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PREFACE

Phillip S.Levintand Brian K. Wells2

1. NOAA Fisheries, Northwest Fisheds Science Center
2. NOAA Fisheries, Southwest Fisheries Science Center

|WHAT IS AN INTEGRATEECOSYSTEM ASSESSMPE
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An ecosy$em management approach is one that provides a comprehensive framework for
marine, coastal, and Great Lakes resource decisiomaking. Integrated ecosystem assessments
(IEAS) are a critical science support element enabling ecosystebased 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, @source 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 accetable 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 backdrop of environmental conditions. To this end,
IEAs follow the following steps:

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

91 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 obje¢iwely to decision criteria.

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

9 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 foundh 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 Cdtirnia 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, ngavernmental organizations
and academic institutions. The essence of IEAs is to inform the management of diverse, potentially
conflicting oceanuse sectors. As such, a successful California Current IEA must encompass a
variety of management objectives, consider a wideange of ratural 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
daunting task of completing this IEAvas to systematically decompose the California Current into a
series of ecosystem components and ecosystem pressures that are of keen interest to resource
managers, policy makers, and the public. Working with regional managers, we then selected a
limited set of EBM components and pressures that we could address in the initial phase of the IEA
(Levin and Schwing 201}). This dialogue is ongoing (Scoping and Engagent), and thus we
expect this framework to evolve over time.

[EBM COMPONENTS, DRERS, AND PRESSURBSTHE CALIFORNIA
ICURRENT ECOSYSTEM

We define EBM components as the biological, physical, or human dimension entities that
policy makers, managers, oritizens are trying to manage or conserve. Defined this way, the list of
management concern targets is quite long; however, the IEA Action Team grouped these into six
bins:

I Habitat? including biogenic and abiotic habitats both on the seafloor and in the wet
column.

1 Wild fisheries? this EBM component is centered on the condition of fishery stocks included
in the coastal pelagic species, highly migratory species, groundfish, and salmon fishery
management plans.

1 Ecosystem integrity? refers to the structure andfunction of marine and coastal ecosystems
and ecological communities.

9 Vibrant coastal communitie® including social, economic, and cultural welbeing and
human health as it is tied to the marine environment.

9 Protected resources species legally designatedsaprotected (e.g., Marine Mammal
Protection Act, Migratory Bird Treaty Act, Endangered Species Act).

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 fecast how changing environmental
conditions and management actions affect the status of EBM components. In this, the second year
of our IEA work, we focused on four EBM components:



Ecosystem Integrity
Fisheries (groundfish and coastal pelagic species)

Protected species (marine mammals, seabirds, Pacific salmon)

=A =4 =4 =4

Vibrant coastal communities

Similarly, 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 ecosysterfor the purposes of an
IEA, both natural and anthropogenic forcing factors are considered; an example of the former is
climate variability while the latter include factors such as human population size in the coastal zone
and associated coastal developent, demand for seafood, etc. 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, habitas lasd
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.

As we did for EBM components, we binned drivers and presses into a series of broad
categories (Levin and Schwing 2011). These are:

1 Shipping

Freshwater habitat loss or degradation
Coastal zone development

Fishing

Invasive species

Naval exercises

Aquaculture

Energy development

Marine habitat disturbance

Oil spills

=A =4 =4 4 4 4 4 -4 - -4

Climate change

Status, trends and impacts of oceanographic / climatic drivers and anthropogenic pressures are
addressed throughout the IEA. Most prominently, we discuss status and trends of drivers and
pressures in Chapters 2 and 3. Additionally, folosne ecosystem components we examine the risk
to the component from specific drivers or pressures. Finally, in Chapter 10 we articulate a series of
scenarios that link largescale drivers to pressures in the California Current, and then use a variety
of techniques to estimate how the status of ecosystem components might change under different
scenarios.

NEXT STEPS FOR THRAIDFORNIA CURRENT A

This report is the second in a series of efforts to complete a full IEA of the California Current.
In addition to improving analytical techniques, models, and filling data gaps, the third iteration of

Vi



the IEA will expand to include more ecosystem components and pressures. Specifically, in FY2013
OEA #Al E&EI OTEA #OO0OAT O ) %! xE] hddifoA Axisthg BBME OA O 6
AT T BT TAT OO xEI1 AA AgbAl ARAA ET OAOAOAT xAUOq
etc.) will be added to the fisheries component; risk assessments will be added to or improved for all
the components; and, where apprpriate, additional indicators will be evaluated and included in

analyses.

In this document, we develop a semguantitative approach to conduct an ecosystem risk
assessment and apply this approach to a limited set of human activities and ecosystem compogent
in the Monterey Bay National Marine Sanctuary. In subsequent years, this approach will be
extended to include additional regions, human activities and ecosystem components throughout the
California Current. In addition, we envision more quantitative 8k analyses will be developed for
some ecosystem components. Chapter 10 lays out several detailed scenarios that underlie the
management strategy evaluations we conducted. FY2013 will see the development of additional
guantitative approaches that will alow us to more fully evaluate these scenarios.

Levin, P. S., M. J. Fogarty, S. A. Murawski, and D. Fluharty. 2009. Integrated ecosystem assessments:
developing the scientific basis for ecosysterbased management of the ocean. PLoS Bigy
7:€1000014 doi:1000010.1001371/journal.pbio.1000014.

Levin, P. S., Fogarty, M.J., Matlock, G.C., Ernst, M. 2008. Integrated ecosystessments. U.S. Dept
of Commerce, NOAA Tech. Memo, NMIRSVFSE92, 20 p.

Levin, P. S. and F. Schwijgds.). 2011.Technical background for an integrated ecosystem
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OVERVIEW

Engagement with resource managers along the west coast began in 2010. Significant progress has been made
with the Pacific Fishery Management Council and Monterey Bay National Marine Sanctuary identifying ways
management considers ecosystem science and translates it into management actions and decisions.

INTRODUCTION

NOAA is primarily a science agency, although its research priorities are shaped by a host of laws that
govern management of or consider human interactios with the natural world. A common theme in those
laws is that, whether in predicting paths of hurricanes or protecting endangered species, the United States
i OO OOOEOA Oi xAOAh AAOGAI T bPh AT A OOA OEA Echshsted AOAEI AA]
Assessments (IEAS) are, in part, an attempt by NOAA and its partners to develop rRg&heration science
tools that expand how the best available science characterizes the relationships between species (including
humans) within food webs and between those species and the physical world and its dynamic processes. In
Levin et al. 2008, 2009, NOAA staff and colleagues first outlined the approach the agency hoped to take to
IEAs, emphasizing roots in international efforts to frame the scienepolicy dialogue needed to implement

ecosystembased managemen{Caddy 1999 Sainsbury et al. 2000Smith et al. 2007.

As envisioned in Levin et al. 2008, 2009, a first step in IEAs should be scoping, a process intended to
identify management goals within a given ecosystem and the potential challenges or threats to aclingy
those goals. In de Reynier et §2010), NOAA staff explored the IEA scoping process in more detail,
discussing the potential challenges of conducting a formal scoping process with a public and witlanagers
unfamiliar with IEAs. To familiarize stakeholders and the public with the IEA concept, and to better engage
scientists in discussions with other stakeholders, deReynier and colleagues recommended a basic first step of
educating potential IEA uses about the possibilities and limits of IEA science for a given ecosystem.

In 2011, NOAA released its first California Current IEA science products in a NOAA Technical
Memorandum (Levin and Schwing 201}, largely intended to showcase the kinds of scientific analyses
possible given available data, models, and technology. With this Technical Memorandum and with other
agency staff publiations on the California Current emerging, we were developing the scientific base to begin
educating managers and the public about the state of knowledge on drivers, pressures, and interactions
within the California Current Ecosystem. Over 2012012, NOAAscience staff have met with a host of entities
to begin the California Current IEA (CCIEA) education process, engaging in forums including: the Pacific
Fishery Management Council, the California Cooperative Oceanic Fisheries Investigations partnership, th
NOAA Science Advisory Board, the Monterey Bay National Marine Sanctuary, Ecosystem Based Management
Tools Network, and West Coast Governors Alliance on Ocean Health.

For 2012, CCIEA scientists developing management strategies for the California Curremtrked with
16 resource managers and stakeholders to identify:

91 Drivers and pressures in the California Current
1 Management options for coping with these drivers and pressures
1 Metrics for success in addressing drivers and pressures.



In this context, pressues are human

activities or natural processes that cause some
impact on the condition of the ecosystem;
drivers are forcing factors that result in
pressures that in turn cause changes in the
system; and metrics of success are the socially
determined measures by which policy makers or
stakeholders judge whether they have reached
their goals. We investigated drivers, pressures,
management options, and performance metrics
specifically to inform the Management Strategy
Evaluation portion of the CCIEA, where seam of
modelers applied a variety of models to evaluate
possible futures for the California Current.
These discussions between CCIEA scientists,
managers, and other stakeholders do not
constitute scoping. Instead, the discussions
served as a test for hav scientists might bring

the perspectives of other stakeholders into the

CCIEA science process to test different resource  Figure EG1. CCIEA communication cycle

management strategies.

