
Introduction: An Incremental Approach to the 
California Current Integrated Ecosystem 

Assessment 

The California Current Ecosystem 

The California Current Large Marine Ecosystem (CCLME) is a large, dynamic, and 
spatially heterogeneous marine environment in the eastern North Pacific Ocean off the west 
coast of North America (Duda and Sherman 2002).  It spans nearly 3,000 km of latitude from 
Vancouver Island, British Columbia, Canada, to Baja California, Mexico (Figure 1).  Several 
major physical oceanographic processes, linked to variability in the atmospheric pressure cells 
that force winds and circulation, determine ecosystem structure, function, and services.  From an 
oceanographic perspective, the CCLME is under influence from the northern and western Pacific 
and tropical eastern North Pacific.  These processes result in local effects of coastal upwelling 
and basin-scale subarctic and subtropical water mass intrusions. 

The California Current is the primary driver of oceanographic variability in the system 
and is a year-round equatorward flow extending from the continental shelf break to 
approximately 1,000 km offshore, with strongest speeds at the surface and extending to at least 
500 m depth (Hickey 1989).  It carries cooler, fresher, and nutrient-rich water equatorward.  A 
narrow, weaker surface poleward flow along the coast is known as the California Countercurrent 
south of Point Conception and the Davidson Current north of Point Conception.  Another narrow 
but deeper poleward flow, the California Undercurrent, extends the length of the coast along the 
continental slope.  Maximum current speed is usually from summer to early fall for the 
California Current and California Undercurrent, and in winter for the California Countercurrent 
and Davidson Current.  The CCLME is largely a wind-driven system, with little freshwater input 
except from the Columbia River. 

Three major estuaries—San Francisco Bay, Columbia River, and Puget Sound—
contribute significantly to local economies.  Coastal upwelling, El Niño, and decadal-scale 
climate forcing result in highly variable productivity in the region and consequently increased 
variability in many fisheries (Bakun 1993, Aquarone and Adams 2008).  In the northern and 
middle ecoregions of the CCLME, fishery resources include invertebrate populations, especially 
in nearshore waters, groundfish populations along the continental shelf, and migratory pelagic 
species such as salmon (Oncorhynchus spp.), Pacific sardine (Sardinops sagax), Pacific hake 
(Merluccius productus), and Pacific herring (Clupea pallasii).  At the southern end, northern 
anchovy (Engraulis mordax) and market squid (Loligo opalescens) are important.  The CCLME 
also supports large and diverse seabird and marine mammal populations. 



 
Figure 1.  Map of the CCLME.  National marine sanctuaries (NMSs) for the U.S. West Coast include 

(from north to south) Olympic Coast, Gulf of the Farallones, Cordell Bank, Monterey Bay, and 
the Channel Islands.  Sea level measurement locations chosen for this report are represented by 
red triangles.  NDBC buoys collecting sea surface temperatures and meridional wind time series 
are indicated by red stars.  (Map by Blake Feist, NWFSC.) 
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The California Current is formed as the eastern leg of the North Pacific Gyre.  The 
intensity of transport in the California Current is not well-known, but probably varies by season, 
year, and decade.  It fluctuates in part relative to the position and strength of the North Pacific 
Current/West Wind Drift, which traverses the subarctic North Pacific Ocean and bifurcates from 
British Columbia to northern Oregon into the Alaska and California currents.  While Washington 
and southern British Columbia may be considered a transition zone, we define the northern 
boundary of the CCLME as the northern tip of Vancouver Island, British Columbia, due to 
frequent upwelling along this section of the coastline in spring and summer (Allen et al. 2001, 
Yen et al. 2005).  Based on physical and biological attributes, Parrish et al. (1981) subdivided the 
CCLME into three distinct subecosystems: 

• Southern British Columbia, Washington, and Oregon to Cape Blanco; 

• Cape Blanco, southern Oregon, to Point Conception, California; and 

• Southern California (below Point Conception) and Baja California. 

What is an Integrated Ecosystem Assessment? 

NOAA defines an ecosystem as a “geographically specified system of organisms 
(including humans), the environment, and the processes that control its dynamics”  NOAA 
further defines the environment as “the biological, chemical, physical, and social conditions that 
surround organisms” (Murawski and Matlock 2006). 

An ecosystem management approach is one that provides a comprehensive framework 
for marine, coastal, and Great Lakes resource decision making.  Integrated ecosystem 
assessments (IEAs) are a critical science support element enabling ecosystem-based management 
(EBM) strategies.  An IEA is a formal synthesis and quantitative analysis of information on 
relevant natural and socioeconomic factors in relation to specified ecosystem management goals.  
It involves and informs citizens, industry representatives, scientists, resource managers, and 
policy makers through formal processes to contribute to attaining the goals of EBM. 

An IEA uses approaches that determine the probability that ecological or socioeconomic 
properties of systems will move beyond or return to within acceptable limits as defined by 
management objectives.  An IEA must provide an efficient, transparent means of summarizing 
the status of ecosystem components, screening and prioritizing potential risks, and evaluating 
alternative management strategies against a backdrop of environmental conditions.  To this end, 
IEAs follow four steps: 

• Scoping: Identify management objectives, articulate the ecosystem to be assessed, 
identify ecosystem attributes of concerns, and identify stressors relevant to the ecosystem 
being examined. 

• 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. 

• 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 indicator to return to its 
previous state after being perturbed. 
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• 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. 

Further description of IEAs can be found in Levin et al. (2008, 2009). 

Scope of this Report 

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 California Current ecosystem.  We also aim to 
involve and inform a wide variety of stakeholders and agencies that rely on science support for 
EBM, and to integrate information collected by NOAA and other federal agencies, states, 
nongovernmental organizations, and academic institutions.  The essence of IEAs is to inform the 
management of diverse, potentially conflicting ocean-use sectors.  As such, a successful 
California Current IEA must encompass a variety of management objectives, consider a wide 
range of natural drivers and human activities, and forecast the delivery of ecosystem goods and 
services under a multiplicity of scenarios. 

A full IEA of the California Current is thus a massive undertaking.  Our approach to the 
task of completing this IEA was to systematically decompose the California Current into a series 
of ecosystem pressures and components that are of keen interest to resource managers, policy 
makers, and the public.  Working with regional managers, we then selected a limited set of 
pressures and components that we could address in the initial phase of the IEA. 

Participants in this exercise—members of the NOAA California Current IEA Team—
were John Stein (program manager) and Phillip Levin (science lead), Northwest Fisheries 
Science Center (NWFSC); Frank Schwing and Brian Wells (science leads), Southwest Fisheries 
Science Center (SWFSC); Kathi Lefebvre, NWFSC; Yvonne deReynier, National Marine 
Fisheries Service (NMFS) Northwest Regional Office; Rikki Dunsmore, Monterey Bay National 
Marine Sanctuary; Churchill Grimes, SWFSC; Joshua Lindsay, Shelby Mendez, and Elizabeth 
Petras, NMFS Southwest Regional Office; Rondi Robison, NOAA MPA (marine protected area) 
Center; and Lisa Wooninck, National Marine Sanctuary West Coast Regional Office.  Below we 
present the outcome of this dialogue. 

EBM Drivers, Pressures, and Components in the California  
Current Ecosystem 

A lengthy list of drivers and pressures was created.  Here we define drivers as factors that 
result in pressures that in turn cause changes in the ecosystem.  For the purposes of an IEA, 
natural and anthropogenic forcing factors are considered.  An example of the former is climate 
variability and the latter include factors such as human population size in the coastal zone and 
associated coastal development, and demand for seafood.  In principle, human driving forces can 
be assessed and controlled.  Natural environmental changes cannot be controlled but must be 
accounted for in management.  Pressures include factors such as coastal pollution, habitat loss 
and degradation, and fishing effort that can be mapped to specific drivers.  For example, coastal 
development results in increased coastal armoring and the loss of associated intertidal habitat. 
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We binned drivers and pressures into 11 broad categories (Figure 2).  We define EBM 
components as the biological, physical, or human dimension entities that policy makers, 
managers, or citizens are trying to manage or conserve.  Expressed this way, the list of 
management concern targets is quite long; however, the IEA team grouped these into seven bins 
(Figure 2) defined as follows: 

• 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. 

• 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. 

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

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

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

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

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

 
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. 
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EBM Drivers, Pressures, and Components Addressed in the 
California Current IEA 

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 EBM components.  The 
IEA team decided to focus on climate as an important ecosystem driver.  In the first year, the 
IEA team also focused on four aspects of the EBM components: 

• Groundfish as an example of the wild fishery EBM component; 

• Salmon as a group of species that is of interest as a protected resource, fisheries target, 
and an aspect of ecosystem health; 

• Green sturgeon (Acipenser medirostris) as an example of a protected resource; and 

• Ecosystem health. 

The IEA team believed that given existing scientific tools and management needs, addressing 
these EBM components would have the greatest benefit to ongoing policy and management 
processes. 

Next Steps for the California Current IEA 

This report is the first in a series of efforts to complete a full IEA of the California 
Current.  In addition to improving analytical techniques and models and filling data gaps, the 
next iteration of the IEA will expand to include more ecosystem pressures and components.  
Specifically, in fiscal year 2011 the California Current IEA will add two EBM components: 
vibrant coastal communities and forage fish.  In addition, the IEA will explicitly add wave 
energy power generation as an ecosystem pressure.  In this document, we develop an approach to 
conduct an ecosystem risk assessment and apply this approach to a limited set of human 
activities and ecosystem components in the California Current.  In subsequent years, this 
approach will be extended to include regions beyond the California Current.  Finally, only a 
limited set of management strategy evaluations are presented here (see The Evaluation of 
Management Strategies section).  In fiscal year 2011 thorough scoping will be conducted, which 
will allow scientists to analyze specific suites of well-vetted management strategies. 

 6



References 

Adams, P. B., C. B. Grimes, J. E. Hightower, S. T. Lindley, and M. L. Moser.  2002.  Status review for 
North American green sturgeon (Acipenser medirostris).  Southwest Fisheries Science Center, 
Santa Cruz, CA. 

Adams, P. B., C. B. Grimes, J. E. Hightower, S. T. Lindley, M. L. Moser, and M. J. Parsley.  2007.  
Population status of North American green sturgeon (Acipenser medirostris).  Environ. Biol. 
Fishes 79:339–356. 

AFSC (Alaska Fisheries Science Center).  2009.  Ecosystem considerations for 2010, Alaska Fisheries 
Science Center.  Appendix C, Report for the North Pacific Fishery Management Council, 
Anchorage, AK. 

Ainley, D. G., and K. D. Hyrenbach.  2010.  Top-down and bottom-up factors affecting seabird 
population trends in the California Current system (1985–2006).  Prog. Oceanogr. 84:242–254. 

Ainsworth, C. H., and T. J. Pitcher.  2006.  Modifying Kempton’s species diversity index for use with 
ecosystem simulation models.  Ecol. Indic. 6(3):623–630. 

Ainsworth, C. H., J. F. Samhouri, D. S. Busch, W. L. Cheung, J. Dunne, and T. A. Okey.  In press.  
Potential impacts of climate change on northeast Pacific marine fisheries and food webs.  ICES J. 
Mar. Sci. 

Allen, S. E., C. Vindeirinho, R. E. Thomson, M. G. G. Foreman, and D. L. Mackas.  2001.  Physical and 
biological processes over a submarine canyon during an upwelling event.  Can. J. Fish. Aquat. 
Sci. 58:671–684. 

Anderson, P. J.  2000.  Pandalid shrimp as indicators of ecosystem regime shift.  J. Northwest Atl. Fish. 
Sci. 27:1–10. 

Anderson, L., and T. Lee.  In prep.  Untangling the recreational value of wild and hatchery salmon.  
(Available from L. Anderson, NWFSC, 2725 Montlake Blvd. E., Seattle, WA 98112.) 

Aquarone, M. C., and S. Adams.  2008.  XIV-44 California Current: LME#3.  In K. Sherman and G. 
Hempel (eds.), The UNEP large marine ecosystem report: A perspective on changing conditions 
in LMEs of the world’s regional seas, p. 593–603.  UNEP Regional Seas Report and Studies No. 
182.  United Nations Environment Programme, Nairobi, Kenya. 

Arkoosh, M. R., E. Casillas, E. Clemons, A. N. Kagley, R. Olson, P. Reno, and J. E. Stein.  1998.  Effect 
of pollution on fish diseases: Potential impacts on salmonid populations.  J. Aquat. Anim. Health 
10:182–190. 

Arkoosh, M. R., E. Clemons, M. Myers, and E. Casillas.  1994.  Suppression of B-cell mediated 
immunity in juvenile Chinook salmon (Oncorhynchus tshawytscha) after exposure to either a 
polycyclic aromatic hydrocarbon or to polychlorinated biphenyls.  Immunopharmacol. 
Immunotoxicol. 16:293–314. 

 189



Atkinson, D. B., G. A. Rose, E. F. Murphy, and C. A. Bishop.  1997.  Distribution changes and 
abundance of northern cod (Gadus morhua), 1981–1993.  Can. J. Fish. Aquat. Sci. 54 (Suppl 
1):132–138. 

Bailey, K. M., and S. M. Spring.  1992.  0 juvenile, and age-2 recruit 
abundance indices of walleye po mma, in the western Gulf of Alaska.  
ICES J. Mar. Sci. 49:297–304. 

Bakun, A.  1990. climate change and intensification of coastal ocean upwelling.  Science 

Bakun, 
arative approach to identifying factors regulating biomass yields.  In K. 

Bargma gement plan: A plan for managing the forage fish resources and 

Barlow, J., and K. A. Forne

Barnett .  2007.  Identifying the contribution of 

Batchelder, H. P., R. D. Brodeur, M. D. Ohman, L. W. Botsford, T. M. Powell, F. B. Schwing, D. G. 

Beacha rowth and maturity of Atlantic cod Gadus morhua in the southern Gulf of St. 

Beacham, T. D.  1983b.  Variability in size and age at sexual maturity of haddock Melanogrammus 

Beamis
–33. 

WA 98112.) 

sh 
 

rch 2011]. 

Comparison of larval, age-
llock, Theragra chalcrogra

Baird, D., J. M. McGlade, and R. E. Ulanowicz.  1991.  The comparative ecology of six marine 
ecosystems.  Philos. T. Roy. Soc. B 333:15–29. 

 Global 
247:198–201. 

A.  1993.  The California Current, Benguela Current, and Southwestern Atlantic Shelf 
ecosystems: A comp
Sherman, L. M. Alexander, and B. Golds (eds.), Large marine ecosystems—Stress, mitigation, 
and sustainablity, p. 199–224.  Am. Assoc. Adv. Sci. Publ., Washington, DC. 

nn, G.  1998.  Forage fish mana
fisheries of Washington.  Washington Dept. Fish and Wildlife, Olympia. 

y.  2007.  Abundance and population density of cetaceans in the California 
Current ecosystem.  Fish. Bull. 105:509–526. 

-Johnson, R., C. B. Grimes, C. F. Royer. and C. J. Donohoe
wild and hatchery Chinook salmon (Oncorhynchus tshawytscha) to the ocean fishery using otolith 
mictostructure as natural tags.  Can. J. Fish. Aquat. Sci. 64(12):1683–1692. 

Ainley, D. L. Mackas, B. M. Hickey, and S. R. Ramp.  2002.  The GLOBEC Northeast Pacific 
California Current System Program.  Oceanography 15(2):36–47. 

m, T. D.  1983a.  G
Lawrence.  Can. Tech. Rep. Fish. Aquat. Sci. 1142. 

aeglefinus on the Scotian Shelf in the Northwest Atlantic.  Can. Tech. Rep. Fish. Aquat. Sci. 
1168. 

