbesbeenteebe et e e ne 285
Gulf of the Farallones NIMS ..ot ettt et estb e st e e etae e s veeeaseesaseas 304
MONLETEY BaAY INIMS.....c..eoiiiiiieie ettt et s e et e e st e e staeessbeessbaeesbeessseeessaesssaeessseesssaeanses 307



vi



List of Figures

Figure 1. Map of the CCLME .........ooiiiiiiiiieieeece ettt et st eesaessaesanessnesnseenns 2
Figure 2. Conceptual diagram of the primary pressures and drivers affecting change in the primary

EBM components of the CCLME as defined by the IEA team ...........ccceeeiiiiiieiciieiiee et 5
Figure 3. Example of the number and spatial extent of locations surveyed by the West Coast

groundfish trawl survey each year during 2003—2010........c.cccvrvireriierieerieerieeie e erieesee e seeereereeseeseeens 31
Figure 4. Coho salmon percent smolt-adult return, 1970-2007..........cceeevriieriierciiieriieeree et 61

Figure 5. Spawning escapement for Central Valley populations and Klamath River fall-run
populations of ChinOOK SAIMON ........cceeviiiiiiiieriieiie ettt e e e e steesteessaessseesseesseessnessnesnses 62

Figure 6. Population growth rates for Sacramento River fall-run Chinook salmon and Klamath River
fall-run ChiNOOK SAIMON ......oouiiiiiiiiiiieii ettt ettt b et sttt b e b eaee e 63

Figure 7. Proportions of Chinook salmon from the Central Valley fall-run and Klamath River fall-run
populations that spawned in hatCheries. ..........oiiiiiiiiiiiii e 65

Figure 8. Time series of run size estimates for each age of returning Klamath River fall-run Chinook
SAIMON TN ZIVEIL YEAIS....eecvveeereeereateeteesttesererreaeseasseeseesseessaesssesssesssessseesseesssesssessseasseessessssesssssssssssesssesssesnes 66

Figure 9. CPUE for four groundfishes from 1980 to 2009 for the triennial trawl survey and the

INWESC traW] SUTVEY ..ttt ettt ettt et ettt e st e st e bt et e e s st e eatesaeeenteenseenseesseesasesnseenseeseesseesneesnees 71
Figure 10. CPUE for four groundfishes from 1980 to 2009 for the triennial trawl survey and the

INWESC tTAW] SUTVEY ..eeuvieeiieeiiieiteiteteste et ete et e steesteesetessseessaessaesseesssessseasseessasssaesssesssessseenseesseesssesssennses 72
Figure 11. CPUE for four groundfishes from 1980 to 2009 for the triennial trawl survey and the

NWESC AW SUIVEY ...eeieiviiiiiieeiieeieectteeite et eeteeestveesbeeetbeessbeesssaeessseesssesessseassseeessseessseeansseesssesssseeenses 73
Figure 12. CPUE for five groundfishes from 1980 to 2009 for the triennial trawl survey and the

INWESC traW] SUTVEY ..ttt ettt ettt ettt sttt st e bt et e e s stesateenteente e bt e beesaeesasesaseenseeseesneennneenees 74
Figure 13. Size distribution for four groundfishes from 1980 t0 2009 ..........cceeveiiieviieeciieeir e 76
Figure 14. Size distribution for four groundfishes from 1980 t0 2009 ..........ccceeovievrieiieriiiiecreeeeieeiene 77
Figure 15. Size distribution for four groundfishes from 1980 t0 2009 ..........ccccoiirieiininiiniiee e 78
Figure 16. Size distribution for five groundfishes from 1980 t0 2009...........ccceeoieiieniiniiiieiieeeeieeieene 79
Figure 17. Spatial distribution of four groundfish from 1980 to 20009..........ccceeveviieviiiniiiieir e, 81
Figure 18. Spatial distribution of four groundfish from 1980 t0 2009..........cceceiiriiiininiinireeeeeee 82
Figure 19. Spatial distribution of four groundfish from 1980 t0 2009...........ccceeiieiiiriiniiiieeeeeeeeeeene 83
Figure 20. Spatial distribution of five groundfish from 1980 t0 2009 ...........cccceeeviieriieniieeir e, 84
Figure 21. Annual mean Shannon Diversity for lat 34—48°N and 50-350 m bottom depth...................... 85

Figure 22. Average taxonomic distinctness and variation in taxonomic distinctness for West Coast
groundfishes from 1980 to 2009 for lat 34—48°N and 50-350 m bottom depth.........c.cccevveviierrieiciennnen. 86

vii



Figure 23. Average taxonomic distinctness of California Current zooplankton from 1996 to 2008 in
OUT SEASOTIS. ... eueente ettt ettt ettt ettt b ettt e b et sh e st e bt e bt e st e bt e et et e eb e e a e e bt e st e tesheeme e besbeentenbeeneentenne 87

Figure 24. Variation in taxonomic distinctness of California Current zooplankton from 1996 to 2008

TTL FOUL SEASOMIS. ¢.-utieteteett ettt ettt ettt ettt et et e e st e eae e te e bt eme e bt e st e e e eaeeas e st eneensesseeneenbeeneensenseeneensenne 88
Figure 25. The northern copepod anomaly off Oregon from 1996 to 2009..........ccceoeviriininiencneenenene 90
Figure 26. ToOp Predator DIOMASS .......cocieiiieiiieiieiietiesiie sttt ettt e st esateseteebe e bt esseesseesneeenseenseenseessnens 93
Figure 27. Mean nitrate concentrations by season from 1983 to 2009 at depths less than 6 m................. 94
Figure 28. Mean phosphate concentrations by season from 1983 to 2009 at depths less than 6 m........... 95
Figure 29. Mean silicate concentrations by season from 1983 to 2009 at depths less than 6 m................ 96
Figure 30. Winter and summer spatial means of SeaWiFS chl a and MODIS chl a time series from