Although NOAA believes that scoping is
essential to conducting a complete IEA, to developing
tools for ecosysem-based management, and to
assessing whether scientific products are bending
Ol xAOA OAAOO AOGAEI AAlI Ao
immediate plans to conduct broad public scoping in
connection with the CCIEA. During 2012 discussions
with managers and staké&olders, CCIEA scientists
became aware that there is a host West Coast coastal
and marine resource management processes already
underway, many of which conduct regular scoping with
their stakeholders. Rather than initiating a new
scoping process, the agary plans to deepen its
education and engagement efforts in 2013 so that its
science products can become more responsive to
existing resource conservation and management
processes and mandates. As illustrated in FiguieGlL,
NOAA anticipates that developinghe CCIEA will
require ongoing communication efforts. Below, we
discuss the 20112012 manager/stakeholder interview
process used to develop and test the management
strategy evaluations, and, we identify some of the
regional science and management partnships that

0

Box 1: Affiliations of CCIEA
Manager/Stakeholder Interviewees

Northwest Indian Fisheries Commission
Monterey Bay Aquarium
California Fish and Game Commission
West Coast Seafood Processors Association
Washington Department of Natural Resources
Pacific Fishery Management Council

.11 & E Oathwes ReQion

.11 &EOEAOEAOG 31
Natural Resources Consultants, Inc.
National Marine Sanctuaries
The Nature Conservancy

University of Washington

could be useful in further assessing regional priorities

0

for conserving and managing the California Current Ecosystem.
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2011-2012 MANAGEMENT SCEMNRIO INTERVIEWS

We intended tis initial set ofinterviews with managers and other stakeholderso inform ongoing
science in 2012rather than as a comprehensive overview of West Coast marine policy prioritie®Ve
identified interviewees based ontheir expertise with respect © the attributes of interest t02012 CGEA
scientists: protected species, ecostem integrity, fisheries, human communities, and habitat. We did not
attempt a broad or representative survey, nor did we attempt to get a balanced amount of input for each of
the attributes. In Box 1, we identify the affiliations of interviewees. Thee experts participated in interviews
asindividuals, not as representatives of opinions or policy stances of tfegganizations with which they were
affiliated. In general, conversationgocused on issues related to groundfish, salmon, marine mammals, and
forage fish, with less focus omther protected species, habitat and human communities. Theet of issues
likely reflects both the bias in our selection of experts, and the pressing management questions in 2012.
Interviews were conducted bytelephone inMarch 2012, were typically 3060 minutes long, and involved
only one expert at a time (one exception involved two people from a single nagovernmental organization).
Expertsdiscussedtopics that matched their areas of expertise andeclined to discuss ther topics. They
identified main drivers and pressures, management options, and metrics of succe&rivers and pressures
were discussed in the context of the next 130 years, except for issues related to climate change, which
typically involved longer time frames. Expertslisted drivers and pressures even in cases for which they were
not aware of any related management options. Generally they were asked not to focus narrowly on particular
guantitative methods (in the context of theCGEA) that might eventually be applied to themes elicited here.
The intervieweesidentified a broad set ofdrivers and pressures on tlke California Current ecosystem,
including aspects not hcluded as targets of management concern in the CCIEA (Fisheries, Protected Species,
Habitat, Human Communities, and Ecological Integrity).

Below, the main themes from the 16nterviews are organized by category. The diagrams and related
themes can be used in the context of theQEA to ask:

1 What drivers and pressures may affect the Cédirnia Current?

1 What are impending management needs or mandates, related to current issues or future drivers and
pressures?

1 What existing or potential scientific and resource management tools can address these needs,
drivers, and pressures?

1 How can we tes and judge new management strategies that could address these needs, drivers, and
pressures {ia either virtual testing or in the real world)?

In many cases these themes clearly involve drivers and pressures in the IEA terminology, but there
is some bluring of languagebecausethe themes are taken frominformal interview s. Note also that many of
these drivers are not independent: for instance population growth is related to demands for energy and
water, but since several experts discussed these topicemarately, we have treated them separately heréVe
summarized conversation themes from the interviews into a set of five narrative (and graphical) scenarios,
described in more detail below, focused on key drivers of the California Current:

human population growth,
climate change,
conservation demands,
energy crunch

status quo

=A =4 =4 4 -4



POPULATION GROWTH3YES

Human West Coast population growth

was mentionedby expertsprimarily as a driver r
Push to

for freshwater and nearshore habitats, Prioritize harvest new
. Inereased hydropower unassessed
particularly for salmon z see kgure EG2. Experts e over salmon specles
. . . agricuitural
directly involved in salmon management domand for e

water

}\ Global population growth
& spending power

mentioned conflicts amongwater availability for
salmon, agriculture, and urban populations.

Summer was identified as a critical period, when (seafood exports o Asial

West Coast human
water supplies were lowest and agricultural population growth \/
demandgreatest. Three experts discussed the \/ D/
. . Gear ch;
synergism between this water demand and ——~ e e
. . . . 5 fishi
climate change, which is predicted to cause il o Dttt e mt;r:a;l“tqv@
ind & t

decreased snowpack and more acute water ey devloped, pollution ports  Heets veateh

i i excluding some. increase
shortages in the summerManagement actions fare

that might mitigate these effectdncluded
decreasedsalmon harvest and potential changes
in dam water management One such change in
water management would be taeduceintentional spills of water during the winter, which are typically
conducted to leave capacity in reservoirs for flood control. Reducedslint er spills would lead toincreased
reservoir retention of water into drier periods of the year, but with the risk of potential winter flood damage
Other potential impacts ofWest Coast population growth included additional shipbased and terrestrial
pollution, and increased need for energy infrastructure, but details of the scope and severity of these were
generally outside the expertise of the selected experts.

Figure EQ: Population growth scenario issues

State and federal managers discussed increased seafood demand dueloba population growth
and rising affluence of global cosumers, particularly in Asia Managers particularly cited eport of
Dungeness crab to China as one recent development, as well as strong markets for octopus, geoducks
(Panopea generosalive rockfish (Sebastespp.), andhagfish (Eptatretusspp.). Harvest of species such as
geoducks requires gears that are potentially damaging to habitat; harvest of live rockfish focuses on different
size and age classes than trawl gears. Countering the trend for increased demand fodvaaught West Coast
fish, increased global aquaculture and imports to the US reduce demand for lealue whitefish such as
Dover sole(Microstomus pacificus)Comparison of the environmental cost of imported aquacultureaised
seafood versus locally caughseafood was raised as a potential research topic. Federal managers were
generally confident that safeguards were in place to prevent rapid development and overexploitation of new
species; however several of the new nearshore target species are managedtate agenées.
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 CLIMATE CHANGESSUES

The majority of experts (13 of 16)
discussed threats to the California Current from
climate change and ocean acidification, typically
focusing on timescales of several decades or
more 7 see Figure EG3Salmon(Onwrhynchus
spp.)were a common focus due to potential
changes in streamflow (warmer winters and less

Shifts in \nternational

) hake * sardine,
eondlalh | Pl /> e,
tion: Shifting allocation

temperatyre, ecies
02 i

distributions Social &
economic
effects on

ports & fleets

Altered timing

. . . CIima‘le 8 & volumes of
snowpack), which couldimpact stream-type fish Global Change ;:;::;:;::
such as spring Chinook Potential northward .
shifts of the southern extent of salmon ranges
. . . s\osures
were listed as ore threat to California and Oregon mg;mm t‘,‘{%&ﬁf&‘lﬂ:
. - 2 llow wave
salmon populations. Additionally, the effects on wind eneray
. salt water o liguefied
vulnerability of salmon prey, such as pteropods species vatural gas

to ocean acidification was listed as one potential
effect that could lead to declines in salmon
abundance Potential climate change eécts for
other marine species included increased frequency of shifts between sardii®ardinopssaga® and anchovy
(Engraulis morday abundance,and northward shifts in ranges forsardine and hake. Two experts mentioned
that the effects on species distribtion and productivity caused by warming, acidification, and hypoxia were
likely to be spatially patchy, as well as varying by latitude, and therefore treconomicimpacts would differ
between ports.

Figure EQ3: Climate change scenario issues

Very few specific policy actions were mentioned by expts in relation to climate change and ocean
acidification. The primary sentiment from experts was that they would assess climate change impacts
through existing monitoring programs; reductions in harvest were often mentioned as the policy response.
Two salmon managers identified habitat restoration in streams as a method to mitigate climate change.
Several experts pointed out the high degree of uncertainty regarding the exact lotgrm implications of
climate change and acidification. One expert felt thaverall the link between climate phenomena (such aslE
Nifio-Southern Oscillationand the Pacific Decadal Oscillation) and marine communities was poorly
understood, and improved understanding of these phenomena was a necessary step to scientifically
addressing trends in global change. Two experts idéfied increased community-based management,
monitoring, and allocation, as methods to identify and manage for spatially patchy effects of climate change
These two experts suggested that communitpased mangement at the scale of ports or clusters of nearby
ports could respond to localized changes in ocean condition§hough most of the 16nterview s focused on
local management actions related to fisheries, respondents also mentioned potential shiftsriational energy
policy, such as developmet of alternative energy and liquefied natural gadacilities.
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CONSERVATION DEMANBSUES

Twelve of 16 experts discussed

potential management actions and consumer sshinbd

choices that aim to protect or recover f e e

particular species or ecosystem components o e

Z see Figure EG4. Potential conservation / —
management actions included increased Additional (

OOGAOGEAAOS & O £ OACA J fmeit Socil
abundance below which harvest is Conservation :22:&':‘&‘
prohibited). Increasing these thresholds N, o Demand et i
might increase the availaldity of forage for

marine mammals, birds, and other

predators. Adoption of catch shares Bt o &“;:3;;5
(individual transferable quotas) for g _— st
additional fisheries was discussed as one seafood specific effort

means to reduce bycatch and prevent
catches from exceeding quotas, as well as to
increase profitability. Development of Figure EG4: Increased demand for conservation scenario issues

regional community-based management was

stated as one method to improve data collection and flexible management responses aimed at conserving
marine stocks. Conservation actions to increase abundance of salmon includedvest reductions and
time/area closures, as well as additional and ongoing dam removal (for example, in the Elwha River). Ship
strikes of marine mammals and entanglement of marine mammals, birds, and turtles in fishing gear were
mentioned by several expers as motivation for potential spatial management actions. Five experts stated
that there major scientific gaps in understanding forage needs for killer whales, and the impact of forage
species harvest on the rest of the food web. They noted the need dentify key forage species, concerns
regarding local depletion of forage species (sardine or squid) by fisheries near seabird or seal rookeries, and
a need to quantify the economic value of forage species consumed by harvested predators.