Beamish, R. J., and C. Mahnken.  2001.  A critical size and period hypothesis to explain natural 
regulation of salmon abundance and linkage to climate change.  Prog. Oceanogr. 49:423–437. 

h, R. J., C. Mahnken, and C. M. Neville.  2004.  Evidence that reduced early growth is associated 
with lower survival of coho salmon.  Trans. Am. Fish. Soc. 133:26

Beaudreau, A. H., and P. S. Levin.  In prep.  Reconstructing historical trends in Puget Sound bottomfish 
populations from local ecological knowledge.  (Available from A. Beaudreau, NWFSC, 2725 
Montlake Blvd. E., Seattle, 

Bellman, M., E. Heery, and J. Majewski.  2008.  Estimated discard and total catch of selected groundfi
species in the 2007 U.S. West Coast fisheries.  Online at http://www.nwfsc.noaa.gov/research
/division/fram/observer/datareport/docs/TotalMortality_update2007.pdf [accessed 2 Ma

 190



Bellman, M. A., E. Heery, and J. Majewski.  2009.  Estimated discard and total catch of selected
groundfish species in the 2008 U.S. West Coast fisheries.  NWFSC West Coast Groundfish 
Observer Pro

 

gram, Seattle, WA. 

 growth 

Berkeley on, and M. S. Love.  2004b.  Fisheries sustainability via 
2. 

Berlinsky 1995.  Age at maturity estimates for 

Blanchard, J. L., N. K. Dulvy, S. Jennings, J. R. Ellis, J. K. Pinnegar, A. Tidd, and L. T. Kell.  2005.  Do 
ure?  ICES 

Bograd  
ys. 

 

rnia Current system.  Deep-Sea Res. Pt. II Top. 

Bograd
, W. Gilly, R. 

 
8.  In S. M. McKinnell and M. 

.  

  2007.  

Brodeu  of environmental variability on trophic interactions and 

Brodeu

Berkeley, S. A., C. Chapman, and S. M. Sogard.  2004a.  Maternal age as a determinant of larval
and survival in a marine fish, Sebastes melanops.  Ecology 85:1258–1264. 

, S. A., M. A. Hixon, R. J. Lars
protection of age structure and spatial distribution of fish populations.  Fisheries 29:23–3

, D. L., M. C. Fabrizio, J. E. O’Brien, and J. L. Specker.  
Atlantic coast female striped bass.  Trans. Am. Fish. Soc. 124:207–215. 

climate and fishing influence size-based indicators of Celtic Sea fish community struct
J. Mar. Sci. 62:405–411. 

, S. J., C. G. Castro, E. Di Lorenzo, D. M. Palacios, H. Bailey, W. Gilly, and F. P. Chavez.  2008. 
Oxygen declines and the shoaling of the hypoxic boundary in the California Current.  Geoph
Res. Lett. 35:L12607.  Online at http://dx.doi.org/ [DOI name 10.1029/2008GL034185, accessed
7 March 2011]. 

Bograd, S. J., D. M. Checkley, and W. S. Wooster.  2003.  CalCOFI: A half century of physical, 
chemical, and biological research in the Califo
Stud. Oceanogr. 50:2349–2354. 

, S. J., W. J. Sydeman, J. Barlow, A. Booth, R. D. Brodeur, J. Calambokidis, F. Chavez, W. R. 
Crawford, E. Di Lorenzo, R. Durazo, R. Emmett, J. Field, G. Gaxiola-Castro
Goericke, J. Hildebrand, J. E. Irvine, M. Kahru, J. A. Koslow, B. Lavaniegos, M. Lowry, D. L. 
Mackas, M. Manzano-Sarabia, S. M. McKinnell, B. G. Mitchell, L. Munger, R. I. Perry, W. T. 
Peterson, S. Ralston, J. Schweigert, A. Suntsov, R. Tanasichuk, A. C. Thomas, and F. Whitney. 
2010.  Status and trends of the California Current region, 2003–200
Dagg (eds.), Marine Ecosystems of the North Pacific Ocean, 2003–2008.  PICES Special 
Publication 4. 

Bouman, H. A., T. Platt, S. Sathyendranath, W. K. W. Li, V. Stuart, C. Fuentes-Yaco, and H. Maass
2003.  Temperature as indicator of optical properties and community structure of marine 
phytoplankton: Implications for remote sensing.  Mar. Ecol. Prog. Ser. 258:19–30. 

Brand, E. J., I. C. Kaplan, C. J. Harvey, P. S. Levin, S. A. Fulton, A. J. Hermann, and J. C. Field.
A spatially explicit ecosystem model of the California Current’s food web and oceanography.  
U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-84. 

Britton, J. C., and B. Morton.  1994.  Marine carrion and scavengers.  Oceanogr. Mar. Biol. 32:369–434. 

Brodeur, R. D.  1990.  A synthesis of the food habits and feeding ecology of salmonids in marine waters 
of the North Pacific.  FRI-UW-9016.  Univ. Washington, Fisheries Research Institute, Seattle. 

r, R. D., and W. G. Pearcy.  1992.  Effects
food web structure in a pelagic upwelling ecosystem.  Mar. Ecol. Prog. Ser. 84:101–119. 

r, R. D., W. G. Pearcy, and S. Ralston.  2003.  Abundance and distribution patterns of nekton and 
micronekton in the northern California Current transition zone.  J. Oceanogr. 59:415–434. 

 191



Brown, C. J., E. A. Fulton, A. J. Hobday, R. J. Matear, H. P. Possingham, C. Bulman, V. Christen
2010.  Effects of climate-driven primary production change on marine food webs: Implicatio
for fisheries and conservation.  Gl

sen.  
ns 

ob. Change Biol. 16(4):1194–1212. 

Builder-Ramsey , D. J. 
ce 

Bustam nch.  1996.  The dependence of intertidal consumers on kelp-derived 

Byrne,  

Caddy, J. F.  t usage of fisheries indicators and reference points, and their potential 
 

Caddy, J. F., nts for fisheries management.  FAO (United Nations 

Carls, M

Carpent

. 

Carretta L. Brownell 

Carretta , and M. S. Lowry.  2006.  U.S. 

 

Carretta ific 

Brown, G.  1992.  Replacement costs of birds and mammals.  Univ. Washington, Seattle. 

, T., T. A. Turk, E. L. Fruh, J. R. Wallace, B. H. Horness, A. J. Cook, K. L. Bosley
Kamikawa, L. C. Hufnagle Jr., and K. Piner.  2002.  The 1999 Northwest Fisheries Scien
Center Pacific West Coast upper continental slope trawl survey of groundfish resources off 
Washington, Oregon, and California: Estimates of distribution, abundance, and length 
composition.  U.S. Dept. Commer., NOAA Tech. Memo.  NMFS-NWFSC-55. 

Burgman, M.  2005.  Risks and decisions for conservation and environmental management.  Cambridge 
University Press, Cambridge, UK. 

ante, R. H., and G. M. Bra
organic matter on the west coast of South Africa.  J. Exp. Mar. Biol. Ecol. 196:1–28. 

R. H., S. Mecking, R. A. Feely, and X. Liu.  2010.  Direct observations of basin-wide acidification
of the north Pacific Ocean.  Geophys. Res. Lett. 37:L02601. 

2004.  Curren
application to management of fisheries for marine invertebrates.  Can. J. Fish. Aquat. Sci.
61:1307–1324. 

and R. Mahon.  1995.  Reference poi
Food and Agriculture Organization) Fisheries Tech. Pap., Vol. 347.  FAO, Rome. 

. G., S. D. Rice, and J. E. Hose.  1999.  Sensitivity of fish embryos to weathered crude oil: I.  
Low level exposure during incubation causes malformations, genetic damage, and mortality in 
larval Pacific herring (Clupea pallasii).  Environ. Toxicol. Chem. 18:1951–1970. 

er, S. R., W. A. Brock, J. J. Cole, J. F. Kitchell, and M. L. Pace.  2008.  Leading indicators of 
trophic cascades.  Ecol. Lett. 11:128–138. 

Carr, M. H.  1991.  Habitat selection and recruitment of an assemblage of temperate zone reef fishes.  J
Exp. Mar. Biol. Ecol. 146:113–137. 

, J. V., K. A. Forney, M. S. Lowry, J. Barlow, J. Baker, D. Johnston, B. Hanson, R. 
Jr., J. Robbins, and D. K. Mattila.  2010.  U.S. Pacific marine mammal stock assessments: 2009.  
U.S. Dept. Commer., NOAA Tech. Memo. NMFS-SWFSC-453. 

, J. V., K. A. Forney, M. M. Muto, J. Barlow, J. Baker, B. Hanson
Pacific marine mammal stock assessments: 2005.  U.S. Dept. Commer., NOAA Tech. Memo. 
NMFS-SWFSC-388. 

Carretta, J. V., K. A. Forney, M. M. Muto, J. Barlow, J. Baker, B. Hanson, and M. S. Lowry.  2007.  U.S.
Pacific marine mammal stock assessments: 2006.  U.S. Dept. Commer., NOAA Tech. Memo. 
NMFS-SWFSC-398. 

, J. V., K. A. Forney, M. M. Muto, J. Barlow, J. Baker, and M. S. Lowry.  2004.  U.S. Pac
marine mammal stock assessments: 2003.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-
SWFSC-358. 

 192



Casini, M., J. Lövgren, J. Hjelm, M. Cardinale, J. C. Molinero, and G. Kornilovs.  2008.  Multi-level 
trophic cascades in a heavily exploited open marine ecosystem.  Proc. R. Soc. Lond. Ser. B Biol.
Sci. 275:1793. 

 

eld 

CBNM y 
ml 

CDFG (C alifornia Natural 

atened 

n 

und/Georgia 

Chan, F . Weeks, W. T. Peterson, and B. A. Menge.  2008.  

Chavez  M. Niquen.  2003.  From anchovies to sardines and back: 

Cheung
e scenarios.  Fish Fish. 10:235–

Christen  
aracteristics.  Ecol. Model. 61:169–185. 

Clarke, K. R., and R. M. Warwick.  1998a.  A taxonomic distinctness index and its statistical properties.  
J. Appl. Ecol. 35:523–531. 

Cavanaugh, K. C., D. A. Siegel, B. P. Kinlan, and D. C. Reed.  2010.  Scaling giant kelp fi
measurements to regional scales using satellite observations.  Mar. Ecol. Prog. Ser. 403:13–27. 

S (Cordell Bank National Marine Sanctuary).  2009.  Cordell Bank National Marine Sanctuar
condition report.  Online at http://sanctuaries.noaa.gov/science/condition/cbnms/welcome.ht
[accessed 20 December 2010]. 

alifornia Dept. Fish and Game).  2010.  Central coast marine protected areas.  C
Resources Agency, Sacramento.  Online at http://www.dfg.ca.gov/mlpa/ccmpas_list.asp 
[accessed 7 January 2011]. 

CFR (Code of Federal Regulations).  1998.  63 FR 11482.  March 9, 1998.  Endangered and threatened 
species: Proposed endangered status for two Chinook salmon ESUs and proposed thre
status for five Chinook salmon ESUs; Proposed redefinition, threatened status, and revision of 
critical habitat for one Chinook salmon ESU; Proposed designation of Chinook salmon critical 
habitat in California, Oregon, Washington, Idaho. 

CFR (Code of Federal Regulations).  2005.  70 FR 69903.  November 18, 2005.  Endangered and 
threatened wildlife and plants: Endangered status for Southern Resident killer whales. 

CFR (Code of Federal Regulations).  2009.  50 FR Part 226.  October 9, 2009.  Endangered and 
threatened wildlife and plants: Rulemaking designates critical habitat for the threatened souther
distinct population segment of North American green sturgeon. 

CFR (Code of Federal Regulations).  2010.  75 FR 22276.  April 28, 2010.  Endangered and threatened 
wildlife and plants: Threatened status for the Puget Sound/Georgia Basin distinct population 
segments of yelloweye and canary rockfish and endangered status for the Puget So
Basin distinct population segment of bocaccio rockfish. 

., J. A. Barth, J. Lubchenco, A. Kirincich, H
Emergence of anoxia in the California Current large marine ecosystem.  Science 319:920. 

, F. P., J. Ryan, S. E. Lluch-Cota, and
Multidecadal change in the Pacific Ocean.  Science 299:217–221. 

, W. W. L., V. W. Y. Lam, J. L. Sarmiento, K. Kearney, R. Watson, and D. Pauly.  2009.  
Projecting global marine biodiversity impacts under climate chang
251. 

sen, V., and D. Pauly.  1992.  ECOPATH II–A software for balancing steady-state models and
calculating network ch

Christensen, V., and C. J. Walters.  2004.  Ecopath with Ecosim: Methods, capabilities, and limitations.  
Ecol. Model. 172:109–139. 

Clark, W. G., and S. R. Hare.  2007.  Assessment of the Pacific halibut stock at the end of 2007.  
International Pacific Halibut Commission, Seattle, WA. 

 193



Clarke, K. R., and R. M. Warwick.  2001a.  Changes in marine communities: An approach to statistica
analysis and interpretation.  PRIMER-E, Plymouth Marine Laboratory, Plymouth, UK. 

l 

Clarke, K. R., and R. M. Warwick.  2001b.  A further biodiversity index applicable to species lists: 

CMP (Conservation Measures Partnershi

Coetzee, J. C. Hutchings, and T. P. Fairweather.  2008.  Has the fishery 

Cole, B. E., and J. E. Cloer   An empirical model for estimating phytoplankton productivity in 

Coll, M
d 

s on 

STAR panel reports, and 

Cope, J s 

ses.  Pacific Fishery 

Cullon, D. L., S. J. Jeffries,

em. 24(10):2562–2572. 

De Leo, G. A., and S. A. L

stems.  

Demestre, M.  The behavioral response of benthic scavengers to 
 Effects 

nservation, and socioeconomic issues, p. 

deReyn . K. Shoji.  2009.  Bringing stakeholders, scientists, and managers 
together through an integrated ecosystem assessment process.  Mar. Policy 34:534–540. 

Variation in taxonomic distinctness.  Mar. Ecol. Prog. Ser. 216:265–278. 

p).  2007.  Open standards for the practice of conservation 
Version 2.0.  Online at http://www.conservationmeasures.org/wp-content/uploads/2010/04/ 
CMP_Open_Standards_Version_2.0.pdf [accessed 20 December 2010]. 

, C. C. van der Lingen, L. 
contributed to a major shift in the distribution of South African sardine?  ICES J. Mar. Sci. 
65:1676–1688. 

n.  1987.
estuaries.  Mar. Ecol. Prog. Ser. 36:299–305. 

., L. J. Shannon, D. Yemane, J. S. Link, H. Ojaveer, S. Neira, D. Jouffre, P. Labrosse, J. J. 
Heymans, E. A. Fulton, and Y. J. Shin.  2009.  Ranking the ecological relative status of exploite
marine ecosystems.  ICES J. Mar. Sci.  Online at http://dx.doi.org/ [DOI name 10.1093/icesjms 
/fsp261, accessed 7 March 2011]. 

Collie, J. S., S. J. Hall, M. J. Kaiser, and I. R. Poiner.  2000.  A quantitative analysis of fishing impact
shelf-sea benthos.  J. Anim. Ecol. 69:785–798. 

Cope, J. M., and M. Key.  2009.  Status of cabezon (Scorpaenichthys marmoratus) in California and 
Oregon waters as assessed in 2009.  In Status of the Pacific Coast groundfish fishery through 
2009, Stock assessment and fishery evaluation: Stock assessments, 
rebuilding analyses.  Pacific Fishery Management Council, Portland, OR. 

. M., and A. E. Punt.  2005.  Status of cabezon (Scorpaenichthys marmoratus) in California water
as assessed in 2005.  In Status of the Pacific coast groundfish fishery through 2005, stock 
assessment and fishery evaluation: Stock assessments and rebuilding analy
Management Council, Portland, OR. 

 and P. S. Ross.  2005.  Persistent organic pollutants in the diet of harbor seals 
(Phoca vitulina) inhabiting Puget Sound, Washington (USA), and the Strait of Georgia, British 
Columbia (Canada): A food basket approach.  Environ. Toxicol. Ch

Dayton, P. K.  1985.  Ecology of kelp communities.  Annu. Rev. Ecol. Syst. 16:215–245. 

evin.  1997.  The multifaceted aspects of ecosystem integrity.  Conserv. Ecol. 
1:3. 

de Mutsert, K., J. H. Cowan, T. E. Essington, and R. Hilborn.  2008.  Re-analyses of Gulf of Mexico 
fisheries data: Landings can be misleading in assessments of fisheries and fisheries ecosy
Proc. Natl. Acad. Sci. USA 105:2740–2744. 