INDBEC DUOYS ... tteeititeiiee ettt et eeite ettt estteetteesseeseteeesssaessseeassseessseesssseasseeasseeesseassseeassseessseeansseassesssseennsns 97
Figure 31. Market squid indices from landings data and California sea lion diets.........c.cccoceeceererceninnnene 98
Figure 32. Winter and summer averages of PDO, MEI, NPGO, and NOI ..........ccccceoieiiininnienieee. 101

Figure 33. Map of the California Current cumulative upwelling index anomaly locations and trends ... 103

Figure 34. Winter and summer spatial means of Pathfinder SST and SST time series from NDBC

010 RSP 104
Figure 35. Winter and summer spatial means of QuikSCAT meridional winds and meridional winds

time series from NDBC DUOYS ......c.covviiiiiiieiieiie ettt b e ere et e staesrbessbeesbeesseesseesssesssensnas 105
Figure 36. Winter and summer of sea level heights at three locations in the CCLME ..........c..cccccoeeee. .106
Figure 37. Dissolved oxygen concentrations off the coast of Newport, Oregon, at 50 m depth at

Newport Hydrographic Line Station NH 05 ........cccooiiiiiiiiiiiiiiieieeesie et sne s ere s esnee s 107
Figure 38. Map of the seven Puget Sound aCtion areas .............ccveeveerieereerienieeeiieeseeseesresveereeseesseenes 117
Figure 39. Baseline risk for seven Puget Sound food web indicator species..........ccceeveveerieneeneeneennne. 137
Figure 40. Risk due to coastal development ............ceeecviiiiiiiiiiieiiie e e e 137
Figure 41. RiSK dUC t0 INAUSIIY ...c.viiviiiieiiie it cie ettt ettt e re e v e e b e e e e steestaesraessseesseesseesseesssesssensnas 139
Figure 42. Risk due t0 fIShING......c.ooouiiiiiiiiiie et ettt 139
Figure 43. Atlantis model domain for the U.S. West COast.........cccvviiriiriiiieiiiieieecree e esvee e evee e 145
Figure 44. Status quo spatial management for the U.S. West Coast........cccceveveevieenienienienieere e 152
Figure 45. Status quo spatial management for central California............oceverieieninieniinieneneereeee 153
Figure 46. Abundance trends for arrowtooth flounder, summed over the whole model domain ............ 164
Figure 47. Revenue of four fleets under alternate SCENATIis.........ccvvevveerieerverieerieerieeniesresreeereesreesseeens 170
Figure 48. Performance of Scenario 2a, Scenario 3a, and Scenario 4a...........ccecvevvverververcienreeveenneennes 171
Figure 49. Performance of Scenario 2b, Scenario 3b, and Scenario 4b..........cccocevvviiiiieiiiiienieeieeeee, 171

Figure 50. Performance of alternative management scenarios in terms of ecosystem components
relevant t0 the TEA ...ttt ettt et a et e et et e e e eee et e ne et e e 178

Figure 51. Performance of alternative management scenarios in terms of ecosystem components
relevant t0 the TEA ...ttt ettt ettt st 179

viii



Figure 52. Performance of alternative management scenarios in terms of ecosystem components

relevant to the TEA ...t 179
Figure 53. Performance of alternative management scenarios in terms of ecosystem components

relevant t0 the TEA ..ottt s 180
Figure 54. Projected fishery landings in the northern California Current...........cccoceverieneneenienenneennene 185
Figure 55. Biodiversity impacts in the northern California Current ............ccocveeveeeieenienienieeieeieeeene 185

Figure 56. Yield of English sole under various fishing mortality rates with current ecological
processes versus strong ocean acidification impacts 0n benthos ..........cccccveeevieviienierieiieeie e 186

Figure A-1. Two-dimensional nonmetric multidimensional scaling plot of functional groups and
SCLTIATION 1.t teeutenteeutenttett et e st e eutebesheemt e bt ebe et e e bt eaae st e ebe e tesbeeateabeebeemt e e bt easenaeeae et e shees b e bt ebeembe bt ennenbeeueennenres 237

Figure B-1. A small change in environmental conditions may shift the system beyond the

bifurcation and induce a catastrophic shift to the lower alternate stable state............ccccecevereeerenceniennen. 269
Figure B-2. Time series of abundance for several zooplankton groups sampled at NHOS....................... 272
Figure B-3. Five different stability metrics calculated for the eight strongest-interacting species in

the NHOS COMIMUINILY ... .eeitiireiiiiieieeiieseeseeseesteeteeteesteesseesseesssessseesseesseesseesseesssesssesssensseessessseesssesssennses 273
Figure B-4. Trends in five stability metrics calculated using MWMAR for two different periods in

the FULL TIME SETIES ...e.veeutiiiiiiitieiteterte ettt ettt ettt st et e b e sbe et bt et e sa et et sbeeste bt saeeneenae 274
Figure D-1. CPUE for four groundfishes within the Olympic Coast NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC trawl SUITVEY .......ccccvevieiiiiiiniieiieieesiee e sre e eve e 286
Figure D-2. CPUE for four groundfishes within the Olympic Coast NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC traWl SUIVEY .......cccvevieiiiiiiiiieiieiiesiee e sre e eve e sereseneeenas 287
Figure D-3. CPUE for four groundfishes within the Olympic Coast NMS from 1980 to 2009 for the
triennial trawl survey and the NWEFSC trawl SUIVEY ......cceviiiiiiiiieiieiececeee et 288
Figure D-4. CPUE for three groundfishes within the Olympic Coast NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC traWl SUIVEY .....c.cocveiieiiiiiieiieiieeesee e sveere e eve e sene e 289
Figure D-5. Size distribution for four groundfishes within the Olympic Coast NMS from 1980