Policy developments likely to lead to further conservation actions included implementation of Ocean
Commission recommendations and the National Ocean Policy, regional governance efforts such as the West
Coast Governors Alliance, and spatial planning within state water©ne manager felt that improved coastal
and marine spatial planning (CMSP) was likely to resolve many spatial conflicts between fishing, shipping,
and conservation needs; others felt that whether CMSP was likely to develop in each state depended on the
local management and political climate.

Experts expressed mixed views on the impact of seafood etabeling (e.g. certification or rankings of
sustainability) and the preference for local seafood. Salmon fisheries with strong exports to Europe were
cited asa case where ecdabeling was likely to alter both prices and fishery practices, sineEuropean
markets were said to generally respond positively to ectabeled products. One expert pointed out that there
are many ecelabeling schemes available to the iustry, with a variety of standards. A second expert pointed
out that consumers were demanding higher quality seafood, but not necessarily etabeled or local fish. A
contrasting observation was that there is increased demand for locally caught, higlalue fish such as
swordfish and albacore. NOAA FishWatch, a consumer seafood education website, was identified as one
alternative to ecolabeling schemes.
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ENERGY CRUNCH ISSUES

Future increases in price of diesel fuel were generally predicted to lead to chaes in fishing fleet
operations, and increased establishment of energy facilities (wind, wave, or liquefied natural gas) were stated
as likely to lead to reductions in fishing areas near such facilitigssee Figure EG5. Most experts assumed
some futureincrease in fuel price for fishing vessels. Two stakeholders also mentioned the high fuel demand
involved in processing and transporting fish, narrowing profit margins, and the negative impact that gasoline
prices have on consumer demand for seafood. Trévalbacore troll, mackerel purse seine, and recreational
fleets were identified as being fuel intensive or sensitive to fuel price. Salmon experts mentioned ongoing
tradeoffs between hydropower and salmon, but also did not foresee reduced protections fsalmon under
the Endangered Species Act.

Wave energy facilities were identified as a policy response to the energy crunch, and experts cited
new pilot projects near Reedsport and Newport, Oregon. Potential impacts from these could include acoustic
(sound) impacts on marine mammals. Fisheries could be directly affected if they were excluded from
operating near wave energy facilities. Wave, wind, and LNG facilities were mentioned by three respondents as
potentially having ecological effects similar to maringorotected areas, including local increases in abundance
of fish and demersal species.

Finally, experts considered potential
changes to shipping traffic in relation to
. . . . . d fishing
mcreasegl energy pI’IC.eS..ThIS was dlgcussed in s :g:gso,ﬂ,:‘
terms of increased shippingasindustries push shipping f comsolidatl®
for low-cost methods (freighters, tankers) to
. . . &

move goods Additional increases in West Coast f:::?,‘m

i i effects on
marine traffic could stem from tanker yort § fegt
transport of Canadian crude oil from Pacific

Prioritize
Tydropwer
ovey salmon

Piesel fuel
Diesel fuel prices inorease:

prices increase; yecovery

Northwest ports. Expansion of the Panama
Canal was also discussed akély to
restructure West Coast shipping patterns,
allowing more direct shipping from Asia to the
U.S. East Coast rather than to West Coast

shipping terminals. Potential management
actions to mitigate the effects of shipping on
marine mammalsincluded reduced ship speeds
and altered shipping lanes.

Fuel spills
or habitat
dawmage l/
Wave eneray

or liquefied
natural gas \j wortality &
terminals bycateh, gear-

Changes
in fishing

developed, specific effort
exeluding some.

fisheries

Figure EGb: Energy crunch scenario issues

 STATUS QUO MANAGEMENSSUES

Comments about Status Quo management primarily addressed challenges within the existing
management process, and issues relate to the groundfish catch shares program that was implerednh
January 20117 see Figure EG6. Lengthy muliiear review processes and lags between data collection and
fishery management actions were identified as one impediment to rapid, flexible responses to shifting stock
abundances. Two respondents also poied out that many fishery restrictions on groundfish gear
specifications and areas fished (e.g. Rockfish Conservation Areas) may now be counterproductive under a
catch share program that aims to foster innovation and incentives for individual vessels teduce bycatch.
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The high costs of management, monitoring, and assessment were identified as one factor that may limit the
continued operation of some less economically viable fisheries in the future.

The implications of the groundfish
catch share prograntor fisheries and marine
species were discussed by eight of the 16 Foonomy
experts. These managers and stakeholders Population

: Cateh
were aware of quota that was not being arowth shares
harvested, primarily for flatfish, due to \ \ /
constraining bycatch of rockfish. Opinion
differed on whether those flatfish quotas Status Quo
might be met via the catch shares system.
One expert stated that there was unlikely to / \/
ever be sufficient demand; another said that
deeper water species might be targeted more
effectively, but that nearshore species could
not be targetedwithout exceeding rockfish
bycatch quotas. One alternate opinion was
that new midwater rockfish fisheries, targeting Figure EGS: Status quo scenario issues
widow (S. entomelasand yellowtail rockfish (S.
flavidus), might evolve as fishers improve their targeting precision. This would shift #se two species from
being avoided bycatch to being actively targeted. Two experts discussed the formation of risk pools being
formed between fishermen, to pool the limited quotas of bycatch species such as rockfish. Such risk pools
could reduce the likelhood that any single fisherman would be forced out of the fishery by unexpectedly high
catches of bycatch species. Economic implications of the groundfish catch share program were mentioned by
three experts, including potential fleet consolidation (redutions in number of vessels) and subsequent
changes in fishing location and port utilization, changes in infrastructure, or potential movement of some
vessels into open access fisheries. The potential for quota shares to be used as collateral was mentiased
one potential factor contributing to reinvestment in the fishery. Such reinvestment might lead to more fuel
efficient vessels, since many groundfish vessels are over 20 years old and might be replaced. The main
management action invoked to address chignges with the catch share fishery was flexibility in gears and
areas fished, consistent with the individual incentives offered to fishers under the catch share program.

2011-2012 INTERVIEW SYNTHSIS

The interviewees identified both formal and informalmeasuresof succesdor future management
programs, but tended to focus on management of fish amdarine mammals. For instancemetrics of success
for marine fisheries included landed value, profitability, and rebuilding progress of overfished species.
PraAOEAAT Ci1T A1 O ET Al OAAA O11 1T1TA CiEIC AOiT EAah OT1T O1EAP
AT EAOAT O EEOEAOQOU 1 AT ACAT AT O Pl Al OdGbitablEfidherethalalowET ¢ OE A
fishermen to invest in the industry and engage in maagementand sustainability8 ®etrics of sucess for
salmon were primarily those defined in salmon recovery plans (dble Salmonid Populationparameters),
related to abundance, population growth rate, population spatial structure, and diversj. Access to the
fishery was also stated as a metric of success, in terms of numtwérecreational angler trips andactive
commercial licensesFor marine mammal management, the number of strandings was mentioned as one
metric, as were population growthrates, mortality relative to potential biological removals, and the economic
value of whale watching. More comprehensive metrics of economic and ecological success included the
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number of jobs in fishing sectors, the health of seafood consumed locally farbsistence, and the ability to

keep pollution concentrations below allowable levels to ensure subsistence consumptioPerhaps reflecting

the expertise of this set of managers and stakeholders, most of the metrics of success focused on wild
fisheries andmarine mammals (protected species). Other ecosystem components such as habitat, ecosystem
integrity, human communities (aside from economics) and protected species (beyond mammals) were not
emphasized.

The responses and themes from these interviews are nabvel. In fact, in many cases experts
OOCCAOOAA OEAO OEAU xAOA OEIPIU ATii1 OITEAAGETI C OATIT I T
from these 16 experts allows a somewhat synoptic view of current drivers, pressures, and management
concerns in theregion, and this is likely greater than that of any individual. Additionally, specific concerns
raised in the interviews involve key details that can guide future research, which necessarily must move
beyond broad-brush trends. For instance, climate chargwas suggested to have potentially strong effects
specifically for spring-run Chinook salmon; pelagic mackerel and tuna fleets were identified as likely to be
most sensitive to fuel prices; markets for Dungeness crab were linked specifically to rising @Gase import
demand. Such details are essential for identifying and prioritizing future scientific analyses and ecological and
economic monitoring.

These interviews providedmotivation for the ManagementStrategy Evaluationportion of the 2012
and 2013 California Current Integrated Ecosystem Assessmenin the management strategy evaluation
portion of the IEA we incorporate these themes into scenario narratives on population change, climate
change, conservation demands, energy crunch, and evolution ¢dtsis quo management. We theapply
quantitative tools that allow us to investigate how some pressureaffect attributes of interest for the IEA.
Future outreach efforts will also continue to guide research related to risk assessment, status and trends of
ecosystem components, and ecosystem drivers and pressures.

72013 AND BEYOND: ENGGGEMENT WITH CALIFONRA CURRENT STAKEHOERS AND
MANAGEMENT PROCESSES

In support of the CCIEA, NOAA will be continuing to engage with California Current Ecosystem
stakeholdersand management processes in 2013 and beyond. Our intent is to: 1) educate a larger audience
on the capabilities and potential value of an IEA approach, 2) expand the range of stakeholder input
incorporated in the CCIEA, and 3) build on the success of firinary manager engagement by maintaining an
ongoing dialogue between IEA scientists and other stakeholders. We plan to collaborate with multiple
organizations, including the West Coast Governors Alliance on Ocean Health (WCGA) and West Coast EBM
Network, to share resources and strengthen partnerships across and within governmental and rron
governmental agencies.