, P. Sanchez, and M. J. Kaiser.  2000. 
otter-trawling disturbance in the Mediterranean.  In M. J. Kaiser and S. J. de Groot (eds.),
of fishing on nontarget species and habitats biological, co
121–129.  Blackwell Science, Oxford. 

ier, Y. L., P. S. Levin, and N

 194



de Swart, R. L., R. M. G. Kluten, C. J. Huizing, L. J. Vedder, P. J. H. Reijnders, I. K. G. Visser, F. G. C.
M. UytdeHaag, and A. D. M. E. Osterhaus.  1993.  Mitogen and antigen induced B and T

 
 cell 

Deyshe pulations.  

DFO (D dvis. 
DFO Canadian Science Advisory Secretariat, 3190 Hammond Bay Road, 

Di Lore  P. J. S. Franks, K. Chhak, A. J. Miller, J. C. McWilliams, S. J. 

Dorval, us) 
ific Fishery 

Draft N  

Drake, J. S., E. A. Berntson, J. M. Cope es, P. S. Levin, N. Tolimieri, R. S. 

iger).  

Dugan,  O. Pierson.  2003.  The response of macrofauna 

Dulvy, 
. Fish. Aquat. Sci. 63:1267–1275. 

responses of peripheral blood mononuclear cells from the harbour seal (Phoca vitulina).  Vet. 
Immunol. Immunopathol. 37:217. 

Dethier, M.  2006.  Native shellfish in nearshore ecosystems of Puget Sound.  Puget Sound Nearshore 
Partnership Rep. 2006-04.  U.S. Army Corps of Engineers, Seattle District, Seattle, WA. 

r, L. E.  1993.  Evaluation of remote sensing techniques for monitoring giant kelp po
Hydrobiologia 260:307–312. 

epartment of Fisheries and Oceans Canada).  2006.  State of the Pacific Ocean 2005.  Sci. A
Rep. 2006/001.  
Nanaimo, BC V9T 6N7.  Online at http://www.pac.dfo-mpo.gc.ca/science/psarc-ceesp/osrs/ 
StateofOceans2005fnl.pdf [accessed 5 January 2011]. 

DFO (Department of Fisheries and Oceans Canada).  2009.  State of the Pacific Ocean 2008.  Sci. Advis. 
Rep. 2009/030.  DFO Canadian Science Advisory Secretariat, 3190 Hammond Bay Road, 
Nanaimo, BC V9T 6N7. 

nzo, E., N. Schneider, K. M. Cobb,
Bograd, H. Arango, E. Curchitser, T. M. Powell, and P. Riviere.  2008.  North Pacific Gyre 
Oscillation links ocean climate and ecosystem change.  Geophys. Res. Lett., 35:L08607. 

Dinnel, P. A., D. A. Armstrong, and R. O. McMillan.  1993.  Evidence for multiple recruitment-cohorts 
of Puget Sound Dungeness crab (Cancer magister).  Mar. Biol. 115:53–63. 

 E. M., K. T. Hill, N. C. H. Lo, and J. D. McDaniel.  2007.  Pacific mackerel (Scomber japonic
stock assessment for U.S. management in the 2007–08 fishing season.  Pac
Management Council, Portland, OR. 

orth Central Coast MPA Monitoring Plan.  No date.  Online at http://www.calost.org/North
_Central.html [accessed 20 December 2010]. 

, R. G. Gustafson, E. E. Holm
Waples, S. M. Sogard, and G. D. Williams.  2010.  Status review of five rockfish species in Puget 
Sound, Washington: Bocaccio (Sebastes paucispinis), canary rockfish (S. pinniger), yelloweye 
rockfish (S. ruberrimus), greenstriped rockfish (S. elongatus), and redstripe rockfish (S. pror
U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-108. 

Drinkwater, K. F.  2005.  The response of Atlantic cod (Gadus morhua) to future climate change.  ICES J. 
Mar. Sci. 62:1327–1337. 

Duda, A. M., and K. Sherman.  2002.  A new imperative for improving management of large marine 
ecosystems.  Ocean and Coast. Manage. 45:797–833. 

 J. E., D. M. Hubbard, M. D. McCrary, and M.
communities and shorebirds to macrophyte wrack subsidies on exposed sandy beaches of 
southern California.  Estuar. Coast. Shelf Sci. 58:25–40. 

N. K., S. Jennings, S. I. Rogers, and D. L. Maxwell.  2006.  Threat and decline in fishes: An 
indicator of marine biodiversity.  Can. J

 195



Dulvy, N. K., S. I. Rogers, S. Jennings, V. Stelzenmuller, S. R. Dye, and H. R. Skjoldal.  2008.  Climate 
change and deepening of the North Sea fish assemblage: A biotic indicator of warming seas.  J
Appl. Ecol. 45:1029–1039. 

 Thirty-four species of

. 

Echeverria, T. W.  1987.  California rockfishes: Maturity and seasonality of 

Edwards, M., and A. J. Richardson.  2004.  Im y and 

EnviroVision.  2008.  Phase 2: Im d estimates of toxic chemical loadings to Puget Sound from 

EPA (Environmental Protection Agency).  2002.  ssing and reporting on ecological 

EPA (E
onmental Assessment, Washington, DC. 

get 

Estes, J. A., and D. O. Duggins.  1995.  and variation in 

Estes, J
282:473–476. 

 Action Team, replaced by Puget Sound 

EVS En

61–680. 

ss 

accessed 5 

Fay, G.  ) off 
California, Oregon, and Washington in 2005.  Pacific Fishery Management Council, Portland, 
OR. 

reproduction.  Fish. Bull. 85:229–250. 

pact of climate change on marine pelagic phenolog
trophic mismatch.  Nature 430:881–884. 

prove
surface runoff and roadways.  EnviroVision Corp., Herrera Environmental Consultants Inc., 
Washington Dept. Ecology.  Ecology Publication 08-10-084.  Washington Dept. Ecology, 
Olympia. 

A framework for asse
condition: A science advisory board report.  Environmental Protection Agency, Washington, DC. 

nvironmental Protection Agency).  2008.  EPA’s 2008 report on the environment.  EPA/600/R-
07/045F.  National Center for Envir

Essington, T., T. Klinger, T. Conway-Cranos, J. Buchanan, A. James, J. Kershner, I. Logan, and J. West.  
2010.  Chapter 2A: Biophysical condition of Puget Sound.  Puget Sound Science Update, Pu
Sound Partnership, Olympia, WA.  Online at http://pugetsoundscienceupdate.com/pmwiki.php?n 
=Chapter2a.Chapter2a [accessed 7 March 2011]. 

  Sea otters and kelp forests in Alaska—Generality
a community ecological paradigm.  Ecol. Monogr. 65:75–100. 

. A., M. T. Tinker, T. M. Williams, and D. F. Doak.  1998.  Killer whale predation on sea otters 
linking oceanic and nearshore ecosystems.  Science 

EVS Environmental Consultants.  2003a.  Status, trends, and effects of toxic contaminants in the Puget 
Sound environment.  Prepared for Puget Sound
Partnership, Tacoma, WA. 

vironmental Consultants.  2003b.  Status, trends, and effects of toxic contaminants in the Puget 
Sound environment: Recommendations.  Prepared for Puget Sound Action Team, replaced by 
Puget Sound Partnership, Tacoma, WA. 

Fairweather, T. P., C. D. van der Lingen, A. J. Booth, L. Drapeau, and J. J. van der Westhuizen.  2006.  
Indicators of sustainable fishing for South African sardine Sardinops sagax and anchovy 
Engraulis encrasicolus.  Afr. J. Mar. Sci. 28:6

Falkowski, P., and D. A. Kiefer.  1985.  Chlorophyll a fluorescence in phytoplankton: Relationship to 
photosynthesis and biomass.  J. Plankton Res. 7:715–731. 

Farr, R. A., and J. C. Kern.  2005.  Green sturgeon population characteristics in Oregon.  Annual progre
report.  Sport Fish Restoration Project F-178-R.  Oregon Dept. Fish and Wildlife, Portland.  
Online at http://www.dfw.state.or.us/fish/oscrp/CRI/docs/GSTG%202005.pdf [
January 2011]. 

2005.  Stock assessment and status of longspine thornyhead (Sebastolobus altivelis

 196



Field, J. C.  2004.  Application of ecosystem-based fishery management approaches in the northern 
California Current.  Doctoral dissertation.  Univ. Washington, Seattle. 

 Status of the chilipepper rockfish, Field, J. C.  2007. Sebastes goodei, in 2007.  Pacific Fishery 

Field, J. C., E. J. Dick, and   Stock assessment model for the shortbelly rockfish, 
. 

Field, J. C., E. J. Dick, D. Pearson, and A. D. MacCall.  2009.  Status of bocaccio, Sebastes paucispinis, 
ast 
, 

nd, 

  

D. 

vier Academic Press, Burlington, 

Foster, fornia: A community profile.  

Foy, R. ific 
 Sound, Alaska.  Can. J. Zool. 77:697–706. 

Frederiksen, M., M. Edwards, A. J. Richardson, N. C. Halliday, and S. Wanless.  2006.  From plankton to 
. 

Frederiksen, M., R. A. Mavor, and S. Wanless.  ental indicators: The 

Freeland, H.  2007.  A shor Prog. Oceanogr. 75(2):120–125. 

e, 

Management Council, Portland, OR. 

A. D. MacCall.  2007.
Sebastes jordani, in the California Current.  Pacific Fishery Management Council, Portland, OR

in the Conception, Monterey, and Eureka INPFC areas for 2009.  In Status of the Pacific Co
groundfish fishery through 2009, stock assessment and fishery evaluation: Stock assessments
STAR panel reports, and rebuilding analyses.  Pacific Fishery Management Council, Portla
OR. 

Fisher, W., and D. Velasquez.  2008.  Management recommendations for Washington’s priority habitats 
and species.  Washington Dept. Fish and Wildlife, Olympia. 

Fleishman, E., and D. D. Murphy.  2009.  A realistic assessment of the indicator potential of butterflies 
and other charismatic taxonomic groups.  Conserv. Biol. 23:1109–1116. 

Fluharty, D., M. Abbott, R. Davis, M. Donohue, S. Madsen, T. Quinn, J. Rice, and J. Sutinen.  2006.  
Evolving an ecosystem approach to science and management throughout NOAA and its partners.
The external review of NOAA’s ecosystem research and science enterprise.  Final report to 
NOAA Science Advisory Board, Silver Spring, M

Fogarty, M. J., and L. W. Botsford.  2006.  Metapopulation dynamics of coastal decapods.  In J. P. Kritzer 
and P. F. Sale (eds.), Marine metapopulations, p. 271–319.  Else
MA. 

M. S., and D. R. Schiel.  1985.  Ecology of giant kelp forests in Cali
Biological Report 85(7.2).  U.S. Fish and Wildlife Service, Washington, DC. 

 J., and B. L. Norcross.  1999.  Spatial and temporal variability in the diet of juvenile Pac
herring (Clupea pallasii) in Prince William

Frank, K. T., B. Petrie, J. S. Choi, and W. C. Leggett.  2005.  Trophic cascades in a formerly cod-
dominated ecosystem.  Science 308:1621–1623. 

top predators: Bottom-up control of a marine food web across four trophic levels.  J. Anim. Ecol
75:1259–1268. 

2007.  Seabirds as environm
advantages of combining data sets.  Mar. Ecol. Prog. Ser. 352:205–211. 

t history of Ocean Station Papa and Line P.  

Fresh, K. L.  2006.  Juvenile Pacific salmon and the nearshore ecosystem of Puget Sound.  Puget Sound 
Nearshore Partnership Rep. 2006-06.  U.S. Army Corps of Engineers, Seattle District, Seattl
WA. 

Fulton, E. A.  2001.  The effects of model structure and complexity on the behavior and performance of 
marine ecosystem models.  Doctoral dissertation.  Univ. Tasmania, Hobart, Australia. 

 197



Fulton, E. A.  2004.  Biogeochemical marine ecosystem models II: The effect of physiological detail
model performance.  Ecol. Model. 173:371–406. 

 on 

3. 

Fulton, E. A., and, P. Johnson, C. Ainsworth, P. Horne, R. 

Fulton, 

71–406. 

4:267–307. 

76:27–42. 

Fulton, ative management strategies for southeast 

 

stem 

Garrison, L. P., and J. S. L tribution and trophic guild structure of 

Gaspar, M. B., S. Carvalho, R. Constanti
rom macrobenthic community structure?  ICES J. Mar. Sci. 66:2121–

Geraci, J. R., and D. J. St. g the risks.  Academic 

assessment and fishery evaluation: Stock assessments, STAR panel reports, and rebuilding 

Gertsev ntinental 
U.S. Pacific Coast in 2007.  Pacific Fishery Management Council, Portland, OR. 

Fulton, E. A.  2010.  Approaches to end-to-end ecosystem models.  J. Mar. Syst. 81(1-2) 171–18

 J. S. Link, I. C. Kaplan, M. Savina-Roll
Gorton, R. J. Gamble, A. D. M. Smith, and D. C. Smith.  In press.  Lessons in modeling and 
management of marine ecosystems: The Atlantis experience.  Fish Fish. 

Fulton, E. A., A. D. M. Smith, and C. R. Johnson.  2003.  Mortality and predation in ecosystem models: 
Is it important how these are expressed?  Ecol. Model. 169:157–178. 

E. A., J. S. Parslow, A. D. M. Smith, and C. R. Johnson.  2004a.  Biogeochemical marine 
ecosystem models 2.  The effect of physiological data on model performance.  Ecol. Model. 
173:3

Fulton, E. A., A. D. M. Smith, and C. R. Johnson.  2004b.  Biogeochemical marine ecosystem models I: 
IGBEM–A model of marine bay ecosystems.  Ecol. Model. 17

Fulton, E. A., A. D. M. Smith, and C. R. Johnson.  2004c.  Effects of spatial resolution on the 
performance and interpretation of marine ecosystem models.  Ecol. Model. 1

Fulton, E. A., A. D. M. Smith, and A. E. Punt.  2005.  Which ecological indicators can robustly detect 
effects of fishing?  ICES J. Mar. Sci. 62:540–551. 

E. A., A. D. M. Smith, and D. C. Smith.  2007.  Altern
Australian Commonwealth fisheries: Stage 2; Quantitative management strategy evaluation.  
Australian Fisheries Management Authority, Fisheries Research and Development Corp., 
Canberra, ACT. 

Furness, R. W., and C. J. Camphuysen.  1997.  Seabirds as monitors of the marine environment.  ICES J. 
Mar. Sci. 54:726–737. 

Gaichas, S., G. Skaret, J. Falk-Petersen, J. S. Link, W. Overholtz, B. A. Megrey, H. Gjosaeter, W. T.
Stockhausen, A. Dommasnes, K. D. Friedland, and K. Aydin.  2009.  A comparison of 
community and trophic structure in five marine ecosystems based on energy budgets and sy
metrics.  Prog. Oceanogr. 81:47–62. 

ink.  2000.  Fishing effects on spatial dis
the fish community in the Georges Bank region.  ICES J. Mar. Sci. 57:723–730. 

no, J. Tata-Regala, J. Curdia, and C. C. Monteiro.  2009.  Can we 
infer dredge fishing effort f
2132. 

Aubin (eds.).  1990.  Sea mammals and oil: Confrontin
Press, San Diego. 