0 2009 ... h bbbttt e h bt bbbttt a e st be s a e bttt nee 290
Figure D-6. Size distribution for four groundfishes within the Olympic Coast NMS from 1980

0 2000 ...ttt b e s a ettt et s b e a e 291
Figure D-7. Size distribution for four groundfishes within the Olympic Coast NMS from 1980

0 2009 ...ttt ettt b e sa et ettt ae et nena e n et 292
Figure D-8. Size distribution for two groundfishes within the Olympic Coast NMS from 1980

£ 2009 .ot h bt bttt h bbbt bttt s e bttt b et ettt s enes 293
Figure D-9. Annual mean Shannon Diversity within the Olympic Coast NMS ...........cccoeeeevievreeeneenne. 294
Figure D-10. Average taxonomic distinctness and variation in taxonomic distinctness for West Coast
groundfishes from 1980 to 2009 within the Olympic Coast NMS for 50-350 m bottom depth............... 295
Figure D-11. Top predator biomass within the Olympic Coast NMS ..........cccoveeiiieiciieiiiiecieecee e 296
Figure D-12. CPUE for four groundfishes within the Cordell Bank NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC trawl SUIVEY .......ccccveviiriiiiieiieiecieesiee e see e 297

X



Figure D-13. CPUE for four groundfishes within the Cordell Bank NMS from 1980 to 2009 for the

triennial trawl survey and the NWFSC trawl SUITVEY ......c.coeeviiriiieiiiieieieeteeeee e 298
Figure D-14. CPUE for four groundfishes within the Cordell Bank NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC trawl SUIVEY .......cccvevieriiriiniieiieieesiee e see e ere e eieeseeesene e 299
Figure D-15. CPUE for five groundfishes within the Cordell Bank NMS from 1980 to 2009 for the
triennial trawl survey and the NWEFSC trawl SUIVEY ......c.coviiriiiiiiiiiiieiieciieeee et 300
Figure D-16. Size distribution for four groundfishes within the Cordell Bank NMS from 1980

0 2009 ...ttt bkttt b e s h ettt ae e a et a et enee 301
Figure D-17. Size distribution for four groundfishes within the Cordell Bank NMS from 1980

0 2009 ... h bt b ettt h e bt h e bt sttt et ea e bt eae st b ettt nea 302
Figure D-18. Size distribution for four groundfishes within the Cordell Bank NMS from 1980

0 2000 ...ttt et b e sttt s a e b et 303
Figure D-19. Size distribution for two groundfishes within the Cordell Bank NMS from 1980

0 2009 ...ttt bbbt b ettt h bbbt bttt a e bt e bt s a e bttt nee 304
Figure D-20. Annual mean Shannon Diversity within the Cordell Bank NMS for 50-350 m bottom

14157 011 FO USSR 305
Figure D-21. Average taxonomic distinctness and variation in taxonomic distinctness for West Coast
groundfishes from 1980-2009 within the Cordell Bank NMS for 50-350 m bottom depth .................... 306
Figure D-22. Top predator biomass within the Cordell Bank NMS ........cccccooiiiiiiiiniinineeeeeee 307
Figure D-23. CPUE for four groundfishes within the Gulf of the Farallones NMS from 1980 to 2009

for the triennial trawl survey and the NWEFSC trawl SUIVEY......c.cccvevviiviierienieiiecricre e sveseve e 308
Figure D-24. CPUE for four groundfishes within the Gulf of the Farallones NMS from 1980 to 2009

for the triennial trawl survey and the NWFSC trawl SUIVeY........cccceeviieiieiierieeieeeeceeeeeee e 309
Figure D-25. CPUE for four groundfishes within the Gulf of the Farallones NMS from 1980 to 2009

for the triennial trawl survey and the NWEFSC trawl SUIVEY......c.ccvevvieviierienieeiecrecreereeee e sve e 310
Figure D-26. CPUE for two groundfishes within the Gulf of the Farallones NMS from 1980 to 2009

for the triennial trawl survey and the NWEFSC trawl SUIVEY.......ccccvvevciiiiiiiiiiiecieecee e 311
Figure D-27. Size distribution for four groundfishes within the Gulf of the Farallones NMS from

LOBO 10 2009 ...ttt ettt b e b 312
Figure D-28. Size distribution for four groundfishes within the Gulf of the Farallones NMS from

LOBO 10 2009 ...ttt ettt b e e a bttt be et ene e 313
Figure D-29. Size distribution for four groundfishes within the Gulf of the Farallones NMS from

LOBO 10 2009 ...ttt ettt b ettt h et b e bbb a et b bbbt bttt eae s 314
Figure D-30. Size distribution for two groundfishes within the Gulf of the Farallones NMS from

LOBO 10 2009 ...ttt ettt ettt b ettt n e ene e 315
Figure D-31. Annual mean Shannon Diversity within the Gulf of the Farallones NMS for 50-350 m
LoTeTare) 40 W 1< 011 KOOSR 316

Figure D-32. Average taxonomic distinctness and variation in taxonomic distinctness for West Coast
groundfishes within the Gulf of the Farallones NMS from 1980 to 2009 for 50-350 m bottom depth ...317

Figure D-33. Top predator biomass within the Gulf of the Farallones NMS ............cccoeciiiieniiniennnnnne. 318