To broaden our education efforts, we have launched a website on IEA work to date, and are
developing webinars and other presentations for IEA oweach. Webinars began in fall 2012 and address:
why IEAs can be useful to understanding ecosystem interactions, what science products are emerging from
the California Current IEA, and the data and methods used to generate IEA science; how to engagetivith
IEA process. We are conducting webinars both to open new and to advance existing relationships with
groups interested in the California Current and natural resource management. In 2013 and beyond, we plan
to use webinars to share IEA science productnd engage with:

1 Internal NOAA staff
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WCGA IEA Action Coordination Team

West Coast EBM Network

West Coast Sanctuary Advisory Councils

West Coast NGOs

Tribal Groups

Federal Caucuses (Columbia River, Bay Delta, Puget Sound)

=A =4 4 -4 -4 4

Beyond webinars and other preserdtions to interested managers, stakeholder groups and the
public, NOAA also plans to build on 202012 manager/stakeholder interviews with a more broadbased
guestionnaire and targeted interviews intended to elicit public values for the California CurrentThe
guestionnaire is intended to help IEA scientists better sort through drivers and pressures within the
California Current by soliciting more information and opinions on those drivers and pressures, and on
potentially useful indicators of ecosystem situs and ecosysterrbased management strategies. Issues to be
addressed with the questionnaire include:

1 What are currentregional resource management prioritie®

1 Are there geographic regionswithin the larger California Currentare of particular interest and
relevance to managers and other stakeholdefs

1 What management strategies are availablender current legal authorities and funding constraints
(what is on or off the table)?

1 Whatare hurdlesto achieving managemengoals (data limitations, bureaucrati¢ procedural, e.g.)?

1 How do stakeholdersmeasuremanagementsuccess (indicators why a specific indicator? can you
make a decision based on it? are there threshold values?)

1 What indicators doresource managers use tanake decisions on a monthlyannual bags?

9 Current drivers and pressures (aquaculture, ocean energy, fistgne.g.), and potential for interacting
or cumulative impacts

1 What are the best strategies for facilitating cooperative management between and among sectors?

We plan to make the questionnaie available online and distribute it through networks within NOAA and
through NOAA partners. Information gathered through this process will be available to IEA scientists as
reference for future IEA work.

Undertaking an ecosystem assessment for sucHage region, encompassing thousands of
jurisdictional boundaries and priorities, is an iterative and lengthy process, whether in development of
defensible science products and processes, or in building relationships to allow policy expertise to enhance
and inform the science process. Regional natural resource management and marine policy efforts have
already established networks with stakeholders across multiple sectors, and have expertise and a mandated
Al 00i £ O OOAEAET T AAO ATsETRIEAdAD, @ are priddrilp & Wadbgidtsand. / ! | 8
ecologists, do not often interact with the crosssectoral stakeholder community, which is why building
relationships with other stakeholders is essential if CCIEA scientists are to conduct work useful to
mAT ACAI AT O POT AAOOAOS &1 O OEAOA OAAOGITOh ./71180 ##) %!
the IEA, and instead focus more on using information already scoped through public policy processes, or on
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tuning scientific products so that they more dtectly address questions from or issues under consideration by
existing public policy processes.
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OVERVIEW

At the end of 2011 and beginning 02012, the California Current Large Marine Ecosystem continued to
experience periods of strong upwelling and cooler sea surface temperatures associated with a cool phase of
the Pacific Decadal Oscillation and a generally more productive ecosystem.

EXECUTINE SUMMARY

The California Current Large Marine EcosystemGCLME is primarily driven by bottom -up physical
oceanographicprocesses, thus understanding trends in the physical state can inform our knowledge of
ecosystem processes and management of ecosystsearvices The Pacific Decadal Oscillation (PDO) and the
North Pacific Gyre Oscillation (NPGO), indicators of sea surface temperature change and changes in ocean
circulation respectively, continue to describe a cool phase that has been observed since 199%hie CCLME
(Figure EX1).Both of these indices change on decadal time scales so the past five years is only an indication of
the trend. From late 2009 to early 2010a short duration El Nifio with stronger than average downwelling
favorable winds was obseved. The El Nifio was quickly followed by increased offshore transport with La
Nifia conditions inthe summer of 2010and increasedupwelling and productivity persisted through early
2012 from Baja through central California Highest anomalies in the nortlern copepod biomass were
observed in March 2011through the beginning of 2012, coincident with strongly negative PDO value$he

upwelling season has started later
Broad scale indices for the CCLME since 2007 resu]ting in a shorter
upwelling season, particularly in the
northern CCLME (Figue E2). Over

o - Positive & decreasing | Positive & increasing )
: : ® MEIsummer  the past five years, all of the broad
: : ® MEI winter scale indices have remained within
> : : PDO winter -
< _ _[— P . ______________ P ® PDO summer ONe standard deviation of the long
g : : ® NPGO summer term mean save the NPGO. The
= @ ® NPGO winter  positive anomaly of the NPGO is not a
] : NOI summer . ; .
- steric trend but instead is a result of
5 ® NOI winter . o
g ® ; decadal variability, as simlar peaks
Q9 : Y : were observed in 19768 and 1998
+ o : 2003.
O & i e R foeeeeneoees
e .
7)) Figure E1. Broad scale
indices and status from
o -| Negative & decreasing| Negative & increasing 2008-2012 with anomaly and
T T T T trend values. Anomalies are
2 -1 0 1 2 the difference between the
Short-term trend mean of the past 5 years and

the long-term mean while
trends are calculated oer the past 5 years. A negative MEI for both summer and winter indicates
slight La Nifia conditions. The NOI in winter is positive and decreasing while summer is neutral and
increasing indicating neutral ENSO conditions for the North Pacific. The NPGO isifige although
decreasing, indicating a more productive CCLME. The negative PDO values indicate a cool, more
productive phase of the CCLME
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We have seen increases in sea surface temperatures (SST) and coastal sea level across the CCLME
over the past 50years, although SSTs have been cooler in recent years due to broad scale atmospheric
forcing. The trend of decreasing dissolved oxygen (DO) continues to suggest increased habitat compression
for pelagic species and more severe hypoxic events on the shiblat can lead to physiological stress or large
scale dieoffs. Since 1983, the CCLME has been characterized by periods of delayed upwelling approximately
every 10 years. Since 2007, the spring transition has occurred later at 45° N, the length of the ugdimgl
season has decreased, and the total upwelled magnitude has remained below the mean but within one
standard deviation. The CCLMEontinues toexhibit natural interannual and multi-decadal variability, while
time series oftemperatures, DO, and nutriets are consistent with projections from climate models driven by
global warming scenarios
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Figure E2. The a. Spring Transition (STI), b) Length of Upwelling Season (LUSI), ajd otal Upwelling
Magnitude Indices (TUMI) at 45°N. The threédices together give a metric of the upwelling season in the
CCLME.
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DETAILED REPORT

The ultimate aim of the California Current htegrated EcosystemAssessment (IEA)s to quantify the
web of interactions that links drivers and pressures toecosystembased management EBM) components and
to forecast how changing environmental conditions and management actions affect the status of EBM
components. In order to capture the breadth of pressures actingn the California Current Large Marine
Ecosystem (CCLME), langthy list of drivers and pressures wagleveloped and consolidatedHere we define
drivers asforcing factorsthat result in pressures that in turn cause changes in the ecosystefnthropogenic
pressures include factors such as coastal pollution, habitéoss and degradation, and fishing effort that can be
mapped to specific drivers. For example, coastal developmeista driver that resultsin increased coastal
armoring and the loss of associated intertidal habitatndicators are chosen from time serieslata that best
serve as proxies or measures of either drivers or pressureBor the purposes ofthe CCEA,both natural and
anthropogenic forcingdrivers are considered. An example of the former is climate variability and the latter
include 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 environmerftattuation
cannot be controlled but must bencorporated and accountedfor in managementefforts.

The first stepin developing indicatorswas to identify a siite of drivers and pressures that wee most
closely associated with impacts and changes to the different EBM components in thadifornia Current IEA.
We used several publicabns (Halpern et al. 2008 Sydeman and Elliott 2008Halpern et al. 2009 Sydeman
and Thompson 201QTeck et al. 201QPeterson et al. 2012 to develop an initial list of potential pressures on
the CCLMEand then supplemented this list with additional identified pressuresDuring reviews of the
literature, we identified 32 primary groups ofpressures on the CCLMEndthese werecategorized as
using the indicator selection framework developed by evin et al. (2011 and Kershner et al(2011) and used
E1T OEA DPOAOGEI OO OAOOCEIT 1T &£ ./71180 )1 OACOAGHAMandsAT OUOOAI
Schwing 2017).

The second step was to develop timeeries of data for eah of the top indicators for each pressure.
These timeseries were used to determine the current status, shotterm trends, and fiveyear anomalies for
each pressure in the CCLME. Each section then ends with examples of the linkages between certain drivers
and pressures and specific key EBM components of the CCLME.

Three broad pressures were described by Teck et 4d2010) as physical state variables: climate
change and ocean acidification, climate change and sea level rise, climate change and changes in sea surface
temperature. Climate change includes lonterm natural variability, short-term, event driven variability, and
an anthropogenic global warming signal, buseparating these processes is difficult in the California Current.
The CCLME is an eastern boundary current system largely driven by upwelling, so we hinduded a few
additional pressures(9 total) presentedbelow and summarized in Table OC1. It isriportant to mention that
this document is not aimed to provide extensive reviews of the state of the California Current, but instead
cataloguing and presenting existing information in @riving ForcesPressuresState Impacts-Responses
framework (e.g. Levinet al. 2009) as a foundation for forthcoming IEA sections. There are a number of high
quality status reports for the California Current including the state of the California Currer{Bjorkstedt et al.
2011), PICES Ecosystem status repdidydeman and Bograd 201)) ocean ecosystem indicators
(http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/a -ecinhome.cfn), and PaCOOS Quarterly Update
of Climatic and Ecological Conditionshttp://www.pacoos.org/QuarterlyClimaticEcol.htm ) among others.
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We have used long term running meanef the whole datasé¢, andhighlight deviations from the mean
and trends overthe past 5 years for conformity across IEA figures, however many of the state variables
fluctuate at decadal to multidecadal scalesThe 5 year window is used to show short term trends and
anomalies in the environmental indicator. On each figure, the dotted line represents the lonterm mean of
the time series with the green lines representing 1 standard deviation above and below. The arrows
represent positive (©), negative(E ) or lack of (¢ C ) trend over the past 5 years while a, -, or - indicate
that the mean of the past 5 years is greatehan, less than, or within 1 standard deviation from théong-term
meanrespectively.