Gertseva, V. V., J. M. Cope, and D. Pearson.  2009.  Status of the U.S. splitnose rockfish (Sebastes 
diploproa) resource in 2009.  In Status of the Pacific Coast groundfish fishery through 2009, 
stock 
analyses.  Pacific Fishery Management Council, Portland, OR. 

a, V. V., and M. J. Schirripa.  2007.  Status of the longnose skate (Raja rhina) off the co

 198



Gislason, H., M. Sinclair, K. Sainsbury, and R. O’Boyle.  2000.  Symposium overview: Incorporating 
ecosystem objectives within fisheries management.  ICES J. Mar. Sci. 57:468–475. 

est 

Graham nia 

 Kaiser 

d socioeconomic issues, p. 217–234.  Blackwell Science, Oxford. 

ES J. Mar. Sci. 

Gristina blages 

GRL (G conditions in the California Current in 

Gunder

Gustafson, R. G., J. S. Drake, M. J. Ford, J. M. Myers, E. E. Holmes, and R. S. Waples.  2006.  Status 

stinct population segment under the Endangered Species Act.  U.S. Dept. 

Haedric d shelf 

Hall, A. J., O. I. Kalantzi, and G. O. Tho Polybrominated diphenyl ethers (PBDEs) in grey 

Hamel, O. S.  2005a.  Status and future prospects for the Pacific Ocean perch resource in waters off 

k assessment and fishery evaluation: Stock assessments and rebuilding 

Hamel,

valuation: Stock assessments and 

Good, T. P., R. S. Waples, and P. Adams (eds.).  2005.  Updated status of federally listed ESUs of W
Coast salmon and steelhead.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-66. 

, M. H.  2004.  Effects of local deforestation on the diversity and structure of Southern Califor
giant kelp forest food webs.  Ecosystems 7:341–357. 

Gray, S. A., M. C. Ives, J. P. Scandol, and R. C. Jordan.  2010.  Categorizing the risks in fisheries 
management.  Fish. Manag. Ecol. 17(6):501–512. 

Greenstreet, S. P. R., and S. I. Rogers.  2000.  Effects of fishing on nontarget fish species.  In M. J.
and S. J. de Groot (eds.), Effects of fishing on nontarget species and habitats biological, 
conservation an

Greenstreet, S. P. R., and S. I. Rogers.  2006.  Indicators of the health of the North Sea fish community: 
Identifying reference levels for an ecosystem approach to management.  IC
63:573–593. 

, M., T. Bahri, F. Fiorentino, and G. Garafalo.  2006.  Comparison of demersal fish assem
in three areas of the Strait of Sicily under different trawling pressure.  Fish. Res. 81:60–71. 

eophysical Research Letters).  2006.  Warm ocean 
spring/summer 2005: Causes and consequences.  Geophys. Res. Lett. Special Volume. 

son, D. R., P. Callahan, and B. Goiney.  1980.  Maturation and fecundity of four species of 
Sebastes.  Mar. Fish. Rev. 42:74–79. 

review of Cherry Point Pacific herring (Clupea pallasii) and updated status review of the Georgia 
Basin Pacific herring di
Commer., NOAA Tech. Memo. NMFS-NWFSC-76. 

h, R. L., and S. M. Barnes.  1997.  Changes over time of the size structure in an exploite
fish community.  Fish. Res. 31:229–239. 

mas.  2003.  
seals during their first year of life—Are they thyroid hormone endocrine disrupters?  Environ. 
Pollut. 126:29–37. 

Hall, S. J.  1999.  The effects of fishing on marine ecosystems and communities.  Blackwell Science, 
Oxford, UK. 

Washington and Oregon as assessed in 2007.  In Status of the Pacific coast groundfish fishery 
through 2005, stoc
analyses.  Pacific Fishery Management Council, Portland, OR. 

 O. S.  2005b.  Status and future prospects for the shortspine thornyhead resource in waters off 
Washington, Oregon, and California as assessed in 2005.  In Status of the Pacific coast 
groundfish fishery through 2005, stock assessment and fishery e
rebuilding analyses.  Pacific Fishery Management Council, Portland, OR. 

 199



Hare, S. R., and N. J. Mantua.  2000.  Empirical evidence for North Pacific regime shifts in 1977 and 
1989.  Prog. Oceanogr. 47:103–145. 

Harrold, C., K. Light, and S. Lisin.  1998.  Organic enrichment of submarine-canyon and continental-
shelf benthic communities by macroalgal drift imported from nearshore kelp forests.  Limnol. 
Oceanogr. 43:669–678. 

owser.  2007.  Phase 1: Initial estimate of toxic chemicHart Cr al loadings to Puget Sound.  Hart Crowser 
 

Harvey . K. Holsman, 

mmer., NOAA Tech. Memo. NMFS-NWFSC-106. 

ini.  

Hastie, New 

Haugen century of life-history evolution in grayling.  Genetica 112–

Hauser,

1. 

 

fic Fishery Management Council, Portland, OR. 

on 
, p. 311–394.  University of British Columbia Press, Vancouver. 

ok 
t. 

Heessen

Inc., U.S. Environmental Protection Agency, Puget Sound Partnership, and Washington Dept.
Ecology.  Ecology Publication 07-10-079.  Washington Dept. Ecology, Olympia. 

Harvey, C. J.  2009.  Effects of temperature change on demersal fishes in the California Current: A 
bioenergetics approach.  Can. J. Fish. Aquat. Sci. 66:1449–1461. 

, C. J., K. K. Bartz, J. Davies, T. B. Francis, T. P. Good, A. D. Guerry, B. Hanson, K
J. Miller, M. L. Plummer, J. C. P. Reum, L. D. Rhodes, C. A. Rice, J. F. Samhouri, G. D. 
Williams, N. Yoder, P. S. Levin, and M. H. Ruckelshaus.  2010.  A mass-balance model for 
evaluating food web structure and community-scale indicators in the central basin of Puget 
Sound.  U.S. Dept. Co

Harwell, M. A., V. Myers, T. Young, A. Bartuska, N. Gassman, J. H. Gentile, C. C. Harwell, S. 
Appelbaum, J. Barko, B. Causey, C. Johnson, A. McLean, R. Smola, P. Templet, and S. Tos
1999.  A framework for an ecosystem integrity report card.  Bioscience 49:543–556. 

T. J., and R. J. Tibshirani.  1999.  Generalized additive models.  Chapman & Hall/CRC, 
York. 

, T. O., and L. A. Vøllestad.  2001.  A 
113:475–491. 

 D.  2006.  Summer space use of Southern Resident killer whales (Orcinus orca) within 
Washington and British Columbia inshore waters.  Master’s thesis.  Univ. Washington, Seattle. 

Hawkes, J. W., E. H. Gruger Jr., and O. P. Olson.  1980.  Effects of petroleum hydrocarbons and 
chlorinated biphenyls on the morphology of the intestine of Chinook salmon (Oncorhynchus 
tshawytscha).  Environ. Res. 23(1):149–16

He, X., D. E. Pearson, E. J. Dick, J. C. Field, S. Ralston, and A. D. MacCall.  2007.  Status of the widow
rockfish resource in 2007: An update.  In 2007 and 2008 stock assessment for the June 2007 
briefing book.  Paci

Healy, M. C.  1991.  Life history of Chinook salmon.  In C. Groot and L. Margolis (eds.), Pacific Salm
Life Histories

Healey, M. C., and W. R. Heard.  1983.  Inter- and intra-population variation in the fecundity of Chino
salmon (Oncorhynchus tshawytscha) and its relevance to life history theory.  Can. J. Fish. Aqua
Sci. 41:476–483. 

Heath, D. D., C. W. Fox, and J. W. Heath.  1999.  Maternal effects on offspring size: Variation through 
early development of Chinook salmon.  Evolution 53:1605–1611. 

, H. J. L., and N. Daan.  1996.  Long-term trends in 10 nontarget North Sea fish species.  ICES J. 
Mar. Sci. 53:1063–1078. 

 200



Helser, T. E.  2005.  Stock assessment of the blackgill rockfish (Sebastes melanostomus) population of
the West Coast of the United States in

f 
 2005.  Pacific Fishery Managment Council, Portland, OR. 

n 

Helser, T. E., I. J. Stewart, and O. S. Hamel.  2008.  Stock assessment of Pacific hake (whiting) in U.S. 

te 
ortheast Pacific.  Deep-Sea 

Hewitt, oop. 

Hickey, d 
ington and 

Hilborn

: Comparison of offshore, river plume, and coastally upwelled waters.  Prog. Oceanogr. 

Hilty, J., unal indicator taxa selection for monitoring ecosystem health.  

Hislop, J. R. G.  1988
sh. Biol. 

Hobday ogical risk assessment for Australian 

Hobday ney.  2007.  Ecological 

Hoff, G. R.  2006. rsity as an index of regime shift in the eastern Bering Sea.  Fish. Bull. 

Holmes, E. E., L. W. Fritz, odeling reveals long-

Helser, T. E., and S. J. Martell.  2007.  Stock assessment of Pacific hake (whiting) in U.S. and Canadia
waters in 2007.  Pacific Fishery Management Council, Portland, OR. 

and Canadian waters in 2008.  Pacific Fisheries Management Council, Portland, OR.  Online at 
http://www.pcouncil.org/wp-content/uploads/pacific_hake_assessment_2008_FINAL.pdf 
[accessed 7 January 2011]. 

Hermann, A. J., E. N. Curchitser, D. B. Haidvogel, and E. L. Dobbins.  2009.  A comparison of remo
versus local influence of El Niño on the coastal circulation of the N
Res. Pt. II Top. Stud. Oceanogr. 56(24):2427–2443. 

 R. P.  1988.  Historical review of the oceanographic approach to fishery research.  Calif. C
Ocean. Fish. Investig. Rep. Vol. 29. 

 B. M.  1989.  Patterns and processes of circulation over the Washington continental shelf an
slope.  In M. R. Landry and B. M. Hickey (eds.), Coastal oceanography of Wash
Oregon, p. 41–115.  Elsevier, Maryland Heights, MD. 

, R., and C. J. Walters.  1992.  Quantitative fisheries stock assessment: Choice, dynamics, and 
uncertainty.  Kluwer Academic Publishers, Boston. 

Hill, J. K., and P. A. Wheeler.  2002.  Organic carbon and nitrogen in the northern California Current 
system
53:369–387. 

 and A. Merenlender.  2000.  Fa
Biol. Conserv. 92:185–197. 

.  The influence of maternal length and age on the size and weight of the eggs and 
the relative fecundity of the haddock, Melanogrammus aeglefinus, in British waters.  J. Fi
32:923–930. 

, A. J., A. Smith, and I. Stobutzki.  2004.  Ecol
commonwealth fisheries, final report stage 1: Hazard identification and preliminary risk 
assessment.  Rep. R01/0934.  Australian Fisheries Management Authority, Canberra. 

, A. J., A. Smith, H. Webb, R. Daley, S. Wayte, C. Bulman, and J. Dowd
risk assessment for effects of fishing: Methodology.  Rep. R04/1072.  Australian Fisheries 
Management Authority, Canberra, ACT. 

Hoegh-Guldberg, O., and J. F. Bruno.  2010.  The impact of climate change on the world’s marine 
ecosystems.  Science 328:1523–1528. 

 Biodive
104:226–237. 

A. E. York, and K. Sweeney.  2007.  Age-structured m
term declines in the natality of western Stellar sea lions.  Ecol. Appl. 17:2214–2232. 

 201



Hong, C. S., J. Calambokidis, B. Bush, G. H. Steiger, and S. Shaw.  1996.  Polychlorinated biphenyls and
organochlorine pesticides in harbor seal pups from the inland waters of Washington state.  

 

Hooff, R  of changes in ocean and 

Hooper
, B. Schmid, H. Setala, A. J. Symstad, J. Vandermeeer, and D. A. 

Horne, arvey, A. J. Hermann, and E. A. Fulton.  

 

cies.  Nature 443:859–862. 

oited and unexploited fishes in the Southern California region: A community 

Huff, M ller, S. K. Nelson, and J. Baldwin.  2006.  Northwest forest plan—

eters.  

IPCC (I hange 

rt.  In 
 fourth 

l on Climate Change, Geneva, Switzerland. 

  
nion for Conservation of Nature.  Online at http://www.iucnredlist.org/ [accessed 

Ives, A. stability and 
ecological interactions from time-series data.  Ecol. Monogr. 73:301–330. 

Environ. Sci. Technol. 30:837–844. 

. C., and W. T. Peterson.  2006.  Copepod biodiversity as an indicator
climate conditions of the northern California Current ecosystem.  Limnol. Oceanogr. 51:2607–
2620. 

, D. U., F. S. Chapin Iii, J. J. Ewel, A. Hector, P. Inchausti, S. Lavorel, J. H. Lawton, D. M. 
Lodge, M. Loreau, S. Naeem
Wardle.  2005.  Effects of biodiversity on ecosystem functioning: A consensus of current 
knowledge.  Ecol. Monogr. 75:2–35. 

P. J., I. C. Kaplan, K. N. Marshall, P. S. Levin, C. J. H
2010.  Design and parameterization of a spatially explicit ecosystem model of the central 
California Current.  U.S. Dept. of Commer., NOAA Tech. Memo. NMFS-NWFSC-104. 

Hsieh, C.-H., H. J. Kim, W. Watson, E. Di Lorenzo, and G. Sugihara.  2009.  Climate-driven changes in 
abundance and distribution of larvae of oceanic fishes in the Southern California region.  Glob.
Change Biol.  Online at http://dx.doi.org/ [DOI name 10.1111/j.1365-2486.2009.01875.x, 
accessed 7 March 2011]. 

Hsieh, C-H., C. S. Reiss, J. R. Hunter, J. R. Beddington, R. M. May, and G. Sugihara.  2006.  Fishing 
elevates variability in the abundance of exploited spe

Hsieh, C.-H., C. S. Reiss, W. Watson, M. J. Allen, J. R. Hunter, R. N. Lea, R. H. Rosenblatt, P. E. Smith, 
and G. Sugihara.  2005.  A comparison of long-term trends and variability in populations of 
larvae of expl
approach.  Prog. Oceanogr. 67:160–185. 

. H., M. G. Raphael, S. L. Mi
The first 10 years (1994–2003): Status and trends of populations and nesting habitat for the 
marbled murrelet.  General Tech. Rep. PNW-GTR-650.  U.S. Forest Service, Pacific Northwest 
Research Station, Portland, OR. 

Hurlbert, S. H.  1971.  The nonconcept of species diversity: A critique and alternative param
Ecology 52:577–586. 

ntergovernmental Panel on Climate Change).  2007a.  Climate change 2007: Climate c
impacts, adaptation and vulnerability.  Summary for policy makers.  Working Group II 
contribution to the fourth assessment report.  Intergovernmental Panel on Climate Change, 
Geneva, Switzerland. 

IPCC (Intergovernmental Panel on Climate Change).  2007b.  Climate change 2007: Synthesis repo
R. K. Pachauri and A. Reisinger (eds.), Contribution of Working Groups I, II, and III to the
assessment report.  Intergovernmental Pane

IUCN (International Union for the Conservation of Nature).  2008.  Red list of threatened species.
International U
7 January 2011]. 

 R., B. Dennis, K. L. Cottingham, and S. R. Carpenter.  2003.  Estimating community 

 202



Jagielo, T. H., and F. R. Wallace.  2005.  Assessment of lingcod (Ophiodon elongatus) for the Pacific 
Fishery Management Council in 2005.  In Status of the Pacific coast groundfish fishery thro
2005, stock assessment and fishery ev

ugh 
aluation: Stock assessments and rebuilding analyses.  

Jahncke
tem responses to short-term climate variability in the Gulf of the Farallones, California.  

Jeffries

Jennings, S.  stem approach to fisheries.  Fish Fish. 6:212–232. 

Jenning l. 

  J. 

Kaiser, 
d survival.  Mar. Ecol. Prog. Ser. 152:307–310. 

mias) 
t Coast of the United States in 2007.  Pacific Fishery Management 

Kaplan, nt 
antis end-to-end ecosystem model.  (Available from I. C. Kaplan, NWFSC, 

Kaplan,
B. J. 

 

Kaplan,
ork for integrating cumulative impacts and single species management.  Can. J. 