Figure D-34. CPUE for four groundfishes within the Monterey Bay NMS from 1980 to 2009 for the

triennial trawl survey and the NWFSC trawl SUITVEY .......ccccvevieiiiiiiieiieieeieesiee et sre e eve e 319
Figure D-35. CPUE for four groundfishes within the Monterey Bay NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC trawl SUIVEY .......cccvevieriiriiniieiieieesiee e see e ere e eieeseeesene e 320
Figure D-36. CPUE for four groundfishes within the Monterey Bay NMS from 1980 to 2009 for the
triennial trawl survey and the NWEFSC trawl SUIVEY ......c.coviiriiiiiiiiiiieiieciieeee et 321
Figure D-37. CPUE for four groundfishes within the Monterey Bay NMS from 1980 to 2009 for the
triennial trawl survey and the NWFSC traWl SUIVEY .......ccovevieiiiiiiiiieiienieree e eee e ere e veesenesne e 322
Figure D-38. Size distribution for four groundfishes within the Monterey Bay NMS from 1980

0 2009 ... h bt b ettt h e bt h e bt sttt et ea e bt eae st b ettt nea 323
Figure D-39. Size distribution for four groundfishes within the Monterey Bay NMS from 1980

0 2000 ...ttt et b e sttt s a e b et 324
Figure D-40. Size distribution for four groundfishes within the Monterey Bay NMS from 1980

0 2009 ...ttt bbbt b ettt h bbbt bttt a e bt e bt s a e bttt nee 325
Figure D-41. Size distribution for two groundfishes within the Monterey Bay NMS from 1980

0 2009 .ttt h bt bttt h bbbt bbbt h e bttt b ettt e st eneenes 326
Figure D-42. Annual mean Shannon Diversity within the Monterey Bay NMS for 50—350 m bottom
14157 011 T USSR 327
Figure D-43. Average taxonomic distinctness and variation in taxonomic distinctness for West Coast
groundfishes from 1980 to 2009 within the Monterey Bay NMS for 50-350 m bottom depth................ 328
Figure D-44. Top predator biomass within the Monterey Bay NMS..........ccccooivviiiviinienieniecreereeeeenes 329
Figure D-45. Mean concentrations DY SCASOM ..........ccverveerieereeruerreereeseesseesseesaessesssessseesseesseesssesssensses 330

X1



Xii



List of Tables

Table 1. Selected key attributes for €ach g0al ..........cccovviiiiiiiiiiiiiieece e 10
Table 2. Summary of groundfish population size indicator evaluations..............cecceeveenirrieriieeneenieeienne 16
Table 3. Summary of groundfish population condition indicator evaluations.............ccccceeevvrercreeernveennen. 18
Table 4. Summary of ecosystem health: Community composition indicator evaluations........................ 19
Table 5. Summary of ecosystem health: Energetics and material flows indicator evaluations ................. 27
Table 6. Assignment of weightings to €aCh CIIteITON.........ccviiiiieiiiiieiiee et 29
Table 7. Characteristics of the triennial and NWFSC groundfish trawl surveys.........cccocceeeveecvievieneennnnns 68
Table 8. Comparison of net characteristics for the triennial and NWFSC groundfish trawl surveys........ 69
Table 9. Distribution of survey effort for the AFSC triennial survey among latitudes and years ............. 69
Table 10. Distribution of trawl effort for the annual NWEFSC SUIVEY ....cccvvvvviiiiiiiiiieeiiecee e 70
Table 11. Groundfish functional groups and representative SPECIES.......cuevvverevrerriereereerrerresreereesseesenens 70
Table 12. Species used in the estimation of top predator bioMmMass........ccceevverueeriiereerierie e 91
Table 13. Key ecological associates for Puget Sound food web indicator species.........ccceeevveereveeeneennee. 112
Table 14. Susceptibility criteria for risk analysis.........cccevvverieriiiiciiiiierieiesee e 115
Table 15. Spatial distribution scores of Puget Sound food web indicator species..........ccecveruververerennne. 118
Table 16. Temporal distribution scores of Puget Sound food web indicator species ...........cccceevuveruenee. 119
Table 17. Consequence criteria for TiSK analysis ........ccccvevierieriiiiciiiiieiieseesee e sre e ere e ereeseeeseneeenes 123
Table 18. Data quality ratings for risk analysis.........cccecvverierieriiiiciieiieiieeesee e 125
Table 19. Baseline risk rankings for Puget Sound food web indicator Species ..........cccecvereeriereennennee. 127
Table 20. Risk ranking susceptibility and consequence scores and data quality scores for criteria

related to coastal dEVEIOPIMENL. ........ccviiiiiiiiieiie ettt e s tae s tbesrbeesbeesbeesseesssessnensnas 129
Table 21. Spatial distribution of coastal development intensity SCOTES ........ccceeverrurrierenieenienienieeeeene 130
Table 22. Risk ranking susceptibility and consequence scores and data quality scores for criteria

TE1ALEA 10 INAUSLIY. 11ivviiiiiiiiiiecii ettt et e e be ettt e ta e s b e s b e esbeesbeesseesseessaesssessseasseasseesseessenssensss 131
Table 23. Risk rankings and data quality for spatial distribution of industry intensity scores ................ 132
Table 24. Risk rankings and data quality for spatial distribution of fishing intensity scores .................. 135
Table 25. Risk rankings and data quality for temporal distribution of fishing intensity scores............... 135

Table 26. Risk ranking susceptibility and consequence scores and data quality scores for criteria
related t0 TISHINE. ....ooieiiiiiiie ettt ettt ettt et ettt et e sat e et e enteeate e 136