There is a close mechanistic and clative link between coastal upwelling and ecosystem
productivity on seasonal, annual, and interannual scald€havez et al. 2008 Also, upwelling in the central
northern CCLME occurs in two distinct seasonal modes (winter and summer)jtiv certain biological
processes being more sensitive to one or the oth€Black et al. 2011 Thompson et al. 2012. Thus in this
section we present indicators when there is monthly data as winter and summer means. Summer means
were calculatedfrom June ®t - August 31stand winter means were calculated fronDecember Ft - March 31st,
Indicator selection followed the IEA framework and identified datasets with the most relevance to the
pressure, and had the longest and most complete time series. Indicator evaluation, data indices and sources
are summarized in Table OC1.

IMPLICATIONS OF CLINTE DRIVERS FOR CORA. AND MARINE SPATIAL PIMNING

There are regional differences within the CCLME in climate forcing/endelssohn et al. 200Band
ecosystem respons¢GarciaReyes and Largier 2012 Therefore, an assessment of the southern California
Current region may vary from that for tie northern California Current.When considering an overall IEA for
the CCLME, it may prove most useful to evaluate eagtoregion/subecosystem separately initially. But in no
single region are all the physical and especially biological attributes available for comprehensive analyses.
Therefore, to understand ecosystem form, function, and control, we must combine informati between
regions with the goal for a uniformCQEA. The IEA is spatially and temporally targeted for specific
management foci; thus IEA evaluations will be scenario driven as a function of the management strategies
being evaluated When possible, we hag examined three locations in the California current using cruise data
such as CALCOFI (California Cooperative Oceanic and Fisheries Investigations) and the Newport line, buoy
data (National Buoy Data Center), and satellite products.

The northern CCLME islominated by strong seasonal variability in winds, temperature, upwelling,
and plankton production (Huyer 1983). In addition to weak, delayed, or otherwise ineffectual upwelling,
warm-water conditions in this region could result from either onshore transport of offshore subtropical
water or northward transport of subtropical coastal waters(King et al. D11). Low copepod species richness
and high abundance of northern boreal copepods is associated with cold, subarctic water masses transported
to the northern CCLME from the Gulf of Alask@eterson and Schwing 2003Hooff and Peterson 2006
Peterson 2009 Bi et al.2011, Keister et al. 201). Therefore, copepod community composition may be used
as an indicator of this physical oceanographic process.

Preliminary evidence suggests covariation between ecoregion#\s an example, when fatty, subarctic
northern boreal copepods are present in the northern CCLME during cealater conditions, the productivity
I £ OEA bl AT EOEOI O 60 #AOOET 60 AOEI AO ET OEA AAT OOAI 00,
subtropical copepods dominate the system in warawater years (i.e., a higher southern copepoanomaly
indexqh #AOOET 86 O A OEib rhddced(Sydefnantel aC 20010 edalis® Gatterns in northern
copepods affect central bird species, it is important to perform analyse€ess boundaries and ecoregions.
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As noted previously, there are regional differences in oceanography and biology. Moreover, within
each region, there are differences in habitats that may be related to bathymetry and geology. Understanding
the relationships between topography, oceanography, species distributions, and interactions will promote
better management of CCLME resources spatially as well as temporally. The relationships between bottom
topography and ecosystem productivity are not well known, buso-called benthic-pelagic coupling is likely to
be an important driver for top predators. Identification and assessment of predictable locations of high
species diversity and increased trophic interactions can serve as an important science basis for cahand
marine spatial planning and a common currency to assess traddfs across sectoral uses of CCLME regions.

éCHANGE IN SEA LEVEL

BACKGROUND

Sea level rise frontlimate change is expected to accelerate in the next century. The International
Panel on dmate Change (IPCC) estimates that the global average sea level will rise further between 0.6 and 2
feet (0.18 to 0.59 meters) in the next centur¢IPCC 2007 as a result of natural processes and anthropogenic
global warming. At its simplest, sea level rise is due to the th@al expansion of seawatef{Domingues et al.
2008) and increased freshwater inputs from melting polar and glacier ice from the continent2 AAE¢ AT A
Hock 2011). To best estimate the rate of sea level rise vertical movements of the land such as fgatial
rebound need to be considered to get an adequate ratPouglas 199). Multiple time scales are associated
with sealevel rise, onmultidecadal timescalessteric changes in the density field areften attributed to
climate variability , while seasonal to interannual time scalegariations are due to atmospheric and oceanic
effects that can result in geostrophic readjustrants.

EVALUATION AND SELHTGN OF INDICATORS

Records of sea level rise must be multiple decades in length to distinguish changes over naturally
occurring low-frequency signals that derive from atmospheric and oceanic forcind?arker 1991). Three tidal
gauge locations along the CCS achieve the criteria of being exceptionally long in lertgtls good indicators of
change in sea levelThey are: San Diego, CA (196@resent), San Francisco, CA (189@resent), and South
Beach, OR (196+present). Combining castal tide gauges with satellite altimetry(Saraceno et al. 200B8can
provide a more direct measure of stratification and circulation however time series are limited by sallite
altimetry availability.

STATUS AND TRENDS

Coastal sea leveb used asa proxy for nearshore surface currentstrength and direction. In the
winter, sea levels are high due to the poleward flowing counter current (Davidson Current). With the onset of
upwelling winds in the spring, sea levels lower and the current is directed equatorward; the equatorward
flow is dominant in the spring and summer(King et al. 201). Since 1950, there has been amcreasing trend
particularly until 1977 with more numerous and extreme positive anomalies (Figures OCk OC3. Over the
past five summers, the San Diego station values have been greater tloawe standard deviation from the mean
although there were no significant shortterm trends throughout the California Current.Coastal ga level
trends have been somewhat mutedince 1980 due to wind changes and PDO maskirany upper-ocean
temperature steric effect(Bromirski et al. 2012).
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San Diego CA Sea Level Summer
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Figure OCL Coastal sea level heights from 1968012 for both a. summer and b. winter. San Diego coastal sea
level was chosen to illustrate patterns in the southern portion of th&€ CLME.
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Figure OC2. Coastal sea level heights from 1898012 for both a. summer and b. winter. San Francisco
coastal sea level was chosen to illustrate patterns in the central portion of the CCLME.
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Figure OC3.Coastal sea level heights from 1962012 for both a. summer and b. winter. South Beach, Oregon
coastal sea level was chosen to illustrate patterns in the northern portion of the CCLME.

éCHANGE IN SEA SURFRCEMPERATURE

BACKGROUND

Temperatures in the California current vary at multiple time scas: seasonally due in large part to
upwelling, inter-annually due to broad scale forcing, and at the broadest scales due to anthropogenic climate
change. Upwelling timing and strength greatly influences the California ecosystem through productivity and
temperature changes (see section below), and many species in the CCLME are thermally limited directly
(Song et al. 201 o0r indirectly through trophic interactions (Wells et al. 200§. ENSO events and climatic
forcing has the greatest influence on interannual temperatures resulting in changes in species composition
AT A AET AEOAOOEOU ET OEA ##,-%8 ' O OEA AOT AAAOO OAAI AOh
warm up to 6 degreesCelsiusby 2100 (IPCC 2007. The effects of oceawarming on marine ecosystems are
being examined more in recent years, and multiple studies have observed or predicted range shifts in marine
over the next century(Hazen et al. 2012Sunday et al. 201®, spatial changes in productivity and diversity
(Rijnsdorp et al. 2009, and changes in timing of migration for oceanic ahriverine fish (Spence and Hall
2010). Long term warming in the California currentmay be buffered by upwelling but changes in source
waters and stratification may limit any buffering effect.
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EVALUATION AND SELHGON OF INDICATORS

There are numerous indicators of sea surface temperaterat various spatial and temporal scales in
the CCSThe Pacific Decadal Oscillation (PDQhdex is used to show low frequency changes in sea surface
temperature (SST) over the north PacifiMantua et al. 1997. When the PDO is positiyé&sST within the
CCLME (especially the northern region) is warmer. The PDO does an inadequate job of describing SST
variability in the coastal zone. The Multivariate ENSO index (MEI) represents patterns isix main observed
variables over the tropical Pacific, to identify status of the El Nifio southern oscillation, but the impact of
ENSO on the CCLME varies. The Northern Oscillation Index (NOI) indexes the interannual changes of
atmospheric forcing relevant to the CCLME, stih broad index.Thus, coastal zone water temperature change
indicators are chosen viaSST measured by NDBC buoys. SST winter/summer means are taken from three
NDBC buoys in the CCLME. The three buoys are located in the California Bight, Central Calfamd Oregon.

STATUS AND TRENDS

SST

Cold upwelled water often results in high productivity but nutrient content depends upon remotely
forced state of the ocean, which can be indicated by largeale climate indices (NPGO, PDO, MEI, and NOI).
Negative NSO, positive PDO, and positive MEI would act in concert to createesttremely warm, low-
productivity regime in the CCLME. According to many loagrm data setsfrom the open ocean SSTs have
increased by 0.5°C to 1.0°Gver the past 50 yeargIPCC 2007Levitus et al. 2009. SST from three NOAA
National Data Buoy Center (NDBC) buoys stved highs in 1983 and 1998 correspondingvith increased MEI
values Figures OC4 OCH. Most SST values in the past 5 years were lower than the-g8ar mean average at
all stations and for both seasonsThe exceptions were warmer than average SSTs innter 2010 at all three
stations which had high SSTs due to the short duration El Nifio, and the summer of 2011 in central California
as well.
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SST summer NDBC 46050 (Northern)
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Figure OC4. Sea surface temperature (SST) buoy data from early 1998012 during both a. summer and b.

winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy 46050 was
chosen to illustrate patterns in the northern portion of the CCLME.
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SST summer NDBC 46014 (Central)
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Figure OCb5.Sea surface temperature (SST) buoy data from early 1998012 and during both a. summer and
b. winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy 46014
was chosen to illustrate patterns in the central portion of the CCLME.