Keller A ss, V. H. Simon, and 
V. J. Tuttle.  2006a.  The 2001 U.S. West Coast upper continental slope trawl survey of 

Pacific Fishery Management Council, Portland, OR. 

, J., B. L. Saenz, C. L. Abraham, C. Rintoul, R. W. Bradley, and W. J. Sydeman.  2008.  
Ecosys
Prog. Oceanogr. 77:182–193. 

, S., H. Huber, J. Calambokidis, and J. Laake.  2003.  Trends and status of harbor seals in 
Washington state: 1978–1999.  J. Wildl. Manag. 67:207–218. 

2005.  Indicators to support an ecosy

Jennings, S., and J. L. Blanchard.  2004.  Fish abundance with no fishing: Predictions based on 
macroecological theory.  J. Anim. Ecol. 73:632–642. 

Jennings, S., and N. K. Dulvy.  2005.  Reference points and reference directions for size-based indicators 
of community structure.  ICES J. Mar. Sci. 62:397–404. 

s, S., and M. J. Kaiser.  1998.  The effects of fishing on marine ecosystems.  Adv. Mar. Bio
34:201–352. 

Jones, G. P.  1992.  Interactions between herbivorous fishes and macroalgae on a temperate rocky reef.
Exp. Mar. Biol. Ecol. 159:217–235. 

Kahru, M., R. Kudela, M. Manzano-Sarabia, and B. G. Mitchell.  2009.  Trends in primary production in 
the California Current detected with satellite data.  J. Geophys. Res. 114:C02004.  Online at 
http://dx.doi.org/ [DOI name 10.1029/2008JC004979, accessed 7 March 2011]. 

Kahru, M., and B. G. Mitchell.  2008.  Ocean color reveals increased blooms in various parts of the 
World.  EOS, Trans. Am. Geophys. Union 89(18):170. 

M. J., and K. Ramsay.  1997.  Opportunistic feeding by dabs within areas of trawl disturbance: 
Possible implications for increase

Kaplan, I. C., and T. E. Helser.  2007.  Stock assessment of the arrowtooth flounder (Atheresthes sto
population off the Wes
Council, Portland, OR.  Online at http://www.pcouncil.org/bb/2007/0907/G4a_Att13 
_Arrowtooth_Assess.pdf [accessed 20 December 2010]. 

 I. C., P. J. Horne, and P. S. Levin.  In prep.  Screening California Current fishery manageme
scenarios using the Atl
2725 Montlake Blvd. E., Seattle, WA 98112.) 

 I. C., and P. S. Levin.  2009.  Ecosystem-based management of what?  An emerging approach for 
balancing conflicting objectives in marine resource management.  In R. J. Beamish and 
Rothschild (eds.), The future of fisheries in North America, p. 77–95.  Springer, New York.

 I. C., P. S. Levin, M. Burden, and E. A. Fulton.  2010.  Fishing catch shares in the face of global 
change: A framew
Fish. Aquat. Sci. 67:1968–1982. 

. A., E. L. Fruh, K. L. Bosley, D. J. Kamikawa, J. R. Wallace, B. H. Horne

 203



groundfish resources off Washington, Oregon, and California: Estimates of distribution, 
abundance, and length composition.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC
72. 

 B. H. Horness, E. L. Fruh, V. H. Simon, V. J. Tuttle, K. L. Bosley

-

Keller, A. A., , J. C. Buchanan, D. J. 

ition.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-

Keller, . L. Fruh, K. L. Bosley, and D. J. 

-NWFSC-

er continental slope trawl survey of groundfish resources 
off Washington, Oregon, and California: Estimates of distribution, abundance, and length 

King, J. ative year-class 
success of sablefish (Anoplopoma fimbria).  Fish. Oceanogr. 9:62–70. 

King, J. rating the dynamics of marine systems 
into the stock assessment and management of sablefish.  Prog. Oceanogr. 49:619–639. 

Kirby, R shing in a 
marine ecosystem.  Ecosystems 12:548–561. 

Koslow f coho 
–77. 

Krahn,  L. Taylor, M. B. Hanson, G. M. Ylitalo, 

Kurtz, J er.  2001.  Strategies for evaluating indicators based on 

Kamikawa, and J. R. Wallace.  2008.  The 2005 U.S. West Coast bottom trawl survey of 
groundfish resources off Washington, Oregon, and California: Estimates of distribution, 
abundance, and length compos
93. 

A. A., B. H. Horness, V. J. Tuttle, J. R. Wallace, V. H. Simon, E
Kamikawa.  2006b.  The 2002 U.S. West Coast upper continental slope trawl survey of 
groundfish resources off Washington, Oregon, and California: Estimates of distribution, 
abundance, and length composition.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS
75. 

Keller, A. A., V. H. Simon, B. H. Horness, J. R. Wallace, V. J. Tuttle, E. L. Fruh, K. L. Bosley, D. J. 
Kamikawa, and J. C. Buchanan.  2007.  The 2003 U.S. West Coast bottom trawl survey of 
groundfish resources off Washington, Oregon, and California: Estimates of distribution, 
abundance, and length composition.  U.S. Dept. of Commerce, NOAA Tech. Memo., NMFS-
NWFSC-86. 

Keller, A. A., T. L. Wick, E. L. Fruh, K. L. Bosley, D. J. Kamikawa, J. R. Wallace, and B. H. Horness.  
2005.  The 2000 U.S. West Coast upp

composition.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-NWFSC-70. 

 R., G. A. McFarlane, and R. J. Beamish.  2000.  Decadal-scale patterns in the rel

 R., G. A. McFarlane, and R. J. Beamish.  2001.  Incorpo

. R., G. Beaugrand, and J. A. Lindley.  2009.  Synergistic effects of climate and fi

, J. A., A. J. Hobday, and G. W. Boehlert.  2002.  Climate variability and marine survival o
salmon (Oncorhynchus kisutch) in the Oregon production area.  Fish. Oceanogr. 11:65

M. M., P. R. Wade, S. T. Kalinowski, M. E. Dahlheim, B.
R. P. Angliss, J. E. Stein, and R. S. Waples.  2002.  Status review of Southern Resident killer 
whales (Orcinus orca) under the Endangered Species Act.  U.S. Dept. Commer., NOAA Tech. 
Memo. NMFS-NWFSC-54. 

Kramer, D., M. J. Kalin, E. G. Stevens, J. R. Thrailkill, and J. R. Zweifel.  1972.  Collecting and 
processing data on fish eggs and larvae in the California Current region.  National Marine 
Fisheries Service Circular 370:1–38. 

Kriete, B.  2007.  Orcas in Puget Sound.  Puget Sound Nearshore Partnership Rep. 2007-01.  U.S. Army 
Corps of Engineers, Seattle District, Seattle, WA. 

. C., L. E. Jackson, and W. S. Fish
guidelines from the Environmental Protection Agency’s Office of Research and Development.  
Ecol. Indic. 1:49–60. 

 204



Lai, H., .  In 

uation: Stock assessments and rebuilding analyses.  Pacific Fishery Management Council, 

Lalibert rsity 

Lance, M. M., S. A. Richardson, and H. 
Dept. Fish and Wildlife, Olympia. 

Larson,
 implications for fisheries management.  Calif. Coop. Ocean. Fish. Investig. Rep. 94–99. 

me 

Levin, P
he face of a changing climate.  Stanford J. Law Sci. Policy 1:36–48. 

. 

Levin, P em assessments: 
Developing the scientific basis for ecosystem-based management of the ocean.  PLoS Biol. 7(1): 

he 
uture and how do we measure progress along the 

LHC (L

d Economy, Sacramento, CA.  Online at http://www.lhc.ca.gov 

Lindley  D. L. 
. Ferguson, J. Field, J. C. Garza, A. M. Grover, D. G. 

 
e 2004 and 2005 broods of Sacramento River 

pt. 

 M. A. Haltuch, A. E. Punt, and J. M. Cope.  2005.  Stock assessment of petrale sole: 2004
Status of the Pacific coast groundfish fishery through 2005, stock assessment and fishery 
eval
Portland, OR. 

e, E., and P. Legendre.  2010.  A distance-based framework for measuring functional dive
from multiple traits.  Ecology 91:299–305. 

L. Allen.  2004.  Washington state recovery plan for the sea otter.  
Washington 

Landres, P. B., J. Verner, and J. W. Thomas.  1988.  Ecological uses of vertebrate indicator species—A 
critique.  Conserv. Biol. 2:316–328. 

 R. J., and R. M. Julian.  1999.  Spatial and temporal genetic patchiness in marine populations and 
their

Leaman, B. M., and R. J. Beamish.  1984.  Ecological and management implications of longevity in so
northeast Pacific groundfishes.  Int. North Pac. Fish. Comm. Bull. 42:85–97. 

. S., M. Damon, and J. S. Samhouri.  2010a.  Developing meaningful marine ecosystem 
indicators in t

Levin, P. S., M. J. Fogarty, G. C. Matlock, and M. Ernst.  2008.  Integrated ecosystem assessments.  U.S
Dept. Commer., NOAA Tech. Memo NMFS-NWFSC-92. 

. S., M. J. Fogarty, S. A. Murawski, and D. Fluharty.  2009.  Integrated ecosyst

e1000014. Online at http://dx.doi.org/ [DOI name 10.1371/journal.pbio.1000014, accessed 7 
March 2011]. 

Levin, P. S., E. E. Holmes, K. R. Piner, and C. J. Harvey.  2006.  Shifts in a Pacific Ocean fish 
assemblage: The potential influence of exploitation.  Conserv. Biol. 20:1181–1190. 

Levin, P. S., A. James, J. Kersner, S. O’Neill, T. Francis, J. F. Samhouri, and C. J. Harvey.  2010b.  T
Puget Sound ecosystem: What is our desired f
way?  In Puget Sound Science Update, Chapter 1a.  Online at http://pugetsoundscienceupdate 
.com/pmwiki.php?n=Chapter1a.Chapter1a [accessed 18 March 2011]. 

Levin, S. A.  1992.  Orchestrating environmental research and assessment.  Ecol. Appl. 2:103–106. 

ittle Hoover Commission).  2010.  Managing for change: Modernizing California’s water 
governance.  Little Hoover Commission, aka Milton Marks Commission on California State 
Government Organization an
/studies/studies/201/Report201.pdf [accessed 5 January 2011]. 

, S. T., C. B. Grimes, M. S. Mohr, W. T. Peterson, J. Stein, J. T. Anderson, L. W. Botsford,
Bottom, C. A. Busack, T. K. Collier, J
Hankin, R. G. Kope, P. W. Lawson, A. Low, R. B. MacFarlane, K. Moore, M. Palmer-Zwahlen, 
F. B. Schwing, J. Smith, C. Tracy, R. Webb, B. K. Wells, and T. H. Williams.  2009a.  Appendix
A: Assessment of factors relative to the status of th
fall Chinook.  In What caused the Sacramento River fall Chinook stock collapse?  U.S. De
Commer., NOAA Tech. Memo. NMFS-SWFSC-447. 

 205



Lindley, S. T., C. B. Grimes, M. S. Mohr, W. T. Peterson, J. Stein, J. T. Anderson, L. W. Botsford, D. L
Bottom, C. A. Busack, T. K. Collier, J. Ferguson, J. C. Garza, A. M. Grover, D. G. Hankin
Kope, P. W. Lawson, A. Low, R. B. MacFarlane, K. Moore, M. Palmer-Zwahlen, F. B. Schwin
J. Smith, C. Tra

. 
, R. G. 

g, 
cy, R. S. Webb, B. K. Wells, and T. H. Williams.  2009b.  What caused the 

salmon and steelhead in the Sacramento-San 

Link, J. cators into decision criteria.  ICES J. Mar. Sci. 62:569–576. 

 

Link, J. l shelf ecosystem: 
U.S. 

. 293–300.  Pergamon Press, New York. 

 
 coho 

Love, M

3–

Lowry, aja 

a, California, 1–3 December 

Lund, B

MacArt ss, 

Sacramento River fall Chinook stock collapse?  U.S. Dept. Commer., NOAA Tech. Memo. 
NMFS-SWFSC-447. 

Lindley, S. T., R. S. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. May, D. 
McEwan, R. B. MacFarlane, C. Swanson, and J. G. Williams.  2007.  Framework for assessing 
viability of threatened and endangered Chinook 
Joaquin Basin.  San Francisco Estuary and Watershed Science Vol. 5, Issue 1, Article 4. 

 S.  2005.  Translating ecosystem indi

Link, J. S., and F. P. Almeida.  2002.  Opportunistic feeding of longhorn sculpin (Myoxocephalus 
octodecemspinosus): Are scallop fishery discards an important food subsidy for scavengers on
Georges Bank?  Fish. Bull. 100:381–385. 

 S., and J. K. T. Brodziak (eds.).  2002.  Status of the northeast U.S. continenta
A report of the Northeast Fisheries Science Center’s Ecosystem Status Working Group.  
Dept. Commer., Northeast Fisheries Science Center Ref. Doc. 02-11. 

Link, J. S., J. K. T. Brodziak, S. F. Edwards, W. J. Overholtz, D. Mountain, J. W. Jossi, T. D. Smith, and 
M. J. Fogarty.  2002.  Marine ecosystem assessment in a fisheries management context.  Can. J. 
Fish. Aquat. Sci. 59:1429–1440. 

Lluch-Belda, D., S. Hernández, and R. A. Schwartzlose.  1991.  A hypothetical model for the fluctuation 
of the California sardine population (Sardinops sagax caerulea).  In T. Kawasaky, T. Tanaka, S. 
Toba, and Y. Taniguchi (eds.), Long-term variability of pelagic fish populations and their 
environment, p

Logerwell, E. A., N. Mantua, P. W. Lawson, R. C. Francis, and V. N. Agostini.  2003.  Tracking
environmental processes in the coastal zone for understanding and predicting Oregon
(Oncorhynchus kisutch) marine survival.  Fish. Oceanogr. 12:554–568. 

. S., M. Yoklavich, and L. K. Thorsteinson.  2002.  The rockfishes of the northeast Pacific.  
University of California Press, Berkeley. 

Lowry, M. S.  1999.  Counts of California sea lion (Zalophus californianus) pups from aerial color 
photographs and from the ground: A comparison of two methods.  Mar. Mammal Sci. 15:14
158. 

 M. S., and O. Maravilla-Chavez.  2005.  Recent abundance of California sea lions in western B
California, Mexico, and the United States.  In D. K. Garcelon and C. A. Schwemm (eds.), 
Proceedings of the Sixth California Islands Symposium, Ventur
2003, p. 485–497.  National Park Service Tech. Publ. CHIS-05-01.  Institute for Wildlife Studies, 
Arcata, CA. 

. O.  1994.  In vitro adrenal bioactivation and effects on steroid metabolism of DDT, PCBs, and 
their metabolites in the gray seal (Halichoerus grypus).  Environ. Toxicol. Chem. 13:911–917. 

hur, R., and E. O. Wilson.  1967.  The theory of island biogeography.  Princeton University Pre
Princeton, NJ. 

 206



MacCall, A. D.  2007.  Status of bocaccio off California in 2007.  Pacific Fishery Management Council, 
Portland, OR. 

l, A. D., and G. D. Stauffer.  1983.  Biology and fishery potential of jack mackerel (Trachurus 
symmetricus). Calif. Coop. Ocean. Fish. Investig. Rep. 24:46–56. 

, D. L., S. Batten, and M

MacCal

Mackas . Trudel.  2007.  Effects on zooplankton of a warmer ocean: Recent 

Mackas –

Magurr n, 

.  
uary 2011]. 

MBNM
html 

sh and 

McClatchie, S., R. Goericke, F. B. Schwing, S. J. Bograd, W. T. Peterson, R. Emmett, R. Charter, W. 

ottschalk, M. L’Heureux, Y. Xue, M. Manzano-

ction.  Calif. Coop. Ocean. Fish. Investig. Rep. 50:43–68. 

82. 

Mendel
 and Peru-Chile current systems.  Prog. Oceanogr. 53(2–4):141–162. 