Table 27. Invertebrate biomass and life history parameters for the central California Atlantis model ... 146

Table 28. Vertebrate biomass and life history parameters for the central California Atlantis model...... 147

xiii



Table 29. Spatial management included in Status qUO SCENATIO........ccveerueerveeireareerieereesresreereesreeseeens 149

Table 30. Fleets, spatial management closures, and gear deSCTIPON..........cevveruereerierierieneeeereeeee e 154
Table 31. Biomass per functional group at year 20, relative to year 20 biomass under status quo ......... 159
Table 32. Catch per functional group at year 20, relative to year 20 catch under status quo .................. 162
Table 33. Performance metrics fOr SCENMAIIOS ........ueiuiruirriiriirierieetieie sttt ettt sttt 167
Table 34. Values for performance metrics for €ach SCEeNario..........cceceereerirriiieiiieniecieceee e 168
Table 35. Intuitive indicators: Values of ecosystem indicators at year 20 for each scenario .................. 173
Table 36. Less intuitive indicators: Values of ecosystem indicators at year 20 for each scenario .......... 176
Table 37. Decision table for English sole evaluating the impact of status quo harvest on three

alternate IFQ SCENMATIOS ........cocuiiiiiiiiie ettt eet e e ettt e e e e et e e e e eeataeeeeeateeeeeeataeeeeestaseseaseseseansesaeanns 187
Table A-1. Attributes for ecosystem health and groundfish goals...........ccccevvviiviiivienienciecececeeee, 223
Table A-2. Indicators for ecosystem health and groundfish goals...........ccccevevvrviiinieniienienec e, 223
Table A-3. Relative changes in biomass compared to the status qUO SCENArio.........ceceevveerveereeeneenneennne. 227
Table A-4. Changes in biomass compared to initial CONditions...........c.cceeveeriieeriierciie e eciee e 232
Table A-5. ALl SCEMAIIOS .....eevireieiitieieiteet ettt ettt ettt et e e bt e e bt eat et e bt et e see et e besaeemeeebesaeeneene 243
Table A-6. Fishing (based 0N NiNe SCENATIOS) .......cueeruieruieriieriierieeieeieeieenieesteesteeseesteeseesseesseesseesneesnees 246
Table A-7. Pulse fishing (based on fOUr SCENATIOS) ......cveeeeuiiiiiieiiieeieeeiee et eeree e e eeseree e e e 247
Table A-8. Nutrients (based on five scenarios), coast-wide X coast-wide..........ccevvvervrierriereervenrennennne. 249
Table A-9. Fishing hotspots (based 0n tWO SCENATIOS) ....ccuvervrerreriiriieiieieeseeseesresreereeseesseessnessnessss 251
Table A-10. MPAS (based on three SCENAIIOS).......cccuuierrieeriireriieiieeerieesreeeriteesreeestreesseesseeesssesssseeennns 252
Table A-11. MPAs scenarios, coast-wide attributes X 1ocal indiCators ..........coocvevevvvveeeeiiveeeeiireeeeeneeen. 255
Table A-12. MPAs, local attributes X coast-wide INAICALOTS ..........cccverieevrieeeiirieeeeireee e e e e e 255
Table A-13. MPASs, local attributes X 10Cal INAICATOTS.........cooviviriiiiieiiiieeeeeee e 256
Table A-14. Nutrient scenarios, coast-wide attributes X local indicators ............ccooevvvvvviieeiiiiiicnneneeeennn. 257
Table A-15. Nutrient scenarios, local attributes X coast-wide indiCators ..........ccceovvuveeeivvveeeeiineeeeenneen. 258
Table A-16. Nutrient scenarios, local attributes X local INdIiCatOrS........ccvvvviiiiiiiiiiiiiiiieeeeeeeeeeeeee e 259
Table A-17. Fishing hotspots, coast-wide attributes X local indicators ............cceeveervieerieercieeeciieeeveeens 260
Table A-18. Fishing hotspots, local attributes x coast-wide INAICAtOrS .........ccveevveeviierierrerieere e 261
Table A-19. Fishing hotspots, local attributes X local iNdiCators. .........cceveerererrienerierenieiesceeesie e 263

X1V



Executive Summary

Understanding marine systems and the processes that drive them is the first step to
ensuring healthy oceans for the future. The National Marine Fisheries Service (NMFS) is
developing an Integrated Ecosystem Assessment (IEA) tool to synthesize and analyze science
knowledge and present it in a manner that informs management decisions. It will help resource
managers understand the status and health of the oceans and how various management actions
might influence those factors. It will inform an ecosystem-based management (EBM) approach.
This technical memorandum provides an overview of this evolving tool and the results of the
pilot 2010 IEA for the California Current.

Spanning nearly 3,000 km of latitude from Vancouver Island, British Columbia, to Baja
California, Mexico, the California Current Large Marine Ecosystem (CCLME) is a large,
dynamic, and spatially heterogeneous marine environment in the eastern North Pacific Ocean
along the west coast of North America. Based on physical and biological attributes, the CCLME
can be divided into three distinct subecosystems:

e Southern British Columbia, Washington, and Oregon to Cape Blanco;
e Cape Blanco, southern Oregon, to Point Conception, California; and

e Southern California (south of Point Conception) and Baja California.

What are IEA and EBM?

IEA is a formal synthesis and quantitative analysis of all relevant scientific information—
biological, geological, physical, economic, and social—in relation to ecosystem management
objectives. The goal of an IEA is to fully understand the web of interactions in an ecosystem and
forecast how changing environmental conditions and management actions affect the status of the
ecosystem.