0OC-25



SST summer NDBC 46025 (Southern)
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Figure OCB6.Sea surface temperature (SST) buoy dataoim early 1990-2012 and during both a. summer and
b. winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy 46025
was chosen to illustrate patterns in the southern portion of the CCLME.

PDO

PDO is a low frequencgignal in North Pacific sea surface temperatures that affects biological
productivity in the Northeast Pacific.(Mantua et al. 1997 Cold (negative values of the PDO) eras are
associated with enhanced produtivity in the CCLME and vice verséKing et al. 201). The PDO index has
been largely in a positive (i.e., warm Californi€urrent and Northeast Pacific) state sinckate 1977, resulting
in warmer waters along the coast of the CCLME with a negative phase since with 1998 with occasional warm
episodes from El Nifios (FiguréDC7. Over the past 5 years, the winter index declined from 2005 to 2009
with a sharp increase in2010. Both summer and winter PDO values have continued to decline in 2011 and
2012.
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Figure OC7. Pacific Decadal Oscillation (PDO) index values from 1968012 during both a. summer and b.
winter.

NOI

NOl is the sea level pressure difference betweehé climatological mean position of theNorth Pacific
High and Darwin, Australia(Schwing et al. 2002. NOI describes the strength of atmospheric forcing between
the equatorial Pacific and the North Pacific, particuldy in terms with ENSO.Positive values of the NOI are
related to a more intense North Pacific High and stronger north winds over the CCS, and stronger
northeasterly trade winds in the subtropics resulting in coolerwaters. NOI was largely positive from 250 to
1977, but switched to more negative values until 1998Kigure OCS$. In the winter, NOI values were positive
from 2006 to 2009 with a drop and overall negativerend in 2010 representing the brief El Nifio event. In
summer 2010, NOI values becamersingly positive which should result in increased coastal upwelling in the
California Current, and have since returned to near neutral values.
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Figure OCB8.Northern Oscillation Index (NOI) values from 19482012 during both a. summer and b. winter.

MEI

See Timing and Frequency of El Nifio events

WATER COLUMN STRUCREB

BACKGROUND

The water column of the ocean is stratified into layers of water masses of different properties, such
as nutrients, oxygen, temperature, salinity and density. For the water colunstructure attribute, we will
focus on stratification due to density differences. Layers of more dense water lie below less dense water and
the boundary between the layers acts as a barrier to mixing. Mixing between layers is easier when the
density difference between the layers is small. The formation of the layers is due to several different geo
physical processes, which act on different spatial and temporal timescales. For example, any physical
processes that can change the water density, such aswimixing, fresh water inputs and atmospheric
thermal heating/cooling, will affect water column stratification. The effectiveness of upwelling winds in the
CCLME can be reduced if the water column is highly stratified thus limiting the injection of nutriés from
deep water into the surface euphotic zoné¢Palacios et al. 2004Behrenfeld et al. 200§. In thisreport we will
characterize the water column structure by quantifying information of the upper surface water mass. Two
variables of interest are the mixed layer depth (pycnocline depth) and the strength of the stratification (the
gradient between the dengy of the surface layer and the adjacent lower layer). Buoyancy frequency, or
BruntzVaisala frequency, can be used to determine how stratified the water coluni The buoyancy
frequency is proportional to vertical changes in density; the largest buoyay frequency will mark the
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pycnocline (Pond and Pickard 1983. Upwellingcan be constrainedf the pycnocline depth is deep and the
strength of stratification is strong.

EVALUATION AND SELHGON OF INDICATORS

Long time series of strength and depth have been compiledt three stations forthis report, but
broader spatial coverage would be idedlor future IEAs. Additionally, El Nifio events result in a deepening of
the pycnocline due to the propagation of Kelvin wavesand atmospheric teleconnections that favor an
intensified Aleutian Low pressure cell that is also displaced to the south and east of its climatological position
This pressure pattern favors intense southsouthwesterly winds that cause intense coastal onshore Ekman
transports and downwelling, and reduced heat fluxes from the ocean to the atmosphere, that together lead to
a warmer than average upper ocean over the continental sheffhus the MEI can give information on
pycnoclinedepth on interannual time scales.

STATUS AND TRENDS

PYCNOCLINE DEPTH

Pycnocline depth, the greatest change in density in the vertical water column, represents the
separation between warmer nutrient poor surface waters and cooler nutrient rich deep waters. The
shallower the pycnocline, the moe nutrients are available to the photic zone. Over the past five years (2007
2011), pycnocline depth has decreased steadily at station 67.55 in central California for both summer and
winter (Figure OC9. In southern California (station 93.30), thermoclinedepth is highly variable with no clear
trend over the past 5 years (FiguréeOC1Q. In the northern California current (station NH25), the pycnocline
has become deeper in the winter but has no clear trend in the summeFigure OC1).
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OC9 Pycnaline depth data from 1950-2012 and during both a. summer and b. winter from station 93.30,
chosen to illustrate patterns in the southern portion of the CCLME. Dashed lines show data gaps of greater
than 2 years.
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OC10. Pycnocline depth data fran 1998 -2012 and during both a. summer and b. winter from station 67.55,
chosen to illustrate patterns in the central portion of the CCLME.
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NH25 Pycnocline Depth Summer
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Figure OC11.Pycnocline depth data from 19982012 and during both a. summer and b. winter from
Newport line station NH25, chosen to illustrate patterns in the northern portion of the CCLME.

PYCNOCLINE STRENGTH

The BVF BruntzVaisalafrequency) value indicates the strength of density gradient in the vertical
water column. The stronger the pycnocline, the less mixingf nutrients occurs across the pycnocline. Over
the past five years (20072011), pycnocline strength has increased steadily at station 67.55 in central
California for both summer and winter(Fig. OC12) In southern California (station 93.30), thermocline
strength has been highly variable with no clear trend over the past 5 yea(Eig. OC13) In the northern
California current (station NH25), the pycnocline has strengthene(Fig. OC14).
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Figure OC12. Pycnocline strength data from 19982012 and during both a. summer and b. winter from
station 67.55, chosen to illustrate patterns in the central portion of the CCLME.
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CALCOFI 93.30 Pycnocline Strength Summer
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OC13 Pycnocline strength data from 19502012 and during both a. summer and b. winter from station
93.30, chosen to illustrate @atterns in the southern portion of the CCLME. Dashed lines identify data gaps of
greater than 2 years.
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NH25 Pycnocline Strength Summer
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Figure OC14.Pycnocline strength data from 19982012 and during both a. summer and b. winter from
Newport line station NH25, chosen to illustrate ptterns in the northern portion of the CCLME.

éCHANGES IN CALIFORAICURRENT TRANSPORND MESOSCALE ACTIW

BACKGROUND

The major currents of the CCLME are the equatorward flowing California Current and coastal jet, the
poleward flowing Undercurrent and Davidson Current, and the Southern California Edd¢Checkley and Barth
2009, King et al. 201). These currents gengthen at particular times during the year due to local and remote
forcing. Embedded in the slow flowing (<5 cm/s) California Current are mesoscale eddies, upwelling
filaments and jets(Checkley and Barth 2009. The geostrophically balanced California Current is present
throughout the year, and is surface intensified. In winter a broad northward flowing current, called the
DavidsonCurrent, forms when upwelling inducing winds diminish in strength. The source waters of the
California Current and Undercurrent are different, with the California Current being fed by the lowalinity,
originating from the eastern tropical North Pacific, which are higksalinity, low-oxygen and lownitrate.
Changes in the volume transport of the California Current can resdtom changes to the North Pacié
Current, which is affected by variations in the sea level height over the Northeast Pacificummins and
Freeland 2007). The North Pacific Gyre Oscillation (NPGO) index is linked to variations in the eastern and
central regions of the North Pacific Gyre circulatio and is significantly correlated with nutrients and
chlorophyll a in the southern CCLMBproviding a rough index of California Current transport(Di Lorenzo et
al. 2008). Eddies and fronts provide important habitat for top predators in the Califoria Current through
prey aggregation(Wells et al. 2008 Kappes et al. 201). We have indexed mesoscale activitysing remotely-
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sensed measures of eddy kinetic energy (EKE) calculated from altimetry dgtatrub and James 200(Haney
et al. 2001).

EVALUATION AND SELHGON OF INDICATORS

Winter and summer means oeddy kinetic energyfrom three locations in the CCLME are used as
indicators of mesoscale activity in the CCLMEStrub and James 200Marchesiello et al. 2003. The three
regions arethe mean EKEover 6 degrees centered alatitudes 33, 39 and 43N, with each region extending
zonally from the shore to 300 kmWinter/summer means of the NPGO show low frequency variations of
circulation in the CCLME. Positive (negative) values of the NPGO are linked to increased (decreased)
upwelling, nitrate and chta, especially in the southern CCLMEhenillat et al. 2013.

STATUS AND TRENDS

Eddy Kinetic Energy (EKE) is a measure of mesoscale activity calculated frorhé square of the
zonal and meridional geostrophic flow. High EKE values indicate more mesoscale activity (front, eddies, jets)
with much of the easternPacific having low EKE values (<300 c#s2). EKE has not shown a lorterm trend
at any of the three loations (33°N, 39°N, and 45°N) in winter or summerKigures OC5Hz OCT). Since 2007,
winter EKE has increased at 33°N and summer EKE has decreased at&38f 45°N.
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summer EKE at 33N
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Figure OC15. Eddy Kinetic Energy satellite data from 19922012 at 33°N and during boh a. summer and b.

winter. ¢c. Monthly values are included to show seasonal cycles and a continuous time series. 33°N was chosen
to illustrate patterns in the southern portion of the CCLME.
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summer EKE at 39N
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Figure OC16.Eddy Kinetic Energy satellite data from 19922012 at 39°N and during both a. summer and b.
winter. ¢. Monthly values are included to show seasonal cycles and a continuous time series. 39°N was chosen
to illustrate patterns in the central portion of the CCLME.
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summer EKE at 45N
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Figure OC17. Eddy Kinetic Energy satellié data from 1992-2012 at 45°N and during both a. summer and b.
winter. ¢c. Monthly values are included to show seasonal cycles and a continuous time series. 45°N was chosen
to illustrate patterns in the northern portion of the CCLME.