.  

r living oceans.  Report on the status of U.S. living marine resources, 6th edition, 
Part 3, p. 211–222.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-F/SPO-80. 

evidence from the northeast Pacific.  Prog. Oceanogr. 75:223–252. 

, D. L., and G. Beaugrand.  2010.  Comparisons of zooplankton time series.  J. Mar. Syst. 79:286
304. 

Mackas, D. L., W. T. Peterson, M. D. Ohman, and B. E. Lavaniegos.  2006.  Zooplankton anomalies in 
the California Current system before and during the warm ocean conditions of 2005.  Geophys. 
Res. Lett. 33:L22S07. 

an, A. E.  1988.  Ecological diversity and its measurement.  Princeton University Press, Princeto
N.J. 

Manuwal, D. A., and A. C. Thoresen.  1993.  Cassin’s Auklet (Ptychoramphus aleuticus).  In A. Poole 
(ed.), The birds of North America online.  Cornell Univ. Laboratory of Ornithology, Ithaca, NY
Online at http://bna.birds.cornell.edu/bna/species/050 [accessed 11 Jan

Martin-Lopez, B., C. Montes, and J. Benayas.  2008.  Economic valuation of biodiversity conservation: 
The meaning of numbers.  Conserv. Biol. 22:624–635. 

May, R. M.  1976.  Estimating r: A pedagogical note.  Am. Nat. 110:496–499. 

S (Monterey Bay National Marine Sanctuary).  2007.  Monterey Bay National Marine Sanctuary 
condition report.  Online at http://montereybay.noaa.gov/research/techreports/tronms2009.
[accessed 20 December 2010]. 

McClanahan, T. R., B. Kaunda-Arara, and J. O. Omukoto.  2010.  Composition and diversity of fi
fish catches in closures and open-access fisheries of Kenya.  Fish. Manag. Ecol. 17:63–76. 

Watson, N. Lo, K. Hill, C. Collins, M. Kathru, B. G. Mitchell, J. A. Koslow, J. Gomez-Valdes,  
B. E. Lavaniegos, G. Gaxiola-Castro, J. G
Sarabia, E. Bjorkstedt, S. Ralston, J. Field, L. Rogers-Bennet, L. Munger, G. Campell, K. 
Merkens, D. Camacho, A. Havron, A. Douglas, and J. Hilderbrand.  2009.  The state of the 
California Current, spring 2008–2009: Cold conditions drive regional differences in coastal 
produ

McGowan, J. A., S. J. Bograd, R. J. Lynn, and A. J. Miller.  2003.  The biological response to the 1977 
regime shift in the California Current.  Deep-Sea Res. Pt. II Top. Stud. Oceanogr. 50:2567–25

ssohn, R., and F. B. Schwing.  2002.  Common and uncommon trends in SST and wind stress in 
the California

Methratta, E. T., and J. S. Link.  2006.  Evaluation of quantitative indicators for marine fish communities
Ecol. Indic. 6:575–588. 

Miller, S. D., M. E. Clarke, J. D. Hastie, and O. S. Hamel.  2009.  Unit 15.  Pacific Coast groundfish 
fisheries.  In Ou

 207



Milton, D. A.  2001.  Assessing the susceptibility to fishing of populations of rare trawl bycatch: Sea 
snakes caught by Australia’s northern prawn fishery.  Biol. Conserv. 101:281–290. 

g 
:213–220. 

ento River, California?  J. 

Morán, X. A., A. López-Urrutia, A. Calvo-Díaz, and W. W. Li.  2009.  Increasing importance of small 

Morgan  
  Scientific Council Studies Document 93/57.  (Available from Northwest 

Moyle,  2002.  Inland fishes of California.  University of California Press, Berkeley. 

Murawski, S. A., and G. C. support 
4. 

Myers, J. M., . C. Wainwright, W. S. Grant, F. W. 
 salmon from 

Myers, id worldwide depletion of predatory fish communities.  Nature 

Nelson,

Newton

Nichols  support ecosystem-based 

 

-Halibut/Groundfish-Fishery-Management/NEPA-Documents/upload 

Montevecchi, W. A.  2007.  Binary dietary responses of northern gannets Sula bassana indicate changin
food web and oceanographic conditions.  Mar. Ecol. Prog. Ser. 352

Mora, E. A., S. T. Lindley, D. L. Erickson, and A. P. Klimley.  2009.  Do impassable dams and flow 
regulation constrain the distribution of green sturgeon in the Sacram
Appl. Ichthyol. 29:39–47. 

phytoplankton in a warmer ocean.  Glob. Change Biol. 16(3):1137–1144. 

, M. J., C. A. Bishop, and J. W. Baird.  1993.  Temporal and spatial variation in age and length at
maturity in 2J3KL cod.
Atlantic Fisheries Organization, P.O. Box 638, Dartmouth, Nova Scotia, Canada B2Y 3Y9.) 

P. B. 

Mumford, T.  2007.  Kelp and eelgrass in Puget Sound.  Puget Sound Nearshore Partnership Rep. 2007-
05.  U.S. Army Corps of Engineers, Seattle District, Seattle, WA. 

 Matlock (eds.).  2006.  Ecosystem science capabilities required to 
NOAA’s mission in the year 2020.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-F/SPO-7

 R. G. Kope, G. J. Bryant, D. Teel, L. J. Lierheimer, T
Waknitz, K. Neely, and S. T. Lindley.  1998.  Status review of Chinook
Washington, Idaho, Oregon, and California.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-
NWFSC-35. 

R. A., and B. Worm.  2003.  Rap
423:280–283. 

 J. S.  2006.  Fishes of the world.  Wiley & Sons, New York. 

Neuman, M., D. S. John, and J. Knauer.  2009.  Identification, definition, and rating of threats to the 
recovery of Puget Sound.  Tech. Memo.  Puget Sound Partnership, Olympia, WA. 

, J., T. Mumford, J. Dohrmann, J. West, R. Llanso, H. Berry, and S. Redman.  2000.  A 
conceptual model for environmental monitoring of a marine system.  Puget Sound Ambient 
Monitoring Program.  Puget Sound Water Quality Action Team, Olympia, WA. 

on, M. D., and S. Jennings.  2004.  Testing candidate indicators to
management: The power of monitoring surveys to detect temporal trends in fish community 
metrics.  ICES J. Mar. Sci. 61:35–42. 

Niemeijer, D., and R. S. de Groot.  2008.  A conceptual framework for selecting environmental indicator
sets.  Ecol. Indic. 8:14–25. 

NMFS (National Marine Fisheries Service).  2005.  Essential fish habitat designation and minimization of 
adverse impacts final Environmental Impact Statement.  Table 4, p. 137.  Online at http://www 
.nwr.noaa.gov/Groundfish
/Appendix-A-Risk-Assessment-Pages-221-440.pdf [accessed 13 January 2011]. 

 208



NMFS (National Marine Fisheries Service).  2006.  Designation of critical habitat for Southern Reside
killer whales: Biological report.  National Marine Fisheries Service, Northwest Regi

nt 
on Office, 

NMFS nt killer whales 

NMFS r 
but/Groundfish-Fishery-Management/Groundfish-Closed-Areas 

NMFS it information.  

NOAA 
accessed 3 

cean Service, Center for 
, 

OCNM ast National Marine Sanctuary).  2008.  Olympic Coast National Marine Sanctuary 

nce 35:419–422. 

  
 

ent 

Rev. 

Pace, M . Kitchell.  1999.  Trophic cascades revealed in diverse 

PacFIN (Pacific Coast Fisheries Information Network).  No date.  1981–2009 W-O-C all species reports 

Page, G
–471. 

Seattle, WA. 

(National Marine Fisheries Service).  2008.  Recovery plan for Southern Reside
(Orcinus orca).  National Marine Fisheries Service, Northwest Region Office, Seattle, WA. 

(National Marine Fisheries Service).  2010a.  Groundfish closed areas.  Online at http://www.nw
.noaa.gov/Groundfish-Hali
/Index.cfm#CP_JUMP_30272 [accessed 7 January 2011]. 

(National Marine Fisheries Service).  2010b.  Pacific limited entry groundfish perm
Online at https://nwr2.nmfs.noaa.gov/nwp_public_ss/HOME/index_pub_permits_ss.cfm 
[accessed 1 December 2010]. 

Press Release.  2010.  NOAA endorses innovative management of Pacific coast groundfish.  
Online at http://www.nmfs.noaa.gov/mediacenter/docs/noaa_groundfish081010.pdf [
March 2011]. 

NOS (National Ocean Service).  2008.  CO-OPS specifications and deliverables for installation, 
operation, and removal of water level stations.  NOAA, National O
Operational Oceanographic Products and Services, Requirements and Developmental Division
Silver Spring, MD. 

NRC (National Research Council).  1996.  Upstream: Salmon and society in the Pacific Northwest.  
National Research Council, Committee on the Protection and Management of Pacific Northwest 
Anadromous Salmonids.  National Academy Press, Washington, DC. 

S (Olympic Co
condition report.  Online at http://sanctuaries.noaa.gov/science/condition/ocnms/welcome.html 
[accessed 20 December 2010]. 

Odum, E. P.  1985.  Trends expected in stressed ecosystems.  Bioscie

Olsen, E. M., M. Heino, G. R. Lilly, M. J. Morgan, J. Brattey, B. Ernande, and U. Dieckmann.  2004.
Maturation trends indicative of rapid evolution preceded the collapse of northern cod.  Nature
428:932–935. 

Olsen, S. B.  2003.  Frameworks and indicators for assessing progress in integrated coastal managem
initiatives.  Ocean Coast. Manage. 46:347–361. 

Orians, G. H., and D. Policansky.  2009.  Scientific bases of macroenvironmental indicators.  Annu. 
Environ. Resour. 34:375–404. 

. L., J. J. Cole, S. R. Carpenter, and J. F
ecosystems.  Trends Ecol. Evol. 14:483–488. 

(Rep. #307).  Online at http://pacfin.psmfc.org/pacfin_pub/all_species_pub/woc_r307.php 
[accessed 14 December 2010]. 

. W., L. E. Stenzel, and J. E. Kjelmyr.  1999.  Overview of shorebird abundance and distribution 
in wetlands of the Pacific coast of the contiguous United States.  Condor 101:461

 209



Palsson, W. A., T.-S. Tsou, G. G. Bargmann, R. M. Buckley, J. E. West, M. L. Mills, Y. W. Cheng, and  
R. E. Pacunski.  2009.  The biology and assessment of rockfishes in Puget Sound.  FPT 09-04.  
Washington Dept. Fish and Wildlife, Olympia.  Online at http://wdfw.wa.gov/publications 

Palumb . S. 

Parrish, ds as predators.  In J. Parrish and K. 

Parrish, R. H., C. S. Nelson, and A. Bakun.  1981.  Transport mechanisms and reproductive success of 

Patrick, . 
igelow, and W. Overholtz.  2010.  Using productivity and susceptibility indices to 

Pauley,

p. 82(11.63) and U.S. Army Corps of Engineers Rep. TR EL-82-4.  U.S. 
DC. 

Pauly, D  
ternational Centre for 

Pauly, D s.  

ea Grant Program, 

Pearson on 
 In Puget Sound science update.  Online at http://pugetsoundscienceupdate.com 

Peña, M northeast Pacific.  Prog. Oceanogr. 75(2):115–

Pentilla  in Puget Sound.  Puget Sound Nearshore Partnership Rep. 2007-

Perry, A   2005.  Climate change and distribution shifts in 

Peterso l 
rnia Current.  Calif. Coop. Ocean. Fish. Investig. Rep. 50:73–81. 

es. Pt. II 
Top. Stud. Oceanogr. 50:2499–2517. 

/00926/wdfw00926.pdf [accessed 13 January 2011]. 

i, S. R., P. A. Sandifer, J. D. Allan, M. W. Beck, D. G. Fautin, M. J. Fogarty, B. S. Halpern, L
Incze, J. A. Leong, E. Norse, J. J. Stachowicz, and D. H. Wall.  2009.  Managing for ocean 
biodiversity to sustain marine ecosystem services.  Front. Ecol. Environ. 7:204–211. 

 J., and E. Loggerwell.  2001.  Seabirds as indicators, seabir
Litle (eds.), PNCERS 2000 Annual Report, p. 87–92.  NOAA Coastal Ocean Program, Silver 
Spring, MD. 

fishes in the California Current.  Biol. Oceanogr. 1:175–203. 

 W. S., P. Spencer, J. Link, J. Cope, J. Field, D. Kobayashi, P. Lawson, T. Gedamke, E. Cortés, O
Ormseth, K. B
assess the vulnerability of United States fish stocks to overfishing.  Fish. Bull. 108:305–322. 

 G., D. Armstrong, and T. Heun.  1986.  Species profiles: Life histories and environmental 
requirements of coastal fishes and invertebrates (Pacific Northwest)–Dungeness crab.  U.S. Fish 
Wildl. Serv. Biol. Re
Army Corps of Engineers, Vicksburg, MS, and U.S. Fish and Wildlife Service, Washington, 

.  1979.  Theory and management of tropical multispecies stocks: A review, with emphasis on the
Southeast Asian demersal fisheries.  WorldFish Center, formerly the In
Living Aquatic Resources Management, Penang, Malaysia.  Studies and Reviews 1:1–35. 

., V. Christensen, J. Dalsgaard, R. Froese, and F. Torres.  1998.  Fishing down marine food web
Science 279:860–863. 

Pearcy, D. W.  1992.  Ocean ecology of North Pacific salmonids.  Univ. Washington, S
Seattle. 

, S. F., N. Hamel, S. Walters, J. Marzluff (eds.).  2010.  Chapter 3: Impacts of human activities 
the ecosystem. 
/pmwiki.php?n=Chapter3.Chapter3 [accessed 8 March 2011]. 

. A., and S. J. Bograd.  2007.  Time series of the 
119. 

, D.  2007.  Marine forage fishes
03.  U.S. Army Corps of Engineers, Seattle District, Seattle, WA. 

. L., P. J. Low, J. R. Ellis, and J. D. Reynolds.
marine fishes.  Science 308:1912–1915. 

n, W. T.  2009.  Copepod species richness as an indicator of long-term changes in the coasta
ecosystem of the northern Califo

Peterson, W. T., and J. E. Keister.  2003.  Interannual variability in copepod community composition at a 
coastal station in the northern California Current: A multivariate approach.  Deep-Sea R

 210



Peterson, W. T., C. A. Morgan, E. Casillas, J. L. Fisher, and J. W. Ferguson.  Unpubl. manuscr.  Ocean 
ecosystem indicators of salmon marine survival in the northern California Current, dated 2010.  
(Available from W. T. Peterson, NWFSC, Newport Research Station, 2030 SE Marine Scien
Drive, Newport, OR 97365.) 

ce 

PFMC (Pacific Fishery

nt/uploads/SAFE_2008_March.pdf [accessed 7 January 2011]. 

an 
, as amended through Amendment 

PFMC 

PFMC 

Phillips nia 

Piatt, J. F. Wiese.  2007.  Seabirds as indicators of marine systems.  Mar. Ecol. 

Pimm, S. L.  1984.  The complexity and stability of ecosystems.  Nature 307:321–326. 

ographic data for the North Pacific.  ICES J. Mar. Sci. 62:319–327. 

tat for marine resources.  Prog. 

Pomero 04.  Implications of spatial distributions of snow mass 

PSP (Pu ound action agenda: Protecting and restoring the Puget 
Sound ecosystem by 2020.  Puget Sound Partnership, Olympia, WA. 

Peterson, W.T., and F. B. Schwing.  2003.  A new climate regime in northeast Pacific ecosystems.  
Geophys. Res. Lett. 30:1896. 

 Management Council).  2008a.  Chapter 2: West Coast marine ecosystems and 
essential fish habitat.  In Stock assessment and fishery evaluation.  Vol. 1: Description of the 
fishery.  Pacific Fishery Management Council, Portland, OR.  Online at http://www.pcouncil 
.org/wp-conte

PFMC (Pacific Fishery Management Council).  2008b.  Pacific coast groundfish fishery management pl
for the California, Oregon, and Washington groundfish fishery
19.  Pacific Fishery Management Council, Portland, OR. 