IEAs are a tool, a product, and a process. They are a tool that uses statistical analysis and
ecosystem modeling to integrate a range of social, economic, and natural science data and
information. They are a product for managers and stakeholders who rely on scientific support
for policy and decision making, as well as for scientists who want to enhance their understanding
of ecosystem dynamics. Finally, IEAs are a process that begins with involvement of
stakeholders to address critical management and policy questions, moves to a quantitative
assessment of ecosystem health, and concludes with an evaluation of management options.
Through the tenets of adaptive management, the process reaches full circle to trigger an update
of the assessment.

To this end, IEAs follow a four-step process:
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e Scoping: Identify management objectives, articulate the ecosystem to be assessed,
identify ecosystem attributes of concerns, and identify stressors relevant to the ecosystem
being examined.

e Indicator development: Researchers must develop and test indicators that reflect the
ecosystem attributes and stressors specified in the scoping process. Specific indicators
are dictated by the problem at hand and must be linked objectively to decision criteria.

e Risk Analysis: The goal of risk analysis is to fully explore the susceptibility of an
indicator to natural or human threats, as well as the ability of the indictor to return to its
previous state after being perturbed.

e Evaluation: Evaluate the potential different management strategies to influence the status
of ecosystem components of management concern or the drivers and pressures that affect
these ecosystem components.

EBM is an integrated approach to management that considers the entire ecosystem,
including humans. EBM differs from management approaches that focus on a single species,
sector, activity, or concern by considering the cumulative impacts of different sectors on the
whole ecosystem. The primary goal of EBM is to maintain an ecosystem in a healthy,
productive, and resilient condition. The primary goal of the California Current IEA is to inform
the implementation of EBM by melding diverse ecosystem components into a single, dynamic
fabric that allows for coordinated evaluations of the status of the CCLME.

EBM Drivers, Pressures, and Components in the California Current

A comprehensive IEA of the California Current is an enormous undertaking. The IEA
team’s approach to complete this daunting task was to systematically decompose the California
Current into a series of ecosystem drivers, pressures, and components that are of keen interest to
resource managers, policy makers, researchers, and the public. Working with regional managers,
the team then selected a limited set of EBM drivers, pressures, and components to use in the
initial phase of the California Current IEA.

Researchers created a lengthy list of drivers and pressures. Drivers are defined as factors
that result in pressures that cause changes in the ecosystem. Both natural and anthropogenic
factors such as climate variability and human population size were considered. While human
driving forces can often be assessed and controlled, natural environmental changes cannot be
controlled but must be accounted for in management decisions. The IEA team binned drivers
and pressures into 11 broad categories: shipping, freshwater habitat issues, coastal zone
development, fishing, invasive species, naval exercises, aquaculture, energy development,
marine habitat disturbance, oil spills, and climate change.

A component is defined as any biological, physical, or human dimension that policy
makers, managers, or citizens are trying to manage or conserve. For the purpose of the 2010
California Current IEA, researchers binned these components into seven categories:

e Wild fisheries, an EBM component centered on the condition of fishery stocks included
in the coastal pelagic species, highly migratory species, groundfish, and salmon fishery
management plans.
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e Seafood, distinct from fisheries, an EBM component focused on the consistent delivery
of plentiful, safe seafood. This overlaps with the wild fisheries EBM, but includes
aquaculture and production hatcheries and focuses less on the health of the wild stocks
and more on the provisioning of food for human consumption.

e Protected resources, species legally designated as protected (e.g., Marine Mammal
Protection Act, Migratory Bird Treaty Act, Endangered Species Act).

e Habitat, including biogenic and abiotic habitats both on the seafloor and in the water
column.

e Ecosystem health, referring to the structure and function of marine and coastal
ecosystems and ecological communities.

e Vibrant coastal communities, including social, economic, and cultural well-being and
human health as it is tied to the marine environment.

e Scientific knowledge and education, a distinct EBM goal of many agencies to provide
unique opportunities for scientific research and education.

California Current IEA-2010 Findings

The ultimate aim of the California Current IEA is to fully understand the web of
interactions that links drivers and pressures to EBM components and to forecast how changing
environmental conditions and management actions affect the status of the ecosystem. For 2010,
the IEA team chose four aspects of the suite of components: groundfish (representing fisheries),
salmon (representing protected resources), green sturgeon (Acipenser medirostris), and
ecosystem health. The IEA team 1) selected a limited set of scientifically credible indicators for
attributes of each component listed below, 2) reported on status and trends of these indicators,
and 3) explored how management options might affect the indicators through a management
strategy evaluation process.

Groundfish

Groundfish are generally defined as a community of fishes which are closely associated
with the ocean bottom, such as the rockfishes (Scorpaenidae), flatfishes (Pleuronectidae and
Bothidae), sculpins (Cottidae), Pacific hake (Merluccius productus), and sablefish (Anoplopoma
fimbria). Groundfish vary across a wide range of trophic levels and inhabit all types of habitats
(e.g., rocky, sandy, muddy, kelp) from the intertidal zone to the abyss. This community of fishes
constitutes a large biomass in the CCLME and provides the economic engine for coastal
communities in Washington, Oregon, and California.