TIMING AND STRENGTHFROJPWELLING

BACKGROUND

Upwelling is critically important to productivity and ecosystem health in the CCLMEHuyer 1983).
The strength and duration of upwelling in the CCLME is highly variddy and is forced by largescale
atmospheric pressure systems. More specifically, the pressure gradient between the oceanic North Pacific
High and continental Low situated over the southwestern United States drives upwellingvorable northerly
winds. Theinteraction (friction and Coriolis force) of the northerly winds and the water surface moves water
offshore in the surface layer, and this water is replaced by water upwelled from depths of greater than 50
100 m. The upwelled water is cooler, saltier andigher in nutrient concentrations than the surface water it
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replaces. The onset and duration of the upwelling season varies latitudinally, starting earlier and lasting
longer in the southern CCLMEBograd et al. 2009.

Because of the close mechanistic and correlative link between coastal upwelling and ecosystem
productivity on seasonal, annual, and interannual scalg€havez et al. 2008 scientists have a strong need for
operational products that quantify and forecast upwelling within marine ecosystems. However, it is
extremely difficult to quantify upwelling directly, and measurements of coastal upwelling are scee.

EVALUATION AND SELHTGN OF INDICATORS

Timing and strength of upwellingwere indexed usingtwo sources: meridional winds from NDBC
buoys and the Upwelling Index (Ul (Bakun 1975). We have included both to provide both the raw data and
derived product often used for measuring upwelling in tle CCLME given its importance to the ecosystem. The
NOI can also serve as a broastale proxy for winds as positive alues mean that winds from the north are
typically more intense.The meridional winds from buoys are winter/summer means from three locatios
along the CCLME.HRree derived products (ST} TUMIland LUSI) using the Ul identify the timing and strength
and duration of upwelling in the CCLMEBograd et al. 2009. The spring transition index (STI) identifies the
time when upwelling starts and varies with latitude in the CCLME The units for STI are days and a year with
a small STI value will have an earlier start to thenset of upwelling winds. The length of upwelling season
index (LUSI) will provide information on the duration of upwelling during a particular year. The units for
LUSI are days and a larger LUSI value indicates that the upwelling season for the given y&&rng. The total
upwelling magnitude (TUMI) measures the ultimate amount of upwelling. There may be years of short but
intense periods of upwelling, or longer but weaker upwelling seasonslime series of STI and LUSI will be at
three locations in theCCLME.

STATUS AND TRENDS

ul

The 2005 upwelling seasorwas unusual in terms of its initiation, duration and intensity. In 2005
upwelling was delayed or interrupted and SSTs were approximately-8°C warmer than normal(Barth et al.
2007). The situation in the southern ecaggion was differentin both 2005 and 2006, as average upwelling
and SST prevailedPeterson et al. 2008. Other than a brief period of weaker thamormal upwelling in the
summer of 2008 west coast upwelling has been increasing since the latammer of 2006 igures OC1&
0C20. Wind patterns in early 2009 reflect anomalously strong high pressure over the Northeast Pacific and
very high upwelling while early to mid 2010 appeargo be abelow average upwelling year at lat 3345°N.
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Ul summer @ 33N
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Figure OC18.The Upwelling Index calculated from 19672012 at 33°N and during both a. summer and b.

winter. ¢c. Monthly values are included to show seasonal cycles and a continuous time series. 33°N waseho
to illustrate patterns in the southern portion of the CCLME.
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Ul summer @ 39N
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Figure OC19.The Upwelling Index calculated from 19672012 at 39°N and during both a. summer and b.
winter. ¢c. Monthly values are included to show seasonal cycles and a continuous tinegies. 39°N was chosen
to illustrate patterns in the central portion of the CCLME.
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Ul summer @ 45N
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0C20.The Upwelling Index calculated from 19672012 at 45°N and during both a. summer and b. winter. c.
Monthly values are included to show seasonal cycles anctantinuous time series. 45°N was chosen to
illustrate patterns in the northern portion of the CCLME.

STI

The spring transition index (STI) indicates roughy the start of the upwelling season. It is defined by
the date the CUI reaches its mimum value (Bograd et al. 2009. The STI fluctuates around 10 days past
March 1ssx EOE A £Ax A@OOAI Al U A A Odaddid 2005 nardafously Atd @poeding) T OEA A
occurred with a sever effect on many biological time series. The past 5 years other than 2008 have had
relatively average day of spring transition indicating the start of the upwelling season (Figu®C2J). Given
the Ul often remains positive at 33°, we have excluded this time series from STI consideration
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Figure OC21. The Spring Transition Index (STI) calculated yearly from 1962012 at a. 39°N, and b. 45°N.
33°is not included because there is not a reliablecdvnwelling phase each season.

LUSI

The length of the upwelling season (LUSI) is determined by the date of the STI until the date of the
CUI maximum. This length ofipwelling season indicates how long the upwelling favorable conditions
persisted over the yar. Over the past 5 years, LUSI showed a neutral trend at 39° while showing a declining
trend at 45° (Figure OC22.
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0C22.The Length of the Upwelling Season Index (LUSI) calculated yearly from 19€012 at a. 39°N and b.

45°N.

TUMI

The total upwelled magnitude index (TUMI) is the sum of the Ul over the duration of the upwelling
season(e.g. LUSI) This index represents the total amount of upwelled water as an indicator tdtal upwelled
nutrient availability to the photic zone for the year. Atthe southernmost station, TUMI has been variable with
minima in 1992-1993 and 20042005 although no clear trend since 2007 Kigure OC23. TUMI at 39° N
shows a decadal pattern with high values in the 1970s, low values in the 19829898 and high values sine
1999 with the exception of 20032004. At 45° N, TUMI had a minima in 1997 and a maxima in 2006. Since

2006, values have been below the mean but nektremely so.
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0OC23 The total upwelled magnitude index (TUMI) calculated yearly from 19672012 at a. 33°N, b. 39°N, and
c. 45°N.

WINDS

Northerly winds in the CCLME result in offshore transport and upwelling of cold, nutrient rich water
into the photic zone. In the winter, meridional (north/south) winds were consistentlynorthward in 1998 and
2010, indicative of downwelling favorable conditions (positive MEI and NOI; Figure®C24z OC2§. In winter
2006, winds were also indicative of downwelling although less extreme that998 and 2010. In summer
2006 and winter 2007, there were highly favorable pwelling winds at the northern buoys (A and B). In
summer 2010, upwelling favoralle winds dominated all three buoys, although they declined at 39° N in 2011.
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vWinds summer NDBC 46050 (Northern)
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0OC24.Alongshore, meridional winds (vWinds) buoy data from early 19962012 and duringboth a. summer
and b. winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy
46050 was chosen to illustrate patterns in the northern portion of the CCLME.
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vWinds summer NDBC 46014 (Central)
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0OC25.Alongshore, meridional winds (vWinds) buoydata from early 1990-2012 and during both a. summer
and b. winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy
46014 was chosen to illustrate patterns in the central portion of the CCLME.
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vWinds summer NDBC 46025 (Southern)
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0OC26.Alongshore, meridional winds (vWinds) buoy data from early 19962012 and during both a. summer
and b. winter. c. Monthly values are included to show seasonal cycles and a continuous time series. Buoy
46025 was chosen to illustrate patterns in the southern pdion of the CCLME.

éTIMING AND FREQUENQYF EL NINO EVENTS

BACKGROUND

El Nifio Southern Oscillation (ENSO) events result from variations in sea level pressure, winds and
sea surface temperatures between the eastern and western tropical Pacific. The resudtichanges in the
tropics have wide reaching consequences on the physical attributes in the CCLME. ENSO events can affect the
CCLME through atmospheric teleconnections between the western equatoriacific and theNorth Pacific
and by the propagation of Klvin waves from the equatorial Pacific. El Nifio events result in ecosystewide
effects from changes in species composition to lack of prey availability and breeding failure in top predators,
while La Nifia events can increase productivity in the systerfChavez et al2002).
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EVALUATION AND SELHGON OF INDICATORS

Winter/summer means of the Northern Oscillation Index (NOI) and the Multivariate ENSO Index
(MEI) are used for the timing and strength of El Nifio and La Nifia events. The NOI measures the
teleconnection betveen the western equatorial Pacific and the north Pacific and is the difference between sea
level pressure at theclimatological location of the North Pacific High and sea level pressure at Darwin
Australia. Large positive (negative) values correspond ta strong (weak) NPH that will result in more (less)
coastal upwelling. During an El Nifio the influence of the NPH is diminished and the NOI has large negative
values. The MEI is derived from several physical indicators and it does not have unitfie MElis one of many
potential ENSO indicatorgWolter and Timlin 2011). Large positive values represent El Nifio odlitions
while large negative values represent La Nifia conditiond_ocal SST anomalies from satellite or buoy data
also can serve as important local indicators of El Nifio effects on the CCL{#fessié and Chavez 2011

STATUS AND TRENDS

MEI

The Multivariate ENSO Index (MEIjescribes ocearatmosphere coupling n the equatorial Pacific.
Positive values of the MEI represent El Nifio conditionshile negative values represent La Nifi@onditions.
El Nifio conditions in the CCLME are associated with warmer surface water temperatures and weaker
upwelling winds. The MEI also had an increasing trend, with more positive values since 1977 (Figure 2.
Most recently, the MEI had a relatively strong negative value in the winter of 2008 indicating La Nifia
conditions that typically favor ocean/atmospheric teleconnections ad high productivity coupled with
subarctic conditions in the CCS. The MEI switched to positivedicating El Nifio conditionsin the beginning
of 2010, which switched to a negative value in the summer of 2010. La Nifia conditiot@ntinued through
mid-2011 and have begun to return to neutral in late 2011.
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MEI summer
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OC27.Multivariate ENSO Index values (MEI) from 19562012 during both a. summer and b. winter.