(Pacific Fishery Management Council).  2010a.  Draft SSC terms of reference for groundfish 
rebuilding analysis.  Pacific Fishery Management Council, Portland, OR.  Online at http:// 
www.pcouncil.org/wp-content/uploads/B4a_ATT2_DFT_SSC_TOR_JUNE2010BB.pdf 
[accessed 7 January 2011]. 

(Pacific Fishery Management Council).  2010b.  Review of 2009 ocean salmon fisheries.  
Document prepared for the council and its advisory entities.  Pacific Fishery Management 
Council, Portland, OR. 

, J. B.  1964.  Life history studies on 10 species of rockfish (Genus Sebastodes).  Univ. Califor
San Diego, Scripps Institution of Oceanography Library.  Online at http://escholarship.org 
/uc/item/56h7k0rx [accessed 14 December 2010]. 

F., W. J. Sydeman, and 
Prog. Ser. 352:199–204. 

Polis, G. A., and S. D. Hurd.  1996.  Linking marine and terrestrial food webs: Allochthonous input from 
the ocean supports high secondary productivity on small islands and coastal land communities.  
Am. Nat. 147:396–423. 

Polovina, J. J., and E. A. Howell.  2005.  Ecosystem indicators derived from satellite remotely sensed 
ocean

Polovina, J. J., E. A. Howell, D. R. Kobayashi, and M. P. Seki.  2001.  The transition zone chlorophyll 
front, a dynamic global feature defining migration and forage habi
Oceanogr. 49:469–483. 

y, J. W., R. L. H. Essery, and B. Toth.  20
and melt rate for snow-cover depletions: Observations in a subarctic mountain catchment.  Ann. 
Glaciol. 38:195–201. 

PSAT (Puget Sound Action Team).  2007.  2007 Puget Sound update: Ninth report of the Puget Sound 
Assessment and Monitoring Program.  Puget Sound Action Team, Olympia, WA. 

get Sound Partnership).  2008.  Puget S

 211



PSP (Puget Sound Partnership).  2010.  2009 state of the sound.  Puget Sound Partnership, Olympia, WA

T. P.  2005.  The behavior and ecology of Pacific salmon and trout.  American Fisheries Society, 
Bethesda, MD. 

. 

Quinn, 

REEF ( rg 

rog. Ser. 394:201–213. 

Roch, M etallothionein induction, growth, and survival of Chinook salmon 

Rochet,
roposals.  Can. J. Fish. Aquat. Sci. 60:86–99. 

Rogers, J. B.  2005.  Status of the darkblotched rockfish (Sebastes crameri) resource in 2005.  In Status of 
ck 

g analyses.  Pacific Fishery Management Council, Portland, OR. 

ton in the 

Rosenbe  
s report from the Lenfest Working Group.  MRAG Americas, 

Ross, P .  Contaminant-

Ross, P
ulina) in British Columbia, Canada, and Washington state, USA, reveal a 

Roth, J. . J. Sydeman.  2007.  Chinook salmon (Oncorhynchus tshawytscha)–

Ramsay, K., M. J. Kaiser, and R. N. Hughes.  1998.  Responses of benthic scavengers to fishing 
disturbance by towed gears in different habitats.  J. Exp. Mar. Biol. Ecol. 224:73–89. 

Rapport, D. J., H. A. Regier, and T. C. Hutchinson.  1985.  Ecosystem behavior under stress.  Am. Nat. 
125:617–640. 

Reef Environmental Education Foundation).  2008.  Reef surveys.  Online at http://www.reef.o
/home [accessed 16 November 2010]. 

Reiss, H., S. P. R. Greenstreet, K. Sieben, S. Ehrich, G. J. Piet, F. Quirijns, L. Robinson, W. J. Wolff, and 
I. Kroncke.  2009.  Effects of fishing disturbance on benthic communities and secondary 
production within an intensively fished area.  Mar. Ecol. P

Rice, J. C., and M. J. Rochet.  2005.  A framework for selecting a suite of indicators for fisheries 
management.  ICES J. Mar. Sci. 62:516–527. 

. and J. A. McCarter.  1984.  M
exposed to zinc, copper, and cadmium.  Bull. Environ. Contam. Toxicol. 32:478–485. 

 M. J., and V. M. Trenkel.  2003.  Which community indicators can measure the impact of 
fishing?  A review and p

Rodionov, S., and J. E. Overland.  2005.  Application of a sequential regime shift detection method to the 
Bering Sea ecosystem.  ICES J. Mar. Sci. 62:328–332. 

the Pacific Coast groundfish fishery through 2005, stock assessment and fishery evaluation: Sto
assessments and rebuildin

Roemmich, D., and J. McGowan.  1995.  Climatic warming and the decline of zooplank
California Current.  Science 267:1324–1326. 

rg, A., D. Agnew, E. Babcock, A. Cooper, C. Mogensen, R. O’Boyle, J. Powers, and J. Swasey. 
2007.  Annual catch limit
Anchorage, AK. 

., R. de Swart, R. Addison, H. Van Lovern, J. Vos, and A. Osterhaus.  1996
induced immunotoxicity in harbour seals: Wildlife at risk?  Toxicology 112:157–169. 

. S., S. J. Jeffries, M. B. Yunker, R. F. Addison, M. G. Ikonomou, and J. Calambokidis.  2004.  
Harbour seals (Phoca vit
combination of local and global polychlorinated biphenyl, dioxin, and furan signals.  Environ. 
Toxicol. Chem. 23:157–165. 

 E., K. L. Mills, and W
seabird co-variation off central California and possible forecasting applications.  Can. J. Fish. 
Aquat. Sci. 64:1080–1090. 

 212



Ruckelshaus, M., and M. McClure (coordinators, prepared in cooperation with the Sound Science 
collaborative team).  2007.  Sound science: Synthesizing ecological and socioeconomic 
information about the Puget Sound ecosystem.  NWFSC, Seattle, WA. 

Ruckelshaus, M., P. Bloch, C. Busack, J. Davies, J. Joy, J. Knauer, T. Mumford, W. Palsson, J. Pierce, E. 
Richmond, S. Smith, K. Stiles, and J. West.  2009.  Assessing the magnitude and potentia
impacts of threats/drivers to Puget Sound ecosystems: A demonstration using DPSIR c

l 
onceptual 

Rykaczewski, R. R., and D. M. Checkley Jr.  2008.  Influence of ocean winds on the pelagic ecosystem in 

Sabine, y, K. Lee, and J. L. Bullister.  2004.  The oceanic sink for 

Sakuma  Pacific 
f central 

Sala, E.  L. G. Lopez-Lemus.  2004.  Fishing down coastal 

Samhou based 

Samhou f marine ecosystem 

Sampso st Coast in 2005.  In Status of the Pacific 

Sanderc almon 

Scheffe . H. Walker.  2001.  Catastrophic shifts in 

Scheffe :373–

S. Fish 

Scheuer

Schirripa, M. J.  2007.  Status of the sablefish resource off the continental U.S. Pacific Coast in 2007.  
Pacific Fishery Management Council, Portland, OR. 

models.  Puget Sound Partnership, Olympia, WA. 

upwelling regions.  Proc. Natl. Acad. Sci. USA 105:1965–1970. 

C. L., R. A. Feely, N. Gruber, R. M. Ke
anthropogenic CO2.  Science 305:367–371. 

, K. M., S. Ralston, D. A. Roberts.  2007.  High-frequency patterns in abundance of larval
hake, Merluccius productus, and rockfish, Sebastes spp., at a single fixed station of
California.  Fish. Oceanogr. 16:383–394. 

, O. Aburto-Oropeza, M. Reza, G. Paredes, and
food webs in the Gulf of California.  Fisheries 29:19–25. 

ri, J. F., P. S. Levin, and C. H. Ainsworth.  2010.  Identifying thresholds for ecosystem-
management.  PLoS One 5:1–10. 

ri, J. F., P. S. Levin, and C. J. Harvey.  2009.  Quantitative evaluation o
indicator performance using food web models.  Ecosystems 12:1283–1298. 

n, D. B.  2005.  The status of Dover sole off the U.S. We
Coast groundfish fishery through 1999 and recommended biological catches for 2005: Stock 
assessment and fishery evaluation.  Pacific Fishery Management Council, Portland, OR. 

ock, F. K.  1991.  Life history of coho salmon.  In C. Groot and L. Margolis (eds.), Pacific s
life histories, p. 395–446.  University of British Columbia Press, Vancouver. 

r, M., S. R. Carpenter, J. Foley, C. Folke, and B
ecosystems.  Nature 413:591–596. 

r, V. B., and J. W. Slipp.  1944.  The harbor seal in Washington state.  Am. Midl. Nat. 32
416. 

Scheiff, A. J., J. S. Lang, and W. D. Pinnix.  2001.  Juvenile salmonid monitoring on the mainstem 
Klamath River at Big Bar and mainstem Trinity River at Willow Creek 1997–2000.  U.
and Wildlife Service, Arcata Fish and Wildlife Office, Arcata, CA. 

ell, J. M., and J. G. Williams.  2005.  Forecasting climate-induced changes in the survival of 
Snake River spring/summer Chinook salmon (Oncorhynchus tshawytscha).  Fish. Oceanogr. 
14:448–457. 

Schick, R. S., and S. T. Lindley.  2007.  Directed connectivity among fish populations in a riverine 
network.  J. Appl. Ecol. 44:1116–1126. 

 213



Schofield, P. J.  2009.  Geographic extent and chronology of the invasion of non-native lionfish (Pt
volitans [Linnaeus 1758] and P. miles [Bennett 1828]) in the western North Atlantic and
Caribbean Sea.  Aquat. Invasions 4:473–479. 

erois 
 

Shanno

n neonatal harbor seals (Phoca vitulina) from 

Sherma
301. 

84–396. 

 pink salmon.  Mar. Ecol. Prog. Ser. 150:75–85. 

  Geophys. Res. Lett. 30(15)1–4. 

arison among species.  Mar. Ecol. Prog. Ser. 360:227–236. 

nt 
In 

oxicity methods in ecological 

Stachow  on 
stems.  Annu. Rev. Ecol. Syst. 38:739–766. 

 

lmon from urban and nonurban estuaries of 
Puget Sound, Washington.  Environ. Toxicol. Chem. 14:1019–1029. 

Schwing, F. B., and R. Mendelssohn.  1997.  Increased coastal upwelling in the California Current 
system.  J. Geophys. Res. 102:3421–3438. 

n, C. E., and W. Weaver.  1949.  The mathematical theory of communication.  University of 
Illinois Press, Urbana. 

Shared Strategy for Puget Sound.  2007.  Puget Sound salmon recovery plan.  (Available from Shared 
Strategy for Puget Sound, 1411 4th Ave., Seattle, WA 98101.) 

Shaw, S. D., D. Brenner, C. S. Hong, B. Bush, and G. M. Shopp.  1999.  Low-level exposure to PCBs is 
associated with immune and endocrine disruption i
the California coast.  Organohalogen Compounds 42:11–14. 

n, K.  1994.  Sustainability, biomass yields, and health of coastal ecosystem: An ecological 
perspective.  Mar. Ecol. Prog. Ser. 112:277–

Shin, Y. J., M. J. Rochet, S. Jennings, J. G. Field, and H. Gislason.  2005.  Using size-based indicators to 
evaluate the ecosystem effects of fishing.  ICES J. Mar. Sci. 62:3

Shiomoto, A., K. Tadokoro, K. Nagasawa, and Y. Ishida.  1997.  Trophic relations in the subarctic North 
Pacific ecosystem: Possible feeding effect from

Sibly, R. M., and J. Hone.  2002.  Population growth rate and its determinants: An overview.  Philos. 
Trans. R. Soc. Biol. Sci. 357:1153–1170. 

Smith, D. C., E. A. Fulton, P. Johnson, G. Jenkins, N. Barrett, C. Buxton, and G. Edgar.  2010.  
Developing integrated performance measures for spatial management of marine systems.  
Commonwealth Scientific and Industrial Research Organization (CSIRO) Final Project Rep. 
2004/005.  (Available from E. A. Fulton, CSIRO, GPO Box 1538, Hobart, Tasmania 7001, 
Australia.) 

Snyder, M. A., L. C. Sloan, N. S. Diffenbaugh, and J. L. Bell.  2003.  Future climate change and 
upwelling in the California Current.

Sogard, S. M., S. A. Berkeley, and R. Fisher.  2008.  Maternal effects in rockfishes Sebastes spp.: A 
comp

Spromberg, J. A., and L. L. Johnson.  2008.  Potential effects of freshwater and estuarine contamina
exposure on lower Columbia River Chinook salmon (Oncorhynchus tshawytscha) populations.  
H. R. Akcakaya, J. D. Stark, and J. S. Bridges (eds.), Demographic t
risk assessment, p. 288.  Oxford University Press, Oxford, U.K. 

icz, J. J., J. F. Bruno, and J. E. Duffy.  2007.  Understanding the effects of marine biodiversity
communities and ecosy

Stauffer, G. D., and R. L. Charter.  1982.  The northern anchovy spawning biomass for the 1981–82
California fishing season.  Calif. Coop. Ocean. Fish. Investig. Rep. 23:15–19. 

Stein, J. E., T. Hom, T. K. Collier, D. W. Brown, and U. Varanasi.  1995.  Contaminant exposure and 
biochemical effects in outmigrant juvenile Chinook sa

 214



Steneck, R. S., M. H. Graham, B. J. Bourque, D. Corbett, J. M. Erlandson, J. A. Estes, and M. J. Tegner.  
2002.  Kelp forest ecosystems: Biodiversity, stability, resilience, and future.  Environ. Con
29:436–459. 

serv. 

 
ssment and fishery evaluation: Stock assessments and 

Stewart e U.S. canary rockfish resource in 2007.  In Status of the Pacific Coast 

 
hery through 2009, stock assessment and 

Stick, K on state herring stock status report.  Rep. FPA 09-05.  

Stobart,
col. 

 for 

tion 

. 

Strong, onor-control in speciose 

Suter, G . 

ky, 
aleuticus 

Stewart, I. J.  2005.  Status of the U.S. English sole resource in 2005.  In Status of the Pacific Coast
groundfish fishery through 2005, stock asse
rebuilding analyses.  Pacific Fishery Management Council, Portland, OR. 

, I. J.  2007.  Status of th
groundfish fishery through 1999 and recommended biological catches for 2007: Stock assessment 
and fishery evaluation.  Pacific Fishery Management Council, Portland, OR. 

Stewart, I. J.  2008.  Status of the U.S. canary rockfish resource in 2008.  In Status of the Pacific Coast 
groundfish fishery through 2008, stock assessment and fishery evaluation: Stock assessments, 
STAR panel reports, and rebuilding analyses.  Pacific Fishery Management Council, Portland, 
OR. 

Stewart, I. J.  2009.  Status of the U.S. canary rockfish resource in 2009 (update of 2007 assessment
model).  Status of the Pacific Coast groundfish fis
fishery evaluation: Stock assessments, STAR panel reports, and rebuilding analyses.  Pacific 
Fishery Management Council, Portland, OR. 

Stewart, I. J., J. R. Wallace, and C. McGilliard.  2009.  Status of the U.S. yelloweye rockfish resource in 
2009.  Status of the Pacific Coast groundfish fishery through 2009, stock assessment and fishery 
evaluation: Stock assessments, STAR panel reports, and rebuilding analyses., Pacific Fishery 
Management Council, Portland, OR. 

., and A. Lindquist.  2009.  2008 Washingt
Washington Dept. Fish and Wildlife, Olympia. 

 B., R. M. Warwick, C. Gonzalez, S. Mallol, D. Diaz, O. Renones, and R. Goni.  2009.  Long-
term and spillover effects of a marine protected area on an exploited fish community.  Mar. E
Prog. Ser. 384:47–60. 