The two attributes selected for this component were population size and population
condition. From the eight indicators in the top quartile of indicators for population size, we
propose to use these three as indicators: abundance of groundfish (numbers) in large-scale
bottom trawl surveys, population growth rate, and number of species below their management
thresholds. From the five indicators in the top quartile for population condition, we propose to
use these two as indicators: age structure of populations and spatial structure of populations.
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Data for monitoring groundfish trends comes mainly from the U.S. West Coast bottom
trawl surveys of groundfish resources conducted by the Alaska Fisheries Science Center and the
Northwest Fisheries Science Center. Analyses examined a subset of 14 species representing
different functional groups of fishes from various habitats and trophic guilds. Key findings
include the following:

e Population size (the number of individuals per square kilometer in a trawl survey) is a
useful indicator of trends in the population and is also a metric of conservation
importance that is easy to understand in the policy arena.

e Size structure of a population is an indicator of population condition. The mean size of
all species caught in fishery-independent surveys, fishery-dependent surveys, or landings
is a simple indicator to evaluate the overall effects of fishing on an ecosystem. Size-
based metrics respond to fishing impacts because body size determines the vulnerability
of individuals, populations, and communities.

e The spatial structure of a population is a measure of a species’ geographic range and
distribution. Changes in spatial distribution can be caused by responses to climate or
exploitation, so further research is necessary to disentangle the causes. Several species
showed changes in spatial distribution in 2009 relative to the full time series.

Salmon

Two salmon species along the CCLME make up the vast proportion of salmon
abundance: Chinook salmon (Oncorhynchus tshawytscha) and coho salmon (O. kisutch).
Salmon spawn in freshwater where their eggs and juveniles spend up to a year before migrating
to sea. Ocean conditions at the time of sea entry are extremely important to the survival and
ultimate abundance of fish in the fishery and the spawning population. Chinook salmon make up
one of the most valuable and prized fisheries along the CCLME.

The two attributes selected for the salmon component were population size and
population condition. For population size, we identified, evaluated, and propose these three
indicators: spawning escapement, population growth rate, and hatchery contribution. For
population condition, we also identified, evaluated, and propose three indicators: age structure,
spatial stock structure, and size at age.

Data for monitoring salmon trends comes mainly from Northwest Fisheries Science
Center and Southwest Fisheries Science Center trawl surveys, as well as estimates of catch and
spawning numbers from state and federal agencies. For the 2010 CCLME IEA, the team
emphasized 2 of the approximately 50 genetically distinct groups of West Coast salmon and
steelhead (Oncorhynchus mykiss). Roughly half of those groups have been listed as endangered
or threatened under the Endangered Species Act. In future years, the CCLME IEA will be
expanded to include assessments of as many West Coast salmon groups as data allows. Initial
findings include the following.

Sacramento River fall-run Chinook salmon abundance has varied over the years with
greatest abundance in 1988, 1995, and 2002. As a result of decreased fishing pressures, the
spawning abundance has had an increasing trend, though the values have plummeted since 2002,
attributed in part to poor ocean conditions. There was also a near complete reproductive failure
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for the 2004 and 2005 broodyears, resulting in exceptionally low numbers of spawners for the
fall-run California Chinook salmon in 2007-2009. By comparison, the Klamath River Chinook
salmon fall-run population appears to have similarly variable abundance over the last 30 years
with peak abundances occurring during 1986, 1995, and 2000-2003. Unlike Sacramento River
fall-run Chinook salmon, the spawning abundance time series for the Klamath River fall-run
Chinook salmon demonstrates no particular trend.

The behavioral characteristics of hatchery fall-run Chinook are relatively homogenized.
Therefore, if hatchery production overwhelms natural production, there is a risk of stock collapse
much like that observed for the Sacramento River fall-run Chinook salmon. The proportion of
Sacramento River fall-run Chinook salmon spawning in hatcheries has increased to its greatest
values during the last 5 years. Fall-run Chinook salmon from the Klamath River did not
experience any particular trend in hatchery contribution.

Sacramento River and Klamath River fall-run Chinook salmon population growth rates
do not show the same trends. The Sacramento River fall-run Chinook salmon population has
shown an average 15% decline in population growth rate over the last 10 years, with an
exceptional 48% decline in the last 5 years. Sacramento winter-run and spring-run Chinook
salmon have also experienced precipitous declines in growth rates over the last 5 years (38% and
61% respectively). Unlike the Sacramento River fall-run Chinook salmon, Klamath River fall-
run Chinook salmon did not experience any particular trend in growth rates over the last 5 to 10
years. Instead, growth rate was relatively stable but punctuated by extremely productive years.

The Sacramento River Chinook salmon stocks lack age-specific data to evaluate age
structure of the population. For Klamath River Chinook, examination of the proportional
contribution of each age to spawning stock demonstrates that the largest fraction of the spawning
population is age-3 and age-4 fish and there has been a declining fraction of age-2 spawners.
However, the negative trend for age-2 fish seems to be driven in large part by a few
extraordinary years. Chinook salmon age structure appears relatively stable across the last 30
years; no trends are apparent in the age structure. However, this evaluation of Klamath River
Chinook salmon should not be extrapolated to Sacramento River Chinook salmon. It is likely
that Chinook salmon from the Sacramento River did demonstrate a change in age structure in
recent years due to several consecutive years of poor early survival.

Green Sturgeon

Green sturgeon are long-lived, slow growing fish. Along the Pacific coast are two
distinct stocks: a northern stock from the Rogue and Klamath rivers and a southern stock from
the Sacramento River. Generally, little is known about the biology, abundance, or condition of
these stocks. Much like salmon, green sturgeon spawn in freshwater. Critical habitat required to
complete the life cycle of green sturgeons has been identified as the shelf waters from Monterey
Bay, California, to Vancouver Island, British Columbia, as well as the rivers and estuaries
associated with spawning and rearing.

The two attributes selected for the green sturgeon component were population size and
population condition. Compared to groundfish and salmon, green sturgeon have been little
studied until quite recently and indicators are in the early stages of development. In light of the
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kinds of data that have been and are now beginning to be collected, just a few indicators relevant
to green sturgeon will be possible to estimate. For population size, we identified, evaluated, and
propose two indicators: spawning escapement and juvenile abundance. For population
condition, we also identified, evaluated, and propose two indicators: age structure and spatial
structure of stocks.