NOI

See sea surface temperature change above.

éCHANGES IN SOURCE WRS

BACKGROUND

Subarctic and topical waters are important contributors of source watersto the CCLMEat the
upstream end and through local upwelling cells Variations in the volume of subarctic waters occur both at
the origination through ventilation (Bograd et al. 2008, transport eastward (Di Lorenzo et al. 2008 in the
North Pacific Current (NPChand as a function of where the NPC approaches the continental shelf and
bifurcates into the southward-flowing California Current and the northward-flowing Alaska Current(Bi et al.
2011, Sydeman et al. 2011 Broad scale changes in nutrierst and hypoxia in the California current are a
function of source water changes and we have observed increased nutrients and decreased oxygen in the
Southern California Bight over the past 25 year@Bograd et al. 2008. Earth system models have predicted
further decreases in nutrients and oxygen over the next century (2062100) in part due to changes in
offshore stratification and ventilation (Rykaczewski and Dunne 201). Broad scale forcing (e.g. indexed by
the Pacific Decadal Oscillation, PD&nhd North Pacific Gyre Oscillation, NPG®an influence both the strength
of transport and the location of bifurcation in the CCLME with downstream ecosystem consequeng¢&sng et
al. 2011). Increases in subarctic source waters can result in changes in the fosgb as ooler arctic waters
carry larger, lipid -rich copepodsand other plankton,compared to the smaller often lipid-poor warm water
copepodsfound offshore ard to the south. Differences in copepod species composition can serve as ecological
corroboration of changes in source wate(Peterson and Keister 2003. Theresult is different trophic
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structure near the bifurcation (Bi et al. 201J). Dissolved Oxygen (discussed below) can also be used as an
indicator of changes in source watefBograd et al. 2008Pierce et al. 2012

EVALUATION AND SELECON OF INDICATORS

There are a number of indicators that can assess the status of source waters flowing into the CC
including temperature:salinity:oxygen relationships at depth (e.g. spiciness), bifurcation fude of the NPC,
nutrient content of source waters, dissolved oxygen (DO) of source waters, phases of the PDO and NPGO, and
volume transport. We have narrowed the list to nutrient content, DO of source waters, copepod biomass
anomaly and community structure data, and broad scale indices of the PDO and NPGO. As with previous
indicators, the suite offers longevity with time, interpretability, but also measurements relevant to multiple
spatial scales.

STATUS AND TRENDS

NPGO

NPGO is a low frequency signal sea surface heights over the Northeast Pacific. Positive (negative)
values of the NPGO are linked with increased (decreased) surface salinities, nutriergisd Chlorophyll-a
values in the CCLMEDi Lorenzo et al. 2008. Many NPGO events since 198eem to have been more
extreme or had a longer duration than those earlier in the time seried~{gure OC28. Winter and summer
trends were very similar with a broad low from 1991 to 1997 and a peak fron1998 to 2004. Since 2006,
values have been incresing with the past 5 years falling above 1 standard deviation from the mean
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Figure OC28. North Pacific Gyre Oscillation values (NPGO) from 1952012 during both a. summer and b.
winter.
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NUTRIENT CONTENT

Nurient content (e.g. NQand NQ) is a functionof upwelling intensity, stratification, but also
depends on the source waters that are upwelled. Deep casts at stations 93.30 in CALCOFI and NH25r)50
reflect the status of the source waters while the nearshore surface values have more influence fropwelling
and stratification (NHO5). There was a spike in deep nutrients from NH25 in 2008 but 2002011 have
shown below average nutrient values at both Newport stations. CALCOFI nutrients in central (station 67.55)
and southern (station 93.30) Californiaat 150 m depth show no longterm trend from the data available.
Central California nutrients peaked in 2009 and have declined since, while southern California nitrate and
nitrite values had a large drop in 2008 and have increased through 2011 (Figu@C29.
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Figure OC29. Summer nutrient data (nitrate + nitrite) at 150m a. 19972012 at station NH25 from the

Newport line in the northern CCLME, b. 1992011 at CALCOFI station 67.55 for the central CCLME, and c.
1984-2011 at CALCOFI station 93.30 for the sthern CCLME.
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TOTAL COPEPOD BIOMBBND SPECIES COMPOEIN

Copepod biomass and species composition vary seasonally with the highest biomass occurring in the
summer months, when food is most plentiful, and the lowest biomass in the winter month$-{gures GC30).
Copepods are transported to the Oregon coast, either from the north/northwest or from the west/south.
Copepods that arrive from the north are coldwater species with higher lipid stores and result in greater
productivity of downstream predators; these are referred to as thenorthern copepods. Copepods that arrive
from the west or south are referred to as the southern copepodand are less rich in lipids The colgwater
group, the northern copepodsusually dominates the Washington/Oregon coastal zodankton community in
summer, whereas the warngwater southern copepodsgroup usually dominates duing winter (Peterson and
Miller 1977, Peterson and Keister 2003Peterson and Schwing 2008 However, the northern and southern
copepod anomalies track the PDO andEl fairly closely, thus this seasonal patterrin species composition can
be altered during EINifio events or during periods when the PDO is consistently positive or negativEhe
copepod communityindex tracks the shift in species with more northern copepods indexed by positive values
and more southemn species indexed by negative valuek general, higher abundances of the northern
copepods (positive anomalies) are indicative of favorable conditions for many upper trophilevel species,
including salmon and seabirds.

Total Copepod Biomass
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0OC30.a. Total copepod bbmass and b. copepod community index monthly from 1992012 in the northern
California current.

NORTHERN COPEPOD AMALY
During the 1997-98 EI Nifio event, the biomass anomalies of northern copepods was one order of

magnitude lower than normal (Figure OC3). With the change in sign of the PDO from positive to negatiire
mid 1999, the northern copepods responded by showing consistently positive anomalies that prevailed
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through 2002 (Peterson et al. 2002Peterson and Keister 2003. In late 2002, the PDO anBlIEI turned
positive (indicating El Nifio conditions) and the northern copepods showed negative anomalieShe
anomalies were strongly negative during the summer of 2005, a summer characterized by a twenth delay
to the start of upwelling (Kosro et al. 200§ and anamalous species composition among the zooplankton
(Mackas et al. 200p. Over the past few years, the northern species have predominated with increases in
biomass beginning in late 2006. High biomass ltees were observed for northern species both in 2008 and
2009 with a brief period of negative anomalies during the smaltl Nifio from May 2009 through May 2010.
The highest anomalies in the northern copepod biomass time series (since 1996) were observedarch
and April 2011 and also the beginning of 2012, coincident with strongly negative PDO values.

Northern Copepod Biomass Anomalies
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OC31.Northern Copepod Biomass Anomaly index monthly from 1992012 in the northern California
current.

SOUTHERN COPEPOD AMALY

The highest positive anomalies of the southern species were observed during the 199B98 EIl Nifio
(Figure OC32. Consistently high positive anomalies of southern species were also observed from 2003
through 2006 coinciding with a period of positive PDO and mostly positivMEI. Over the past few years
(since mid-to-late 2009) ocean conditions have been unsettled in that recently there was another small El
Nifio at the equator. MEI values were positive from May 2009 through May 2010 and the southern copepods
responded quite grongly, having anomalies that were similar to those observed during the 1998 and
extended (20032006) El Nifio events. Both théMEland PDO returned to negative values (signaling a cold
ocean) in June 2010 and the southern copepod biomass anomaly becanegative in early 2011 following the
PDO andMEl sign change by about six months.
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Figure
0OC32 Southern Copepod Biomass Anomaly index monthly from 199812 in the northern California
current.

éOCEAN ACIDIFICATION

BACKGROUND

For seawater, an increase in G leads to adecreasein pH (increasedacidification) and carbonate
concentration [C/  ]. Lower pH and reduced availability of carbonate negatively impacts organisms that rely
on calcium carbonate (CaCf)for structural and protective shells(Barton et al. 2019. Several planktonic
species,such as coccolithophores and pteropods, also rely on calcium carbonate for structural components.
Pteropods are important prey for several salmon species in the California Current ecosystem. Aragonite and
calcite are the most common forms of CaG@sedlJ T OCAT EOI 08 -OG@AGA O OAL DDRALHEA 11 ET A
changes with pH, temperature and pressure. As ocean waters become more acidic they tend towards
undersaturation of CaC®@and protective shells and structural parts more readily dissolve. Nonalcifying
organisms may also be susceptible to a reduction in pH. Physiological stress through deibe regulation
and cellular ion exchange varies greatly among organisms. There are very limited data available on how
different species compensate for a lower | environment, but the data that are available indicate that
invertebrate species are likely the most susceptible, and in general, fish tend to be much less sensitive due to
a better capacity for acid-base regulation(P6értner 2008). Hawvever, there is potential for increased
vulnerability during reproduction and early life history development, both of which are the focus of recent
research.

EVALUATION AND SELHTGN OF INDICATORS

The saturation state of aragonite and calcite, the pH, artde DO of waters in the California current all
can serve as indicators of ocean acidificatioft. is likely that synergistic responsesamong these indicators
will be quite difficult to isolate. Athough some time series otalcium-carbonatechemistry (e.g pCO2, pH,
alkalinity) have been started, wedo not have enough data yet to say anything about status and trends.
Becausemcreases in C@occur along with decreases in dissolved oxygeme can use DO as a proxy for
acidification in the California current. DO serves as an indicator of multiple pressures and also has a longer
time series available than the other indicators of ocean acidification. The trends in DO are discussed below.
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