Stobutzki, I. C., M. W. Miller, and D. Brewer.  2001.  Sustainability of fishery bycatch: A process
assessing highly diverse and numerous bycatch.  Environ. Conserv. 28:167–181. 

Stockwell, C. A., A. P. Hendry, and M. T. Kinnison.  2003.  Contemporary evolution meets conserva
biology.  Trends Ecol. Evol. 18:94–101. 

Stout, H. A., R. G. Gustafson, W. H. Lenarz, B. B. McCain, D. M. VanDoornik, T. L. Builder, and R. D
Methot.  2001.  Status review of Pacific herring in Puget Sound, Washington.  U.S. Dept. 
Commer., NOAA Tech. Memo. NMFS-NWFSC-45. 

 D. R.  1992.  Are trophic cascades all wet—Differentiation and d
ecosystems.  Ecology 73:747–754. 

. W.  2007.  Ecological risk assessment.  CRC Press, Boca Raton, FL

Sydeman, W. J., R. W. Bradley, P. Warzybok, C. L. Abraham, J. Jahncke, K. D. Hyrenbach, V. Kous
J. M. Hipfner, and M. D. Ohman.  2006.  Planktivorous auklet Ptychoramphus 
responses to ocean climate, 2005: Unusual atmospheric blocking?  Geophys. Res. Lett. 
33:L22S09. 

 215



Sydeman, W. J., M. Hester, J. A. Thayer, F. Gress, P. Martin, and J. Buffa.  2001.  Climate change, 
reproductive performance, and diet composition of marine birds in the southern California 
Current system, 1967–1997.  Prog. Oceanogr. 49:309–329. 

nt 

 Ecosystem Research, 

Thomas
. S. van Jaarsveld, 

s.  

Thomps  
ates of age, growth, and female maturity.  Environ. Biol. Fishes 88:377–388. 

agers 

Tolimie
Pacific coast.  Environ. Biol. Fishes 78:241–256. 

 

Vetter, 
populations in submarine canyons.  Mar. Ecol. Prog. Ser. 186:137–148. 

cle: Sources 

Wallace weye rockfish (Sebastes ruberrimus) off the U.S. West 

c Coast 
nd 

 Management Council, Portland, OR. 

opulations.  Can. J. Fish. 

Walther ans. 

Sydeman, W. J., and S. A. Thompson.  2010.  The California Current integrated ecosystem assessme
(IEA) module II: Trends and variability in climate-ecosystem state.  Final report to NOAA, 
NMFS, Environmental Research Division.  Farallon Institute for Advanced
Petaluma, CA. 

, C. D., A. Cameron, R. E. Green, M. Bakkenes, L. J. Beaumont, Y. C. Collingham, B. F. N. 
Erasmus, M. F. de Siqueira, A. Grainger, L. Hannah, L. Hughes, B. Huntley, A
G. F. Midgley, L. Miles, M. A. Ortega-Huerta, A. T. Peterson, O. L. Phillips, and S. E. William
2004.  Extinction risk from climate change.  Nature 427:145–148. 

on, J., and R. Hannah.  2010.  Using cross-dating techniques to validate ages of aurora rockfish:
Estim

Thompson, R., and B. M. Starzomski.  2007.  What does biodiversity actually do?  A review for man
and policy makers.  Biodivers. Conserv. 16:1359–1378. 

ri, N.  2007.  Patterns in species richness, species density, and evenness in groundfish 
assemblages on the continental slope of the U.S. 

Tolimieri, N., and M. J. Anderson.  2010.  Taxonomic distinctness of demersal fishes of the California 
Current: Moving beyond simple measures of diversity for marine ecosystem-based management.  
PLoS One 5:e10653. 

Trenkel, V. M., and M. J. Rochet.  2003.  Performance of indicators derived from abundance estimates for
detecting the impact of fishing on a fish community.  Can. J. Fish. Aquat. Sci. 60:67–85. 

Trippel, E. A.  1995.  Age at maturity as a stress indicator in fisheries.  Bioscience 45:759–771. 

E. W., and P. K. Dayton.  1999.  Organic enrichment by macrophyte detritus and abundance 
patterns of megafaunal 

Vitousek, P. M., J. D. Aber, R. W. Howarth, G. E. Likens, P. A. Matson, D. W. Schindler, W. H. 
Schlesinger, and D. G. Tilman.  1997.  Human alteration of the global nitrogen cy
and consequences.  Ecol. Appl. 7:737–750. 

, J. R.  2007.  Update to the status of yello
Coast in 2007.  In Status of the Pacific Coast groundfish fishery through 2005, stock assessment 
and fishery evaluation: Stock assessments and rebuilding analyses.  Pacific Fishery Management 
Council, Portland, OR. 

Wallace, J. R., and H. Lai.  2005.  Status of the yellowtail rockfish in 2004.  In Status of the Pacifi
groundfish fishery through 2005, stock assessment and fishery evaluation: Stock assessments a
rebuilding analyses.  Pacific Fishery

Walters, C. J.  1987.  Nonstationarity of production relationships in exploited p
Aquat. Sci. 44(Suppl. 2):156–165. 

, G. R.  2010.  Community and ecosystem responses to recent climate change.  Philos. Tr
Roy. Soc. Biol. Sci. 365:2019–2024. 

 216



Ward, P., and R. A. Myers.  2005.  Shifts in open-ocean fish communities coinciding with the 
commencement of commercial fishing.  Ecology 86:835–847. 

P.  1977.  Recreationally important marine fishes of Puget SouWashington, nd, Washington.  U.S. Dept. 

Watson

WDFW

d waters.  Washington Dept. Natural 

Weinbe
nd 

Wells, B Thayer, C. B. Grimes, S. J. Bograd, W. J. Sydeman, F. B. Schwing, and R. 

 lengths 

Wells, B , 
inook 

West, J  Spatial extent, magnitude, and patterns of persistent 

Westrhe
n the northeast Pacific Ocean.  J. Fish. Res. Board Can. 32:2399–2411. 

a Climatology Survey, CIMMS, Univ. Oklahoma, School of 

Wood, dels: An introduction with R.  Chapman & Hall/CRC, Boca 
Raton, FL. 

Commer., Northwest and Alaska Fisheries Science Center Processed Rep. 60. 

, R., and D. Pauly.  2001.  Systematic distortions in world fisheries catch trends.  Nature 414:534–
536. 

WDFW (Washington Dept. Fish and Wildlife).  2008.  Priority habitats and species list.  Washington 
Dept. Fish and Wildlife, Olympia. 

 (Washington Dept. Fish and Wildlife).  2010a.  2010/2011 sportfishing rules pamphlet.  
Washington Dept. Fish and Wildlife, Olympia. 

WDFW (Washington Dept. Fish and Wildlife).  2010b.  Puget Sound commercial salmon regulations.  
Washington Dept. Fish and Wildlife, Olympia. 

WDNR (Washington Dept. Natural Resources).  1972.  Commercial herring fishing and herring-surf 
smelt spawning.  Washington marine atlas, southern inlan
Resources, Olympia. 

rg, K. L., M. E. Wilkins, F. R. Shaw, and M. Zimmerman.  2002.  The 2001 Pacific West Coast 
bottom trawl survey of groundfish resources: Estimates of distribution, abundance, and length a
age composition.  U.S. Dept. Commer., NOAA Tech. Memo. NMFS-AFSC-128. 

. K., J. C. Field, J. A. 
Hewitt.  2008.  Untangling the relationship between climate, prey, and top predators in an ocean 
ecosystem.  Mar. Ecol. Prog. Ser. 364:15–29. 

Wells, B. K., C. B. Grimes, J. C. Field, and C. S. Reiss.  2006.  Covariation between the average
of mature coho (Oncorhynchus kisutch) and Chinook salmon (O. tshawytscha) and the ocean 
environment.  Fish. Oceanogr. 15(1):67–79. 

. K., C. B. Grimes, and J. B. Waldvogel.  2007.  Quantifying the effects of wind, upwelling, curl
sea surface temperature, and sea level height on growth and maturation of a California Ch
salmon (Oncorhynchus tshawytscha) population.  Fish. Oceanogr. 16:363–382. 

. E., S. M. O’Neill, and G. M. Ylitalo.  2008. 
organochlorine pollutants in Pacific herring (Clupea pallasii) populations in Puget Sound (USA) 
and Strait of Georgia (Canada).  Sci. Total Environ. 394:369–378. 

im, S. J.  1975.  Reproduction, maturation, and identification of larvae of some Sebastes 
(Scorpaenidae) species i

Whitney, F. A., H. J. Freeland, and M. Robert.  2007.  Persistently declining oxygen levels in the interior 
waters of the eastern subarctic Pacific.  Prog. Oceanogr. 75:179–199. 

Wolter, K., and M. S. Timlin.  1993.  Monitoring ENSO in COADS with a seasonally adjusted principal 
component index.  In Proceedings of the 17th Climate Diagnostics Workshop (1993), p. 52–57.  
NOAA/NMC/CAC, NSSL, Oklahom
Meteorology, Norman. 

S. N.  2006a.  Generalized additive mo

 217



Wood, S. N.  2006b.  Low-rank scale-invariant tensor product smooths for generalized additive
models.  Biometrics 62:1025–1036. 

 mixed 

 

nal age.  J. Anim. Ecol. 74:303–312. 

f Alaska: Temporal variability and ocean habitat associations.  

Zhang, g ecosystem in 1980s and 1990s for American 

Zhang, O-like interdecadal variability: 1900–93.  J. 

Zheng,  
ceanography.  ICES J. Mar. Sci. 57:438–451. 

Worm, B., and R. A. Myers.  2003.  Meta-analysis of cod-shrimp interactions reveals top-down control in
oceanic food webs.  Ecology 84:162–173. 

Wright, P. J., and F. M. Gibb.  2005.  Selection for birth date in North Sea haddock and its relation to 
mater

Yen, P. P. W., W. J. Sydeman, K. H. Morgan, and F. A. Whitney.  2005.  Top predator distribution and 
abundance across the eastern Gulf o
Deep-Sea Res. Pt. II Top. Stud. Oceanogr. 52:799–822. 

Y., and Y. Chen.  2007.  Modeling and evaluatin
lobster (Homarus americanus) in the Gulf of Maine.  Ecol. Model. 203:475–489. 

Y., J. M. Wallace, and D. S. Battisti.  1997.  ENS
Climate 10:1004–1020. 

J., and G. H. Kruse.  2000.  Recruitment patterns of Alaskan crabs in relation to decadal shifts in
climate and physical o

 218



 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. Schwing1 

 
From contributions by the editors and Cameron H. Ainsworth,  
Kelly S. Andrews, Steven J. Bograd,1 Merrick Burden,2  
Shallin Busch, William Cheung,3 John Dunne,4 Tessa B. Francis, 
Elizabeth A. Fulton,5 Churchill B. Grimes,6 Elliott L. Hazen,1  
Peter J. Horne, David Huff,7 Isaac C. Kaplan, Steve T. Lindley,6 
Thomas Okey,8 Jameal F. Samhouri, Isaac D. Schroeder,1  
William J. Sydeman,9 Sarah A. Thompson,9 Nick Tolimieri,  
Brian K. Wells,6 and Gregory D. Williams 
 
 
Northwest Fisheries Science Center 5CSIRO 
2725 Montlake Boulevard East Castray Esplanade 
Seattle, Washington 98112 Hobart, Tasmania 7000, Australia 
 
1Southwest Fisheries Science Center 6Southwest Fisheries Science Center 
1352 Lighthouse Avenue 110 Shaffer Road 
Pacific Grove, California 93950 Santa Cruz, California 95060 
 
2Pacific Fishery Management Council 7University of California Santa Cruz 
7700 Northeast Ambassador Place, Suite 101 100 Shaffer Road 
Portland, Oregon 97220 Santa Cruz, California 95060 
 
3University of East Anglia 8University of British Columbia 
School of Environmental Sciences 2329 West Mall 
Norwich, United Kingdom NR4 7TJ Vancouver, British Columbia V6T 1Z4 
 
4Geophysical Fluid Dynamics Laboratory 9Farallon Institute 
Princeton University Forrestal Campus P.O. Box 750756 
201 Forrestal Road Petaluma, California 94952 
Princeton, New Jersey 08540 
 
 
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. 

 



Table of Contents 

List of Figures .............................................................................................................................................vii 

List of Tables .............................................................................................................................................xiii 

Executive Summary .................................................................................................................................... xv 

Acknowledgments..................................................................................................................................... xxv 

Abbreviations and Acronyms .................................................................................................................xxvii 

Introduction: An Incremental Approach to the California Current Integrated Ecosystem Assessment ....... 1 
By Phillip S. Levin and Franklin B. Schwing 

The California Current Ecosystem ........................................................................................................... 1 

What is an Integrated Ecosystem Assessment? ........................................................................................ 3 

Scope of this Report ................................................................................................................................. 4 

EBM Drivers, Pressures, and Components in the California Current Ecosystem.................................... 4 

EBM Drivers, Pressures, and Components Addressed in the California Current IEA............................. 6 

Next Steps for the California Current IEA ............................................................................................... 6 

Selecting and Evaluating Indicators for the California Current.................................................................... 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 ...................................................................... 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 Current......................................................................................... 53 

Status of the California Current Ecosystem:  Major EBM Components .................................................... 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) 

Introduction ............................................................................................................................................ 60 

EBM Component: Central California Salmon........................................................................................ 60 

EBM Component: Sturgeon ................................................................................................................... 67 

EBM Component: Groundfishes ............................................................................................................ 68 

EBM Component: Ecosystem Health..................................................................................................... 80 

EBM Component: Forage Fish............................................................................................................... 93 

EBM Component: Vibrant Coastal Communities .................................................................................. 95 

 iii



Status of the California Current Ecosystem: Major EBM Drivers and Pressures....................................... 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 

Main Findings......................................................................................................................................... 99 

EBM Driver and Pressure: Climate ...................................................................................................... 100 

EBM Driver and Pressure: Fisheries .................................................................................................... 110 

EBM Driver and Pressure: Habitat degradation ................................................................................... 110 

Ecosystem Risk Assessment: A Case Study of the Puget Sound Marine Food Web ............................... 111 
By Jameal F. Samhouri and Phillip S. Levin 

Introduction .......................................................................................................................................... 111 

Methods ................................................................................................................................................ 112 

Results .................................................................................................................................................. 134 

Discussion............................................................................................................................................. 138 

The Evaluation of Management Strategies ............................................................................................... 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) 

Introduction .......................................................................................................................................... 141 

MSE 1: Influence of Some Fisheries Management Options on Trade-offs between Groundfish and 
Ecosystem Health Objectives ............................................................................................................... 142 

MSE 2: Potential Impacts of Climate Change on California Current Marine Fisheries and Food  
Webs ..................................................................................................................................................... 183 

MSE 3: Fishing Catch Shares in the Face of Global Change, a Framework for Integrating  
Cumulative Impacts and Single Species Management ......................................................................... 185 

References................................................................................................................................................. 189 

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

Introduction .......................................................................................................................................... 219 

Methods: Atlantis ................................................................................................................................. 221 

Methods: Model of the California Current ........................................................................................... 221 

Methods: Attributes and Indicators ...................................................................................................... 222 

Methods: Scenarios............................................................................................................................... 226 

Methods: Spatial Scaling of Attributes and Indicators ......................................................................... 242 

Results .................................................................................................................................................. 242 

Discussion............................................................................................................................................. 267 

 

 iv



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

Appendix C: Data Sources........................................................................................................................ 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: Groundfishes .......................................................................................................... 275 

EBM Component: Ecosystem Health................................................................................................... 278 

EBM Driver and Pressure: Climate ...................................................................................................... 282 

Appendix D: National Marine Sanctuaries ............................................................................................... 285 
By Nick Tolimieri and Kelly S. Andrews 

Olympic Coast NMS ............................................................................................................................ 285 

Cordell Bank NMS ............................................................................................................................... 285 

Gulf of the Farallones NMS ................................................................................................................. 304 

Monterey Bay NMS.............................................................................................................................. 307 

 

 v