Ecosystem Health

Just as the task of a physician is to assess and maintain the health of an individual,
resource managers are charged with assessing and maintaining or restoring ecosystem health. In
reality, however, disturbances, catastrophes, and large-scale abiotic forcing create situations
where ecosystems are seldom near equilibrium. Thus assessing and managing ecosystem health
is more complex than this simple analogy. Even so, we use the term ecosystem health because it
has become part of the EBM lexicon, resonates with stakeholders and the general public, and is
familiar and salient in the policy arena.

To measure the health of the CCLME ecosystem for this 2010 IEA, the team selected two
key attributes representing the structure and function of the CCLME: community composition
(structure) and energetics and material flows (function). From the 18 indicators in the top
quartile for community composition, we propose these four indicators: zooplankton species
biomass anomalies, taxonomic distinctness (average and variation), top predator biomass, and
seabird annual reproductive output. From the three indicators in the top quartile for energetics
and material flows, we propose to use these two: chlorophyll a (chl &) and inorganic nutrient
levels (phosphate, nitrate, silicate). The suite of indicators was then used to evaluate the status of
each ecosystem health attribute. Key findings include the following:

e Removing top predators from an ecosystem may result in a trophic cascade in which prey
species increase in numbers because they are released from predatory control. Data
collected by the West Coast bottom trawl surveys indicate that top predator biomass has
declined sharply across the entire data set from 2003 to 2009.

e Inthe CCLME, the diversity of groundfish within the West Coast bottom trawl surveys
has declined substantially over the last 5-year sampling period (2005-2009). This
suggests a change in the community composition of groundfish across the CCLME.

e Over the last 5 years, the Northern Zooplankton Index, which measures whether
zooplankton species from northern waters are more or less common than normal off the
Oregon coast, shows an increasing trend, suggesting positive conditions at the base of the
food web because northern species are typically rich in fats and other nutrients.

e In the CCLME, there is a high degree of spatial variation in chl a, which is an important
metric of marine food webs values. Spatial patterns show chl a values are greater near
the coast, particularly in estuaries such as San Francisco Bay, Puget Sound, and the
mouth of the Columbia River. In 2010 several locations had low levels of chl a during
the summer, and some locations have showed a declining trend in chl a during the
summer over the past 5 years.
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Ecosystem Risk Assessment

A key aspect of implementing an IEA is risk analysis. A risk analysis evaluates the
chance within a time frame of an event with adverse consequences. In the context of the
California Current IEA, a risk analysis should evaluate the risk to indicators posed by human
activities and natural processes. Adverse consequences or undesirable states for the indicators
can be defined by reference to the ecosystem goals established by policy makers.

For the purpose of assessment, risk is often broken down into likelihood and consequence
components. In the general risk literature, likelihood is the probability of an event’s occurrence
and consequence is the conditional probability of an adverse result should the event occur. In
ecotoxicological studies, risk is described based on the response of an organism (or population,
community, etc.) to different levels of exposure to a stressor. A stressor is an element of a
system that precipitates an unwanted outcome; it can be natural or human induced. The
exposure-response framework is convenient for evaluating risk due to chronic and persistent
conditions faced by the subject of the risk analysis. In an effort to embrace the move toward
ecosystem-based fisheries management, fisheries scientists have recently adopted another risk
analysis framework, called productivity-susceptibility analysis or PSA. The goal of a PSA is to
determine the vulnerability of different fish stocks to current fisheries management practices.

In this technical memorandum, we borrow elements from exposure-response and PSA
risk analyses to assess the risk to ecosystem components (e.g., species, habitats, etc.) posed by
stressors associated with different human activities. Here we focus on common human activities
that in particular circumstances could lead to adverse consequences for different ecosystem
components. For instance, human activities like aquaculture and shipping, which offer a variety
of benefits to people, can be associated with stressors for some ecosystem components.
Examples of stressors potentially associated with aquaculture and shipping include nutrient
inputs and noise pollution.

For our ecosystem risk assessment, we adopt elements of the exposure-response
framework widely used in ecotoxicology and expand it to include stressors other than toxic
contaminants. We borrow heavily from the PSA framework but broaden the approach so that it
is applicable for human activities beyond fishing. The result is a first-order risk analysis that
integrates understanding of the extent or likely extent of exposure of different ecosystem
components to the same stressor, and of an individual ecosystem component to different
stressors, with an estimate of likely responses. We illustrate this approach using a case study of
marine food web indicator species in Puget Sound, Washington.

We quantified risk to ecosystem components caused by stressors associated with human
activities using a modified version of PSA. This approach is a type of risk ranking method that
relies on qualitative estimates of likelihood and consequence to estimate risk, but can use
quantitative information when it is available. We defined risk in a two-dimensional space
created by susceptibility and consequence axes. The criteria we used were modified from a
catalog of approximately 80 possibilities. The goal was to arrive at a list of criteria that at once
provided for complementarity and parsimony, did not lead to high sensitivity of either axis to a
single criterion, described risk inherent to individual species due to ecological and social factors,
and revealed how the risk to each species varied among stressors.
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The susceptibility criteria we selected include spatial, temporal, and management factors
that describe the degree of exposure or likelihood of exposure of each species to a stressor or
stressors. The consequence criteria we selected include resistance and recovery factors that
describe the potential response of each species to a stressor or stressors. In addition to
determining a score for each susceptibility and consequence criterion, we also assigned a data
quality rating.

To demonstrate this ecosystem-based approach to risk assessment, we focused on
stressors created by three human activities: coastal development, indust